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AESTRATT

A syn thes i E aí the natural produc ts odor.i ne ( ( + ) -
( E 

'25 ,7'R) -Z-me thyl -l.J-t I '-( I " -oxo-3" -phenyl pnop -Zr -
enyl )pyprol idin-2'-yl)b,utamide) and odor.inol ((+)-

( E ) -2-h ydn ox y-Z-me t h y I -N- I L' -( 1 " -ox o-3 " -p h e n y ì p r op -2r -
enyl)Fyrr'olidin-?'-ylTbutamide) is descrit,ed in Par.t l, In

Fant 2 sevenal car'bazates aFe sÞ.nthesized and their.

oxidatiorr studied as a passible means ai neducing

( deaxygenat i ng) al cohol s.

üdsnine and ador.inol were synthesized by crnstr.ucting

the amide bond Þetween unstable 1-cinnamo>,1-2-pnsl idinyl-

amine and ån activated fonm of Z-methylbutanoic acid op z-

hydroxy-Z-methyì butanoi c ac i d. Þi cycl ohexyl carbodi imi de

r¡JåE å. suitable neagent for activation but only affonded the

tr*rc' amides in lot*,r yields. Hor¿reveFr odonine waE obtained in

good vield i+ Z-methvlbutanoic acid chloride u.ras used. The

anal ogous ac t i vat i an of the hydnoxy ac i d as 5-me thyl -S-
ethyl -l ,3 r?-d i oxath iol an-4-one-Z-ox ide f ai I ed. frlumer.ous

cthen Feagents nrere found to give ì ittle op none of the

wan ted pnoduc t .

The am i ne rxaË preFaned by the ac i d c I eauaqe of several

canbamates pFepaned i n tunn. from N-c i nnåmoyl pnoì i ne Eìy

modified Curtius or Hofmann reactions. TheEe latter

neactionE weFe found to proceed in lor.rr yields due to the

decomposi t i on of the i ntermedi ate i socyanates.

Racemization occurned readily in the carbamates and in

odonine preuÊnting the preparation of optically pur.e



odor ¡ ne. The compounds ane chanac ten i zed by proton

maqnetic reËonä,nce (300 l'4Hz), carbon-18 magnetic resonance,

i nfnaned and maEs spec tnome tny techn i ques, and Ey the i n

optical rotations.

In pant ?, Eeveral canbazateE ã.Fe pr.epar.ed usinçi

1 H-benzotn i azol e-l -carbonyl ch ,l on i de , a gener.al neagen t
except fon bull(y alcohols and alcohols which can act as

good I eau i ng gnoups 
"

The ox idat ion of methyl canbazate iE invest iga.ted r¡i th
numenouË oxidants, and the gåseous and non-gåseous products
åFe analyzed by gas chnomatographr. Banium ma.nga.nate

is used extensir.rely because of the clean products it
af f c,nds, Phenyl , benzyl and Z-phenyl ethyl car.bazates ar.e

alEo bniefly investigated. There is no evidence of the

cyc I ic Feå,Fnengemen t to f orm the al kane, n i trogen and car.bon

dioxide suggested in the ritenature. Instead, the nesuìtE
point to the fonmation of the aìkoxy- and aryloxycaFbonyl

nad i cal s wh i ch undengo the expec ted peåc t i ons.

There i s ev i derrce for the thenmodynam i cal I y unfavored

decanbonylation neaction of the alkoxycå.t-bonyl nadicalE
pnesumablv due to the coordination to a metal. The formate

obtained is suggested to be fnom the reannangement of ån

intermediate diazene.
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AFBREVIATIONS AND CONUENTI ONS

- The numbeFs reppeËenting chemica.l structunes aF.e

underl ined"

- The numhers Fepnesen t i ng equå.t i ons år.e g i ven in

Ëquane bracke ts,

Refer'ences ape given in Farentheses.

- Ac = acyl

- Ar = aryl

Et = ethyl

- Me = methyl

ph = phenrl

In the nmp spectra; þ = broad

fl = douhlet

m = multiplet
Ë = singlet

f = tr.iplet
In the in spectra: b - broad

m = medium intenEity

s = stnong intensity
r,tr = weak intensity



TABLE OF CONTENTS

PART 1. ODORINE, ODORINoL.

INTRODUCTION "..".,-¿
DISCUSSI0Í.I," .."""21

Pr.epanation of the Canbamates.. ....,,21
ïhe Clearraqre of the EanbamateE.. .,,".99
The Ëoupling Reactitr'ns... ".42

Ë0NCLUSI0N... ¡ ¡ ¡. ....,5?
EXPERTMENTAL ....,é3
APPENDIX.., .....121
REFERENCES,. ....I28

PART 2, CARBAZATE OXI DATI OI'I.

IIT¡TRCIDUCTION ....135

RESULTS ....155

Preparation o{ the Carbaza.tes ..,..18F

Oxidation Studies.. .....1S9
DISCUSSI0I'1.. ....1S1

Preparation o{ the Canbazates ,....181
0xidation Studies". ....,191

Me thodol ogy . 1 82

Oxidation of Methyl Carbazate... .....189

The ßener'ation of DiazÊneË fnom Disubstituted

HydnazineE and Þenivatiues:. ..190

Prepanat i on of z-Phenyl -z-butyl di azene,.. ,.1F0

The Prepar'at ion of Phenyl diazene. .....1gs

The React ion of DiÞenzr.¡ l diazene nri th Al kox ide, .Z0Z

The Aì cohol yEi s of 1-Phenyl -z-benzoyl di azene. . . .Z0F



The Genenat i on of Þi azeneË by the CIx i dat i on of

f"lonosubEtituted Hydnaz ines!.. ...,,.Zl l

The LTA 0x idat ion o{ pheny'l hydraz ine, . , " " , .ZLL

The LTA 0xidation of Arylhydrazideg.., ."".,214
The Oxidation of Hydnazides with CopFen, ...219
The 0xidation of Hydrazines with mTFBSF ,,.,2t?

The Genera.tion of DiazeneE by the EI iminatian from

Hydr.azine Derivatives! ,..ZZB
The McFadyen-Stevens Reac t ion. . . ,?.24

The Reactions of Alkoxy- and Ar.yloxycarbanyl

Radicals.. .,.,.A99
The Reduction of Chlonoformates.. .....2gg
The Reduction of Selenocå,rbonates,. ,..297
The Fragmentation of l"lixed Ctxalate Estens.. .....?3-¡

The Thenmol yEi s of Al I yl 0xal ates.. ...24L
The Hxpoiodite Reaction .,,,.?43

Hydnogen Abstrac t i on from Fonmates. . . .246

The Decomposition of Azoca.rboxylates.. ..,..249
Eanbcall(oxymepcury Compounds .....28?

The Ox i dat i on o{ Phenrl , Benzyl and Z-phenyl

Ethyl Canbazates.. ....ZSg
Aromat i c Subst i tu t i on by the Me thoxycarbonyl

Radicaì,"" ..ZdB

C0NCLUSIúN.. ....?7t
EXPERIMENTAL ...,27?

Ëenenal . .?T?.

Pneparat i on of Stan t i ng Maten i al s ,Z7j



6eneral Procedune {or' the Pr.epanat ion of

1 -Al koxy- and I -Êryl oxycenbonyl Benzotn i azol es ,27?

Genenal Prscedure for the Pr.eparat i on of

Al kyl and A"yl Canbazates . "ZA?

Pnepanat ion of the Car.bazateE v ia the

Chlorofonmate,,, .Z??

General Methsd of Ox i dat i on . ,Sts

Method A .,..90S

Method 8..,. .....906
Gc Gas Anal ys i s. . . .308

Methad A ....AOe
Methc,d 8.... ...,.819

In í t ial Inuest igat ions. lfethyl Ëanbazate 0x idat ion. . .gz1

Ctxidation and Complete Anaìysis .,.g2l
APPENDIX;... .....330
REFERENCES... ...333



PART I .

tDoR i NE , ODoR I t.,l0l- .



I NTROÞUCT I OT.¡

Massy-l¡Jestropp and cBwonl(ers have iscr ated two ner^J

nitroBeneous comFounds along tuith sever*å.1 new tetracycl ic
tri terpenes frsm the extnacts of the leaves fr.om Aqlaia
odorata Loun. (l"leliaceae), a small tnee found predominantly

in Thialand, Malaysia, China and the phil¡ppines (t). The

åqueous extnact from the noots and leaves of this plant t¡as

used bv the Thai people es a hear't stimulant and febr.ifuge
(a medicine eff icacious in reducing on remor-¡ing fever).
These workerE haue named the turlo comFounds odon ine and

odon i nol , and have i dent i f i ed them (t,Z) by chemi cal and

Ëpectroscopic meanË to be; (+)-(E,ZS r?,R)-Z-methyl-N-Ll,-
( I "-oxo-3"-phenxl prop-2"-enyl )pynnol i di n-2,-yl lbutami de

( 1a) and ( + ) -(E) -2-hydr'oxy-?-me thyl -N- LI, -( l', -oxo-S', -
phenrl prop-2"-enyl )pyrrol i din-?, -yl lbutami de (?> " The

absol u te conf i gunat i on of odon i nol has not been de tenm i ned,

I

2

R=H a) 25, ?'R

E) 2R, 2'S

R=OH odon i nol

(+)-odorine

( -) -odor i ne

have al so isol ated these tt^ro

Aol ai a noxbunqh i ana

Connol ly and coworl(ere

compounds from the I eaves of



(Meliå,cÉee) (3); these r,trorkers haue given la the trivial

nåme roxbunghilin, Fon convenience, I and Z will be

refenred to as odorine and odorinol and the diasteneomens

ås epicdorirre (3) and epiodor.inol (4).

The structures of adorine and odorinol were assigned

fnom the spectnoscopic data and the stereochemistny of

odon i ne was de term i ned by chem i cal means <'¿) " The

conf iguration at CZ in natural (+)-odorine (la) u,ås

determi ned by ac i d hydrol ysi s and by measun i ng the opt i cal

rotation of the ?-methylbutanoic acid liber.ated. The

op t i cal rotat i on was dex tnonotatony wh i ch coFresponds to

the s conf igur'ation irr the acid (4) and thus also at cz in
(+)-odonine.

The ch iral i ty on the r ing at CZ, u.lås determined by the

synthesis from L-pnol ine (5) t¡hich has the s-conf iguration
(Scheme I ) , N-Ci nnemoyl pnol i n e (7), pnepared by a

schot ten-Baumann neac t i on (6a"1) , was neec ted ur i th e thyl
chlar'oformate to give a mixed anhydr.ide I that uraË

convented into the acid azide I t^rith aqueous sodium azide

(87"/.). l,,lanming ca.used ! to Feanrange ínto the isocyanate

10 r¡h ich was not isol ated but neacted f unthen t^¡i th z-
butylrnågnesiunr bromide at lor¡ temperatune (SgZ), The

- Curtius Feapnangement, fon example ? to 10, is known to

occun uvith netention of conf igunation (S).

Due to the racemic nature of the 6rignand reagent a

mi xtune of odon i ne and ep i odor i ne wäs obtai ned. Hi Eh

performance I iquid chromatographx (hplc) r¡as used to

ã
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(-)-odorine

SCHEME I " a!

t.tEtooccte t.
30 min. -20oC;

THF, z h -zgoc

3b

(-)-epiodorine

(3u = (+)-epiodorine)

lN NaOH, OoË; b: ac i di f i cat i on; c;

ITEA, THF, 70 min. -Z0oc; d¡ l.tNaNï H2O,

e:THF, 30 min. ref lux; f ¡ 1.ZBrMgCHil"le)Et,

then 14 h at room temperatupe! g! hplc.

sepanate these diasteneomenE r¡hich wene both found to be

leuorotatony. A companison of the meltíng points arrd the

spectnoscopic pnopenties with that of natunal (+)-odorine

allowed (-)-odorine (1b) and (-)-epiodorine (gb) to be

>cciaaa¡{ lJvla^l{¡pi- -.-a ¿L;- / \ -J--:--brr. ìj,rse¡ rrlur v¡.¡ Þ¡ = L,t Ltt I Þ \-/r-tJULrl't tlti ÈtTTtrtf-Ago \-,r-K-Z-

methvlbutanoic acid while (-)-epiodonine yielded the acid

4



of the opposite (s) configunation. Thus the synthetic (-)-

odorine h,as (2Rr2's) and Eo the natural (+)-odoFine must be

(25r2'R) . The 2n ,3"-d¡hydrocompound t^.raE al so pnepared by

the anal ogous route and the hydnol ysi s yi el ded the same

nesu I ts fon the conf i gunat i on at the two ch í nal cen ters.
The absol u te conf i gur.at ion of odan i nol <?> cou I d

presumabl y al so be de tenm i ned i n the same månneF . Hor¡reuep,

the pFesence of the tentiary hydnoxy gr.oup obuiously mal(es

the synthesis more cornpl icated.

It wag of interest to see if å synthesis cc,uld Ee

developed that t¡ould al lor¡, optical lx pune odorine and

odoninol to he pnepar.ed free from the epimers. I+ the

genenal structure of these cornpounds is examined, the

obvious bond to díscc,nrrect would be il-re amide borrd (scheme

2, path b) nesul t ing in an arnine 1l and an act ivated ac id

den i vat i ve I 2. The am i ne cou I d he prepared by the

hydrol vsi s of the i socvanate 10. If these two cemponents

could Þe obtained optically pupe *nd could be coupled

t¡i thout nacemizat ion then oup goal coul d be ach ieved.

Manv methods åFe l(nourn fon the preparation of amide

bonds unden a vanietv of condi tions (6) " some of these

methods also allow fon the fonmation of such bonds in the

presence ef an unpnotected hydroxy çr-sup. The problem here

is the stabif ity of the free amine !!. Related N-ËH-N

compounds ere l(nor¡n to be somewhat labile. In fact,
odorine itse!f !semerizec cn stancinç in chìci-oform or i¡-r

the presence of acid but was stable when free from acid
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scHEl"lE 2. The D i sconnec t i on of 0don i ne and odor i nol .

(Zr3). This isomerization cån be explained by the

f onmat ion of an intenmediate r ing opened isn as shor¡n in

scheme 3. Li teratune Frecedents for other N-CH-N compounds

ane al so l(nown.

A search of the I iter.atune has not reveal ed any uronk

on Z-aminopxrnol idines but the related S-amino-2-

pynrol idinone system has been FreFaned by Japanese wonkers
(7) . TheEe r¡ronkens f ound that the catal yt ic hydnogenat ion

o4 i'acemie 13 with Pd-c dici not affond the exFected amine

14 but the secondany amine l_þ inEtead. However, the amine

L



Ç{i,-.0
oL^rn

[]._..HtuÄ¡rH-co

o)-on
SCHEME 3. The Ac i d Catal yzed I somen i zat i on of Odon i ne ,

14 t¡as crbtained in quantitative yÍeld f nom three dif f enEnt

carbamates (1óa,brc) t^rhen the l-pasition was unguhstituted.
This amine was stable errouÇl-r to Þe recr)¡Etallized from

benzene and acetylation afforded the amide 17

3lr
. /--l ._.\ xO' -N' 

'NHZ
Z

tj

;T:;-þ{,À-,1 *;
1Ä

olt}.*,{À,HHH

polar sol-vent or
tèmp. greater than iO5oC

o'+NHCooR
H

./ A c.O

-z 

+ 
g4N\NHCOCH3

tt

H^

-¿ 
ø, 1L

Pd-C

EtOH
H

R=-c(cH.)-))
R =- CHTCH,

R =- CH2Ph

1716a
16b
roc

scHEl"lE 4.



quantitatively, Decomposition to lS occunned, howeven, in
pol ar sol ven t on at e I euated tempenature ( ) 1 0SoCl .

The inabi I i ty to isolate l4 fnom l3 can be

rational ized by scheme 5. cleavage of the benzyloxy-
carbonvl grouP ppesumably Êccurred first at the s posi tion
giuing, after loss of ammonia, the ion lB. This iminium

ion waE probably mone stable than the ungubsti tuted ion lg
which r¡ould be formed by ammonia loss fnom 14.

SCHEME 5.

In contnast to this t^rorl(, t^Jillson and Goodman (B) ¡åve

pFepaned the opt i cal I y act i ve (S)-S-ami no-Z-pyFnol i di none

(14) bv the hvdrogenation of l3 in ethyl acetate using to.l,

Pd/C. Th i s am i ne 14 and the carbamate l S hreFe

chanacterized Ey infnared sFectroscoF/¡ and high Fesolutior¡

nmn and mass sPectroscopr but the data and Êxpenimental

detailE includíng the specific notation weFe not given.

0ne must conclude that the amine l4 is not veny stable and

13- *14,À*,]i;¡4À'l
18

j

,4X, 15*t {À_,{ÀrlH L- z H Z -l
10
t/

I



its stability depends Gn the exåct experimental conditisns
used in i ts ppeFanation. One may also expect the l-
c innamovl -2-pvnnol idinvl amine ( l l ) to behaue Eimi I ar.l y.

The I abi I i tv of another N-üH-N compound has been

neported by Ayer and cor^¡onkene (g). Allocennuine (20),

uuhen ref luxed in methanol , was iEomenized to

epiaì ìocernuine (?2) presumably uia the zwitter.icnic
intenmediate 21 .

r ef l-ux

M e0H

20

¿J

SCHEME é. The I somer i zat i on ot Al I oceFnu I ne.

Rel ief of stenic stnain was postulated to be the driving
force for this isomerization since the isomeF cernuine (zB)

wås found not to isomerize ín this way. Also, unlike
ceFnuine, al locernuine underhJent nedustive cleauage unden

mild csndítiens.

The laÞil itv of the compound'- ?4 and 2s, åmong others,

?

¿t

l-



has allot¡ed them to Ee used as eì

the ø-am i doal kyl at i on of van i ous

(10).

ec tnoph i I i c

nuc I eoph i I es

r'eaçtents in

at canbon

R 1 - ( cËr ) -NR2-'HR3-NH- ( Éo) -R4 R 
1 - ( co) -NR2-cHR3-NR'R6

24 zS

R1 & R4 may be -0R, R2 = H, alkyì, acyl

For these ccnrpounds this r.eaction uEually takes pl

acidic conditions which cå,n vary in Ëeverity from
concen tnated su I fur i c ac i d and hot F,ol rphosphon i c

nefluxing glaciar acetic acid on dirute phosphorxr

at Foom temperature.

ace under

acid to

chlonide

The mechaniEm ís bel ieved to invoìve arr inter.medíate
t¡ i th canbon i um-ammon i um i on chanac ten ( scheme 7) . The

extent of the ionization r¡ill depend rn the rpå.ction
conditions. In ueny stnong acids o{ high dielectric
conEtantr åppreciable dissociation probablf üccut*s but thiE
t¡ill be unlikely in acíd-catalyzed neactions in media of
lot¡ dielectric constant. Heneo the Feåction with t^¡eak

nucleophileË FroÞablv involves eithen tight ion pairs or
i nc i p i ent canÞan i um í ons fonmed hy an Srut process.

OR

-. |_l I ¡1+R'-c-N-cHz-x =:-
f oRI ilI,*,
[R 

''c-tl-cH, * R'

SEHEMË 7.

oR lilt l
-Ê-N=CH^ I Hx(+) .J

t0



t^Jh¡le theËe extreme conditionE r¡ill obviouEìy not be

used in the synthesis of odorine, unden acidic conditions

thene may be a similan tendency for somÊ degnee of

dis-=ociation r¡hich could result in r-ecemization and

possi bl y decm'rposi t i on.

rtl

lzl

Al though

^ â ¡- ^ .. ^- À -urrtFt I tFrLlt'tÞ

måy be stabl e

Ç\,uoo'
o)'-a'rn

HNRR,

expected ,to be

the propen condi

ån intenmediate

-L
H'

--&'ø--
_-+.H

A related neaction has been discouened ín this

laboratonv (11) " The bicvcl ic compound zó, the product of

the Schmidt reåction on camphon, r^rag stable in concentnated

sul {ur ic ac id but undeFWent r ing-open ing on heat irrg wi th

dry Hcl in methanol. In this case, the amide moiety seems

to be the better leauing gnoup ¡n contrast to what wag

found for 25 (Scheme 7) "

1 ) dry HCl/MeOH

2) neutrafi zaLion
N=A

COOCH3
17Jol
t 4/0

),7

the amine 11 can be

suggest that under

enough to Eerve as

unstaE l e

iions it

¡f

tt



i mmed i ate I y neac ted fun ther .

Goodrnan and coworl(ens (IZ). in thein synthetic uror.k on

undenstandi ng the mol ecul ar basi s for Eweet taste have

svnthesized racemic 31 by the noute shown (scheme g). The

t-bu tyl oxycarÞonyl gr'oup u,as Ee I ec t i ve I y nemsued fron¡ zB

with HET/'dioxane and the Fesulting salt zg r¡as immediately

couFled urith Z-benzylmalonic acid monomethyl ester using

dicvclohexvlcanbodi imide (DCC, a brief discussion af this
couFl ing reågent fol lor¡s).

c0ocH2Ph COEICH2Ph

ZNH-CH-( Ct) -NHNH2 + NoCl --.---&' ZNH-CH-( CO) -N3

lo,-*,
IcoocH2Ph coocH2Ph 
It-l-l

ZNH-CH-NH-BOË a-_ t_BuOH + ZNH_öH_N=Ë=¡¡ {_J

ocH^Phl'C00Me C0 O CH^Ph

- I Dcc I ll l'
PhCH2CHËOOH -+ ZNH-CH-NH-C-CH-C0Ot'te

28
I
lHCl /d i oxane
{

c0ocH2Ph
I

ZNH-CH-NH2- HCI +

2? 30

ÇB0r-' o cHeph lrrrro-,,o,[ !J I' l¿ -
HgN- C H-hlH- C-C H- CErftl'le <-

31

I = -Ë00CH2Ph! BOC = -EOO-t-Bu

SIHEME 8.
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simi larlv the optical lv active N-(t-butyloxycarbonyì-o-

be n z y I -L- tyr osyl ) -N' -be n z y I ox yc åp bon y 1 - d, d,-di am i n oe t h an e

(3'¿J r¡ras prepaned in éO7" yield from the cBrFesponding

hydr'az ide. Th is compound was cr.ystal I ine, mp l Z0oC , Vlll

-17 .8éo ( C = 2.01 g,/t}O mL, DMF) .

*
BOC-NH-CH- ( CO ) -NH-CH-NH-Ztt

FHz cHg
I

c6H4EtcH2Ph

32

This synthesis is nelated to work by Bergmann and

Zervas (13) on the stepr,^rise degr'adation of polrreptides.
Thev uEed e similan method to prepåne the amine BB which on

boi I i ng i n water affonded the coprespondi ng al dehyde pl us

ammon i um ch I or i de and benzam i de .

R_CH_COOH R_CH_NH_Z _ R_CH_NH2. HËl
llll
NHz NH(CO)Ph NH(C0)Ph

33

Z = -COOCH2Fh 34

SCHEME ?.

In the ease of optically actiue aminc acide, all the

compounds up to and including the amine 33 wenÞ found to

13



retain thein optical actiuity, For.exampleu they reported
that 35, ås à 3:¿ solution in methanoì, had e specif ic
rotat i on o{ tNfj-aZo ,

#
Ph CH2trOC-NH-CH-NH2. HÊ I

I
cH2cH( cH3) CH3

ãE

As mentioned previously, the chinal amíne !!_ iE most

conueniently pnepaned fnom the iEocyanate l0 derived fnom

N-cinnamoylpnoline (7> through a Curtius txpe neaction.
Isocyarrates cå,n be directly hydr.c'lyzed Þty acid to the amirre

hydnochlonide. Howeven, the yields åre usually Iowen than

¡f the hydrol ysis is trå.nr- ied out indirectl y v ia the

canbamate fonmed bv the reå.ction of the isocyanate r,,rith en

al cohol .

The exact conditions required to cleave these

carbamates depends on the nature of the alcohol uEed,

Mor'ec'ven, the conditions must be anhydrous sincer åÊ Eeen

in the wonk of Bengmann and Zenvas, the amine tl is I ikely
to undengo funthen hydrol ysi s.

sheehan (1ó) has uEed Euch aqueous condítionE to
cl eave the 3r4-bond in å pen ic i I I in den ivat ive t^ri thout
hydrolrz ing the p-lactam moi ety. ?,2-Þimethyl-6-

I

phthalimido-S-penamyl isoc/anate (Bó) was treated r¡rith cne

equivaleni of l-lc'i in equeous THF unden dilute conditions
affording the aldehyde G7 in 7ã-gt.t yield and the urpa gB

t4



---------@------

N=C=0

UCt/aq" THF

€--
'---.-.-&

39:37 = )27

SËHEME 10.

in absut lt-13j/, yield, trlhen Heusler. (lS) car.ríed c,ut thiE
hvdnol vsi s on two sl i ghtl r di fferent i socyanates, cl eavagp

of the p-lactam ning also occurred. This funther cleauage

h,ag auoided ¡f the hydrolysiE was canried out indinectly
thnough the carÞamateE 40arþ using zinc and aqueous acetic
ac i d" Indi rect hydrol ysi s aì so FFevented the {onmat i on of

urea that i s always formed i n the di rect hydnol ysi s.

The optimum car.bamate to uEe in the synthesis of

odonine and odorinol hrås dif+icult to propoge befone

investigation" t¡Jhi le S-amino-z-pyrrr-oi idinone (I4) wag

Pnepaned by reductive cleavage of the benzyloxycanbonyl

36

I
0

q-F-.h)
NH-tc

38

0

d-Tls\7 
¡, ftY<

ðH
J/39

t5



RCONH RCONH

13, )rj< "_* )l,O' i uq.AcOH O'
NH

öooa-rrccr,

/r0a R =-CHr0ph

40b R=-CHrPh

RCONH

F
CHO

+€-- F-¡
OH

groupr these conditions have been found to r.educe the

cinnåmoyl group ppeEent in odonine and odoninol (lr2rg).

It appeaned best to intnoduce the N-cinnamoyl group

immediately since ¡t was a Fequined substituent in the

final Fnoduct and ¡t would at the Eåme time act aE a

pnotecting gnoup fon the ning nitrogen. Most conditionE
f or the c I eauage oi a carÞamate gr.ouF, other thar¡ hydno-

genolvsis, involue acidic conditions (12), As seen, the

bu tvl oxv ( Boc) and benzyl oxycåpbsny | <z) gr.ouFs ar.e popu I

pnotect ing groups that ane ac id I abi I e. I t r^ras thought

that ¡+ å strong acid uraE uEed the amine ll urould be stable
enough as the sal t to be immediately reacted furthen, aften
neutnaìization, ulith an aËtivated form of the acid.

The formation of amide bonds haE been wel I studied and

numeFouE reagents have been neponted in the litenature,
This topic has been covened by many anticles (é) but a veFy

Þr i ef di scusEi on wi I I be gi ven here.

Normal 'l y the f ormat i en ef ån am i cie bonci invol ves the

activation of the acid component in Êome mannep.

t-
ar'

tó



t4l R-NH2 + X-(CÛ)-R/ 4 R-NH-(CO)-R, + HX

One of the É¡mplest ways of åct¡vation is Þy an acid
chloride (X = cl). ThiE method is no longen pÕpulan due to
the high reactivity arrd thus the many side-Feactions that
cå,n occun incl uding the h ígh susÊept ibi I i ty of act iuated
amino acids to nacemize. Howeuer, it has Þeen r.Ecently

reponted that this high Feåctivity is requined in the

{or'matiorr of amide borrds that åFe sterical ly f¡inder.ed (lg).

Traditionallv the canbonylazide method (x = Na) has

been the sa{eEt way of fragrnent condensatiorr due to the lour

degnee of råcemization with amino acids and the minimal

side-chain protection FËquired, Horareven, carbonylazides

a¡e unEtable and numenoug side-pnoducts can he fonmed due,

fon example, to the curtiuE rearpanqement to isecyarrates

and subsequen t reac t i on of the i sscyanateE.

tne of the moEt common coupr ing reagents used today is
dicycìohexylcanbodiimide (DtCr 4l), a highlr Feactíue

compound wh i ch usual I y gi ves good yi el ds wi th i n a shont

time. Nonmaìly, an equimolar amount of ÞCË is added to an

equimolan åmount of the acid and amine in an onganic

Eol ven t such åÉ me thyl ene ch I or i de , e thyl ace tate on

dimethyl formami de (DMF) at 0oË,

The mechan i Em í nvol ves the format i on of an O-acyl i so-

unea 42 as the Feact i ve i ntenmedi ate (scheme I I ). Th i s

iniermediate can either peact dinectly with the amine to
form the amide 43 on with the acid to fonm a symmetnical

t7



anhydr i de 44 wh i ch then acyl ates the am i ne ,

In both cåEes, the by-product is dicyclohexylurea (DCU,

45). O{ten the 0-acyl ísounea is found to undengo 0->N åcyl

migration fonming an N-acy'lurea Eide-product 4é which is
unreactíve tor¡ands amines. This Eide-product and the Dcu

bv-Froduct are EornetimeE di++icult ts r.emove from the

product amide due to their Eimilan solubilities. Dcc has

also been succeEsf ul ly used t¡ith compounds having

unpnatected hydroxy gnoups and thus may be useful fon the

syntheEiE of odor.inol .

R'COOH + ft-frl=Ç=[rl-ft

DCC

41

n'cooH

-DCU

00cR,
I
I

R-NH-t=N-R

42

o0
lllr

o
lt

(ccr)R,
IR' COCR'

44

R"NH2

-ffioF¡* R' C-NHR N

43

R-NHCNH-R

Þcu

45

R-NHCN-R
il
o

4éft = cyclohexyl

SCHEI',1E 11 .

Thus, the ovenal I object i ve

find the best method of prepaning

sdorinol vía the amine ll and an

of oup nesearch was to

racemi c odon i ne and

ac t ivated f or.m of the

18



coFresponding acÍd 12 (scheme lz)" The amine would be

pFepared by the depnotection of å sui table carbamate

der ivat ive " t^le pl anned on synthesiz ing a sen ies of these

protected amines including the t-butxl, benzyl and 4-

me thoxybenzyl ( an i syl ) canbamateE by reac t i ng the

isocvanate l0 wi th the appnopriate alcohol, In turn the

isocyanate wou I d be ppeFaned {rsm N -c i nnåmc'yl pr.ol i ne

using the modified cuntius on an equivalent neaction.

ß.ooH')*'?n *H2 b)Ht
Ç\.00,
oJ-aon

7

00\'l\ö-o-öoEt
I

02êPl't
ôo

| 
*'*,

ETOOC C 1
_-_______-+Þ

Et ^NJ
Ct

IgAânrr
þ_

tr--cooR-s?-N:c=ooM\Ph or'êpn
ü_ 10

la"p"ot ecti on
r

heat
(øl- o-N¡

11 1 Rr=H

2 RI=OH

scHEME 12, Proposed svnthesi s of odor i ne and odon i nol .

L?



The activated acids 12 to be ínvestigated included the acid

azide, chlonide and the O-acyl isourea formed try the

reaction with DCC, hlhen the optimum synthesis is deuised

¡t could then be used to pneFare the opticall/ pur.e

compounds.

20



DI SCUSSI ON

ThiE inuestigation can be dívided into thnee sections,
the prepanation of the varíous car.bamateE 47, the cleavage

of these canbamates to give the intenmediate amine ll
usuallv as a salt and the coupì ing step to yield odonine oF

odor i nol .

Pr'esanation of the Êar.bamates

The stanting mater.ial , (ErS)-N-cinnamoylproline (7),
wås Fnepared by a Schotten-Baumann reaction (lg) from L-
proline (5) and t-cinnamoyl chlonide (ê,). La.ten we

{ound that th is me thod was al so used hy l,lassy-trlestr.opp and

cowonkerE in their synthesiE of odonine (Z). In addition
to the expected signals, the high neËÈlution 1H nmr. o{ thiE
maten i al had Emal I peaks that wene pnobabl r due to the

FreEencÊ of a second notamer about the amide bc,nd (20),
Fnom the anees one can estimate that åpproximatery ET, of
the acid was present as this second notamen. This and

seuenal othen 1H nmn spectra ane FepFoduced in the

exFer i men tal sec t i on .

Another feature of this spectrum was the deshieìding
effect obsenued in the pyrpolídine ning pnotons. These

protons apFeår as two gr'ouFs, the two protons at HE (B.F-
4.0 ppm) and the f oun pnotons at HB and H4 (L.g-?,ê ppm).

One pr.oton fnom each of these gr.outrE is deshielded sl ightlr
presumably bv the pnoximi tv to the carboxyì ic acid gnoup.
(Figure 1) (?1 ,2?) " The iwo protone cis ta thiE gr.oup åt
H3 and HS on the ring are I ikely closen to and could ì ie in

2t



the deshíelding cone of the canbonyl. This feature was

also obEerved in the high Fesolution 1H n*r spectra of the

compounds pnepaned fnom thís compound. Thu 13c spectral
assi gnments åFe tabul ated i n the appendi x.

Z

FIGURE 1.

The carbamates (also called urethanes) initially of
inteneEt weFe the lrl-dimethyrethyr 48 (t-butyì) and

phenvl me thvl 4? ( ben zvl ) canbamates (Tabl e I ) . The t-
butyloxycarbonyl (Boc) and benzyroxycanbonyl (2, gr-oupE åFe

veny common pnotecting groups fon amines and can be napidlx
cleaved r¡ith acids (18). A related, euen mone acid labile
compound alEo inuestigated t¡as the 4-methoxrphenylmethyl s0

(anisvl) canbamate, The canbamates 4? and s0 wene Frepared
from the acid 7 bv the reaction of the connesponding

alcohols t¡rith the isocyanate l0 (scheme lg). Due tc, the

poss i bl e dehvdrat i on of t-bu tvl al cohol , the t-bu tyl
canbamate 48 was pFepaned by another noute. The canbamates

5l and 52 were similanily prepaned by the reaction of the

isocyanate t¡ith 2-phenylthioethanol and Z-

Phenyl su I fonyt e thanol .

4 3 Hci"

*#,\30u

?-¿



TABLE 1.

Modified Cuntius

-cH2Phb

47

-CH2C6H40l"1eb

50

-cH2cH2sPh

51

-cH2cH2so2Ph

52

Usi ng DPPA

-c( cH3)3

48

Prepanat i on of the Carbamates.

fltN\rHCooR
Iorêph

11 Yield Conrme n t s

Reac t

?â

ton

(34)a

?3 ( 33)a Ethen 5é al so isol ated (4't,

Al I ophanate 71 maj or

pnoduc t (36:l)

As å l:l mixtur.e r¡ith
the al I ophanate 7? (24'1)

3?

-CH2CUHOOI'4e

52

Usi ng LTA

-c( cH3)3

48

* Decomposed

aConnected for

\¡¡tn dimethyt

on coìumn chromatograpy.

recovered N-c i nnamoyl prol i ne (Z> .

t i n di chl or i de catal yst.

23



Ç\.00,
H5
CI

oÅ^on
þ_

a)Nao' 
* ßaoo,¡) H' 

I

oâ-â-prt
Z

a_\o otN\.-o-öort
Iol:âpn

g

I n"rv,

+

ETOOC C 1
..."..------_-*
Et.N)

n RoH [\ heat fltl^*n-cooR- "'" !l\*=ç=g Jï' (ry\ro-r,
gzêPh g/-^ph o)'^pn
/r9 A=-CH.Ph 10 o/

50 R=-CH^C,H,0Me
-v+

51 R=-CH^CH^SPh¿¿
52 R=-CH^CH^S0^Ph.

SCHEME I 3. Preparat i on of the Carbamates.

lrleingtock's Frocedure (zg) was used to Fr.eFare the

iEocvanate 10 and laten we found that Massy-westnopp also
{ollowed thíE Frocedune. ThiE inuolved neã,cting (Erg)-

cinnemoylproline (7) t¡ith ethyl chlorofonmate to giue å

mixed anhvdridE g, Treatment with aqueous sodium azide

afforded the copresponding acid azide g which had

completelv reannanged to the isocyanate l0 on nefluxing
20 min in toluene on 4s min in benzene. Reaction of this
isocyanate with dr'y alcohol to give the car'E,arnate hJås

comp I e te af ten sevenal houns of ref I ux i ng i n benzene on

tol uene 
"

To increase the nate of carbamate f onmat ion a srnal I

+*n,¡^t ^i )i-- ÀL..1 À: - Jldinounf eÎ E¡meiilyt iiR ÉtËilioricjer åppÌ.oximateiy û.0i

equivalents, was used in later reåctions. t^lith this
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catalyst, the reåction r^Jås cGmFlete af tep approximately I

hour at room temperatune on ls minutes at neflux in benzene

el* tol uene , Such neac t ionE be tr¡leen al cohc,l s and

isocyanateE ane knourn to be catalyzed by tertiany amines

and veFy effectively tty tin cÕmpoundE (ZÐ, Scheme t4

indicates a possible mechanism fon the catalysis by such

metal compounds, The coor*dinatiorr allor¡rs the hydr'oxyl to

entep on the såme side as the metal and also act as a

protan donor, This cån explain the lar.ge catalytic ef{ect
these metal s can have. I t i s al so possi bì e that the metal

mav irrstead f irst coor.dinate to the alcohol and ther¡ to the

i socyanate.

R-N=C=O * l'4XZ 

-

[n-ru=c='ô' J*-_..*[*-*-iËt-o I - R,oH 

-[ ,-J.j [ ,"lr]

<- l*-*r-rJö' I

I itu1
SCHEME 14.

f r-¡l 'l
|R-N=C-O I

L-tï-l
t

l*-*r=r-o I

| 
"' 

i,r*1

The Catal ys i s of the Isocyanate-Al cohol React i on.

such tin catalysts have also been reported to irrcnease

the rel at ive nate oÍ reå.ct ion of isocyanates t¡i th al cohol s

R-NH-C=O +

I

0
I

R'

MXz
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vs, r¡ratep. Normally, without such a catalyst the reåction
of iEoc)¡anates wíth uraten is fasten than r¡ith an alcohol .

Thus the hydnolysis of the isocyanate by fontuitous tnaceg

of uraten and the formation of urea (see laten) should be

decreesed r¡rith such å catalyst, One r¡¡ould then also expect

an improved yield o{ carbamate. Hor¡leven, we {c,und that
tr'hile the catalyst did greatlr increase the neaction nate

the yíeld of canbamate was unchanged.

The products of these reactions were not veny puFe and

usual I v f I ash chnomatographz <z,it wå.e r.pqu i r.ed to i sol ete

the pupe canbamate al though recFystal I ization could be used

with the benzyl car.bamate 4F.

The 4-methoxvbenzvl carbamate Fû obtained when the

chnomatogr'aphX uras cannied out r¡ith ethyl ether was

opticallv activer lêiJ1ic -4lowhile the matenial obtained
t¡hen ethyl acetate hrås used as a mot,ile phase r/i,as largelx
nacemized, Eá\t; -22 The trace of acetic acid pnesent in

the e thyl ace tate may be the cause of th i s Facem i zat i sn .

This pacÊmization indicated that the carbamates t¡ene

Etereochemically unstable t¡hich could make the synthesis of
optically pune odonine and odoninol via the amine

dif + icul t.

The isolated yields of the canbamates rtrere always

nather lor¡r (ca. 25-3ã'/,) no matten r¡hat modif ication u.rag

used. l¡lh i I e the uFeå 54 f nom the hvdnal ys i s of the

isocrarrate 1û uras aTso fonmecj io å vanying extent, this
couìd not accrunt for al I of the metenial.
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0
H_O--2- 

@ lcÀrH-cooHl

[Å--r^ ]
))
-l -.0,

Ç\*,"

J-r^
11

10

SCHEME T 5.

Hvdnol vs i s and unea Format i on fnom the I socyanate I 0 ,

Anothen {aster nunn ing compound t¡ag al Eo f ound to be

ppesent in the product mixture but in most cases it
decomposed dun ing isol at ion. HoweueF r in the neå.ct ion r.,.ri th

4-me thoxvhenzvl al cohol th i s E i de-produc t was í sol ated åÉ

an oil r¡rhich r.rras contaminated with and./or decomposing to
4-methoxybenzyl alcohol and sû was dif+icult to punifX.
The spectnoscopic proFenties of this matenial wer.e

conÉ i sten t ¡¡ i th ( E) -1-( I'-oxo-3'-phenrl p rop-?'-enyl ) -Z-( 4-
methsx/phenylmethaxy)-pvr-nol idine (s6), the ether fonmed by

the losE of the isocyanate ion fnom l0 and funther neaction
with 4-methoxvbenzvl alcohol (ca. +l yield). This ethen

could be isolated when ethyl ethen was used eÊ the mobile
phase in the chnomatographr but not tuith ethyl acetate.
The tnace of acetic acid in the ethyl acetate may be

causing 56 to decompose r¡hen this s.oluent {^rå,5 used.
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[_]tN^oaH2c6HlocH3
I

o2êp¡
5b10

scHEl"lE 16.

(R=-cHac 
unrocur)

Ether Format i on.

Such ether formation from the iEocyanate_alcohol

neaction has been reported by Goodman and coworkenE (26>.

TheEe wc,nl(ers wished to optimize the yield of arrother.

N-CH-N carbamate sp and i nveEt i gated the nol e that
different amcuntE of arcohoì Flayed. t^Jith a lar.ge excess

of alcohol , e complex mixture of products was fonmed. Fon

example, the Feactian of the isocyanate FZ r^rith å ?t fold
excess of methanol affonded not onìy the expected canbamate

59 but also four other pr.oductsr 6o, é8, 64 and 6s (scheme

t7). The ready loEs of the iEocvanate ion cån exprain the

occurrence of these compounds,

I t u(,as suggested that the e ther 60 was f ormed by the

displacement of the isocyanate ion by the alcohol as

postulated above. The well-knot¡n neå,ction of isocyanates
r¡ith water t¡ould have nesulted in the upea 6G t¡híle the

el ímination of isocyanic acid t^rould form the alkene 64, å

stvnene denivatíve. Reaction of the líberate.d isocyanate
i¡a ¡.,i &[* ôL^ ^t--L-l .-t t -.3rr¡r w¡L¡¡ Lile arconoi tof lewed by further Feå,ction with 57

trroul d yiel d the al I ophanate dS.
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ËH^-Pht'
Rooc-NH-cH-( c0) -N3
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H-CH-NH-(

6s

SCHET'1

RIOH +

HNC O

é3

R=-CHaPh , -t-Bu

R'=-l'4e , -CH2Ph

c0) -NH-co0R'

E t7.
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Di ssoc i at i on and r'e-åssoc i at i on of the i socyanate, 5T

and 58r could aìso occun but this r¡ould resul t in nacemic

carbamate 59. Goodman f ound no racemic car.bamate e i ther. in

the pFesÊnce af h igh ûF I or¡r rat io of al cohaì to iEocyanate

57. The canbamate Eg uras found to be Etabl e to
decomposition aften fonmationt it was Fecovened unchanged

fnom r'ef luxing methanol af ter t? hours.

As i ndi cated i n the tabr e, r ess al cohol i ncreased the

amount of canbamate at the expenËe o{ the otheF crmpaunds.

The authons could not explain the diffenent natio of
pnoducts obtained wi th methanol and benzyl alcohol .

TABLE 2. Product Distn

IEocyanate 57 with Var.

37 R'CtH (equiv)

R=PhCHz- | Fae0H (20)

=t-Eu-

MeOH (2)

Me0H (?0)

MeOH (2)

FhcH2oH (10)

PhcH2oH (?>

[¡Jhen ân ace tyl gpoup

pnesent in the isocyanate

pnoduct (73-eOZ) and onl y

fonmed even unden ac i d and

excesg of methanoì. This

ion in the Reaction of

Amounts of Al cehoì .

óû 65 ó3

ibut

i ous

5?

4?'/,

é5

??

45

18

tf.l.

3Z

?

t2

4

2ú

18

44

18

64

gr'oup wås

the main

l-6:¿) r,,.ras

th a I ange

the

instead of a car.bamate

6é, 67 was found to be

å trace amount of ég (

base catal yEis and r,ui

iE another example ot
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I abil i tv of N-CH-N compounds and ho¡¡ th is I abi I í ty depends

on the stnuctune and the pFeËence of othen functional
grouPs.

cH2-Ph
It5l Me(ËO)-NH-CH-N=C=O + excess MeOH -.------+

6é

cHzPh cH2Phtt
l"le ( CO) -NH-CH-NH-CO0I'4e + Me ( CO) -NH-CH-O-|'4e

&7 (73-80r,) 6g ( t -&t¡,)

D i phenxl phosphonaz i date ( DppA , 6?l has been repor ted

to be a new convenient reågent that cån be used fon a

cuntius-like reåctíon <27>, A carboxyric acid irr the

pFesence of an alcohol and triethvlamine (TEA) can be

converted to å carbamate in a single step wi th this
reagent. The mechanism involves the fonmation of a mixed

canbc¡xvl ic-phosphonic anhydr.ide 70 r¡hich then yieldE an

acid azide (scheme 1g). Funther Feaction pnoceeds aÊ

descnibed eanlier fon the cuntius reaction" This reagent

wåE investigated to detenmine ¡+ it would incnease the

yi el d of canbamate 
"

l^Je ref luxed N-cinnamsylprol ine (z) t^rith ÞppA and rEA

in t-butvl alcoho'l , and puníf ied the pnoduct by f lash

chromatognaphx xielding a mixture of the t-bu.tyl carbamate

48 and an unknown crmpound, RecryËtal I i zat i on of ih i s

material afforded a cFystall ine comFound with a lH nmF
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RCOOH + DPPA

DPPA = N3 ( Pt) ( Oph )2

é9

SCHEME I8.

EFectnum ve.v simi r ar to that of the carbamate 4g. The 13c

and in spectna indicated the presence of two canbonyr
gnoups" The ms of this unknown waÉ also ueFy similar. to
that of the pune carbamate but it had å på.Fent ion at 4g

mas* un i ts h i gher' than that o{ the canbamate. Therefone,
the unknown hras assigned the Etnuctune of the al lophanate
7t (3é'l vield) from the inconpoFation or an additiorrar
ísocyanate unit similan to the eanlier oEser.vation of
Goodman (26>.

EtoN

\

.*J -

-\ oo
tNÀrröruHöon

I

02êPn
71 R=-t-Bu
72 R=-CH ^C,H,0CH^¿o4 )

lo olil tl

LRc-o-P( oPh )2

crüllll*t|il. + HoP(oPh)2

lA,-tr¡z
{

R-N=Ë=O

l *'0,
{

R-NH_COOR'

[o oH IIrrtl
lRc-o-T( 

oPh )2 

|LNsJ
7t

3?



Similanly, the neåction of the acid 7 t¡ith p-

methoxvbenzyì alcohol and DPPA in dny benzene foìlowed by

column chromatographr afforded å colorless oil rrrhich u¡as

found tc be an appnoximately 1:l mixtune of the canbamate

50 and allophanate 72 (ca, ?7 arrd ?4'¿ yield, r.espectively).

For Esne compounds betten yieìds were Feported when

th is neact ion t^ras canr ied out in tr¡o steps inEtead of one,

Thus, the i socyanate 10 t¡as f ormed f i nst by r.ef I ux i ng the

N-c i nnamoyl prol i ne and DPPA i n dry benzene and then p-

methoxybenzyl alcohol þ.rå,s added. Hsweven, this
modif ication díd r¡ot impr.ove the r.eaction and a mixture t¡as

agai n obtai ned"

Yamada and cor¡orf<ens (28) have reported similan
obseruations on the neaction of DppA r¡ith (S)-N-

benzyloxycarbonxlpnol ine (Zg). In fact, the t-butyl
carbamate 74 was isolated in only sy. yield t¡ith il-e

al I ophanate 75 be i ng the major. pnoduct (ssz) ; both these

compounds were optically active.

fr.00,
t6r i ñ-t)

DPPA, Et3N

t-Bu0H, reflux

o[\(*ÀnHCOo-t-Bu * \,'t\n,HöruHcoo-t-Bu * -N' \o-t-Bu
ltt
Z

rylt4
Z

t)
Z

lo
(z=-coocH2ph )

ãâ



Even the ËuntiuE reaction on this comFound r¡aE found to
give the allophanate 75 aE the major product (BE'Á) with the

expected carbamate 74 produced in only l4z yield, Goodman

and cordonkers ("éj haue Fepeated th i s Feac t i on and have

also identif ied the fonmation of the ether 76 t¡rhich wag not

stab'tÊ euen when stored at -4oC unden n i tnogen.

Yamada repeated this Feåction in the presence of t-
butvl carbamate instead of t-butyl alcohol and found that
racemic canbamate 77 was the major product (662,) along with
cvanuric acid 78 (12]4,>. In this cage the fonmation of the

aìlophanate 75 was suFFreEsed by the addition of the t-
Þutvl car'bamate to the intenmediate immc,nium iort z? to give

the racemic canbamate 77. If direct dispìacement of the

isocyanate ion occurred inversion of cor¡f iguration and nat

the obsenved nacemization LÄJould have taken place. The mone

nucleophi I ic t-butyl carÞamate must favon the losE of the

isocyanate ion rather than formation of the allophanate 24,

E7) 73
DPPA, Et3N

NH2C00- t-Bu
benzene
refl-ux

1\.N,'.NHCOO-i-Bu
I

Z

77

0
ll v:- a

HN^NH* 
oÅ*Ao

H
ryaI9

(fü\,
I

Z

79

the

th i

Carboxyl i c

acid amíde

E Feaction ¡

ac i ds can

us i ng the

s canr i ed

(z=-coocH2ph )

he reaFFanged to i socyanates v i a

Hofmann neaction (2?). Nonmal!y

ou t w i th brom i ne unden Etrongl y
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basic conditions, conditions which ar.e

sens i t i ve mol ecu I es. Baumgan ten ( g0 )

have neported that amides can also be

tneatment with lead tetraacetate (LTA)

reåction. The suggested mechaniEm is
17,

too vigor.ous fon

and Elecl{t¡ i th ( 3l )

FPår'FarrÇed by

in a Hofmann-l ike

i ndi cated i n Scheme

a

LTA Oxidation of râmides.

lfi _i'-.-, 
Iþ-c-r'rH2 *Ë--c=ä'xz

ol
|] tA." /o\.-,R-C Hx D P-n ÞF.r

,*iw? -tèN* 
,*,Å,1 /[,,/\1_;ft/ / \l-\H Pb:o H H' 'ct,le

cån.r. I H

f-o.o', I -o.o*
pl ¿

,rì ll t r-.' 

^
(nlc H o (nli- Þnco*c:,-qr.)* 7\r\

pb-O H CÞleI\il

\iq
0

. ,/ \.rR-c 
,lo, 

oo. t,

(0Ac)2 \_/ b

-Pb( 0Ac )2

-Ac0H

o

R-N=c=o € *-!-,u,

SCHEME I

/r,o',..*-\'. 
,'*" 

oAc )'
NH

g0

Format i on of CarÞamates by the
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The suggÊsted intenmedíate comprex RcoNHpb(oAc)3

I ikely exiEts in å symmetrícal for.m g0 r¡rhere the lead atom

is bonded to both the oxygen and nitnogen atomE. A

discrete nitrene inter.mediate may be involved although
thene is no experimental evidence for its exiEtence. It
has al so been EuggeEted that the r.eå,c t ion måy pr.oceed v ia a

nitnenium ion (scheme z0), Baumgarten and cowor.kens have

found that this oxidative r.eåFFånqement prcceeds with
netention of configuration like the Hofmann (??)e curtius
( 5) and other re I ated Feac t i ons.

0
il

R-C-NH OAc O

\_ / ll ,.rPb R-C-Nn +

^ -/\_ |Aco oAc 
I

I
n-Íl)n=c=o

SCHEME ?O 
"

Pb( tAc ), + r-b6c

_Ht+')
+ R-N=C=O

Bv carr/ing out the oxidation in the ppÉsence of an

alcohol , the cor'reEponding canbamate cån he fonmed

di rectl y. The Freparat i on of å canbamate for r owed by

hydnoìvsiE to give the amine was found to be pneferned oven

direct hvdrolysis of the isocyanate sínce the indinect
method usually affonded the amine in better yields.
Baumgarten haE found t-butyl alcohol to be the preferable
peac t i on sol uen t al though benzyl al cohol was al so su i tabl e .
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one of the disaduantages of this peaction is that in somÊ

cåEes the LTA may oxidize the alcohol faster. than the

amide.

t¡Je invest igated tl-r is react iorr to see ¡f i t rrroul d

impnor.re the yield of the canbamate. The (S)-N-

cinnamovlprol ine amide (Bl) was preFaned from the acid 7 Ey

the method of Roberts and couriorkens (92) again usíng ethyl
chlonoformate and triethylamine followed by reaction t¡ith
dnv ammonia gas' This amide r,^Jas ref ruxed r,,,¡ith LTA in dr.y

t-butvl alcohol and the peåction mixtune tn,aÊ punif ied by

flash chromatognaphx affording the t-butyl canbamate 4Ê in
3?'1, vield. A tnace of the t-butyr arrophanate 71 r¡aE also
detected by ms and nmn.

Açtain the lor¡ vield of the canbamate must Þe due to
decomposi t i on of the i ntenmedi ate i socyanate 10. Th i s

canbamate 48 t^ras also found to be stereochemically

unstable; the cnude optically active material from the

coìumn chromatognaphx Facemized to a ìange extent on

recrystal 'l izat ion f nom ether/pentane. Tl¡ is f ac i I e

Facemization again Ëuggested that acid cleauage urould cause

extensive Facemization and so not aìlow the amine lt to t,e

prepaned in ån optÍcally actiue form.

Thus, the pFeparation of the carbamates do rrot proceed

in venv good vields because the intermediate isocyanate has

a tendency to decompose by the I ass of the i socyanate i on,

I nt.¡ wiol dc l,têna alreanrra¡{ ¡,¡i &h L.^ù¡* &L^ 
--/; 

Í | ^ J ñ..- À:.i 3 s ¡ u= ws¡ s uuÞË¡'verJ wr L¡i ¡JrJf i¡ -.ilÇ maEl l l eE LUi.E iuE

Feåctíon and the dinect r*eactian of ÞppA with ñ-
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c¡nnåmúvlproline. A slíghtìx better but still nather ìow

yield of t-butyl carbamate was obtained by the LTA Feaction

on N-cinnamoylprol ine amide in the Fr.esence of t-butyl
alcohol . Of counee this s),nthesis required the amide to be

f í rst Fr'epaned. The unstabl e e ther. só was i Eol ated aa å

by-pnoduct in the curtius Feaction r¡ith p-methoxybenzyl

al cohol and the al t ophanat e* zt and 72 i n the DppA

Feec t i on. These carbamateE were found to undengo fac i I e
Facemizat ion r¡h ich indicated that opt ica.l ìy pur*e odar.ine

and odorinol måy not be obtained by this noute.

The Cl eavaoe of the Canbamates

As already mentioned, t-butxl, benzyl, and p-
me thoxvbenzyl carbamateE can Þe c I eaved w i th stronq ac i ds.

Tnifluonomethanesulfonic acid (tniflic acid, TFMSA) (gg) is
one of the stnongest ac ids l(nown and can c I eaue var ious

acid-labi le amino protecting groups quanti tatively t¡i thin
3-ó0 minutes at Foorl temperatune (g4,gF). The t-butyìoxy-
canbonvl gnoup (BoË) is cleaved within s-s minutes and the

benzvloxvcårbonvl group (z) usually trrithin lE minutes. The

literatune ppocedune invorves excess tniflic acid (s-10

equivalents) and methylene chloride or trifluoroacetic acid
(TFA) aE a solvent. Anisole (l.s-B equivalents) is used aE

a Ecavenqer to supFreÉE the possible all(ylation reaction.
This alkvlation måy be due to the generation of the t-butyl
and benzyl cations on moFe I ikeìy due to the formation of
the t-bu tyl and benzyl tr i f I uonome thanesu I fon***=.
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rs, 
Cò*rcooR

o)êpn
¿g R=-t-Bu
L9 R=-CH^Ph

¿

CF .S O.H-'È
Ph0M e

CH ^C1 ^¿¿

ßn,,
o)-'a,pn

ó¿

0S02CF3 +

hle inçestigated the cleauage of canbamates try strang
acids since it seemed to be a pnomising method o{ obtaining
the amine 11 aE å sal t wi thout decompo=i t icr¡ and wh i I e

still poÉË¡blv netaining the optical activity. Early ín

our' invest i gat i ons, the debl ock ing r¡as canr ied ou t i n neat

anisole without any other solvent but laten methylene

chloride rr,as used, To simplify purif ication, most of the

anisoles were removed by quict<ìx extracting the cleaved
product r¡rith dny pentane. The t-but>,1 and benzyl

canbamates 48 and 4gr respectiuely, wÊne found to he

smoothly cleaved under.all of these conditions.
The 4-methoxybenzyloxycanbonyl gnouF (Z(OMe))

i s mone ac i d I abi I e than the benzyl oxycanbonyl (z)

protec t i ng gnoup due to the e I ec tron re I eaE i ng me thoxy

91*oup. Thus, the Z(OMe) group can Þe cleaved r¡ith
tr íf I uoroacet ic ac id at toc t¡h ¡ I e the Z pnotect ing grouF

FÊmåins untouched under these conditions (gd). Indeed, u\re

found the F-methoxvbenzvl canbamate sû in methylene

chloríde r¡¡aE neadily cleaved by TFA again in the pnesence
ai s¡i-^l^ ¿^ ---..--r aL-L¡r 6¡¡iFo¡e Eo ppevent the a'l kylation reacrton.

other al koxycarbonvl pnotec t i ng gFoups ane knor¡n that
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can be cleaved undeF uanious non-acidic conditions (LT).
For instance, the 2-<4-toìyt)sulphonylethyl canbamates å,r.e

cleaved with strong inonganic bases (BzJ, conditions
howeven wh i ch are too v i qonous for sensi t i ve mol ecul eE.

The coFreEpcndi ng z-(4-tor yr )sul phonyl ethyl estens have

been smoothly cleaved unden mild, neutral conditíorrs with
1 ,5-di azabi cvcl ot4"3,0lnon-s-ene (DBN) i n benzene at noom

temper'ature (38), orre r¡ould expect this DBhl fnagmentation

also to be appl icable to the cleavage of the carbamates.

Because these mil d condit ions seemed prclmising, rare

also pnepaned such a canbamate by the neaction of the

corr.espandíng alcohol with the isocyanate t0 from the

cuntius neaction, since z-(4-tolyl )sulfonylethanol r^,ag

unâuåi lable the 2-phenylsulfonylethanc,l was used inEtead.

Since the cnude pnoduct from this neaction r^,as found to
decompose on column chromatographr the Z-phenylthioethyì
anal ogue r¡å.s f i rst prepared and then ox i d i zed ur i th
potass i um Feroxvmonosu I {ate . The z-phenxl su I phonyl e thyì
carbamate 52 t¡as i ndeed f ound to be c I eaued by DBN bu t the

free amine 11 seemed to decompose since no odorine cauld he

isolated r¡¡hen this cnude amine urag treated u¡ith z-
methylbutanoic acid and DCC (see laten).

canbamates can also be cleaved under mi ld, nonaqueous

condi tions bv using iodotrimethylsi lane or cf¡lorotrimethyl-
si I ane and sodium iodide wh ich genenates the f onmer r-eagent

i n s i tu ( 39) . Both neagen ts wene found to cåuse ex tens i ve

decomposition in initial investigations and so this method

40



wås not Funsued funthen.

Thus, the t-butyl and Þenzyl carbamates 4Ê and 49,

Fespect ivel y, wene readi I y cl eaued r,,,ri th TFMSA wh i I e the

p-methoxybenzvl analogue 50 r¡as easily cleaved with rFA and

theEe seemed to be the moEt promising methodE of gerrer.atirrçr

the amine 11.
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The Couol ino ReactionE

Sevenal me thods of coup I i ng the I -c i nnamoy | -Z-

Fyrr'olinylamine (ll) with Z-methylbutanc,ic acid (gg) and Z-

hvdrexv-Z-methylbutanoic acid (94) wene inveEtigated to Eee

r,ruhich would give the optimum yields" ObviouEly not ?ver.y

one of the numenÕus me thods ava i I abl e cou I d be exàm i ned,

on I v soÍne of the Fepr'esen tat i ve me thods wh i ch seemed

pFomising were tnied.

tgl ßrr 2 +

o)êpn
11

al
--------------& 

-N^NH-CO
I

o2*pn
1R=H
2 R=OH

0trrl
X-C--t-R

\
1)

+XH

Dicyclohexylcar.bodi imide (ÞCC) (41) is one of the most

common neagents avai I abl e fon the pFepanat i on of ami de

borrds (40 r4l ) and Éo wås the I ogical f irst reaqent to
i nvest igate ' [^Je c I eaved the t-bu tyr canbamate 48 w i th

TFMSA, tneated the nesu I t i ng Ear t r¡ i th z-me thyl bu tano i c

acid, ocË and rEA, and obtained odarine (t) and epiodor.irre
(3) in 25j¿ vield af ter chnomatognaphx. t^Jith the anisyl
carbamate 50 in r.uhich TFA r¡ras emFloyed in the cleauager t

and 3 hrÊre obtained in ca, t7y, yield.

The analogous Þcc coupl ing of the amine ll fnom the

benzyl canbamate 49 r,,-r i th the hydnoxy ac i d g4 af f onded

odoninol (?> and epiodorinol (4) but only in LL"l, yield,
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The Ior¡rer yield in this cåse must be due to some

inuoluement of the hydr.oxy grouF in the couF,l ing reaction.
One does not expect the hydroxy acid to undergo self-
csndensation unden such conditions since the amir¡e nitrogen
is much more nucleophi I ic than the hvdnoxyl gFoup. The

pnesence of the hydroxy group in the intenmediate

åcyl i sour'ea may increase the ster i c bu I k enough to sl ow the

attacl< of the amine by a signif icant amount and thus

decneåse the yield of odoninol , Dipole-dipole r*epulsion

be tt¡eerr the at tack i ng n i trogen atom and the hydnoxy oxygerr

atom may also contribute to å decrease in the nate of
at tack ,

Bne of the disadvantages c,f DCC is that r¡hen the

canboxylic gnoup of acylamino acids, for example, is
activated, Få.cemization can Gccur via rxåzelone gF

fonmat i on (éa) .

-----------&Þ

This racemizat

carried out in the

(42) on other such

o,",/4F 
o;* uy

R

c
'e

o
R+Ax
HÑ-ro

k

*"'U
tYo

R
85

_----@D
@--

V'
N
il

X= -0-C
I

N
SCHEME 20.

ion can be neduced i+ the neaction is
pFeÉence of N-hydnoxysucc i n imi de (H0Su)

compounds. These additives fonm highlr
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act ¡ve estenE 86 t¡i th the carboxyl ic ac id cornponent r^rh ich

then Feåct napidly r¡íth amirres. Racemization is neduced

because of the fast fonmation and conEUmption of the active
estens' It waÉ thought that the fast Feå,ction of such a

highlr active esten might also incnease the yield of
odor i ne and odar i nol .

C'OCR

I
RC00H + R'-N=C=N-R + R'-NH-C=N-R,

ÞÊc

Rco-osu R"NH2 * R(co)NHR'/+ Hosu

gé

SCHEME 2t.

HOSu *_DCU

0
}\-

Su= -N IY
o

l¡le Fepeated the Dcc coupl ing neaction t¡ith added N-

hydnoxyguccinimide but the yield of odor.inol (?) and

epiodoninol (4> decreased to 41/.. The N-hydnoxyËuccinimide

and Z-methvlbutanoic acid (Êg) were then finEt coupled

usi ng ÞCC to form a mi xture o{ the N-hydr.oxysucc i n imi de

eEter and the Z-methylbutanoic acid anhydnide. Reaction of
this mixtune and the amine tr gener.ated fnom the anisyl
canbamate 50 produced very little odor.ine. The reason for.

this decnease in the yield was not clear, It appears that
in this cå.se, the o-acyl isounea u¡as å, more active acyìating
agerrt than the N-hydr.oxyÊuccinimide ester on the anhydr.ide.

The N,N'-dicyclohexylurea (DCU) (45) br-pnoduct and

the ac)¡lurea (4é) from the reanFångement of the
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intenmediate o-acylisourea (4?) (scheme ll) weFe difficult
to separate fnom the odsr i ne and odor i nor because o{ the i r
simi I ar sol ubi I i t i es. Coì umn chromatc,gr.apht r,uas requ i r.ed

to punifr the odonine and odorinol fnom this Feåction. The

uFeå's wepe usuå,r r y not i sor ated s i nce they were stnonç¡r y

held by the si I ica gel ,

[^Jater-sor ut'r e di imides might reduce theEe

pur í f i cat i on probl ems s i nce the uFea= formed from these
r'eagents could simplr be washed out of the pr.oduct mixtur.e.
ThuE the t¡ateF-solubìe l-cyclohexyl-B-(2-monphol ínoethyl )-
carbodi imide metho-p-toluenesulfonate (g7) (4g) r4ås br.ie{ly
examined.

el^=.='$'-'o,rìàrr,

As a mode I srstem, the coup ì i ng of Z_hydr.ox y_?_

methvlbutanoic acid (94) with aniline using thís reagent
waÊ investigated. The non-nucleophilic anilíne was used
because ¡t hras berieved ¡t wourd mimic the steric
hindnance pnesent ín the amine ll. However, the

recFystal I i zed yi e I d of the N-phenyl -Z-hydnoxy_Z_
methvlbutamide was onlv ls:/," Another.nrodeì compound, ?-
phenvl sul fonyl ethvr N-phenvì canbamate, was cr eaued wi th DBN

and the I ibenated ani I ine tneated wi th Z_hydroxy_Z_
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methvlbutanoic acíd (94) and the r¡ateF soluble díimide a7
hut again very Iittle of the N-phenyl_Z_hydroxy_Z_

methylbutamide was obtained. Similanly, the ?_
phenyl sul f onyr ethvl canbarnate g2 a{f orded no odor inor årrd

epiodorinol . The amine ll may be decomposinç¡ urrder these
conditions since even r,uith DCC nB odc,nirre was obtained f rom
th i s compound.

The lor¡r yields of odorine and odor'inal oh,senved could
be due to a numben of neasons hu t sten i c h i ndr.ance [^ràs

likelv an important {actor. Both the amirre rl and the
canboxyl ic acids 83 and g4 have nathen lange, bulky gFoups
attached to them. The intenmediate O_acyl isourea 42 from
the ne*ction of the acid r¡ith Þcc may be suff icienily
hindened toward nucleophil ic attack hy the amíne l1 so that
reaFnangement to the unneactive N_acylurea 4é t¡ould be

fauoned" This hindened nucleophilic attack may also mal{e

the decomposition af the amine lr an impor.tant contr.ibuting
Feaction. A significant amount of the acid anhydr.ide may

also be pneferential ly formed and this seems to he

nelativeìy unreactive towards the amine.

Examples of Euch stenic hindrånce in peptide synthesis
have been neported (44) . For i nstance, the ami no ac i ds
val ine (88) and isoleucine (g?) have bulr(y side chains
because of the bnanching at th* þ-tanbon atom. It has been

found that the nucleophi I ic attack by amineE is sevenely
híndened in the actiuated canbonyl deniuatives of these
c0rnF¡ounds. This results in å low rate of acylation and
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coo r-)

(+) I

HâN-C-Hel
tH3-cH-cH3

coo r-)

&tl
HâN-C-Hel
cH3-cH-ËH2CH3

8988

cë(useE comFeting procesEes to become impontant which may

nesult in conEiderable amountE of bx_products. In the DCC

couFì ing, the 0-+N mignation can become importarrt and
significant amountE of N-acyrunea can be fonmed esFeciarry
t¡hen weak nucleophiles åre inuolued. N_Acylurea is usually
pnesent åÊ å side-product in such reåctions but nonmall>.
only in small amounts, A similar formation of acylureå
tends to occun when the canboxyr ic gnoup o+ pnor ine (B) is
activated with ÞËc. The 0-)N migration is pnonounced in
dimethylfonmamide, less sB in rnethylene chlor.ide.

Beckt^rith and cowonkers (Bl ) haue neponted that such å

couFl ing Faåctiorr can be trårried out hy the LTA oxidation
of pnimany amides in the pneEencp of å canboxyl ic acid,
The mechanism invorves the ir¡teraction ef the car.baxyr ic
ac i d ?2 t¡ i th the i socyanate g1 +ormed f nom the am i de p0 br
the eanl i en di scussed mechan i sm (scheme 1g) r eadi ng to a

mixed anhvdride intenmediate gs (scheme ?Ð. Tr-¡iE mixed
anhydride cå,n nG¡l lose canbon dioxide to fonm the acyìamine
94 on dispropontionate to give the symmetnícar anhydride 9s
and 9é. Loss of canbon dioxide fnom gs nesurts in the unea
?7, The pnoduct distnibution of this neå.ction depends on

the expen i men ta r cond i t i ons and the stnuc ture of the
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ooo
_ Ll R'coon ll llR-C-NH2 + LTA _pb5;;î"R-N=C=o EÞ n-ruH-ö-o_öR,

?0 - 2A cOH ?r _/
-/ ?3

RNH(ËO)Me- RNH(C0)R' (RNH(CO) )2O I <n. (CO) )2CI

9g ?4 ?5 ?6
I

| -to"t-
RNH( CO)NHR

scHEl"lE 22 
"

co¡npounds. However.r one cä,rr usual I y

of some urea g7 and also acetylamine

acid pnesent in the LTA,

?7

expec t the fonmat i on

98 fnom the acetic

l¡Jhen .^re treated r -c í nnamoyr -2-pyrFor i nyr carboxam i de
(81) uuith LTA in the ppeEence of Z-methylbutanoic acid (gg)
no odon i ne was de tec ted and the uf.ea 54 r,,.ras the maj on

pnoduct" similarlv, the neaction of Z-methylbutanoic acid
(Ë3) t¡ith the prefonmed isocyanate l0 aìso reËulted in the
urea 54 as the major'product and so this Feåction was not
pursued further,

Activation of a carboxyl ic acid as en acid azide is
one of the crassícar methods used in peptide chemistny fon
preparing amide bonds. As discussed eanlier, ÞppA is a

conuenient neagent that cå.n be used to pnepaFe such ån

azide. Reaction with DppA at a higher. temperature causas
neannangement to the isocyanate hut at lowen temperatunes
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the intenmediate acid azide can form a,n amide bond r¡ith an

amine (45)" Thus, Z-methvlbutanoic acid (gg) was treated
t¡ith DPPA,/TEA in dimethvlf onmamide f on za hours at noom

tempenatune and then reac ted r¡ i th the am ine I I genenated

fnom the anisyl canbamate 50. However, only å tnace of

odon i ne htåE obta i ned.

Diethrlphosphoryl cyanide (DEPC, ??J is a reagent

s im i I ar to DPPA r¡h i ch can be used to pr*epane the acyl

nitrile 100 from carbaxylic acids in situ (46>" Amirres and

canboxvl ic ac ids r¡h ich are di{{ icul t to coupl e r¡i th other

neagents can be coupled in good yields with this neagent

(47r. Hor¡eveFr ure cauld nst obtain åny odorine urrith this

compound and so this method waE not investigated any

fur ther .

tl0l RCOTH + DEPC + TEA + R(CC|)CN + (EtO)2POOH.TEA

100

DEPC = (EtO)2(P0)CN

??

Canboxyl ic acids have also been activated aE N-acyl-

imidazoles 103 aE imidazole is a good leauing gpoup. These

compounds cån be conven i en t I y Frepaned by tneat i ng the ac i d

with 1r1'-canbonyld¡¡midazole (CDI, 101) (48). However

only å tnace of odonine was obtained fnom the r*eection

Z-methylbutanoic acid (83) r¡rith CDI in dny DMF followed

the amine l1 gerrenåted fnom the anisyl canbamate S0,

t

of

by
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RC0CIH + CDI --+ ImH + R(co)o(co)Im-ø R( CO) Im o CO2

102 tû3
CDI = Im(EO)Im

101

-ctrz

R'NHz

rs
rm= -N'.of'l

R( CO)NHR' + ImH

SCHEME 23"

one of the simprest ways å car.boxvr ic acid can be

activated is as an acid chlonide. This method has been

used in peptide syntheses (rg) but it suffers fnom Êome

drawbacks (6a).

In some initial investigations, we tneated the amine

11 genenated fnom the anisyl carbamate s0 t¡ith acetyl
chlonide and rEA at Ooc. A l:1 mixture of the acetamide
and the diacvlated comFound, arr imider hrene ohtained in a

clean Feåction with a good yield.

rlrl R(co)cì + NH2-R' :ñr R(c0)NHR' s:s(R(ccr))2NR'

l¡rle Fepeated the neåction with 2-methylbutanoíc acid
chloride (104) and again had a clean neåctiorr urith a gaod

mass balance. Howeve., the product wås found to be a

mixtune of odonine (l), epiodorine (g) and the

trif luoroacetamide r0s" The pFoportion of r.and B vs. r0s
waË found to depend on the tempenatune and the onden of
addition (Table g). The optimum yield was oh,tãined r¡hen
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!\rrc02-p - cH2 c6H1ocH3

or'êptt
il.

a)c¡',cooH
________¿________-__*

Ph0Me

cH2cI2
1 0 min, OoC

b) extract with pentane

)^ñr, 
,-,orccF,

o2êpn

ctcocH (pie )¡t
Et3N ' CH|CI2

te2
TABLE 3. The preparation

2-l',lethyl butanoic Ac i

w.
ng

cid Chlonide

104

(equiv)

TEA

(equ iv)

TempÞ

( oc)
Pr'oduc ts

!&3: I 05

3.0 (lst)a

?,7 (lst)

2,5 (2nd)

3.0 (lst)

3.0 (2nd)

3.0 (2nd)

3. I ( 2nd)a

7 "O ( Znd)

é"7 (1st)

7 "7 ( 2nd)

8.0 (lst)

7"3 (lst)

0

-77

-77

-?,3

-24

-23

i n pnoduc t

pr.ec ip i tate

1¡l

ftos ma

{-
Lam I ne

3:1

6zl

8¡l (ca. 22:¡, Le

recrst, )
aOrder of addi t i on "

bCoup I i ng tempenatuFe 
"

the reåc t ion t¡aE carr ied ou t in a dry- i ce/canbon

tetnachlonide bath (ca, -zgoc) and when the TEA was added

f inst follor¡red bv the acid chro¡ide, At the lower

tempenatune of å dny-ice./acetone bath, the amine ll

A

rJ

ßrr-.0
oÅz-p¡,

+ tl,\rrcocF3
I

o2Y\pn

o{ Odar.ine us i

d Chlonide.
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Frecipitated out of solution and after
tempenatune the trifluonoå.cetamide l0S
pnoduct.

trlanming tc' room

was the ma i n

The occunrence of the tni{luoFoacetamide tc¡5 can
rat i onaì i zed bv the fonmat i on of the m i xed anhydn i de

be

t07 .

00ilil-¡^o^cr,
-) 107

;*'++

0
lt

cF3cct
109

+

RI(iHr"'cr
108

SCHEME 25.

nliH,'-'orc-1.
110 t\

RñHr(-)orccF3
lub

ctne would expect the fcrr'mation of r0g and thus arso r0z to
be favored since it is the sart of the stnongest baEe
(RNH2) and the strongest acid (Hcr ) in the system. Instead
of such thermodvnamic contnor the fonmation of the mixed
anhvdnide mav be due to the kinetícatry controrred attack
of tnifluonoåcetate ion, The tnifluonoacetyl chlonide l0F
should not be pnesent to any gFeat extent and so would not
be important in the {ormation of r0s, Thp neaction of the
mixed arrhvdríde t0z r¡rith the amine rr can tar<e prace at
either carbonyl . The tni{luonomethyl canboxylate trrouìd be

the better reauing gnoup but nucreophiric attack at the
othen carbc¡nvr urou r d E¡e f avoned on qr.cunds of r ess sten i c
h i ndnance.

The cleauage of the car'bamateE with trif ruor.omethane-
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sulfonic ac¡d wourd auo¡d the fonmation of the
tnif luoroacetamíde rü8, Euen ¡f the cor.r.esponding mixed
anhydride tl2 is formed, acetylatiorr should only occur.

since the trifruoromethaneEul{onate anion is such å veFy
good leaving gnoup' Trifruoromethanesurfonic-carboxyr ic
anhydr i des o{ the txpe I 1 Z have t,een found to be Eome of
the most powenfuì acylating ågents t(nown <4?).

00
ll ilI

lcr lo-S-cFs
) _ 1o/u 

;- ) _ i:, tth ------@.ø--

I
CF"S-CI"ö 113

+

RITHr'-'o,scF3
111

RfüHr'-'cr
108

SCHEME 26,

Benzene and othen non-åctivated arenes are smoothry
acvlated bv such mixed anhvdrides tuithout any Frieder-
Craf ts catal yst . I ndeed, when we c I eaued the t_bu tyl
canbamate 48 with this neagent and tneated the amíne salt
t¡ith Z-rnethylbutanoyl chlonide (104) and TEA, odorine (t)
and epiodonine (g) weFe obtaíned in a good yield (ét,¿,>,

Massv-l^Jestnopp (l) found natunal (+)-odonine (ra) had
å. specif ic rotation of l.a,J +72,éowhíle the material
i sol ated by Connol I y ( B) had undengone pan t i aì
Facemization, 1"4 +g4q The Êynthetic (_)_odorine (1a) and
(-)-epíodorine (gb) prepared by the fonmen uronkens (Ð weFe

repor'ted to have spec i f i c rotat i ons of r*1 -zF ar¡d -2o
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respectivel/. Again, partial råcemization occur.red r¡i th
the odonine and so most likely also r¡ith the epiodorine.

In clur synthesis, if no nacemization takes prace a r:t
mixtune of (-)-odonine and (-)-epiodonine wås expected
Eince r.acemic 2-methylbutaneic acid (gA) wås uEed, I{ one

åËÉume5 such å l;1 mixture has ån optical notation which is
apPnoximately the aveFage of the turo compounds then we

t^rould expect a specif ic notation of at leaEt tr¿l -lcrq
HoweueF, the pnoduct of oup reaction wae optically inactive
within experimental err'oF and so complete nåcemization must
haue occur'red. r,^Jhile Eome of thís Fåcemization måy have

taken place during the ppÊF'a.nation of the car.bamates, mc,st

I ikelv occurned in the acid creavaqe of these carbama.tes.
Thus, th¡E method could obviously not be used ta pneFane

the opticallv active odonine å,s pranned, Enough acid may

be pnesent to racemíze the amine rt and/or adorine by å

n i ng-open i ne mechan i sm ( Scheme S) ,

s i nce thÊ ac i d ch r or i de me thod a{forded odon i ne and

epiodonine in a good yield, although racemíc, a similan
means of ac t i vat i on was ar so invest i gated f or the Ëyn thes i s
of odoninol " Here the intnoduction of a hydnoxy gnoup

cûmp I i cates the syn thes i s.

ú-Hydraxv ac i ds can undengo ser f-condensat i on to gi ve

both lactides tl4, dimeric ó-membered cycl ic estens, and

Iínear polymens llS (Ft). Nonmally one would also expect a

similar cvclization and./on Frlymerization from such hydr.c,xy

acids on attempting to fonm the acid chloride. Obuiouslyr
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COüH C=O
| /\? HO-CH-R Þ RHC Cr .-* -(cH-coo)n-tlt

OCHRR
\/

C:=O

114 115

SËHEME 27.

i+ the hydnoxy grouF was protected, these seìf-cGndenEation

Feactions could not occun. Since the hydnoxy gnoup in Z.-

hydrÊlxy-z-mÊthyl butanoic ac id (84) is h indened, ¡t r,\,aÉ

hoped that under mi I d condi t ions the ac id chl or.ide coul d t,e

prepaned as an i ntenmedi ate and immedi atel y funther neacted

tt¡ith the amine.

one neagent that càn for'm acid chlor.ides under mild
conditions is oxalyl chloride. This compound has been used

to smoothly pFeFåne acid chlorides ín methylene chlor.ide at

0oË (18). The cnude acid chlorides from thiE Feaction ane

usually quite clean since only uslatile by-Fnoducts aFe

formed, and these by-Frnoducts, the excess oxalyl chlonide,

and the eolvent cån simply be remoued unden våcuum.

Model coupl ings wene cannied out r,rrith Z-hydnoxy-Z-

methvlbutanoic acid (84) and aniline using this neagent but
- only a trace of the warrted amide waE formed, and veny

I i ttl e mater íal h,å.s necovened f nom the peact ion. I t is
possible that a cyclic carborrate !þ was formed similar. tc,

the known anhydrocanboxylate tlZ (Sl)" Related cyclic
compounds can be prepared from substituted ureaË and oxalyl
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rll

^*^ço/*
0

116

4
117

chloride (52). This compound couìd then undengo

nucl eoph i I ic attack I eading to the incor.pc,nat ion c,f the

oxalyl gnoup and not the formation of the wanted amide.

A similan cycl ic cornpound has been FFepared by the

Feåction of a hvdroxv acid t¡rith thionyl chlonide (81).

Thus, treatment of ?-ltydroxy-Z-methylbutanoic ac id wi th

thionyl chloride at OoC has been reponted to fonm the

anhvdr'osulph i te I 1Ë, mc'Fe {or'mal ly named s-rnethyl -F-ethyl-
I r3'2-di oxath í ol an-4-orre-Z-ox i de (FG). These cycì i c

compounds undergo polymerization and have been neported to

reåct wi th amines and alcohols to giue amides and esters,
reEpec t i ue I / r al though they have not been used

synthetically,

0

O-c'-
J
1\
0

118

5ó



This cvcl ic compound seemed to be a FFomising method

of act iuat ion r¡h i I e at the samp t ime auoiding the need to
Eepanate I v pnotec t the hvdnoxv gnoup " trle pnepaned the
anhvdr'osuìfite r1Ë acEording to å ritenatune pnocedune (s4)

and investigated the FÊaction with aniì ine as a model.
HowevÊp , none of the N-phenyl -Z-hydnox y-Z_methyl bu tam i de

could be isolated. similarly the amine ll *r.om the t-butyl
carbamate 48 yierded no odorinor, ie., no inconporation of
the ?-hydr.oxy-Z-methylbutyl group occurned. The

anhvdnosulfi te had the cornect boi I ing point and in
spectrum but the ms wås more comprex than expected (sB),
TheEe compounds åFe knot*rn to hydrol yze very rap idl x Eo that
hydrolysiE and decomposi t ionlpolymerization may símplx have

occurned in the reaction mixture.

OH

I

R-C-EO0H +

I

R/

soc 1", 

-.Þ
4 -HCt

ct
I

R-C-COoH + S0,i --- --2
R' 120

I

lsocr,
I

l-Hct , -s02
{

ct
I

R-Ë-( co) ct
I

R/

121

0( sr) ct
I

R-C-C00H
I

R/ ITF
I
I-HCI
I

It
R/
I

R-C-CO
\
0
I

0-so

t22

SCHEME 28.
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An impontant síde-neaction in the preparation of these
anhvdnosul f i tes is the f onmat isn o4 å. chl or.e-a.c id chl cr ide
tzt. ThiE chloride has a boiling point Eimilan to that
of the anhvdrosurfite and so punification by fnactionar
distillation is d¡ff icurt (sB)" Hourevene euen ¡f this r¡,eFe

a major pnoduct one would then expect the chloro analoque
o{ odoninol to be formed and this r¡as not obsenved.

Thus the Eynthesis of odor.inor seenrs to require the
initial pnotection ol the hydnoxy gr*{jup, Vigol-ous
cond i t i ons fon pnotec t i ng the z-hydroxy-z-me thyr bu tano i c
acid must be avoided since dehydnation could occur; cis-2-
methvlbut-Z-ensic acid (angel ic acid) has E,een Fnepared by

the dehvdnat i on of th i s ac i d at I E0-l ?0oË, once the
åF Frrpr i ate protec t i ng group has been i n troduced, the
svnthesis of odorinol would follow that of odonine
requiríng onlv an additionar deprotection step at the end.
since the opticarrr pune odoninor courd not be prÉpaned due

to nap id Facemizat ion f unthen invest igat ions h,eFe not
carnied out.
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CONCLUSI ON

Odonine and odoninol , aE a mixtune t^li

cou I d i ndeed be Fnepar.ed by the f ormat i srr

bond "

the in ep imens,

the am i dE

The reguired arnine ll, å.s a salt, was pr.epared hy the

acid cleavage of a suitable carbamate¡ trifluonomethane-

sulfonic acid (TFl"lsA) t^raE used to cleave the t-butyl 4g and

benzvl 4? canbamates wh i I e the p-an isrl canbamate s0 t¡aE

cleaved with trifluoroacetic acid (TFA), Eoth reactions
weFe car'r ied out in methvì ene chl or.ide at 00c in the

FreEence of excess aniEole to ËuppreEs the possible

al l(vl at ion of the ar'omat ic n ing pÍ-BËent in the c innamoyl

gnoup.

The tenzyl , an i syl and al sc, ?-pherryl th i oe thyl Sl

canbamateE were prepaned by the reaction of the appropriate
al cohol t¡ i th the i socxanate t tt r¡l-r i ch irr turn wag Frepar.ed

in high vield from N-cinnamovlpnol ine using a modif ied

Ëuntius neaction. ThiE iEocyanate-alcohol Feaction wås

{ound not to pnoceed in high yierds <?E-zéy) presumably due

to the decomposition of the isocyanate l0 by Ioss of the

isocyanate ion. tÁríth aniEvl alcohol , the ethen sé fonmed

by such a loEE and funther neaction r¡ith the anisyl alcohol

was identified by Epectroscopic means Þut could not be

isolated in pune form due to its instability (ca. 4'¿

vield), Dimethvltin dichloride uras found to ef{ectively
catalyze the Feaction of the isocyanate lû t^rith alcohols
but without å,ny incnease in the yields, The t-butyl

th

of
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carbamate {Ê was ppepaned in sl ightlr higher yields (g?2,

{ro¡n N-cinnamc'vlproline amide by tr.eatrnent with lead

te tnaace tate ( LTA) i n t-bu tanol .

Carbamates have also been directly FreFared in a one_

pot peaction fnom a canboxyl ic acid and alcohol using
diphenxl phasphoraz idate (DppA) , Hor¡ever', tr.eatment of N-

cinnamovlpnol ine wi th DppA in t-butanol affonded the t-
butvl al lophanate 71 aE the majar. product (a6z>, The

fonmation of this cornpound can be explained by the peaction

of the intermediate isocyanate l0 with the isocyanate ion

followed by furthen Feå,ction with t-butanol . The analogous

reå,ctior¡ with anisyl alcohol affonded a mixtur.e of il-re

anisvl canbamate 50 and the aniEyl allophanate 72 (ca. 27

and 24'Åe reÉpectively) which could not be Eepå.nated.

Sevenal methods wer.e investigated to couple the amíne

11 t¡rith Z-methvlbutanoic acid (Êg) oF 2-hydnoxy-z-
methvl butanoi c ac i d (84), In theEe react i ons the free
amine u,eg I ibenated fnom the fneshlr pnepared amine sal t
r¡ith triethvlamine and immediately reacted with the

appnopn i atel y activated aci d.

The corrrmon cÕupl ing neagent dicyclohexylcarbodiimide
(DËcr 41) affonded odorine and its epimen in L7-zsz yield

- while odor'inol and its epimen wpne obtained in rL':. yield.

The addition of N-hydroxysuccinimide t+hich fonmE highlx
active esters in the Dcc coupl ing reaction decreased the

yields of both odonine and odoninol" A betten yield of
odon ine (é1"¿) was obta ined r,uhen the ac i d waE ac t i vated es

é0



an acid chloride, ie, using z-methylbutanoy'l chlor.ide
( 104) ,

0dorinol could not be pnepared from the trúFrespondirrg

hvdroxv acid chloníde pnesumably due to a Eelf-condensation
peå.trtion, The cvcl ic EUlfoxide compound, E-meil-ryl-E-ethyl-
1,3r2-dioxathiolan-4-one-2-oxide (119), seemed to be a

pnomising method of both activating the acid gnoup while at

the Eåme t íme protec t í ng the hydroxy grouFr . Hor¡ever. , the

neå.ction of thiE compound and the amine ll did not affond
any odorinol. Thus, the EynthesiE of odoninol Ey the

formation of the amide bond via the acíd chloride would

nequire the pnotection of the hydroxy gnoup in the Z-

hvdr'oxv-Z-methy'l butanoic acid (84) and such pr.otection h,as

not exå.mined in th is invest igat ion.

NumenouE other* coupl ing methods hrere aìso investigated
but all wene found to give either no op pooren yields of
odor i ne ûr' odor'i ncì . These coup I i ng agen ts i nc I uded the

wateF-solubl e canbodi imide l-.yclohexyl-B-(z-monphol i na-

ethvl )car'bodi ímide metho-p-tol ueneEUl f onate (gz) , ÞppA,

diethxlphosphonyl cyanide (DEPC, ??), and l,l'-canbonyl-
diimidazole (cDI , 101)" Both the t^ranted Hofmann

neannangement and cOupl ing have been achieued in the

literatur'e in a one-pot neaction by the treatment of an

amide with LTA in the preEence of an acid. Hor¡reven, nG

odor i ne cou I d be de tec ted when N-c i nnamoyl prol i ne ami de

(81) was treated with LTA in the pnesence of z-methyl-
butanoi c ac i d i nEtead the urea F4 waE onì y i sol ated.
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The N-c innamoyl prol ine car.bamates were {ound to
nacemize veFy easily either duning thein prepanation on on

purif ication by Fecnystal I ization or column chrornatography.

Similarly, the odorine and epiodonine mixtune {rom the

ac i di c cl eavage of the carbamates and the ac i d chl ar.i de

coupling u'ras found to be nacemic, i.e. the amine 1l or the

odor i ne must racemi ze under these condi t i onE. Thus, th i s

route cannot be used to pnepare the optical ly pur.e

compounds due to the fac i I e i Eomer i zat i on at the cz

posi t i on of the pynpol i di ne r i ng,
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EXPERIMENTAL

General

The salvents used were usual Iy certif ied A.C.S,
(Fishen) and uuhen neceËsåry wepe dnied by distil lation fnom

an appnopn i ate drr i ng ågen t ( I F, SE) and stored ouep dn i ed

molecular Eíeues (4 on S 8, Davison EUppì ied by Fishen).
Anhvdrous magnesium Eulfate (Fisher. centif íed) was used ås

a dnx i ng agen t fon ex trac t i on sol uen ts. The

phpnvl th i oe thanoì used was prepar.ed i n th i E I abc,r.atory

acconding to a I i terature pnocedune (só). The commercial

Ëuppl iers of the chernicals uEed infrequently ane I isted in

the expenimentaì whene they wene used, the source of the

chemical s used mone of ten f ol I or¡¡ Aì dr.ich-p-methoxybenzyl

aìcohoì, dicyclohexyl canbodi imide (DCC), ethyl
chlorcformate, tri{luoroacetic acid,

tr i fl uoromethanesul fon i c ac í d; Fi shen-an i sol e (cent i f i ed),
benzvl alcohol (certified), sodium azide (punified),

tniethvlamine (TEA) ; pcR Incorp.-dimethyl tin dichloride.
Flash chron¡atography åccsrdíng to the methad of Sti I I

(25) was carried out on silica ger d0r zg0-400 mesh (E.

Menck). Analytical thin layen chr.omatographx (tìc) was

done on sil ica gel Fzs4 pne-coated on plastic sheetE to a

thickness of û.2 mm (E, l'4erck) and r¡as uisual ized r¡iil-r

iodine or shontwave ultnauiolet light.

A Kern {ul l-circìe polanimeter- waE used to detenmine

the spec if ic notat ion. The angl e of notat ion uJå.s measuned

immediatelv after making the solution r¡rith at leaEt 6 pairs

é3



of Feadings made for each sample. Each such pair of
meå.sut*emen tE r¡ere the two read i ngs de term i ned by

appnoach i ng the poi nt of un i fonm adumbrat i on from pach Ei de

t¡ith the analyzer, The error waÉ estimated es the sum o{

one standand dev iat ion f on the zer-o and the angl e o{

rotation neadinçr.

lH nuclean mågnetic resonance spectra r,rrere nor.mal ly
obtained on a varian Anaspect EM gé0 spectrometer at
é0 MHz. clther sFec tra t^rere measuned on a Bruker. l^JH ?o

(?0.02 MHz fon 1H and 22.éB MHz for 13c> on a Bnuker AM g00

sFectnometer' (300.13 MHz for 1H and 2]¡.47 yl{z {or. 13c>.

Unl ess othenwi se i ndi cated, the sol vent used was

chlor'oform-d r¡ith tetramethylsiìane as ån internal
standand (Al dn i ch ) . Mass spec tra t¡ere necorded on a

Finnigan 1015 Epectrometer.; the assignmerrts national ize the

fnagments obsenved and ane by no meå,ns def inite. The

infraned ËFectra wene measured on å pye Unicam Spl000

EpÊctnophotometer calibnated with a polrstynene film (0.0F

mm thicl(ness). MicnoanalyseË were performed by Guelplr

Chem i cal Labonaton i es Ltd. , Gue I ph , On tar i o.
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( E. S) -N-( I '-0xo-3'-phenyl prop-Z'-enyl ) pynnol i d i ne-Z-

canboxyl ic Acid (7> (2)

( (S)-N-Ci nnamoyl prol i ne)

L-Pnol ine (28.01 g, 0.?48 Frol , Aldr.ich ??+Z) was

dissolved in I N NaoH (200 mL) and cooled r¡ith stirning ín

an ice-bath to CIoc. Phenol phthal e in indicator. sol ut ion <l'l
in ethanol , 2 dnops) h,as intnoduced and tnans-cinnamoyl

chloride (é) (50,92 g¡ 0.gcró mc,l) Ì.{aE added dropr,rrise c,ver.

ó0 min with the concurrent addit ion of z N NatrH ( lzF mL) to
maíntain basicity. During the addition the tempenature wes

ma i n ta i ned at 0-2o C.

After. the addition uJas comF,lete, the r.eaction wå.Ë

Etirred another t h in the ice-sal t bath; ån addi tional
portíon of 2 N NaoH (25 mL) had to be added to maintain

basicity' The unneacted acid chloride was filtened-off and

the r*eåction acidif ied to congo-red (pH g-s) with ttz, HCI

(150 mL). The white, sticky mass that fonmed waE carefully
crushed, stirred anothen 30 min in the neåction mixture,
nemoved Ev f il tration, rinsed uríth cold water and al lowed

to dny.

The cnude acid (é0.2Ë g¡ t0lZ, mp tg4,S-tgg.0ôC) waÊ

necpvstal I i zed fnom ch I onofonm ( gEO mL) affond i ng sl .20 g

(8é:1,) purs (s)-N-cinnamovlproline (7) in 4 crops, mF (finst

crop) \87.5-189.SoC; I i t. mp 184-tgSoC (Z) ,

WJt; -74t4" (C=l .0lS 9,2100 mL, ethanoì, ? drn ceìl)

ó5



Fun then Fecrystal I i zat i on {rorn e thanol a{{onded

crystal s of mp I 85.5-l BZ. F" C,

t^Ål' -72{.4" (C=l ,0089,/100 frL, ethanol , ? dm cell)
l¡t. w1î4 -zz"(ethanot) (z)
tH nmr at 3t0 MHz ; a smaì I amoun t sf a second rotame r. (j:l)

l^rAÉ pnegen t :

S t.çq-z.t¿ ppm

? "34-2. éL

3.64-3.74

3.74-3.82

4.éE-4.ó5

4,72-4.76

6. êO

6,72

7.31-7.43

7.48-7 "3?

7.72

7. Ë3

3H, 1xH3, 2xH4)

1H,1xH3)

I H, I xH5)

1H, lxHS)

û .0éH, H2)

0.94H, H2)

t2.n
'try4cooH

lt' 3t

OMp¡,
2t

(mt

(m,

(mt

(m,

(mt

(mt

(dt

(dt

(m,

(m t

(dt

(dt

J l5 Hz, 0.05H, H2')

J 15.4 Hz, 0,95H, H?,)

3H, aromatic)

2H, aromat i c)

J l5 Hz, ca, 0,04Hr Hg,)

J I 5.4 Hz , ca. 0.9óH, Hg. )

ir (chlorsform)¡

, ?7? cm-/ (m) =C-H out-of-plane bend

1ó05 (m) C=C stretch

lé4= (s) -(C=t)-N str,etch

1737 (s, broadened) -(C=O)-OH stretch
2425-3â43 (w, v,bnoad) -0H stretch
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m53

m/z 243

201

t77

131

103

91

77

7t

M+

-44, -CO

Ph-cH=cH-( ccr) -Ncz H#t

base Ph-CH=CH-Ë=Oo

Ph-CH=CH *

Ë 

"V*
c, HJ

crHSN+

(E.S)-N- '-Oxo-3'-ohe -2'-ertvl i d i ne-2-

cart'amide (81) (32)

( (S)-N-Ci nnarnoyl prol i ne A¡ni de)

Triethvlamine (TEA) (LB,zz 9r 0.tal mol) was added to

a Et i rned Ëust'ens i on o{ ( S) -N-c i nnarnayl prol i ne (Zt <g?.O?

gr 0.131 mol) in methylene chlonide (AS0 mL) at norm

temper'ature r¡hen a cìear solution waÉ formed. This

solution was cooled to -7oc with an ice./salt bath and ethyl
chlorofor'mate (14.35 gr 0.lgz mal) was added c,ver lE min

r¡hile the temperatune was kept at on less than 0oc. Aften
stirning a further gtl min at -F to 0oC, ammonia gaÉ

(l"latheson), dnied r¡ith a tnap containing NaoH pellets, was

added over 75 min, Initiatly, heat rrras euolved and the

reactisn u,armed from -5 to +zoc. Later in the addítion the

temperatune remeined at -s"c indicating the r*eaction wåÊ

largelx complete. The míxtune wås Etinned an additíonal Z

h at Foom temperature and t¡as f ¡ I tered in two pont ions on

ó8



tr+o Buchnen f unne I s.

The cnude pnoduct in the +¡ltnate waË dissoìved in

chlonof onm (175 mL), washed r¡ith tt"Å KLcos (zxzo mL), rt./"

Hcl ( 2x20 rnl-) , saturated Nacl sol u t i on (?x?o mL) , and

dried. The pFecipitate ín the Buchnen funnels wene

comhined, extracted with chlor'oform (lE0 mL), f ¡lter.ed,
hrashed aE above ånd dnied. The tlc (EtoAc) indicated both

solutions contained mainly the amide along with Eome

unidentified impunities. After concentnation, the cFeam-

col ored sol i d waE recryEtal I i zed from hot

chlonofonm,/benzÊne affording ZZ.A? g <ZZ:¡,) (S)-N-

cinnamc'vlproline amide (Bt) in seveFar crÉFÉr mF ré4.0-
165.0 " C.

E4î' -2?1t4"(C=1.007 g,zl00 mL, chlonoform, ? dm celì)

Funthen recnystal I ization fnom hot chlonoform./benzene

d¡d not have å large effect, mp tóg.E-lé4.S"C.

tal" -?l?t4' (C=t.0lZ g,zl00 mL¡ chlonoform, 2 dm cell)

Analysis for C,+H,nN"Ê"1 calculated¡ C éÊ,gg, H é.égr
- N lt.47n; found: C å?"é8, é?"?ti H 7"O2, ó.90; N tl.4t,

I | ,?g:1,

69



T H nmn at 300 MHz;

5't.ez-e.es ppm

2.43-2.51

3,é0-3,6?

3.72-3.82

4,51 -4.54

4 "73-4 "77

5,5P

5.98

6.45

é.59

6 "76

7.24

7.33-7,4'¿

7.45-7,37

7.74

å Ëecond rotamen wåE

(m, 3H, 1xH3, 2xH4)

(m, lH, lxHB)

(m, 1H, l xHF)

(m, 1H, l xHS)

(m, 0.15H, H2)

(m, 0.Ë5H, H2)

(b, 0.85H, lxNH)

(b, 0.15H, lxNH)

(b, cå. 0.15H, lxNH)

(d, J 15.3 Hzr 0.15H, H?,)

(d, J 15.5 Hz, 0,85H, H?,,

(b, lH, lxNH)

(m, 3H, aromat i c)

(m, 2H, anomat ic)
(d, J 15.5 Hz, 1H, H3.)

present (ca. L1/,jz

'*\.oNH2o)-./\rn
2t

ir (chlonofonm)¡

1 ??? cnt -t (m) =C-H ou t-of -p I ane Erend

157ó-1é1é (s,bnoadened) N-H bend, C=C stetch
t ó51

t á?7

3345

34?s

ms!

m/z ?44

?27

21s

( s) -( C=O) -N ste tch

(E) -(t=O)-NH stetch
(m,b) -NH stnetch

(mrshanp) -NH stre tch

M+

-t7 t

-2?,

-uH

-cH0

70



-W
fi

\

F
IG

U
R

E
 3

.
(S

)-
U

-C
in

na
m

oy
lp

ro
lin

e 
A

m
id

e 
(8

1 
) 

"



200

I 3t base

103

77

7t

Ph-CH=CH-( C0) -NC+ Hz+

Ph-CH=CH-C=0 +

Ph -CH=ËH 
+

Ê tH{
c4H8N +

( E.25) - -(t'-txo-3' herry ì Fnop -?' -e nv I ) -Z- r'ol idin
-carbamic Acid. 1.1-Dimethyl Ethyl Esten (49)

(t-But>,1 Carbamate)

(30)

(s)-N-ci nnamovl prol i ne ami de (gt ) (9.00 g, gz,z mmol )

was dissolued in dny t-BuOH (200 mL) with warming and lead
tetr'åacetate (LTA) (16.01 gr gó,r mmol , Aldrich, stor.ed

ovep conc. H2so4) was added in one portion. The r*eaction
was immediately immersed in å hot wax Þath (ca. lg0"c) and

stinned. After t h reflux, the peaction was allowed to
cool and t¡as concen tr.ated Gn å notary evåporator .

The neE i due was ex tnac ted t¡ i th e then ( Bxs0 mL) ,

f il tered, washed with 102 Hcl (?E mL), rt'¿, Kzc[rs (GxzE mL),

saturated NaCl solution (25 mL) and dnied. ûn

concentnatisnr 8.32 g of a light yellouu solid was oLrtained.

The aqueous wash i ngs h,ene ne-ex trac ted w i th ch I onoform
(3x25 mL), r^,¡aEhed r¡ith ltz Hcl <?çt mL), lo'¿ Kacos (zx?ct mL),

satunated Nacl solution (20 mL) and dried. Removal of the

solvent afforded 3.gB g urhite sol id.

some of the cnude pnoduct (s.66 g) was purified by

f I aEh chrsmatographx on si I ica gel using ether./Et0Ac ( I : l )
or* EtOAc af f ond i ng 1 .84 g (B?7,> t-bu tyl canbamate ( 4g) , mp
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r sP. o -Lé?.0" c,

Wll' -26t3' (C=l,0ZZ g,/100 mL, chlc,r.oform, Z dflì cell)

The ms had a peak due to the parent ion at m/z g1ó and

also å small signal at m/z BF? due tû the t-Þutyl
al I ophanate 7L ,

Recnvstal I ization from ether./pentane yielded {ine
r¡hite cnystals, mp 181 .5-lBg.5"C, r¡hich had undeFgone

ex tens i ve råcem i zat i on :

Ld.11' -!tê" (Ë=I .264 g./100 mL ¡ ch I orof orm, I dm ce I I )

Analysis fon E,gH"oN"0r; caìculated¡ C 68.gg, H Z.éS, N

8.A3:¡,; {ound: C 68.58, H 7.9?, N E,gZ:t. A trace of

al I ophanate was st i I I found to be pnesen t .

'H nmr at 3Clû MHz :

t t "qz ppm

t "6?

I .91-2" 10

2 " tt-7.??

3,43-3.52

3. ó8-3.74

5.13-5.1ó

5 " 83-5.89

7. 10

( s, 9H, SxMe )

( s, SxMe , al I ophanate i mpur i tx)
(m, 3H, lxH3', 2xH4')

(m, 1H, 1xH3')

(m, lH, 1xH5') H'
(m, 1H, l xHS') 

t'(NXTHCOTð{CHr),

j'' " 3u(m, lH, Hz.) OMph
(m, l H, NH)

(d, J 15.2 Hz, 1H, H2")
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7.30-7.38 (m, 3H, aromat i c)

7,50-7.é4 (m, 7H, ar.omatic)

7 "6? (d, J 15.4 Hz, lH, HB')

ir (chloroform)¡

I t t ¿o cm't ( s) c-o stne tch

1510 (m) Am i de I I
1ó11 (s) C=C stetch

1655 (s) -(C=0)-N stetch

1714 (s) -NH-(C=O)-O- stetch

3345 (w,b) N-H Etnetch

3455 (m, sharp ) N-H str.e tch

ms!

mlz 35t ( 0 .32) al I ophanate

3l é (4.2) M+

303 ( 0 .7) 35?-5ó, -Me ,Ê.=ÊH.

260 (3é.3) 31ó-5é, -Me 
^Ë=CH,

2Ié (3.3) ptr-cH=cH-(ccr)_(Nc+H ì_NH21.
21 5 ( é.4) ph-CH=CH-( CO) -(NË#H? ) -NH 

*

zCr0 (16.4) ph-CH=CH-(Ë0)-NC4Hz+

t?? (gZ.?> ph-CH=CH-(CO)-NC#H¿r

1 31 ( 1 00 ,0 ) ph-CH=CH-C=O+

I 03 ( 3P.0 ) Ph-CH=CH +

9t ( 3.2) Ër{r*
g5 ( 16.4) ( C4H7N) -NH¿-Ê

77 ( 19. ?) ËoH sn

7ü ( 25 " 3) C**r* o

37 (é5.1 ) MesC*
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)-tl-(1,- o-3' -

ir(fiìm):

Í lét4 cm-t (E)

Lá57 (s)

loron-2t- I > -2-
( 4?> (73)

di nvl

-carbamic Acid. Phenylmethyl Ester
( Benzyl Ëanbamate )

N-t i nnamoyl pnoì i ne <7) <9 .éé g ¡ 99,4 mmel ) was

susFended in acetone (s0 mL) and cooled ín å,n ice./saìt bail-r

(ca. loC), A solution of TEA (4.4? g¡ 4B.Z mmol) in
acetene (40 mL) L\raÊ added oven 4 min Fpsulting ir¡ å

homogeneous solution. Ethyl chlonofonmate <4,24 g¡ 48.7

nrmel) in acetone (scr mL) waE then added dr.opr,*líse c,ver gS

min r¡hiìe the tempenature hres maintained at -l to -g"c.
After stinring ån addi tional ls min, a cold åqueous

solution of Eodium azide (s,14 g¡ z.?L mmol, in s0 mL

waten) was slowly added GVer. 4E min (-t to -g.C).
The Feaction was Etinned anothen ls min and then was

poured onta cold water (Z0tJ mL) in a sepåratony funnel.
Aften extnaction with cold toluene (4x100 mL), the combined

or'gån ics t¡rere washed wi th a cal d saturated sol ut ion c,f Nacl
(4x100 mL) and dnied,

Unr.eac ted ac i d (Z.ZO g ¡ g. Ztr mmol ) pnec

the acidified (F0 mL ltZ HCI) åqueous layer

ip i tated f r.onr

on stand i ng

0uPrn i ght.

The i r of the organ i c sol ut i on waË congi stent wi th the

expec ted ac i d az i de :

tr-L'

-CH=CH-( CO) -N

7é



t723 (s) _(c=o)_N=N=N
(þ\ (-l213? (s) -N=N=N

Rear'r'angement to the isocyanate was comF,lete af ten

heating the toluene solution for g0 min nrith å hot uraten

þath;

in(film)¡

-vtéI6 cm-' (E) C=Ë

ló60 (s) -CH=CH-(C=O)-N

2?42 (s) -N=C=O

Orr cooling in ån ice bath (B"C)r berrzyl alcohol (4.?A

gr 3?.é mmol) in drv benzene (ls mL) wås added foìlowed by

dimethvltin dichlonide (l0z mg, 0.4óg rnmol) and the mixture
was allowed to t^ranm to noom tempenatune t¡rith stinning.
After I h no more isocyanate ulas present ås indicated hy

in:

ir(film):

t 1542 cm-/ (m) amide II
I 593 ( s) C=C

1647 (s) -CH=CH-(C=O)-N

1710 (s) -NH-(C=O)-O-

The reåc t i on was al I owed to stand ovenn i gh t, urashed

with a satunated solution of Nacl (BxlF0 mL), dr.ied and
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cGntren trated to ca. t cr0 mL, The pr-oduc t was Frec i p i tated
trtith pentane (25 mL), redissolved in hot benzene (22F mL)

and the insoluble ureå s4 f iltered-off (0.2g g¡ BZ, 4,¿

corpected for Fpcovered acid, mp ZB1,.O-Z?Z.0"C), On

cooling, 3.32 g (24¿,3L'¿ conrected) benzyl canbamate 4?

wàs obta i ned i n two cropE, mp 1 44. s-1 46, s "c. Fun then

canÞamate (0.28 Br total 3.ó0 Ê¡ 26'1, 34'/, cor.rected) was

obtained by concentrating the original benzene solution and

recrvstalì izing the r.eEidue frt¡m b,enzene./hexanes, mp 144.0-
147 .O" Ê, .

tqT -2r5"(C=l ,00é g,t lCt0 mL, chlorofûrmr Z, dm celt)

An analvtical sampre w*s funther rec.ystarrized fnom

hc't benzener mF, I46.F-149.0"C. Analysis for. Cr,H""N"er;
calculated: C 71 .pBr H ó.ggr N Z.??.¿; foundl C Z?.2i,
7?"83, H 6.7ér é.71 r N T.Z?, Z.?g:¿,, If l./ó male s{ benzene

was incìuded in the cFystals then the expected analysis fon
EolrrVr1ris C 72.?t, H é.4CI, N Z.Zt.¿,,

'H nmn;

5 2.00 ppm

3.50

5"t?

5. L7

5,57-6 " 02

é.2A-6, é7

(b, 4H, ?x{ls', 2xH4,t

(b, 2H, 2xH5')

(s,1H, -CH2-Ph)

(s, 1H, -CH2-Ph)

(v"b, 1H, H2')

(v,b, lH, -NH-, exchangeable r¡ith t)2t)
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7.L7-7 "53 (m, l lHe H2" , anomat ic)

7,68 (d, J 15 Hz, 1H, H3,,)

in (chlorofonm)t

t I 505-1 543 cm -' (m) Am i de I I
1ó10 (s) C=C stetch

té63 (s) -(C=O)-N stetch

l72O (s) -NH-(Ë=O)-0- stetch

3305 (t¡, v . b) N-H stne tch

3455 (m) N-H stretch
ME:

m/z 330

25?

215

19?

131

108

tctT

103

?t

7?

78

77

( 13.3U )

<4.4)

( 5, C,)

(?4.4>

(6t.0)

(10.0)

(7 .8)

( 29. ?)

( 48,9)

(21 .1)

(100.û)

(46.7)

M+

-Pl , -CrH=r

ph-CH=CH-( CCr) -(Nt:+H+) -NH'r

Ph-CH=CH-( DO) -NCr Hô+

Ph-CH=CH-C=Cl *

c"H, ot
Ë"H70 *

Ph -CH=CH 
+

c+ H+*

coHE*

coHut

E oH**
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(E,25)-t 1-( 1'-Oxo-3'-phenyl pnon-2'-eny I )-2-pyr't*ol idinyl l

-canbamic Acid, 4-Flethoxyphenylmethyl Esten (50) (23)

( p-l-1e thoxybenz yl Carbamate )

(S)-N-Ëinnamoylpnoline (7) (10.00 gr 40.8 mmol)

suspended in acetone (50 mL), cooled ín an ice bath

and a Eolution of TEA (4.55 gy 45.0 mmol) in acetone

mL) waÊ guickly added Gver 3 min with stirring nesul

a homogeneous solution. NaCl L$ås added to the bath

temperature wåE ma in ta i ned at 0-3"C r¡¡h i I e e th>,,|

chlono{ormate (4.90 g¡ 45.1 mmol) in acetone (50 mL)

added over 35 mi n. After st i nn i ng an addi t i onal 35

aqueous sol ut i on of sodi um az i de (5.38 gr Ë2.8 mmol ,

mL water) waÉ slor¡ly added (35 min, -1 to 3"C).

u,raË

(3"Ë),

(40

t ing in

and the

r¡JAE

mín, an

in 50

The Feec t i on waE st i nned anothen 30 m i n then pouned

onto ice-cald waten (20t mL) in a sepaFatary funnel and

extracted with cold toluene (4xl0OmL). The combined

sr'qanics phases urer*e divided into 2 portions, washed with

cold waten (2x50 mL), cold çatunated NaCl solution (3x50

mL), pecoilrbined and dried ín a nefriçrerator.

Unreacted 7 (3.11 g¡ l?"7 mmol ) was recovered fnom the

ãquec'us I ayer by ac idif icat ion wi th t0Z HCI (50 rnL) and

extnact i on wi th ether (2x100 mL) and chl onoform ( 100 mL),

An ir of the toluene solution showed the FFesence of

an acid azide gnoup!

I ilt,, ;

1ó05 cm- C=C

l-l Ìlt t'\ !f I

t

8t



I ó52 -( C=0) -CH=CH-

LTLP -( C=0) -N=N=N
¿+\ t -t2125 -N=ñ=ñ'

The fi r tered soìution uråË. nefruxed on å steam bath far
20 min af ten r¡hich the reå,prangement to the isocyanate was
f ound to E¡e comF, ì e te c

ir(film):

, tét? cm-/ Ë=C

1 é56 -( C=0) -CH=CH-

2235 -N=C=O

On cooling, F,-methoxybenzyì alcohol (5.éFg, 40.? mmal)
in dry benzene (ZS mL) r¡ras added followed by dimethyltin
dichlor'ide (l0B mg, ct.46? mmol). Af ter a z0 min nef lux
peniod, the Fe*ction w*s {ound to be comprete ås shor¡n by
the absence of the i socyanate group !

ir(film)¡

vt6le cm-, C=C

1651 -(Ê=O)-CH=CH-

I71t -NH-( C=0) -o-

Bn standing oueFnight, the sorvent waE nemoved and the
residue waE extnacted r¡ith pentane (2xs0 mL) to nemove some

of the residual toluene and p-methoxyÞenzyl alcohol affonding

B2



t2"36go{ayel

70-t00oC fon I h

Pemove åny remaí

nemained.

Some of th i s crude

flash chnomatognaphy on

petroleum ether (10;l) 
"

t¡ i th l0Z Na" C0, sol u t i on

fram the ethyl acetate,

lottr oil. This material r¡Jå,s then warmed at

while under high vacuum (0.1-0.2 mm Hg) to
ning alcahoì; Il.tg g of å yelìcw oil

mater ial (7,44 g) waE pur.if ied by

silica gel using ethyl acetate./

This purified material was washed

to nemove the reEi dual acet i c ac i d

p-Methoxvbenzvr canbamate s0 was obtained ås an off-
whi te sol id 2.35 g (zir,e gB/. connected fon recovened acid)
mF 123.0-t 28. Ct" Ë. The op t i cal rotat i on i nd i cated
nacem i zat i on had occunred:

t*)t: -?+4' ( C=l .0F4 q./100 mL, ch I oFCrf orm, ? drn ce I I )

Funthen recystallization fnom hot benzene yielded materiaì
w i th mp 1"? .t- l gt . E'C.

An analytical sample was further pecnystallized fnorn

benzene r mp g8-r0B"c. The nmn i ndi cated appnox imater y one

mol e ef benzene had been i nc I uded i n the cFystal s. Th i s

solvent of cnvstarrization was nemoved (appanentrv) by

war'ming in a drying pistol under high vacuumr mF lgt.CI_
131 ,5"C" Analysis fon Cr^Hr*NrO*; cålculatedl C 6?,4é,
H é.36, N 7.36:r.¡ found: C TZ,A6, 7?.7gE H 2,A4, é"ZB;

N ó.60r é.37'¿.. The expected analysis fon Êz*HorN"O+ ¡f S,/é
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mole o+ benzene h,as pnesent in the cnystals isc C 72.ZFe

H ó.5é, N é,2?2.

'H nmr å

J t . Pe Fpm (h, 4H, ZxHB. , ?xH , )

3.58 (b, 3H, 2xH5.)

3.72 ( s, 3H, -0-Me )

5.03 (s, lH, -CH"-ph)

5.10 (s, 1H, -CHz-Ph)

5.98 (b, lH, H2')

É.30 (Þ,d, J 7 cå. Hz, tH, NH)

6"47-é.8A (m, ?H, aromatic)

7.03 (d, J tF Hz, lH, HZU)

7,23-7.55 (m, 7H, anomat i c)

7"72 (d, J 15 Hz, lH, HF,')

in(chlonoform);
-v 151? cm-f (s) Amide II

t6L4 (E) C=C stnetch Etnetch

1ó53 (s) -(C=0)-ËH=CH- stretch
l7l? (s) -NH-(C=t¡)-O- stretch
3450 (w) N-H stne tch

mË!

- m/z SBtt M+

336 -44, -trOz

'JL? -é1 , -CO" , -NHg

?3? -121 , -Me0- (CûHr) -CH'

24? MeO- (EbHì-CH¿-O(C0)-NH-(ClrHrN)*
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242 Ph-CH=CH-( CO) -(NC+Hr) -N=C=Of

21 5 Ph -CH=CH- ( C0 ) - ( NC4 H" ) -NH 
{-

200 ph-CH=CH-( CO) -NC4H/-

t 89 MeO- (C (,H#) - ( CsH?N)+

1 81 Me0- (C6H+) -CHz-O( C0) -NHz"

I 4Ë Ph -CH=CH- ( C0 ) -t{H 3+

138 MeO- (CLH+ ) -CHz -OHf

137 base l*4eCI- (C¿H ì -CHz -E -F

131 Ph-CH=CH-C=O +

t?l Me0- (t[H,f ) -CF|'"

103 Ph-CH=CH +

?t crÇ
g5 (E|H?N) -NHz+

77 ËoHr*

70 C+H'N*

The ear I y {nac t i orrs f nom the cc,l unrn chnomatogr.aphr

wene found to contain p-methoxybenzyl alcohol plus an

unl(nou,rn materiaì which decomposed on standing in the ethyl
acetate soìution.

The reaction hras nepeated unden similan conditions and

the acid 7 (20.00 g, gl.s mmoì) affonded g0.zg g of a I ight
- golden liquid, FlaEh chromatograF,hy using ethyl ether.on a

port ion of th is cnude maten ial (?7.18 g) yiel ded é.?6 g

(?,3'-) F-methoxybertzyl carbarnate S0, and l"Z0.g o{ the

unkr¡or¡ln eornFound, No attempt t¡as made to recoueF any af
the Etanting material Z in the aqueous solution.
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The carbamate F0 was identicar to the earrier.
described material except ¡t waE found to have å higher.

specific rotation¡

td.17 -4!x4" (C=l.ZlB g.ttlo mL, chloro{opmr ? dnr celì)

In this case, the unknor¡n did not decompose and r¡as

f ur ther' pur.if i ed Ery remov i ng the rema in i ng F-me thoxyE,enzyl

alcohol r¡ith a micro-distiìlation appanatus under high
vacuum, Arr oil bath r¡ras used to slor¡ly heat the mater.ial
up to 100oc t¡hile at 0.08-0,1 mm Hg. unden the identical
cc,ndi t ions the carbamate al Eo did not dist i I I and was

recovened unchanged.

The nesidue waE found to he consiEtent r¡ith the ether.
( E) -1 -( I '-oxo-3, -phenyl pnoF-2'-en yl ) -Z-( 4-me thoxyphenyl -
methoxypypt*c'l idine (56) r (4'l yield).

The 'H nnr. Epectr.unr of this mater.ial hråE found to
change sl ightlr in diffenent soluents:

'H nmr (CDËl, ) :

St "çZ ppm (b, 4H, ZxHB, ZxH4)

3,éA (h, ZH, ZxHF)

3 "77 ( s, BH, -OMe )

4"48 (s, tH, lx-OCH.-ph)

4"é7 (s, lH, lx-OCH,-ph)

u,su \Ut U!r,rlg n¿)

5.83 (b, 0"3H, H2)

Êó



é"43-6.?3, 7.4O-7,S0 (m, gH, anomatic)

7"7? (d, J tS Hz, lH, H?,)

7.77 (d, J l5 Hz, 1H, Hg,)

'H nmn (CoD6) 
",

t t,ztt-z.00 pFm (v.Þ, 4H, ?xH1, ZxH4)

3.35 (s, 3H, -0Me)

3.ó5 (b, ZH, ZxHS)

4"25 (s, tH, lx-OCHr-ph)

4.?2 (s, lH, lx-tCHr-ph)

5.05 (b, o.7H, H2)

5.95 (b, 0.3H, H2)

ó.ó5-7.50 (m, ?H, anomat i c, H?, )

8,lt (d, J lS Hz, lH, H3.)

ir(chloroform):

t tó13 trît-t (s) CH=CH

1é54 (s) -N-(C=0)-CH=CH

m5

m/z 216 (t.Ey) Fh-ÊH=CH-(C0)-(NC:cH70)+

200 ( F. é) Fh-CH=CH-( CO) -NC+H7+

138 (á6,t) t'4e-Et-(C¿H4)-CH¿CIH+

137 ( 46,0 ) Me-O-( C¿H*) -CHz 0 r

131 (3ó,0) Ph-CH=CH-C=fi *

121 (50.0) f',le-O-(e¿H')-CH;

109 (86.0) Me-tr-C¿Hr+

tE7 (40.0) c*qo*
iû5 (iP.Ë) cnHro -
103 (24"O) Ph-CH=EH +
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gó (4"4) C,fHrNof

a4 (6,4) C+HóNO*

77 (100,0) ÊoHJ

Rinsing the column with methanol yietded é.49 g (Eez>

of a compound r¡h i ch was necrystal I i zed f nom me thanol and

f ound to be (Er25)-[1r3-d¡-t 1-( t,-c,xa-8, -Fhenxlpr.trttt-?¿-

envl ) -?-pvnnol i di nvl I lunea (54) . Anal ysi s fon c zrï3,N+03 i

cal cul ated: C 7t "7?, H é.5p, N tZ,?ZT"; f ound: C 71.0&,

H ó.77r N t1,9t7""

The 'H nmr at 30Cr MHz o{ 34 had f eatur.es E im i I an to
thoEe oÞser'ved i n the re I ated corrF,ound=. hu t wåE mope

complex. This unexpected complexity may be due to hindened

r'otat i on ahou t the am i de and urea hond=..

in(chlonoform):

i 1556- t=74 cm-/(m) Am i de I I
I ó0 t ( s) C=C stne tch

1ó54 (s) NH-(C=Ct)-NH, N-(C=O)-CH=E:H- str.etch

32ó5-34é5 (t¡) N-H stre tch

mE!

m/z 458 M+

327 -131, -Ph-CH=CH-C=O

258 Ph-ËH=CH-( C0) -(NC#H7 ) -NH-( C0) -NH f

242 Ph-CH=CH-(C0)-(NC+Hr)-N=C=Or

2ti Fh-CH=CI-{-(CO)-(NCfH?)-NH+

200 Ph-ËH=ËH-( C0) -NË4H;i
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A simi I ar yiel d of canE,amate was obtained r¡herr ns t in

catalvst was added but the benzene solution had to be

nefluxed for cå. 4 h for the the isocyanate peak tc,

compl etel y di sappeår,

)-t1-(1,- 1:phenyl pnop-2' -enyl ) -2- r'

131 base

103

9L

OJ

77

'H nmn !

J Z.OS ppm

3.08

3 ,6?

4,?8

5. P0

Ph-CH=CH-C=0 r

Ph-CH=C:H +

c- Hi
c4H8N +

coït*

carEamic Acid, Z-Phenyl thioethyl Ester.

(?-Phenyl th í oethyl Ëarbamate)

(b, 4H, H3" H4'J

(t, J ca. 6 Hz, 2H,

(b, 2H, H5')

(t, J ca. 6 Hz, 2H,

(b, 2H, H2" NH)

(51) (2:+)

-cHz-s-Ph )

z-Phenvlthioethvl canbamate sl was prepared r.¡ia the

anal ogous nou te used above bu t r¡r i th no t i n catal yst . Fl aEh

chr'omatogr'aphf (2;t clrlor.ofor.m,/ ether.) af{ar.ded Frur.e El

(25l/,) as ån oil t¡hich sol idif ied on standing, mp 104-ll4"c.
Recr'xstal ì ization f r'om benzene/Êtentane af f or'ded a colorlesE
sol i d, mp I 14.5-t ló.0'C,

8?

- ( Ê=O) O-CHz- )



7 "2"-7.ê7
7"80

ir(chlorofonm):

-v tâ86 cm-/

I ó51

t72?

331 5

344s

ME:

m/z 154

131

444l¿J

110

l0?

87

g5

83 base

(m, l lH, anomat i c, H2" )

(d, LT 15 Hz, 1H, H3")

( s) C=C stre tch

( s) C=0 stne tch

(s) -NH-(C=t)-fi- stretch
(t,l,v.b) N-H str'etch
(r,.r, sharp ) N-H Etne tch

Ph -s-cHz cH¿ ctH .

Ph-CH=CH-C=0 r

Ph-s-cH: +

PhSH +

Fh g'ê

clH,tNt+

c4 H?Nz?

c? H+Nz+

( E.25) - -( 1 '-ûxo-3'-phenyì -2'-en vl ) -2- rnolidinvll-

(32! ?-Phenyl -
sulfonvl carbamate), via oxidation of thg z-phenylthioethyl
Canbamate (51) (5?)

?-Phenyl th i oe thyl c anbamate St (Z?? mg, 0 , SC,0 mmot )

waÊ dissolved in methanol (gg mL) and cooled in an ice-salt
bath. An aqueous solution of oxon*@ (sZE mg, l.7l mmol

KHSO* Aldnich, in I mL water.) waÉ addeo'by F,¡pet and

n insed in u.ri th anothen port ion of waten ( I mL) , Af ten s

?t



min in the cold, the peåction was stirred anothen 4 h at
room temperatune.

A tlc (EtoAc) af ten l0 min írrdicated that most of the

sul{ide had been oxidízed to the suìfoxide or the sulfone.
txidation wås complete af ter ca. g,E h and the Feaction r¡rås

di I uted wi th waten (50 mL) , extracted wi th chl onofonm (8x20

mL), washed r¡ith trrater (?x?o mL), satunated Nacl Es,lution
( 2x20 mL) and dn i ed.

Removal o{ the solvent afforded Z4g mg (I00:1) of
2-phen/l Eu I phonyl e thyl carbamate F2 as a r¡h i te f oam, mp 40-
ó0oË t¡hich contains tnace impunities of the sulf ide and

sulfoxide by tlc (EtCrAc).

'H nm" ¡

It,*Z FFm (b, 4H, ZxH3,, ZxHA, )

3.14-3.50 (m, 4H, ZxHS, , -CHr-S0z-ph)

4.22 (t, J E.S Hz, ZH, -(C0)Cr-CH¿-Cr)

5,25-5.75 (v"b, lH, HZ,)

6,02 (b.d, J g.S Hz, lH, NH)

6,68 (b.dr J l4.S Hz, lH, HZ,,)

é.?3-7.46 (mu l lHr aromat ic, Hgu )

ir(chlonoform):

t 1150 cm-' (s) S0 syrdrretr.ic stretch
I 323 ( s) S0 asymme tn i c stne tch

léçt? (s) C=C stretch
1é51 (s) -(C=O)-CH=CH- stretch

1725 (s) -NH-(C=O)-0- stnetch

?l



3315 (r,uru,b) N-H stretch

3445 (ur, sharp ) N-H stre tch

The ms i ndi cates srme epcx i dat i on måy have occunred.

mÊ:

m/z ?31 Ph-(EzH"O)-(CO)-(NC4H")-NH'*

213 ph-CH=CH-( C0) -(NCr H7 ) -NH 
*

t?? ph-CH=CH-(CCr) -Nç4Höt

131 Ph-CH=ËH-C=O +

t7t Ph-cHzcH¿ -o f

It? Ph-ËH=CH-O +

t1? hase Ph-C=C=0Í

I 03 Ph-CH=CH +

g4 (NC./Hr ) -NH 
+

D i phenyì ohosphonyl Az i de (é?, DPPA) (45)

Di phen/l chl onophosphate (40.0 nL, El .g g¡ 0. lgB mol ,

sigma) was added to å E.tirred sorutiorr of sodiurn azide
(14.û0 g¡ 0.215 mol) in acetone (100 mL) at nosm

temperatuFe . A{ ter st i nr.i ng {or E h , the oF,aque t^rh i te

solution was allowed to stand ouernight. The t¡rhite solid
wag f iltered-of{ arrd tl're f ¡ltr.ate concentrated affondirrg å

light yellor¡r liquid (S8.46 g),

Th i E cnude product was di st i I I ed under vacuum through

a vigneux column (10 cm) affondíng gé.sg g (6?z,J of DppA

(6?> aE a color'lesE I iquid, bp 140-I6E"c at 0"10-0.1F mm;

lit. hp t57'C at 0.17 mm (49).

??



ir(neat) ¡

-e á71

974

ttÉ7

I 190

1?t2

t?7a

t 3cré

r4?4

t 594

2t7t

3ü $Cl

mË:

m/z 32é

?73

247

233

7"4

182

17Cl

154

140

?4

9t

7V

65

cm -' (m)

(s)

(s)

(s)

(s)

(s)

(s)

(s)

(s)

(s)

(r¡)

(r.3u )

(ó4.1)

(1.3)

(?.6)

(5.1)

(5.1)

(7.7>

( 25. ó)

(21.8)

(28.?)

( 15,4)

(100.t)

(74 
" 4>

Ë-H ou t-of-p I ane bend

c-o

P-tt-c

P-O-C

P-Cr-C

P=O

Þ- l-t

C=C anomat i c

C=C aron¡at ic
(+t (-,

-N=N=N

C-H aromat i c

(PhCt), P=0+ impur i tx

lY+

-28, -Nz

-4?, -N3

Phcr-( P=o) (N3 ); impur i tx

PhO-( P=O) -Nr*

Phcr-(F-N) (0);

PhO-(P=0)-N*

PhO-P=0 r

PhOH f

c nHí

v (rns

c rHJ

P3



63 (20.5) fl=p=S 1

t¡n of ( E.25) -l -( I '-txo-3' -2'-e nvl ) -2-
pynral idíne-2-carboxyl ic Acid <2,

DPPA (6?> (27,4=)
and t-Eu tyl Al cohal w i th

DPPA <â9) (0.9 mL, t,l gs 4,2 mmol ) f ot lotc,ed hy TEA

(0,ó mL, 0.4 9¡ 4.3 mmol) waE added by syninee to N-

cinnamovlproline (7> (1.04 gr 4.24 mmol) in t-Bu0H (20.1ó

Er 8.27 mc,l ). The solution r,Â,as nef luxed ltr h whíle t,eirrg

monitoned bv tlc (Et0Ac); the Feaction waË found to be

cc'mFlete af ter 3 h.

After'dilution with methvlene chlsride (40 mL), the

solution was r¡raghed with waten (Bx2û mL), l0z Na"co, (20

mL), lg'1, HCI (Ztt rnL), r¡ater (ZxZ0 mL), saturated NaCl

soì ut i on (20 mL) and dn i ed.

Remoual of the solvent a{forded l,7L g semi-sol id.
Recrvstallization from methylene chronide yielded 22s mg

(t5:l) of a t¡hite powder, mp t?l.s-Igg.0"cr t¡rl-rich r¡as found

to be (Er25)-t t t l-( 1'-oxo-8.-phenrl prop-Z'-enyl )-Z-

F,xrr'ol idinyl laminolcanbonyl lcanbamic ac id, I ,l-dimethyl -
e thyl esten (7t , t-bu trl al I ophanate ) 

"

'H nm.:

J t,qS Fpm (E, pH, GxMe)

1.83-2.33 (b, 4H, ZxHS', ZxH4,)

3.6?-3.79 (b, 2H, 2xH5')

5.97-é"35 (v.b, 1H, H?,)

7 ,l8-7 .7? (m, 8H, NH, H?,' , H3" ,

,'Ar' I ç 1-¡' \NHcNHCoc(cH3)3
l,," 3,

o/\ ' pn
2|

?4

aromat i c )



ir(chlonofonm)¡

ìtts¿ cm -' (E) Ë-o

1553 (m) Am i de I I
t ó0Ê (m) C=f:

1ó45 (m) N-(C=O)-CH=CH-

l6?4-1713 & 1730 (s) N-(C=O)-NH-(C=0)-

3340 (w,bnoadened) N-H stretch
3450 (w, shanp ) N-H stre tch

m5:

m/z 35F M+.

303 -5é, -Me"C=CH,

285 -74, -lfe.C=CHz, -HrO

2:-? Ph-CH=CH-( CO) -(NC+ H ?) -NH-( C0) -NHz+

?42 Ph-ÊH=CH-(C0)-(NC4Hr)-N=C=E|r

2?g (Nc,,H7 ) -NH-( C0) -NH-COOC|'4e 
+

215 Pl'r-CH=CH-(Ct)-(Ì{C,rH7)-N*

200 Ph-CH=CH-(CO) -NC?H7+

!?'/ Ph-ËH=CH- ( CO) -Nt+Hf

t72 (NC+H7)-NH-(CO)-NH-CooH+

t 31 base Ph-CH=CH-C=O+

128 (NC,f H7 ) -NH-( C0) -NHz/

I 03 Ph-CH=CH +

The neåct i on was repeated on 5.00 g (20.4 mmol )

N-cinnårrroyl proline <7> with å, shorter ref ìux period (Z,F

h)¡ wonk-up afforded ?.37 g of a çolden oiL Flash
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cht-omatogr.aphx (4:1 EttAc:petnoleum ether) sn a portion of

thiE matenial (0.81 g) a{fonded o"44 q o{ a mixture of
t-bu tvl carbamate ( 49) and ( E, zs) -t I t l -( r '-oxo-B'-phenyl -
ppop-?'-envl ) -Z-pvr*r-ol idinvl lamirrolcanbonyl lcanE,amic ac id,
I ,1-dimethvl ethvl esten (7L, t-butyl al I ophanate) as a

viscous oi I " Recnystal I ization fnom methylene chloride/
canÞon te tr.ach I or.i de af f onded Zg0 mg <EÉ:i) t-bu tyl
allophanate 71, mp 185"0-lgZ,0'C,
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tion of (S)-N-Cinn

me thanol ur i th DPPA (2? s43>

DPPA <é?> ( 4,4 mL, 5.62 B ¡ ZO "4 mmol ) and TEA (?,? nrL,

2.lO gr 2t.8 mmol) wer'e added with a syninge to a mixtur.e

of N-cinnamoylpnol ine (7) (S,00 g, ZO"4 mmol ) and p-
methoxvbenzvl aìcohol (z.gB g¡ z0.s mmol) in dny benzerre

(55 mL). The Feactiorr wås ref luxed f or. ?.= h arrd manitar.ed

by tlc (EtOAc).

Af ter coolinq, the reaction h¡å,s dituted r¡rith methyìerre

chlonide (100 mL), waEhed with l0z Naac0, (90 mL), l0z HCt

(30 mL), water (2x30 mL), satunated NaËl solutien (g0 mL)

and dried. Removal of the solvent yieìded 10,14 g of å,

yell0w oil.

A pontiorr of this crude material (cr .gé g) urås purif ied
bv { I ash chnomatognaphr us i ng EtoAc.zpe tnol eum e then ( 4: I )

ås the mobi le phase" This afforded 0.gtr g of a colonless
oil that was one spot by tlc (4rl EtoAc.zpetnoleum ethen)
hut found to be a mixtune of p-methoxybenzyl car.b,amate (F0)

and (E,25)-ttf 1-( 1'-oxo-S'-Fhenxl pnop-2'-enyl )-A-
Fyprol idinyl laminoJcanbonyl lcarbamic ac idr 4-
methox/phenylmethyl ester (7Zr p-ffiethoxybenzyl

allophanate)¡ appnoximatelv l:l by nmr* (zz'¿ and ?4y. xield,
resFectively),

'H nm" ¡

E t "dZ-Z,ZZ ppm (b, 4H, ZxHS', ZxH4'

3.18-3,?0 (b, 2H, 2xH5')
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3.7t & 3 " 75 ( s, 3H, -Ol',le )

4"92-5. l8 (s, ZH, -CHz-)

3"é7-6"?3 (b, tH, H2'>

6.=.r7-7 ,?3 (m, lZH, HZ', , HG', , aromat i c )

in (chlonofonm)c

t 1 4sg-t s5g cm-/ (m) Am i de I I
16lé ( s) C=C stne tch

ló55 (s) N-(C=O)-CH=CH- stnetch

1710-1730 ( s) -( C=O) -Et- stre tch

3350 (t^r) N-H stnetch

3450 (m) N-H stne tch

mg!

m/z 217 ph-CH=CH-(CEt)-(Ì,1C.¡H7)-NH;r.

Z0 I PH-CH=CH-( C0) -NC+Hrt

ZCr0 PH-CH=CH- ( CCr) -NCr HrÈ

t?g PH-CH=CH-(C0) -NC#Hó+

138 Meû- (C t Hq ) -CH ,tH-
131 PH-CH=CH-C=O*

t?I MeO- (C.t Hì -ÊHr*

103 PH-CH=CH +

?t c*Hr*

88 C lHãN;r
gé c4H/.N:

84 base C,,rHsN;!

P8



(60)

Ên aqueous solution of KMnO + <I4O,Z4 g¡ 0,ggg mol,
Fishen) in waten (zssO mL) r^,ås added oue. g0 min to å cord,
stirring mixture of Z-methylbutanol (óCt .0S g, O,6El moì,
Aldrich) and Na2co3 (r7.5g gr 0,1óó mor, Fisher) in waten
(175 mL) while the temperatune rÁ,as maintained at or. ìess
than I 0Ó c ' The neac t i on wa= then st i rned at nocm

tempenatune GVern i gh t ,

Aften {irtening thnough a medium-porosity Eintened
glass funnel , the sorutíon was concentnated to 600 fiL,
couened t¡ith ethen (sCI mL), acidif ied with rt./. HzsorÊ (200
mL) ' and extracted with ether (zxrcrO mL) . potasEium

ch I on i de wåE added to the å,queous I ayen r,,.rh i ch was then
extr'acted r¡ith ether (r00 mL). Add¡tionar ray. HzsB,/ (rtrO
mL) was added and the sorution waÉ rÊ-extnacted (2x200 mL

ethen), The cemhined etheneaì extractÊ were dr.ied å.rrd

concentrated affondi ng 6l .0g g (ggZ) cnude ac i d.
Vacuum distillation yielded 4Cr.Gl g (SgZ) clean,

col onl ess 2-methvr butanoic ac id (gg) , bp r0r .0-r06 .soc,¿49'-
50 mm; I it. bp LT7"Ë or cå. ?û"C/S0 mm (ót),

'H nmr. :

t 1.00 ppm (t, J ? Hz, GH, BxH4)

1,2? (d, J g Hzr BH, Z-Me)

l.35-l ,pg (m, ZH, ZxHS)

L?B-Z.ZO (m, l H, HZ)

??



10"2 (s, 1H, -COOH)

in (neat);

t t 230 cm -/ ( E) C-Cr stre tch

t72t ( s) C=O Etre tch

3000 (m) Ct-H stne tch

ms!

m/z 1Cl2 M+

a7 -15, -Me

74 -?8, -CHr=CHz , Þ4cLa{f er ty Rear.r.angemen t

57 -45, -COoH

Z-Methylbutanayl Cl-tloride (tt4) (57)

Redistilled thionyl chloride (?.Ct mLr lS.0 gr Ct .tg
mol , Fisher neagent) wås bnought to a gentle reflux t^rith a

steam-heated t¡ater-bath and 2-methylbutarroic acid (gg)

(10.03 gr 98.2 mmol) t^,ras added dnopr,^rise oven B0 mín. After
ref luxing f or 75 min, the reaction hlaÉ al lotrred to cool and

the crude acid chlonide was distilled dinectly out of the

reåction flasl(. The clear, color.less liquid (g.Fó gr gt,l)

r,ÄràE col I ec ted at 100-1 l g" C.

The cnude pnoduct hrås redistil led througr-r å l0 cm

uigneux column affonding é"zo g (szz) z-methylbutanoyl
- chlor.íde (104), bp t09-114"c¡ lit, 7t7"c (62t"

ir (neat):

Í 1711 cm-' (w) -(c=Er)-0Fr impuritx from hydrolysiç
177? ( s) -( C=O) -Ct
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m53

mlz l?O,l7z

105r107

to?.

?2 r?4
FÈciJ

37

43

(O.4'¿, t "2:4, Rat io Z.tZir
( 1 .2, 0,5, Rat i o ?,6A)
(1.0)

(17.8, 5,7, Ratio g,lS)
(30.2)

(98,4)

(l[rt',0)

M+

-15, -l'1e

EtCH(Me ) CCTCTH /

EtCH(Me ) Ct f

EtCH(f"1e ) -C:=O *

CH(Me)Et+

crïi
Expect ttcr,¡3?er = Loo,/az.s - a.0g¡ expenimentar erron w*8
proÈ'abì x the cå.use of the c,bsenved dev iat ion f rom th is
vaì ue.

(4é, ó?)

cvanoqen br'omide (r0.0r g, 0.0g48 mor, Fishen reagent)
wa= added i n pont i ons to st i nred tr í ethyr phosph i te (r4.zT
Qr 0.0957 mol , Eastman practical) in å.n ice/rtetharrol bath.
Aften 1.5 h in the bath, the Feaction h,ås Etirred at room
tempenatune for r.s hr t^rarmed 0.s h with a heating mantre
and al lor,'ed to stand ovennight at noom temperatune.

The neect ion w*É dist ír r ed unde. uåcuum yier dirrq r t .Bp

9 (85'¿) of e light yellow liquid, bp SgoË.22g mm 101.C,/tó
mm. Redistiilation through a I0 cm uigreux corumn affonded
8.52 g (êl'ä DEpc (g?) as a cor orr eEs r iqu id, bp tzg-127"
C,t?3-24 mm¡ I it, bp l0g-IO4'C/?0 mm on ca. l0B"Ë,/24 mm

(63> 
"
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in (neat):

I 117 I cm-/ (m) P-OEt

1310 (s) P=0

?O73 (w) -N=C: impur i ty

2200 (s) -C-N

MS:

mlz tê4 M+l

té2 M-l

t4a -t 5, -Me

13é -27, -HËN

1 34 -27, -Et

120 -43, -HCN, -O

I 0I base -55 , -Cf'l , -E t

?t -7?, -oEtt -HcN

83 P( Cr-H)i

82 (P=O)(O-H)rf

8l P( 0) ?(ct-H>:

ó5 H0-P-0H +

55 Et-Cf{ +

Odorine (1) and Epiodorine (3) fnom o-Methoxyhenzyt

- Eanbamate ( 50 ) us i nc DCC Ëoup I i ns ( 41 )

ïnifluoromethanesulfonic acid (0.73 mL, l.G g, g.S

mmol ) uraE qu icl(ì r added wi th a syr inge to å st irn ing

solution o{ p-mÊthoxybenzyl carþamate (Sû) (gB0 mg¡ L,Zt

mmol) and anisole (280 rngr 2.5F mmol) in methylene chlonide

toz



(3 mL) at room temperature, Aften Z

temperatune and 5 min in ån ice./salt

Z-methylbutansic acid (Bg) (190 mg¡

mL, 0.87 g, B.ó mmol) ù{ene added fol
ÞCC (450 mg¡ 2"tE mmol ) in methylene

neaction wås Etirned fon lS min and

25 h at cå. -SoC.

min at poom

bath , water ( f .0 mL) ,

1.76 mmoì ) and TEA <L.z

lor¡ed by a solution of

chloride (2 mL), The

then al I or¡ed to Etand

The product rnixtune was diluted witl-r methylene chlor.ide
(30 mL), +il tened, washed r¡ith s:¿ HËl (10 mL), EZ NaHËO,

(10 mL), r¡rater (2xltrml), satunated Kcl solution (ltJ mL),

and dr i ed. The sol ven t hras remoued, the nes i due

r'edissol ved in methyl erre chl or.ide <zo mL), årrd the sol ut iorr

u\,aË f il tened and peconcentnated rieìding óS0 mg yel lor¡r

semi-sol id.

Fìash chr'c'matogr'aphx on silíca gel usirrg chlorolar.n/
absolute ethanol (24:l) affonded p0 mg (?s'/,) odonine (l)
and epiodonine (3) as a r¡hite solid. The tlc (?4zt

ch I oro{ or'm/e thanol ) demonstrated that th i s mater i al

conE i sted of two very c I ose I y nunn i ng compounds. The

sFectroscopic proF,erties of this material were ídentical to
that f nom a I aten pFeparat ion r,'.rh ich pnoceeded in å h ighen
yield,

Carbamate (50) uEinq DCC Coupl i nq (4t )

F-Methoxvbenzvl carbamate (F0) (g3B mgu ?"1? rrrmûì ) was

dissolved in anisole (6,00 g¡ ss.s mmol) and cboled in ån
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ice,/salt bath" To this stirr'ing soìution was then added

trif luoroacetic acid (z.t) mL, 8.0 g¡ 2é mmol ) t¡ith a

syninge. Aften l5 min the excess acíd was removed on ë(

rotary evaporaton , the reE i due Nå.8 ex tnac ted r¡r i th pen tane
(3x30 mL) and was neconcentrated.

Th is mixtune wag di I uted r¡i th methzl ene chl or ide (z

mL) and cooled in å tiquid nitnagett/carbsrr tetr.achlar.ide
bath (ca. -23'C). 2-l'lethylbutanoic acid (Ë3) (277 mg, ?.71

mmol) was then added followed by TEA (BZó mg, g,z?. mmol)

and Dcc (586 mg, z"a4 mmol ). Af ter stirning fon EE min,
the neåction HåE stoned ouennight in a freezen at ca. -s.c.

The product mi xture was then di I uted wi th methyì ene

chl on ide (50 mL) , + ¡ I tered, shaken r¡i th gl ac ial acet ic ac id
(2 mL) ta decompose the pxcpss Dcc, and wasl-red with tgr, HE:l

(10 mL), 10]4 Na2co3 (10 mL), waten (2x10 mL), satunated
NaCl solution (10 nrL), and dried,

Remoual of the soluent af fonded 6ltr mg semi-sol id
r¡hich was purif ied by f lash chr.omatogr.aphx ún sil ica get

using ethen./chlonoform (l0:l). The odanine (t) and

epiodonine (3), 110 mg (Lzy.) mp lsz.s-lót.s"c, had the

expected spectroscopic Fr.operties (see later.).

- odonine (l) and Epiodorine (B) fnom p-Methoxybenzyl

Ëanbamate (50) and Z-Methvlbutanoyl Ëhlonide (104) (18)

p-l'lethoxvbenzvl carbamate (s0) (sé7 mg, 0.96s mmol)

and aniEoìe (0.33 g, B.0s mmol) r^Jås dissolveci in dry
methvlene chloride (3,0 mL), cooled in ån ice,/salt bath and
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tríf luoroacetic acid (0,4t mL, 0.s? g¡ s,z mmol) r,.ras added

t¡ith a syninge.

A{ten stirning for' t0 min, the solution hras

concentnated u¡ithout heating, the nesidue hras extnacted
with dny pentane (6 mL) and the residual pentane r¡ås

nemoved on å. notary euåponaton. The sal t ¡ åe an oi I , rdåE

diluted with drv methylene chlonide <zl mL), cooled in å,

dny-ice,/canbon tetnachlonide bath, and à s/ninge used to
add TEA (1.0 mL, tt .73 er 7.2 mmol) and Z-ntethylbutanoyl

chlonide (104) (0.35 mL, 0.gS g¡ 2.? mmol).

After 3cr min, additional methylene chloride (s0 mL)

u,ag added and the Eol ut ion ¡¡raE washed u¡í th Le'r,, HCI (20 mL) ,

10Z Narco, czû mL), Eatur'ated Natl solution (zxzo mL) and

dried. The tìc (10:l ethen¡chlonofonm) indicated that this
Eolution was måinly odonine (l) and epiodorine (g)

contami nated wi th å smal I amount of (E)-N-t 1-( l,-GXo-B'-
phenrl pnop-2' -envl )-2-pynpol i di nyl I tn i f I uoroåcetami de ( l0S)
(bv comparison r¡ith a knor¡n sample). Aften nemoval of the

soluent, the residue was tr.ítur.ated with dr.y pentane (BxZ0

mL) affonding 0.28 g yellourr solid. Recnystallization fnom

hot benzene yíelded 63 mg (?Z:¿,) odor.ine (l) and epiodor.ine
(3)r mp 154.5-161 .0"c r¡ith the Eame pr-openties as the

mater ial f rom a I ateF pr.Êparat iorr urlh ich Froceeded in å

highen yield.

The tn i fì uoroåcetami de r0s was i sol ated fron¡ another

such neåËtion and was found to he racemic wi th the

fol I o¡¡i ng propent i es¡
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'H nmn !

t Z"tZ ppm (Þ, 4H, ZxHG., ?xH4, )

3.48 ( b, 2H, ZxH5. )

5.?5-ó,25 (b, tH, H?,>

6"7? (d, J 15 Hz, lH, Z")

7 "37 (m, 5H, aramat i c )

7,éE (d, J lS Hz, lH, H2,')

. g3-9. crg ( Þ, I H, NH)

ir (chlonofonm):

r,, I I ó1-t 236 cm-/ ( s) C-F stre tch

1553 (t¡) am i de I I
1ó13 ( s) C=C str.e tch

1ó55 (s) N-(C=0)-CH=CH- stretch
1715-t7?.5 (s) NH-(C=O)-CF stretch
3185-3505 (r¿r) N-H Etre tch

mg!

rn/z 312 (2, é7,) M+

243 ( 1 .3) -é7, -DFa

215 (1.3) -?7, -(Ctt)cF"

200 (2"ê> ph-CH=CH-(C0)-NC.fH?+

1?? (8.0) Ph-CH=CH-(C0)-NC,/H¿Í

181 (8.0) (NC H )-NH-(C0)-CF?*

13I (100.0) Ph-CH=CH-C=0 +

103 (78.7) Ph-CH=CH r

97 ( I.3) CF'-C=O +

10é



?L (4.0> ç*H{
86 ( 14 "7) c*Ho Nr*

77 (ó0,0) c6Hr+

6? (20,û) F3Cn

odar'ine (1) and Epiodorine (B) fnan t-Eutyl car.bamate (4Ê)

and Z-Me thyl bu tarrgyl Êh I or i de ( 104) ( t E)

t-Eutvì carbamate (49) (4cr4 mg, l.zs mmol) and aniEole
(425 mgr 3.73 mmol) urere dissolved in methyler¡e chlor.ide (E

mL) and tneated at room tempenatune r¡ith trifluonomethane
sulfonic acid (0.3s rnL, sg4 mg, G.gó mmc,l). Af ten stirr.inçr
fon 5 minr most of the solvent wàs nemoved on a notany

evapor'ator'with gentle heating and the golden oil wå.s

extracted r¡lith dny pentane (BxS mL) to nemove mest of the

an i sol e and t-hu tyl an i eol es.

Methvlene chlonide (5 mL) was added to thiE oil r¡hich

d¡d not dissolve and the tr¡o layer.s were cooled in an

i ce./sal t bath . A syn i nge waË used to add Z-me thyl bu tanoyl

chloride (104) (0"8S mL, B4z mg, z.Êg mmal) and rEA (1.10

mL¡ 7?? mgl 7,9? mmol ) to this mixtune. crrr swirl ing the

oil slot¡ly diEsolved and a homogeneoug solution wås

- obtained. After stirring I h at Foom temperatur-e, the

sol ut ion kras di I uted u,ri th methyl ene chl on ide ( 100 mL) ,

washed with l0Z HCI (ZxZO mL), tCI.i, KzCE|T (ZxZt mL),

saturated NaCl sol u t i cn and dr i ecJ.

The tlc (EtoAc) af the product showed mainly tura
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over'lapping spots due to odonine (t) and epiodorine (g)

rr.li th å f aEter nunn ing spot due to an isol es.

The crude product was pur'i{ied by {lash chnomatogr.aF,hy

on si I íca gel el ut ing rari th EtoAc:ether ( 1: r ). In an

attempt to sepanate the diasteneclmeps, the fractions due ts
the uranted product were combined in two portions, a faster
r'unning (top) fr.action and a slower running (bc,ttom) hand.

The top fnaction affonded ló? mg (44.¿) of å, light yellor¡¡

sol id, mp l7û.5-173,5"c, and the bottom ó4 mg (tr.l) o{ å.

light vellourr solid, mp 180"0-lg1 ,0oc. High resolution 'H

nmr' eFec troscopy showed the top fnac t i on waË an essen t i al I y

equal mixtune of diasteneomeFE urhile partiaì separ*ation had

c'ccurned with the bottom fraction (an apppoxímately Brl
mixtune). Funther sepå,t*å,tion urå.s not attempted.

The toF {raction was found to be racemic, a

I evonotatory rotat i on HaË expected i f nacemi zat i on had not
c'ccur'ned. RecpyEtallizatiorr af the tsp fraction fr.o¡n

benzene affonded odorine (1) and epiodorine (g) es a t¡hite
powder, mp 175.5-l7Z.O'C" AnalyEis fon C¿¡Ha,tV2O,-i

calculated: C 71 .?Zt H B.0Sr N g,BgT.; found: C 7l .6A

H 8. 14, N 8 .74:/..

'H n*" at 30t l,lHz

I o"zr u o,po

1.0é & 1.15

1,35-l "4? &

I "é2

:

ppm (t, J 7,5

(d, J 7 Hz

1.57-1 .75 (m,

(s, impuri

Hz, 3H, 3xH4)
Lt 3t

, 3H , Z-Me ) 5,f12, ItN\r.rH-óo-*-H
?H,2xH3) '1",, 

" \
ty) o2$en r 

tr

2r
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1"8ó-2.01 (m, BH, lxH3,, ZxH4,)

?.O7-? "?? (m, ?H, I xHG' , HZ>

3,41 -3.51 (m, 1 H, I xHS')

3. ê6-3,74 (m, I H, I xHS, )

ó.15 (t, broadened, J 2.6 Hz, lH, H?,>

ó.40 (t, braadened, LI 9,4 Hz, lH, NH)

é,?3 &. é,76 ( d, J l S.4 Hz , I H, HZ,' )

7 .33-7 .4O (m, BH, aromat i c )

7 .34-7 .57 (m, ?H, anomat i c )

7.ê? & 7,7O (d, J 15.4 Hz, tH, HS,)

in (chlanoform):

Í t505-1545 cm-,(m) Anride II
L6O7 (s) NH, C=C stnetch

lé5t (s) N-(C=tt)-CH=CH stnetch

t6é7 (E) NH-(C=O)-C stnetch

3300 (m) N-H stne tch

345C1 (r¡) N-H stre tch

m5:

m/z 30tr (7.77) M+

?16 ( 3.3) ph-EH=CH-( CO) -(NCrHv ) -NHzf
215 (t4.S) ph-CH=CH-(CEr)-(NC4H?)-NH+

200 (ó.5) ph-CH=CH-(C0)-NC{H7+

l7? (?4.é) ph-CH=CH-( CO) -NC+H¿f

I6? (36"2) NC4Hr-NH-(CO)-CH(Me)Et r

I 31 (72,ã) Ph-CH=ÊH-C=O+

103 (??.7) Ph-ËH=CH+

9t (2"5) crïr*
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85 ( I 00 .0 ) CoHuNr+ on 0Ë-CH(Me ) Et

83 (89.9) Ë*HrN"

77 (15.2) Cnïr*

7t (10,?) crH"N*

57 (?2.é) CH(Me)Et+

Z-Hydr'oxy-Z-methyl hutanoi c Ac i d (84) (ê4>

An aqueouÊ solution of sodium metabisulf ite (lgtr.l0 gr

I '00 mol , Fi sher, equ i ual ent to 2.00 mol sodi um bi sul f i te,
240 mL urater) was added oveF 0.s h to a vigorousry stir.red
mixtune of methyl ethyl l{etone (10g.sg B¡ 1.sl moì, Fishen

technícal), sodium cyanide (Zg,SCt gr t.éû rnol , Fisher
cert if ied peagent) , and cracl(ed-ice (ca. zst q) , Dun ing

the addition, the temperatur.e was maintained at gû-40"c and

r,trhen comFlete the neåction was cooled to 0'c tlith à dry-
ice./acetone bath.

The toF layer wås decanted affording gt.g q (SFZ)

cnude cvanohydnin r¡rhich hrås hydnolyzed by heating with
concentnated Hcl (zcrcr mL) fon g h at g0-l0croc. upan

cool ing to poom tempenature, anhydnous sodium sulfate
(50 9r Fisher certif ied) was added and the r.påctíon cooled

- further with a dny-ice,/acetone bath (ca. -ZS"C).

The neact ion mixture hras f ¡ I tered, extracted r¡i th

e then ( 3x I 50 mL) , and dn i ed " Removal of the sol ven t
af f anded 25.82 g (l4z> nrh ite sol id wh ich iÄras tr i tureted
with petroleum ethen (200 mL) xielding t?,47 g (rLy,> z-
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hYdnoxY-Z-me thyl bu tano i c

mp 72.5èË (6?>.

H nmr:

b 0. ?3 ppm

I .48

1.éË

6.40

ir (Nujol ) ¡

n 1244 cm -'

t77E

34ó0

acid (84)e mF 7L"S-ZZ.S"C; I it.

(t, J 7 Hz, 3H, 3xH4)

(s, 3H, Z-Me)

(q, J 7 Hzr ?Hr ZxHS)

(b, ?H, -0H, CO0H)

(s) C-0 str'etch
( s) C=0 Etne tch

(m) 0-H stre tch

(4! )

ic acid (0.?0 mL, 1.5 g¡ 10.2 mmûl ) was quickly

ME:

m/z t 19 l"'l+ 1

103 -15, -l"le

tt'l -17, -0H

?0 -?8, -ËH"=ç¡1", l'lcLaf f en ty neaprangemen t
g? -??, -Et

73 baEe -45, -C0tH

=7 Et-C=Cl*

55 CHr=Çþl-ç=6 +

4= C00H *

43 Me-C=O +

?7 Et*

or' i nol d Eo i odon fnam Benz amate (49')

us i no [¡ËC

Trifl

tt2



added to a stirrinçr solution of benzyl carE,amate (4?) (0.gCl

Es 1'43 mmol ) and an isol e (0,32 g¡ 2"?6 mmol ) in methyl ene

chloride (5 mL)' The peection wag stinred for F min at
Fotm temperatune and then 5 min in ån ice./salt bath. To

this cold solution waÉ added water (r mL), z-hydr'oxy-z-

methvlbutanoic acid (84) (0.21 g, r"Ta mmol), TEA (1.40 mL,

1.02 g¡ 10.t mmol) and å solution of DCC (0.4F g¡ Z.lg
mmol) in methvlene chloride (z mL). A{ter tr,s h, the

mixture was stored ovennight (ca, zB h) in a fneezen at ca.

-s"Ê.

The neaction wåE diluted r¡ith methylene chlor.ide
(40 mL), f il tened, uuashed t¡ith S:¿ HCI (10 mL), SZ NaHCO,

(1Ct mL), water' (2x10 mL), satur.ated KC:l solution (lß mL)

and dried. The Eolvent r¡låE removed, the nesidue

nedissolved in methylerre chloride, il-re Eolution wå,É

+iltered, and reconcentnated affonding EB0 mg yellor,t semi-

sc'l id. Fl ash chr.omataçrr.aphr on si I ica gel using

chl onof onm./absol ute ethanol (?4zL ) af f orded F0 mg <L1,x>

odor'inol <?> and epiodonirrol (4) in thnee fnactic,ns. The

finst fraction was esÉentially Gne diaEtereomeF while the

other tr¡o {nactions weFe a mixtune t^rith the othen

díasteneomeF present ín excesË.

'H nmn at 300 MHz:

0.Fl pFn' (t, J 7"3 Hz, 3H, BxH4)

I .35 ( s, 3H, 2-F1e )

1 .58- I "7Ê (m, 2H, SxHS)
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L77-2 "O?

2. t 5-2.31

3" 10

3,4Cr-3 "4?

3.6t-3.70

é.0ó-6. t 2

6. óB

6.9A

7 "31-7 "56

7.é?

7.73

ir (chì or.of orm) ;

Þ t=t+ cm-' (s)

160Ë (s)

1ó63 (s)

3425 ( s)

(mr 3H,1xH3'

(m, l H, txH4'

(E, 1H, OH)

, ?xH4')

)
Lt 3l

mË:

mlz 31é

244

217

215

zct1

200

t??

195

131

103

<o,7't)

(0.7)

( 5.2)

(1.5)

( 10.4)

( 7.5)

( 8.2)

( 5.2)

( 100 .0 )

( 49.3)

(m, 1H, 1xH5')

(m, 1H, 1xH5' )

(m, l H, H?' >

(d, J l5 Hz, 0.21H, H2")

(d, J 15 Hz, O.7?Hr H2,')

(m, 6H, NH, aromat i c)

(d, LI 1E Hz, 0.82H, H3,')

(d, J 15 Hz, 0"18H, H3,,)

Amide II

C=C stne tch

C=0 stne tch

-OH stre tch

M+

-72, -Et(Me)C=û+

Ph -ËH=CH- ( Cü ) - ( NC.r H7 ) -NH 3o

Ph-CH=üH-( CO) -(NCn H" ) -NH+

Ph-ËH=CH-( C0) -NC4 Hrr

Ph-ÊH=CH-( CO) -NC+H?+

Ph -CH=CH- ( C0 ) -NC4 H61

(NC 4H? ) -NH-( CO) -C(l'4e ) ( OH) Et *

Ph -CH=CH-C=Cr 
+

Ph -CH=ÊH 
+

11é



aé

85

84

77

73

( 10 .4)

(9,0)

(11.?)

(31,3)

( t 9.4)

C +HroN2f

Ë4 H"N2+

+
C#HsN" oF Me-CH=tH(Me)C=Oa

cøHî

Et(Me)(OH)C+

Odc,r'i noì ( 2) and Ep j odor.i nol ( 4) f rom Fenzyl r'h-ema t e 4ç')

us¡nq Df:f: and N-Hydr.oxysuccinimide <42>

Tri{luorometharresulfonic acíd (0.?B mL, l.S g¡ t0,z
mmol) uras added to a stinring solution of benzyl carbamate
(4?) (0.50 gr 1.49 mmoì) and anisote (0.9é E¡ G.gg mmsl) in
methylene chlor.ide (S mL). Af ten S min at r.oorn

tempenatune, the reå,ction was cooled s min in a dny-
i ce/canÞon te tr'ach I or' i de Eath ( ca. -zG "Ë) . To th i :.

solution kå.E then added rEA (1,40 mL, l.0z er 10.0 mmol ),
?-hvdr'oxv-Z-methvì butanoic ac id (94) (0.20 gr t .&? mmal ),
N-hydnoxysuccinímíde (0.33 g¡ 2,85 mmol, Sigma) in
anhvdrous dimethoxvethane (4 mL) , and å sol ut i on of DCc

(0.45 gr ?.r8 mmol) in anhydnous dimethoxyethane (z mL),

After I h at -23oc, the reåctíon wås stinred at Foam

tempenatune for 24 h.

The filtered solution

me thyl ene ch I on i de ( 30 mL) ,

added and the solution was

5l1 HCì (10 mL), urater (Zxtt

mL) and dried. Removal of

was concentrated, r.edissoìved irr

glacial acetic acid (lmL) was

washed u¡ i th I 0Z NarCO, ( I 0 mL) ,

mL), satunated KCI solution (10

the sol ven t af f or.ded ?Zg mçr of a

tL7



I i qh t ye I I our sem i -Eol i d. Fl ash chromatagraphx on

gel usi ng chl onofonm;abEoì ute ethanor (24zr) neEul

mg <4'/,) odor'i nor <?J and ep i odor.i nor ( 4) w i th the
pnoperties.

In the wor.l(-uFr the product mixtune uraÊ. di
methylene chlonide (S0 mL), f iltened, sha[<en uri

acetic acid (Z mL) to decompose the excess DCC,

with IO"l HCt ( t0 mL), l0t{ NarCOs ( t0 mL), waten
satunated NaCl solution (10 mL) and dr.ied.

Remorral of the sol r_¡en t af f onded p00 mg of

silica
ted in 20

eXF ec ted

odor'inol (z) *nd Eç,iodo"ín.,r (4) f..o* ç,-l"r*tho*yb*n=r,ì
[ar'h,amate (-î0) uginq DCC (41)

p-Methoxvt,enzvr canbamate (s0) (g0r mg¡ z.tr mmor ) and
anisole (3.OCt g, 27.7 mmol) was dissolued in methylene
chlonide (3 mL) and cooled in an ice./salt hath. ïo this
cc'ol , stirned sorution wås added tr.if luop'acetic acid (2.0
mL, 3.0 g¡ 2ó mmol). Aften r0 min the soluent Has nemoved
and the r.esidue was extr.acted r¡rith pentane (3xZF mL),

The sal t r åe ån oi I , r¡lå,s di I uted r¡i th methyl ene

chlonide (2 mL) and cooled in a dr.y-ice,/carbc,n

tetnachlonide bath. To this Etinned sorution was added z-
h>'dr'oxv-2-methvlbutanoic acid (84) (B7g mg, g.z0 mrnol), TEA
(327 mg, 3.23 mmsl ) and DCt: (678 mg, g.Zó mmol ). After
L5 h in the bath, the neaction r¡as stored overnight at ca.
-5oc.

luted with

th gl ac ial

and washed

(2x10 mL),

Ir8

å semi-sol id



maten i ål that waE pun i f i ed by f I ash chnomatognaphx

sil ica çel using ether/chlsroform (10¡l) as the sol

The cnude odoninor (z> and epiodorinor (4> (sB mg,

192.5-198.0"c) u¡ås tniturated affonding rB mg (?z)

salid, mp Zt4-ZZl"C, with the exFected Froper.tieE,

on

ven t .

EZ, mF

trrh i te

-Me th thvl - -di oxath i n-4-one-Z-ox i de ( )(54)
(2-Hydnoxy-2-methyl butanoi c Ac i d Anhydrosul f i te)

Þisti I led thionyl chloride (10.0 mL, 14,7 gr 0.140
mmol , Fishen reagent) was cool ed u.ri th an ice,/sal t bath to
ca, -3"c and 2-hvdroxv-2-methylbutanoic acíd (g4) (4.0û g,
33.9 mmol) waE quicklr added in one-portion with stinring.
Aften 15 min, the neaction was connected to the house-

vacuum via a Drienite trap and stinned fon z h at -? to
+5"c. There wag å slot^l foaming às gaÊ wå.s slowly released,
The mixtune, tvhile Etilt connected to the house-vå,cuum, r^raE

stored overn igh t in a ref r igerator at soc and then aì ì otrred

to sl ourrl y warm to noom tempenatune.

The exceËs thisnyl chloride wå,s nemoved with wanming

undeF vacuum using a water aspiraton and the cnude pnoduct

was dístilled under u*cuum affording 4.82. g (ZZ:/,) Z_

hvdnoxv-Z-methvlbutanoic acid anhydnosulfite (llg) ås a

vel low I iquid, bp é7-94"c/ 15-16 mm; I ¡t, 6a-61.c,/? mm oF

cå" 7o"c,/lS mm (s4)"

lt?



i r neat:
1251 cm (s) S=O

172.6 (m) Ê=0 acid impur'itx due to hydroysis

1814 (u.s) C=O

The mE was found to be complex prob,ah,lr due to tlre

nap í d hydnol ysi s that occupË.

t?(t



APPENDIX

The '? c nmn spec tnal ass i gnmen ts åne tabu ì ated i n th i s

sec t i on . TheEe sF ec tna wene ass i qned us i ng the repan ted
spectnum of odonine (la) and epiodorine (gb) as a nefenencÊ

and wi th some simpl e addi t i v i ty rul es (éSré6) . Fon eåsy

comFanigon, the spectra r¡ene diuided inta tt¡a par.ts, the N-

cinnamoyl pv"rol idine ning and the functíonal gnoup at the

t? posi tion of the ring. some of the compaunds wer.e

numbered in a sl ightlx di++epent manner so that a uniform
Eystem couìd he used throughout this section,

123

As expected, the

ve.-y simi ì ar to that

shifts of the pyrrol

reponted for pr.ol ine

idine ring wer*e

(67).

ta

,4,\¡rÀcooH
H

C2

ér.t

lrÐ

?? "2

c4

23.?

c5 ctûH

4ó.0 174,t ppm

The sh i f tE cal cu I ated fon the

cinnanric acid and ester ar.e I isted

I i teratune val ues for c i nnami c ac i d

al l(ene

below

(óg).

c anbon s

togethen

of

wi

121
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Ë2 C3
,2?-

HO0C-CH=Úg-fn catc, ttó,9 144.g ppm

found 119.1 145,1
t23

R0OC-CH=CH-Ph cal c. t tB,g I42"E

0rre would expect the copresF,orrding all(ene carbcns cr{

N-c i nnåmovl pnol i ne <7> and the othen der i vat i ves to aì so

fall in this negion and indeed tr¡o such signals were

obsenved (Tabl e 5) . Massy-l^Jestr.opp and cowc,pl(ers ( t ) l-raue

also neponted two signals at llB.Z and 149.0 Fpm fon

natural (+)-odor'ine (la) but incorr.ectly assigned these tc,

C3' and Ê2' , resFec t i ve ì y (Tabl e é) ,

The unambigious assignment of the anoma.tic ning of the

c innarnoyl group wå.8 ms'r'e dif f icul t, since nc, subst i tuent
data was avai lable fon the -cH=ËH-cooH grouF, the

suhEtituent effect was trased on -cH=cH¿ and the r.esulting
values calculated fon stynene ane shown in Table 4. The

subst i tuted carbon atom was predicted to c,ccur. the f ur.thest

dot¡nf ield follor¡ed by the meta, påra and ortho canbons, in
that order. The assigrrment of the I atter thr.ee cå,r.bcne. was

tentatíve since they had such Eimilar chemical EhiftE"
Most of the signals due to the functional gnoup could

be easily assigned. Howeven, some ovenlap occunned r¡rith

the benzyl 49 and anisyl s0 canbamates. The calculated
values for benzyl alcshol and benzyl acetate, models for.

the canbamate gnoup, ane I isted in Table 4. Again the

t2?



substituted anomatic carbon urag Ehíf ted the f urthest
dourrnf ield and sû r¡Jas eaEy to assign in the benzyì

canbamate 4?. The ontho, meta and pana canbonE were al I

pr'edicted to have uepy simiìan shifts arrd scr could not be

unambi gi ousl x assi gned,

Similarly the sut¡stituted aromatic car.bons of anísyl
alcohol and anisvl acetate aFe shifted downfield and Eo

stand out clearìy in the sFectrum of anisyl carhamate FCt .

The unsubstituted aromatic canbons fall in the Eame negion

f ourrd f or the unsubst i tu ted aromat i c car'Þons af il-re

cinnamoyl gnoup and could not be assigned (Table S).

The CZ of the ?-hydr.oxy-Z-meil-rylbutanayl gr.aup in

odoninol (2) and epiodorinol (4) waE not observed (Table 6)

and tuas pnobahlr bunied unden the chIanofonm-d signal at
cå. 7é,é, 77.t and 77 '5 ppm. The cz of z-rtydr-oxy-z-methyt -
butanoic acid (Ë4) r^rås found at 75"L6 ppm.

The chemical Ehifts of the t-butyl 7l and anisyl ?z

al laphanates wene found to be veny simi lan to the

car'bamateE as expec ted (Tahl e 7) . An ex tna peak uul-¡ ich

could not be assigned uras found at ISZ-tSS ppm in the

an isyl car.bamate/aì lophanate mi xture.
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TABLE 4.

R
( R',)

-ÊH=CHz
(H)

-cHz oH
(H)

-Cl-Fr( C0)Me
(H)

-cHl 0H
(OMe)

-tH"CtCICCMe
( Ol"le )

t Re+. 6s.ôRe+, 66.

2

2

I 2ã. Cf

127 .1
L?7.5

r 28,5

15Ë,5

t=?.?

Cal cu I ated Chem i cal
Benzenes,

R

+
l3Ê.04'b

140.94
140.5ó

t?,6.2e

I 33. I 4'á

128,=a

126.=-,

127.t
127 "5

r 2e.5

12Ë. I

t?7.=

t?E,7

127 .1
128.5

r 29.5

t 12.7

114.1

Sh i f ts of Subst i tu ted

cH I 35.5
cH. I I 2.0

ËH. 64.5

tH" 6é. 1

cH" ¿,4 . E
I'le 54. I

tHz 6á, I
Me 54.1
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TABLE 5, Obsenved Chemi cal Sh i {ts of N-Ci nnamoyl
Fynrol i di ne Der i vat i ves.4

48 4?

l'1ain Ekeleton

c4 24.A4 24"?E 2t.é3 ?t.4? 21.38(?2.86 17"¿)
Ê3 27,35 ?7"3t 34,7? ?.4,é1 34,=?

(32 .O7 t 4'Å)
c5 47 "93 47 .32 45.81 45.87 45.82(47.1? 15.7.)
CZ é0 , 5tr 

=7 "7á é4 .41 âF . 0 S é3 .ûz
(ó1 .36 L6:¿>

c2' 11é.52 t17.87 11Ê.é0 11e,.?7 t1Ê.4C1(117,51 I6:¿)
ç5' t28.2é t?8. t cr 1 ?e.34 t?a. t? t?a .21

t28,?.6 128.48c7' t?a .?7 I 28 . 89 I 28 . ó8 t28 .32 1Z.A .7é
t 28.82cé' 130.48 13û.03 t2?.ét t29.73 L??.73

84', 134.53 134,91 t35.24 135.13 135.15
( 134. ó9 2t'¿)

c3' 145,11 143.37 142.50 142.a8 t42.é4
( 143. ó5 t3:¿,>

cI ' 167 .77 t 6ó. 15 I ó5. Ê2 t 6=.97 t ó5. 78

Functional group

R cotH coNHz NHcoot-Bu NHË0OcHzPh NHCoocHrAr

C=t 172.31 173.6? 154,44 tSS. tt I S.q.ZZ(r75.09 t4't)

cl 80.23 ó6.8? å6.4?

tz. ze..?3 13ó. 1? 1 1:+,93

C3&C4 .l* x

a.Ê
L¿ g¡

0Me

* l3? .4ç'

55"1s

oThe numbers in på,perrtheseE repneÊent the chemical shif tof a minon notarnen and the peFcent height relatiue to the
cor-r-esponding peak oi the major rotamer,

* These signal(s) overlap r¡íth the cinnamoyl anomatic níng,

50817
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TABLE 6. Reported and Obsenved Chemicaì
and Cldon inol "o

Shi{ts o{ Odon i ne

la

Main skeleton

c4 ?t .8

Ës 34"6

Ës 4ê "L

E2 ¿.2..8

Ëz'. I 19,2

c5' t?E,7

t7' 129.9

c6' I?7.9

|-.A', I 35.4

c3' I 43.0

cl' 166.2

Ëu t an oy I gr.ou p

t:l t7=,?

c4 11.8

Z-Me 17.4

c3 ?7.1

tr? 43.3

3b

?t ,7

34,6

46.2

á2.7

I 18,2

t 28.3

t24.8

t2?.?

t34,?

142 .7

Lé3.?

r&3 ?&.4

?1 "64

34.55
( 34. ó5 AA:l).
4ê,Lt

é2 "71
( ê2 ,60 ?7'¿>

t18.Cr5

128.2?

I?8.94

1 29, ?0

134.97

I 42.98
( 142. g5 7Lr,)
165.7?

21 .81

34"é4

46 "04

62 .4e

I 19. 12

I 28.25

I 28. Ê0

t2? "76

t34.?7

1 42.80

I 65.75

174.43

7 "77

'¿é.27

33.0?

I

hydnoxy
acid

I 8l .91

7.85

?3 .42

i1?.?L

75. 1é

t27
-c(cH_) (R)cH_cH3
ft = Å, ÐH 

I

17=¿.7 175.59

12.0 I I .89

t7 .4 I 7.33
( L7 .57 é?:t>

27.3 27,?2
<27.Ot E4'/,)

43.1 43.1s

4 The figunes in paFentheses
of tl-re d i aster*eomer and the
coPr'espond i ng peak .

x This signal was hidden by

nepnesen t the chem i cal sh i f t
per'cent height nelative to the

the chl oroform-d si gnal .

t26



TABLE 7 
"

48
Mairr skeleton

c4 2I "é3

c3 34.72

Ë5 45. g1

c2 64,41

Ê?', 1 18.ó0

Ë5' I 28,34

c7' t28.é8

c6' I 2P. ót

c4' 135.24

c3' I 42.50

ct' I ó5.92

Functional grouF

A ComFaríson of the Ëhemical ShiftE o{ the
Ëarbamates and Al I ophanates.

NHCCrtlt -Éu
NHC0NHCOOT-Bu

C=Ê 1 54.44 132 " 47
I 53.20

28.03

83.24

cl 28.37

c2 80.23

Ë3&C4
FE
IJJ

1() &. 72

?t .3é
2r "ã7

34.45

45,83

63.40
ó5.0é

1 1Ê.4t

126.8¿,
128. 17
t?9.49
128'.73

L2?.7?
tStt .19

135. 15

t42.ét
I 42.85

I ó5.80

NHC0t¡Ar'
NHC0NHC00AT
t=-)2.?6
Lã4.27
I 55.47

66.47
é7. Êt

I 13,82
114.Ct1

lÉ

t37.47
1 59.92

55. 14

7L

2t "77

34.59

45. Ë7

ó3.23

I 18.47

t?e.22

t?8 .71

I 2?.59

I 35.29

r 42 .78

1 ó5.83

50

21.3S

34.52

4= "E?

é5.02

1 18,40

t?4.?t
I 28.48
178.7é

t2? "75

135. 15

t42.â4

I ó5.78

NHCtIOAT

r s8.27

é6 "47

I 13.83

#

I E?.49

OMe 55. 15

These s ignal ( s) oven I ap r¡r i th the

t27

c innåmoyl ai*omatic rinçr.
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INÏRODUCTI ON

The se I ec t i ue rep I acemen t of the hydroxyl grouF

hvdrogen is an increasinglr important transformation

ongan i c chem i Etry. Deoxy compounds of ten have h i gher

bioì ogical act iu i tv than the copr-esFonding hydnoxy

precunsocs which åre mone neadily deactivated by enzymatic

action (1). Ef f icient methods of deoxygenation also al lor¡

the use of carbohydrates as cheap starting matenials in the

synthesi E of compl ex compounds; the so-cal I ed ch i no-

economic Eynthesis (2).

Many methods have been and ar.e constantly Þeing

devel oped for the reduct i on (deoxygenat i on) of al cohol s

( 3) . 0ne of the ol dest i nvol ves heat i ng the al cohol r¡ i th

hvdrogen iodide and phosphonus for seuerar hours at lE0-

?4ooc in a sealed tube (4). TheEe conditions åne obviously
too ex tneme to be used r¡¡ i th most comp I ex mol ecu I es al though

i t has the potential of becoming a uEeful method for the

convension of cel lulose to hydrocanhons {or use as a fuel
(5).

Fon the puFpose of this discussion, deoxygenation can

be divided into two categonies depending on if the alcohol

is on is not activated by the pnesence of a stahil izing
gnoup. Activated alcohols, fon example tentiany, allylic,
benzyl ic, &-Reto, can be deoxygenated dinectly and

nelativeìy specifical ly by å number of methods. These

include hydrogenolysis¡ neduction r¡ith metal hydrides,

dissoluing metal and electrochemical reactions.

by

in
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Al cohol

Ac t i vated

ten t i any RR'R" C-OH

al lyl ic RR,C=CH-CH2-OH

benzyl i c Ph-CH2-OH

eú-ke to R-( C0) -CH( OH) -R.

direct & relatiuely specif ic

me thods of deoxygenat i on

examFles;

-hxdnogenol ysís (H2,/catal yst)

-me taì hydn i deE ( L i At H4 rAl HCt 3 )

-diEsoìving-metal

-el ectnochemi cal

Unac t i vated

R-(CH2)n-0H

i ndi nec t me thods of

deoxygenat i on

format i on of a

Feactive denivative

examDl es:

-ox i dat i on ta al dehyde op

l(e tone & hlol ++-K i shnep or

Cl emmensen reduc t i on

-dehydrat i on &

hydnogenat i on

-convension to hal ide or

sulfonate & di spl acement

r¡r i th hydn i de

SCHEME 1.

conuen t í al Me thods for the Deoxxgenat i on of Al cohol s.

Unact i uated al cohol g can normal I y onl y be reduced

indirectly thnough Éome trpe of 'peå.ctive, derivative. The

methods uEed i ncl ude the ox i dat i on to a ketone on al dehyde

and reduction bv a [^Jol+f-Kishner (hydnazine./base) on

L3é



ClemmenEen reaction (HCl,zHg-Zn), and dehydration and

hydr'ogenat i on espec i al I y for ten t i any al cohol s. However ,

the most common technique ie to convert the alcohol into
the conFesFond i ng hal i de oF su I fonate and then d i sp I ace

these good I eav i ng groups wi th hydr i de,

such nucleophiì ic dísplacement r*eåctions eFe useful

r,.tith simple, stenically unhindened alcohols but complex,

polzfunctional compounds r¡ri th sterical ly hindered hydroxy

groupË poEe pnoblems, In these ionic reactions, the

Feactants and intermediates are highlx soluated and SN

displacement neactions only take place in roul yields ¡f at

all due to stenic hindnånce and dipole Fepulsion.

Reannangements and el imi nat i ons aFe al so common si de

neections t¡hen canbocationE åFe intermediates"

Neutral neect i ons avoi d these di++ i cul t i es and nadi cal

type neactions have been ËuccesEful ly used in the

deoxygenation of complex alcohols" RadicalE aFe less

susceptible to stenic factans since they aFe not Eolvated

and can be pnoduced unden neutnal condi t i ons, A comFl ete

nev i ew on the nad i cal deoxygenat i on of al cohol s by Han tur i g

has recently appeared in the I itenatune and å bnief outl ine

will be gíven hene (ó),

Radical deoxygenatíons ínvolve the homolytic cleavage

of a C-O bond in a suitable deriuetive of the alcohol.

Th is is canr ied out by f irst convent ing th is .den ivat ive to

a radical bv Eome means which then fnagments by 
f-cleavage

fonming an alkyl nadical. Abstnaction of a hydnoqen atom

t37



fnom a su i tabl e donon then produces the hydrocåt*bon,

ttl R-O-Y * 'neagent' """".@ R-O-i + { O=Y'R.

t,
t
R-H

Actiuation is usually

nadical can be pr.oduced in

addi t i on of a radi cal [ZaJ ,

photochem i cal exc i tat i on o{

[2c]:

t 2al R-O-X-Z
ll
Y

t2bl

aË å carbonyl der i vat i ve and the

thnee gener.å,1 ways; by the

e I ec tnon transf en t 2bl or* the

thiE gnoup to a triplet state

M.

- 

F.-û-¡.-Z
I

I
Y-M

e-
R-CI-X-Z

I
Y-

l?cj

The Banton-McCombie Feaction is one of the moEt

fami I ian and useful o{ these peections (T>. Hene an 0-

al l(yl th iocarbonyl cornpound is neacted r¡¡i th a tn ial kyl t in
nadical which is capable of forming a stable bond to

sul fun (Scheme ?) , Fnagmentat i on fonms the radi cal on

carbon with the conuension of the c=s to a c=0 bond being

the dniving force of this cleavage, Abstraction fnom å

hxdrogen atom donor, in this case a trialkyltin hrdníde,

h'* R-o-x-z
ll^
YT

= R-0-X-Z
I
I

Y.
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affonds the neduced al cohoì .

s
ll

R', -o-c-x

S-Sn Ro

l"+ RgSn. 
-+'. 

R'-g-C-X +
S-Sn Rol"

O=C-XR',. +

I

I 

nesn tr

R3Sn.

eactisSCHEME ?. The Barton-McCombie R

+ R'-H

n,

t^lhile many neutral methods of deoxygenation aFe nor.{

available, new peactions are always of intenest since they

may have un i que pnopent i es.

ohme and Pr'eushof haue discovered a FeaÊtion that has

the potential of hecoming anothen such method of

deoxvgenation (8). These wonkers publ ished å, repc'rt in

r?7a on the mechanism of hydnazine fonmation fnsm uneå.

Among the in f indings they reponted that N,N,-dimethoxyur.eà
(l)r in contnast to other ureas, does not form a hydnazine

on treatment r,,.rith potassium t-butoxide. Instead methanol ,

canbon monox i de and me thane wer-e f ormed pnesumaÞl y al ong

trrith nitrogen.

t3l
NH-01'4e
I

O=C
\
NH-0Me

I

Ko:t#-'-* 
MeoH + cg + cH4 + N2

carbon monox i deApparently the

13?

cåme from the



decomposition of the diazirinone G {onmed by cyclization
and I oss of turo mol es of me thanol ( scheme g) . Th i s uraE

anal ogous to ean I i en wonk of ohme and cowopl(erE on the base

decomposition of NrN'-dichlonour-ea to canbon monoxide and

nitnogen (9), and of NrN,-dimethoxysulfamíde to sulfun
dioxide and nitnogen (10).

NH-01'4e N-OMe
/tO=CI - -\ I -MeoH

NH

z
f-t
N-OMe
I

0=C
\

O=C

\
NH-Ol"1e

I

KO-t-Bu

-Þ

-MeOH

N

'={l -N

CE+N2

-

-MeO(-'
O=Ë=N-NH-OMe

!
I

I MeOH

I

I

+

Me00C-NH-NH-OMe

E
I
I -MeßH
ü

Me 00C-N=N-H

é
lll

,cHg

OHlt
0=C N

\/
N.

NH-OMe
I

I -Me0(-t
t
N-01"1e

ær/ | MeoH *
\l

NH

2

CHe o COz + N2 Ê-

SCHEME 3. 'The Þecompos i t i on of N,N, -D ime thoxyureå.
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A cyclic Feår*rangement cr{ the diazene é (also called a

diimine rF diimide) L{as suggested to have been the source

of the methane. The pr.rposed mechanism involved the losE

of methanol from the ur-ea ! to form ån isocyanate 3. in a

Hofmann-l ike neannangement or the fonmation of en

intenmediate thnee-membered n ing 3, a diaz ir idi,none. Othen

N-substituted uneas have heen observed by these workens to

reannange by these turo pathwaye on tneatment with

hxpoch I on i te . l¡lhen poÉs í bl e , the maj on pathway was {ound

to be uia the isocyanate (8). Funther reaction r^rith

me thanol wou I d form the me thyl Z-me thoxrcarbazate ( 1 -

methoxyhxdrazine-2-canboxyl ic arid methyl esten, 5) r¡¡hich

r¡tould be the source of the diazene é cln el imination of

me thanol .

To further establ ish this mechanism, methyl and t-

butyl canbazate (7 and I, reEpectively) h,ene oxidized with

chnomium (IV) oxide¡ Fotassium FeFmanganate and alkaì ine

potass i um f ern i cyan i de . Accond i ng to these r¡lanker.s,

methane and iso-butane were fonmed in all cåses independent

of the soìvent, The peaprangement of the diazene ! uras

again suggested to be the Eounce of these hydrocanbons

(Scheme 4) . No othen detai I s accompany these qual i tat i ve

nesults but nitrogen and canbon dioxide ane also pnesumably

formed. One can only Epeculate if any canbon monoxide L\,ås

å pnoduct of this oxidation.
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ll l'ol llR-0-C-NHNHZ R-Û-C-N=N-H =

9

R = Me(7)r t-Bu(8)

t 0l = CnOa , KMnO4, al kal i ne

SCHEME 4" Pnoposed Oxidative

R

/-,
OH
Ir, rlO=Cl/ N
\'//

N,

o
il

0
il

R-H

* ctz
N2

KaFe ( CN)6

Þecomposi t ion of Carbazates,

Much trronl( has been Fepor ted on the ox i dat i on of
hvdrazine and its denivatives (rl), Azo compounds are

usuallv fonmed by this oxidation if the substitution on the

hvdnazine allows it. The etabil¡ty of the reÉulting
compounds depends on the reaction conditions a.nd the

EubEt i tuents on the azo compound. scheme E gi ves a br i ef,
simpl ified outl ine of the ini tial products obtained Þy the

ox i dat i on of var'i ouE txpes of hydnaz i neE.

NH2-NH2 [o] * H-N=N-H 2' * NH2-NH2 +

R-NH-NH2 R-N=N-H + R. + N2 +

R-NH-NH-R' -+ R-N=N-R'a

--.s¡ R-H
-N2

RR'N-NH2 + RR'N-N, 2t * RR'N-N=N-NRR'

RR,N_NHRI .+. nO peac t i on

RR'N-NRrrp// ---u' no neåction

R, R', R", R"'= alkxl , anyl¡ -(C0)-R
aHydnogen penox i de and Fenoxy compounds can cåuËe

sl ow fun then ox i dat i on to azoxy compounds

scHEl'1E 5' Generaì oxidation Pattern of various Hydr.azines.

N2

H.

t4?



consider'ahre rerated work has been carnied out on the
oxidation of acid hvdrazides, At the tunn of this centuFX¡
Curtius found that acid hydr.azides t¡reFe oxidized bl iodine
to the corneÉpond í ng d í acyl hydraz i nes ( tZ) z

t4l lo
R( Cü)Nl-fNH2 É * R( C0)NHNH( C0) R

Manv veans r aten, canp ino f ound that tneatmen t of å.n

acid hydrazide in nitnomethane ËF methylene chlonide r¡ith
hydrogen ch I on i de gås {ol I owed by ch I on i ne {onmed the ac i d
chloride in good yields (lB)¡

t5l R(CO)NHNH2 HCI Þ R(CO)NHNH'C¡ 2Cl2- R(C0)Cl + N2 + 4HCl

4A-77'¡,

Benzyl carbazate hydnochlonide did not afford the
expected benzvr chrorofonmate but benzyr chroride instead
(7é'¿'> ' under thB neaction conditíons (ice-bath
temperature) the benzvr chrorofonmate was stabìe towand the
I oss of canbon dí ox i de. Canp i no suggested the Þenzyl
chloride wås fonmed because of the special geometny that
could be achieved bv the intenmediate fnom the oxidation.
He pnoposed a chloroazo compound l0 which could decornpose
thnough a si x-nemÞEred cycl i c transi t i on Etate.
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t6l FhcH2CIocNHNH3Ct +

The acid

hydnochlonides

compound I 1 by

?Cl2 -// 
e phcH2o0cËl + N2 + 4HCt

__+ PhcH2o0c_N=N_cl
gl

o

/-\
PhCH2 Ç=o\rlr'{. 

/ 
-+

N

1CI

ch I on i des fonmed

ène presumabl y

å,n unde tenm i rred

from the other

al so formed v i a

mechan i sm.

PhcHzct

trtr2

N2

hydnaz i de

the ch I oroazo

t71 R(CO)NHNH3CI + 2Ëtz ff R(CO)N=NCt --+ R(CO)Cì + N2

11

The initial fonmation of the hydrochloride salt must

prevent the production of the diacylhydrazine by decreasing

the nucleophilicity of the hydnazine gnouF. This would

h inder react ion of the unox idized hydraz ide r¡i th the ac id

chl on i de on an i ntenmedi ate of the ox i dat i on " Such

i n termed i ates have i n fac t been found to have acyl at i ng

pnopenties' [¡Iolman and cordor*kens have reponted the

fonmation of amide bonds under similan oxidatiue

conditions (14), An acid hydnazide in the pnesence of ån

amine was treated with vanious oxidizing agents, including
hal ogens, fonmí ng the ami de i n good yi el ds. presumabì y the

hvdnazide hras prefenentially oxídized to e díazonium salt
on azo intermedíate u.rhich then neacted t¡ith the amine to
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{orm the amide bond t^rith the evolution of nitnogen. The

diacylhydnazine urå,Ë fonmed by acyìation of the unneacted

hydnaz i ne r¡hen no am ine r/,,å,s presen t and to a smal I ex ten t
i n i ts presence , Th i s me thod was used by these t¡ronkenE to
pPeFåPe sevenal pep t i des.

cl ive and Denyen have a'r Eo inuest igated the ox idat ion

of hydnaz ine der ivat iues, in th is cåse canhazates lz, t^rí th

a posi t i ve soupce of hal ogen tBl ( ls) . They too suggest

the f onmat i on of a hal oazo ín tenmed i ate l3 r¡h i ch cou I d

fragment in various wåyg including the aboue mentioned

penicvcl ic FroceEÊ forming an all(xl hal íde 14 plus canbon

díoxide and nitrogen.

t8t RoH
a) c1 (co)c1

b) NH2NH2
R0(c0)NHNH2

t2

x) /___-Þ 
Cì
¡pyra dr_ne I

O=C

caz

-N2
R-X

t4

X
I

N

/
N

13

Adamantvl canbazate (Jl,) affonded fain yields ot the

copÍ'eËponding bnomide and iodide on tneatment with N-

bnomosucc i n imi de (NBS) and N-i odoEucc i n imi de (NIS) 
r

respectivelx¡ but none ef the chlonide rreÊ obtained r¡rith N-

chlorosuccinimide (Ncs). cyclohexyl canbazate (16) rdås

ox i di zed under simi I an condí t i ons and å Eubstant i al amount

of the tnanE-1 ,2-di bromÕcycl ohexane wås obtai ned i n

addition to the cyclohexyl bromide. The dibromide r,Â,as
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pFobåbly formed fnom cycìohexene which måy anise via the

canbon i um i on op by el imi nat i on i n the azo i ntermedi ate.
Thus this neplacement of the -ooc-NHNH, gpoup by haìogen is
I imited to compounds ¡¡rhene ol ef in {onmat ion iE di++ icul t.

This neaction can also be used to cånpy out a

substitution at e bridgehead position, Thus I-
iodoapocamphane r.\,ås obtained in B?"¿ yield frc,m the

oxidatíon of 1-apocamphanyl canbazate (tzl- u,.rith iodine-
p/nidine. Nonmal nucleophilic substitution is veny

di++icult at the bnidgehead position of the

bicycl ot2 ,?rt7 hep txl system.

TABLE I. Oxidation of Alkyl Carbazates r,trith

Pos i t i ve Source of Hal ogen ,

0xidant ZYield R-X

adamantyl ( 15) 4?7"

é3

R

cyclohexyl(16)

1-apocamphyl(17)

4?d

39

39 17

aN-Bnomùsucc i n imí de. -Iodosuccinímide.
9V-cf,l orosucc i n imi de " dt ,Z-Di bromocrcl ohexane al so

formed (3,8|ä, ePy" i di ne.

NBSA

NI Sb

NCSC

NBS

NIS

r2/PYre
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Thus the six-membened penicycì ic FeaFrangement has

been suggeEted to occur r¡ i th both hydrogen and ha't ogen

as nuc I eoph i I es, stnuc tunes I and I 3.

Let uË examíne this suggested r-earnangement of the

diazenes I and 13 in more detai L such å reå,rrangement carr

be considered in tenms of Baldt¡in's rules for ning clasure
(1ó). These nules examine the geometny of the tnansition

state for' intramoleculan ring clogure to see i+ a Feaction

wi I I be 'fauoned' or tdi sfavored' . If the transi t í on state
cannot Þe attaíned r¡rithout seriouE distontion of the normal

bond angles oF distances then ning closune t¡rill occun only
r¡ith dif+icultv on not at all and the Feaction is then

'disfavored'. t/,Jhile the cyclic neå.nrångement unden

conEidenation iE strictly not a ning-cloEune the same

geometric conEtnaintE should be nequined. Baìdurrin, in

fact, has applied these rules to a símilar Feå,nrangement

(1ó)"

These ruleE are based on the geometny requined fon

nucleophi I ic attack at a carbon atom. Fon a tetrahednal

carborr r ås i n th i s traEe, the opt imum di rect i on of appnoach

bv the nucleophile iE backside attack opposite the Ieauing
group at an angle of 180" peEulting in the inversion of the

canbon centen. This is the well-known l¡lalden invension of

the â*2 Feåtrtion, Acconding to Baldr,vin's nomenclatune the

Feannångement unden considenation is å é-Endo-Tet reaction¡
a six-membered ring iE being formed op in this cä.se å síx-

membered transi tion state, the bond being bnoken as a
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nesult of the nucleophilc attack is part of the 'ring.
being formed (endo), and the electnophilic canbon is

te tnahednal . such Feac t i onE åne d i sfavoned accord i ng to
the emp in i cal ru I eE deve I oped by Bal d¡¡ i n .

The såme conclusion cen be reached if one simpìx

inspects a model of this azo intermediate; the optimum

geometry for inversion at the carbon atom cannot be

easily attained.

It Ehould be noted that azo compounds exist as both

the cis and the mone Etaþle trans isomens (l? and tgr
nesFectively) (t7t.. Obviously only the cis structure is
su i tabl e f an the neåpr.angemen t ,

ñ +
LI F RR'R" C 0=C=O

I

H N=N

SCHEME 6.

Di subst i tuted tnanE-azo compoundE cån be i somen i zed

photolytically to the leEs stable cis-azo comFounds some o{

t¡h ich can thenmal ì y ne isomer ize bacl< to the tnanE isomer

( 1B) " The panent compound (di azene) i s bel i eved to be å

mixtune of the cis and trans isomers which cå..n rapidlr

equi I ibnate (19). Thenefore ¡ t is I ikely that the diazeneÊ

18 and l? alEo exist aË an equil ibníum mixtuFe so that the

0

/\
RR',R" C Ç=

I
N

//
N

I

H 18

Êl

/\
RR'R"C C=O --.-'.ø'

I

HN
\//

N

19
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necessaFy cis isomen r¡ill be present in the reectíon

mixture,

Baldruin's rules also only apply r¡rhen the nucleophil ic

atom is a f irst row element of the periodic table, The

langen atom nadi i and bond dietancps of the atoms of the

second now may nemove the geometnic nestnaints of e

di sfavoned r i ng cl osure. Thus the cycl i c pearr.angement of

of the haloazo compound 13 suggested by cl ive and Den>'er

måv in fact be favored for bromine and iodine. The Feason

no adamantvl chloride was obtained could be due to the

Emallen chlonine atom u,,rhích cå,nnot attain the pnoper

geometnv. HoweveF, thiE is inconsistent r¡ith the formation
sf the benzyl chl on i de obsenved by Carp i no.

Anothen cclnstraint giuen by Beldr¡in iE that these

ruleE applx only fon ning clogures in urhich inversion of

the canbon atom occurE. Thus, ,'these Rules ma/ not applr
to concerted electnocycl ic pnocesges in urhich geometric

changes other than i nuers i ons ane of ten observed" ( I 6) ,

Both neånnangements are calculated to be exothenmic

{nom the energies of the bonds made and bnoken (Table z>.

sí nce the chånge i n entnopr i s expected to be posi t i ve, the

Feåtrtion wi I I be fauored thermodynamical ly, 0f counse this
gives no indícat ion of the rate at uuh ich th iE react ion u.ri I I

proceed, i,e., ¡f thene is an acceEsible low'eneFgy pathwar

that the neaction cån follor¡r.

Thus, there is sorne question r¡hethen the cycl ic

reårnangement pnoposed bv ohme and Preusho{ is actual ly
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occunn¡ng in the oxidatíon of canbazates, Hor¡eveFr ås long

aÉ a hvdnocarbon is f ormed then th is reå.ct ion coul d st i I I

be uEed ås a method of deoxygenating alcohols. The

neatrtion ma)z proceed by a d¡f+erent mechanism, for example

by a stepurlise f nagrnentat ion on ån intnamsl ecul ar neåct ion.

TABLE ?" Enthalpy Change Associated r¡ith

the Reanrangement of the Diazene9

RR'R"C:0-(CO)-N=N-X -------+ RR'R"C-X + g=Ç=fr + N=N

X=H

Bonds formed:

c-tr, 100

N-N, 125

c-H ?5 /3?O

al /mol

Bonds fonmed¡

c-o,100
N-N, 125

c-ct 82 ,/307

. -Br 6? ,/2?4

215 -I 33 ,/27F,

15=+(ó3 to ?2> kcal./mol

Bonds bnoken;

c-o. g0

Ë-N- 7=

N-H ?5 ,/?50

-AH=+=tg-259=+70 l(c

X=Hal ogen

Bonds broken c

c-0- g0

c-N- 75

N-ct I
I

-e" I ca.dtb
f

-IL)'
-AH=+ <z7a to goz)-a
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For this oxidation to becorne a convenient method of

deoxygenat i on h,e al eo f-equ i red a conven i en t o genenal

synthesis of carbazates. Êanbazates have been prepaned in

numepouË r¡rays all of which involve the displacement of a

good I eau i ng grouF fnom å canbonate den i vat i ve (Tabl e B) ,

[4e hler*e inteneEted in a method of ppepanation that would

invoìue the tneatment of the alcohoì urith å reagent to fonm

the canbonate den i vat i ve wh i ch then cou I d be r'eac ted

funthen wi th hydnaz i ne to yi el d the canbazate. As seen

TABLE 3. Li teratune Prepanat i ons of Carbazatesþ

?o-?s4 ?o2"3 s&3 rs27 ,28

n)O(4é> " o *'

7L 32

â2'r

47 23

Othen

Ref .35

0Et

ocH2

oPh

Ph

d

oc. rirruord

oc, cl
Cì

SMe

ê
Im "

May be hydnate,

4-Ni trophenyl ,

R0(CO)X + NH2NH2.-.-& RO(C6)NHNH2 + HX

Me Et

4=(49rcr20

h"RefeFenceË

e
Imi dazol e,

( 89-?3 ¡Ç 21

46(76)c' 22

ft= , 'Å y ietd

Bz t-Bu 1 -Ad

Ref.?6r34

Ref.32

44 *'
)4

8?-?7 )'

72"

72--
¿t

??-86'4
35a2--

aFe í nd i cated. "A= sal t .
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above phosgene iË the simplest neagent but i t is
inconuenient to uEe becauge of its toxicity and lor¡

boiling point. A nontoxic, stable c^ystalline reagent

t¡ould be much nicen to r¡ork r¡ith.

1 ,1'-Canbonyl di imi dazol e (CÞI , Z0) prepaned by the

reå,ct i on of phosgene wi th imi dazol e i s such a neagent (gg) ,

Al cohol s and phenol s neac t ¡¡ i th cDI unden the i nf I uence c,f

heat on a catalyst to give en l-alkoxy- on l-anyìoxy-
carbc'nyl imi dazol e (21 ) .

tel cDI + RoH -:ffi rm-co-gR _#þRogc-NHR.
20 ?L

CDI = Im-CO-Im.

The sodium salt of the alcohol or of imidazole can be uEed

aÉ å catalyst and then the neaction is exothermic and

pnoceeds at noom temperatune. Excess al cohol must be

avoided, except in the cage of t-Þutanol, since this will
nesult in funther.neå,ction and the formation of the

canbonate. The t-butyl canbonate is fonmed only on

extended heating, six hours at ó5oc, in the pnesence of one

of the above mentioned catalysts" The alkoxycanbonyl

imidazole compounds neact quickly t+ith the nucleophilic

hydrazine to form the conresponding canbazates.

A simi I an compound, 1H-benzotn i azol e-l-carbonyl

chloride (BTC0C|) (2?>, has been described by Butula and

N=/NIITì = -
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cor¡onkenE (39). Bïcocl is a cr-ystall ine low melting sol id
pnepaned by the reac t i on o{ excesE phosgene r¡r i th

benzotniazcle (BTH). This compound neåcts t¡ith alcohols
and phenols r¡rithout a catalyEt to give t-alkoxy- on l-
anvloxycapbonvl benzotniazoles (23) r¡hich ane more stable
to hvdnsl vsi s and al cohol vsi s than the imi dazol e anal ogs.

unneacted material r¡as necovened af ter heating such

compounds in ethanol (?6:/.> for f ive hours (40). This

stability could be advantageous esFecially if these

compounds å.re to be isolated. These compounds will,
houreven r neact qu ickl y r,ui th stnong nucl eoph i r es I ike

am i nes, hydraz i nes and sem i canbaz i des, Bu tu l a and

coworker.s have pr.epaned Z-phenxl ethylcanbazate Ey this
method but haue not appl ied this synthesiE to the

preperat i on of unsubst i tu ted canbazates ( 40 ) .

t1CIl \¡. RoH -:F¡õi+ BÏ-co-oR +#e* RooD-NHR'

23
N,

CO.CI
BTCoCI, 2?

Thus we set out to see i+ BTCOCI could be used as å

genenal neagent for the ppepanation of canbazates. l¡Je then

i nvest i gated the behav i our o{ severar carbazates under

uanious oxidative conditions. Inítial inuestigations were

carnied out on benzyl canbazate <24t and mone detailed work

was done on methvl (7), phenxl (25), benzyl (2ó) and z-
phenyl e thyl canbazate <27) . [.rje hoped to conf i nm the work
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D+ ohme and Pneushof that the hydrocar-bons ane produced by

the oxidative treatment of these carbazates. By optimizing
the condi t ions tn,e then intended to max imize the yiel d of

the hydnocanbon. It was alEo hoped that we could shed mope

I íght on the mechanism of this reåction,
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RESULTS

The nesul ts ane presented in

pneparation of the canbazates and

canbazates"

two sections¡ the

the ox i dat i on of theEe

Preoanat i on of the Canbazates

AE discussed above, tale were intenested in using

1-benzotniazole canbonyl chlonide (BTcocl, zÐ as a genenal

neagent for the preparation of the carbazates. The

svnthesi s of the commerc i al I y unavai I abl e BTcocl has been

described by Butula and coworkens but only on a one gnam

scale which is nst very usef ul u¡hen it is to he used as a

reagent in multigram preparations (B?). Therefone, it hrås

important to develop a large scale synthesis of this
compound which pnoceeds in high yield.

AE å starting point, the two sl ightly dif f enent

pFeFanations described by theEe r¡ronkeps were simply scaled-
up. Thusu phosgene gas (gó,s g¡ 0"420 mol) was added over

1.5 h to å solution of benzotriazole (BTHr 50.02 gr o,4zo
mol) in toluene (t L) at ótoc and then stirred another z h

at thiE tempenatune, Houre(,Êr-¡ in addition to the r,tranted

BTcocl (44r,r, a large amount of benzotníazole hydnochlonide
(BTH.HCI r 46:¿) and some l r l,-canbonyì dibenzotr iazol e

( CODBT , ?Z) r¡as obta i ned.

A scal e-up of the othep prepanat i on affonded å h i gher

vi el d of BTcocl . Thus, BTH ( 100.0 g¡ 0.gg? mol ) suspended

in ethen (1.5 L) was Elowly added to phosgene (A0g.E g¡

?.tz mol) in Þenzene (800 mL) at noom temper.aturÊ, A
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quantitative yieìd of crude BTCOCI u.ras obtained and

necnvstal I izat ion af f orded the pure crmpound aE a r¡h i te

solid in ?4"¿ ouerall yield,

Th i s pnepanat i on was i nconven i en t houreven because o{

the I arge amoun t of sol ven ts requ i red due to the I c,w

solubility of ETH in ether.and other onganic soluents, trte

then tnied adding sol id BTH to å eoìution of phosgene in
anhydrc,us toluene but again obtained a lange amount of the

salt <37'l) along with the wanted product (ég:1,>. However,

this salt could be avoided simply Ey using ether å,s the

solvent in this latten FneFanation. Thus, solid BTH (zs.0g
g¡ o,?LCI mol ) HaË added to phosgene (4i¡.? g¡ E,4é4 mol ) in

cool ether (500 mL) and st i nned oveFn i ght affordi ng sl " lz g

(98r,> crude BTc0cl . Th is cnude mater ial uras f ound to be

suitable fon {urther neaction but could be punified hy

necrvstallization fnom dr'v pentane. The ethen must

dissolve a small amount of the salt r¡rhich then dissociates
to HÊl and {ree BTH and undergoeg funther neaction.

I n the pnesence of tn i e thyl am i ne (TEA) , BTcocl reac ted

neadi I v wi th most al cohol s and phenol s affondi ng the

crvstal I ine 1-alkoxy- or l-an/loxycanbonylbenzotniazole in

good yieldE (Table 4). Hor,uever.r this neaction was slow

wi th h i ndered al cohol s, for examp I e bonneol and i sobonneoì

neacted comFletely only af ten long r.eaction times a{fonding
oils which wene di{f icul t to purif x, Distil lation was not
attempted with these compounds since these benzotniazc,le

denivatiues may be explosive¡ BTH has expìoded in å lange-
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scal e diEt i I I at ion (41) , l-Adamantanol d¡d not react ¡¡i th

BTËocl at all and uras recc'vered unchanged even af ten

prolonged neaction times.

r I I I ROH + BTcocr -#ef RoocBT 
NH2NH2, 

RûocNHNH, + BTH

TABLE 4" Pnepanation of Ëarbazates usíng BTCOCI.

Z Yield

aAnh)¡drouE hydnazine was used unless other.r¡liEe indicated.
bH"d"azine hydrate r¡as used. cCarbohydrazide also isolated

(25't,> .

The I -al koxy- and I -aryl oxycaFbonyl benzotr i azol es

neac ted smooth I y w i th hydnaz i ne hydnate on anhydrous

hydnazine at nûom tempenatune affording the copr*esponding

cnude canbazates in high yield. HoweveF, some d¡+ficulty
r¡,ag encountered in sepaFating the BTH by-praduct {nom the

carbazates due to the simi I ar Eol ubi I i ty pnopert i es theEe

two compounde haue" Both compounds ane basic and sB both

R RTOCBT

crude | "*.r.yst

RooCNHNH 
ä

crude J "*.pyEt

BTH

necovened

Ph cH2cH 
2

Ph cH 2-
Ph-c

2,3-Me 
ZC 6H 3-

7 ré-Yle Ztr 6H 3-
ËH3( trHZ>ll-

'-c6h -

77

?T

88

?é

89

70

85

84

7Z

73

54

30

ég

8?

74

é7

7?

l4

3ób

é2b

^,b,sô

4t

50

76
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d i ssol ue i n å,queous ac i ds to some ex ten t , l"1ost of the BTH

cou I d hor¡reven be Eeparated f rom the canbazate by ex tnac t i ng

the slightlv acidic BTH with aqueouE base. The dr.a¡¡rback a4

th i s base wash í ng was that í t wåË {ound to decneaÊe the

isolated yields of the carbazatesreEpecíally the low

moleculan weight ones becauEe of thein sl ight uraten

sol ubi I i t ies.

Al though hydnaz i ne hydrate and anhydnous hydraz i ne

both affonded the canbazates, the cleanen pnoducts r¡lene

obtained r¡hen anhydnous hydr.azine was used. Under theEe

anhydnous condi tions some of the BTH by-pnoduct

pnecípitates out of solution leauing less behind in

Eolution to be u.raEhed out. t¡then the hydnazine hydnate u{aE

used no Euch pr'ecipitate was obtained and the crude

canbazate Has found to contain mope BTH. In this situation
some of the BTH must dissolue in the small neEidual aqueouE

layer while a conEiderable pnopontion remains behind in the

onganic Iayen.

The vield of phenrl canbazate from thíE method urras

found to be rathen I ow (L4y,, Tabl e q , carbohydnaz i de wås

also isolated <25'l) in this peaction and å. large amount o{

BTH was necovered (7óT) " A simi I an I ot¡r yiel d of th is
canbazate wås al so obta i ned from the commerc i al I y ava i I abl e

phenyl ch I orof onmate <7?'¡,, Tahì e s) . I n con tnast , henzyl

and l-adamantyl canbazate (zs) r^rpne both obtained in fain
vields fnom the conpeEponding chloro{onmate (ég and 7gr,
respec t i ve I v) " The I oss of the phenol ate i on muEt be
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cclmpet¡ng w¡th the losE of the benzotniazole and chlonide
ions' It has in fact been used aE a leaving gnoup in the

preparation o{ t-butyl canbazate fnom t-butyl phenrl

canbonate (Tabl e 3) .

r. r?1

TABLE

ROOCCI + 2NH2NH2+ ROCICNHt{H2 + NH,NHäHC¡

E Pnepanat i on of Canba¡ates v i a the Ch I onofonmate?

T.Yield

u Anhydnous hydnez i ne .

0x i dat i on Stud i eE

In i t ial invest igat ions r^repe cann ied out r¡ri th the

commencially auailable benzyl carbazate r¡hich was tneated

toi th var ic¡us óx idants unden the txp ical csndi t ions used

t¡ith these reagents, It rÂlå,Ê immediately evident that this
reåction was moFe compl icated than exFected since numenouE

ccmpounds were fonmed and i n no cåse wes there åny ev i dence

by nmF of the formation of any toluene, TaÞìe 6 ouil ines

the nesul ts fnom some of these exFeniments,

Some o{ these unexpected nesul ts were t ikely due to
the me thod used to cånry ou t theEe ox i dat i ons, i e . the

addition o{ the oxidant to the reratiuely concentnated

benzyl canbazate sol ut i on, under these condi t i ons h i qh
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TABLE 6" The Oxidation of Benzyl Carbazates,

aReferenceg ane indicated. btdentified uy 1H nmr.
c Bz = benzyl , dCIn* un i dent i f i ed compound al so formed.

"T*o unidentif ied compounds also fonmed. f D*.ompoËes r¡ith

the format i on of i od i ne . 8No benzal dehyde de tec ted.

0xidanta

( equ i v, )

Exptl, Conditions Pr'odu c t s

(ZYiel d)

H -I0, 
d' /02

tó
(1.5)

anhyd. e ther

th at 20oc

c.fÈz-l (-)

PhCHO ( trace )

R 
rFe( 

CN)6e'4

(3.0)
5Z NaHt0r./CHCI

2h at 20oc

PhtHO (tr'ace)

Hg( oAc )rE ' L/+

(2.0)
ulater

th at 2ooc

( Bz 0OCNN )Z Hg

Pb(oAc )49'/+5

( 2,5)

cHcr3

2h at 20o c

Bz 0OÇCH, ( é5.:/,>

'4no2 

d'g'L6

( 2.5)

pet.ether/CHCI3

th at 20oc

Bz-Ez (ca.40Z)

crrS ruu+cr

(1"5)

-dc"% 
I

.L7
CHË13

ô
I .5h at 20- C

Bz-Éz (ca.1tZ)

Bz O0CNHN=CHPh ( 39, c a . 25.7,

PhCHO (ca.2O7,)

eaNn 0448

(? "7>

cHct3
o?hat?OC

Bz-Bz (ca,40Z)

Bz 0ÛCNHN=CHPh ( c a. 25i1)

PhCHO (ca.35Z)

1ó0



concentnâtionË o+ unneåcted canbazateE, inter.mediates and

products would be pnesent in the neå,ction favoring the

fonmation o{ bimoleculan pr.oducts. This would account for
the obsenved fonmation o{ the 2-benyzloxycarbonyl

benzaldehyde hydnazone, The bibenzyl was moÊt neåsonably

{onmed by the dimenization of the pegonånce stabil ized

benzyl r.adical (4?>.

s i nce most of these ox i dat i ans gaue nathen comp I ex

mixtur*es anothen åppnoach was pequined which r¡ould giue å.

less complex product mixture. trje concentrated on the uEp o{

banium manganate (Bal"ln04) since this mild, f airly selective
ox idant r¡as conven ient to use and resul ted in f ainl y cì ean

pnoduct mixtur-es in the oxidation of the benzyl canbazate
(48).

Acconding to Ohme and preushof the oxidation oi methyl

canbazate shou I d affond me thane , carbon d i ox i de and

ni tnogen (8). some of the othen possible pnoducts that can

be env i si oned i ncl ude ethane (by anal ogx to the format i on

of bibenzyl), canbon monoxide, methanol, formaldehyde and

formic acid. since most of the potential pnoducts are

gåseE, íf the composition of the evolued gag is analyzed

then the counse of the Feaction should be fainly eaÉy to
de tenm i ne .

l¡le {ol I or¡ed th i s me thod of at tack and deve I oped a

method of col lecting and analyzing the gas pnoduced by the

ox i dat i on of me thyl canbazate . The appanatus used

consisted of a turo-necked Erlenmeyer f laEl( f ¡tted with a
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presEUr'e equalizing additíon funnel and connected thnough a

gas-bul b to an i nverted graduated cyl i nden, In a reåct i on,

the f I ask rxås I oaded r¡i th the ox idant and sol uent, and the

canbazate solution was placed in the additíon {unnel. t^Jhen

an eleuated temperatune wåE required the neaction flask Hag

p I aced i n a hot wax bath at the appr-opr i ate temperatuFe .

The canbazate sol u t i on was then added droputr i se to the

stinring oxidant solution (or suspension) and the euolved

gåË passed thnough the gas-bulb into the inuented gnaduated

cyl i nder ( ox i dat i on me thod A) .

Laten slight improvements wene made nesulting in

ox i dat i on me thod B. These i nc I uded thenmostat t i ng the

addÍ t i on funnel and react i on fr aEk at 4CIoc, and col I ect i ng

the evolued gaE oveF bnine in a closed gr.aduated cyl inden.

This cvl inder had a level ing bulb attached to ¡ t so that
the FpeEsure in the cyl inden could be equi I ibrated wi th

atmosphen i c pressuFe . The temperatune se I ec ted t¡aE

Eomewhat arbitnar./i this tempenature was eaËy to attain
with the äppanatus at hand. A slightlx elevated

temperature r,A,as needed Eince Eome of the canbazateE wel*e

{ound to have a rather low solubiì ity in the onganic

soluents at room temperatune and so this eleuated

tempenatune pFeuen ted pnec i p i tat i on .

The euol ved gas was anal yzed by gåÊ chnomatography

(gc) initially on columns of S A moleculan si.eues and

Ponapak 6@çanalysis method A), and later. on S A moleculan

s i eves and chromosonb 1 02O co l umns ( anal yE i s me thod B) .
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These two methods also d¡ffered in the wåy the instrument

reËFonse r.uas cal ibnated. In method A FUre QaËeE r¡Jene used

g i v i ng cal i brat i on fac tons wh i ch cor'Fec ted the aFeaË oi the

peaks {or' the d¡ffeFent response o{ the çases. In method B

calibration r¡raE with mixtuFes of the gås of interest in

another'gåË¡ usuallv nitrogen¡ yielding equationE that
gåve the percentage of the gag directly fnom its peal( anea.

t^fith a knor¡rledge of the uolume of the gåsr its composition,

and assum i ng al I the me thyl carbazate had been ox i d i zed,

the pencent yield of each gas could then be detenmined.

To confinm the work of ohme and preushof we oxidized
methyl cenbazate with potassium ferricyanide, potassium

Fenmanganate, and chnomíum tnioxide unden the usual å,queouË

condi t ions used Lcri th these ox idants (Tabì e T) . Howeven r no

methane could be detected even though ni tnogen wåE produced

in almost quantitative yields so that at leaEt in terms of

the hydnaz i ne grouF 'comp I e te' ox i dat i on must have been

0ccuPr ing.

A I arge amoun t of canbon d i ox i de <él-64'l,t hras the on I y

other gas detected r¡ith chnomium trioxide unden neutral or

ac idic condi t ions. unden neutnal condi t ic,ns the ox idat ion

t¡ith potassium penmanganate resulted ín only å low yield
(7l4> of canbon dioxide which t¡ras increaEed tenfald when the

Feåction waE cannied out in the Fnesence of di lute sulfunic
acid. Hvdroxide ion is pnoduced with this oxidant under

such neutnal condi tions resul ting in the fonmation of the

canborrate ion and thus decreasing the amount of carÞon
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TABLE 7.

Exp t .0x i dan t Sol ven tó Temp .
No, (nvnol ) ("C)

Aqueous Conditions
I Klln0, water 2?

( 17,3)

2 KllnCIa tol uene i 2?(7.59) l0Z H¿S04

3 0n0, waten 22
( ?.30 )

!4 ErOrJ water 22
( 7.50 ) tol uene
102 Hrsof

5' KrFe(tN), water ?z
Q2.6)
KOH
(47.2)

u7.6)

7 
d Bai.ln0* tol uene

u7.6)

8' Ballrro" tol uene
(17 ,4)

94 BaHn0* tol uene

0x idat ion o{ F,lethyl Canbazate.a

AnalyEis Percent Yield (Error)
Hethod Corrected Percent Yield (Error)'

The

T ime
Addn.
(min)

??

50

t5

tó

cHt

0

0

0

0

0

0

0

0

N¿

94.7( 8. B)
93.9il 0 .0 )

81.9(5,9)
80 .2( 6.8)

9é.7(7.t)
?4.t <6,9>

tg7.?(7.t)
t06,7(7.3>

B 102.ó(8.0)
I 02.4( 8.0 )

B 9l .7(7 ,l)
90 .5( 7.4)

B 27.8(5.2)

c0 c0,

0 é.3(0.9)
0 7,1(0.9)

0 71.8(5.5)
0 73.4(5.6)

0 61.5(4.6)
0 ó4.2(4.8)

0 5?.8(4,2)
0 61.0(4.3)

3.ó(0.7) 0

3.7(0.7) 0

0

0

27

Baqium manganate in anhydrous arsnatic solvents
6''t Bal'ln0* tolueneà ref lux IBE A zg.B(7.g) 1.9(0.3) l?.g(2.4) 44,7$.2)

ilil)

ref I ux 27
ilil)
ref I ux 20
fill)
22 72

refl ux 28
fiil)

( té.9)

l oe Bal.lno*
( I 7.5)

I t 
( 

BaHno*
u7.4)

l2d BaHno*
(7,9)

13 Bal'ln0a
(17,4)

tol uene
PhSH "
(7 ,7?)

p-xyl ene

mes i ty-
lene/

mesi ty-
I ene
PhlcHzt
ilt.?)

B 75.9(5.5) 2.5(0.4) té.0Q.7) 3t .9(2.4)

B 54.8(5.0) 3.8(0.5) t6.3(2.7) t4"5(t.5)

I .8(0.6) 5. I (0.?) 18.3( I .7)
t.9(0.6) 5,3il .0) 19.2( 1 .8)

t.t(0.3) 7,7Q.2) 2.0(0.4)

reflux 105 A l13,6Q2.l)6.8(0.8) 4.7(0.ó) tS.6(Z.Z)
(138)

reflux ó0 A ?7.2(14,Ð12.9(l.l) ó.4(t.t) Zt.B(9.ó)
iló5)

ref lux 7? A 1t7.2(15.ó)17,2(t.3)6"8(1.0) ZF.0(2.ó)
(tó5)

1.64



TABLE 7. (cont inued).

Expt.0xidant solvent6 Temp. Time Analysis pencent yierd (Erron)
No. (nnol) ('C) Addn. þlethod Conrected Percent Yield (Error)'

(min) Nz CH" C0 C0,

l4e Bal'1n0u mesity- reftux 42 A l0s.lilg.6)t8.0il.s)g.sil.d,) zg.7(g.s)(19.7) lene (ló5)
Phrc{;
(t2.t)

l5e Bal4no* decal in reflux 30 A 74.0(8.ó) t2.ó(1.2) 10.0(2.3) 38.3(ó.3)
( 17.9) PhzEH z' ( I ?é)

il1.9)

ld4 Bal"ln0* tetral in ref lux 40 A t0z.Bilz.F)?.2(0.a) t4.gil.g) 0.p(0.t)
u7.7> (208)

l7l Bafin0n tetnal in reflux 5 A g4.z(g.0) t0.ó(t.0) 10.9il.g) 8.4(t.l)(5ó.ó) (?08)

!l8'Bal{n0* tetralin 22 45 B ót,ó(9.t) 0 0 S.g(0.9)
fl8.0)

lgf BaHn0* tetral in t20- zg B 79.g(g.7) 4.s(0.7) s.gil.ó) ó.g(t.0)
il8.5) 125

20o Batln0, tetral in 140- ls E lï.ge,3) 6.óil.t) 8.gil.3) g.g(1.0)
u7.6) t44

2lc Bal'|n0" tetnal in t?4- t4 B Bg.g(B.s) lz.t(t.g) 9.0(t.z) 14,0il.g)
( 17.5) t79

22e Bal{n0.¡ tetral in t88- I B 93.9(8.ó) ts.4( I .E) 7.s( I .g) 20,?e,0)
(t8. I ) t?7

Vanious oxidants in anqnatic Eolvents
234 PTDi toluene neflux Bl B ca. SB.g 0 0 traceil7.t) illt)
24d Hgtmc), tetnaìin l4t- 24 B 94.9(7.g) ?.s(0.4) gz.4(4.g) B.g(0.B)

( I 7.9) t4ó

zsd ttgo tetral in t4?- zg B t04.2(9,8)2.4(0.s) s"B(o.p) g.4fi.s)
il7.5) t52

?â4 LTA toluene nef tux 24 B ZB.7(é,4) t.p(0.4) 0 60,i(4.6)
il7.5) illl) 77.9(5.t) 2.0(0.4) 0 ó1.3(4,ó)

271 PCCt toluene re{tux20 B ??,ó(7.1)g.9(0,?) 7.4il.4) gS.t(?.9)
(1ó.8) iltt) 74.0(ó.0) 4,3(1,0) 8,3il.é) 39.3(3,3)

egf poc' toluene re{lux 32 B 10t.0(g.0)0.5(0.3) tz.4(z,t) g?.2(?,?,)
u6,9) ilil) 91,0(7.8) 0.ó(0.3) t4,7(?.5) 4ó,7(3.4)
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Expt.0xidant Solvent6
No, (nsnol )

29! tol uene

TABLE 7. (cont i nued) ,

Temp, Time Anal yEi s Percent Yi el d (Error)
('Ci Addn. Hethod Corrected Percent Yield (Error)¿

(min) Nz ËH+ C0 EOz

Hrl 06
u6"7)

ref I ux 63
ilil)

B 99.9(8.2)
93.9(7,9)

0 4.2( 0 . ó) 89.0 ( 5.9)
0 4.4(0.7) 94,9(ó.3)

(35 mL).
HrS0"and 35 mL

as active as

dExcept as noted 0.50 g (5.55 rsnol) methvl carbazate used.
6The nethvl carbazate t¡as nonmallv dissolved in 75 mL solvent and added

dropwise to the oxidant in 50 mL of the same solvent'
"Cornected yields ane given when the reaction was carried out under helium;

corpection fon the leakage o{ ain was not possible when the neaction was

flushed ulith argon.
d0.51 g (5.ó6 rrnol) methvl canbazate consumed.
e0.52 g ß,77 runol) methvl carbazate consumed.
f0.Sg g (5.88 mrnol) methyl canbazate consumed.
J 0.38 g ß,22 nrnol ) methvl canbazate consumed.

"0.55 g (ó.ll n¡¡ol) methyl canbazate consumed.
¿PotasE¡um pepmangan¿te in l0Z H'SO+ (15 mL) and toluene
J0xidant mixture consisted o{ 15.0 mL o{ 5ü( ÇnÛe in l0Z

tol uene.
I Eth*n. al so produced, 0.t(0. I )2.
( 

Ethane also produced, 0.15(0.02)2.
årl'lethrl canbazate was dissol ved in 50 mL tol uene.
à Freshl x prepaned accordi ng to I i teratu¡e procedure r not

co$merc i al mater i al .
"phSH (0.8 mL, 0.86 g, 7,7? rrnol) added with canbazate, 3.é7 g PhSSPh (942)

necovered frqn react i on,
P t'le thyl carbazate was d i ssol ved i n 100 mL meE i tvl ene .

TPhre{, added wi th carbazate.
rPhzCHz present t¡i th oxidant.
I plO = 4-phenrl -l ,2,4-tn i azol i ne-3,5-di one.t 

PçC = pyr i di n i um chl orachrcr¡ate.
'PDC = pynidinium dichrqnate.
"Residue {rcrn reaction fainly clean, contains rø, o- and p-iodotoluene
(ca. I :4:5.2) .

dioxide col lected (50).

The above two neactions carnied out in the Fresence of

acid, experiments ? and 4, were turo-phase oxidations rÂ,ith

tol uene aË the sec0nd PhåEe. I t was hoped that some

product could be necovened fnom the organic låyen on the

completion sf the reaction. Howeven r no mater i al was found

when the tol uene was Femoved on a notary euaPoraton shot^r i ng

that no high mclecular weight Products r¡ene {onmed unden
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these aqueous condi t i ons.

In the oxidation r¡ri th potassium fenricyan ide,/potassíum

hvdnoxide, the usual combination r¡ith this Feagent (48), nÕ

carbon dioxide {4as detected and instead canbon monoxide

<47,) r^raË the onl v gås f ound al ong urith the n i tnogen. Th is
suggested a d¡f f epent mechan ism r¿,¡i th th is ox idant.

In inítial expeniments under uepy dilute aqueous

condi t i ons, the ox i dat i on wi th potassi um penmanganate al so

formed a small amount of ethane togethen with nitnogen and

carbon di ox i de but agai n no methane wås detected.

Thus, the reanrangement pnoposed by Ohme and preushof

does not in fact seem to take place" The fonmation of

ethane unden dilute conditíonE suggeets the dimerization of
the methvl nadical as in the fonmatiorr of the bibenzyl . I+

the methyl nadical is an intermediate then in the ppesence

of å hydrogen atom donon methane should be fonmed.

l¡le reFìeated the ox idat ions in anhydrous tol uene in
which the methyl grsuF can act as a sounce of the hydnogen

atom forming the reEonance stabi I ized benzyl nadical
(Tabl e 7) " Most of these studi es i nvol ved ban í um manganate

since it gaue clean reaction products and it is knor.rrn not

to sxidize the benzyl ic position unden the condi tions used

(48).

As can be Êeen in the table, a lange amount of

nitnogen wås produced in most caseË agaín indicating ån

essentially comFlete oxidation of the canbazate. Uarxing

natios of both carbon dioxide and canbon monoxide hreFe
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usuål I y al so evol ued r¡i th the f onmer nonmal I y produced in

the langer amount. Under these anhydr.ouE condi tions à

smal I amount of methane wåE alEo usual ìy detected. In å

few oxidations vepy small quantities of ethane wene also

found.

Thus, in contnast to the report of Ohme and Fneusho{

the solvent does plax a nole and Eeems to be acting âE a

hvdrogen atom donor. Pnesumabl y the yi el d of methane coul d

be incneased {unther by using an even better hydnogen atom

donon. Hor¡ever, good hydrogen donors å,re normal I y

incompatible with oxidizing agents, ie. they urrould be

oxidized by these neagent= instead of actirrg aE. å. hydrogen

atom donon. Thiols har¡e been used as such donors (51) and

when we repeated the neaction adding thiophenol (I.g

equivalents) with the canbazate we obtained a lor¡¡en yield

of all the gaseE. The neã,r.guåntitative yield of

diphenylEulfide (PhSSPh, 94i1, necrystal I ized) neccvened

from the reaction seems to indicate that the thiophenol

tdås be ing ox idiz ing f aEten than on compet i t ivel y r,tri th the

canbazate as expected,

[,rle al so invest igated the tempenatune ef f ec t by

cåFrying out the ox i dat i on i n refl ux i ng p-xyl ene and

mesitylene. The nesults ape Eummar.ized in Table 7 and in

the Diagnam 1. As might be expected the incnease in

temperatune tended to incnease the yield of ni tnogen and

al so i ncreaEed the me thane evol ved wh i I e decneas i ng the

yield of ethane" Interestingl/r the yield of carbon
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DIAGRAM 1. Methyl Carbazaüe 0xidation.
Barium Manganate in^Various Solventg at Refl_ux.
(t t t oc=to1üene, 13BoC=p-xyfene, 1650C=mesi-tylene, )

dioxide and canbon monoxide both decneesed r¡ith this

I ncFeaEe

i ncrease

ln

tn

tempenatune , One m i gh t have expec ted an

al I the gaseÊ excep t e thane r¡ i th ån i ncrea

temperature becauEe o+ a more complete reåction and or
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decomposi t i on.

The oxidatisn in mesitylene waE aìso repeated in the

FreEence of diphenylmethane ån even better hydrogen atcm

donor' (52). As expected the langest incnease in the yierd

of methane wag obtained urhen th is addi t ive waE pr'esent in

the neaction míxture (expenimant 14) r'ather than being

added with the methyl canbazate (expeniment l3). The

higher concentnation of diphenylmethane under. the former'

conditions incneaËes the probability of the methyl radical

encountering the added hydrogen atom donon under these

conditionE,

Since the chånge in the solvents may have some effect

on the resul tE observed we aìso studied the tempenatune

effect in tetr.alin. ThiE is å good h>.drsgen atom donon

(52) and has å high boil ing point so it can be used ovep a

¡,',r i de pangÊ of temperatures, Tabl e 7 and D i agram ?

gumman i ze the nesu I tE. Hene ån i ncrease i n the temperature

r-esulted in the exFected incnease in the yields sf all the

geses. It should also be noted that at the highen

temperatunes the yi el d of methane and carbon di ox i de wene

appnoximately equal. In the other Eoluents the yield oÍ

methane waË uEual ly considerabìy less than that of the

carbon diox ide. As uras ugual r¡.ri th th is ox idant the yiel d

of canbon monoxíde wag always less than or equat to that of

the carbon dioxide. Again, lange quåntities of nitrogen

wene pnoduced except at the low tempenatunes. As shown

on the gFaph the canbon dioxide and methane Ëeemed to
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íncrease exponentially with temperature r¡rhile the nitnogen

and carbon monox i de i ncreased I i near l y,

Table 7 also I iEts some of the othen oxidantE

ínvestigated in toluene and tetralin, Most afforded yields

of gases similan tothose obtained from the banium manganate

ox idat ions. Hot¡euen, the I ead tetnaacetate (LTA) ox idat ion

(experiment ?.é> affonded no canÞon monoxide even though a

lange amount of carbon dioxide wåË pnoduced. A neåp

quantitative yield o{ canbon dioxide wåË obtained with the

peniodic acid but no methane wag produced (expeniment ??>.

These ox i dat i ons nonmal I y euol ued neår quant í tat i ve

vi el ds of n i trogen wh i I e the methane, canbon di ox i de and

carbon monox i de pnoduced t¡ene usuål I y much I esE than the

theone t i cal amoun ts. Therefone , othen nongaseous pnoduc ts
must al so be f onmed to accoun t f on th i s poor. mass-bal a.nce .

Thus, we nepeated some of theEe oxidationE in benzene and

al so anal yzed the pnoduct sol ut i on br gas chromatogr.aphy,

Benzene wå.Ë choEen ag e sol uen t because we þJape hop ing to

tnap the intermediate(s) with this molecure and fer¡ren

pnoducts can be anticipated in this solvent as compared to

toluene. TheEe neactions wepe cannied out at 40oc with e

thermostatted bath accûnding to oxidation method B and the

resul ts aPe I isted in TaÞle 8.

The distnibution of gases fnom the oxidation r¡rith

banium manganate in benzene (experiments gl and zÐ wåg

simi I an to that obtai ned i n tol uene (expen iment T> . The

wanm canhazate solution (40oC) waE also added to the
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TABLE 8. 0xidation of f.lethyl Carbazate ín Benzene,â

Expt,0xidant Time Itoluene] Pencent Yield (Error)6 illield (Ennor)
No. (nmol ) Addn. xt0-#H Corrected Percent Yield (Ernon) PhC0ff{e

(m i n ) (mg/L) N¿ CH* C0 Cïz ( PhCHz )z
Pht'te

30' Ba}4no+ 38
( 33. ó)

3l BaÌ4n0u 54
( 33.5)

32 Bal'1n0, 5ó
( 33.4 )

35 KÌ'1n0a
( 34.0 )

t .7 89.5( 5.2) 0
( tó) 89.0 (5.2) 0

144 1.7 ca.?0 trace
iló)

ca.0.ll

0 trace 2.ó(0.1)e
ca.0.02
ca.0.03

2.t 84.5(5.9) 1.0(0.3) ó.9il.ó) t7,7u.?)
il?) 84.0(5.8) t.0(0.3) 7.0il.7) tB.l(1.4)

t7 .3Q,0) 23.9( I .4)
t7.5(2.0) 24.2il.4)

t3,2ß,Ð4"
ca.0.él
ca.0.ló

t4(2)
c a.0 .2
ca.0.4

I 3.2( 0 .4)
0.?4(0.02)
0.4ó(0.09)

l .óó(0.04)
0

0

0 .45( 0 .03)
0

4,4 94,2(3.9) 0.ó(0.Ð t2.7u.9) 25.9il.8)
(4r ) ?3.5(3.9) 0.6(0.2) r3.0( r .9) 2ó.4( r .9)

33

34

Hgo 451 L7 7t ,4(4. ó) 0 . ó( 0 .2) 0 t .8( 0 ,2)(yello¡) (tó) 71.3(4.7) 0.ó(0.2) 0 t.9(0.3)
( 33.4)

l'1n0, 90 1,7 l0l .7(5.0) 0 ló.4(l .8) 33.9(2.2)
ilt5.4) (1é) 100.8(4.5) 0 tó.7il.8)34.5(2.2)

oHethyl carbazate (1.00 g, ll.l nsnol) oxidized according to oxidation
method B in benzene (100 mL) at 40 C with the oxidant in the same solvent
(50 mL). The systen was flushed with hel ium.

å 6as analysis by I'lethod B.
' React i on fl ask at roon temperature.
cDiphenrl also identified, ca. 0.031,
l0ne unidentified cønpound pnesent in lcrÂ, concentration.fSle,, reaction, stirred another 180 min to ensure reaction was cunplete.

oxidant suepension at noom tempenatune (expeniment 30) and

this was found to decnease the yield of all the gases

except methane u,rhich increased sìightly. The gc anal)¡sis

of the pnoduct solution shor¡ed that methyl benzoate ù\,ås the

main pnoduct {rom all thnee expeniments (13-147.). Small

amounts of bibenzyl (O.2-O.é'1,) and toluene (0.2-0.5)4) r¡lere
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ålEo identified. Toluene wåE present aË a tnace impunity

i n the benzene (2-4x10-4M , L6-41 mg,/L) to star t r¡r i th bu t a

small amountwerealso pnoduced hy this neaction. Diphenxl

and an unidentified pnoduct was also {ound in very low

yields in the room temperature neaction (expeniment 30).

l¡le at temp ted to anal yze f or me thansl and me thyl {onmate ,

othen I ikely pnoducts, but theEe compounds could not be

deter'mined Eince they eluted with the solvent peak. We

al so anal yzed fon but coul d not detect any dimethyl

oxal ate,

Hydnazine compounds have been extensiuely oxidized

with yellor¡ mencuric oxide and mangånese dioxide (11). l¡le

prepaned these oxidants accor'ding to the I iteratune

pr'ocedunes ( 53, 4êJ and repeated the ox i dat i on i n benzene .

The mer'cun ic ox ide h,as {ound to r'eac t sl owl y and I owen

yiel ds of n i tnogen and carbon diox ide weFe oÞtained u.rh i I e

no carbon monoxide r^,as evolued. The low yield of methane

L\ras similar to that obtained from the banium manganate

ox i dat i onE. Me thyl benzoate r^,as the on I y compound de tec ted

in the reaction mixtune and in ìowen yields (ca. 2T,>. In

contraEt, the manganese dioxide seemed to be mcre active

and affonded a more complete oxidation since the yield of

n i tnogen waÉ quant i tat i ue. The yi el ds o{ canbon di ox i de

and carbon monox i de were al so h i gher than that from the

bar i um manganate ox i dat i on bu t ns me thane was. produced.

Again, methyl benzoate was the main compound in the

reaction mixtune but it was pnesent in å veFy small
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quantity (O"5Y")i a tnace of toluene was also detected

(ca. t.L'/,).

The oxidation of methyl canbazate in benzene was also

investigated r¡rith potassium permånganate. AE expected, the

ox idat ion r^rås incomp'l ete because of the I ar¡ sol ubi I i ty of

thiE neagent in benzene. Nitrogen waË the only gaE

detected together r¡rith small amounts of methyl benzoate

(3:1,> and trace amoun ts of b i benzyl ( ca. t .t?:1,) and tol uene

(ca. 0.03l1).

f"lethyl benzoate, the main compound found in theEe

reaction mixtupes, was I ikely formed by the aromatíc

substitution of the methsxy carÞonyl r.adical (MeûOC.) or.

carbon i um i on (Me00C(*)) on benzene , the sol ven t . Th i s

i ntenmedi ate woul d be formed by the ox i dat i on of the

hydrazine moiety of the methyl carbazate and the eventual

loss of ni trogen. To funthen study the nature of this

aromat ic subst i tut ion u¡e repea.ted the ox idat ions in a mixed

sol uent, tol uene/benzene ånd chl onobenzene/benzene. By

determining the distnibution o{ the iEomenic benzoateE and

the relative yields of these substituted methyl benzoates

vÊ. methyl benzoate one shouì d be abl e to di st i ngu i sh

betureen a radical on íonic mechanigm.

Both solvent mixtures affonded the txpical mixture of

gåËes obtained with the oxidation t¡ith barium marrganate; a

near quåntitative yield of nitnogen (86-96:¿,), some canbon

dioxide (20-242) | IeEs canEon monoxide (11-L3:i,> t and I íttle

or no methane (O-21/.) (Tabìe ?). Again, the main pnoduct in
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TABLE 9.

Expt. Bal'ín0, Time
No. fiunol Addn .

(min)

Tol uene/benzene
3ó 33.7 24

0xidation

Ratiod
Solvent
PeakE
Af ter./
Befone
( Ernon )

of t'le thyl Canbazate i n l'1i xed Sol ven ts.o'å

Pencent Yield (Enror)" '/:'(ield (E¡ror)
Corrected Percent Yield (Ennon) PhC0fr4e
N¿ CHo C0 C9u o-Ar00ß{e

m-ârC0ß'1e
p-ArC0ß4e

(equal vol ume)
t.004 87.3(4.3) t.2(0.3)

(0.003) g6.t(5.8) 1.3(0.3)
12.0 ( 2.5)
12.4(2,6)

2t.7u,8,
??.4il.8)

4.02(0.t8)@
3.00(0.il)
I .?9(0.05)
0 .92( 0 .03)

4.32( 0 .08)/
3.19(0.13)
I .45(0, l3)
0 .93( 0 .05)

2,t4(0.29)e
2,12(0.24)
0.77(0.13)
0 .45( 0 .05)

37 33.5 35

38 33.ó ó0
Cu ( OAc ),

'H¿o
lt,3

Chl onobenzene/benzene (equ imol ar)
39 33.3 73 1.007 95.6(4.7) 0

(0.030) 95.5(5.2) 0

I .025 90.7(4.9) I .5(0.3) 10.é( I .Ð ?t.2( I .5)
(û.015) ?0,?(4.9) t.ó(0.3) t0 .7u.2) 20.4il.6)

1.007 90.5(3.9) 1.3(0.2) tó.t(2.0) 24.Sil.t)
(0.008) 90.2(3.9) t .3(0.2) ló.2(2.0) 24.óil . r )

13.0(2. t) 24,3il .3) 4.92(0.14)
13.1(2.r) 24.3(1.3) 2.59(0.15)

I .ót (0. tó)
L05(0. r2)

*l'lethyl canbazate ( I .00 g, I I .l nrnol ) ox idized according to ox idat ion
method B in t00 mL Eolvent at 40'C with the oxidant in the same solvent.

åThe system wås flushed wi th hel ium.
'6as analysis by analysis method B.
cRat¡o of solvent peak aneas a{ter to befone:

tA(Ph-X) "çn. /à(Ph-H)arkr l,/tA(Ph-X) pçr. /A(Pï-H)¿r$r l
4Bibenzyl alEo formed, 0.158(0,007)7,,
fBíbenzyl also fonmeO, O.tZ<0,0Ð7,,
JBibenzyl also formed, 0.ll(0.0t)2.

the product mixtune t¡as methyl benzoate (4-5l/,) and the

ísomeric substituted methyl benzoates (ca. 3:¡,>. The

Fresence of the meta isomer in nelatively large quantities

toge ther w i th other conE i denat i ons i nd i cated that the

peåction pr*oceeded by å radical mechanism, ie. homolytic

anomatic Eubstitisn wåË taking place (Eee the following

discussion)" A small emount of bibenzyl was the only othen
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identifiable compound in the toluene/benzÊne oxidation.

Very small quantities of otheF unidenti{ied compounds weFe

preËent in both peactions. t^Je companed the ratio of the

tt¡o soluent peaks befor'e and af ter the Feaction to see ¡{

there was any pnefenential evaponation of the turro solvents;

none was de tec tabì e ,

The toluene/benzene oxidation r^rag also carnied out in

the preËence of cupnic acetate; copper (II) Ealts aFe

ef f ective radical oxidants (54). A similar distribution of

gåEes was obtained from this Feection although the yields

of canbon di ox i de and car'bon monox i de weFe both sl i ghtl r

h i gher. A simi I an di str i but i cn of benzoates was al sa

oEtained but in ìourer yields.

The oxidation of thnee largen carbazates (phenTl 
r

benzyl and ?-phenyl e thyl canbazate ; 25, 2d an d E-,

FesFectively) weFe also inrrestigated to determine what

influence these varíous gr'oups had Gn the comFounds fonmed

in this reaction. AE seen above the low moleculan trreight

of the other possible pnoducts fnom the oxidation o{ methyl

canbazate makes the i n anal ysi s di ff i cul t. Agai n, l ange

amoun ts of n i tnogen hrer'e obta i ned f rom al I three compounds,

and no methane oF ethane was expected or detected in these

axidations (Table l0). The phenrl carbazate affonded a

lange amount of canbon monoxide (347.) and on'l y a low yield

of carbon dioxide (4'1,, t¡hile the situation wås revensed

t,r i th the benzyl anal ogu e (2 and 44'1, respec t i ve I y) ,
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TABLE 10. 0xidation

Exp t , 0x i dan t Sol ven t Temp .

(nsnol ) ("C)

Phenyl carbazate
40 Bat'ln0* benzene 40

( 33.3)

Benzyl carbazate
4l BaHn0a benzene 40

( 33.5)

Hol ecul ar l¡le ight CanbazatesP

Pencent Yield (Error)6
Cornected Percent Yield (Error)
N¿ ÊHT c0 Ë0"

of Large

T ime

Addn.
(min)

78

64

74 .0 ( 3,3)
73.4(3,7)

90.0(3.1)
89.5( 3.5)

0 33.0(3.ó) 3.5(0,3)
0 33.5(3.7) 3.5(0.3)

0 2,1 ( 0 .7) 43.8il .8)
0 2. r ( 0 .7) 44,?(r ,9)

3.ó(1.0) r4.5(0.7)
3.9il.1) 15.5(0.8)

4.0(0.ó) t9.9il.ó)
4,2(0.7) 20.sil.7)

method B in benzene
(50 mL). The system

Phenyl ethyl carbazate
4? Bal'ln0* benzene 40 50 82.3(6.1) 0

(33.8) 8l.0(3.6) 0

43 Bal'lnûa methylene 4t 120 85.5(4.1) 0
( 33.5) ch I on i de 84 .?(4.7) 0

qCarbazate (ll.l rsnol) oxidized acconding to oxidation
(100 mL) at 40"C with the oxidant in the same solvent
was fluEhed with helium,

bGas analysis by analysis method B.

The mope typ i caì al though somewhat I ow y i e I ds of these two

gåÉes u.,eFe f ound ur i th th e ?-phenyl e thyl carbazate (4:¿,

carbon monoxide and ?.LZ canbon dioxide). Table l1 I ists

the main components of the pnoduct sslutions of these

ox i dat i ons. As can be seen qu i te a uan i e ty of compounds

wePÉ fonmed.

Z-Phenyl ethyl carbazate was al Eo ox i di zed wi th ban i um

manganate i n me thyl ene ch I or i de and the ma i n componen ts of

the pnoduct mixtune ureFe Eepårated by pneparatiue tlc,

Along wi th the main product of 2-phenylethanol and the

emaì I amount o{ 2-phenyl ethyl formate another h i gh mel t i ng

compound waE alEo isolated. Analysis by 1H and 13C nmr, in

and ms demonstnated that this cúmpound was the dimer 27,

178



R-OH

R-0ctcR

R-0ctËH

R-R

Ph ( C=0) H

R-OH

R-Ct0cH

R-H

R-OH

R-t0cH

R-00cPh

R-H

R-T]H

R-00cH

dimen 2?

TABLE 11. Nongaseous Products

of Large Molecular t-Jeight

from the 0x i dat i on

Canbazates.

R00ËNHNH2

R=Pha'c

R=PhcH?o

R=phcH2CHTe

R=PhÊH2cH!

Produc ts 7"Yie1d (Error)

27"é (10,ó)

?.7 (0,4)

3.1 (1.2>

éo"é (2.8)

13"9 (1.0)

8.5 ( 0 .8)

1.= (0.1)

0.35 (0.07)

21.5 (0.5)

5.4 (0.1)

4,03 (0.0e)

3.? (0.4)
-t

0.8

0.ó

"O*id*tion canríed out t.rith banium manganate in benzene at

40oC and anal yzed Ey gc.
bo*¡d*tion carnied out in methylene chlonide and pnoducts

weFe seFaFated by tlc.

foo Ph-Ph detected.

1.¡" PhC0tH, PhCH2OOCFh, Ph-Ph or. PhCH2Ph detected.

fuo PhCH2CH2Ph, Ph-Ph, PhCH2COOH, PhCH2(CO)H Gr 3,4-
d i hydro-2( I H) -benzopyr-an-l -one de tec ted 

"
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As Ehown in Tabl e ó¡ a wh i te sol id r¡ras isol ated r¡hen

benzyl canbazate r^råE treated w i th mencur i c ace tate i n

waten. The nmni ir, ms and x-nåy f luc,nescence data weFe

cGnsi stent u.¡i th the orgånomepc.ur.y comp I ex (phcH2üocN=Niz Hg

(28). Tneatment of methvl carbazate in a simílar mannpF

yielded much gag and a uer./ small amount of an unstable

pnoduct which again was found to contain mencuny hy ms,

Êlxida.tion of adamantyl carhazate (18) affc'r.ded an unEtahle

Eemi -sc,l i d consi stent wi th the or.gen'fmEFcupy Ad0trCNlrlHgtlAc

(30). Exchånge of the acetate group for bromide t^¡ith

sodium bromide seemed to cause the lass o{ nitr'oqÊn and the

fonmat i on of Adt0ËHgBr ( 31 , 55) ,
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DI SCUSSI ON

As in the pneuious section, the discussion iE divided

into two sections dealing with the Frepanation of the

sanbazates and the ox i dat i on stud i es.

Pr'epanation of the CarE,azateE

l¡le developed an eff icient meanË of prepaning BTcocl on

a large scaìe bv adding sol id ETH to phosgene in ethen at

Foom temperature' This neagent neacted readiìy r^rith

unhindened alcohols and phenols to give good yields of the

copr*espond i ng 1-al k6xy- and l -aryl oxycar.bonyl benzo-

tniazoles. Tneatment of these comFounds trrith hydnazine

affonded the coFresponding crude carbazates in good yields.

Hor,rrevenr some diff iculty was encountened on trring to

sepanate the wanted canbazate fnom the ETH by-pnoduct.

These tu¡o compoundE have simi I an sol ubí I i ty propert ies but

the BTH coul d be pemoued r¡i th onl y å. sl ight I osE of

carbazate by extnact i on wi th base.

Pneparation of carbazates by this method u¡as also
limited to alcohols which could not act aE çrood leavinç¡

gpoupE. For examp I e , t -phenoxybenzotn i azol e wag found to

lose the Fhenoxy group in competition r¡ith the

benzotniazole in the reaction u¡íth hydrazine affording a

low ¡¡ield of phenxl canbazate. ThuE, th¡E method could not

be used to pFeparÊ, fon example., ni trophenxì carbazates.

Ox i dat i on Studi es

Si nce i n i t i al studi es on benzyl carbazates afforded

complex r'esults hre decided to Etudy the oxídatlon of methyl
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carbazate by anelyzing the gåses giuen ofí by this

Feaction.

Me thodol ooy

MixtuFes of the penmanent gases (hydrogen¡ oxygen-

angon, nitnogen, canÞon monoxide and canbon dioxide),

methane and ethane cå,n be analyzed by gås chnomatographr

( gc ) , These gåÉes cån be sepanated i sothenmal I y us i ng two

cel umns oF t¡l i th one csl umn ¡ + temperatur'e Frc,gr*amm i ng i e

used (5é) . Anal ysi E was cann i ed out i sothenmal I y si nce a

gc r¡ i th the requ i ned thermaì conduc t i v i ty de tec tor and

temperatune Fnogremm i ng was not ava i I abl e .

A Msìecular' Sieue 5A or. lgX column r¡ill separ.ate

hydrogen, oxygen-aFgon (elute togethen), ni trogen, methane

and carhon di ox i de, i n that order " si nce canbon monox i de

(and r¿,¡ater) is absonbed Ey the Molecuìar sieve, a second

column {on thís gas is also required. Gommonìy used is a

sol id adsorhent of a porous Fiolyaromatic polymer such aE

Chromosonb 102@, a styrene divinylbenzene pol/men, on

Ponapak 06, en ethyl u i nyl benzene-di v i nyl benzene por ymen

(5ór57) . On these col umns hydnogen ¡ oxxgen-ar.gon, n i tpoçen

and canbon monoxide elute aE a single peak follot¡red by

peaks correspond i ng to me thane , carbon d i ox i de and e thane ,

- in that onden.

There are some I imi tations to the uEe of Molecular

sieve columns. The above mentioned absorption of t¡rater and

canbon dioxide t¡ill cå,uËÈ gradual deactivation which can

decnease retention times and peak Eepapations (resolution),
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and may ålten the or"dÊr of elution, Hydr.ocanbonE heavien

than methane have excessively long retention timeE sr åne

absonbed bv this packing again leading to deactiuation of

the col umn . Thus, the Mol ecu I ar S i eve cGl umn Ehou I d be

pnotected fnom these compounds as much as possible to

re tard pnemature deac t i vat i on .

Al tennat i ve me thods of anal yz i ng Euch m i x tuneÊ of

gases åFe also available but the gc method r¡ras the most

convenient and flexible (58).

[^Je uEed two sl ightìx different methods, enalysis

methods A and Br to anaìyze the gas evol\¡ed fr'om the axida-

tions with the latten emplayinçr Eome slight impnor¡ementg

over the fonmen. Both syEtems had the 5A Molecular Sieue

col umn i n common r¡h i I e me thod A used a. col umn of Ponapak e@

and method B used Chromosor.b 10@ In methc,d A the instru-
ment nesFonse rÂ,å.s cal ibnated by injecting varioug uolumeE

of the FUre gaseE of intenest. Linear r.egFesEion was uEed

ts +¡t the beEt line of peak aneå to volume and the å.Feå

that corFesponded to 0.5 mL was used as the cal ihratian

fac tor for that par t i cu ì an gas. I n the otheF me thod the

instnument hras cal ibrated using knor,trn mixtuFeE of the gas

o{ inteneet in nitnogen on angon. Again linean negression

was used to fit these points to a I ine o{ anea vE. percen-

tage of gas. Thus, i n th i s system the absol u te pencen tage

of å, particular gåÊ could be detenmined from i ts åreå.

Since the total voìume of gases ccl lected and the

relative pnopontions Has knor¡n, it trras possible to
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calculate the vield of each gag assuming aìl o4 the

carbazate had been ox i di zed.

The regponËe factors o{ many d¡{+enent compounds for.

gc analyEes have been tabulated (59). The ì i tenatune

values fon the gageE o{ interest and those determined by us

ane companed relative to a value of one fon nitrogen in

Table 12. In analysiE method A the values fon the por.apak

c@column are relatiue to a value of 0.gE for methane since
the val ues on the tu¡o col umns are unr.Ê I ated, The f ac tors
on the Chromosonb 1t2@ col umn i n me thod B r,,rene cal cu I ated
nelatiue te both nitnogen (=1) and methane (=0.gs) since
the eguat i onE used wene abgol u te .

TABLE 12. The Experimental and Literature Response Factons
of the Gases Evol ued bv the ux idat ion of l,îe thyl carbazate .

Thermal Response
l'le thaneNi tnogen

Li terature''d 4?
Relatiue to:
Ni tnogen I

Hethod A a

Relative to:
Ni trogene I
l'le thane r -

I'le thod B å,c

0.99 0.80
- 0.85

Carbon
Honox i de

4?

I .00

35.7

0 .85

Carbon
Díoxide

48

l.t4

I .43

Ethane

5t.2

t,22

I .3ó

Relative to¡
Nitrogenc l(0.40?) t.tE(0.125)
Ni trogene
Þlethaner

oTnue Response = (Peak Area)/(Thermal
åTnue Response = (Peak Area)/(ThenmalcThe nel at i ve correct i on i s i ndi catede0n a column of I'loleculan Sieves. E A.
eOn a column of Chrqnosonb tt}Z&,

0.82(0,023)
0.é7(0.004) 0.?t(0.0ó5) 1.05(-0.005)
0.85(0.005) t.t5(0.092) 1.33(-0.00é)

Response Val ue)
Response Value) + torrectisn
in bnackets. dRef. (99).

rOn a column of porapak ûø.
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It is someL^rhat d¡ff icult to compå,ne the I itena.ture vaìues

and those from method A to the vaìues fr.om method E. The

f o¡'men tu¡o me thods correc t the peak aneas ur i th a I i ne where

the intencept waÉ zero r¡hile in method B å nonzeno

intercept wåE used. Hor¡everr except fon nitrogen these

interceptE NeFe rathen smal l, These response factors aFe

in fair agreement r¡ith each other,

In analyEis method B r¡e could determine the amount of

methane on bcth columns and these values wene usuall> in

good agpeement with each other. The ualue r¡ith the sma't ler
est i mated enFon was used i n the fun ther cal su I at i ons. I n

analvsis method A methane was uEed to relate the ualues of

both columns to each othen and so could obuiously not be

used ¡f no methane waÉ pnesent. This waE the Feason why

method B t^ras developed.

Ideal ly Eome gas should have been used aE an internal
standand in these analyses, Al I of the above mentioned

common gases except hydnogen could be present in the gaÉ

collected from the oxidation of methyl canbazate. Hydnogen

would not Þe å good gas to uge as Euch å,n irrternal standand

since it giveE anabnormål reÉFonse under the usual

conditions used fon anal>,sis (56). Hor¡reven, since we wepe

not intereEted in the absolute value of any gas but the

nelative amounts evolved we felt that the eFron r¡ouìd be

smal I .

The oxidation of the methyl carbazate wag carried out

in å sealed system so that the evolued gas csuld be
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collected, As in the gås analysis, tu¡o slightly different
methodE of oxidation were uEed ås sl ight improvements wene

made (oxidation method A and B, Fegpectively), In both

these methods a solution of the carhazate was added

dnopwise to the st irn ing ox idant sol ut ion,/susFenEion to

ensuPe complete axidation and minimize bimolecular pnoducts.

In i t ial I y, the reåct ion f I ask r¡,¡aÊ heated wi th e wax bath

at the appropriate temperatune r¡hile the addition funnel

was at noom tempenature (oxidation method A). The ga=

evol ued by the reac t i on f I owed thnough a gas-bu I b, and r¡as

col I ec ted over r¡ater i n an i nver ted graduated cyl i nder .

l¡lhen the ox i dat i sn was comF I e te the vol ume of gas col I ec ted

was meaEured and the gåË ín the gas-bulb was analyzed by gc

eccondi ng to anal ysi s method A.

several pnoblems hJeFe encountered wi th this pnocedune.

At the elevated temperatures the tempenatune control was

difficult causing a fluctuation in the volume of gas

meaEured. col I ec t i ng the gas i n the i nqrer ted gnaduated

cvlinden also led to inaccunacies becauEe it uras d¡+ficult
to ensupe that waten level in and outside the cyì inden wepe

the Eåme height causing the gåE to be compnessed on

exFånded. The evol ved gå.Ees I il(el y had some sol ubi I i ty in

the waten used and Eome of the gases måy have been

prefenent i al I y di ssol ved" The methyl and other canbazates

weFe al so found not to be very sol ubl e at Foom tempenatune

ín the organic solvents used occassionally resulting in

thein pnecipitation in the addition funnel.
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Thus, rare developed oxidation method B which minimized

these probl ems" Here both the addi t í on funnel and reect i on

f I ask wene thenmo-=tated at 40oc ulh i ch waE a conven i en t

temperatune to r¡onk at with the apFå.r-atus at hand. This

elevated tempenatune eliminated the pnecipitation of the

carbazates ' The euol ved gas in th i s me thod wa.s col ì ec ted

oven a brine solution in a closed gnaduated cyl inden with
attached I evel i ng bul b. Th i s mi n imí zed any abEsrpt i on of

the gåseË and al I sr,\red the ppessupe in the cyl inden to be

equal i zed to the atmosphen i c FnesËure.

l¡Jork ing uri th gaseE had Eome asgoc iated d¡f + icul t ies

r.qh ich made the anal yE i s I esE accunate than unden i deal

conditions. As mentioned both the compnessibility of gageE

and the volume change urrith tempenatune r,trill lead to

inaccunacieE. Thene uras also the FosËibility of absorption

op selective aÞsorption of the gaseE euslued in the fluids
used" The estimated epnon in the percent yield of each gås

waÉ usualìy approximately LOZ. or. lesE except for fon small

val ues wh i ch had I anger assoc i ated enroFs.

It was also found that nemouing a sample from the gas-

bulb fon gc analvsis neËulted in some leakage of ain and

thus caused a change in the sample comF,osition. This r¡¡as

moEt euident r¡hen the syEtem was f luEhed t¡ith hel ium where

samp I ing caused the ox/gen peal( to sl owl y i ncrease in s i ze ,

ïhis ef{ect waÉ also åugmented by the necessity of flushinq
the srrinçte r¡ith the collected gas befone a sample L\ras

í ni ec ted i n to the gc , The I eakage cou I d have been neduced
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hy first pnessunizing the gas-bulb before Eampl ing by

iniecting a smal ì amount of the gas used to flush the

system (argon on hel ium). ThiE gõrg. could also have been

used to f I ush the svr i nge fur then decneas i ng the I eakage .

Hor¡reven, to be conEistent thr.aughout these chanqeE wer.e not

i ncsrpanated and i nstead the I eakage r^ras m i n im i zed by

another rou te .

All the analyEes involued five injections made

altennatively snto each column. However, only the finst

two i nject i ons on each col umn wene used i n the cal cul at i ons

to mi n imi ze the Eampl i ng ernop di scuEEed aboue, The ernors

t{ere estimated and carried through in the uEUal urlay; all

the details are contained in the expenimental section.

t¡Je at temp ted to repeat the ox i dat i ons as c I ose I y ås

possible so that the neEults r¡ere aE neF'roducihle aE

posË i bl e . The concen trat i ons of the var i ous carbazates

Hepe ma i n ta i ned the same throughou t al I the exper i men ts.

In initial experiments we found that leEs solvent in the

neaction f lask, ie. a more concentrated oxidant solution,¡

ÊuEFension, nesul ted in a mone compl ete ox idat ion " I t r^råE

found to be di+f Ícult to maintain the same rate of additiorr

and stinning from expeniment to experiment. Also the

condi t i ons of the ox í dants were not easi I y detenmi ned

beforehand and wene used as is. Al I these factonE could

haue Eome undetenmined influence on the outcome o{ the

oxidation
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Ox idat ion of f4e thvl Carbazate

The ox i dat i on of methyl carbazate wi th potassi um

ferricyanide, potassium pepmanganate and chr.omium trioxide

under the aqueous condi tionE presumably used by Ohme and

PreuEho{ did not affond any detectable amount of methånÊ,

Thusr the nearrangement propoEed by theEe workens must not

be occurr i ng unden theEe cond i t i ons. Me thane , hourever , waË

obtained unden anhydnouÊ conditions with increasinglx

langen amounts fonmed as the hydrogen atom donating

ability of the solvent u,aÉ incneased. This would seem to

índicate the fonmation of the methyl nadical r¡hich

abstracts å hydnogen atom when possible to form methåne.

The formation sf ethane under very di lute aqueous

condi t i ons whene dimen i zat i on of the methyl radi cal

presumaÞl y occur'ned wag consistent r¡i th th is expl anat ion.

Unden most of the condi tions used a lange amount of

n i trogen was pnoduced. carbon di ox i de and canbon monox i de

wene normally alEo pnoduced in smallen vanying amounts hJith

the for.men usually formed in the langen quantitieE.

The neåp quantitative yield of nitrogen indicated that

the hydnazino gFoup hraË esgential ly comFletely convented to

ni tnogen and was not inconporated to åny significant extent

i n any other pnoducts. Th i s refl ects the mode of

oxidation, ie. the slow addition of the carbazate to the

stirning oxidant maíntained a relatively lot¡ concentnation

of canbazate ensuning a complete oxidation as hJaE desired.

lulanv studies haue been cannied out on the oxidation o{
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hydr'az ine and íts der iuat iues ( 1l ) . As indicated in the

intnoduction, the oxidation of lr2-disubEti tuted hydrazines

unden the appropniate conditions affonds disubstituted

di azene (azo) compounds that can usual I y be i Eol ated. The

oxidation of monsËubstituted hydrazines is also thought to

proceed thnough Euch azo compounds t¡h ich, hor,veuer, cannot

be isolated because of their instability. A brief

d í EcusE i on of some of the i nvest i gat i ons on these

monclsubstituted diazenes follot^¡s belour in order to Eee r¿lhat

mi ght be expected from the ox i dat i on of the canbazates.

THE GENERATION OF DIAZENES FROM DISUBSTITUTED HYDRAZINES

AND DERIVATIVES¡

PREPARATION OF 2-PHENYL-2-BUTYLDIAZENE.

Cnam and BnadEhat¡ publ ished an early thonough study on

an all(yl diazene in 19ó3 (ó0). Using the "multiple oriçrin

cnitenion" they investigated the Ioss of nitnogen fnom

optical ly active 2-phenyl-Z-butyldiazerre (3é) generated in

three di ffenent ways. Th i s hxpothesi s states that a common

set of pnoducts formed via dif+erent neactions from

diffenent stanting matenials should be formed uia a common

intermediate. In this investigation 2-phenylbutane (3?)

and ni tnogen wene fonmed fnom the oxidative cleavage of 2-

phenyl -2-bu tyl hydraz i ne ( 32) , and the baEe c I eavage of I -
(?-phenyl -Z-butxl )-2-p-tol ueneEUl fonyl hydnaz i ne (33) and 1-

( 2-phenyl -2-bu tyl )-1-p-tol uenesul f onyl hydnaz i.ne (34) ,

Scheme 7,

Numenous oxidizing agents wene examined and many wene
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found to give the desined

per'iodate wå.s f ound to be

of sol vents used. These

conuens i on bu t potass i um

the moEt FFåcticaì over the Fê.nge

sol ven ts i nc I uded t-bu tanol ,

-)i

R NHNH^ + TO]¿

ã-J

itruuruur= + B(-

33

R N=NH +

3ó

Rtt (Ts)NNH +

¡2
I34 I..1

R" (Ts)NNa +

35

/_'\
NH2Û5Oà /

/\l-t
N=Nt /

âa

lr.
R"(-)

sfÕ

þ'
.\¿,.-H

2-

R

p -CH3 c6 H¿ S0
J¿

R" = -CMe(Et)(Ph)

SCHEME 7, The Multiple CIr'igin Cr.iterion.

ethanol , methanol , uraten ånd DMS0 tc,ith and without the

cornesponding potassium Eal t aË å base except for Dl'4S0

urhene potass i um t-bu tox i de wes used. The 2-phenyl bu tane

was affonded in L3-ê3':l yield at 1û0oC unden these

cond i t i ons. Hal ogens wene al so su i tabl e ox i dan ts bu t

halogenatíon of the pnoduct occunned í+ the conditionË weFe

not caneful ly contnol led. 0lefin was the main product when

oxygen uras employed aE the oxidant.

I -( Z-Phenyì -2-bu tyl ) -?-p-tol uenesu I fonyl hydnaz i ne ( 33)

LÄJaÊ cleaved undep vaniouE basic conditions including: t-

BUOK,¡t-Bu0H (r;¡i th and hri thout r¡aten), n-BuOR/rt-Bu0H,
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EtOK,/Et0H, HOCHACHA0K,/HOCH2CH2OH j KOH/HZ1, t-Bu tR/d i oxane ,

and DMS0 t¡ith t-Bu0K and KOH (both with and without r¡raten).

Usually the Feactíon wåE car'ried out at l00oC af{or.ding Z-

phenylbutane in 2L-A3'/, yield,

I -( 2-Phenvl -2-bu tvl ) -1 -p-tol uenesu I icny I hydr.az i ne ( 84)

uras formed in Eitu by treating the p-tosrlsulfonamide of Z-

phenyl -Z-butyì ami ne (35) and sodi um hydnsx i de i n

ethancl,/waten at neflux t^ri th hydnoxylamine-s-sul{onÍc aci d.

Most of the neagent was decomposed by the base to give

eodium sul{ate and hydroxylamine and Eo the r.eaction uJaE

not extensively ínuesti gated.

Even though these thnee compounds had di++erent

stnuctures, each affonded 2-phenylbutane and ni trogen unden

the åpFropniate conditions. Under simiIar conditions these

three starting matenials also nesulted in z-phenyrbutane

r¡i th the same opt ical act iv i ty wi th in exper.imenta.l err'or.

Th is suggested that thene uiras at I east one common

i n tenmed i ate and 2-pheny'l -2-È'u tyl d i azene ( 3é) ¡¡as the moEt

logical choice.

The steneochem i cal ou tcome o{ the ox i dat i on of ( + ) -
phenylhydnazine and the cleavage of (+)-1-(2-phenyl-Z-

bu tyl ) -1 -p-tol uenesu I fonyl hydraz i ne depended on the base

concen tnat i on i n al I the sol ven tE tn i ed, lrlhen no base u.rag

present complete Facemization occurred while in the

pneEence of some base netention (40-9ty,) and Ëometimes

í nvenE i on ( I -332) cccunred depend i ng on the exac t

condi t i ons. These obEenvat i ons suggest that 2-phenyl -2-
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butytdiazene decompoÉes by tt^lo independent comFeting

Feåct ions one r¡rh ich is base-catal yzed and part ial I v

steresgelectiue,andtheothenwhichienotbase-cata'lvzed

and is non-stereoselectit-re'

TheseworkersÉuggestedthemostlikeìymechanismfon

thenon-basecatalyzedreactioninvolvedehomolytic

cleavageofeithenthec-NorN-HÞondinthediazeneS6

fol lowed bv the loEs of ni tnogen and the necombination of

the radical pair {onrned within the eoìuent cåge'

-)'¿

R -N=N-H

opticallY

actiue

ìi
R -N=N. + H'

sc'l verrt cage

R-H n N2

racem i c

R. + .N=N-H

sol vent cå9e

SCHEME 8.

The Non-base catalyzed Non-EtereÛsel ect i ue React i on.

The base-catal yzed reåc t i on exh i b i ted a

steneosel ect iu i ty and ster ic dinect ion r¡h ich depended on

the tyPe of solvent" Thene was a distinct correlation

be tween the Etereochem i stry of th i s Feac t i on and the

dielectric conËtant o{ the solvent' Hot¡event the

concentration of the proton donons, the acidi tv of the

sol ven t and even the change f nom hydroxv'l i c to

nonhydnoxyl ic Eoluents had only a minor effect on the

Eteneochemi stry' Thus, i n sol vents o{ I ow di el ectr i c

conÉtantnetretentionoccUl*nedr¡hitenetinvensionWå.9

1?3



obsenved in solvents of high dielectríc constant. This
suggested the ?-phenyl-2-butyl anion (Sg) wås å.n

i ntermedi ate and as wi th othen neact i ons i nvol v i ng I eav i ng

gnoups the stereochemical {ate of the carbanien depends on

the detailed stnucture of its immediate envinonment.

Base abstraction of a proton {rom Bó genenates the z-
phenvì-Z-butvl anion (38) after loss of ni tnogen in ei then

a one-step on two step pnoceÉs, Scheme g.

Retention

R

I

1 H-ö"""M (*)

*Yr=¡q-H f, r-òn

I nuens i on

r"l
[J,.**, IJ
lliloi+ l

+1,,
I

*V*=N;Htr r-)o*

I T-,-

\/
ROH.....Ë-....HOR

I

/ ü 1H-c.- + @c-H
tt

Racemization

[-" Y* 
ru=* "{

It
H-Cæ

I

scHEl'lE ?' The Base-catalvzed DecompoEition of the Diazene,

In pnoton-donating solvents o{ low díerectric constant

in non-pnoton donating solvents the carbanion captuFes

proton Þefore the spec i es di ffuse åpant and retent i on

oÌ*

ct
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occur^E. tÂli th mone ac idic sol vents of h igher diel ectr ic

constant the soluent panticipates fnom the backside. The

carbanion is then hydnogen-bonded {rom the back-side and

collapse nesults in the invented pnoduct. In both

s i tuat i ons, the carban i on can al so become symme tr'i caì I y

solvated and then på,tremization occupE.

ïhus, these r,uonl(ers hypothesized that the diazene was

the most pnobable íntenmediate formed in the oxidation o{

the hydrazine 32 and this diazene could decompose

homolytically on hetenolytically in the pFesence of baEe.

THE PREPARATION OF PHENYLDIAZENE.

A monosubstituted diazene wås first dinectry oÞEerved

by KoEou¡en and cowor'kens (ó1). Phenyìdiazene was Fnepaned

by the decarboxyl at i on of phenyl di azene canboxyl i c ac i d

fonmed from the methyl esten 4l by hydnolysis. This methyl

phenyl di azenecanboxyl ate was pFepared by condensi ng phenxl

hvdnazine ¡¡rith methyl chlorof onmate f ol lowed by oxidation

with LTA (Scheme 10), The esten .^,å,8 extnemely rapidlr

hydrolyzed by base, and the potassium and banium salt=- 42

could be precipitated out of basic solution, These salts
ráJene decomposed bv ac id af f ording å I arge quant i ty of

canbon dioxide (>?O'â. This decanboxylation hråE believed

to proceed thnough the zwi ttenions 43 and 44.

The intenmediate phenyldiazene hras found to be vepy

EenÉi t í ve to oxygen yi el di ng products of stnong I i ght

abEorp t i on . Thenefore , these workers deu i sed pr-ocedunes to

gÊnenate the phenxl di azene i n sol ut i on under anåenobi c
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conditions in

measuPemen ts.

they obsenved

phenyldiazene

an åpparatus su i tabl

The uv Epectrum of

r^Jås similan to that

, Ph-N=N-Me.

e for Epec troscop i c

the phenyldiazene that

of 1-methyl -2-

ZPhNHNH2 + Cl CO0Me

zs I *=,
I

+

PhNHNH-COüMe + PhNHNH2.HCI

40 l rrorrrrrrr, ?6n mude

I

+
Ph -N=N-CtOl',le + Pb ( CIAc ), + 2H0Ac

4L | *o*-**o HlPtecN-H20, sl;,z.

I

I o" Ba(N03)2 -NaOH,/H2O, 7O'L

/coo'-'l*=\, 
IHl

K (Ba) 'I
-ctz I

L^/
43

Fi I /Ëo'(-\f
| ¡1=¡r1¡+r IL \, 1

SCHEME 10. The Pnepanat

Ph-H

i on of Phenyl d i azene .

Dilute solutions,

diazene wer*e found to

appPoximately

be moderate I y

-alx10 'M, of phenrl-

stable in aqueGUË
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huf f en t¡ri th a hal f -l ¡f e f on disappearance o{ aFFr*ox ímatel y

80,00ts. Aceton i tn i I e sol ut i ons weFe more stabr e probabì r
due in part to the basicity of waten; the half I ife waË

apFroximateìy 600,000s fon å 1x10-#l'1 solution. The most

convenient ppepanation of phenyldiazene inuolrred the

pnotonation of a tetra-n-al]<ylammonium salt of

phenyl diazenecanboxyl ic ac id r¡ri th tn iethyl amine

hvdrochl or i de on anothen such ami ne hydnochl or i de. Th i E

reaction t¡,åE possible because triethylamine (TEA) t¡ras found

to have I i ttle effect on the stabi I i t>, of phenyldiazene in

aceton i tr i I e, Concentrat ions uF to Zxltt-¿ M couì d be

Frepaned in this r,^Jåy"

To conf inm the stnuctur'p phenyldiazene was neduced to
phenvlhvdnazine bv diazene (diimide) fonmed in situ. The

uv sFectnum of th iE phenyl hydraz ine r^Jas u intual I y ident ical
r¡ith that of authentic hydnazine.

t13l ZTEA'HCI + KOOC-N=N-C0OK +- l{f..1=frlf1 + ZTEA + 2KCt +2CO2

f14l PhN=NH + HN=NH 

- 

phNHNH2 + N2

Ear I y FneFarat i onE ol phenyl d i azene i nuol ved the

genenation of fainly dilute acetonitrile solutionE follar¡ed
bv concentrat ion by the codiEt i I I at ion r¡i th aceton i tr i I e.

' These solutions could not be concentnated to much more than

10-3M because the rate at t¡hich the diazene disappeared

í ncneased w i th concen tnat i on and thus pupe d i azene cou I d

not be isolated" The rate o{ disappeanance of Z-
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phenyldiazene-1-d, Ph-N=N-Þ, h,as found tc, be much lou,ren

than that of phenyl dí azene. Thus, the hydnogen transfer

must be aÉsociated with the rate-limiting step with an

ísotope ef f ec t of l(H./kD 4-5,

The disappeårence o{ phenyldiazene was found to be å

bimol ecul an react ion r¡i th benzene <60-g0'/") and n i tnogen

(ca. açJ"/') fonmed as the majon productE r¡ith minon amounts

of hydnazobenzene (ca. 15.,4) and diphenxì (ca. E.Z:¿,>.

r15l 2PhN=NH -è FhH + N2+ phNHNHph + phph + other products

b.l¡th Ph-N=N-D the yield of nitrogen and benzene both

decr'eaEed (>43:¿ and =6'/1 respectiuely) and the extent of

deuteration hrag only 73.:¿. Thenefone some ctÍ the hydrogen

acquired in the fonmation of the benzene must not come fr.om

the phenyl d i azenÊ . These pnoduc ts were not ex tens i ve I y

examined becauEe rel at ivel y smal I quant i t ies uJer.e produced,

the pnoduct mixtune was compìex (up to ten spots by tlc)
and some of these pnoductE t¡ene sensitiue to air.

Phenyldiazene was assigned to have the tnans structure
tn the basis of the low absorption intensity of the langest

t^,åuelength band, The nate constant for the bimolecular

rearrangement trans to cis eEtimated as between l0-3 and

l.O-tL/mole-s. The reverEe Fr-oÊess, cis to tnå,ns, would be

fasten by the amount conreEponding to the difference in the

Etabílíties of the turo isomens. Experimentally the rate
conBtant for the disappeänance was found to be Zx|CI-z

198



L/mole-E within the rånge estimated {or' the bimoleculan

tnans to ciE r*eaFrangement. Because of this similaríty

Kossh,er' poEtul ated th i s reanrangement was an important,

perhaps rate-limiting, step in the bimolecular

di sappeaPense of phenyl di azene.

A change in solvent wå,É found to have little effect

and the product cûmpssition waË not gneatlx in{luenced by a

change in the initial concentnation of phenyldiazene,

These observat i onE suggest a neu tral reac t i ün mechan i sm and

that the products ane detenmined t^rithin å solvent cåge, A

radical neaction wag likely since a clean, well-defíned set

of pnoducts was not observed and Ph-N=N-Þ failed to giue

benzene-d quan t i tat i ve I y. The breat< i ng o{ the N-H Þond

muet be a rate-l imíting step because of the obEenued

i sotope effec t .

The ppoposed mechanism is shown in Scheme 11. The

finst steF is the bimolecular conuension of tnans to cis
phenyldiazene. Hydrogen transfen then occurË in the

ssl uent cage fronr one c i s-phenyl di azene to another

genenat ing ttrro nadical s. Th is is f ac í I i tated by the

conuersion oÍ one of these molecules to a specieE wi th

significant triplet contnibution. Loss of nitrogÊn and

abstraction of hydnogen in the cage by the phenxl nadicaì

forms benzene and c i s- on trans-Fhenyl di azene.
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Dissociation {nom the solvent cage is also possible and

funthen Feect i ons i ncl ude the addi t i on of phenrl nadi caì s

to phenyldiazene fonming lr?-di phenyìhydnazine, f 1ój or* the

phenylhydnazine from the phenylhydnazino radical lL7).

t1ól Ph. + H-N=N-Ph * Ph-NH-Ñ-Ph *H'* ph-NH-NH-ph

t 171 Ph-N-NH2 + H' P¡-NH-NH2

Of intereEt here is the r.apid neaction of

phenyl di azene wi th sxygen. On exposupe to ai n

phenyl di azene nap i dl r di sappeaned formi ng Þenzene åË the

maion product. Kosowen ppoposed oxygen initiates e fnee-

radical chain neaction related to the oxidation of

aldimines to nitnileE (61).

t l8l Ph-N=N-H + CIz ----+ Ph-N=N. + .toH

t 191 Ph-N=N. Ph.+N

tztl Ph. + Ph-N=N-H -+ Ph-H + Ph-N=N.

tzll .OOH + Ph-N=N-H ..+ Ph-N=N. o HZOZ

l??) ?R'- R-R (tenmínation neactions)

The treatmen t of phenyl di azene w i th sod i um hydnox i de

( 0 , 1N) produced benzene <7?!8:/.) and conf i nmed the of ten

postulated decomposition of the diazene intenmediate unden

Þasic conditions.

l23J ph-N=N-H + g¡11-l --------& ph-H + N2 + HZO
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other EUhst i tu ted phenvl d i azeneË and al t<yl d i azenes

wene alEo studied by these hronkens (61). MaEt reacted
quicklv r¡ith oxvgen {orming the coFpesponding hydnocarbon

aË the majon pnoduct" ThuE, the Eensitivity to c,xygen is a

ppoperty of al I mÕnsubst i tuted di azenes. Onl y 4-
n i tnobenzene was f ound to undengo å sl ower euch r.eac t ion

{orm i ng 4 r4'-d i n i trohydnazobenzene ås the maj on produc t
(é3'/') and nitnobenzÊne in only g0-gsu yield, ThiE anomaly

muEt be due to the stabilizing effect of the nitro gnoup on

nadicals, The nitro gpoup is extremely effective in

stabilizing free-radicals generated at positionE next to

the benzene ning, for.example accounting fon the stability
of the diphenylpicnyìhydnazyl nadical (6Ð. It iE thought

that with this gr*oup addition instead of ahstraction occunE

in the cis tniplet-cis gnound state tnansitíon state,
scheme 11. cloeune and loEs o{ diazene would for.m lr2-
bi s(4-n i tnophenvl )dí azene wh i ch coul d be neduced hy the

diazene leading to the obsenved pnoducts.

The veFv napid hydnolvEis of alkyl and arylazofonmates

Ey acids and bases has been funther investigated by Hegantr

and Tuohey(63).

THE REACTION OF DIBENZOYLDIAZENE I¡JITH ALKOXIDE.

Bumgandner and cohrot l(ens haue invest igated the

analogous reaction of aìl(oxide ion urith dibenzoyldiazene (4ó)

in an attempt to pnoduce the benzoyl anion(é4). In protic
media, benzaldehyde wå,s the expected pnoduct from this
intenmediate r¡h i I e benz i I rdåE exFected in aprot ic media.
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Ph ( C=O ) -N=N- ( C=0 ) Ph + (-lOR +

46

PhccoR + N2 + tPh-'clol RoH- 
Ph(C=g)H

THF@ Ph(C=0)-(C=o)ph

SCHEME L?. The Expected DecompoEition of Dibenzlyldíazene.

In methanol substantial amsuntE of dibenzayrhydrazine
(4L'/.) and on I v a smal I amoun t of benzal dehyde (?-4'1,) waE

{snmed i ndi cat i ng the benzoyl an i on was not fonmed. The

pastu I ated mechan i Em i s shown be I our.

Ph(c=0)-N=N-(c=o)Ph + Meot-r* tph(c=o)-N=Fl-l + phc00Me

4é | **o*, -f"1eo(-r
+

ph ( c=o) H * Nz €_ t ph ( c=CI) _l{=N_Hl

l r*o,
I

cyclohexå,ne + N2 o cyclohexene 
rHru=IH: + phcgoMe

It46t-
Ph(C=0)-NHNH-(C=0)ph + N2

SCHEME 13. Decomposition of Dibenzc)yldiazene in l',lethanol .

The benzoyldiazene 1aras an intenmediate fcrmed from the

díazene anion and can neact funther r.uith alkoxide to {orm

di azene or under.go decomposi t i on to benzal dehyde and

nitrogen. This decomposition could occun uia å bimoleculan

reaction aÉ described by Kosor¡en and Huang (él) for
phenyldiazene or* aË in the McFadyen-stevenE Feåction (see

I aten). Unneacted di benzayl di azene woul d be neduced by
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di azene to fonm the i soì ated di benzoy I hydraz i ne. In the

ppesence of cyclohexene, the yield of dibenzoylhydnazine

was neduced (367.) and cyc I ohexånÊ was f c'rmed suppon t ing

th is pathuuax,

D ¡ f+enen t produc ts were fonmed i n the aprot i c eol ven t

te tnahydno{uran (THF) . These pnoduc ts i nc I uded

tribenzGylhydrazine, benzsic acid, a tr.ace of benzil and

compound 47 r¡hich indicated that the solvent wås involved

in the Peaction,

Ph- ( C=0 ) -N-NH-( C=O) -Ph
I

ôo\J

47

No t ,2'd i benzoyl hydraz i ne waË fonmed í nd i cat i ng

benzc'yldiazene L{as not an intermediate. The pnopased

radical pathwax is shown in Scheme 14; the abstnaction of

the a.-hydrogen in THF isan important pnocess in centain

radical neactionE. The methoxide ion r¡ras believed to take

part in an electnon-transfen Feaction which may account for

the rate enhancemen t r¡ i th i ncreaE i ng me thox i de

concen tnat i on "

Thus, there was no evidence for å benzoyl anion

intermediate in eithen pnotic on aprotic solventE. O+

interest to us l^rå,8 the appar.ent fonmation of benzoyldiazene

i n me thanol wh i ch can I ose n i tnogen to fonm benzal dehyde ,
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THF

(Ph(C=0))z PhCHO +

|'*'
( Ph ( C=O) )2 -N-NH-( C=O) Ph + THFa Ph ( C=O)

ph ( C=O) -N=N-( C=0) ph 
=ñr*

Ç 
=THF ''

ZPh -C=0 
-@ 

Fh ( C=O ) - ( C=0 ) Ph

¿'j"'

THF'.
I

l|46
{.

-N-N-( Ë=O) Ph

47 + THF'.

SCHEME 14. Decomposi t i on of Di benzoyl di azene i n THF.

THE ALËOHOLYSIS OF 1-PHENYL-2-BENZOYLDIAZENE.

Nicholson and Cohen haue eanl ier studied the napid

ac i d and base catal yzed al cohol ysi s of thermal I y stabl e azo

compounds such ås 1-phenyl -2-Þenzoyl di azene

(Ph-N=N-(C=O)Ph r 4g) and 1-phenyì -2-canbethoxydi azene

( Ph-N=N-Ë00Et r 4?) ( óE) .

l¡lhen the methanolysis of 1-phenyl-2-benzoyìdiazene wag

canried out in the pFesence of benzene, carbon

tetrachlonide, ni tnobenzene¡ ñaFhthalene and acr'yìoni tri le

substant i al amounts of bi benzyl , chl orobenzene, the

isomeníc ni tnobibenzyls, the iEomenic phenrlnaphthalenes

and polyacnylonitnile, nespectivelX¡ Hepe formed. This was

unequ i vocal ev i dence for the i n termed i acy of the phenxl

radical. The methanolyEis of low concentrationE ((0.01 M)

of 48 in the absence of such additives lead to a lange

yi el d of n i tnoBen (ca. ?tr), methvl benzoate and a modenate
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yield o{ benzene" At highen concentrations (ca. 0.1 M) the

diphenrì benzoxlhydrazínes, the pnoducts af the addition of

phenxl and hydnogen nad i cal E to I -phenyl -Z-be nzoy I d i azene

wÊne alEo fonmed at the expense of the othen compounds.

The ac i d- on base-catel yzed me thanol ys i s of 1 -phenyl -
2-benze_yldiazene pnesumably leade initially to methyl

benzoate and phenyl d i azenp ,

t24) ph(c=0)-N=N-ph + [*leoFl H+(OHJphcoot'4e + phN=NH (phN=trt-)

This neaction doee not Fr'oceed tc completion at modenate

initial concentnations of 48 (ca. 0.1) Eince a competitive

reâc t i on fonms Eubstan t i al amoun ts of I ,?-d i phenyl -l -
benzoyl hydraz i ne and 1 , I -d i phenyl -Z-benzoyl hydnaz i ne .

t 25I Ph ( Ê=0 ) -N=tl-Ph + Me 0H

H+(oHJph(c=o)-NHNph2 + ph (E:=0)N( Fh)NHph

As the concentration of 1-phenyl-Z-benzoyldiazene t^traË

increased both the yield of methyl benzoate and benzene

decneased fnom 85 and 60'¡, to appnoximately 40 and LZ:¡,,

reËpectively.

Thís methanolyEis waE found to be mone effectively

catal yze d by ferr i c i ons than by ac i ds on bases, Fenn i c

n i tnate catal yzed the me thanol ys i s of 1-phe ny.l -Z-
benzovldiazene (0.t7 14) and epppoximately 802 of the fennic

i onE wene neduced ta fenrous i onE baEed on i n i t i aì di azene,
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ThiE oxidizing ågent increased the yield o{ methyl benzc,ate

to Bl-87"/, and of benzene to é5-7O'/, r¡h ich r¡rere at I east as

high as thsse {ound in the abEence o{ added oxidant but at

an initial concentnation of 4é of ån onden of magnitude

lou.ren, The yields of the pnoducts when the reåction t¡rag

carried out in the pFesence o{ the above additives was also

i ncneased. Thus, the ox i di z i ng agent must have i ncneased

the yield of the inter'mediate phenxl radical .

The i ntenmedi ate phenyl di azene seemË to be I angel y

oxidized by the ferric ions to the phen/ìdiazene radical

r¡hich then loses nitnogen to form the phenrl nadical . I'lost

of the phenxl radical then abstnacts à hydrogen atom to

fonm benzene on cån react wíth an additive ¡f pnesent.

t26J

r.?71

PhN=l.lH + Fe(III)

PhN=N'

phN=N.+Fe(II)+H+

Ph. n N2

A smal I fnac t i on of phenyì d i azene and phenrl rad i cal måy

add to I -phenyl -Z-benzoyl d i azene E i nce the me thyl benzoate

waÉ not pnoduced in a quantitative yield and the yield of

benzene was lesE than that of methyl benzoate. The fenric

ion did not oxidize the phenxl radical to any substantíal

amount since only lor¡¡ yields of anisole (ca. 3/.> were

formed,

An outl ine of the propoEed mechanism is given below.

The corresptndence in the yield of mathyl benzoate ¡,,,¡ith

that of ferrouE ion indicates the phenyldiazene r¡as not
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oxidized by å chain reaction,

Ph(C=O)-N=N-Ph + Me0H
I

I pr,. , H.
{

Ph ( C=0 ) -NHN ( Ph )2
+

Ph ( C=0) -N( Ph )NH-Ph

SCHEME 15, Decomposi t i

lr*.t,,,
I

Ph. + N2 r4- Ph-N=N. + Fe(II) + H+
H'

-----Þ Ph-H
ArH

-;i-Þ 
ph_Ar

-H.
CCI¿

-ìõËl'h-ul

-.//ø ptt+ +".9+ phoMe

on sf I -Phenyl -2-benzoyl d i azene .

The phenyl hexadi enyl trpe radi cal s wh i ch are the

initial pnoducts of the anylation neåtrtion wene probablx

not convented quantitatively to the biarylE and Ër da not

reflect the total yieìd of the phenxì radical.

Chìonobenzene wag fonmed in 7L'/, yield when the peaction L(,raE

carnied out in the presence of carbon tetrachlonide, This

was a high yield when compar.ed ts the 7E:L yield of methyl

benzoate from this expeniment. This latter f igur.e hras the

maximum possible yield of phenxl diazene and phenxl

radical. Thus, ?Ol, of the phenyldiazene was converted to

chlorobenzene and the small nemåinder appeaned as benzene.

This high yield of phenxl nadical must also occun in the

absence o{ addi tives where benzene was the majon pnoduct.

Here most of the benzene must neEul t fnom the abstnaction

of hydnrgen from methanol by the phenxl radical.

The fennic nitnate catalyzed methanolrsís r¡aE also
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f ound to pol ymer ize acnyl on i tn i I e veFy ef f ect iuel y. Thus,

the fernic ions muEt act as a Ler+is acid and again

i ncneaEed the vi el d of the phenrl radi cal I eadi ng to more

Foìymer than r¡.rhen hydrsgen chloríde r¡aE uEed (25 vs. té'Å

yieldr nespectively).

Di benzayldi azene (Ph(c=0)-N=N-(Ë=t)ph¡ s0) wåË fc,und

to give (,epy little polymen (ca. LT) on acid-catalyzed

metha.nol yEis but again f enn ic n i tnate I ead to an incr.ease.

Acid catalyzed methanolysis pnobablr forma benzayldiazene
(Ph(c=0)-N=l'lH) r¡hich decomFoEeÉ to diazene, a poor soupce of

hydrc,gen atoms. The ferric ions pr.obablr also lead to the

fonmation of benzoyldiazene which rdåË then oxidized b./

theEe ionE to the the benzoyldiazene nadical .

DecompoEi t ion f or'ms n í tnogen and the benzoyl r.adical r¡h ich

could ini tiate polymenízation.

Ph(c=o) -N=N-(c=o) ph + ph ( c=o) _N=NH + Ph COOÌ'4e

MeOHFe(III)

Ph(Ê=0)-N=N.

I

{
Ph-C=O + N2

SCHEME 16, The Decomposi t

PhCOOl"le + HN=NH

i on of Di benzc:y I di azene.

CIf spec i al i n tenest to us ¡

(EtOOC-N=N-Ë0OEt) was found to

the pFesence of ac i d and fenn i c

proceeds through Et0OCN=NHr and

di ethyl azodi carboxyl ate

ca,use polymenization both in

i on, Pnesumabl y th i s

the radicalE EtÛ0CN=N. and
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EtoOc' wh¡ch wene mone e{fectively {ormed in the FreEence

of the oxidant. In the abEence of ån added oxidant Fl may

itseìf act as the oxidant fonming the fnee radical although

less eff iciently.

ïhus, i n the ox i dat i on of phenyl d i azene the

íntenmediate Fhenvldiazene is likely funthen cxidized to

the phenyldiazene radícal (Ph-N=N.) t^rhich loses nitr.Õgen to
fonm the obsenved phenrl radical instead of undergoing

direct thenmal decomposition to nitrogen, and the phenxl

and hydnogen nad i cal s. Anal oqous ox i dat i on of othen

monûÉubst Í tu ted hydraz i nes al so probabl r occur.E v i a the

cornespondinç monosubstituted diazene which is oxidized
furthen forming nitrogen and the corFesponding fr.ee

radicaì in high yields,

t28l R-NHNH2 lol @ R-N=N-H [o] * R-N=N. 
='f'; 

- *
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THE GENERÉìTION OF DIAZENES BY THE OXIDATITIN OF

I',IONOSUBST i TUTED HYDRAZ I NES ;

THE LTA OXIDATION OF PHENYLHYDRAZINE.

Aylr¡and has studied the oxídation o{ phenylhydrazine

t¡ith lead tetraacetate (LTA) in Eeuenal di+fenent solvents,
and has found the pnoducts vanied both r¡rith tempene.tune and

solvent (45a).

The main pnoduct from thE oxidation at -ZSoC in

methyl ene chl or i de was the benzenedi azon i um i on (46Ï) ,

chanacten ized aE i tE den ivat ive t¡i th z-naphthol , al ong wi th

smal I amoun ts o{ phenxl ace tate (ã'h and benzene (4t¡,J .

t2?)

d"
Phenvlation of the Eolvent occurred r¡hen the reaction

uJas cannied out in benzene, chlonobenzene or nitnobenzene

at noom tempenatune (Table lg). The distnibution of the

iEomenic bibenzyls formed t¡as langelx unaffected by the

mol ar rat io o{ the neactants and the order of mix ing, t¡i th

onlv å 3-47' diffenence obsenved. The averåge distnibution
of the ontho:meta:para isomeFs weFe found to be

é1 ,4s25.1213,3'l and 60"2:10"322?"i'l fon the

chlorobíphenyls and ni tnobíphenyls, Fespectively, The

ph-NHNH2 LTA Þ ph-N=(il) õhc + ph-oAc + ph-H
I

I 2-naph thol
I

N:N-Ph
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yields h,ene only sl ightly affected by cå.t*t-ring the Feaction

out unden ni tnogen,

TABLE 13, Ox i dat i on o{ phenyl hydraz i ne r¡ i th LTA at Z0oC.

Sol ven t Z Yield

FhN=NPh Ph-OAc Ph-YPh -H Ph -Ph

me thyl ene

chlonide

benzene

ch I orobenzene

n i trobenzenÊ

ca.ó0

t 8-2é

27-30

ca,l

26-37

I

I

ca.3

Ld..J

ca,2

ca,2

cr -3

o-2

ca, I

ca.l

0 -54

ca.37b

36-4lc
âY = Ër . bY = coHscr . cY = c6HsNcr2.

The products and thein diEtnibution EUggested the

intenmediacv of a phenxl radical. In methylene chlonide

the phenxl nadical abstracted a hydnogen én chlorine atom

to fonm benzene and chlorobenzene as the major and minon

pnoducts" Anomatic homolytic substitution occurred along

with hydrogen abstraction in anomatic solventE, fonming the

isomenic bianyls as r¡ell as benzene. The distníbution of
theEe isomers conresponds very well wíth othep reactions

r.crh i ch f onm the phenxl rad i cal ( see I ater ) .

Phenyldiazene has been suggested to undengo

unimoleculan decomposition forming the phenyl radical but

t'r i thou t much ev i dence , As seen above , othen workenç have

suggested that phenvldiazene is funthen oxidized in the

pnesence of the fenr i c i on oF Õxygen to form the phenzl
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nåd i cal ' Here the phenxl rad i cal was not f or.med by the

action of oxygen on phenxldiazene since urhen the r-eåction

was carnied out urrden nitrogen the yield o{ pnoducts

decreased only sl ightlr.

The mechan i sm suggested by the au thonE i s shown be I or¡

as Scheme L7 "

(Aco:^ pu/ãcNe

Ph-Ì,rHNH^ LrA Þ ' lJ I' -AcoH 
,n -lî-r(

I
H

e:4Ftlr,'
Ph -N-NH-Fb ( OAc ), ----Þ

t?
0Ac

on

53

52

Ph -N=N-H + Ac oH + Pb ( oAc ), fllt: ph -N=N-pb ( oAc )2 -.+-AcOH I -
OAc

(+)
ph-N=N r-lgAc <.--æ Ph-N=N-OAc 

- 

Ph- + N2 + OAc

H.__+ Ph _H

tf'tt 
- Ph -Ph-H'

'OAc
-'+ Fn-0Ac

The LTA Ox i dat i on of Phenyl hydnaz i ne.

In the peåction with LTA the phenylhydrazine could undergo

substitution on either nitFogen. Honrever, the substituted
posi t ion iE the mone I ikel y Ei te sirrce th is is the mope

nucleophilic position, fon exampìe anylhydrazines åne

alkvlated with simple alkvlating agents at thiE position

pnovided the anyl group does not canFy electnon r¡ithdraurring

gpoups <éé) , Agai n phenyl di azene waË I i kel y an

2r3

l r-"aphthol
I rrt=ru-en

SCHEME 17.



i n termed i ate and was fur ther ox i d i zed to the

benzenediazon ium ion (benzeneazoacetate) wh ich r¡as stabl e

at lo¡,'.r tempenatures but decomposed at poom tempenatune to

the phenyl nadical . The equilibrium betr¡.reen the diazonium

isn and the azoacetate is well documented, and the

decomposition o{ benzeneazoåcetate is similar to the

decomposi t i on o{ N-n i tnoacetan i 1 i de and the Gomberg

Feaction (45a).

The {ainly high yield of Þenzene obtained r¡rhen the

oxidation was capnied out in anomatic Eolvents could be due

to hvdnogen abstnaction by phenxl radicals from the initial

LTA comp I ex 52 or 53, ot- f nom the me thyl gnoups presen t .

The azoÞenzene I ikely ariseE fnom the oxidation of

hydrazc'benzene. This compound could be formed by the

bimolecular decompositíon of phenyldiazene op by the attack

of the diazonium ion on phenyldiazene and the loss of

n i tnogen from the resu I t i ng te trazene .

ZPh-N=N-H Ph-NHNH-Ph IOJ ' Ph_N=N-Ph
-N2 î

| -Nz(+, I

Ph-N=N' bAc + H2NNH-Ph ;ffi P¡-NH-N=N-NH-F¡

SCHEI'4E I B. Fonmat i on of Azobenzene .

THE LTA OXIDATION OF ARYLHYDRAZIDES.

Aylwand and Nonman haue also investigate.d the

oxidation t¡rith LTA o{ anylhydrazides <é7J. In their work,

benzhydrazide r¡ras slowly added to excess LTA (2.3 mol) in
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Þenzene at Foom tempenatupe, and the evolution of ni tnÕgen

began immediately and stopped r,*rithin 2 minutes af ter the

addi t ion wåE compl ete. Af ten hydrol yt ic t¡rork-up ¡ benzoic

ac id t+as isol ated (?0Y.) and å Emal I amoun t of benzophenone

(t.67.) r¡as found by gc. The  -chloro-, 4-methyl-, and 4-

methoxybenzh>'dnazides also gave the coFr-esponding acids in

high yieìds under. the same conditions. Hor¡ever-, with the

4-nitro derivative the euolution of nitrogen was banely

penceptible at Foclm temperatune but the r.eaction r^JeE

compl ete aften aFprox imatel y 2 h at é0oC.

Benzoic acid t¡as also obtained in high yield when

benzhydnazide r^,aË axidized in methylene chlonide, methanol

or' anisole. smal l quanti ties o{ 4-methoxybenzophencne and

me thyì benzoate were f ound Þy gc when the reac t i on r,À,åÊ

cannied out in aniEole and methanol . In csntr.astt 4-

n í tnobenzhvdraz i de af{onded the conneEpondi ng methyl ester
as the majon product in methanol.

l¡lhen LTA ( 1 .25 mol ) wås sl owl y added ts benzhydnaz i de

in acet ic ac id oF benzene, the yiel d of henzoic ac id r¡as

neduced and signif icant amounts of 1 r1'-dibenzoylhydnazine
and tribenzoylhydnazine uuere isolated. AnalysiE of the

ox idat íon in benzene bv gc bef one hydnol yt ic rrronk-up showed

the presence of acetic and benzoíc anhydnide n¡hich wene

both absent aften wonk-up. Thus, these workers Éuggested

the mi xed anhydr í de Ph(C=O)-0-(C=0)Me wes the I i kel y

in i t ial ox idat ion pnoduct and that th is dispnoFor-t ionated

to the Ëymmetr i cal anhydn í des.
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tTA -LDA
Ph ( C=O)NHNH. 

---e 
Ph ( C=0)N-NHPb( OAc ), .-.-..Þ¿ -HoAc | | 

-2 
-HOA.

H OAc

54
LTA

Ph ( C=0)N=NH -=--..+' 
ph ( c=o)N=N_pb( oAc )^

-HOAc l-'- 
'-'2

E5 OAc

56

-..ø 

Fh ( C=0 ) N=N-OAc
-LDA

37

/-\n"o
---* PhCOOAc phC0CtH

-LDA,N^ -AcOH¿sB

0
Pr'(co)NHNH2 ll

Ph C-N=N-Pb ( ûAc ),lr
NH OAc

Ph ( c=o)NHNH( c=CI) ph .* -LDA 
,lr-ro-rn

Eñ¿7
-H04",N2

Ph ( c0 )Nsi\]H-

--'+ PhCH0 phCH=NlrlH( Ê=O) ph
-ïT"2 -H^0 I¿ 

LTA l-LDA,-2HoAc

rulnr
//\

Ph -c: .c-pn

o

ó0

LDA = pb ( OAc ),

SCHEME I ?. The LTA Ox i dat i sn of Benzhydnaz i de.

Oxidation pnobablx occut*E by a mechanism similan to
that ppoposed above fon the ox i dat i on of phenyl hydraz i ne.

A hvdnazine-LTA cornplex s4 waE suggested, aqain u+ith
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coondination thnough the more nucleophilic nitrogen atom,

r¡hich eliminateE acetic acid to {orm the diazene 55. This

iE consiEtent r¡i th the sl otxen ox idat ion of 4-n i tnobenz-

hydnazide and lrl'-diacylhydnazine in which the

nucleophi I ici ty is neduced.

The diazene is I ikely furthen oxidized via ancther

opganolead (IV) complex 5ó to give the mixed anhvdride 5Ë.

As i n the ox i dat i on of phenyì hydraz i ne , benz oYl azoace tate

( 57) cou I d al so be en i n termed i ate ,

Tc, minimize the funther oxidation of the expected

diazene intenmediate these t¡onkens sl otvl y added å di I ute

LTA solution ts a dilute solution of the benzhydrazide in

methylene chlonide. The main product obtained from thiE

modif icat ion 14àÉ I ,1'-dibenzoyl hydnaz ine (59r 5gZ) togethen

¡¿.rith small amounts of benzaldehyde (t'/,) and 2,5-

diphenyloxadiazole (6ür 3:¡,). The oxadíazole t^,4Ê

demonEtnated to Þe formed unden these conditiorrs from

benzal dehyde and benzyl hydnaz i de v i a the benzal dehyde

benzoyl hydnazonÈ . These neEU I ts wene cons i sten t w i th the

intenmediacy of the acyldiazene 55, l'4oneover, in the

presence of TEA the yield of oxadiazole t¡as incneased <?'/">

consistent with an increase in the formation of

benzaldehyde by the base-catavzed el imination fnom the

diazene via a McFadyen-SteuenE type reåction (Eee below).

Under these conditionE urhene the hydnazíde wå5 in

excess {or' most of the reactionr nutrleophil ic attack by the

hydnazide on 56 or an equiualent could compete leading to
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the 1r1'-diacylhydrazine 59. Funther Feaction of this

comFound wou I d form the observed tn i acrl hydnaz i ne ,

THE OXI DATI ON OF ARYLHYDRAZ INES I^JITH MANGANESE ÞI OXI DE.

Bhatnagen and Geonge harre examined the oxidation of

several arylhydnazines in benzene with manganeee dic'xide
(4óa), Fnom the oxídation o{ phenyl-t 4-nitrophenyl- and

7r4ró-trichlonophenylhydr.azine they heve isolated biphenrl

<?é:¿>, 4-ni trobiphenyl (5O7.) and ?r4r6-tri chl onobiphenyl

<3?7,J. They also suggest the fonmation of the epyl radical

via the furthen oxidation of the intermediate diazene.

Ar'-NHNH, Mno2 * A.-NHÑH Mno2 * A.-N=N-H Mno2 *

A.-N=N. -+ An. o N2 +þ An-ph

SCHEME 2A. The Proposed Ox i dat i on of Ar.yl hyd¡az i nes

trri th Manganese Dioxide.

THE 0XIDATIûl'l OF HYDRAZIDES I^JITH COPPER(II).

Tsu j i and trowot*l(ers have ox idized hydraz ides hri th

stoich iometr ic amounts of copper( I I ) and al so r¡ri th oxygen

in the Fnesence of catalytic amounts of coppen(II) (68),

undeF su i tabl e condi t i ons i n the pFeÉence of water, al cohol

on am i ne the connespond i ng canboxyl i c ac i d, esten or am i de ,

respectively, can be pFeFaned in high yieldE under. miìd

condi t i ons.

The format i on of theEe compounds suggests an

intenmediate acyl cat ion r nucl eoph i I ic attacl( b/ waten,

aìcoholE and amineE rieldinç the observed compounds.
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The intenmediate acyl cation would be produced by the

stepwi se 4-el ectnon ox i dat i on o4 the hydnaz i de by four
moles o{ copper(II), an one electron oxidant (scheme z0).
Oxxgen reoxidizes the coppen(I) to coppen(II) and 50

al I owed the ox idat iorr to be canr ied out r¡ri th a catal yt ic
amount of coppen(II) r¡.¡hen oxygen wås bubbled through the

Feåct i cn mi xtupe. Presumabl y, the di azene wes an

intermediate again u,rh ich underu.rent f urther ox idizat ion

thnough the acvl radical finalty rielding the acyl cation.
Radicals ane verv efficiently oxidized by copFen(II) (s4).

R(C=O)-I-IHNH2 + ZËuXY ..+- R(C=o)-N=N-H + ZCuX + aïy

R(C=ü)-N=N-H + CuXY -+ R(C=O)-N=N' + CuX + Hy

R( C=0) -N=N. R-C=0 + N2
t+)

R-t=O +CuX+Y(-)

R( C=0) -Y

R-C=0 + CUXY

¿+\R-c;o + Yr-)

f = EH, OR, NRZ.

SCHEME ?r" The 0xidation of Hvdrazides with coppen(II),

THE 0XIDATI0N OF HYDRAZINES t^IITH mTFBSP.

Hof{man and Kuman have oxidized a series of hydrazines

wi th m-( tn i fl uonomethyl )benzenesul fonyl perox i de (mTFBSp,

(m-cFaË6H4so2o)2) r¡ith results similar to those obtained

t¡ith otheP oxidantE (ó?).

A solution of mTFBSP in methylene chloride waË sror¡ry

added to a sol u t íon of the ar-yl hydnaz ine at -ZgoC then

exposed to air fonming the conreEponding hydnocanÞon ín
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good yields (47-732), Excess hydrazine was requined since

tt^¡s equ ival ents of m-( tn if 'l uopomethyì )benzeneEUl f on ic ac íd

were genenated try the neå,c t ion.

t s0 r snr -NHNH, ë^ Ar -H + ZA.NHN"j* À" , sor- )- N2¿ cH2cr 2,-7Bo.\
D ) ar-r
Ar = Ph, p-¡4e96{lr, F-Cl-C6H4

A diazene wås impl icated ås a pnimary oxidation
product by sevenal observations. In onder. to get

satisfactory yields of the hydnocarhon the neåction mixture

had to he exposed to the atmosphene (oxygen). As mentioned

aboue, monoËubst i tuted diazeneË å,Fe nap idl x ox idized by

oxygen to give the hydr.ocapbon. Thus, the diazene waË

I ikely the pnimary oxidation pnoduct and this hras oxidized
to a signif icant extent by oxygen to the hydnocar*bon.

Also, the anylazo comFound was always detected in the

pr'oduct mixtune try tlc and in the oxídation of

phenyl hydnaz ine azobenzene (4.7'¿) n¡aE i soì ated. Th i s

compound could anise fnsm the knor¡n bimolecular

decomposition of anyldiazeneE u¡hich gir.re the hydrocanbon

and the hydrazo trompound,

f 31l ZR-N=N_H _+ R_H + I,/ZR_NHNH_R + N2

Further oxidation of the hydnazobenzene by mTFBSF,

conf irmed Êxpenimentally, u,rould nesult in the azobenzene
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(7t'¿) 
"

[¡Jhen the ox idat ion o{ phenyl hydr.az ine was canr* ied out

tui th ? equ i ual ents of mTFBSP the phenrl di azon i um i on wag

fonmed as shor^rn bv the 2-naphthol diazonium csup'l ing pr.oduct

(23'Å) and the convenEion to chlonobenzene by cupt-oug

chloride (25.:Å), Pnesumably the diazene was oxidized
funthen unden these conditions. These results ape similar

l+) ft)t32l 4PhNHNH2 + 2<ArSOr0), ---ø' PhN+.t Ar'Sgf'+ BphNHNHrArSOf,

to those neponted by Aylr¡and with LTA discussed aboue and

Back'Ë work with benzenegeleninic acid and anhydnide <7e>.

The mechanism of the oxidation cannot be definitely
determi ned from th i E studv. Howeven, the mechan i sm

Euggested f on the ox idat ion of benzyl hydnaz ine r¡rh ich gaue

toluene (51]4) and benzaldehyde (?5'/,) is outlined belourr.

Benzhydnaz i ne can reåc t t¡ i th mTFBSp to g i ve tr.r¡o N-

substituted comF,oundE ó1 and é2. Again the inter.nal

nitr'ogen is mone nucleophil ic and substitution is mone

likely at thiE position. Elimination in 6l can then

proceed via two nouteE leading to å hydrazone on a diazene.

Due to the higher acidity of the N-H bc,nd the diazene urould

be far¡ored kinetically r+hiìe the more stable hydrazone

wou I d be fauored thermodynam i cal I y. Tau tomer i zat i on of the

diazene to the hydnazone could occun but usual ly such

neàctions nequire stronq acids or bases, ot- fnee radical

initiatsns. Toluene is the pnoduct exFected fnom the
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funthen decomposi

is I ikely for.med

on of the diazene r¡hile

the hydnolysis of the

the benzal dehyde

hydrå,2ûne,

ti
by

(AnS020)2

020H

Ph -cH2-t'J

Ph-cH2-NHN H2+

-ArS

Ph-CH^_N_NH^'l ¿

OSO2AT

é1

Hl'JH-OSOrAn

é?

l-o"*oro,
I

{

Ph-CH=O + NH,NH2

SCHEME ??.. The mTFBSP Ox i dat i on

f-o"*oro,
Ph-CH=N-NH^ (

l,,o 
z Ph-CH2-N=f'l-H

I

loz
t

Ph-ËH2-N=N.
I

l-Nzf
Ph-CH¿ 

--.+' 
Fh-ËHg

of Benzyl hydraz i ne.

These wonkers haue al so ox idized hydraz ides r,tri th

mTFBSP. Hvdnaz i deË were I ess neac t i ve than hydnaz i nes bu t

Feåcted smoothly at 25oË to give high yields cf the

copr'egponding diacylhydnazines. A small åmount of the

carboxylic acid r¡raE detected in all cåEeË by tlc and r¡aE

i sol ated for benzyl hvdnaz i de. Agai n the di azene was the

likely intermediate. These aFe knot+n to be good acylating

agents and thus Feaction with unneacted stanting matenial

r¡ill nesult in the obEerved product.
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{ArS02 0)2 H2 0 u -Hl'l=trlH

-HN=NH

R( C=0) -N=NBS02An .i** R-COBS02An _;;õõ-ffi RCOOH

SCHEME 23. The mTFBSP CIx i da.t i on of Ac i d Hydraz i des,

The canÞoxyl ic acid waE probablx formed via the míxed

anhvdride formed bv further oxidation op peå,ction r¡ith

aFenesulfonate. Dinect hydrolysis of the diazene was not

I i kel y Ei nce moi sture was excl uded. These resur ts are

similar to those r¡ith the oxidation t¡ith selenium oxidants
(70), LTA (71> and halogens (7?> 

"

Related to these oxidations is a method of preFaring

aromat i c al dehydes. Th i s i nvol veE the base-catal yzed

ox idat íon of monoacyl hydnaz ines us ing potass ium

ferrícyanide (the Kalb-Gnoss Feaction) on sodium

me tapen i odate ( 7g) .

t 331 Ar(C=0)NHNH2 + t0l --+ An(C=g)N=NH -+ A.CH6 + N2

f0l = KrFe(CN)6, NaIO,

As Éeen above, the fonmat i on of benzal dehyde from

di benzo)'l di azene apperentl y al so proceeds through such a

diazene.

THE GENERATIOI{ OF DIAZENES BY THE ELIMiNATION FROM

HYDRAZ INE DERIVATIUES :
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THE F"ICFADYEN-STEVENS REACTI ON.

In the related McFadyen-Stevens Feection, an aldehyde

i s fonmed when anyl benzenesul fonyl hydraz i nes é3 undergo

base-catal vzed thenmal decomposi t i on i n eth/l ene gr ycor at

1óOoC t,ri th the I osE of n i tr'ogen and su I f i nate (24> .

l'4cFadyen and Stevens have Euggested tha.t å, d i azene ó4 and

an acyl anion ó5 ane intermediates formed as a reEult of

successive bimol ecul an el iminat ions.

In both r.eactions the yíeld of aìdehyde is incneased

by the pnesence of electnon-donating gpoups in the Z or 4

posi t ion of the anoyl hydraz ide moiety urh i I e el ectr.on

t¡ithdnawing gFoups in these positions decrease the yield of

x4-u

r 331 Ar ( c=o) -ll*r4ro"
é3

tFE,--\ I
--&, 

An(C=O)-N=dy:H + AnSO2H

64
I

lf-b
I

¡1rÐ ¿-r t# An-C=CI + N2 + BHAnËHCI

aldehyde leading instead to Eymmetrical dianylhydrazides.

The similanity betureen these two reåtrtions suggest

that both occur by a common intenmediate. l^Jith the

fonmation of the sulfinate ion it wåE suggested that

el ectron-wi thdnatrring subst i tuents Y in the 4 posi t íon of

the benzenesulfonyl gpoup in ó6 might faci I i tate the

el imination step and thus increase the yield of the

al dehyde.
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0
il

_ryc-NHNHSo't_,

Howeven , t^¡hen 1-( 4-subst i tu ted Þenzenesu I {onyl ) -2-( 3-

methyl thiazoìe-5-carbonyl )hydraz ineE treFe subjected ts

these condi t i ons, the yi el d of 3-methyl th i azol e-2-al dehyde

r¡ras found to decreage t¡rith the 4-substituents Me0)HlBrlNCr

Thus, electron-donating gnoups in both positions X and Y in

66 enhanced the >'ield of aldehyde"

{-t
-N-S0r-An',

or-)
I--+ Ar -ü-N=N-SE r-Ar 

,

I

H

An ( C=0) H

_& N2

Ar'-SOj-'

é7

SCHEME 24. Suggested I'lechan ism f on the

McFadyen-Stevens Reac t i on .

¿ê

0then trronkens have suggested that the r.eåtr t i on

ínvolues the napid abstnaction of a pnoton from the

sulfonamide nitrogen and the resuìting anion é7 undergoes å

1,2-hydnide Ehif t t¡hich r¡ould be promßted urhen Y is

electron-donating(74>. Decomposi tion of the nesul ting

Eulfonylazoalkoxide ion ó8 r¡ould give the aldehrde,

n i trogen and the anyl su I f i nate i on .

ta
ril

Ar-C-Nq
H
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Unden the eanl y standand Feetrt i on condi t i ons th i E

procedune was only appl icable to the preparation of

anomatic and hetenocyclic aldehydes, This waE {ound to be

due to the exceÉE of base (5 equivalentE) causing the base-

catalyzed attack on the e-hydrogÉn atom of al iphatic

al dehydes and the i n I oss due to condensat i on Feåc t i ons.

Laten, ¡ t was found that aì iphatic aldehydes could be

obtained i+ they lacked such an d,-hydrogen atom, for

example pivalaldehyde, or' if the Feactisn peniod t^ras

Ehortened by usi ng fl ash pyrol ysi s techn i ques. Later

i mprovemen ts to the McFadyen-StevenÉ reac t i on i nc I uded the

use of å relatively apnotic solvent and one equivalent of

base or the sod i um sal t o{ the m i xed hydraz i de t^r i thou t

additional base. Additional base urith eithen of the latter

tu',rs modif icat ions Lrlas f ound not to irrcreaEe the yiel d o{

al dehyde,

Craig and cowor'kens haue conf inmed the anticipated

d¡fferpnces in the acidities of the N-l and N-2 protons of

these compounds (74). Solubi l i ty tests and nmr Etudíes have

shown that the N-1 pnotons of 1-Þenzenesulfonyl-2-

arylhydrazines ape mone acidic aÉ expected, This {act wae

not conËi stent wi th the i n i t i al mechan i sm proposed by

l'4cFadyen-StevenE, t331 .

To furthen elucidate the mechanism the kinetics of

sol u t i on thenmol yE i s haue Þeen stud i ed fon several such

compounds. In the presence of I equ i val ent of sodi um

canbonate the thenmolysis at l600C in diethyl carbitol
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follor¡red f ir'st-onder l{ineticE. The prefonmed Eodium saltE
of the hydrazides showed the same rate data. Thus, the

Feåct ion f ol I ot¡s f inst-orden k inet ics trri th nespect to the

an i on of the hydnaz i de.

The reaction r^Jas found to be accelenated try electnon-
donatíng and retanded try electnon-r,,¡ithdnat^ring påna

subEtituents x. Th* fralue of -l.gB from a Hammett plot

implies that the gneatest electnon density at the reåction
si te i s the most rate åccel enat í ng, Th i s suggests the

hydrogen i s transfenned to the canbon aË a hydnogen i on and

not as a hydr i de i on. varyi ng the Fåpå subst i tuent y al so

shor.tred the same trend but the e{fect was uery Emall.

The sodium salt of the dideuteriohydrazide (éê, X=O["1e,

Y=H) fonmed the copt esponding l-deutenioaìdehyde at a much

slor^,en r'ate for the f ir.st-onder'Feaction ¡¡ith an isotope

effect kg./RO=Z.28 at 1é0oC. The conreEponding isotope

effect RH/kDthat r¡ould Þe absenued fon the McFadyen-StevenË

neact ion 'at 25oC was cal cul ated to be appnox imatel y 4.S.

Thenefone, the N-H bond is clearly broken in the nate-
de term i n i ng step .

The mechanism ppoposed by Craig and cowÈrkens is
shourn in scheme 25, The anion of the acylhydnazide é? is
the neac t i ng spec i es and wou I d be fonmed by the ex tneme I )¡

rapid pnoton abstraction fnom é6. At the high reå,ction

temperature, cìeavage of the anion occurs quicklx {onming

the benzoyl am i non i trene 70 and the benzenesu I f i nate i on .

This nitrene could then form a S-memÞened tnansition state
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(+l ta
-þrl=[lr-)

o.-!/t
,\\I o-u
I

ü78
(+)

,/N=N(-l
n-CH

ls
0¿-,

82

é6

ll-"
Jl ,-

C=0 ) NH-N-SO2-An '
6?

I [ 
'+ 

(+) r-r+ {-'sor-An' æ o"-fi-1t={'

t-o H 7t

rt
nr-ctji.lJñ"

t;i0-'.H 73

An-(

An-( C=0)NH-Ñ:

7Cl

It
An -C-N.:N

ll i ioH72

ll
An -C-N=N-H

ll
cl

¡1=tfrtt
,.Á

An-Ct <+

(-) 
'N=N(-r

= x:o-/t <:...Þ

\
0-H o-H

7776

Ar'-C-H 

- 

A
ll -Nz
o

81

73

An-C: 

-EÞ
0-H

7? 80

SCHEME 25

Crai g's Mechan i Em fon the McFadyen-StevenE React i on,
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73 in equilibrium r,',¡ith the highrr reÊonance stabilized
ylide 7á. This peanrangement could occur by insertion of

the nitr'ene 7t into the N-H band to give the diazene

intermedi ate 74. Al ternat i vel /¡ Feå,rrangement coul d rccuF

by the 4-membered tr'ansition state zs. InFeversible loss
of n i tnogen from the meËome r. 7Z fonms the

hvdnoxvFhenyl canbene 7? and hydrogen mi gnat i an nesul ts i n

benzal dehyde (81 ) .

In the di pol an meEomer i c form B0 i t
change nepulsion r¡ill exist between the

atom and the negat i ve charge i nduced at

r i ng by ån e I ec tnon-donat i ng subst i tuen t

Rap i d Feåanrangement to the al dehyde uri I

change neFUlsion.

cå.n be Ëeen that

negåt i ve carbene

C-1 of the benzene

at C-4, eg. -OMe.

I nel ieve this

Benzaldehyde could also he formed from the l-hydroxy-
1-phenvldiazoalkane 78 by tautomenization to 82 follot¡ed by

I oss of n i tnogen.

The el imination of the benzeneËulfinate ion must be a

fast step since if i t were rate-detenmining thene would be

no deuterium isotope effect becauEe no N-H bond is brol<en

in this step. Also, if it wene rate-determining then the

nature of the papa subEt i tuen t y r¡ou I d haue a pnof ound

effect on the nate of the reaction which was not observed.

A rate-detenmining step would alEo haue to be reganded åË

i nneverEi bl e. To test the nevepsi bi I i ty the react i on was

reFeated r,,.rith the Eodium salt of óé, x=o[.1e and y=Hr in the

pnesence o{ 5 mol ar equ i ual entE of sodi um p-toì uene-
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sulf inate and r¡as stopped af ten B minute Feaction time.
Analvsis of the neaction mixtune showed the pnesence of 7,Á

of éé, X=ol"le and y=l"le, demenstrating that the el imination
must be FeverE i bl e .

The neection rates r^rene f ound to vå.ny only sl ightly in
solvents of widely diffenent chemical natune, ie. veFy

simi lan vields of aldehvde were obtained using diethyl
canbitol, ethylene glycol, DMSO, DMF oF dimethylacetamide.
This agnees r¡ith typicar f indings for thermorvsis Feactíons
in wh ich n i tnenes åpe invol ved r¡here the sol vent pnesumabl y

onlv ssluates the transition state. Thus, tuíth a nitrene
mechanism inuolving only neutral intenmediateE the neåction
rate should not be gr.eatly effected b:¡ å change in the

scl ver¡ t å,s was obserued,

Presumabl y i n the base-catal yzed ox i dat í on of
monoacylhyd¡¿¿¡¡g u.ri th potassium fennicyaníde and Eodium

metapeniodate, the diazene is formed which then decomposeE

v i a a simi I an route. Thus, unden the pFopen condi t i ons

acyldiazenes can probablr undergo reå,r.rangement leading to
neduc t i on and the fonmat i on of an al dehyde .

These different methods all gener.ate the å,zo gr-oup and

the products obtai ned al I have simi I an Fropent i es. Thus,
these products nef lect the peactivity of the å.zo moiety
rathen than the me thod sf genenat i on or. the natune of the
oxidant. unden our oxidative condítions ¡t seems

neåBonable that a diazene is fonmed fnom the canbazateE aÉ

postulated by Ohme and Preushof . Hor^revenr ¡t is likely
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that furthen oxidation to å.n azo radical occurs. Loss ai
nitnogen from this ezo nadical is the obvious pathwax of
decomposi t i on I eadi ng to the format i on o{ an al koxy or

aryl oxycårbonyl nad i cal ,

t34l RO0c-NHNH2 -PL RS6C-N=N-H -tE* RSC¡C-N=N.

It is alEo possible that proton tnansfen

to oxygen could occun in the diazene ! befone

ox i dat i on takes p I ace as propoEed by Cna i g and

for the McFadyen-Steuens peac t i on . Two nou tes

auailable in ¡¡hich further neanpangement could

leading to the formate ester 84.

+ R00c.
-N2

{rom n i trogen

f un ther

cowonkers

are aga i n

occun both

0-H
L*t

R-0-ç=¡r¡=¡1¡-t

I

I

ü

o¿-)

I

R-0-cH

R0tchtHt'lH2

IOI

ROOCN=NH €

?

--& 
RoH + Ç=o [o] r ç=o ----ø co o N2

/\ /\NH-NH ñ=N

E

0-H
t..+ R-O-C-N=N(-) --.-øR-0-c'

o

H
(+)

SCHEME 2ó. FoEsi bl e Ox i dat í ue

\
l+)N3{

ROOCH

84

Pathway of Canbazates.
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It måv also be possible that the carbene gB couÌd lose å

pnoton fo'l lowed by canbon monoxide fonming the alcohol .

Formation o{ the aziridinone and sxidation to B r¡rould alsa
I ead to the al cohol and canbon monox i de as pFoposed by 0hme

and Preushof (see Scheme g),

¿.,52.



THE REACTIONS üF ALKOXY- AND ARYLOXYCARBONYL RAÞICALS"

AIkoxy- and anyloxycanbonyl nadicals have been

for'mulated as Feåction intermediates, spectroscopical ly
detected and studied, and their neå.ctions have been

investigated in both the gaË- and liquíd-phåse. In spite of
th is wide study thene ane st i I I amb,igu i t ies in the

I i tenatune ccncer'ning these reactive intermediates,
There is no publ ished study on the radicals formed by

the oxidation of canbazates. Hot^rever.! the nadicalE

Pnepaned bv this noute should have pFoperties similar. to
those pnepared from other compounds and Eo should behave

simi I anl y. As di scusEed aboue, Ni chol son and Cohen

suggest that diethyl azodicanbc,xylate (Et00CN=NCC|OEt)

undergoes methanolyEis in the presence of both minenal

acide and fer'ric ion to fonm the diazene EtOOCN=frlH and therr

the nadicals Et00cN=N. and Etonc. (6s). some of the
prev i ous work on al koxycarbonyl nad i cal s ã,ne d i scussed

belor,,.r and indicate what pnoducts may be exFected fnom the

ox i dat i on of canbazates.

THE REDUCTION OF CHLOROFCIRMATES.

The neduction of chrono{onmates is bel íeved to pr.oceed

thnough alkox/cånbonyl nadicals. Kuiuila and t¿Jalsh f inst
neported that benzyl chlorofonmate when tneated at room

tempenatune fon 2 ureeks wi th tni-n-butyl tín hydride gave å

mixtune of benzvl formate (6r'Å) and toluene (B?.¡,) (7s).

t35l ROOCCI + (n-Bu)3SnH 
--ø 

ROOCH + RH + (n-Bu)3SnÊt
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Ethyl chIorofonmate on the othen hand onIy undeFWent s4

reduction aften 3 h at B0oc. complete reduction occunned

houqeuer in the presence ol 1,6 mole Z AIBN

(azobisisobutyronitnite) fonming only ethyì {ormate and

tri-n-butyl tin chlonide.

Beak and Moje haue also studied this reduction (7éJ,

Benzvl chlonofonmate u.rhen tneated zz h at géoc r¡ith tri-n-
bu tvl t in hvdr'ide in hexane af f onded tol uene (zzr.) w i th a

veFy smal I amoun t of benzyl f onmate < <t.l) and no

"significant amount" of benzyì alcohol. Increasing the

amount of hvdride or the concentnation was found to

i ncreaEe the fonmate at the expenEe ci the tol uene. Th i s

neåction did not pnoceed via the benzyl chlonide since

thene waË no significant conuer.sion to this compound unden

the Feaction conditions (a maximum of 4'¿,). cyclohexyl

chl oroformate unden Eimi I an condi t i onE afforded onl y

cyclohexyl formate and less than If, cyclohexane.

Both these gnouFË suggest the Feac t i on pr*oceeds v i a

the alkoxycarbonyl radical , Scheme 27. Beal< and Moje claim
that such nadi cal s åFe thermodynami cal ì y di sposed to
fnagment to canbon dioxide and the carbon radical but have

an åppr-eciable actiuation energy to decomposition.

The rate of this fragmentation depends of the Etabil ity of

the radical formed. Thus, the decomposition is facile with
benzyl chlonoformate Eince the reeonance stab.i ì ized benzyl

radical is formed. The ethyì and cyclahexyì nadicals ape

not ås stabl e and Éo the f ragmen tat i on r,.¡ i I I be' sl oalen .
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t 3ól

t 371

7.' + MH 

--& 
Z.H + M. Initiation

M. + RCIOCX -+ ROOC. + l'4X

fSBl R0OC. a- p. + CO2

r39l R00c. __=Þ Rt. + c0

t40l Rooc. + MH _+ ROoCH + Þ4.

f41l R' + MH 

-=-* 

RH + f',1.

E42J RO. + MH .--...-Þ R0H + M.

Typical ini tiators (2. ):

AIBN (azobí si sobutynon i tn i I e)

MerC(CN)-N=N-C(CN)Me2 -+ ?lte2C-CN + N2

t-Bu tyl penox i de

t-Eu00-t-Bu -'..+ 2t-8u0.

Typ i cal hydn i des (MH) : (n-Bu)3SnH, (n-pr)gS¡ H

SCHEME 27' The Reduction of chloroformates with Hydnides.

Jackson and Mal el< have al so invest igated the neduc t ion

o{ chlonofonmates (77). These wonkenE have employed arr

ongånosilicon hydride instead af an onganotin hydnide

because the latten tend to reduce chlorofor.mates to
fonmates, íe. abstnaction t40l competes effectively with
fragmen tat i on t 381 .

2- /, Pr zSiHr43l R02cct ffil-H + co, + (n-Pn)rSiCì
tr2

/r-2luh at 1/+0oC

since the si-H bond in ongå,nosi lanes is stnonger than the

sn-H bond in onganotin hydnides, ahstnaction wirr be slowen

and fnagmentation can compete far.rorably. The high yields
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of the alkane ¡¡rith

i nd i cateE t 3Pl and

Fr imany and

t40l do not

secondary ch I

compe te s i gn i

or'o{ormatEE

f i can t ì y.

n-oc tyl

cyc I ohexyl

chol estan-ep-xt

EtSc-

Ph cH2-

Ph-

cH3c0cH2cH2cH2-

TABLE 1 4.

The Reduc t i on of Ch I orofonmateE

Z Yield RH

85-92

?t

é?

1B

1t

trace

43-6?

wi th tnganssi I anes.

The

requ ired

the perox

unusual

appeåPË

ide but

Iy lange amc,unt of t-butyl peroxide

not to be due to induced decompoEi tion

due to å, one-to-ane Feaction.

o O-S i Pr

of

r44r noco x'Þ no!-x Pr3si'* nol-x --*.
CI-S i Pn

IR. + O=C-X
I
I

lPr.SiH
v
R-H + Pr'g$i.

Th i s pathwar accoun ts

and Eilane while Etilì
al kane , R-H,

for the I ange

affondi ng a

consump t i on

good yield of

of penox i de

the

As shor¡rr in the tabl e, veFy
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obta i ned fnom pr i mary and secendany al cohol E wh i I e

tertiarv and benzyl ic alcohors and phenols a.f{or.ded pc,Gp

vields. The abstnaction reå.ction i4ll should Þe fa.st fc,r.

all nadicals R except fon the t-butyl and benzyl r.adica.ls

wh i ch are mope stabl e . I n con tr.ast , the phenrxycanbonyì

¡adical r,,¡ill under.go a slor¡ {ragmentatian Iggl and instea.d

rSPl r¡ri I I be f ar,roured, Th is dif f er*ence wi I I be di=cusEerl

in more detaí I below,

THE REDUCTI0I'l 0F SELENCICARBOF{ATES.

Pfennígen and cowor'kerE haue developed a nelated
reduction based on selenocå,t-honates (ZA).

t 451
O=CClr PhSeHRtH RtOCCl & RtOCSephpyri dine

1.5 n-Bu^SnH
') ..*Þ Pf]nnLJ .a.ROOCH &./or ROH &,zor RHinitiator,heat

The pnoduct distrihution fnom this r-eection can be

contnolled by vanying the tempenatune aE shor¡rn in Table lS,
The optimum tempenature fon the deoxy products is at l44oC,

nef I ux i ng xyl ene " Th i E me thod cannot be used to reduce

phenols, eg. 8Ê, becauEe of the unwanted fragmentation of
the intermediate phenrxvcarbonyl r.adical . Aìthough

tertiary alcohols undengo neduction even at a ìow

temperatune these alcohols wene conuerted into the mixed

canbonates in lour yields only.

Ëun i ousl y th i s me thod not on I y forms the non-al kane

and the fonmate but also the alcohol. As seen above, the
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alcohol has not been reponted àE a pnoduct in simi lar
reduc t i onE"

TABLE 15" The Reduction of SelenßcaFbonates.

ta

âEz=benzene, Tol=tol uene r Xyl=xyl ene,

TMB=1 ,3r5, tr imethyl enebenzene (mesi tyl ene) .

bSZ carbonate al so pnoduced.

Sel eno- lsol ven
Icanbonate I

Temp.

oç

lYi el d Produc t

Nor-al kane I Formate I Al cc,ho

85

8é

a7

8Bb

5Cl

Bz

Tol

Xyl

Tl'.18

Bz

Bz

Tol

Xyl

TMB

Bz

Tol

Xyl

Bz

Xyl

Bz

BO

11CI

144

t64

RTrhv

80

110

144

té4

80

110

t44

RT, hu

144

80

18

38

58

éê

5

3?

73

é2

51

75

?0

?

81

62

25

EJ

25

81

76

42

1é

28

43

L6

4

87

18

15

2l)

30

37

7

t?

9

14

1l

10

6

J

I

ê2
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8B

Pfenn i ger and cowonk

canbon monox i de fnom

B6

er's have explained

the al l(oxycanhonyl

B7

R =00CS eC ,H -ot

this by the loss

nadical .

of

t3?1 ROoC. _.Þ R0. + cCI

HsrÀ,eveF, based on othen intrest ígat ions

is not expec ted extrep t f or r¡hen R is an

ïhis points to å d¡ffenent neaction oF

such å, fragmen tat i on

aromatic gn0uF.

penhaps the

Fr-epared

Cn ich harre

aì cohol s by

oxal ate eEten

influence of ansthen Feagerrt,

THE FRAGMENTATITN OF MIXED OXALATË ESTERS.

Al koxycarbonyl rad i cal E have al so been

thnough oxal i c ac i d den i uat i ves. Bar ton and

recen t I y descr.i bed a me thod of deoxygenat í ng

the rad i cal i nduced fnagmen tat i on of a m i xed

(7?),

?3?



Val ROH + clcococl æ R00c-c0cf +

2EI3CSH, trace DMAP

benzene, reffux th
Hg)z

ß,
0No

RH + zcoz - 
ßsscEt3N(C

ö
DMAP =

This method affonds å good vield of the deoxy compsund

r,'-tith ter'tainy alcohols but Éecondary alcoholE do not giue a

(,ery good conversion, Table L6. The fonmation of the

formate from cholestenol (?3) suggeste that at least for
secondanv gFoups the ttnro moles of carbon dioxide ar.e not

eliminated in a concerted FnocesË, Again, thene r^rås no

ev i dence of the i ntenmedi ate aì koxycanbonyl nadi cal I osi ng

carbon monox i de.

TABLE 16. The Deoxvgenation via Mixed CIxalate Estens.

ROH ';{YietdRH 'tyietd81

91

?2

g3a

tIn refluxing chlonobenzene (lSZoC). Fonmate (lSZ)

al Eo fonmed.

72

é7

51

81

70

43
ß,,*

81

cH3(cH3)16c(cH3 )2 0H

ÇH¡

91

?4çl



ff¡ RSH

\*,5r 1.**
ffc=o

I

RRR"COC=0

+ J' RS. + IH

Ð1 + RR'R"Ct(C0)-CO'.

RR',R" Ct( C0) -coo. -.-è
RR',R"CO(C0)-C00.-+

RR',R"C0-C=0 + RSH --+,

RR'R"C' + RSH ---*'

RR'R"CO-C=O + C02

RR'R" C. n ?Ë.82

RR'R"CIìOCH + RS'

RR'R'' CH + RS.

SCHEI'4E ?,8,

The Radical Induced Fnagmentation of a l'4ixed oxalate Esten.

THE THERMOLYSIS OF ALLYL OXALATES.

ïhe uaFop-phase thermoì yE i s of al I yl me thyl oxal ate

and allyl phenrl oxalate has been studied by Louw and

cor/Jonl(enE, and they too haue evidence fon the intenmediacy

of aìf<oxy- and aryloxycarbsnyl nadicals (80). A f low

svEtem at 400-5000c and atmosphenic pressuFe wag used wi th

excess tol uene and n i trGgen as d i I uen ts.

r.471 C0^ + .CtgR,/l
R. C0 + .oR

The thenmal stabl i I i t i es of both oxar ateE wene found

to be equal within a factor o{ two r¡hile dimethyl oxalate
was essentially stable unden the reaction conditions.
Thus, the mepe hreaking o{ the central c-c bond was not

involved in the thermolyEiE. The initial fragmentation

H.,C=CH-CHô-00C-C00R H^C-CH-CH^¿¿ca'5oooc22
?4

R = Mer Ph CAZ
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t48l {4as found to be the nate detenmining step. Fon the

methyl compound, the ratio of canbon dioxide to carbon

monox i de i nd i cates that k5o )n5l " The phenol to benzene

natio for the allyl phenXl oxalate r¡hen r-un in m-xylene

i nd i cates that k5O<R5l orr R51/R5g) eO/O. g = ca. ZTE .

TABLE T7 
"

Product Þistnibutíon in the Thermolysis of Allyl 0xalateE,

R y. yielda

aBased on convented esten. The enFor is giuen in the

parentheEes. bA-A=bi al I yì . cA-B=4-Fhenyl but-l-ene,
d B-B=bibenzyl . " In tor uene. In m-xyr en e (r'r, henzene and

5-10)4 toluene fonmed. f In toluene. In m-xyìene 0.1-o.z'/,

benzene and 5-102 toluene {onmed.

.....:.....t48r trT:îi:.iH2-otc-cooR -+ H2c-cH-cH2 * co2 + 'cooR

t 491 ?HZC-CH-CHZ --+ H2C=CH-CHZ-ÊH2-CH=CH2

.CSOR ÞC02+ R.

.CBOR+CO+.OR

R' + Ph-CH3 '+" RH + P¡CH2'

RO' + Ph-ËH3 + RoH + PhCH2'

?Ph-cH2' 4 Ph-cH2-cH2-Ph

t55l Ph-cl{2' + HZc-cij:'óHZ * Ph-CH2-ËHZ-CH=CH

SCHEME 2?. The Vapor-phase Thermolysis of Oxajate Estenç.

t 50l

r51l

t 521

t 531

t 541

co c0 RH ROH A-Ab A-BC B_Bd Ph -H

l'4ee

f
Ph'

170(10)

ca.100

5-1 0

ca.90

?tl( 10 )

5-1 5 B0-1 00

6-?O

5-1 0

30 -é0

25-é0

I 5-35

ca.25

5-t 5

5-15
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The benzene and toluene formed when the reàctian wå-=

carnied out in toluene and xylene, pespectivel/c were

pnobahlx fonmed uia a hornolvtic displacement Feaction and

not bv hydnogen abstraction hy the c6Fpesponding radical.

r 56l H. + An_X _-.&, An_H + X.

Ar = Ph, C6H4CHA X = Me, O0CCÛO-CgHS

sinc* kso)kst for the methyl compound, the formation of the

canbon monoxide from thiE compound waE explained by a

di{.+epent pathr¡ray, Scheme 90. The small amount of acnolein
that rdas detected was conËistent wi th th iE expl ainat isn,

Me' + H2C=ËH-CH2-O0C-ÊOOMe * CH4 + HzC-CH-CH-0OC-EtOt"te

..-+ HrC=CH-( C0) H + 2C0 + .Ol'4e

I
C0 <-+- CH2O + H2O

SCHEME 30, The Fonmat ion of Carbon l',lonox ide.

Agai n, the al koxycanhonyl nadi cal s onl y I oEt canbon

dioxide; there was veFy l¡ttle evidence fon the

competitive loss of canbon monoxide. In contrast, loss of
carbon monox i de i s favoned wi th phenoxycanbon¡ l radi cal s

due to the stnonger C-0 bond in thiE radical.
THE HYPTIODITE REAËTI ON.

Anothen nelated reaction is the photolysis of the

al l(vl hal f -eEter's of oxal ic ec ¡d ?F in the pneEence of
meFcuny(II) oxide-iodine reagent, the hxpoiodi te neaction,
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Goosen and cowor*l(ers have stud i ed th i s neac t i on and

found a míxtune of pnoducts but none of the all(ane wåE

formed Þv this neåctíon (Bl). The qåE evolued fnom thiE
neå.ction wås analyzed {or canbon dioxide r¡ith banium

hydroxide by the formation of a precipitate of banium

carbonate ¡ the pneEence of canbon monox ide u,as not inuest i_oated.

In most caseE the díall(yl oxalate and the alcohol wÊre

the main products with only low yields of the alkyl
iodides fonmed, TaÞìe 18. In fact¡ ßo benzyl iodide wå.s

fonmed even though c-0 cleavage would have formed the

r'eEonånce-stabilized benzyl radical . similanily, the t-
butvl hvdnogen oxal ate yi el ded onl y t-butyl al cohol and di -
t-bu tyl oxal ate bu t no i od i de .

TABLE I 8. The Hypo i od i te Reac t i on .

95r ft= Z Yield

EaC03 ( RCloÊ)2 ROH

n -Bu

E-Bu

t -Bu

1-0ctadecanyl

Cyc I ohexrl

Benzyla

P-Tn i p txcxlb
aBenzal dehyde (3?"¿,) al so fonmed,

i odo{onmate ( 55)4) al so fonmed.

benzeno-? r I 0-d i hydroan thracene 
"

bg-T" i p txcrl
Tniptycene = 9r10-o-

30

trace

50

a

trace

10

tnace

18

?2

33

5ó

32

54

34

3

0

45

78

50

75

L4

36

?44



t-Butyì alcohol wag found not to be formed via the

i od i de unden the Feac t i on cond í t i ons,

The d i al kyl oxal ates wer.e probabl y {onmed by the

dimen i zat i on of the al koxycanbonyl nadi cal , Scheme Bl

Th is expl ana.t ion iE conÉistent wi th the {onmat ion of

mixed oxalate as h,eìl as the symmetnical diesten rr,rhen

mixture of two dif+enent hydrcqen oxalates r¿¡ås used

reaction"

the

d,

in tlre

HqO-loR00C-COOH - 'è ROOC-COIII R00ccoo.
I

l-cozlzo
R00Ë. 

--Þ ROOË-COCIR

?5

hy

-=+-t.

t.
ROOC-I 

-
-t.

R. o cOz

'^-'
RI RI{

H

R0.

l*-
*
ROH

on.Reac t i

+CO

STHEME 31. The Hrpoi odi te

The iodoformates wene I ikely intenmediateE since urhen

9-tniptrcrl hydrogen oxalate tr,as oxidized the iodoformate

was isolated. Iodofonmates have been neported to be

unstable and the fonmation from the all<oxycanborryl radical
should be Fevensible, The Etability of the ?-triptxcxl
iodafonmate (96) may be due to Eteric hindnå,nce or to the

p i -i ntenact i on of the i odo{ormate gnoup and the aromat i c

rings. The formation and stability of this íodoformate

accounts fon the abEence of the di-P-triptycyl oxalate ê,s å
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produc t . I od i ne must tnap the

the d i mer i zat i on can occup ,

in ter'med i ate rad i cal bef or.e

Unique to this study was the for.mation of the oxaìate

estens which h¡ere not usuaìly oÞsenued. To account fon the

al cchsl {onmed, Goosen and cowonkers Froposed that the

aìkoxvcanbonvì nadical fnagments to the alkoxy nadica.l and

canbon monoxide but tlris explanation is unlikely based on

othen investigations. The unusual cour.Ee of thiE Feaction

was I ikely due to the mepcury(II) oxide-iodine neagent.

Lour¡¡ and cowonkens suggest that the products obsenved may

have been {ormed by the action of the hrpoicdite reå.gent on

IcotR r^rithout involuing free onganic radicars (90). The

fonmation of an organomercury compound can also expìain
some of the pnoducts fonmed (Eee below).

HYDROGEN ABSTRACTION FROM FORMATES.

Thynne and Gney have studied the abstnaction of

hxdrogen atomE {rom methyl formate by the methoxyl radicaì

bett¡een 120 and 185oc in the gas-phase (gz). The thermaì

decomposi t i on of gageous dimethyl penox i de was the Eource

of theEe methoxyl nadicals, The counËe of the induced

decompoEi tion can be represented by the mechaniEm shown
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be l ow,

l37J

t 58l

t 5?l

t é01

té11

I ê2J

t 631

MeooMe 
--+Þ 

ZMeO.

MeO. + HCOOMe ----+ MetH + .COOMe

.CûOMe -+Þ COa + Me.

Me. + HCOOI',|e 

-.è 
CH4 + .COOMe

MeO' + Me' -+ CH4 + CH2Ël

Met'+l"le'+MegMe

ZMe- -----è Me -Me

SCHEME 3?. The Induced ÞecompoEition of l'4ethyl Fonmate.

The f indings wene consistent urith the {or'matic,n of the

methoxycanbonyl radi cal , .ËBOMe, and the quånt i tat i ue

decomposí t i on ta canbon di ox i de and the methyl radi cal .

Againr there was no evidence for the decanbonylatian tion
reaction. Similan FeEUlts urene obtained by Thynne for othen

formateE (83).

Ausloos haE found that methyl, ethyl, n-pnopxl and n-
butyl formate r¡ill fonm the correÊponding alcohol and

canbon monox i de but onl y on photol ysi E at shont wavel engths
((250nm) (94). [^Jhen * [3-hydnogen atom is pnesent in the

all(yl group an alkene and formic acid can also be fonmed.

t é41 HC0OR+hy-.+CO+HgR

---.-æ HCûOH + aì l(ene

Ër i I I en and Roben ts haue stud i ed such ar koxycarbonyl
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d-nadicals bv electnon spin neEcnance (esn)(85). A liquid
mixtune of d¡-t-butyl per'oxide and {ormate r.,.lere suhjected
to uu innadiation and the esr spectnum of the

alkoxvcarbonyl nadicaì was observed. At the åF,pnopr.iate

temperatune the eËn Epectnum of the ethyl and t-butyl
radical r¡ras a'l so obsenved fon ethvl and t-butyl fonmate.

The mechanism suggested was veny simi lan to that of Thxnne

and Gney (Scheme 32),

Thene was no evidence of the presence o{ the adamantyl

rad i cal w i th adaman tyl f onmate al though the al koxycå.nbonz .l

nadical rA,å.E obsenued by esn. Fresumably decarboxylation
did occun but was ã,ccomFanied Þy fast hydnogen abstnaction
I eadi ng to the chai n decomposi t i on of the {onmate.

tó51 A$-$-C=O ---.--Þ Ad. * COZ

t6ól Ad. + Ad-$-CHO -+ Ad-H + Ad-0-C0

Again thene þJås no evidence for the loss of canbon

monox i de from the al koxycarbonyl nadi cal E.

THE DECOMPOSITION OF AZCICARBOXYLATES.

Esr has alEo been used by Alber.ti and Hudson, and

othens to study the thenmolysis and photolysis of
azocanhoxylateE (8ó). The results wene similan to those

above and åre consistent wi th the pFoduction of the

alkoxycarbonyì radicale and loss of carbon dioxide by these

nad i cal s. Aga i n theFe waE no eu i dence fon the

decarbonyl at i on o{ these aì l(oxycåpbonyl nad i cal s.
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ROOC-N=N-C00R 
hv or a 

zRErtrC. * N2

ROOC' 
---+ 

R. + CA2

REfOC. _//_->Þ R0. + CO

ft = Ethyl, t-Butyl
SCHEI'4E 33. The DecompoEition af Azocanboxylates.

Jones, Monnis and Thynne came ts similar conclusions

on thein gas-phase study of the thermal decGmposition of

dimethvl azodi fonmate (87) . In th i s Etudy esn was not used;

i nstead the pr.aduc tE r¡ere anaì yzed by mass spec tnoscopy,

Another mone recent and vepy thonough investigation on

the thermal decomposi tion of azocarboxylates has been

carnied out by Zabel and Tnahanovsky (ZZ> " These workers

studied the decomposition of methyl and phen>.1 triphenyl-
methvlazocaFboxylate (97a and gzb, respectir-¡eìy) at 60oc in
benzene or cumene ( isopt-opyl benzene ) .

Ph 3C-N=N-C0OR

97a R=Þ4e

97b R=Ph

Thev found that these compounds were useful fon generating

alkoxycåt*bonyl radicals unden mild conditions. The resul ts
weFe agai n consi stent wi th the 

.concl usi ons made aboue,

As one would expect, the cleavage of the. carbon-

n i trogen bond be tr¡reen the tr i tyl and azo groupE in these

compouFrdE occunred at a nelatiuely low temper.atuFe. The
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stable trityl nadical hJås fc'r.med with simultaneous or. fast
loss o{ å nitnoçten mc, lecule to form an alkoxycånbonyl

nadical' Table 19 liEts the identi{ied decomposition

pnoduc ts f nom these compounds. The evol r,red gåsÊ5 t^,rÊre

collected and analvzed bv cûnventional gas analysiE {or'

carhon dioxide and carbon monoxide. Nitrc_ìgen was a-=sumed

to cc'mpnise the remåinder' of thiE gå.s.

TAELE 1?. The Thermal DecomFosition of Azocå.nboxylates.

Cmpd. Sol ven t Temp

( oc) co

Yield

101 98

?7 aa

102 103

6.5

3.ó

berrzene

cumene

ob 2L

2t

benzene 0.lb ?.2 ?7.7 1B )11 >16

No measureable amounts of

Me0CO0t'1e sF MeCrCrCCt"le 2Ph.
bl'1** imum eEt imated yi el d,

PhOOCH, Ph00CPh, PhO0CCOOPh on ph0COOph.

PhCH(CLH/-COOPh).( 104) al so fonmed, g.?:t,"04¿

Al though mone than ?3:¿ of the theone t i cal åmoun t of

ni tnogen was fonmed no deca¡boxylation and only a smal I

amount o{ decanbony'l ation (maximum ca. z:ä could har¡e taken

place. This carbon monsxide was pr.obablx neån the lourer

limit of detectíon and could not be determined urith

Me 00CH , Me OOËPh , Me 00CC00Þ4e ,

Hal{-l ife ca, ZCl min. by nmn.

"No r*aEUneable amounts of
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centåinty.

Al I o+ the produc ts that con ta i n the al koxycå.r-bonyl

gpoup can be explained by coupl ing neactions of the

alkoxvcar'bonvl nadical r,uith a tr'ityl or suÞstituted trityl
nadical . Fiue other cornpounds also containing the trityl
and/or alkoxycarbonrl gnoups weFe also isolated but cauld
not be identified, A funthen complication to the analysis
wås the Feac t i on of oxygen r¡ i th the exceËE tn i tyl rad i cal s

at the end of the reå,stion. This r¡rould explain the at
least 20 distinct bands pnesent in each neaction by tlc.

The most I íkelv route to the pnoducts ane shown belcw

in scheme 34. Acconding to this mechanísm tri- and

tetnacarhoalkoxy compounds as urel I ås compounds wi th ortho
suhst i tu ted carboaì l<oxy gr.oups wer*e al so poss i bl e produc ts
and this would account fon the complex mixtuneÊ obsenved.

The failune to obsenue the expected decanbox'ylation may be

due to the nelatiuely high concentnation of the veny =-table
tr i tvl nadical s. These coul d be pr.esent in à suf f ic ientl y

h i gh concentnat i on that the al koxycånbonyl nadi cal E weFe

trapped before å.nv othen Feactions could occun to any

significant extent" The failune to detect oxalateE may

indicate that the coupì ing of two alkoxycapbonyl r.adica.l s

is nelatively slow due to an unfauonable polan ef{ect or

that theEe nadicalE may be rapidly trapped by the tri tyl
radicals,

231



60-75 -N^
Phrc-N=N-co0R 

;; 
PhrC' + N2 + .coon 

f 
Fh3c-cocrR

?7lse

T

Ph ,Ë. + .ËgtR

*l,oo,í Loo
EH=cH I -

ph3cH + phru-O.co'R JL er,rc=/"-Ïr-.oo* |

101,u¡ 
!/ \,oo \* cH=cH

7\-\_tnf phfc'oR \ /*r=.(\ + ?? A ,ìr=/ \.r-roo*

/ V ô\"=[''UUco'R cooR V Iroz ros coon lps

SCHEME 34. The Thermaì DecornpoËition of Azocanboxyìates.

CARBOALKOXYI'4ERTURY ËOMPOUNDS 
"

0+ related intenest ane the carbomethoxymercupy

cornpounds 105 and l0ó prepaned by the Feaction of canbon

monox i de wi th mencun i c acetate and methanol ,

Ph 
2cH
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1671 HS(OAc), + C0 + MeOH G==== l'1eCOO-Hg-C001,4e + MeË00H

¿-u(+)'" 105

I *r,
ü

Cl -Hg-ÊOOMe + MeCO0K

106

Halpenn and Kettle har¡e ghor¿.rn hy nmr and in tha.t theEe

sal tE haue the struc ture i ndi cated (ES) . pnesumabì y these

compounds are fonmed thnough the intenmediate mercuFy

car'bonyl complex 107.

CO

f ó81 X-Hg-01'1e + Ë0 ------õ X-*e-ONe + X-Hg-CtO¡4e

ta7

These orgå,nomeFcut-y EomFounds under.go ac id
decomposition by nucleophilíc a.-EiEtance leading to canbon

monoxide, the alcohol and a mercuric Ealt (gg).

CF3C00H )_16?1 Cl -Hg-CO0l"le + 3Ct- - > HsCl Í- + C0 + tle0H
DMSO - 4

Fanta has studied Eome o{ the othen Feactions these

canbome thoxymercur i c sal ts undengo ( g?) . photol yE i s cf å

benzene sol u t i on {or éh at 6-l0oc FeEU I ted i n mepcurrouE

i sd i de (56'/'> , me thvl Þenzoate (?Lz>, tor uene (Lzz,) and å.n

un ident i f ied compound, pnesumabl y unden these condi t ions

the sal t decomposeE to the mencunous sal t and the
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methoxycarbonyl Fad¡cår which can undengo furthen neå,ction,

hy
I-Hg-C0tl"le 

-----ø HgI + .C00t"1e

'COtMe *CO2 + Me'

Ph-H + .COOMe --+' COOMe:FhcooÞ4e+RH

R.
Ph-H + l',1e. 

--*- 
Ph-l'4e + RH

ft = Me, CO0Me

SCHEME 35. The Photol vs i s o{ carbome thoxymencur i c I od i de .

The photolytic behaviour of r.elated mercur./ compounds

has al so been i nvest i gated by Sakak i bana and Oda i na ( g0 ) .

These wonkens inr'adiatEd van ious mercuny Eal ts in THF r¡i th
å I or,*r-pressune mencury ì amp f on l? h unden n itnogen at poom

temperatune. The car.bsmethoxylation of the solvent r^,as

aga i n tal(en as eu i dence f or the f onmat i on of the

carbomethoxy radical. The cesul ts fon one Eal t

inuestigated is shown belot^¡.

hv
t70l Hg(Ë00l,1e), ññ Hg + THF,-CO0t"1e + (THF,-)^ + HC0Otle

Lto7. ?L.t 43.:i' 502

l'leooc-cooMe + c0 + co^ + Me-H
THF' 

= 
(^^. ¿-o' \ 

s " 
gz Laz r.¿ E:¿

tther salts with diffepent ligands nesult in a somewhat

different distnibution of pnoducts,

254



In this system conËidenable canbon monoxide w*s

fonmed. AE Eeen above ín othen Etudies, methoxycarbonyì

nadi cal s nonmal I y do not I ose carbon monox i de, photol ysi E

måy pnoduce the methcxycarbonyl nadicals in an excited
state t¡hich mav be expected to haue diffeFent proFeptie-,

and decar.bonylate. Or. this may simplf be a thermal effect
tuith the meFcut-y causing the Ioss by the Fevense Feåction

used to fonm this compound Iégl.

The format i on of the dimethyl oxal ate shoul d al so be

noted. Al koxycanbonyl radi cal s usual I y do not dimer i ze i n

these Eystems and this may again be due to the ppesence of
the mercuny, The mercun/ måy have a template e{fect
causi ng the two methoxycårbonyl nadi cal s to rap i dl y neact

t^r i th each other ar.ound the mer.cut-y atom bef ore

isomerization takes place. This u'.rould explain the

f onmat ion of the dial l(yl oxaì ate in the ínvest igat ion of
Goosen and cowonkens on the hrpoi odi te neact i on.
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our results from the oxidation o{ methyl canbazate are

ccrnsistent with the fonmatian and decomposition o{ the

methoxvcanbonvl nadical . oxidation likely pr.oceedE uia the

diazene É. to the å.zo radical r^rhich then readily loseE

nitnogen r¡hich ti¡as quåntiatiuely fonmed in moEt cå.seÉ.

l7L1 Me 0OCNHI'{H,

Me OtCl.l=t'l'

tol tol

-.-.+ 
l4eIûCN=NH ___-.+

t0l

-& 

MeOOC. + Me. + Cfrz
-N2

The thenmodynami cal I y favored I oss of canbon di ox i de

nesultE in the methyl radical urhich can abstnact å hydr.ogen

atom fnom a su i tabl e donor. As seen fnom the uan i at i on i n

the vield of methane r,,-rith di++er.ent solvents, the solvent
can pìax å,n impontant nole in donating a hydnogen atom by

uir'tue o{ its high concentnation. The methoxycarbonyl and

methvl radicals can also react with the anomatic Eolvent
pr'esent (homolytic aromatíc subEti tution). This explains
the fonmation of the methyì benzoate and toluene when the

oxidation hlå,s carried out in Þenzene (Tabìe g).

tdhile the methoxycapbcnyl radicals aFe

thermodynamical I y disposed tor,uandE I oss of canbon diox ide

there is evidence for an appneciable activation eneFgy (see

the ApFendi x) . Th i s expl ai ns the ner at i uel y I arge amount

of methyl benzoate formed (lg-L4Z.> ur¡hile only a tnace of
tc,luene wag pnoduced (ca. 0,1-0.4U) (Table g).

The fonmation of bibenzyl is most reasonably explained
bv the dímen i zat i on o{ the reËonånce stabi I i zed benzyl
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nadi cal ' Hydnogen abstract i on fnom the tol uene impur i tx
pnesent in the benzene op from the toluene produced would
af for.d this radical " A trace of d i phenxl hras al ss

identified in one such reåction and is pnesumably fonmed by

the dimen i zat i on of the phenrl radi cal (expt. g0) . si nce

benzene i s å Foor hydnogen atom donor a vÊny stnong
hydrogen abEtnacter is nequired to fonm the phenxl nadical
fnom i t. Alkoxy nadicarE ane such powenfur hydnogen atom

abstnactens and thus the fonma.tion of the methoxy radícal
is å possible explanation (see beìow),

In most o{ these oxidationE kJe wene aÞle to detect
conEiderable amounts of canbon monoxide usually in lowen
yields than that of carbon díoxide. Decarbonylation of the
R00C. nadical is only expected when R is an aromatic ning
and th iE is consistent wi th the nesuì ts f rom the ex idat iorr

of phenrl carbazate (gg and g"Fz canbon monoxide and carbon
dioxide, nespectivery). As seen above in the litenature
examples there are only a few cases when such å

decanborryl at i on has been FroFosed for cases when R i s not
ån apyl gnoup. These include pfennigeF,s wotl( on

se I enocanbonates ( zB) and Goosen'É ü,Jor'k on the hypo i od i te
reå.ction (81). Lour¡ in his study on the våpon-phase

thermol ys i s of al I yl me thyl oxal ate has exp I a i ned the smal I

amount of canbon monoxide fonmed by another noute (gcr).

A possible explaination is the coondination of the

methoxycanbonyl radical to a metal.
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c0

Í.7?J MeOOC-l'4-

Canbome thoxymencuFy compoundE, {on examp I e I 0S and I 0ó,

decompose on heating oF on acid tneatment fonming carbon

monoxide and methanol (55,8g). A símilar neaction could

take place in the preEence of other metalE. Alkoxycånbonyl

transition metal complexes plar å,n important nole in the

format i on of uar i ouE ongan i c compounds (pl ) . Inon and

må.nQåneËe emong othens aFe knor,trn ts f orm such comp I exes

(92).

Th

Canbazates,

The resul ts {rom the oxídation of phenyl, benzyl and

2-phenylethyl canbazate hreFe pFeÊented in Table l0 and ll.
Again a lange amount of nitnogen was {ormed and as expected

ncl methane wes formed. presumably, the ROOC. nadical wäg

aga in f onmed and excep t f on urhen R r¡as phenxl I oss of
carbon dioxide wes fauoned.

As expected for phenyl canbazate a lange amount of
phenol waË formed. Howevep, since no diphenxl could be

detected the phenoxy nadical must not abstract a hydroqen

atom from benzene, Othen sounceE of the hydrogen atom åne

present in the r*eaction mixtuner for example unoxidized or

pant i al I y ox i di zed canbazate, on the i ntermedi ate nadi cal

from the homolytic substitution on benzene. phenol could

also be formed together t¡ith azinidinone by a cycl ization
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type neaction as pnoFosed by Ohme and pneushof (Scheme 26>.

f^Jh i I e ca . 73j¿ sf the hydraz ino gnÊup can be accoun ted f or.

only 40-502 of the phenrl and canbonyl gpoupE cån be

detected. Thus, other pnoducts must arso be formed, and

d i phenrl hydnaz i ned i carboxyl ate ( phOOCNHNHËOÛPh ) an dlor
di phenxì azodi canboxyl ate (phOOCÌ,I=NCÛOPh) are

posgi bi I i t i es" As seen aboue, canbonyì azo compounds are

good acyl at i ng agen ts,

Since the phenoxycanhonyl nadical has å. high

ac t i vat i on enepgy fon I osE of canbon monox i de , the

fonmation of the relatively lange amount of phenyl benzoate

might be expected. Hc,wever, the formation of the fonmate

is unforeEeen gince benzene is å Foop hydnogen atom donor.
The phenoxvcarbonyl radical could be abEtractinç¡ a hydnogen

atom fnom anothen soupce on the fonmate could be the nesuì t
of a I'lcFadyen-StevenÊ type Feä.c t i on ( Scheme Zé) .

In the oxidation of benzyl canbazate a lange amount of
bi benzyl i E expected si nce the benzyl oxycaFbonyl radi cal

shoul d neadi I y I ose canbon di ox i de to fonm the resonance

stabilízed benzyl radical and this t^raE obsenved. A small

fraction of these benzyl nadicals may encounter a good

hvdnogen atom donor and affond the small amount of tcluene
detected, However! the forma.tion of benzyl {ormate. and

the ne I at i ve I y I ange amoun ts of benzyl al cohol and

benzaldehyde was unexpected, 0ne does not expect the

benzyloxycaFbonyl nadical to exiEt in Eolution ìong enoueh

to abstnact ä hydr.ogen atom and this is conËistent r,r¡ith the
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failure to detect any benzyl benzoate. Compar.e thi._ with
the r¡ork of Beat( and l'4c'je r¡ho ûbtained mainly tcluene <??:1J

r.rrith only a vepy small amount of benzyl formate <<Iy;) and

no "signif icant amount" of benzyl alcohol uirhen they neduced

benzvl chl onof onmate r¡ri th tn i-n-butyr t in hrdr ide, a uery

good hydr.ogen atom doncr. ( 7é) .

The formate is pnobablr beEt explained by

l"lcFadyen-Stevens neact i on, Coordi nat i on of the

benzyloxycå.nbonyl radical to the mangå,rreËe atcm

to the benzyloxy nadi cal and carbon monox i de 
"

D i spnrpor t i onat i on r,^.rou I d {onm benzal dehyde and benz>,1

al cohol , of r^lh ich the I atten r¡.¡h ich coul d be ox id ized

funthen Þv the oxidant pnesent to mone of the benzaldehyde,

l''lo diphenvl ¡ diphenylmethane sr benzoic acid r/.IeFe detected

in the reaction mixtuFe. l'1ost of the hydnazino and benzyl
qnouFs can Þe actrüunted for but only ca. SC:T, ef the

carbonyi qr'oup cån b,e tnaced. The canbon monoxide. canbon

diox ide or the benzyl oxycarbc,n/l qpoup måy be {orminçt å

stabl e me tal comp I ex. Both gaseË ape knor.rrn to f onm stabl e

complexes with transition metals (gA).

The oxidation of 2-phenylethyl canbazate will {orm the

2-phenylethyloxycanbonyl nadical r,uhích again r¡ill have some

stabi I i ty because o{ an apFtrec ialrl e act ivat ion eneFgy f or

the loEs of carbon dioxide. This explains the nelatively
I ange amount of 2-phenvl ethvl henzoate detected. Any I oss

of canbon di ox i de wi I I yi el d the pn imany 2-phenyì ethyl
radical r¡hich r^rill neadílv abetnact hydrogen to give

the

could lead
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Fhenylethane. The Z-Fhenylethyl fonmate måy be for.med Ey

the hvdnogen abstraction bv the z-phen/rethyloxycanbony't

radical on mÊre I ikely via a McFadyen-Steuens txpe

Feaction. Again a lange amount of alcohol wä.s detected and

this mav be due to the decar'bonvlation r.eaction under the

i nf I uence of the mangåneEe atom. No b i be nzyl , d i phenyl ,

phenvlacetal dehyder Fhenylacetic acid or' 9,4-dihydro-z(1H)-
benzopynan-l -one ( I tB) cou I d be de tec ted,

l^Jhen thís oxidation wås conducted in methylene

chlonider Fneparative tlc on the Feaction mixtune a{forded
2-phen/lethanol , ?-phenvlethyl fonmate together'r^rith å hiqh

mel t ing sol id r¡h ich r¡ras ident if ied spectr.escop icaì ly as the

dimer 2?.

0rr f-1

oa'-'**d{---+

__-+

-/\
- -/,t/-

'- /-.
)o

Scheme 3ó,

D i mer i zat i on o{ the Z-phenyl e thyl oxycarbonyl Rad i cal

I n benzene othen reac t i ons of the Z-phenyl e thyl sxycarhonyl

radical presumabl y clccun to avoíd the I oss of the
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aromaticity o{ the benzene ning,

A related cyclization and dimenization l-ras been

observed by Hey and cor¡rorkens (p4). Jul ia has cal cul ated

that the analogous S-membered spiro nadical from the

cyclization of the phenylbutyl nadical is åF,proximately Z.s
kcal./mol leEs stable than the open chain radical urrhile the

é-membened cyclized nadical is apFFoximately ê,? kcal,/mol

mGre stahì e (95) . Thus, the {onmat i on of the sp i no radi cal

iE kineticaìly contnolled tr¡hile the fonmation o{ the 6-
membered ning is thermodynamically favoned.

tJhen methvl canbazate wåE oxidízed with potassium

Fenmenganate, chromium trisxide and potassium ferricyanide
irr å,queous solution¡ ppÊsumably the conditions used by ohme

and Preushof r ño methane r¡laÊ detectedeven though a neå,r.

quånt i tat ive viel d of n i tnoqen Has obtained (Tabl e 7) .

Ëanbon dioxíde r^res the only other gag detected in the

ox i dat i on wi th potassi um Þermånganate and chnomi um

tnioxide. Hor¡ever, no carbon dioxide was obEerved when

potassium fennicyanide was used and instead å lor¡ yield of
carbon monoxide hras obtained. It seems that urith the

{onmen tr¡o por,^.renful oxidantE oxidation pnoceeds past the

me thoxvcanbonvl nad i cal to the canbon i um i on . Reac t i on

t¡ith uraten r¡ould af f ond methylcarbonic acid which r¡ould

decompose tû carbon d i ox i de and me thanol , compane th i E

w i th the wonk of Tsu j i and cowonkenE on coFrpen ( I I )

d i scuesed above ( ó8) .
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Ohviously å d¡ffenent mechanism tal(es place r¡ith

the f enn i c reagen t " The me thoxycapbony'l nad i cal måy

fonm å complex r¡ith inon, aE ulith mercur-/¡ Eome of u¡hich

could decompose to methanol and canbon monc,xide. such iron
comp I exes aFe l{nor¡n ( Pl ) .

AROMATIË SUESTITUTION BY THE METHOXYCARBONYL RADICAL.

As Eeen above the methoxycarbonyl radical, .c0oMe! can

undengo homol yt i c subst i tut i on on ar.omat i c systemg. To

inveEtigate the electnonic nature of these radicals Tiecco

and cowor'ker's have detenmined the nelatiue rates and isomen

distributions in such Feactions (gé). The polar nature and

thus the nucleophilicity of carbon-centened radicals is
known to be affected by the hybridization of the orbi tal
carPTing the unpair.ed electnon.

In th i s study the methoxycanbonyl nadi cal s were

genenated in three dif+erent ways: by the thenmal

decomposition of dimethvl azodicanboxyrate r.z4J, by the

hvdrogen abstnaction from methyl formate IZSI, and by the

thermal decomposi t i on of methyl t-butrì pepoxyoxal ate tzól .

ROocNHNH^ [0] o¿ -l\I,') Rooc' [oJ* nooc(*)
Hr0

--#r RocotH 

-RoH
-H\* ) -coz

t 741

t 751

MeooC-N=N-C0oMe ArMe00C-N=N +.COOMe

t-8u0. + HCOOMe ---+ t-BuOH + .COOMe
A
I

lhu, RT

t -Bu -O-t- t -Bu
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f.7é1 t-Bu0-O0C-C00Me A*t-BuO.+C0^+.COOt'1e
¿

In benzene these neä,ctions formed the substitution
product methyl benzoate in evepy cåse t¡rith isolated yields

o{ ?7, 19 and t7'¿ for 174J, lZ=) and t7éJ, neEpectir,rely.

small quantities of toluene tn,eFe arso detected pr.esumably

fnom the anal ogous subst i tu t i on reåc t i on b/ the me thyl
nadical, l7?1, This methyl nadicar could be formed by the

decanboxylation of the methoxycarbonyl nadical sn by the

fnagmentation o{ the t-butoxy radical, tTgl and lT?),
reÉpec t i ve I y. D i phenxl hras al so {ormed when the

methoxvcarbonyì radicaì was genenated åccor-ding to tzsl and

176J but not fnom 1741. Pnesumabry the t-butoxy radical
abstnacts a hydnogen aton¡ fnom benzene and the neËulting
phenxì radi cal coul d neåct wi th benzene. Tnaces of

bibenzvl {nom the dimenization o{ the benzyr radical r¡reFe

also present when these two methodE r¡Jene used.

t77J .COoMe + PhH -:¡3 PhCogMe

lTEl .Cgglye 
---*. CO, + l'4e.

t7?1 t-BuO. 
-+- 

Me-ËO-1"1e + Me.

tgOl Me. + PhH -:¡;ø Phl"le

t81l t-8u0. + PhH _..-ø t-BuOH + ph.

tË21 Ph. + phH _il.* ph-ph

t83l Fh_Me + R. _....Þ. RH + ph_cHz 2** ph_cH2_cí2ptr

SCHEME 37 . Reac t i ons of the l'4e thoxycåt-bonyl
Radical ín Anomatic Solvents.
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The concentnation of toluene was probablr too low ín lT4)

fon any si gn i f i cant amount of bi benzyl ts be fonmed.

Bibenzvl wås found to be the majon pr.oduct t+hen these

reåc t i ons were carn i ed ou t i n toì uene .

Reac t i ons t 751 and l76J were al Eo carr.i ed ou t i n

sevenal different substituted benzenes, and in equimolar

mixtur-es of these soìuents and benzene. The decompositicrn

of the åzocanboxyl ate r^las not f un then emp I oted aË å ËÕupce

of the methoxycar.bonyl nadical since this reactian wåg

found not to he aË clean as the othen tt¡ro neå,ctions. tther
un i den t i { i ed pnoduc ts wene al so formed.

Gas chromatognaphr tr¡as uEed to detenmine the

quantities of the isomenic methyl benzoates and meth>,1

benzoate formed in these reåctions. The distribution of
these isomenE shor¡s the reå,ctivity of the var.ious nuclear
posi tions and the total neåctivi ty of these Eubsti tuted
benzenes ne I at i ve to benzene . These

rnethoxvcånbonylbenzeneË tnrere obtained in only Lo-zo':. yields

depending on the anomatic solvent emproyed. These lo¡¡r

yields are due to the concurnent r*eactions of the

methoxvcarbonvl radical , the most ímpontant of urhich is the

decanboxyl at i on peac t i on .

The nesu I ts ape col ì ec ted in Tabl e z0 toge ther r¡r i th

the conFespond i ng val ueE for the phenyl at i on .reac t i on fon

compar i son FUrposes.
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TABLE 20. Isomenic Dístnibutiona and

(K) o{ Substi tuted Benzenes (ph-R) to
and the Phenyl Radícal.

R CO0l'4e

F- T.Yield o- m-

Relative Reactiuities

the Methoxycanbonyl c

p-

60,? 25.1 14.0 1.5S

23.3 51 .2 25.5 t .7?

SCl .0 32.0 1Ê.0 t ,0

53.5 31.5 15.0 1.3?

57.0 17,5 25.5 1 .77

58.0 13,1 28.? 2"2

ó1 .0 12.0 27"çt 2.4

é3.0 1û,0 27.O ?.?4

%e tenm i ned by gc . b R* I at i ve to benzene . cPrcduced from

methyl t-Þutyl penoxyoxal ate at éSoC. photol ysi E of di -t-
butvl peroxide in the presence of methyl formate at poom

tempenatune afforded simi r an nesul ts, dÞ*tenmi ned fnom

Feactisns cannied out on a preparative scale.

steric effectE caused the degree of ortho substi tution
tc, be lowen t^rith the methoxycarbonyl nadical than r¡ith the

phenrl radical " The resul ts also indicate a prefeFence for
rel at ivel y el ectnoposi t ive nucl ean posi t ionE due to a I outr

nucl eoph i I ic i ty of the radical . Th iE is consistent r¡i th

the much higher yields obsenved by Bennandi and coworkers

in the homolytic substitution of protonated heteroåromatic

K

Me

Cl'4e

ct

Bn

CO0Me

col'4e

CN

NO

5ó.0 26,? 17 .1 l. 45 10

0 ê4.7 35.3 0 .73 13

4ó.8 34.2 t9 "ú 0 .85 I I

45.1 37.3 t7.e 0.gd 10

35.1 17.? 47.O ?.2 lé

40.0 0 60.0 2,3 15

38,5 13"5 48.0 2.é ztl

77.4 0 ?2.6 3.9 ?t
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bases wi th al koxycanbonyl nadi cal s (?7> " Thus, the behav i on

of the methoxycanbonyl nadi cal i s not si gn i f i cantl y

diffeFent {nom those of othen ca.rbon nadicals with Eimilan
hybr idizat ion I ike the phenyl , v inyl and cyc I opr.rF,yl

nadicals.

similan peEUlts wene ottained by Nonman and cËwonl(er.s

on the homol yt ic subst i tut ion of benzene and an iEol e b/* the

me thox>.canbonyl r.ad i cal genenated by f nom monome thyì
oxalate and LTA (98),

[.rle alsc, conducted the oxidation of methyl carbazate in

toluene,/benzene and chlonobenzene/benzene tc, detenmine the

subst i tu t i nn pat tenn and thus fun ther i nuest i gate the

natune of the intermediate cåusing substitution. oun

FeEults t.rere uery similar to those crr Tieco and couJor*ker.s

(Table ?L) except we found the nelatir,¡e peåctivity oi
chlor'obenzene was qr.eaten than that of benzene, Eince the

methoxycanbonyì nadical iE elightlr nucleoFhilic. attack on

the electnon def icient chlorc,benzerre should be favored over.

attack on benzene. Similarily, the attacl( of the p_

me thoxrphenyl rad i cal on ch r orobenzene vs. benzene has å.

nelative nate facton of K l.gZ (gp).

A similan diEtribution and nelative reactivity was

obtained in the pFesence of coppen(II) which is an

eff icient nedical oxidant. Hor¡ever, the total percent
yield of benzoates decreased and thiE must be due to the

fur'ther ox i dat i on of the me thoxycarbonyl rad i cal ( see

be I or+) ,
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TABLE ?T.

Aromat i c subst i tu t i on bv the Me thoxycarbonyl Rad í cal .

tR*f . (98). hotal yield c,f methyìErenzc,ateE,

"co"nected to be equimolan. drn the ppeÊence of cu(oAc)^.
¿

These nesu I ts conc I us i ve I y pFove that the

me thoxvcarbonyl nad i cal i s be i ng fonmed by the ox i dat i on of

the methyl canbazate, The lot¡ yields sf the benzoates is
Eimi I ar to that r¡hen th ís nadical is pnoduced by othen

noutes. ThuE, the carbon i um i on i s not i nvol ved si nce much

less of the meta isomeF r,\rould be expected.

Beal( and cowopkers t^,epe in tenested i n generat ing such

carboxyÌium ions, R-0JËLo (100). t¡Jhen they tneated

cyclohexyl chlono{onmate r¡ith an equimalar amount of silven
fluorobonate in chlorobenzene at Foom temperatune they

Ph-

R_

Expen imental

eomen Di stn. (Z)

o- m- p-t K '/"Y i el

Literatunea

Isomer'Distn,(7.)
Èl^
' o- m- p-t tí,'¿Yieldo

Me 57. é ?4.8 L7 .7

(2.1)(0.9)(0.ó)

57.3 26.0 Ié.7
(3.2)(1.4)(0.9)
Ä*é3.5 23.1 13.5

(9.9)(3.6)(2.1)

1 .55 ? ,23

0.13)(0,37)

t .54 ?. B?

0.t2)(0.3?)

t.87 5.48

0.54)(0.81)

56,t 2é.? t7"L I .45 10

cl 49.3 30 .7 20 .0

(4.0)(2.5)91.é)
I .O7 LO.t7

0.12)(0.57)

4é.8 34.? 1r.0 Cr .85 11
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U

a{þocctI84ll I or
\-/ Ph-cl-, RT

obtained o- and p-cyclohexylchlorobenzene (gB and 44.¿j

neËpectively) urith vepy I ittle i+ åny meta-substituted
i somen and cyc I ohexene ( I esE than sy. of each ) , cyc I ohexyl

ch l on i de affonded the same pncduc ts,

o
<5/,

dCI ASBF,

ortho 33f,
meta <5/'para L/rf,

These neactions weFer.ationalizedby the intermediacy of the

carboxvl ium ion ¡¡hich loseE carbsn dioxide fonming the

carbenium ion r¿rhich then FeactE r¡ith the soluent.

Similarl:¡, alkXl chlonoformates peå.ct with ar.omatic

hvdnocarbonE in å Friedel-crafts neaction to afford the

alkylar'ene. However'r anyl chìono{onmates do form the

expected anyl ester's of aromat ic ac ids ( 101) . Again, th is
is because losE of carbon dioxide from àn aryì canboxyl ium

ion is a high energy pnocess.

The Frcrposed mechanísm for the oxidative decomposition

of carbazates is given belou,r"
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SCHEI'{E 38. The Oxidation of Ëarbazates.
m=minor'. i(aq)=impontant ín åqueous solutions withoxidants. ni=not impontant. i=imFontant when R;¿Ar,
i (Bz)=impor.tant r¡hen R=benzyl . i (Ar,)=imF,ontant when

str'one

R=Ar,

tol (+)

--Þ 

RTOCN=N-/a(aq) I

l-*,
i(ao) I r-' " È RO0C'|) 

--€ 
R(+'l

R-H

R-Ar

RTHø 
lrol\t

R'CHCI

ct
+

RCI-l',1-

27A



CBNCLUS I ON

Thene r¡Jå.s no evidence for the oxidatiue rear*rangement

of canbazates to the al t<ane pr.oposed by 0hme and preushof .

InEtead, the main neåction Hås {ound to be the formaticn of
the all(oxv- or' anyloxvcånbonvl nadical by the oxidation of
the hydraz i no gpoup and the I oEs of n i tr.ogen. These

radicals under.went the expected peactions íncluding the

arsmatic homolytic substitution of the sslvent, and losE of
carbon dioxide fnom the alt(oxy- and of canbon monoxide from
the arvl oxvcanbonyl rad i cal , Ëonc I us i ve proof of these

radicals was the iEomer distnibution obtained in

subst i tuted anomat i c sol vents and the fonmat i on of the

cyc I i zed d i me r 2? fnom z-phenvr e thvr carbazate .

An unexpected lange amount of canbon monoxide and

al cohol was obtai ned fnom these ox i dat i onE. si nce the

decarbonylation Feaction iE favored only for the

an/l oxycanbonyl radical E th is I oss r¡raE ppoposed to be due

ta the coordínation of the metal pr.eËent in the oxidant.
The fonmat i on of the benzyl formate fnom the benzyl

carbazate r,A,aÈ Éuggested to an ise u ía a l"lcFadyen-stevens

txpe neac t i on ,
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EXPER I MENTAL

General

The solvents (Fishen, certí{ied A,C.S,; except:

mesityìene¡ Aldnich; p-xylene, Eastman) wene punified and

dnied by distitlation from anhydraus calcium chlonide and

trlene stoned oven dn i ed Mol ecul an 5i eves (S A, Dav i son

suppl ied by FiEher) . No dryinç agent r¡as used in the

distillation of chlorobenzene (Fisher! ceFtified) and

tetnalin (Aldr'ich, 75.:/,>. Methyl carbazate (Ardrich) was

punif ied bv vacuum diEtil lation and tniethylamine (Fishen,

neagent) wåE distilled fnom phthalic anhydride. The

commenc ial benzyl carbazate used r¡las f nom Eastman.

Activated manganeËe dioxide, yellor¡ mercuric oxide, 4-

phenyl -l ,2,4-tr'i azol i ne-3,5-di one (PTD) and p/p i di n i um

chlorochnomate (PCC) r¡rere prepared accopding tc the

I i tenature pnocedunes (4ó,53, 1tr2 r47) . The other oxidants

were commer'cially available and r¡ere used as is¡ harium

rnanganate, Fynidinium dichnomate (PÞc), lead tetrå.acetate
(LTA) (Al dn ich) ; chromium tr iox ide, potassium f er.r icyan ide r

potassium penmanganate (Fisher-, centi{ied A.C.S.), red

meFcunic oxide (Físher.)¡ mencuric acetate (Matheson,

Col eman and Bel I , reagent A,C,S. ) ; pen iodic ac id (G,

Freden i ck Smi th Chemi cal Company, reagent) .

The constant temperatune bath wås manufactuned by

t^Jill(ens-Andenson Co. and the constant temperatune

cinculator (Thermomix) uEed was fnom Bnonwi I I scientific,
I nc .
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Analytical thin laven chromatognaphx (tlc) was done on

Ei I ica gel F254 ppe-coated on plastic sheets to å thicknegs
o{ 0.2 mm (E. Merck) and was visual ized r,,_rith iodine rp

shortwave ul trav ioì et I ight, prepanat ive tl c was car.r ied

out on silica gel fon tlc containing an ultrauioìet
i ndi caton and cal c i um sul fate hi nder (DgF-s, camag) .

Gas chnomatographx (gc) was carried out on a BASIC gås

chnomatognaph, Model é500 (canre Instruments, Inc.), uuith a
5 A l'loleculan sieve and a ponapak G@ on chnomasonb l0z@

columns (see a latep Eection fon complete details), a

Perkin-Elmen sigma zb r¡¡ith ä sp-400 chloropherryl column

(é ft, supelco) with temperature ppogramminq {rom 40-?00oc,

on on a Hewl ett Packand szl0A t¡ith e col umn congist ing of
Bentone 34 (5:¿,) and diisodecyl phthalate (3:l) on Chromossrb

t^J (6 f t) at 130oC.

Melting points wene measuned r¡ith â. FiEhen-JohnE

melting point appanatus and ane uncoFrected. Nuclean

magnetic nesonerrce (nmr) spectna r4ene obtained on a varian
Anaspect EM 3ó0 ( 1H at éo MHz) , a Bnul(en t^,H g0 (?0.0 z yl*z

for lH and ?2.êE ltl{z {on 13Cl oF å Bnuker AM g0[l

Epectnometer (300'13 l"lHz for 1g and 7s,42 l'4Hz for 13c>.

Unì esE otherwi se i ndi cated, the sol uent used was

chlonoform-d t¡ith tetnamethyìsilane (TMS) as an ínterna.l

standar'd (Aldr'ich)" Mass spectna (ms) hrepe neconded on a

Finnigan 1015 Epectrometer; the assignments nationalize
the f ragments observed and ar*e by no means def in i te.
AbundanceE re I at i ue to the base peal( of ttaz wene g i ven
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when al I the peaks Femained on scale, The infnared spectna
( in) rrere measured on a ?ye unicam spl000 spectnometer

calibrated t¡ith a polystynene f ilm (0,0s mm thickness).
h4icroanalyseE were penfonmed by Guelph Chemical

Labonator i es Ltd. , Gue I ph , On tan í o.
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PREPARATION OF STARTING MATERIALS

0cr ) (?,2> (3?>

Anhvdnous ether (500 mL) and å magnet i c st i rr i ng ban

weFe placed in a I L 3-necked round bottom f lask, This r¡as

fitted with a gas inlet tube (sintened-glass diaphragm) and

tr¡o ground gl ass stoppenE. A nubben hose wås attached to

the inlet tube, clamped shut and the åpF'aratus wåÉ r,^reighed.

0ne of the stopFens was noL$ nep I aced w i th a Fr i edr i ch's
condensen fi tted wi th a dnring tube and the flask was

cooled in ån ice-Þath urrith stirring. phosgene gas

(MatheEon) was Elor¡rly added {nom å lecture cylinder.while
the weight of this cylinder was monitored, The additiorr
wåE stopped af ten cå,. 1.75 h when a weight loss of =?.? g

was indícated; this r¡rould corr.espond to 0.EZg mol of
phosgene. The neact i on fl ask wag nohr neturned to i ts
original con{iguration and r¡as r.er¡Jeighed. The ner^, weight

indicated that ca 45.9 g (o.464 mol) of phosgene had been

aEsonbed; this r¡as taken aE the mor'e åtrcurate value

negl ec t i ng the I oss of e then dur i ng the charg i ng proceEE.

The neaction flask waÉ removed fnom the bath and å lOtl

mL round bottomed flask containing benzotriazole (BTH)

(25.03 gr 0.210 mol , Fishen neagent gnade) r¡as attached ta

it v ia a l5 cm Trgon tube , z.ã cm ín diameten. Th is sol id
BTH was Elot¡ly added r¡rith stirning to the cold, ethereal
phosgene solution ouep 3,5 h. complete dissolution d¡d not

occun and an oFaque ¡¡hite suspension resulted. Howeuerr on

stinning ovennight at noom tempenatune å clean¡ colorless
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Ëolution was obtained.

Phosgene indicator pappn (l0B) demanstrated that
phc,sgene waÊ still pnesent, The f Ia.sk wå.8 f luEhed urrith

ni tnoqen for t h and the entrained phosgene was decomposed

bv passing the ni trogpn stneam through a zoz, Eolution s{
sodium hvdnoxide then into a drain which had water. r.unning

into i t. The neåction was then opened to the atmosphere

and {lushed t¡ith nitrogen fsr. another 0.s h. phosgene

indicaton papen nor4 only underurent a sl íght colon change

showing that only a small amount of phosgene urå,s still
present. The ethen h,åE cå,reful ly nemoued rielding gl .12 g

(?9"3:l) of cnude BTC0CI (ZZ), mp St .S-Sg,0oC. I t wås

important that a sodium hydr.oxide trap wåË used on the

nstary evaporaton so that the f i nal tnaceE of phosgene

pnesent in the ether rdepe nemoved and not neleaEed into the

atmosphere.

Th i s maten i al may contaí n a

canbonyl di benzotn i azol e (DBTCOi

further reã.ction. Recnystal I izat

afforded pune cFystal s of BTCOCI r

54-550C (39),

trace amount of l rl'-
but h¡as Euitable fon

ion from dry pentane

mp 52,5-54,OoC; I i t. mp

lH nm" a t 30 0 l"lHz ¡

I z.sz-7,62 ppm (m, tH,

7 .72-7 ,78 (m, I H,

e.13-8.19 (m, 2H,

H5

H5

H4,

or Hé)

Gr H6)

H7)
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in (chlonoform)¡

tI6A7 cm-'

176?

ms!

mlz 181,183

153,155

I4é

125 ,127

119

118

?C) ( base )

The natio of chlori
exFen i men tal erpor

l9t/32. g = 3.08.

(w) N=N str.etch

(s) C=0 Etnetch

M+ Ratio

BT-CI I

BT-C0 +

C¿ Ha-N-Cl'f

2.81

2 "?L

?.7A

ETH T

BT+

c¿ H+N +

ne i sotopes obsenved

of the expected nati

waË rrithin

o o{ zrç1¡ tA¿1

A solution of the alcohol or phenor (1-lz g) in dny

benzene op toluene (10-100 mL) was added dropwise to a

stírring solution ci crude BTCOCI (1,0 equiv) and

tniethvlamine (1'0 equiv) in drv benzene on toluene (10-120

mL) at poom temperature. csoling wå,Ê used, if necesÊapy,

to maintain the reåction tempenatune at less than ca. gsoË

and the FFogress o{ the Feaction was fol lowed Þy tlc.
Aften stinning at Foom tempenature fon l-ó h the

prec ip i tate of tn íethyl amine hydrochl on ide ralas f ¡ I tened of f
on a Buchner funnel, The solvent hJås now eíther completely
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removed on å Fotåry evaponaton and the reEidue

recrvstallized from a suitable solvent otr¡ ¡+ the product

began to crystaìlize r¡lhen the solution was concentrated, it
r^rå,s then f iltered off . This Fnocedure wå.s repeated until
no mone metenial could be obtained in this way, The

nemainder of the Eolvent weg then comF,letely remoued and

the nesidue recpyEtal I ized or* tn i tunated t¡ri th a su i tabl e

sol ven t .

Distilled Z-phenylethanct (t?,.CIZ g¡ t.0Fg4 mol,

Aìdnich) in dry toluene (80 mL) urras added dnopurise oven 0,4
h tû e solution of cnude BTc0ct (19.0? gr g.0??6 mol) and

TEA (14.0 mL, 10.1ó gr 0,100 mol) in dry toluene (10t mL).

[^lhen the tempenatune had n isen to gsoc the r.eac t ion was

cosled with an ice-bath. Tlc (ether), aften I h stirning
at room tempenatune, indicated the reaction was essentialìy
comF I e te .

The reaËtion mixtune uras filtened after é h and

13.31 g (?a,37') TEA. Htl was ebta i ned. The f i I trate was

concentnated aE far as possible and the nesidual toluene

removed by extnacting t¡rith pentane (3x?S mL). The totaì
crude yield was 25.45 g (?6,e2,) of an off-r^rhite sol id, mp

42,3-47 " 00C "

A portion of the crude product (1.0S g)

necn/stal I ized from I :1 ether:petnoleum ethen

xíelding O.76 g <7O.t'l) of colonleEE cnystalE

wås

(50 mL)

of 1 09, mp
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47 "O-49,5oC" Anal ysis {or C,s H tsNtOz; cal cul atedl C é7.49,

H 4.90, N 15"72:Å¡ found: C 67,8?, 67.87i H 5.11, 5.00; N

15,48, 15"417."

'H nmn at 90 MHz ¡

53,"4 ppm (t, J 7,2 Hz, 2H, -CH¿-Ph)

4,82 (t, J 7.? Hz, 2H, -COO-CH,-)

7 "27-7,72 (m, 7H, anomat i c)

7 "?7-8"?O (m, 2H, enomat i c)

ir (chlonoform);

1 t607 cm-/ (w) N=N, C=C, stretch

1767 (s) C=O stretch

ms¡

m/z 247 M+

239 -29, -N2

l?4 -73, -COCIH, I'lz

té3 BT-CCIoH t

t46 BT-Co *

L?L PhCH¿CHZO +

L?t PhCHZCH0 I

119 BTHf

105(Þase) PhCHzCHz*

I 04 PhCH=CH +

?L C. H.'++

?t c¿ HrN+

?ñ è tt *t7 L6ñ+

77 Ê(,Hs*
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1:-Benzyl oxycarbonyl benzotn iazol e ( 110 )

t¡istil led dny benzyl alcohol (?"t6 gr 0.0699 mol ,

Shaurin igan, r'eagent) in dr'y dist i I I ed benzene (gtr mL) uJåg

dropt^rise added over 0.75 h to å stinring solution of cnude

BTCOCI (15.32 9, 0.0944 msl) and TEA (ca. tZ.E mL E.ZL gr

t.086ü moì ) in dr.y benzene ( 100 mL). The neåct ion r/,råE

al I or¡ed tc r¡anm tc, 30oc and r¡as then cool ed wi th a. poom

tempenature r^,raten bath.

Tlc (ethen, and 1:1 petnoleum ether:ether), after

I .25 h at room temperatune , showed the reåc t i on was

eEsent íal I y compl ete. Af ter st inr ing f ar S.6 h the r,^,rh i te

pr*ec ip i tate of rEA.HCl ( 11 .14 g, 76.61¿) was f ¡ I tered of f .

The praduct was obtained tìy gradua.l ly nemoving the solvent

and filtening off the FeEUlting precipitate, mp 109.0-

t10.0oË; Iit. t0é-t0Boc, 107-t0goc (gp). The nesidue

obtained upon removal of all the solvent r/,rag necrystallized

from lrl benzenÊ:petroleum ethen affor.ding matenial r¡ith mF

107.0-109.0 c' A total of L7,9? g (a4.*r) It0 r¿raE obtained

in th is hray.

'H nmn at ?0 l4Hz:

J S,¿S ppm (s, 2H, -CHz-)

7 .34-7 .74 (m, 7H, anomat i

8.04-8. I ? (m, 2H, anomat i

c)

c)

280



in (chlonofonm)c

-v16t0 cm-, (w) N=N¡ str.etch

léL? (u¡) C=C, stnetch

I77L (v.s) t=0, stretch
mg!

m/z 253 <S.CI"t) M+

I B0 ( 9.0 ) -73, -CÊoH, -Nz

l1? (33.2) BTHi

Lg7 ( 20 .8) PhCHzO +

?1 (1û0.0) crHr*

7? (4.5J C6H7+

7g <7.2) C6Htt

77 (6.9) coqr*

1-Phenyloxycar.bonyl benzotn iazol e ( l l l )

A Eolution of phenol (tt.0z g¡ 0.lcré mol , BDH) in dry

distil led benzene (100 mL) wåE slor¡ly added over l.g h to a

stirning sslution of BTËocl (19.29 g¡ û.10ó mol ) and rEA

(Lt.7? 9r 0.107 mol) in dry benzene (120 mL)" The

temper'ature wag al I ouled ta r ise to gloc u¡hereupon the

reatrtion wås cooled with a Ltraten bath.

Tlc (1:l petroleum ethen:ethen) seemed to indicate
that the neaction wes complete al though ¡ t wås d¡fficuì t to

diEtinguish between phenol and the pnoduct. Aften stinring
for 1.7 h at poom tempenature the white Fnecipitate of
TEA,HËl wåE filtened off (lg.Bg g¡ 95.0l4). pure lll
(21 "34 g¡ 84,o7.) was ohtained aË a r¡hite sol id on gnadual ìy
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Femoving the benzene and {iltening, mp ll0.S-lll.SoC; Iit.
110-11zoc, 1û9-11toc (gg). The f inal residue on complete

nemoua.l of the rema i nder of the Eol ven t wåE tr i turated r¡r i th

benzene "

'H nmr at ?0 MHz;

7 "3é-7 .78 ppm (m, 7H, anomat i c )

A.t?-8.?4 (m, ?H, anomat ic)
ir (chlorofonm):

ï 1595 cm-/ (m) N=N, stretch

160lrLár,2 (r¡r) E=C, stretch

1 780 ( v . s) C=0, stre tch

m5:

m/z 23? (0) No panent íon

,,4é (1t0.0) BT-Co+

118 (66.7) BT+

?4 ( 1 3,3) Ph0H t

?ç) (99.3) tr,,H"N*

77 ( 33.3) C. H +(ts

I -( 2.6-D i me thyl phenyl oxy) canbonyl benzotn i azal e ( I I Z)

?ré-ùimethxlphenol (1.35 g¡ ll.l mmot, Aldnich) in

toluene (15 mL) was slowly added to a stinring solution of

BTCOCI (2.0ó g¡ 11.3 mmol ) and TEA (ca. l.é mL, l.l6 gr

11 "5 mmol ) in tol uene ( 10 mL) wi th st inn ing. Heat hrås

euol ved and af ten st irn ing f or i " F h at room iempenatur.e

the TEA.HCI HaË f i I tered of f (t.47 B¡ ?á"6y.> . Af ten the
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solvent r,.,å.s removede the 2,sg g <ar,z"/,) of cnude product

was Fecnystal 1 i zed from ethen (ZS mL) xi el di ng Z,ZO g

(74,3'1,) pune tL2, mp 133.5-13ó,0oC.

Analysis fon C,rH,rNr0¿; calculated: C 67,4O, H 4.g0,

N 15.72:¿; found: C 67.5?, 67.82ç H 8.1e, S.0t; N L=_r.47,

15.512.

'H nmn at P0 MHz:

IZ.ZZ ppnr (s, éH, ZxMe)

7 "t8 ( E, 3H, aromat i c )

7"47-7,gCJ (m, 2H, aromatic)

9.14-8.2ó (m, ?H, anomat i c)

in(chlono{onm):

t 1603 cm-, (t+) N=N, stretch

1614 (w) C=C, Etretch

1773 (s) C=O, stnetch

mg!

m/z 2é7 (E .12) M+

23? <9.2) -28, -N,

"?3 
(22"t) -44, -COz

l4é ( ?2.8) BT-CO +

LZt (17,2) (Me)rCbH3t+

I 18 (83.5) BT *

?0 (100.0) Erqrn

77 ( 30 .9) Ëoïr*
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I -( 2.3-D i me thvl shenvl oxv) carbonyl benzotn i azol e ( I I g)

To å stinning solution of BTCOCI (2,09 g¡ 1t.g mmsl)

and rEA (ca. 1.75 mL, L"?7 g¡ lz.s mmol) in toluene (10 mL)

t^,åË added dnopwise a solution of Zrg-dimethrlphenol
(1.37 gr 11.2 mmol, Aldrich) in toruene (20 mL). Heat wås

evolved and after 2 h at Foom tempenatune the precipitate
of rEA.Hcl waË +¡ltened s{{ (1.48 g¡ ?=.?'¿,t" The sûlvent
tdåE compIeteIy nemoued and the cnude ester (2,74 gr ?L.4:/,)

necnvstallized from ether (G0 mL) affording z.L= g (zl .2./,>

I ight gold cnystals of llg, mp l2ó.0-tZe,0oC,

An anal yt i cal samp I e Nås fur ther recnytal I i zed fnom

benzene/pen tane , mp I ?8.0 -LZ?. FoC. Anal ys i s fon

C,sH,rNr0r; calculated: C é7,4Ot H 4.gtr , N IS.TZ:¡,; found:

C é7,é6, 67.4?, é7.34¡ H S.?ér S,Zt, F.07; N tS,gZ, tS.A4,
I |i ã=,/L ¿ . A I /. .

'H nmr at t0 MHz ¡

E 2 "24 pFm ( s, 3H, S-Me )

2.36 (s, 3H, 2-Me)

7.I8 (s, 3H, aromatic)

7.4é-7.7? (m, ZH, anomatic)

8.12-8.25 (m, ZH, aromatic)

ir (chlonofonm)¡

9L602 cm-, (r¡) N=N, stnetch

1613 (tir) C=Cr stnetch

L77l ( u . s) C=t, stre tch
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msc

m/E 7ê7 Ì",l+

23? -28, -N¿

2?3 -44, ËOz

14ó(base) BT-CO+

121 Yle,ËrH,O *

118 BT+

?0 Ê r{¿o

77 C rHr*

l-Dodecyl oxycanbonyl benzotn i azol e ( I 14)

Ttr' å stinning solution of BTC0CI (2.09 gr Ll.? mmol ,

MatheËon, Csleman and Bell) and TEA (ca. l.ó mLr l,lé 9r

I I .5 mmol ) i n dnv tol uene ( l0 mL) ÌdåB dropurr i se added a

sol ut i on of dodecåno1 (2.12 gr I I .4 mmol ) i n tol uene

(10 mL). The peaction r,$å.s exothenmic and the Frecipitate
of rEA.Hcl (1,45 gr 74"2:t) r,rras +it tered of f af ter Etinring
fon 1.5 h at rorm temperature. The cr.ude pr'oduct (s.s4 gr

?=.5:¡,) obtained on complete removal o{ the solvent wås

necnvstallized from ether (3c¡ mL) affording 2.0ü q (s4.02)

1 1 4, mp 43.0-44.0oC.

An anal yt i cal samp I e wag recnystal I i zed from benz ene/

pentaner mp 45.0-45.SoC, AnalyEis fon C,rH2rNeO2i

calculated: C ó8.85, H 8.82, N lZ.6EZ,; foundt C 6p,0Gr H

P"08, N 12.40'Å
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'H nmr at ?0 MHz:

5 o,z¿-t ,¿t ppm

L .7A-2 . 11

4 "62

7 "4A-7.76
8.08-8,19

( ch I onofonm)

t 1é01 cm-t

16t 3

t77 I

(m, 21H e -( CHz )e CH3 )

(m, 2H, -O-CH¿CH¿-)

(t, J 6.6 Hz, ?H, -0-CHz-)
(m, 2H, anomat i c )

(m, ?H, aromat i c)

in :

(t¡) N=N, stnetch
(r¡¡) C=C, stre tch

(v.s) Ë=0. Etnetch

mË:

m/z 331

303

25s

T?T

t4â

135

119

?t

9Cl

43

( 14 . é:t)

(0.7)

(0.?)

(3.é)

( 4.3)

(24 . é)

(41,1)

(42"?>

( 30 " 4)

( 100 .0 )

1"1+

-?8, -Nz

-73, -C00H, -l{¿

C¿ HaN-C00-CH¿ CHz trH zCH s+

BT-C0 +

trcH,tN-C0OH +

BTH f

c¿HrN +

c¿ H4N +

cgHr*

ohex ole (1

A solution of cyclohexanol (l.lF g¡ 1l.S mmol, Fishen)

in toluene (1t mL) wag added dnopulise ¡,rrith stinring to
BTCOCI <2,û2 gr 11.1 mmot ) and TEA (ca. t.ZF mL, t.?7 Br

12.3 mmol) in dry toluene (10 mL) at noom tempenature. The
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neaction rdå,s exothermic and L'-ras uuor.ked-up af ter l.s h. The

FFecipitate of rEA,HËl (1.4s g¡ ?4"7'¿) was +il tened of f and

?.4? g (8a,77") of cnude I l s was obta i ned on concen tnat i ng

the f iltnate, The cnude pnoduct r,À,aE punif ied by

necFvEtallizatíon from ethen affording 0.gz g (Be,llJ llE,
mp 70 .5-73.SoC.

An anal vt i cal sampl e was funther Fecrystal ì i zed from

benzene/pentane but the merting point Lrras unaltered, mp

70.5-73.Soc. Analvsis {on c,¡ H,rNgo"; calculated: c 68.6é,
H ó.1é, N 17.L3Z,; found: C ó4.08r óB.BS; H 6,gtt , é.40¡ N

16. g1 , t é.93jt 
"

'H nmp a t g0 l',lHz :

Jt.té-2.97 Fpm (m, 1tH, -(CH¿)r-)
5.?2 (m, t H, 0-CH-)

7 .36-7 .73 (m, ?H, anomat i c )

7. ?8-8. 1 P (m, ?H, aromat i c )

in (chlonofonm):

t1ó03 cm-/ (t+) N=N, stnetch

1614 (w) Ë=C, stne tch

1763 ( s) C=0, stre tch

mÉ3

m/z 245 (?O.?:/,) M+

2OO ( 1 .0) -45, -CO0H

1é4 ( t0,0) BTH+H+

146 ( 3.9) BT-Co+

1 3ó ( L é .7' C¿ HrNC00H +
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Genenal Pnocedure for the Pneoanat i on of Al kvl and Anvl

Ëarbazates

A sol u t i on of the 1-al koxy- on I -anyl oxycå.r.Þonyl -
benzotniazole (5-20 g) in benzene (50-100 mL) was added

dropwise urith stirning to a mixtune of hydnazine (Eastman,

?3+7.) or hydnazine hydnate (ASZ,, Fishen, punif ied) (l.Z-l .S

equiu) and benzene (50-100 mL) at roem temper.ature over. l-

? h. The temperatune was monitored to be centain that ¡t

did nc't rise rver ca. 35oC; cooling rala= usually nc,t

necesËar'y. The pnogneËË of the reaction was moni toned by

tlc. Normally the neåction wes complete aften l-Z h at

room temperatupe,

lalor'k-up involved washíng the neåction mixture r¡ith taï,

sodium canbonate and r¡raten to remoue the BTH and dnxing

oven anhydrous magnesium sulfate (Fishen, certified). If
anhvdnouE hydrazine wås used then Eome of the BTH could be

Pecovened by neutralizing the combined basic extnacts with

LO'/, HC¡ and extnact ing with ether. Th is waE not possibl e

when the hydrate r.,rag used since the BTH dissolved irr the

nesi dual aqueous hydraz i ne sol ut i on.

The solvent was then either comFletely removed and the

crude canbazate necpystal I ized oF the solution was

concentnated untiì cFystallization began and then +iltened,

This waE nepeated until no more. matenial could be obtained

in thiE mannen, The soluent h,ag then completely removed

and the nesidue necrystallized oF tnitunated urith a

su i tabl e sol vent.
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Fon some smal I ecal e pneparat i onE neat hydnaz i ne

hydra.te <85l¿r 1,3-l .5 equiv) r¡as directly added to a

stinring solution of the l-alkoxy- or l-anyloxycanbonyl-
benzotniazole (1 g) in benzene op toluene (zs mL) at Foom

tempenatuFe.

Z-Phenyl ethvl Carbazate (22)

Crude 1-(2-phenvl ethylexy)canbonyl benzotn i azcl e ( 10F)

( 10 .029, 0 .0375 mol ) i n benzene ( l t]0 mL) was added oven

I .7 h to a ssl ut ion of anhvdnous hydraz ine ( I .s4 gr 0.cr4sé

mol) in benzene (50 mL) at room temperatune. Aften
Etirning {or 2.23 h at noom temperatur.e the cr.eam color.ed

Frecipitate of cnude BTH (1.s0 g¡ Bg.6:¿,) wås +íltered-off ,

The benzene sol u t i on was ex trac ted t^r i t lt tQ:Z pc,tas=. i um

canbonate (5x10 mL), waten (10 mL) and dried. Funthen BTH

(0.35 g¡ 41.47. tatal) wag FecGVened by acidifying the basic

extracts wi th lo'1, sul f un ic ac id (s0 mL) and neextnact ing
r¡ith chlorofonm (3x10 mL).

A tlc (1:1 ethen:Fetroleum ethen) indicated that some

BTH r¡as still present in the benzene solution. The benzenÈ

ìdas nemoved in pont ions 6n a notary evåponaton and the

precipitate +iltened-o{f af{onding 4"éá g (é8.?y") pune U,
mp ?0 .0-?1 ,ooc.

A sampl e fon anal ysi s waE funther pur i f i ed by

recrystal I ízation f nom hot l r1rl-tnichloroethå,ne, mp ?0.0-
90.5oC, Analysis for CqHtzVz1z; cålculated: C Eî.?g,
H ó"71, N 15.5514; found; C é0.00, 60.20; H 2,01, é.9éi
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N 1é.0?, 15 .E.4/,.

'H nmr' at 90 MHz:

SZ"g4, ppm (t, Lr Z,t Hz, ZH, ph-CH¿-)

3,42 (s, ZH, -NH, )

4.33 (t, J 7.A Hz, ZH, -CEz-C0O-)

ó,00 (s,1H, -NH-)

7"1é-7.31 (m, EH, aromatic)

ir (film fnom carbon tetrachloride):

' 
1é41 cm-, (s) Amide II
t6?? (E) C=O stnetch

3340 ( s) N-H stre tch

mg:

m/z 190 M+

121 PhcHzc{ztr+

105(base) PhCH1CH2+

104 phËH=CH:1

9t crHr*

7? Êcït*
77 C¿Hs*

65 CsHr*

Sp O=C=NH-NH, Í

Benzyl çanbazate <?4>

1-BenzvloxvcaFbonvlbenzotr'iazole (110) (4.92 g¡ lg.0
mmol) ín benzene (100 mL) waË added dnopurise o(,ep 0,F h to
a stírned solution of anhydnous hydnazine (0.g1 gr 24.0
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mrnol) in benzene (50 mL). The neactic,n rn¡as carr.ied out in

a cool u¡aten bath Ëo the temperature nemåined at tB-zFoc,

[¡Jhen the addition wåE cornplete a light yellor¡ pnecipitate
of cnude BTH waE present and the reåction r,.lag stirred
another 0.8 h at Form temper.ature.

The BTH r^ras f iltened off (0,84 g¡ E7.OZ) and the

regultant solution t¡as urashed with LCIT, potassium carbonate
(5x10 mL), saturated Eodi um chl on i de ssl ut i on ( l0 mL) and

dnied. Tlc (1:1 petnoleum ether:ether) indicatpd that this
solution wås essentially pure carbazate. A funther t.B0 g

BTH (5t.27, total ) waË obtai ned on ac i d¡ fyi ng the combi ned

basic extnacts with Loy, Hcl (s0 mL) and reextnactíng with
chì anoform (3x25 mL) .

The waEhed benzene solution was concentrated (40 mL)

and the wh i te needl e= of benzyl carbazate h,ere f i I tened

of f . Pen tane hras added to pr.ec i p i tate mor.e produc t and the

nesidue fnom complete nemoval of the solvent wås

recFvEtal I i zed from benzene/pen tane . The total >,i e I d of 24

rÀlå5 2.509 (77.t't) , mp 67,3-é?.00c; I i t. mp 6é.5-670C (24),

'H nmr. at

J 3,43

5,t4

ó.11

7.33

?CJ l',lHz :

ppm (s, ?H, -NH¿)

(s, 2H, -CHz-)

(s, 1H, -NH-)

( E, 5H, aromat i c )
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in (chlorofonm)¡

t1á35 cm-/ (m) Amide II
I73L (v.s) C=0 stnetch

3370 (m) N-H str.e tch

3470 (m) N-H stne tch

ms:

m/z 1é6 M+

L4? -17, -NH,

135 -31, -N"Hz

122 -44, -C0"

tt)7 Ph-CH¿0

105 Ph-C0 on Ph-CHzN

?1 (base) C?Hr

7? C¿ H+

77 C øHs

65 CrHs

Phenyl Carbazate (25)

1-Phenyl sxycaFbûnyl benzotr i azol e ( I I I ) (20.ttt ç,
0 .083é mol ) i n benzene ( 200 mL) r¡ras added ovep Z.? h to å.

stinred solution of anhydnous hydrazine <?S+.¿r 9.40 B,

0,101 mol) in benzene (100 mL). The neåction temperatur.e

waË ma i n ta i ned at 10-20oC r¡ í th an i ce bath .

Aften en additional z.zs h at noom tempenature the

vellow precipitate t¡hich had appeaned was {iltened-off

af f onding t .tz g (24.7'¿) of å cream-col oned sanbohydnaz ide,

mp 157.5-15?,ooc, I ¡ t. 153-154oË ( 104).
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The + il tered sol ut ion wag urraEhed r¡ith lo? sodium

canbonate (5x50 mL), satunated sodium chlc,ride solution
( 2x50 mL) and dr i ed. The Ëol ven t r¿las par t i al I y nemoved and

the canbazate r,,.¡hich had appeaned r¡ras f iltened-off . The

solution was concentnated to dryness and the neEidue

tn i tunated r¡ri th col d canbon tetnachl or- ide xiel ding a total
of 1,77 g (13.5l4) of pune ZS, mp 104.9-10ó.SoC; I it. t0g-
104oË (27J. Low melting måterial (2.ê7 g) u¡hich had the

sme I I of phenol was ex tnac ted i n to the sol ven t . cnude BTH

(7.53 gr 73,é'l) waE r'ecovered from the oriç¡inal or.ganic

I aven .

,H

Some decompc'sition of

u,¡hen it waE Fecnystallized

tritunation r¡ith thie cold

punification.

the phenzl canbazate occunr.ed

fnom hot carbon te trach I on i de ;

soluent wå.s a better method of

nmr' at ?0 MHz:

te.AZ ppm (s, ZH, -NH¿)

6.3e (s, lH, -NH-)

7,t7-7.48 (m, 5H, anomat i c)

( ch I onoform) :

t15Pó cm-/ (m) C=C stnetch

1ó35 (m) Am i de I I
1743 ( v . s) C=O ste tch

33é5 (m) N-H stnetch

34ó5 (m) N-H stne tch

lt'
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ME:

m/z 15? M+

L?t Ph-00c +

94(base) PhOHf

77 C¿ Hs*

é6 Cs{an

é5 CrHr*

2.3-Dimethyl phenyl Canbazate ( I lS)

Hydr.azine hydrate (ÊSZr cå. 0.GG gr S,é0 mmol) r^ras

reac ted nr i th I -( 2 r 3-d i me thxl ) phenyl oxycanbonyl benzo-

tr'iazole (113) (1.12 g¡ 4.L? mmcl ) in benzene (zE mL).

Af ter' stinring for I h at room tempenatur.e the reå,ction was

urorked-up Ev urashing with ?.i:/, sodium canbonate (Bxs mL),

waten (Sxs mL), r'eextracting the aquesus washings wi th

chlorofonm (3x10 mL) and dnring the combined onganic

layens. The solvent wås evapor.ated, and canbon

tetrachloride tuas added and remcved three times.

The nmr indicated that BTH was stirì pneserrt Êc, the

cnude maten i al was washed aga i n å,Ë above . The cnude

carbazate was obtained ås a I ight or.ange sol id ([r ,st g,

67 ,3:¿,) . RecryEtal I i zat i on f rom pen tane./e then ( Z0 mL)

affonded O.27 g (35.8]4) heige crystals of l1S, mp t14.0-
I I ó.50C,

An anal vt i cal samp I e waE fur ther recFystar r i zed {nom

pen tane/benzene , mp 1 I Z. S-1 I g, CIoC. Anal ys i s fon

CsH,* N"Or; calculated: Ë, S?"??, H é.Zl , N IF.SSZ; found C
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5?, ?0 , H é,94, N t3.2?:¿ 
"

'H nmF at ?lJ l4Hz ¡

tZ,t0 ppm (s, BH, B-Me)

2.29 ( s, 3H, Z-Me )

ca.3"23 (v,b, ?H, -NH¿ )

ca.ó,37 (b, lH, -NH-)

6.?L-7.L2 (m, BH, aromat ic)

in (chlcr'of orm) c

t 1633 cm-t (m) Am i de I I

1744 (v.s) C=0 Etnetch

33ó0 (w) N-H stre tch

3460 (w) N-H stnetch

ms:

m/z 18t < 15.?Z) M+

1?? ( 100 .0 ) PterC"HrOH f

Lt7 ( 39. ó) t4eC¿ H3 0H +

?L (11.2) Etqr*

77 ( I 7. 3) C,,H s*

Þodecyl Canbazate (11ó)

Hydnazine hydrate (gSZr cå. 0.gt g¡ F.0? mmol) was

reacted wi th l-dodecyloxycarbonylbenzotr.iazole (ll4)(l,l gr

3.32 mmol) in toluene (2s mL), Aften stinring for I h at
room temperatune the reac t i on t^Jas uJorl(ed-up by t¡ash i ng w i th

2,5'/. sodíum canbonate (3xF mL), r,,.raten (BxS mL), the aqueouE

waEhings reextracted wi th chlorofonm (Bxl0 mL) and the
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combi ned organ í cs dn i ed.

Th i s sol ut i on was concentnated, and canbon

tetrachlonide u.rås added and nemoved three times affording å

t¡h ite sol id <L.t7 g). A tnace of BTH t^ras st il I pnesent by

nmF so this cnude matenial was washed again aE above

af{ording o.72 g (88.82) of å. very I ight yel tor¡ sat id.
ïhis cnude carbazate was recrygtal ì ized fnom pentane (g0

mL) xieldíng 0.50 e (ét.7'â r¡hite cF/stats, mp ó9.0-és.OoE.

An ana l yt i cal samp l e t¡råE fun then recrystal l i zed from

benzene/pentane, mp 64.5-67.0oC. Anal ysí s for.

C,"Hzt NrO"; cålculated: C óg.g?, H ll.SS, N LI.4éZ¡

found: C 63.91 , H 11.27r N tt.OZ't.

'H nmn at ?0 ÞlHz:

5'O.Z¿-t.gt ppm (m, BH, CHr-)

L . L4-l .74 (m, ZOH, -( CH, ),o-)

3.74 ( s, ZH, -NH¿ )

4.10 (t, J ó,4 Hzr ZH, -0-CH¿-)

3.?4 ( s, l H, -NH-)

in (chlorofonm):

, 1634 cm-, (m) Am i de I I

1728 (s) C=0

337t (w) N-H stnetch

3475 (m) N-H stretch

mË:

m/z ?44 ( 1é .=:4,) M+

(l.?) -31, -NzHs213
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185 (0.9) cH3(CH¿),,o+

I7t ( 5.5) ( CHÂ ),r 0H +

157 (4,1) (cHÅ>têrH+

143 (3,5) ( ÊHJs OH 
*

125,1?7rt7? (0.ért "7,3.5) (CHz)r0H*

111,113,115 (1.7r3,ó,3,ó) (CH¿)"0H+

?7 !?? r 101 (3.4 16.1 ,4 "ê> ( CH2 )0 tH*
93,95,97 (5.9 r27.7 r5.7) (CHz)5 OH*

77 ( 56. é) HC|0CNHNH3 +

7é (57.9) Hooct.JHNH¿I

67r71 r73 (15.7,50.ér9.1) (cHr>4tH+

55,57 ! 5? <44 .6 r gg. g ,27 .7 ) ( CH¡ )3 tH +

41,43,45 (é1.4,10CI.Ê 17.7) CH¿CH¿tH+

Cyclohexyl Ëanbazate (16)

Hydnazine hydr.ate (85U r cå, 0.9ê Br é.45 mmol) was

Feacted wi th cnude 1-.yclohexylcanbonylbenzotriazole (l1F)
(1.t? 9r 4.44 mmol) Ín toluene (ZS mL), Êften I h the

neaction rråE t4onked-up by r,*lashing the mixture with z.=:¿,

sodium canbonate (3x10 mL), waten (sxl0 mL), the comhíned

aqueous washings peextnacted with chloroform (3x10 mL) and

the orgarr¡ca dr.ied.

Af ten concen trat i an , carbon te trach I or i de wå.e added

and nemoved three times affonding 0.s2 g (74.o'Å> of a urhite

sol í d. Recnystal I i zat i on f rom pen tane./e then ( Z0 mL)

yieided 0.25 g (33"6:¿> r,uhite crystals of 16, mp 94,0-
97,50C,
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A Eampìe fon analysis was funthen Fecnystal I ized {rom

pentane./benzene, mF g?.5-?Z.0oC. Analysis fon

C+H,+N"O.; ce'l culated¡ C Sg.lS, H B.g?, N tZ.ZL.l,i foundt
c 53.39, H ?,02, N t7 .??.¿,

'H nmr at 90 MHz:

f 0 . fe-e. t Z pFm (m, t 0H, -( CHz )r -)
3.49 (s, 2H, -NHz)

4.47-4,87 (m, I H, -CH-O)

é.O? ( E, l H, -NH-)

ir (chloroform):

t1é33 cm-, (s) Êmide II
L7t? (v"s) C=O

33óû (m) N-H stne tch

34É5 ( s) N-H stre tch

m5;

mlz 158 l"l+

1 14 -44, -C?z

?? tr-CoH,,Q *

?E c-C¿H,oOt

83 (baEe) c-Ê¿Ht,*

Pneparatíon of the canbazates uia the chronofonmate

1-Adamantvl Calbazate ( lS) (ZS)

Cold liquid phosgene (?2.4 gr O.??6 mol , l',latheEon) was

weighed into a 3-necl(ed s00 mL pound-bottomed f lasl(

containing dny benzene (100 mL) at rrom tempenatune. l-
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Adamantanol (5.00 g¡ 0,03zg mol , Aldrich, g?'¿> and fneshly
diet i I I ed dry F¡yn idine (4.7CI gs 0.0S?4 mol , Fisher,
centified Acs) in dry benzene (12s mL) wepe added oveF t h

to th is st ir'red sol ut ion wh il e the react ion temperature was

maintained at I ess than 6oc wi th an ice-saì t bath " A r¡rh í te

pr.ecipi tate of pyr'idinium hydnochlonide rråË ímmediately

fonmed and the adamantanol solution NåË rinsed in r¡ith an

add i t i onal por t i on of dny benzene ( S0 mL) .

The Feaction h,å.E Ëtinred at poom temperatune for l.F
h, f ¡ltered, washed urith ice-water (rF0 mL), dr.ied over.

mågnesium sulfate in a refnigeraton, and gently

csrrcentrated on å rotany euaponaton to ca. i00 mL. An ir
nun on a f ilm obtained by al lotrring a fer¡ drope of the

benzene solution to evå.porate on à salt plate was

consistent ¡¡i th 1-adamantyl chlûroformate.

ír (f ilm):

! 1147 cm-¿ (s)

t7?g (s)

The chlonoformate solution r^rag díuided into tu,_ro

åppnoximately equal pontions and one portion r^ras neacted

fur'then with hydnazine. Assuming the yield waE

quån t i tat i ve then 0 .0328 mol of the ch I ono{onmate Ehou I d

have been produced. Accord i ng to the ne I at i ve we i gh ts, the

Eolution to be neacted then contained 0.0190 mol (g.gó g)

of the ch I orofonmate ,
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ThiE chloroformate solution (ca, 0.0180 mol in 100 mL

benzene) was added ovep s0 min to å stirred Eolution ef
anhvdnous hvdnazine (3,?? gr 0.1ég mol , EaEtman) in dny t-
butanoì (50 mL) using ån ice./salt bath to maintain the

temperatune at I ess than sôc. The sol ut í on wås r i nsed i n

r¡ith an additiûnal pontion of dry benzene (60 mL).

The reaction t^¡as worked-up af ten Etinning fon ? h at

room tempenature, The mixtune was concentrated to ca. l0
mL with mild heating, diluted urith ethen (200 mL) and r¡.¡ater

(20 mL) , ta¡ashed t¡ri th 50 mL port ions of waten, r'/, sodium

canbonate, satunated sodi um chl or i de sol ut i on, and dn i ed.

Pure r¡h i te clvstal s o{ l -adaman tyr canbazate ( I E) <z.s? Ë r

é8.4Y') tsere obtained when the benzene wåE partially removed

and the solution cooled irr a freezeFr mp tgg.E-142.0"c;
I i t. mp 141-142"C (25).

The nemainden af the chlorofc,rmate sc,lution r4aE

Eimilarly neå,cted r¡ith hydnazine hydrate (?E+7., 4.10 g, cå.

0,128 mol) in dny t-butanot (40 mL) yieldinq Z.l4 g (6Ë.8]{)
tEIJ¡

An addi t i onal 0.óé g pnoduct was obtai ned Ey combi n i ng

the mothen I iquons from both of the aboue reactions,
concentrating and necpyEtal.l izing {rom ether..lltexaneÉ. The

total y i e l d waE theref ore 78,t'l ( S, B? g) .

'H rrmn at 60 MHz:

I i , ¿e-2. i S Fpm (m, i SH, adaman tyl )

3,7A ( b, ?H, -NH¿ )
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5.57-6.20 (v.b, 1H, -NH-)

i r' ( ch I or.of onm) I

ç 1632 cm-' (m) Ami de I I

1715 (s) C=0 stnetch

3370 (w) N-H stre tch

3470 (m) N-H stre tch

mg:

mlz 210 (-) No panent ion

t é6 ( LO " 1'¡,) -44 , -Ct"
152 (0.9) Ad0Hf

t 35 ( 100 .02) Ad +

It7 (P.3) CtH,,*

93 (23.0) Ë¡,Hq+

7? (?3,7J C|HT*

é7 ( 10.5) CrHT+

55 (9.1) CrHr*

4t (11.6) C?Hs.'"

Benzyl Car.bazate <?-4) (29)

Eenzyl ch I onofonmate ( ca, L4.?? g ¡ 0 .0974 mol ,

Al dn ich) h,as added dropu.rise over l.z h to a st inred mixtune
of anhydnous hydrazine (95+1{, 15.0S g¡ CI.446 mol, Eastman}

and anhydnouE ether (100 mL). The neåction tempenature wås

maintained at -5 to 0oc wi th an ice,/sal t bath. The wh i te

pnecipitate which had fonmed redissolved on stinning
another I h at room tempenatune to give tt^ro clean

immi Ec i bl e I a/enE" After seFarat i on of these I a/ers, the
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toF etheneal lavep was r¡aEhed with r¡rater (Bxs mL) and

dr ied.

The sol ut ion h,aË Eaturated wi th Hcl gas and { i I tered
af f ond i ng I '74 g (4? "3:¿) of the benzyl canbazate sal t åE

f ine white shinv platerets, mp lóé,0-tá?,F"t. These wepe

d¡ i ed under vacuum over phosphorus pen tox i de r fiF . I ég. E-

171.5¿C; l¡t. mp 170.0-170.5"C (23). on concentnating the

mother I iquors, furthen mateniaì wås obtained ås the fnee

car.bazate 24 (?.77 g, 69.4'¿, total ), mF é6.0-é?.0"C; I it,
éé.5-ê7.0uC (23).

The salt (Ë.18 e¡ 0.0404 mol) iA,as Êuspended irr

ch I onof orm ( 100 mL) and cool ed ur i th an i ce./Eaì t bath . A

solution of rEA (5.02 Fr CI.0scrl mol) in chìorofonm (zF mL)

wåE added dropt*rise ovep 0.9 h t¡rhile maintaining the

temperatune at -z to -é"c, After.an additionaì l.F h at
noom tempenature the reaction u,as diluted r,,rith ethen (1BS

mL) and the pnecipitate o{ TEA.Hcr +ittened-of+ (4.gg B¡

E,7,? 'Å) 
"

The f i I tered sol u t i on waË concen tnated to ca. zF mL

and petnoleum ethen (75 mL) added to cauËe the product to
prec i p i tate ou t , Fur then concen tnat i on oi the mathen

I iquons and addi tion of petnoleum ether nesul ted in a

guåntitative yield of benzyl canbazate as a r¡híte sol id
(ó.63 g, ?8.82), mp é6.8-68.0oC; I i t. é4.j-ó?.0"t.

The benzvl canbazate had the i den t i car epec tnoscop i c

pnoper t i es as the maten i al descn i bed ean I i en .
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Pherryl Carbazate ( 2S)

A solution o{ phenrl chlorofonmate (ls.0s g¡ 0.0961

mol, Eastman) in anhydrous ethen (100 mL) wag added ouer

2 h to a Etinred mixtune o{ hydnazine (?5+.Å, 16,0é g¡ 0.47é

mol) in anhydrouE ether r,',rhile the temperatune wåE

maintained at -5 to 0ôC with an ice,/Ealt bath. The

neection was stirned an additional 0.s h ín the bath and

0.5 h at roûm temper'ature. Enough r¡aten (zs mL) then waË

added to di ssol ve the wh i te prec í p i tate wh i ch had fonmed

and the layeFS wene seFanated. The etheneal sc,lution r/,,ag

washed with a small åmount of water (Bxs mL) and dried. on

tneatmen t t¡ i th drv HCI gaË r é.9? g <gs,?:/,) phenrì car.bazate

hvdnochl on i de wås obtai ned. The mothen I i quons affonded

5.12 g (=é,67.) af phenot.

The sal t (2.O? gr l0.T mmol ) t,llas suspended in

chlonofonm (60 mL), cooled in an ice,/salt bath and tr.eated

over o.7 h r,,.rith a solution of TEA (Lll g¡ l1,0 mmol) in
chlorofonm (20 mL) r¡hile the tempenatune wag maintained at

-7 to -10"c, Ether ( 100 mL) r4eE added to Fnec ip i tate the

TEA'Hcl (1.12 g¡ 76.t'¿) and ,af ten f iltering, the solution
t¡ras concentnated to ca. 40 mL. Diluting urith pentane (s0

mL) af f c¡r'ded 1.33 g (8r.6y,, zE"z'l ovepal r ) af zsrmp g?.s-

103.0"C; lit. 103-104"C (ZT>.

Tri tunation sf 0,s0 g o{ the carbazate wi th carbon

tetnachlonide (2x10 mL) yielded 0.41 g (g?.t¿) of material
r,ttíth an unchanged mp. The phenxl canhazate had the

expec ted spec troscop i c propen t i es, sep ean I i en .
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GENERAL I"IETHOD OF OXIDATION

Tr,^.ro sl ightìx different genera.l methodE of oxidation

were used in this inuestigation, In methad A the oxidation

wå.s carn i ed ou t at uar i ous tempenatunes and the gåses

evol ved wer'e col I ected in an inverted cyl inder. u¡h i I e in

method B a compl etel y cl osed system rdås uEed and the

peaction waÊ done in å bath thermostated et 40ôC

Method A

Oxidant, dny solvent (50 mL) and a mågnetic stirring

ba.r wene placed in a tt¡o-necl<ed Enlenmeyen f lask (2s0 mL)

wh ich t¡as + i tted r¡i th a ppeEsur*e-equal ízed addi t ic,n f unnel

(125) and å condenseF which nrae connected to a gas-burb

( I 67 mL) and å F í nestone val ve .

Distilled methyl carbazate (ca, 0.50 Çr S.gS mmol) r¡a=

di sscl ved wi th warmi ng i n dny sol vent (S0-ZS mL) i n a

nound-bottomed fl ask ( 100 mL) . Th i s sol ut i on was then

pur'ged at leaEt six timeE using the FireEtone valve

between ångon (on hel ium) and the house våcuum; wanminq

wåE used if necesser'y to keep the carbazate in solution,

This Eolution wåE quicklx tnansferred into the addi tion

funnel mL) and the entire system including the gas-bulb r¡as

purged at least six times urith sti¡-ring. A slor¡ stream of

argon (hel ium) was bubhled through the gas-bulh and out a

deliveny tube to completely flush the EyEtem. The Feåction

fìask waË then placed into e hot panaffin hrax bath at the

required tempenature and r¡as allor¡,red to wanm for ca. F min
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with Etirning.

The carbazate solution was added dnopr,trise over 0.F-
2"5 h and the euolved gåE was coìlected in an inverted
graduated cyìinden (50û mL). The reaction mixture ws.E then

stinred anothen t0-20 min to ensuFe the cìxidation wag

csmplete. Gas euolution nc,rmal ly began ímmediately,

continued smoothly thnoughout the addition and ceased

within minutes af ten the addition r¡las cÕmplete. The gå.s-

bulb r,.raE then isolated, the amount of gås collected
measured and the reå.c t i on al I ohred to cool . The gas wag

analvzed bv gc using one of the two methods described
be I ow.

Me thod B

canbazate (11.1 mmor), drv sorvent (r00 mL) and a

mågnetic stinning ban h,ene placed in e round-bottomed flask
(?ãtJ mL) and r^ras purged at I east s i x t imes be tu.¡een the

house-våcuum and helium with a Firestone valve to nem,fve

the air. stinning and r¡arming ulene used if neceÊÊapy to
dissolve the canbazate in the solvent whiìe still under- ån

atmosphere of helium. The Found-battomed flask r^rås then

nemoved fnom the system and uras quickly stoppened.

Barium manganate (ca. B.Eg gr Bg.g mmol) and dny

solvent (5ü mL) wepe placed in a two-necl(ed Feå,ction f lask
(250 mL) urhich was +¡tted with a jacketed addition f unnel

anci a condenser. To th is condengep r¡{aË at tached å

FireEtone valve and a gas-burb (ré7 mL) to uuhich r4åE
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connected a closed gnåduated cyl inden (900 mL) and å.

leveling bulb (1L). l^Jith the gae-bulb still closed the

entine svEtem was purged at leaEt six tímes betureen hel ium

and the house-vacuum using the Finestone ualue.

The canbazate Eolution wåË then quicklr pauned into
the addition funnel while hel ium r¡aE being f lushed out and

the svstem capefullv and quict<lx purged another six timeE.

l¡later flow through the jacket af the addition funnel and

stinring were started. The height of the levelíng bulb was

adjusted so that the level o{ the Eatunated sodium chloride
solution was just at the gnaduated cyl inder. Aften the

hel ium gaË wås shut-off at the ppessurÊ Fegulator, the

excess pFessur*e in the system wås re I ier¡ed by open ing the

scnew value Én the Firestone valve several tunrrs and then

t^Jås C I OSed.

The åppar'atus uras al loured to equil ibr.ate F min and

then the carbazate sal u t i on r¡ag added dropt+ i se . As Eoon ås

the f irst fer¡ bubbles of gas h,ene collected in the gas

cyl inden the level ing bulb r,'-ras lowened a feurr mm,g. As the

additíon continued and the gas collected in the cylinden
the level ing bulb r,uaE funthen lowered anothen tt.ro oF three
times sc' that the head pressune exerted by the leveì ing

bulb tlaE not excessive.

usuallv the addition was c.omplete after l-z h and the

gas evolution normal ly stopped r¡rithin minuteE of this.
st inn ing t^ras cont inued anothen lt-lF min to make Eure that
the oxidation was comFlete. The stopcock at the ouilet of
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the cvl inden r^råE then closed and the level ing bulb adjusted
Eo that the I eve I s in i t and in the gåÉ cyl inder. wer.e

equal . The stopcock hJaE neopened and the leuels t¡ere

checl<ed to conf irm they wer.e still equal . The gas-bulb r¡.¡ae

isolated and the volume of gàs col lected t+ås measuned.

AfteF cooìíng the reaction flask in an ice bath, the

banium Ealts were removed by +íltering through a layen sf
magneEium sullfate in a Buchner funnel.

The gås in the gas-bult, r¡as analyzed by gc according
to method E' and in sûme caseE the solution wåÉ analyzed crn

anothen gc.

GC GAS ANALYSIS

The gaE col lected fnom the oxidation was analyzed þy

one of tt¡o sl ightlr dif+erent methods, the main d¡fference
be tween the tt+o hras the way the cal i br.at i on was canr i ed

out. A BASIC gàs chnomatognaph, Model 6S0t (Canle

InetFUments, Inc.) u,ag used together urith a Fisher

Recondal I 5000 Ser i es tnro pen Feconder.

Method A

-47,/éO Mol ecu I ar S i eve S A

Coast Engi neen i ng Laboratory¡ Fonmul a OIZ4é7

4 ft x l/8 in, stainless steel

Fl ot¡ ¡ 37 mL./m i n

-lOt/120 Porapak G@

t¡Jatens Assoc,, Inc.; Batch BéP

4 f t x l,/8 in, Etainlesç steel

309



Flor¿rz ? mL./min

Regulaton Pressune: lg pE¡

Column and Inìet Temperatune

Canr i er ËaE; He I i um

ambient

Detecton: Thenmål Canductiui ty
At tenuat i on ; I

Reconder: Y 0.01, y 0.001

The mol ecu I an s i eves were ac t i vated by heat i ng for
2t h in å muff le funnace at léCI-zg0"c and r¡rene alìor¡ed to
cool in å, desiccatar. The gaË f lot¡r r¡ras adjuçted Eo as tc,

opt imi ze the resol ut i on of a oxygen, n i tpogen, methane and

carbon dioxíde mixtupe. Completely optimium f ìor,,,rs couìd
not be obtained since the head presEUne to both columns

cou I d not be i ndependen t I y adj usted; one presEUFe r¡rå.8

appl ied to both columns at the same time,
Bef ore å.n anal ys i s, the i nstrumpn t was tested hy

injecting 3x0.5 mL samples e{ ain t¡ith a I mL syringe into
the molecuìar sieve column and then five times into the

Ponapak Q@col umn . I + opepat i on rr\ras Eat i Ef ac tony then the

r'eå.ction gas was analyzed.

The analvsis invorved firEt frushing a I mL svninge
with 3x1'0 mL of the Feaction gas in a gas-bulb <Lé? mL),

A I mL sample wås then u.rithdnar¡rn, 0.s mL f lushed out and

0"5 mL quicklr injected into the gc. Nonmally eíght
ín ject ions u.,ere made stant ing t^rí th the mol ecul ar sieve
col umn and then aì tennat i ng col umns. The anea of each peat<

fnom the necorden tnå.ce waË eEtimated as the pnoduct of the
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he ight and the uuidth at har f he ight (A = H.bJ,¡"). Each area
rÂJås copnected using å cal ibr.ation facton determined using
the pure gås (Eee belor¡). AE the gàE ín the gas-bulb t,irae

sampled, air was found to gnadually leak into the system

causing a gnadual change in the peak aneas, To minímize
th is uar iat ion, onl y the f irst tr¡o inject ionE on each

col umn wene åvenaged and used i n the fur then cal cu I at i ons;

the err*or was estimated a5 half the diffepencÉ between

these tt¡o aneas. A visicarc@ ppogråm was used to
calculate the yield of the gaÉeE as in the fallouring
examp I e .

In å trp i cal exampl e, methyl carbazate

t.t i th ban i um manganate i n nef I ux i ng p-xyl ene

area of the f inst tr¡o peaks of each gas and

epnon åne listed in the table. These areå.s

by div iding hy the appr.opn iate cal ibr.at ion

detenmined as descnibed in the next section

Has ox i di zed

. ïhe åveråge

the est imated

weFe connec ted

{actor

. Fon nitnogen;

Area-Ëon Nz =

The errop in the

of the indiuidual

The nesu I ts

by dividing these

(anea Nz ),/(CalrrJ (N¿ ) )

t3218( 352 .8r 7,/t 138.07(4.454) l

t 3218 < tO .?á7.) )./t L 38.07( 3. 2é:ö )

23,31 ( 14 "?27,>

coFnected area r¡Jas estimated to
pencent erronE.

from both cslumns were nelated,

conrected areas by the areå of

be the sum

anea-ne I ,

the
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methane peak o+ the Éåme column. Furthen division by the

sum of these nelative å.neas, including the methane only
once, resulted in the nelative yieldE of the gåseE,

nel,yield.

In this neaction, 0,50(0.ûl)g or. S.SS(?,O.1)mmal

carbazate þ\tas consumed and 193(5)mL gås rÀråE col I ected u¡h ich

cor'nesponds to appFoximately¡

rì = PçJ,/RT

= tL74ã(5),/7éûl atmltt?g(S) mL)

(0,080562 I atm mol K) (298.û K)

= 7 .At ê(3 ,73f,) mmot

l,rlhen the atmosphen ic pnessuFe was not measur.ed i t r^ras

estimated to be 745(S)mm Hg åÊ waË the case hene.

Fnom the amount of gas expected, the amount found and

fnom the relatiue yíeld of ni tnogen, the yield of ni trogen

cå,n f inal ly be determined¡

Yield Nz = (nel yield)(mmol gas)./(mmol canbazate)

= rg0.éé(14.722,> I t7.gt6(g .ZiX,) l,/I F. gF(2.0t]4) l

= 113.ó(t?.47'¿)

= 113.6(??,.1)

Fon the ethane, å facton of two must be included since tt^¡o

molecules of methyl carbazate fonm tu¡o methyl radicals
which neEult in one molecule of ethane.

31 I



TABLE 22. GaE Analysi

l'4s(N¿) f'4s(cH4) Pü(CH4J

s by l'le thod A,

MS( C0) PCi( C0z) PQ( C2H¿ )

133.05 4to.47Anea

Ernon

Ar e a-Cor

Er r orZ

Ar e a-Re I

Rel "Yield
Yield

Enror

321 I
352. B

23.3té?

14, 19

16.ó305

8t.óó

I 13. ó0

22. TQ

1 54,95

20 .55

1 .4015

I ó.33

I

4,85

6.83

r .47

106 "72

3. ó8

0 .2230

6.Oá

I

4.85

é. g3

t.77

11.0é

15.59

1"9

0.1

0 "0025

9. é5

0.0111

0.05

0,15

çt,O?

4.?3 I4 "57

o "974t 0 .sttg7

é.34 Ê,64

0.ó95t 2.2808

Ð+a

4.73

0 .5é ?, t7
l'1S = MoÌecular Sieue column. PQ = Ponapak Q@ Col umn.

lrlhen the peaction wa.s carried out under helium it r^ras

possible to conrect for the leakage of ain; heìium is
transpanent tc, the a.nalysis sínce it wag also used aE the

canrier gås. Unden these conditions the oxygen peak hlå,s

found to gr.adualìy incr.ease in each chnomatogram. The

natio of the aneå, of the ni tnogen to oxygen peak in the

initiallv r'un air' Eamples wene aver.aged. In the analysis
of the collected gås the å,Feå of the oxygen peak hrå,s

mul t ipl ied by th iE f actor r,trh ich shoul d give the aneg of
nitnogen due to air. subtnaction gåve the coFrrected

n i tnogen areag wh i ch wene aueFaged and the cal cu I at i ons

were reppated aE aboue, Usual ìy there wås veny I i ttle
leakage in the finst two injections and Eo the conFected
yieldE were very similar to unconrected yields.
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Vanious volumes of FUne gås¡ ? x 0,2, 0.4, 0.é, 0.g,
and 1,0 mL, wepe injected as above into the appl icable

col umn and the aFeas detenmi ned, Li nean regressi on wag

used to +¡ t the best I ine of apeå vs. volume to the data

including the onígin' The å,Feå, that coFpesponded to å

uolume of 0,5 mL waE used aE the cal ibration factor.
The cal ibnation I ines and the cGFneEponding

cal i brat i on fac tsnE were !

Mol ecu I ar S i eves col umn :

Arr(N") = Í.?é2.56é(7,042)ltVol mLl + ¿i.Zge(4.4S4)

Cal¡, (Nr) = 1Sg.0Tl(4.4S4)

. Ans(CH+) = t211.004(5.3é2)ltvot mLl + 5.0ó2(3.3?1)

Cal,r, (CHy) = ll0.Sé4(g.Apl)
A/r, ( C0) = f.?73,?gã?6.0?4) I tVot mLl - 0 . g?ó( S. gS4)

Cal ,, ( C0) = I gé. Epé( g. BS4)

Porapak @.ol umn:

A"q(CH#) = t913.A?4(1?.26ÐltVol mLl + ?t.:¡éZ(12.4?B)

Calo* (CH#) = 478.F0?(LZ.4pg)

A ,n (Ct2) = t 14?0 . ?0p (é4.?4A) I tUol mLl + ét ,496( 4l .024)

Ëalp" (CO¿) = g0ó.p40(41 .024)

Apo (C"Ho)= f 150S. l84(Fg.Zpg) ltVc,l mLl + 14.é?F(gG.ZCró)

Caloo (CrHo) = Z67.ZBZ(gB.Z0ó)

Method B

-60,/80 Moleculan Sieue S A

Supelco, Inc.; Lot No. 47BZBT
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é f t x L/A in, coppep

Flowt 2é,O mL./min

-éO,/80 Chromosorb 102@

Supe l co, I nc . ¡ Lot No, gl s

6 +t x L,/g in, coppÊr

Fl ot¡ z 37 "7 mL/mi n

Regulator Pr.essure: g0 ps¡

Column and Inlet Temperatupe¡ ambient

Cannier gås! Hel ium

Þetector: Thenmal Conduct iv i ty

Attenuation: I

Reconder: Y 0.001, y Integration Low

The molecular sieves L$epe actiuated by heating for 4 h

at 30Ct-340"C in a muff le {unnace then nemoued r¡hile s.till
hot and al I or¡ed to cool in a desiccator. The gag f I ow

through the gc was adjusted to apt imi ze ressl ut i on u:.i ng a

sample of 3.o7, methane in nitrogen. Hene the I mL s>.r.inqe

was f lushed r¡rith 3x0.2 mL of the gas collected fr.om the

neåction, this caused leEE leakage of ain, Then I mL r¡as

r^rithdrawn, 0.5 mL f lushed out and the nemaining 0.s mL

quicklx injected into the gc. Ten such injections fon each

gas sample were made starting r¡ith the moìecuìan sieue

col umn and al ternat i ng col umns,

The aFea conresponding to each peal( was dptermined

us i ng the i n tegnat i on tnace by the standand me thod. Aga i n ,

onl y the f inEt tr¡o in ject ions hrepe used in the cal cul at ic,nE

to minimize the effect of the reakage of ain. A u¡síÊalc@
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FnÐgnam wås used to calculate the yield of gases using the

cal ibnation I ines determined using authentic sampìes åE

descr i bed be I ow,

A sample calculation follows, In a trpical
expeniment, methyl car.bazate was oxidized r¡ith barium
manganate in equal volume benzene!toluene at 40oc under

hel ium' 0n the molecular Eieve column the årea of the

nítroqen peak uras determined to be g6û and B6g counts c,F.

3d1'5(1'5) counts. Thus, the pencent compoEítion of
n i trogen rxå,s !

(l',1¿ ) = t3c,1 .5( I .5) + 2t ,674811,/t7,2|-?î1 ttt .10é50) l
t3é1,5(0.39:r) + 2I .674AtJ./t7.?AZ?t ( 1 .4óU) l
52,ó1 ( t .gs)z

The enron in the cal ibration I ine Hås estimated a5 the

standard deviation in the slope. Similanly, the percent of
the othen gases r/JeFe cal cu I ated f nom the areas us í ng the

appropniate cal ihr'ation cunves (see later), no ethane wå.s

de tec ted (Tabl e 2B) . s i nce the concen tnat í on of me thane

coul d be detenmined r¡i th e i then col umn, the ual ue wi th the

lor^rep peÍ*cent ennon waË used in the funther calcuìation:-i
here it waË the value determined r¡íth the ChromoEorE,

col umn. The rel at i ve yi el ds wene now detenmi ned by

dividing the percent values by the sum af these pencent

val ues us i ng on I y the sne aFpnopn i ate me thane val ue .
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TABLE 23, Gas Anal ysi E by

MS( CH4 ) C(CH1)

Me thod E.

I*ls ( c0 )

7.

Con r

3sg

2

fi.f 1ãntU4. ¡ J4J

I .99

é8. 1E

90.19

a Ga]

2.5

0.5

0.5814

18.41

âG

0.5

g "737?

16"4?

0.?é

L .27

çt.24

67

?

9,34e4

10.09

12. 15

I ó.1t7

2.00

!L.¿õ

1é. 17

2.02

In this reaction I

c an baz a t e t/.JErE c on sume d

tuhich corFeEFonds to¡

o.?7

L.¿.Õ

ç).24

.00(0,01)ç or 1

and 3ég(S)mL ol

1.10( 1.0Z)mmal methxl

gåÊ wåE col I ec ted

n = (PV),/(RT)

= t733.5(0.1>,/76û atmltBéB(S) mLl

(0.08205ó2 I atm mol K )(2F4.8 K)

14,69(t "37'l) mmol

MS(NZ )

Area I 361 .5

Ennon I t "5

32.6129

'lãrronl 1.85

Rel,Y I 69.3e

Yield l?0.4ó

Er'ron 13.42

Cornected

Rel.Y

Yield

En n or'

MS = Mol ecu I an S i eue col umn " f, = Chromosonb 1 02@ col umn.

c( ctz )

91 .5

0.5

14.23?2

2,24

r 8.51

24.49

1.ts

14.62

?4.â3

1.14
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ThuE, the yield o{ nitnogen urås:

Yieìd (NZ) = (Rel Yield)(mmoì qas),/(mmc,l carbazate)

= tó8.38(L .A5.'¿) I t 14,óg( I "ZZZ)J,/tLL, 10( I "8.4)1

= 90 .43 (q.ZZ:Å)

= ?t ,49 ( g, BZ)

6C Cal i bnat i an B

Pnepanat i on of the Standard Ga.s t"l i x tur.eE

A large gas-bulb (Lê7 oF léB mL) t+as {lushed r¡ith

eithen nitrogen or argon, The gas of inteneEt w¿s withdrar,trn

f rom å, Emal I (7s mL) gas-bulb r,'.rhile this gas wE(E f lor,.ring

through ¡ t and out thnough a bubbler. A sui tably sized

large svringe r¡å.Ë f luEhed urith GxE mL o{ this gag and then

(n+S)mL uras r,rithdrar¡r. Five mL of gas wå.s f I ushed out and

the uslume ppquired (n mL) was injected into the large gas-

bulb allor'tring the displaced gås to fìot+ aut å bubblen

cÐnnected at one end, At leaEt g0 min wer.e allowed to

e I apse f on thonough m i x i ng of the turro gå.ses to occur .

These sampl es i njected i nto the I arge gas-hul b were I ess

than Gn equal to 45 mL since u¡ith greatep vorumeE some of
the iniected gas was found to f lsr¡J out with the displaced.
The calculated contrentnatisns would then be highen than the

true val ue.

For a 1ó7 mL bulb the pencent cGncentnation of gas

r¡ould bec
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7" Conc = tltn/Lé7

Thene{ore i{ 35 mL of nitr.ogen r¡ås injected into angcn!

'¿ Conc = 21 .0 '¿, n i trogen in årgon

For higher' concentnations a Eecond injectiún of the

gåË of i nteneEt was necessany" Here the Eecond i nject i on

of rt' mL r¡ould displace n' mL o{ a mixture of ga:-es so the

concen tnat i on wag cal cu I ated eccord i ngl x, The n, mL

in jected displ aced n'(n/LéT) mL of the gas af inter.est
thenefone the ne.^r volume of this gåE in the bulb þJåE:

So the neLrJ contrentnation {dås!

7. Conc' = 100(n' + n - n,(rt/Lé7)),/Ié7

Nc'nmally n'= n, Ëo;

'l Conc' = 100(2n rt(n/léZ>>,/I6T

= 100(2n n(7" Conc./100)),/167

Fon example ¡{ 7 x 35 mL nitr'ogen was injected into aFqc,n

then:

318



'/, Conc' = 100(70 3g(0.210)),/Ié7

= 37 .5:¿ n i trogen in aFgon

vanious samples of gasee u{ene blended in this urat, and

for each sampIe 5x0.E mL injections made aE described
above. The coFresponding anea (counts) rrere determined

{r'om the integration tnace rn the recor.der. Aqain there

was a noticeable slow leakage of ain and so only the finst
tt¡o injections of each sample t¡a-= used to minimize this.
Linear regFesEion weg used to fit these points incìudinç
the origin to a I ine of area vs. pencentage.

N i tnoqen

Eight samples of nitnogen in angon (17.?r 21.0, zg.g,
26.?r 3?.7r 37.3, 4?-.?, and 4é.4L) plus FUre nitnogen wer.e

nun,

A(l',1¿) = 17,?g??t (0. tttéS0 )J (/.t"tz> - ?1..6T4At <4.6?ZggJ

Correlation Coefficient = 0.?gê19

l"1e thane

six samples of methane in nitr.ogen <?..?9, s.gF, Ir.gt,
L4"?7, t7.8é, and ?O,A:t) wene used.

Mol ecu I an S i eve Col umn

Ahs(trH,¡) = t5.9?759(0.24498) I (i:CH+) - û.pBZt?(8.?7tZ4J

Correlation Coefficient = 0.?p0gg

Chromcrsonb tol umn

Ac (cHa) = t4.?1110(0.130é3)l (rÊHÐ 0,lB3EB?(t.z4BéE)

Connelation Coefficient = 0.??élg
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Ëarbon Þiaxide

Six sampleE t¡ith nitnogen dilutant hrene r*un (?.??,

5.?5¡ g,?8, l1 .90 14.77, and 17,A6y) 
"

A(CO¿) = 16.é4êAé(0.1 135S).J(ZCOù - g"I74ZZ(t.26?TL)

Conrelation Coefficient = 0.F?940

Ethane

six mixtupeË r¡ith the Eame per.cent composition as the

cabon dioxide L\,er-e run.

A(ethane)=t7.éé497(0 " 13154) I (¿C,2H6> + cr. ?E?13( I .47434)

Correlatíon Coefficient = 0.p?BgB

Canbsn Monox i de

The same 6 pencent compositians as {on canbon dioxide
Here run,

A( CO) = f.A.37?71 ( 0 .46935) I (ZCO) Z.653t S( S. ?4pt S)

Connelation Êoefficient = 0.p8glË
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ÏIAL INU I ONS. CARBAZA I DATI ON

I n the initial investigations methyl canbazate (ca.

mmol) waE oxidized b>.method A in ua¡-ious

th van i ouE ox i dan ts and under uar i ous

The gås col lected waE analyzed åccor*ding to
E, Table 7"

0 . 50 e, 5.55

sol vents, wi

conditions.

method A or

The oxidations in this section wene carried out

åccordíng to genenal method B. The col lected gas wåË

anal yzed by method B and the Featrt i on saì ut i on uJåË anal /zed
hy gc on å column of Sp-400, chlonophenyl.

Ox i dat i on of Me thyl Canbazate

a) In Eenzene

Methvl canbazate hras oxidized in benzene with banium

manganate, yellow mencuric oxide, activated mangå.neEe

di ox i de and potassi um permånganate. The detai I s and

nesults ane given in Table B.

The benzene solution was anal>,zed by gc using
napthlene as an ínternal standand. solutions of bib,enzyl ,

dimethyì oxalate, diphenyl, methancl, methyl benzoate,

methyl fonmate and toìuene in benzene L{eFe used to identify
and quan t i tate the maj or produc ts fonmed. Me thyì benzoate

HaE found to be the majon compound present t¡ith smaìl

amoun ts of tol uene and b i benzyl al so some t i mes fonmed.

Note the distilled benzene contained â, tnace impunity of
toluene' The presence or abEence of methanol and methyì
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formate in the neåction míxture courd not be determined

since these compounds þJere found to elute ççith the Eolvent
peal(,

b) In Toluene,/Eenzene

Barium manganate wäs used to oxidize the methyl

carbazate in toluene,/benzene (equal volumes), Table g. The

peac t i on m í x ture was anal yzed us i ng adaman tane å.8 ån

íntennal standand, Solutions of bibenzyl, methyl benzoate,

and ortho-, meta- and para-methyl toluate were used ta
i den t i fy and quan t i tate the maj on produc ts farmed. The

pana-methyl toluate r¡ras commercially available arrd the

ortho and meta iEomeFE were synthesized from the

cor'pespond i ng ac i ds bv à standand ppocedur.e ( z6 and gsz,

yields, neÊpectively) (103i,

At leaEt six other unidenti{ied comFounds were also
pnesent in vepy ìor¡ concentrations but further analyEiE r¡as

not attempted. The ratio of Eoluent peak åneaË before and

after neaction krås determined to conf inm there wås no

pref eren t i al evå.porat i on of the sol ven t .

c) In Chlorobenzene./Toluene

l'4ethyl canbazate was oxidized r¡lith banium manqanate in

equ i mol an mol ar ch I oroben zene/ tol uene , Tabl e ? . The

compounds' {ormed were i dent í f i ed and quånt i tated wi th

solutions of methyl benzoate, and ortho-, meta- and på.rå,-

me thyl ch I onobenzoate i n equ i mol an ch ì onobenzene,/benzene .

The thnee isomer ic ester*s r,.,ere ppepaned f nom the

cûrresFonding acids (?-r 3-, and 4-chlorobenzoic acid) by a

3?2



Ëtandard method (8ó, 7? and g?'lj distilled,

Fespectively)(103). The Feåction mixture was analyzed with
an intennal standand of adamantane. since the meta and

Fana isomeps wepe not Eeparated unden theç.e conditionE å.

column of 3'¿ Bentone 34, 5:l diisodecyl phthalate on

Chromosorb [^J t*las also uEed.

The chlorobenzene solr.¡ent used contained tu:o

un ident if ied impur i t ies in ver.y I or¡¡ concentr.at ions; these

måy have been dichloro- and tnichlonobenzene. The reåction
mixture was alsa found tc¡ contain tr¡ro othep compounds but

i n such ì ot¡l concen trat i ons that f un then anal ys i s nras not

attempted,

Ox i dat i on of Phenyl Canbazate

Phenyl canbazate ( 1.é7 g¡ I 1.0 mmol ) i n dny benzene

wag added to a EuËpension of barium manganate over zg min

and then st i nned another 1 I mi n to ensune that ox i dat i on

waÉ complete; 300(5) mL gas h,as collected, TaÞle ltt .

The benzene sol ut i on wås anal yzed usi ng an i ntennal

standand of naph thal ene. Sol u t i ons of d i phenyl , phenol ,

phenvl benzoate and phenxl fonmate weFe used to identify

and quantítate the products farmed. The phenrl fsnmate r^rag

pFepaned from phenol , dimethylfonmamide and phosphonus

oxych I on i de åccond i ng to a I i tenatune procedur'e (42Ï,

distilled yield) (105).

The compounds f ound and the percen t y i e l_d weFe :

phenoi 27 "é<1O.6)'/,

phenrl benzsate ?.7(t.4>2,
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phenxl formate 3.1(L "Ðy,
At least four othen unidentif ied compounds rrere alEo

present but in such lor^r concentnations that furthen
anal ys i s was not at temp ted.

The phenol and phenxl fonmate could not Þe set,apated

under these chnomatognaphic conditions. Hor¡reven, in

preF,aned mixtuFes most o{ the phenol wås found to extracted
by r¡¡ash ing wi th a sol ut ion of potassium carbonate (Lo'¿,>

while most o{ the formate remå.ined in Eolution. Thus,

cal ibr'ation solutionË wene pppFaned and the natio of the

phenol and the phenyl f onmate peak åreaE was de ter.m i ned

befone and af ten such wash i ng. A por t i on o{ the Feac t i on

ulas r¿;ashed in the identical manner and the natio of å,FeaË

bef one and af ten wash i ng raras measured, The propor t i on of
phenoì and phenyl fsrmate ta,åÉ estimated with this
i nfonmat i on.

C¡x idat ion of Benzyì Carbazate

Benzyl canbazate (1.Ê4 gr tl.l mmol) in dry benzene

wås added to banium manganate (B.sg g¡ gg.F mmol) over 64

min and stinred another 10 min. Method B was used to
anal yze the gås col I ected 379(S mL) ; the detai I s åpe

I isted in Table 10.

The benzene uJaE analyzed using naphthalene å,s å.n

i nternal Etandand. sol ut i ons of benzal dehyde, benzoi c

acid, benzyl alcohol, benzyl benzoate, benzyl {onmate,

bibenzyl , diphenrl¡ diphenylmethane and toluene uirene used

to i dent i fv and quant i tate the pnoducts fonmed. The benzyl
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fonmate was pFepared from {ormic acid and bertzyl alcohol

a standand procedune (49'/" yield, distilled) (109),

The pnoduc ts i den t i { i ed were !

hy

bibenzyl

benzal dehyde

60.6(2.8J7,

l3.P(L.A)7,

benzyl al cohol 8. S (0 "Ð'/,
benzyl fonmate 1 .5(A.tj'/,

tsl uene 0 .3s (o .o7)"t

At least two other ccmFounds weFe also pnesent hut in such

lor,rr cÐncentnations that funthen analyEis was not carnied

out.

ftxidatic,rr of Z-Phenylethyl Car.tazate

Phenyl canbazate (2.00 gr ll.l mmol) in dry benzene

r4å.s Feåcted tvith banium manganate (8.és gr gB.g mmol) oven

50 min and Etirred another lt min to ensuFe the oxidation
tr,aE compl ete. The å.nal ysis of the gås col I ected 27cr(E) mL

is shor¡n irr Table 10.

The product salution þJas analyzed r¡iith adamarrtarre aË

an intennal standard. Solutions of bibenzyl, 9,4-dihyd¡o-
2(lH)-henzopyran-1-one, diphenyl, ethyl benzene, phenxl-

acetaldehyder Fhenylacetic acid, ?-Fhen).lethanol, Z-

phenvlethvl benzoate and 2-phenylethyl fonmate wene made to

i den t i fy and quån t i tate the pnoduc ts fonmed.

The 2-phenvl e thvl f or'mate and ?-pltenyl e thyl benzoate

wene synthesized from the alcohols by a standard ppocedure

(8ó and 73jÅ distíl led yieldEr ne-Þpectivety) (l0B), The

3r4-di hvdno-2( 1H)-benzoFyran-l-one (gr4-dí hydroi socouman i n

325



on 1-isochr'omanone) was Frepaned from homophthal ic acíd by

the methods of Grummitt and cowonkers (10ó), and EoEe and

Chaudhuny (lg7) (La:¿ ovenall yields not optimized). The

phenylacetaldehylde rrag obtained aË a mixture o{ four
compounds bv the PDc ox i dat i on of the al cshol , one of

these crmpounds was the z-phenyrethanol due to incomplete

ox idat ion. The phenyl acetal dehyde seemed to F,c,l ymer ize

on standíng, None of the these three unknoarn compound=.

weFe pFesent in the reåction mixtune of the 2-phenylethyl
carbazate.

The comFounds {ound and thein

2-phenyl e thanol

2-phenyl e thyl formate

2-phenyl e thyl benzoate

ethyl benzene

pencent yieldE were!

21 .5( 0 .5)Z

5.4(0.1)U

4.03( 0 .08)z

3.?(t.4>'¡.

At I east

such I or,tr

out.

et

vi

ght sther compounds LrreFe also pr.esent but in

el ds that no f unther iderrt i{ icat ion rÀas carn ied

The oxidation was repeated in dry methylene chlor.ide;
å sol ut i on of 2-phenvl ethvl canbazate (2.00 g, 1 1 . l mmol )

t^råE added to banium manganate (g.s8 gr gg.g mmol) over z h

and stinned another l0 min. No t^ranm r¡atep wås cinculated
through the jacket of the addi tion funnel because of the

I ot"r boi I ing point of th is sol vent. The composi t ion of the

collected ges 2P9(5)mL iE ta.butated in Table 10.

The f i ì tered methyl ene chl on ide sol ut ion uiraÉ not

analyzed by gc but instead the majan comF,onents wene
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i ssl ated. The sol ven t h,las remo,-red af f ond i ng t .26 g of å

I ight vel low semi-sol id. Extraction r,rrith pentane (Bxl0 mL)

af{onded 0'13 g of a colorless I iquid which consisted of

níne comFounds by tlc (1:1 petroleum ether.:ethen) " Z-

Phenvì e thancl ( 84 mg, éNJ and 2-phenyì e thyl formate ( I 3 mg,

0 "a:/,) r,trene isol ated f nom th is mixtune hy Fnepar.at ive tl c

(1 ;1 petnoleum ethen:ether').

The mater.ial insolubìe in the pentane rÀåË

pecFvstaì I ized from 1 r1,1-trichlor.c,ethane (10 mL) affording

cå. 10 mg of å. brown solid, mp 2O7,5-Zl0,OoC. The

spectroscopic data weFe consistent trrith 4,4"-bi-

I cyc I ohexad i -2,5-ene-1 -=p i ro-3'-( te trah¡ dnonfuran-z'-one ) ]

(2?)! the dimen sf the cycl ized 2-phen)¡lethoxycarbonyl

radical (O.é:¿ yield).
,5',

'H nmn at 300 MHz:

Sz.zZ ppm (t, J é.? Hz, ?H,

?.?5 (m , 1H, H4)

4.37 (t, J 6.? Hz, 2H,

5.71 (d of d, J 1.F, &

é.t3 (d of d, J 3.1, &

2xH4')

2xH5')

10 .2 Hz

l0 .2 Hz

2H, H2, H6)

2H, H3, H5)

Ëompane wi th the

ctnstan ts ( 1 08) :

literatune values of
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C=Ct\Ha Hü

Jab (Hz) é-12

J";Typlcal 1t
t7C nmr at 73,4 MHz:

f^'
t--L

\
H¿

4-1 t

7

CHo

I
t.;t -

I
H,

b

0-3
fEt.ÈJ

37,77 Fpm (C4')

4t .64 ( sp i ro canbon , Cl ,3' on C4)

45.75 ( sp i ro canbon , Ël , g. oF C4)

é5"04 (C5')

123"=7 <C? or. C3)

I 30 .00 ( CZ on C3)

t77.ta (c2, )

Cnmpare w i th the I i terature vå.1 ue o+ d -E,u tyroì ac tane ( 108) :

?2,2 pFm (C4)

27 .7 ( c3) 4ld,
éa,6 ( c5) r\

o
177 .? ( C2)

i r (l.luj ol ) :

, tO"Z cm-,Ë-O stretch

L L6? C-0 stne tch

t7êI C=0 stnetch

Compane r¡rith the canbon>,1 Etretch in y-butyrslactone,

1770 cm -/ 
"

.f¿O



m5:

m/z 2?8 No panent ion

254 -44 u -Ctz
167 C¿Hr(COCTH)(CH 2trHzAH)+

l4? Ph-CHzCH"OOC+on c-(Ë, H,/OOCIC¿Hr+

t22 Ph-CHrCHzoHf

120 Ph-CH¿CH=Oton Ph-üH=CH-OH t

l1? Ph-CH=ÊH-0f

L17 Ph-Ë=C=O+

105(base)PhCH:ÊH.+ ar Fh-ËO +

?r c rH+*

7? E tH+,

77 C¿Hr t

,5.¿- 7



APPENÞIX

The thermodynamic pnopenties ct all(oxy- and

arvloxycårtonyl radicals are summaFized in this section.
The selectivity of the ROOC. thermolysis depends on

the gpoup R; f or R=al l(vl and aì ì >,1 decar.bax>,1at ion oÈcurE

(kA>)11B) wh i I e f or R=phenyl decanbonyl at ion takes pl ace

(kA((kB) '

The phenylc'xycar.bonyl radicaì has a strong ph-OCO bond and

a weal( Pho-co bond due to the Fesonance stabílization of
the phenoxy nadical. The diEEoriation energy of the ph-OüCl

bond was estimated to be ca. l6 kcal./mcl stnonger than that
cf the Me-Oütì bond urhile the Ph0-Ctt bond has been estima.ted

to be ca. 18kcal./mol r*reaker than that of Meo-co (g0).

Al koxycaFbonyl radi cal s åpe al so thermodynami cal I y

somewhat stable, ie. r¡híle thermod/namically disposed to

f nagment to carbon diox ide and a carbon radicaì there is å.n

appneciable activation enengy towar'ds Euch a decomposition.

These nadicaìs are more stahle to decar.hoxylatíon than the

i gomen i c acyl oxy nadi cal s (gS) .

R-O-C=0
B

Some thenmodynamic pnoFenties

ane I isted below as wel ì aE those

compar i son punpoËes.

R. ç COe

R0. + C0

of van i ous Euch nad i caì E

of the acyloxyradical fon
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-1g' -LLb -lo.g¿

-14 -lcr.O

-6.3

-8.2

-3.2

-26

+1 -0.4

TABLE ?4. The Enthal p i es

AH¡<11cal,/mc,ì)

Me

Et

n -Fr

i -Fr'

n -Bu

Allyl

Ph

of Decomposition

Atu(kcal,/mol )

z?o ?5b 24.eÍ

?4 24.7

26,4

ara E.

noE

1.6

-55,8 ó

-¿0.s

-ó5.8

-é7.9

-70.8

R

25

4

4 Ref. 80

TABLE 25. The

Me

Et

n -Pn

i -Pr

n -Bu

Allyl

Ph

-45, -43,

-54 ! -57

4U

-l7 r-Lg

. åR*f. Tz. cRe+. gz and Ês.

Gaseous Heats of Fonme.t i on of RO0C

AHf <kcal./mol )

-sz' -s1.2.-sg.óË

-5F.6,

-é5.8

-ó8.9

-71 "9

" Ref . go.

TABLE 26. Ac t i uat i on

['1e

n -Pr

Ph

bRe+. 82 and BB.

Enengx for Decanboxyl at i on

Eo.t. (kcal./mc,l )

18,5

L2 "7

23.?, 23

Ref. 77.
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TABLE 27, Estimated Hatf-ti+e sf R0t¡C. at t 40" c.

Me

Ph

R(#Ar)

2x10-a

ca. 0.1

(2xlCl-a

The r'ate

est imated to

decarboxyl at i

constant

be 2.?x10

on of the

f on r.eac t ion

s s-t at é0"C

acyl oxy radi

A whene R=t-Bu

(85), For the

cal:

has Þeen

Me-Ë00' " t **. a COz

the acti'-ra.tion enerEry in solution has been estimated to á.é
kcal./mol and the nate constant 1.éxl0 e e-r at ó0"c (Bs),

Ref. 77,
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