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ABSTRACT

A synthesis of the natural products odorine ((+)-
(E,25,2°R)-2-methyl-N-[17-(1"-ox0o-3"~phenylprop-2"-
enyllpyrrolidin-2-yllbutamide) and odorinol ((+})-
(Ed-2-hydroxy—-2-methy]1-N-[1/-(i{"-ox0o-3"-phenylprop-2"-
enylpyrrolidin-2°-y1lbutamide) is described in Part 1. In
Fart 2 several carbazates are synthesized and their
oxidation studied as a possible means of reducing
(deoxygenating? alcohals.

Odorine and cdorinol were synthesized by constructing
the amide bond between unstable l-cinnamoyl=-2-prolidinyl-
amine and an activated form of 2-methylbutancic acid or 2-
hrydroxy-2-methylbutancic acid. Dicyclohexylcarbodiimide
was a suitable reagent for activation but only afforded the
two amides in low yields. However, odorine was obtained in
good yield if 2-methylbutanoic acid chloride was used. The
analogous activation of the hydroxy acid as S-methy!-5-
ethyl1-1,3,2-dioxathiolan-4-one—-2-oxide failed. HNumerous
other reagents were found to give little or none of the
wanted product.

The amine was prepared by the acid cleavage of several
carbamates prepared in turn from N-cinnamoylproline by
modified Curtius or Hofmann reactions. These latter
reactions were found to proceed in low vields due to the
decomposition of the intermedi&te isocyanates.

Racemization occurred readily in the carbamates and in

odorine preventing the preparation of optically pure



odorine. The compounds are characterized by proton
magnetic resonance (300 MHz), carbon-13 magnetic resonance,
infrared and mass spectrometry techniques, and by their
optical rotations.

In part 2, several carbazates are prepared using
lH-benzotriazole-1-carbonyl chloride, a general reagent
except for bulky alcohols and alcochols which can act as
good leaving groups.

The oxidation of methyl carbazate is investigated with
numerous oxidants, and the gaseous and non-gasecus products
are analyzed by gas chromatography. Barium manqQanate
is used extensively because of the clean products it
affords. Phenyl, benzyl and 2-phenylethyl carbazates are
also briefly investigated. There is no evidence of the
cyclic rearrangement to form the alkane, nitrogen and carbon
dioxide suggested in the literature. Instead, the results
point to the formation of the alkoxy- and aryloxycarbonyl
radicals which undergo the expected reactions.

There is evidence for the thermodynamically unfavored
decarbonylation reaction of the alkoxycarbonyl radicals
presumably due to the coordinaticon to a metal. The formate
obtained is suggested to be from the rearrangement of an

intermediate diazene.
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ABEBREVIATIONS AND CONVENTIONS

~ The numbers representing chemical structures are
underlined.

- The numbers representing equations are gqiven in
square brackets.

- References are qiven in parentheses.

- Ac = acyl

- ar = aryl

- Et = ethyl
- Me = methyl
- Ph = phenyl

- In the nmr spectra: b = broad
d = doublet
m=multiplet
& = singlet
t = triplet

broad

-~ In the ir spectra: b

medium intensity

3
i

m
I

strong intensity

w = weak intensity
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PART 1.

ODORINE, ODORINOL.




INTRGDUCTION

Massy-Westropp and coworkers have isclated two new
nitrogeneous compounds along with several new tetracyclic
triterpenes from the extracts of the leaves from Aglaia

odorata Lour., (Meliaceae), a small tree found predominantly

in Thialand, Malaysia, China and the Philippines (1), The
aqueous extract from the roots and leaves of this plant was
used by the Thai people as a heart stimulant and febrifuge
(a medicine efficacious in reducing or removing fever).
These workers have named the two compounds odorine and
odorinol, and have identified them (1,2) by chemical and
cspectroscopic means to be: (+)—(E,28,2'R)-2-methyl-N~-[1-
(1"-oxo-3"-phenylprop-2"-~enyldpyrrolidin-2’-y1lbutamide
(13} and (+)-(E)-2-hydroxy-2-methyl-N-[1/-¢1"-ox0~3"-
phenylprop-2"-enyllpyrrolidin-2'-yllbutamide (2). The

absolute configuration of odorinol has not been determined.

3|I 1
1"
02 3
2"
1 R=H &) 28, 2R (+)-odorine
b>» 2R, 2% (-)-odorine

2 R=0H odorinol

Connolly and coworkers have alsc iscliated these two

compounds from the leaves of Aglaia roxburghiana




(Meliaceae) (3); these workers have given la the trivial
name roxburghilin. For convenience, 1 and 2 will be
referred to as odorine and odorinol and the diastereomers
as epicdorine (3) and epiocdorincl (4).

The structures of cdorine and odorinol were assigned
from the spectroscopic data and the stereochemistry of
cdorine was determined by chemical means (2). The
configuration at C2 in natural (+)-odorine (la) was
determined by acid hydrolysis and by measuring the optical
rotation of the Z-methylbutancic acid liberated. The
optical rotation was dextrorotatory which corresponds to
the S configuration in the acid (4> and thus also at CZ in
(+)-odorine.

The chirality on the ring at C2° was determined by the
synthesis from L-proline (5) which has the S-configuration
(Scheme 1). N-Cinnamoy! proline (7>, prepared by a
Schotten—Baumann reaction (&80¥%), was réécted with ethyl
chloroformate to give a mixed anhydride 8 that was
converted into the acid azide 2 with aqueous sodium azide
(8745. Warming caused 2 to rearrange into the isocyanate
10 which was not isolated but reacted further with 2-
butyimagnesium bromide at low temperature (584>, The
Curtius rearrangement, for example 2 to 10, is Known to
occur with retention of configuration (5.

Due to the racemic nature of the Grignard reagent a
mixture of odorine and epiodorine was obtained. High

performance liquid chromatography (hplc) was used to



[;;&\NH—CO

0=~~~ Ph
1

I

(-)-odorine (-)-epiodorine

(3a = (+)-epiodorine)
SCHEME 1. a: IN NaOH, OOC; b: acidification; c:
1.1Et00CCY, 1.1TEA, THF, %0 min. —2000; d: 1.1NaN3, HZG’
30 min. —ZUOC; e:THF, 30 min. reflux; +f: 1.2BrMgCH(Me)Et,

THF, 2 h -78°C then 14 h at room temperature; g: hplc.

separate these diastereomers which were both found to be
levorotatory. A comparison of the melting paointse and the
spectroscopic properties with that of natural (+)-odorine
allowed (-)-odorine (1b) and (-)-epiodorine (3b) to be
assigned. Hydrolysis of this (-)-odorine afforded ¢(-)-R-2-

methylbutanoic acid while (~)-epiodorine vielded the acid



of the opposite (S) configuration. Thus the synthetic (-)-
odorine was (2R,275> and so the natural (+)-ocdorine must be
(25,2°R>. The 2",3"-dihydrocompound was also prepared by
the analogous route and the hydrolysis yielded the same
results for the configuration at the two chiral centers.

The absolute configuration of odorinol (2) could
presumably also be determined in the same manner. However,
the presence of the tertiary hydroxy aroup obviously makes
the synthesis more complicated.

It was of interest to see if a synthecsis could be
developed that would allow optically pure odorine and
cdorinol to be prepared free from the epimers. If the
general structure of these compounds is examined, the
obvious bond to disconnect would be the amide bond (Scheme
2, path b) resulting in an amine 11 and an activated acid
derivative 12. The amine could be prepared by the
hydrolrysis of the isocyanate 10. If these two components
could be obtained optically pure and could be coupled
without racemization then our goal could be achieved.

Many methods are Known for the preparation of amide
bonds under a variety of conditions (4). Some of these
methods also allow for the formation of such bonds in the
presence of an unprotected hydroxy group. The problem here
is the stability of the free amine 11. Related N-CH-N
compounds are Known to be somewhat labile. In fact,
odorine itself isomerized on standing in chloroform or in

the presence of acid but was stable when free from acid
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SCHEME 2. The Disconnéction of Odorine and Odorinol.

(2,3>. This isomerization can be explained by the
formation of an intermediate ring opened ion as shown in
Scheme 3. Literature precedents for other N-CH-N compounds
are also Known.

A search of the literature has not revealed any work
on Z-aminopyrrolidines but the related S-amino-2-
prrrolidinone system has been prepared by Japanese workers
(7). These workers found that the catalytic hydrogenation
of racemic 13 with Pd-C did not afford the expected amine

14 but the secondary amine 15 instead. However, the amine



0 Z Ph A

I SN

H
N™ SNH-CO ~H
SCHEME 3. The Acid Catalyzed Isomerization of Odorine.

14 was cobtained in quantitative yield from three different
carbamates (1déa,b,c) when the 1-position was unsubstituted.
This amine was stable enough to be recrystallized from

benzene and acetylation afforded the amide 17

3 4
H

H
15

polar solvent or o
temp. greater than 105°C

41Ti)\\ H . Ac 0 4lti>\\
0) ﬁ NHCOOR §) NHCOCH,

Pa-C N
168 R=-C(CHy), 007 17
16D R=-CH,CH,
160 R=-CH,Ph

SCHEME 4.



quantitatively. Decomposition to 15 occurred, however, in
polar solvent or at elevated temperature ¢ >105°C).

The inability to isolate 14 from 13 can be
rationalized by Scheme 5. Cleavage of the benzyloxy-
carbonyl group presumably cccurred first at the 5 position
giving, after loss of ammonia, the ion 18. This iminium

ion was probably more stable than the unsubstituted ion iz

which would be formed by ammonia loss from 14.

18

OIN/(})\H 12 OJ\;)\
H | 7
19

N
H

SCHEME 3.

In contrast to this work, Willson and Goodman ¢8> have
prepared the optically active (S)-S-amino—-2-pyrrolidinone
(14> by the hydrogenation of 13 in ethyl acetate using 104
Pd/C. This amine 14 and the carbamate 13 were
characterized by infrared specﬁroscopy, and high resolution
nmr and mass spectroscopy but the data and experimen{al
details including the specific rotation were not given.

One must conclude that the amine 14 is not very stable and



its stability depends on the exact experimental conditions
used in its preparation. One may also expect the 1{-
cinnamoyl-2-pyrrolidinylamine (11> to behave similarly.

The lability of another N-CH-N compound has been
reported by Ayer and coworkers (9). aAllocernuine (207,
when refluxed in methanol, was isomerized to
epiallocernuine (22) presumably via the zwitterionic

intermediate 21.

reflux

MeOH

SCHEME &. The Isomerization of Allocernuine.

Relief of steric strain was postulated to be the driving
force for this isomerization since the isomer cernuine (23>
was found not to isomerize in this way. Also, unlike
cernuine, allocernuine underwent reductive cleavage under
mild conditions.

The lability of the compounds 24 and 25, among others,



has allowed them to be used as electrophilic reagents in
the xX-amidoalkylation of various nucleophiles at carbon

10>,

R1-¢co) -NR2-CHR3-NH-¢COY-R?  R1-(CO> -NR2-CHR3-NRSRE
24 25

R & R4 may be -OR, R2 = H, alkyl, acyl

For these compounds this reaction usually takes place under
acidic conditions which can vary in severity from
concentrated sulfuric acid and hot polyphosphoric acid to
refluxing glacial acetic acid or dilute phosphoryl chloride
at room temperature.

The mechanism is believed to involve an intermediate
with carbonium—-ammonium ion character (Scheme 7). The
extent of the ionization will depend on the reaction
conditions. In very strong acids of high dielectric
constant, appreciable disseciation probably occurs but this
will be unlikely in acid-catalyzed reactions in media of
low dielectric constant. Here, the reaction with weak
nucleophiles probably involvues either tight ion pairs or

incipient carbonium ions formed by an 8Nl process.

0OR 0 R
, 1 l HY , Il | (+) p :
R ~C-N-CHp=-X ==—= |R —C-N-CH, =—= R =C-N=CH, | HX

()

0 R
I

SCHEME 7.

10



While these extreme conditions will obviously not be
used in the synthesis of odorine, under acidic conditicne
there may be a similar tendency for some degree of
dissociation which could result in racemization and

possibly decomposition.

+
H ( 5
Z;JB\\NRR' p— K% + HNRR
+
ofL\<5>\Ph - ofl\<¢>\Ph

A related reaction has been discovered in this

[13

ltaboratory (11). The bicyclic compound 246, the product of
the Schmidt reaction on camphor, was stable in concentrated
sulfuric acid but underwent ring-opening on heating with
dry HCI in methanol. In this case, the amide moiety seems
to be the better leaving group in contrast to what was

found for 25 (Scheme 7).

1) dry HC1/MeOH
Hb NH & N
(2] COOCH4

2) neutralization

Although the amine 11 can be expected to be unstable,
other reports suggest that under the proper conditions it

may be stable enough to serve as an intermediate if



immediately reacted further.

Goodman and coworkers (12> in their synthetic work on
understanding the molecular basis for sweet taste have
synthesized racemic 31 by the route shown (Scheme 8). The
t-butyloxycarbonyl group was selectively removed from 28
with HCl/dioxane and the resulting salt 22 was immediately
coupled with 2-benzylmalonic acid monomethyl ester using
dicyclohexylcarbodiimide (DCC, a brief discussion of this

coupling reagent follows).

COOCH, Ph COOCH,FPh
ZNH-CH=(CO>-NHNH, + NOC1 ——= ZNH-CH-(CO)-Ng ——
A, Ny
COOCH,Ph COOCH,Ph
ZNH-CH-NH-BOC <————— t-BuOH + ZNH-CH-N=C=0 <—I
28
HCl1/dioxane OCH,Ph
COOCH,Ph COOMe CO O CHyPh
ZNH—éH~NH2-HCl + PhCHpCHCOOH —— ZNH—éH—NH—g—éH—CUOMe
22 30
co0”™ 0 CHy.Ph Hy/Pd-C

e | I
HaN~CH-NH-C-CH-CO0Me

31

Z = -COO0CH,Ph, BOC = -CO0-t-Bu

SCHEME 8.

12



Similarly the optically active N-(t-but¥loxycarbonyl-0-
benzyl-L-tyrosyl1)-N"-benzyloxycarbonyl-«,4—diaminoethane
(32) was prepared in 40X yield from the corresponding
hydrazide. This compound was crystalline, mp 17D°C, [MJf

-17.86%¢(C = 2.01 g/100 mL, DMF).

#
BOC-NH-CH-(CO) ~NH~-CH-NH-2
CH, CHg

32

This synthesis is related to work by Bergmann and
Zervas (13) on the stepwise degradation of polypeptides.
They used a similar method to prepare the amine 33 which on
boiling in water afforded the corresponding aldehyde plus

ammonium chloride and benzamide.,

R-CH-COOH ——— R-CH-NH-Z ——= R-CH-NH," HC]
NH, NH(¢CO) Ph NH¢CO)Ph
33
A, H,0
R-CHO + Ph(CO)NH, + NH4CI
2 = -COOCH,Ph 34

SCHEME ¢9.

In the case of optically active aminc acids, all the

compounds up to and including the amine 33 weré found to

13



retain their optical activity. For example, they reported
that 35, as a 54 solution in methanol, had a specific

rotation of [x1%-470,

o
PhCH00C-NH-CH-NH,« HC1
CH,oCH(CHg) CHg

35

As mentioned previously, the chiral amine 11 is most
conveniently prepared from the isocyanate 10 derived from
N-cinnamoyliproline (7) throuagh a Curtius type reaction.
Isocranates can be directly hydrolyzed by acid to the amine
hydrochloride. However, the yields are usually lower than
if the hydrolysis is carried out indirectly via the
carbamate formed by the reaction of the isocvanate with an
alcohol.

The exact conditions required to cleave these
carbamates depends on the nature of the alcohol used.
Morecver, the conditions must be anhydrous since, ac seen
in the work of Bergmann and Zervas, the amine 11 is likely
to undergo further hydrolysis.

Sheehan (1&8) has used such aqueous conditions to
cleave the 3,4-bond in a penicillin derivative without
hydrolyzing thefﬁ—lactam moiety. 2,2-Dimethyl-é&-
phthalimido-3-penamy! isocyanate (38) was treated with one
equivalent of HClI in aqueous THF under dilute conditions

affording the aldehyde 37 in 75-80% vield and the urea 38

i4



COOH 36 N=C=0
l HC1l/aq. THF

0 [ 9
ox| — MR
NH

00
NH—CO _ )
38
9 9
e = g
7l N\Z< ] NH K
0 G 39137 = 317 00" CHo
OH
39 37
SCHEME 10.

in about 10-154 yield. When Heusler (15) carried cut this
hydrolysis on two slightly different isocyanates, cleavage
of the P-]actam ring also occurred. This further cleavage
was avoided if the hydrolysis was carried out indirectly
through the carbamates 40a,b using zinc and aquecus acetic
acid. Indirect hydrolysis also prevented the formation of
urea that is always formed in the direct hydrolysis.

The optimum carbamate to use in the synthesis of
odorine and odorinol was difficult to propose before
investigation. While S-amino-2-pyrrolidinone (14> was

prepared by reductive cleavage of the benzyloxycarbonyl

15



S Zn S S
o JIOK T TR = PRI

group, these conditions have been found to reduce the
cinnamoyl group present in odorine and odorinol (1,2,35.

It appeared best to introduce the N-cinnamoyl group
immediately since it was a required substituent in the
final product and it would at the same time act as a
protecting group for the ring nitrogen. Most conditions
for the cleavage of a carbamate group, other than hydro-
genolysis, involve acidic conditions (17). @As seen, the t-
butyloxy (BOC) and benzyloxycarbonyl (2) aroups are popular
protecting groups that are acid labile. It was thought
that if a strong acid was used the amine 11l would be stable
enough as the salt to be immediately reacted further, after
neutralization, with an activated form of the acid.

The formation of amide bonds has been well studied and
numerous reagents have been reported in the 1literature.
This topic has been covered by many articles (&) but a very
brief discussion will be qgiven here.

Normally the formation of an amide bond involves the

activation of the acid component in some manner.

16



[4] R-NHy + X-(C0)-R’ ———= R-NH~-(C0)-R‘ + HX

One of the simplest ways of activation is by an acid
chloride (X = Cl). This method is no longer popular due to
the high reactivity and thus the many side-reactions that
can occur including the high susceptibility of activated
amino acids to racemize. However, it has been recently
reported that this high reactivity is required in the
formation of amide bonds that are sterically hindered (18).

Traditionally the carbonylazide method (X = N3) has
been the safest way of fragment condensation due to the 1ow
degree of racemization with amino acide and the minimal
side-chain protection required. However, carbonylazides
are unstable and numerous side-products can be formed due,
for example, to the Curtius rearrangement to isocyanates
and subsequent reaction of the isocyanates.

One of the most common coupling reagents used today is
dicyclohexylcarbodiimide (DCC, 41), a highly reactive
compound which usually gives good yields within a short
time. Normally, an equimolar amount of DCC is added to an
equimolar amount of the acid and amine in an organic
solvent such as methylene chloride, ethyl acetate or
dimethyl formamide (DMF) at 0°C.

The mechanism involves the formation of an O-acyliso-
urea 42 as the reactive intermediate (Scheme 11). This
intermediate can either react directly with the amine to

form the amide 43 or with the acid to form a symmetrical

17



anhydride 44 which then acylates the amine.

In both cases, the by-product is dicyclohexylurea (DCU,
435). Often the O-acylisourea is found to undergo 0->N acyl
migration forming an N-acylurea side-product 44 which is
unreactive towards amines. This side-product and the DCU
by-product are sometimes difficult to remove from the
product amide due to their similar solubilities. DCC has
also been successfully used with compounds having

unprotected hydroxy groups and thus may be useful for the

s¥nthesies of odorineol.

O0OCR~
R7CO0OH + R-N=C=N-R —-—ib-R-NH—i=N—R
4

DCC

(COOR”
R-NHCNH-R R-NHCN-R
pcu Q
R = cyclohexyl 45 4é

SCHEME 11.
Thus, the overall objective of our research was to
find the best method of preparing racemic odorine and

odorinol via the amine 11 and an activated form of the

18



corresponding acid 12 (Scheme 12Y. The amine would be
prepared by the deprotection of a suitable carbamate
derivative. We planned on synthesizing a series of these
protected amines including the t-butyl, benzyl and 4-

me thoxybenzyl (anisyl) carbamates by reacting the
isocyanate 10 with the appropriate alcohol. In turn the
isocyanate would be prepared from N-cinnamayiproline

using the modified Curtius or an equivalent reaction.

O\ )NaOH & Et00CC1 &9 9
N N” ~MC-0-COEt

COOH _— COOH ————

‘5' b) H+ /k/\ EtBN /l\/\
0= >~ >Ph 0= >~ >Ph

Z 8
OﬁL\fﬁN\Ph l
6 NaN3
BN _omon (N mese (N
N" NH-COOR =————N" =C= 0 N NCO-N,
O7J\4\Ph OMPh OMPh
47 10 9
ldeprotectlon

0
C\J)\NHZ 2 C/E—» QNH Co/k“j'
12

OMPh 0/ - Ph

1 R'=H
g R'=0H
SCHEME 12. Proposed Synthesis of Odorine and Odorincl.

19



The activated acids 12 to be investigated included the acid
azide, chloride and the O-acylisourea formed by the
reaction with DCC. When the optimum synthesis is devised

it could then be used to prepare the optically pure

compounds.

20



DISCUSSION

This investigation can be divided into three sections,
the preparation of the various carbamates 47, the cleavage
of these carbamates to give the intermediate amine 11
usually as a salt and the coupling step to vield odorine or
odorinol.

Preparation of the Carbamates

The starting material, (E;S)-N-cinnamoylproline (73,
was prepared by a Schotten-Baumann reaction (19 from L-
proline (350 and t-cinnamoy! chloride ¢&4). Later we
found that this method was also used by Massy-Westropp and
coworkers in their synthesis of odorine ¢(2). 1In addition
to the expected signals, the high resolution H nmr of this
material had small peaks that were probably due to the
presence of a second rotamer about the amide bond ¢20).
From the areas one can estimate that approximately 5% of
the acid was present as this second rotamer. This and
several other 'H nmr spectra are reproduced in the
experimental section.

Another feature of this spectrum was the deshielding
effect observed in the pyrrolidine ring protons. These
protons appear as two groups, the two protone at HS (3.5-
4.0 ppm> and the four protons at H3 and H4 (1.9-2.6 ppm).
One proton from each of these groups is deshielded slightly
presumably by the proximity to the carboxylic acid group.
(Figure 1) (21,22). The two protons cis to this ghoup at

H3 and HS on the ring are likely closer to and could lie in
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the deshielding cone of the carbonyl. This feature was
alsoc observed in the high resolution VH nmr spectra of the
compounds prepared from this compound. The 13¢ spectral

assignments are tabulated in the appendix.

4L 3 Hcis
Fes:
Hcis N COH

0PN ph

2t

7

FIGURE 1.

The carbamates (also called urethanes) initially of
interest were the 1,l-dimethylethyl 48 (t-butyl) and
phenyimethyl 4% (benzyl) carbamates (Table 1). The t-
butyloxycarbonyl (BOC)> and benzyloxycarbonyl (2) Qroups are
very common protecting groups for amines and can be rapidly
cleaved with acids ¢(18). A related, even more acid labile
compound also investigated was the 4-methoxyphenylmethyl a0
(anisyl) carbamate. The carbamates 49 and 50 were prepared
from the acid 7 by the reaction of the corresponding
alcohols with the isocyanate 10 (Scheme 13). Due to the
possible dehydration of t-butyl alcohol, the t-butyl
carbamate 48 was prepared by another route. The carbamates
31 and 52 were similarily prepared by the reaction o% the
isocyanate with 2-phenylthicethanol and 2-

phenylisulfonylethanol.
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TABLE 1. Preparation of the Carbamates.

<_N)\NHCOOR
OMPh

R % Yield Comments

Modified Curtius Reaction
~CH,PHP 26 (34
42
—CH2C6H4OMeb 23 (33 Ether Sé also isolated (4%
S0
~CHoCH,SPH 25
91
—CHoCH,S05PH *
52
Using DPPA
—C(CH3)3 - Allophanate 71 major
48 product (36X
—CHZC6H4DM9 27 As a 1:1 mixture with
32 the allophanate 72 (24%)
Using LTA
—C{(CHg3J3 3%

48

# Decomposed on column chromatograpy.
aCorrected for recovered N-cinnamoyiproline (Z).

bwith dimethyltin dichloride catalyst.
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l_jk\ a)NaOH [ﬁjx\ Et00CC1 (ﬁj&\g 9
N° "COOH ——— N N MC-O-COEt

COOH ———»

H +
5 b) H /L\//\\ Et N
Cl 02 Ph 3 OJ\&\ph

A 8
07> Ph l
&

BN non (0 meat ()
M—COOR«———-——- N" SN=C=0 =——"N""NCO-N,
07 2" Ph oA\%Ph OMPh

49 R=-CH,Ph 10 9
50 R=-CH,0H, OMe

51 R=-CH,CH,SPh

52 R=-CH,C0H,S0,Ph

SCHEME 13. Preparation of the Carbamates.

Weinstock’s procedure (23) was used to prepare the
isocranate 10 and later we found that Massy—-Westropp also
followed this procedure. This involved reacting (E,S)>~
cinnamoyiproline (7)) with eth¥! chloroformate to give a
mixed anhydride 8. Treatment with aqueous sodium azide
afforded the corresponding acid azide ¢ which had
completely rearranged to the isocyanate 10 on refluxing
20 min in toluene or 45 min in benzene. Reaction of this
isocyanate with dry alcohol to give the carbamate was
complete after several hours of refluxing in benzene or
toluene.

To increase the rate of carbamate formation a small
amount of dimethyltin dichioride, approximately 0.01

equivalents, was used in later reactions. With this
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catalyst, the reaction was complete after approximately |
hour at room temperature or 15 minutes at reflux in benzene
or toluene. Such reactions between alcohole and
isocyanates are Known to be catalyzed by tertiary amines
and very effectively by tin compounds (24). Scheme 14
indicates a possible mechanism for the catalysis by such
metal compounds. The coordination allows the hydroxyl to
enter on the same side as the metal and also act as a
proton deonor. This can explain the large catalytic effect
these metals can have. It is alsoc possible that the metal
may instead first coordinate to the alcohoel and then to the

isocyanate.

R-N=C=0 + MX, ——
t+) +)
R-N=C=0 |e————=R-N=C-0 + R'OH —= |R~-N=(C-0

(-1 (MXy H=01=Mxo

(+) [ N

R-NH-C=0 + MX, <—— |R-NH-C=0 S R=NH=C-0

| “ |

0 0 MX O Mx

| | = 2 | ) 2

R’ R’ i R* |
SCHEME 14.

The Catalysis of the Isocyanate-Alcohol Reaction.

Such tin catalysts have also been reported to increase

the relative rate of reaction of isocyvanates with alcochols
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vs. water. Normally, without such a catalyst the reaction
of isocranates with water is faster than with an alcohol.
Thus the hydrolysis of the isocranate by fortuitous traces
of water and the formation of urea (see later) should be
decreased with such a catalyst. One would then also expect
an improved yield of carbamate. However, we found that
while the catalyst did greatly increase the reaction rate
the yield of carbamate was unchanged.

The products of these reactions were not very pure and
usually flash chromatography (25) was required to isclate
the pure carbamate although recrystallization could be used
with the benzyl carbamate 49.

The 4-methoxybenzyl carbamate 20 obtained when the
chromatography was carried cut with ethy]l ether was
optically active, [d]i‘ -41°while the material obtained
when ethyl acetate was used as a mobile phase was largely
racemized, Dx]g -2% The trace of acetic acid present in
the ethyl acetate may be the cause of this racemization.
This racemization indicated that the carbamates were
stereochemically unstable which could make the synthesis of
optically pure odorine and odorinol via the amine
difficult,

The isolated yields of the carbamates were alwave
rather low (ca. 25-354) no matter what modification was
used. While the urea 54 from the hydrolysis of the
isocyanate 10 was also formed to a varying extent, this

could not account for all of the materixl.
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& _ HQ_O - O\ _
N ™N=C:=0 - N~ “NH-COOH

10 53

[,

(N—>\NH o —2 Q\NHZ
O7k//\P )

54 11

o
)
\
\
3

SCHEME 13.
Hydrolysis and Urea Formation from the Isocyanate 10.
Another faster running compound was alsoc found to be

present in the product mixture but in most cases it
decomposed during iso]atiqn. However, in the reaction with
4-me thoxybenzyl alcohol this side-product was isclated as
an oil which was contaminated with and/or decomposing to
4-methoxrbenzyl alcohol and so was difficult to purify.
The spectroscopic properties of this material were
consistent with (EX-1-C1“=ox0~-3"-phenylprop-2‘—-enyl)-2-(4-
methoxyphenyImethoxy)-pyrrolidine (5&), the ether formed by
the loss of the isocyanate ion from 10 and further reaction
with 4-methoxvbenzyl alcohol (ca. 4% yield). This ether
could be isclated when ethyl ether was used asc the mobile
phase in the chromatography but not with ethy! acetate.
The trace of acetic acid in the ethy! acetate may be

causing 5é to decompose when this solvent was used.
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Zijx\ -0CN~ ROH zjt&\
N“N=C= N” NOCH,CgH, 0CH5

0 —— N® —_—
+
- /L/\
OMPh o;\é\Ph 07 2" Ph
10 55 56
(R=—CH2C6HAOCH3)

SCHEME 1é6. Ether Formation.
Such ether formation from the isocyanate-alcohol
S reaction has been reported by Goodman and coworkers (267,
These workers wished to optimize the vield of another
N-CH-N carbamate 5% and investigated the role that
different amounts of alcohol plaved. With a large excess
of alcohol, a complex mixture of products was formed. For
example, the reaction of the isoccyanate S7 with a 20 fold
excess of methanol afforded not only the expected carbamate
9% but alsoc four other‘products: 40, &3, 44 and 45 (Scheme
17>. The ready loss of the isocyanate ion can explain the
occurrence of these compounds.

It was suggested that the ether 460 was formed by the
displacement of the isocyanate ion by the alcohol as
postulated above. The wellfknown reaction of isocyanates
with water would have resulted in the urea 63 while the
elimination of isocyanic acid would form the alkene 84, a
styrene derivative. Reaction éf the liberated isccyanate
ion with the alcohol followed by further reaction with §7

would vield the allophanate &5.



CH -ph 1) i-BuOo0OCCl CH _-FPh

2 N-methyl- 2
ROOC-NH-CH-COOH - RDOC—NH—CH—(CO)—NB
morpholine
2) Nall,
. CH,-Ph ?HZ—Ph
———= [ROOC-NH-CH-N=C=0=——==R0O0C-NH-CH N=C=0
=N, (+) (=)
¥4 o]
CH,~Fh
R'0H
——————= ROOC-NH-CH-NH-COOR’
22
CH,-Fh
R'0H l
~————— ROOC-NH-CH-0-R’
-HNCO
40
CH.-FHh CH.-Ph
H,0 [ 7 L
~—=—— [ROOC-NH-CH-NH-COOH| —— = ROOC-NH-CH-NH, —
-CO
&1 ° &2
CH,~Ph
(ROOC-NH-CH-NH) ,C=0
43
~—————= ROOC-NH-CH=CH-Ph
~HNCO
44
CH.-.~Ph
R'0OOCNH, | 2
57 ——]——= ROOC-NH-CH-NH-(C0)-NH-COOR"’ R=-CH_Ph,~t-Bu
45 R*=-Me ,~CH,Ph
SCHEME 17.
R'0H +
HNCO
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Dissociation and re-association of the isccyanate, 57
and 58, could also occur but this would result in racemic
carbamate 59. Goodman found no racemic carbamate either in
the presence of high or low ratio of alcohol to isocyanate
97. The carbamate 5% was found to be stable to
decomposition after formation; it was recovered unchanged
from refluxing methanol after 12 hours.

As indicated in the table, less alcohol increased the
amount of carbamate at the expense of the other compounds,
The authors could not explain the different ratio of

products obtained with methanol and benzyl alcohol.

TABLE 2. Product Distribution in the Reaction of

Isocyanate 57 with Various Amounts of Alcohol.

s7 R“0OH Cequiv) 5% &0 &8 &3 &4
R=PhCHs— | MeOH (20) 49% 9% 54 1% Y4
MeOH (2> 65 - 2 - -

=t-Bu- MeOH (20) 29 44 12 - -
MeOH (2) 45 - 4 - -

PhCHoOH (100> 18 18 20 - -

PhCH,0OH (2 31 - 18 - -

When an acetyl group instead of a carbamate group was
present in the isocyanate 64, 47 was found to be the main
product (73-80X) and only a trace amount of 48 (1-6%) was
formed even under acid and base catalysis and with a large

excess of methanol. This is another example of the
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lability of N-CH-N compounds and how this lability depends

on the structure and the presence of other functional

aroups.

[3] Me(CO)> -NH~CH-N=C=0 + excess Me(QH ————e=
&é

CHZPh CHoFh

Me (CO) -NH-CH-NH-COOMe + Me(CO)>-NH-CH-0-Me

&7 (73-80%) 48 (1-6%)

Diphenyl phosphorazidate (DPPA, 49> has been reported
to be a new convenient reagent that can be used for a
Curtius-liKe reaction (27)>. @& carboxylic acid in the
presence of an alcohol and triethylamine (TEA) can be
converted to a carbamate in a single step with this
reagent. The mechanism involves the formation of a mixed
carboxylic-phosphoric anhydride 720 which then yields an
acid azide (Scheme 18). Further reaction proceeds as
described earlier for the Curtius reaction. This reagent
was investigated to determine if it would increase the
yield of carbamate.

We refluxed N—cinnamoyipro?ine (72 with DPPA and TEA
in t-butyl alcohol, and purified the product by flash
chromatography yielding & mixtﬁre of the t-butyl carbamate
48 and an unknown compound. Recrystallization of this

material afforded a crystalline compound with x 1H nmr

31



[0 o o O

RCOOH + DPPa —3% R’!:I—O—P’(OPh)zi- HNg ——-—»RQN3 + HOIQ(DPh)z
EtoN AN

[0 oH R—r{u:c:o

R!:'—O—Pmph)z R’ OH

_ Na R-NH-COOR”
DPPA = N3(PO><OPh), 70

49
SCHEME 18.

spectrum very similar to that of the carbamate 48. The 13C

and ir spectra indicated the presence of two carbonyl
groups. The ms of this unknown was also very similar to
that of the pure carbamate but it had a parent ion at 43
mass units higher than that of the carbamate. Therefore,
the unknown was assigned the structure of the allophanate
21 (364 vield) from the incorporation of an additional

isocyanate unit similar to the earlier observation of

Goodman (2&).

2 9
N “NHCNHCOR

079\%

R=-1-Bu

R=-CH206H OCH

71
72 ;0CH
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Similarly, the reaction of the acid 7 with p-

methoxybenzy]l alcohol and DPPA in dry benzene followed by

column chromatography afforded a colorless oil which was

found to be an approximately 1:1 mixture of the carbamate

20 and allophanate 72 (ca. 27 and 24% yield, respectively).

For some compounds better yields were reported when

this reaction was carried out in two steps instead of one.

Thus, the isocyanate 10 was formed first by refluxing the

N-cinnamoyiproline and DPPA in dry benzene and then p—

me thoxybenzyl alcohol was added. However, this

modification did not improve the reaction and a mixture was

again obtained.

Yamada and coworkers (28> have reported similar

observations on the reaction of DPPA with (S)-N-

benzyloxycarbonylproline ¢(73>. In fact, the t-butyl

carbamate 74 was isolated in only 5% yield with

the

allophanate 75 being the major product (385453 both these

compounds were optically active.

Zji)\\ DPPA, Et N
N” MCOOH >

i
L&l Z t-BuOH, reflux
73

i z
74 75

(2=-CO0CH,Ph)
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Even the Curtius reaction on this compound was found to
give the allophanate 75 as the major product (33%) with the
expected carbamate 74 produced in only 14% vield. Goodman
and coworkKers (264) have repeated this reaction and have
also identified the formation of the ether 78 which was not
stable even when stored at -4°C under nitrogen.

Yamada repeated this reaction in the presence of t-
butyl carbamate instead of t—-butyl alcohol and found that
racemic carbamate 77 was the major product (&é%) along with
cranuric acid 78 (124). In this case the formation of the
allophanate 75 was suppressed by the addition of the t-
buty! carbamate to the intermediate immonium ion 7¢ to aive
the racemic carbamate 77. If direct displacement of the
isocyanate ion occurred inversion of configuration and not
the observed racemization would have taken place. The more
nucleophilic t-butyl carbamate must favor the loss of the

isocranate ion rather than formation of the allophanate 74.

0
DPPA, Et.N | via
PP AN
» B3 [_)H‘ HN” NH
[7] & )
42 NH,C00-t-Bu N NHCOO-t-Bu +O)\N/§O f}l/ H
benzene z H Z
reflux 17 78 79
(Z=-COOCH,Ph)

Carboxylic acids can be rearranged to isocyanates via
the acid amide using the Hofmann reaction (2%9). Normally

this reaction is carried out with bromine under strongly
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basic conditions, conditions which are too vigorous for
sensitive molecules. Baumgarten (30 and Beckwith ¢(31)
have reported that amides can also be rearranged by
treatment with lead tetraacetate (LT in a Hofmann-1like

reaction. The suggested mechanism is indicated in Scheme

19.

0 a*?
l

| | ¢

R=C-NHy <——= R~C=NH,

LTA
0
S v’ comer
- - c
3
NN
+)N CMe +)N 0
\e Y/ / \
H Tb—D H H ﬁMe
(0AC ), 0
-Ac OH -Ac OH
0
fl % Aﬁ\\
RIC _H 0 RIC™ PbeOAc), R-C, Pb(0AC),
\ / \\ I ‘\ II
N CMe N (/0 NH
\3 */ e\
PT—O H ﬁMe 80
(BAC), 0
~Pb(0AC),
-AcOH
0
I
R-N=C=0 <—— R-C-N:
SCHEME 19.

Formation of Carbamates by the LTA Oxidation of Amides.
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The suggested intermediate complex RCDNHPb(DAc)3
likely exists in a symmetrical form 80 where the lead atom
is bonded to both the oxygen and nitrogen atoms. A
discrete nitrene intermediate may be involved although
there is no experimental evidence for its existence. It
has alsoc been suggested that the reaction may proceed via a
nitrenium ion (Scheme 20). Baumgarten and coworkers have
found that this oxidative rearrangement proceeds with
retention of configuration like the Hofmann (295, Curtius

(3} and other related reactions.

]
\\ // ”(H
P

—= R-C-NH + Pb(0AC), + “oac

(+) —~H#
R-NH=C=0 —— R-N=C=0

SCHEME 20.

By carrying out the oxidation in the presence of an
alcohol, the corresponding carbamate can be formed
directly. The preparation of a carbamate followed by
hydrolysis to give the amine was found to be preferred owver
direct hydrolysis of the isocvanate since the indirect
method usually afforded the amine in better vields.
Baumgarten has found t-butyl alcohol to be the preferable

reaction solvent although benzyl alcohol was also sui table,
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One of the disadvantages of this reaction is that in some
cases the LTA may oxidize the alcohol faster than the
amide.,

We investigated this reaction to see if it would
improve the yield of the carbamate. The (S)~-N-
cinnamoylproline amide (81) was prepared from the acid 7 by
the method of Roberts and coworkers (32) again using ethyl
chloroformate and triethylamine followed by reaction with
dry ammonia gas. This amide was refluxed with LTA in dry
t-butyl alcohol and the reaction mixture was purified by
flash chromatography affording the t-butyl carbamate 42 in
394 vield. @A trace of the t-butyl allophanate 71 was also
detected by ms and nmr.

Again the low yield of the carbamate must be due to
decomposition of the intermediate isocyanate 10. This
carbamate 48 was also found to be stereochemically
unstable; the crude optically active material from the
column chromatography racemized to a large extent on
recrystallization from ether/pentane. This facile
racemization again suggested that acid cleavage would cause
extensive racemization and so not allow the amine 11 to be
prepared in an optically active form.

Thus, the preparation of the carbamates do not proceed
in very good vields because the intermediate isocyanate has
a tendency to decompose by the loss of the isocyanate ion.
Low yields were observed with both the modified Curtius

reaction and the direct reaction of DPPA with N-
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cinnamoylproline. A slightly better but still rather low
vield of t-butyl carbamate was obtained by the LTA reaction
on N-cinnamoylproline amide in the presence of t-butyl
alcohol. Of course this synthesis required the amide to be
first prepared. The unstable ether S8 was isolated as a
by—-product in the Curtius reaction with p-methoxybenzyl
alcohol and the allophanates 71 and 72 in the DFPA
reaction. These carbamates were found to undergo facile
racemization which indicated that optically pure odoarine

and odorincl may not be obtained by this route.

The Cleavage of the Carbamates

i,

As already mentioned, t-butyl, benzyl, and p-
methoxybenzyl carbamates can be cleaved with strong acids.
Trifluoromethanesulfonic acid (triflic acid, TFMSA) (33) is
one of the strongest acids Known and can cleave various
acid-labile amino protécting groups quantitatively within
3-60 minutes at room temperature (34,35>. The t-butyloxy-
carbonyl group (BOC)> is cleaved within 3-5 minutes and the
benzyloxycarbonyl group (2) usually within 15 minutes. The
lTiterature procedure involves excess triflic acid (S5-10
equivalents) and methylene chloride or trifluorcacetic acid
(TFA) as a solvent. Anisole ¢1.5-3 equivalents) is used as
& scavenger to suppress the possible alkylation reaction.
This alkylation may be due to the generation of the f—butyl
and benzyl cations or more likely due to the formation of

the t-butyl and benzyl trifluoromethanesul fonates.
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[p\ HCOOR — 35037 QHN)H 0S0.,CF oCHs
N - 3 b3+
(sl /l\v/\\ PhOMe /l\¢/\\

072" Ph 0= ~~=Ph R

CH,C1
48 R=-t-Bu -T2 82

49 R=-CH,Ph

We investigated the cleavage of carbamates by straong
acids since it seemed to be a promising method of obtaining
the amine 11 as a salt without decomposition and while
still possibly retaining the optical activity. Early in
our investigations, the deblocking was carried out in neat
anisole without any other solvent but later methylene
chloride was used. To simplify purification, most of the
anisoles were removed by quickly extracting the cleaved
product with dry pentane. The t-butyl and benzyl
carbamates 48 and 49, respectively, were found to be
smoothly cleaved under all of these conditions.

The 4-methoxybenzyloxycarbonyl group (Z{(OMe))
is more acid labile than the benzyloxycarbonyl ¢2)
protecting group due to the electron releasing methoxy
group. Thus, the Z2(0OMe) group can be cleaved with
trifluorcacetic acid at 0°C while the Z protecting group
remains untouched under these conditions (3&4). Indeed, we
found the p-methoxybenzy! carbamate 50 in methylene
chloride was readily cleaved by TFA again in the presence
of anisole to prevent the alkylation reaction.

Other alkoxycarbonyl protecting groups are Known that
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can be cleaved under various non-acidic conditions ¢17).
For instance, the 2-(4-tolyl)sulphonylethyl carbamates are
cleaved with strong inorganic bases (37>, conditions
however which are too vigorous for sensitive molecules.
The corresponding 2-(4-tolylisulphonylethyl esters have
been smoothly cleaved under mild, neutral conditions with
1,5-diazabicyclol4.3.0lnon-S-ene (DBN) in benzene at room
temperature (28). One would expect this DBN fragmentation
also to be applicable to the cleavage of the carbamates.

Because these mild conditions seemed promising, we
also prepared such a carbamate by the reaction of the
corresponding alcohol with the isocyanate 10 from the
Curtius reaction. Since 2-(4-tolyldsulfonylethanol was
unavailable the 2-phenylsulfonylethancl was used instead.
Since the crude product from this reaction was found to
decompose on column chromatography the Z-phenylthiocethyl
analogue was first prepared and then oxidized with
potassium peroxymonosulfate. The 2-phenylsulphonylethyl
carbamate 52 was indeed found to be cleaved by DBN but the
free amine 11 seemed to decompose since no cdorine could he
isolated when this crude amine was treated with 2-
methylbutanoic acid and DCC (see later).

Carbamates can also be cleaved under mild, nonagqueous
conditions by using iodotrimethylsilane or chlorotrimethyl -~
silane and sodium iodide which generates the former reagent
in situ (39). Both reagents were found to cause extensive

decomposition in initial investigations and so this method
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was not pursued further.
Thus, the t-butyl and benzyl carbamates 48 and 4%,
respectively, were readily cleaved with TFMSA while the

p-methoxybenzyl analogue 50 was easily cleaved with TFA and

these seemed to be the most promising methods of generating

the amine 11.
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The Coupling Reactions

Several methods of coupling the l-cinnamoyl-2-
pyrrolinylamine (11) with Z-methylbutancic acid (83> and 2-
hydroxy-2-methylbutancic acid (84) were investigated to see
which would give the optimum yields. Obvicusly not every
one of the numerous methods available could be examined,
only some of the representative methods which seemed

promising were tried.

Oo 8 N
[] "NNH, + X-C — = N7 NH-CO R + XH
O*//\Ph 12 07" >~ >Ph

11 R=H
R=0H

Py

il

o =

Dicryclohexylcarbodiimide (DCCY <41) is one of the most
common reagents available for the preparation of amide
bonds (40,41) and sc was the logical first reagent to
investigate. We cleaved the t-butyl carbamate 48 wi th
TFMSA, treated the resulting salt with 2-methylbutanoic
acid, DCC and TEA, and obtained odorine (1> and epiodorine
(3) in 2537 vield after chromatography. With the anisyl
carbamate 50 in which TFA was employed in the cleavage, 1
and 3 were obtained in ca. 174 yvield.

The analogous DCC coupling of the amine 11 from the
benzyl carbamate 4% with the hydroxy acid 84 afforded

odorinol (2} and epiodorinol <(4) but only in 11% vield.
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The lower yield in this case must be due to some
involvement of the hydroxy group in the coupling reaction.
One does not expect the hydroxy acid to undergo self-
condensation under such conditions since the amine nitrogen
is much more nuclecphilic than the hydroxyl group. The
presence of the hydroxy group in the intermediate
acylisourea may increase the steric bulk enough to slow the
attack of the amine by a siagnificant amount and thus
decrease the yield of odorinol. Dipole-dipole repulsion
between the attacking nitrogen atom and the hydroxy oxXygen
atom may also contribute to a decrease in the rate of
attack.

One of the disadvantages of DCC is that when the
carboxylic group of acylamino acids, for example, is
activated, racemization can occur via oxazolone 8s

formation (&a).

0 R R OH 0

3 O I
Rt v — Rroes

Y\ H H —— N O

)

! .
NHO SCHEME 20.

This racemization can be reduced if the reaction is
carried out in the presence of N-hydroxysuccinimide (HOSu)

(42) or other such compounds. These additives form highly



active esters 86 with the carboxylic acid component which
then react rapidly with amines. Racemization is reduced
because of the fast formation and consumption of the active
esters. It was thought that the fast reaction of such a
highly active ester might also increase the vield of

cgdorine and odorinol.

OOCR
H

RCOOH + RY-N=C=N-R’ ————— R’—-NH—-C=N-R’ —102Y_

-DCU

DCC
RCO-0su —2NH2 o peCoINHR + HOSU 0
8s Su= -N
SCHEME 21.

0

We repeated the DCC coupling reaction with added N-
hydroxysuccinimide but the yield of odorinol (2> and
epiodorinol (4) decreased to 4%. The N-hydroxysuccinimide
and 2-methylbutancic acid (83) were then first coupled
using DCC to form a mixture of the N-hydroxysuccinimide
ester and the 2-methylbutanoic acid anhydride. Reaction of
this mixture and the amine 11 generated from the anisyl
carbamate S0 produced very little odorine. The reason for
this decrease in the yield was not clear. It appears that
in this case, the O-acylisourea was a more active acylating
agent than the N-hydroxysuccinimide ester or the anhydride.

The N,N‘-dicyclohexylurea (DCU) (45> by—-product and

the acylurea (44> from the rearrangement of the
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intermediate O-acylisourea (42> (Scheme 11> were difficult
to separate from the odorine and odorinol because of their
similar solubilities. Column chromatography was required
to purify the odorine and odorinol from this reaction. The
ureas were usually not isolated since they were strongly
held by the silica gel.

Water-soluble diimides might reduce thesge
purification problems since the ureas formed from these
reagents could simply be washed out of the product mixture,
Thus the water—-soluble l-cyclohexyl-3-(2-morpholinoethyl)—
carbodiimide metho-p-toluenesul fonate (87} (43) was briefly

examined,

TN=CaNAREY €0,5
e \©\
87 CHj

As a model system, the coupling of Z-hydroxy-2-
methylbutancic acid (84) with aniline using this reagent
was investigated. The non-nucleophilic aniline was used
because it was believed it would mimic the steric
hindrance present in the amine 11. However, the
recrystallized yield of the N-phenyl-2-hydroxy-2-
methylbutamide was only 154. Another model compound, Z-
phenylsulfonylethyl N-phenylcarbamate, was cleaved with DBN

and the liberated aniline treated with Z-hydroxy-2-
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methylbutanoic acid (84) and the water soluble diimide g7
but again very little of the N-phenyl-2-hydroxy-2-
methylbutamide was obtained. Similarly, the 2-
phenylsulfonylethyl carbamate 82 afforded no odorinel and
epiodorinoel. The amine 11 may be decomposing under these
conditions since even with DCC no cdorine was obtained from
this compound.

The low yields of odorine and odorincl observed could
be due to a number of reasons but steric hindrance was
likely an important factor. Both the amine 11 and the
carboxylic acids 83 and 84 have rather large, bulky groups
attached to them. The intermediate O-acx»lisourea 42 from
the reaction of the acid with DCC may be sufficiently
hindered toward nucleophilic attack by the amine il so that
rearrangement to the unreactive N-acylurea 446 would be
favored. This hindered nucleophilic attack may also make
the decomposition of the amine 11l an important contributing
reaction. A significant amount of the acid anhydride may
also be preferentially formed and this seems to be
relatively unreactive towards the amine.

Examples of such steric hindrance in peptide s¥nthesis
have been reported (44). For instance, the amino acids
valine (88> and isoleucine (8%) have bulky side chains
because of the branching at theﬁg—carbon atom. It has been
found that the nucleophilic attack by amines is severely
hindered in the activated carbonyl derivatives of these

compounds. This results in a low rate of acylation and
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HaN-C-H HgN-C~H
CHy-CH-CHg CHg~CH-CH,CHgy
&8 =34

causes competing processes to become important which may
result in considerable amounts of by-products. In the DCC
coupling, the O-3N migration can become important and
significant amounts of N-acylurea can be formed especially
when weak nucleophiles are involved, N-Acylurea is usually
present as a side-product in such reactions but normally
only in small amounts. @& similar formation of acylurea
tends to occur when the carboxy¥lic group of proline (B is
activated with DCC. The 0-N migration is pronounced in
dimethylformamide, less so in methylene chloride.

Beckwith and coworkers (31) have reported that such a
coupling reaction can be carried aut by the LTA oxidation
of primary amides in the presence of a carboxylic acid.

The mechanism involves the interaction of the carbeoxylic
acid 22 with the isocyanate 21 formed from the amide 0 by
the earlier discussed mechanism (Scheme 19) leading to a
mixed anhydride intermediate 23 (Scheme 22). This mixed
anhydride can now lose carbon dioxide to form the acylamine
24 or disproportionate to give the symmetrical anhydride 25
and 26. Loss of carbon dioxide from 23 results in the urea
27. The product distribution of this reaction depends on

the experimental conditions and the gtructure of the
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a 0 O
I R'COOH [l
R-C-NH, + LTA —————= R-N=(C=0 ———— R~-NH-C-0-CR~
< -Pb(0Ac),
_9_. -2Ac0H 9_1 9_.
MeCOOH -002 —002 Jdisprop.
RNH{(CO)YMe RNH(CO>R" (RNH(CO))ZD + (R’(CO))20
28 24 25 26
|-
RNH(COINHR
2z
SCHEME 22.
compounds. However, one can usually expect the formation

of some urea 27 and also acetylamine 28 from the acetic
acid present in the LTA.

When we treated I-cinnamoyl-2-pyrrolinyicarboxamide
(81) with LTA in the presénce of 2-methylbutanoic acid (83>
no odorine was detected and the urea 34 was the major
product. Similarly, the reaction of 2-methylbutancic acid
(83) with the preformed isocyanate 10 also resulted in the
urea 94 as the major product and so this reaction was not
pursued further.

Activation of a carboxylic acid as an acid azide is
one of the classical methods used in peptide chemistry for
preparing amide bonds. As discussed earlier, DPPA is a
convenient reagent that can be used to prepare such an

azide. Reaction with DPPa at a higher temperature causes

rearrangement to the isocyanate but at lower temperatures
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the intermediate acid azide can form an amide bond with an
amine (45>. Thus, 2-methylbutancic acid (83) was treated
with DPPA/TEA in dimethylformamide for 23 hours at room
temperature and then reacted with the amine 11 generated
from the anisy! carbamate 50. However, only a trace of
odorine was obtained.

Diethylphosphoryl cyanide (DEPC, %9) is a reagent
similar to DPPA which can be used to prepare the acy!
nitrile 100 from carboxylic acids in situ (46). Amines and
carboxylic acids which are difficult to couple with other
reagents can be coupled in good yields with this reagent
(47). However, we could not obtain any odorine with this
compound and so this method was not investigated any

further.

{10 RCOOH + DEPC + TEA —= R(COICN + (Et0),FOOH-TEA
100

DEPC = (EtD),(PO)CN

29

Carboxylic acids have also been activated as N-acyl-
imidazoles 103 as imidazole is a good leaving group. These
compounds can be conveniently prepared by treating the acid
with 1,1"-carbonyldiimidazole (CDI, 101) (48). However,
only a trace of odorine was obtained from the reaction of
Z2-methylbutancic acid (83> with CDI in dry DMF followed by

the amine 11 generated from the anisyl carbamate 50.
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RCOOH + CDI — ImH + R(COYO(COYIm —s= R(CCOOIm + Co,

102 103
CDI = Im(CO>Im -C0,
101 R‘NH,
Im= -N/t\\|
=N RCCOYNHR’ + ImH
SCHEME 23.

One of the simplest ways a carboxylic acid can be
activated is as an acid chloride. This method has been
used in peptide syntheses (18) but it suffers from some
drawbacks (éa).

In some initial investigations, we treated the amine
11 generated from the anisyl carbamate 90 with acety!
chloride and TEA at 0°C. A 1:1 mixture of the acetamide
and the diacylated compound, an imide, were obtained in &

clean reaction with a good yield.
[11) RCCOOCY + NHp~-R’ == R(CO)NHR~ EEQEL(R(CG))zNR’
—HCI —HCI

We repeated the reaction with 2-methylbutancic acid
chloride (104> and again had a clean reaction with a good
mass balance. However, the.product was found to be a
mixture of odorine (1), epiodorine (3) and the
trifluoroacetamide 105. The pﬁoportion of L_and 3 vs. 105

was found to depend on the temperature and the order of

addition (Table 3). The optimum vield was obtained when
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(D\NHCO CH 0T 600k <j\ )
/l\v/\\ 27P~CH,C6H,0CH, o /T\//\\ 0,CCF,
07" >=">Ph CH,C1 07 ph

0 2¥ =2
20 10 min, 0°C

b)extract with pentane

C1COCH (Me)E+ [ﬁj&\ (ijx\
Bt N, CH,C1, o /T\/ij‘CO R + N" “NHCOCF,
07" >="Ph 0~
&

1

~ “Ph
3 10

U

|

TABLE 3. The Preparation of Odorine using

2-Methylbutanoic Acid Chloride.

Acid Chlaoride TEA Temp? Productse
104 (equiv) (°C» 1&3:105
(equiv)
3.0 ¢1st)@ 3.1 (2nd)»? 0 1:1
2.7 (lst) 7.0 (2nd> =77 105 main product
2.9 (2nd) 6.7 (1st) ~-77 '{amine precipitates.
3.0 (1st) 7.7 (2nd) -23 3:1
3.0 (2nd) 8.0 (ist> -23 é:1
3.0 (2nd> 7.5 (1st -23 8:1 (ca. 2274 1&3

recrst.)

40rder of addition. bCoup]ing temperature,

the reaction was carried out in a dry¥-ice/carbon
tetrachloride bath (ca. -23°C) and when the TEA was added
first followed by the acid chloride. At the lower

temperature of a dry-icesacetone bath, the amine 11
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precipitated out of solution and after warming to room
temperature the trifluorocacetamide 105 was the main
product.

The occurrence of the trifluorcacetamide 105 can be

rationalized by the formation of the mixed anhydride 107,

0 0 0
[ ] 0
Cl 07 CF, CF5CCl
104 107 109
+ — + —_— +
® o @ ® @
RNH;0,CCF, RNH,™Cl RNH;0,C
106 108 110
SCHEME 25,

(ne would expect the formatian of 108 and thus also 187 to
be favored since it is the salt of the strongest base
(RNH5) and the strongest acid (HC1) in the system. Instead
of such thermodynamic control the formation of the mixed
arnhydride may be due to the Kinetically controlled attack
of trifluorocacetate ion. The trifluorocacety! chloride 10%
should not be present to any great extent and so would not
be important in the formation of 105. The reaction of the
mixed anhydride 107 with the amine 11 can take place at
either carbonyl. The trifluoromethyl carboxylate would be
the better leaving group but nucleophilic attack at the
other carbonyl would be favored on graounds of less steric

hindrance.

The cleavage of the carbamates with trifluoromethane-
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sulfonic acid would avoid the formation of the
trifluorocacetamide 105. Even if the corresponding mixed
anhydride 112 is formed, acetylation should only occur
since the trifluoromethanesulfonate anion is such & very
good leaving group. Trifluoromethanesulfonic—carboxy!ic
anhydrides of the type 112 have been found to be some of

the most powerful acrlating agents Known (49),

0 0
| I 0 Q
)/\Cl j/\o~§—cp‘3 CF4S-Cl
Y 112 11
ALY L0—== o —=2
+
) = ) =) N =)
RNH3™04SCF, RNH;~Cl RNH370,C
111 108 110
SCHEME 2¢4.

Benzene and other non-activated arenes are smoothly
acylated by such mixed anhydrides without any Friedel-
Crafts catalyst., Indeed, when we cleaved the t-butyl
carbamate 48 with this reagent and treated the amine salt
with 2-methylbutanoyl chloride (104> and TEA, odorine (1>
and epiodorine (3) were cbtained in = good yield &14),
Massy-Westropp (1) found natural (+)-odorine (i1a) had
& specific rotation of [x]1 +72.8%while the material
isolated by Connolly (3) had undergone partial
racemization, [«] +342 The synthetic (-)-odorine (1a) and
(=)-epiodorine (2b) prepared by the former workers (2) were

reported to have specific rotations of [x] -200and -29
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respectively. @Again, partial racemization cccurred with
the odorine and so most likely also with the epiodorine.

In our synthesis, if no racemization takes place a 1:1
mixture of (-)-odorine and (-)-epiodorine was expected
since racemic 2-methylbutancic acid (83) was used. I+ one
assumes such a 1:1 mixture has an optical rotation which is
approximately the average of the two compounds then we
would expect a specific rotation of at least [x] -109
However, the product of our reaction was optically inactive
within experimental error and sa complete racemization must
have occurred. While some of this racemization may have
taken place during the preparation of the carbamates, most
liKely occurred in the acid cleavage of these carbamates.
Thus, thics method could obviously not be used to prepare
the optically active odorine as planned. Enough acid may
be present to racemize the amine 11 andsor ocdorine by a
ring-opening mechanism (Scheme 3.

Since the acid chloride method afforded odorine and
epiodorine in a good vield, although racemic, a similar
means of activation was also investigated for the synthesis
of odorinol. Here the introduction of a hr¥droxy group
complicates the synthesis.

K-Hydroxy acids can undergo self-condensation to give
both lactides 114, dimeric &é-membered cyclic esters, and
linear polymers 115 (50), Normally one would also ekpect 3
similar cyclization and/or polymerization from such hydroxy

acids on attempting to form the acid chloride. Obviously,
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COOH =0

2 HO-CH-R ————= RHC 0 === -(CH-COO)n-

.

0 CHR R

\/

C=0

11 11

ul

|

SCHEME 27.

if the hydroxy group was protected, these self-condensation
reactions could not occur. Since the hydroxy group in 2-
hydroxy—-2-methylbutancic acid (84> is hindered, it was
hoped that under mild conditions the acid chloride could be
prepared as an intermediate and immediately further reacted
with the amine.

One reagent that can form acid chlorides under mild
conditions is oxalyl chloride. This compound has been used
to smoothly prepare acid chlorides in methylene chloride at
0°C ¢18>. The crude acid chlorides from this reaction are
usually quite clean since only volatile by-products are
formed, and these by-products, the excess oxalyl chloride,
and the solvent can simply be removed under vacuum.

Model couplings were carried out with 2-hydroxy—2-
methylbutanoic acid (84) and aniline using this reagent but
only & trace of the wanted amide was formed, and very
little material was recovered from the reaction. It is
possible that a cyclic carbonate 114 was formed similar ta
the Known anhydrocarboxylate 117 (51>. Related cyclic

compounds can be prepared from substituted ureas and oxalyl
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chloride (32). This compound could then undergo
nucleophilic attack leading to the incorporation of the
oxalyl group and not the formation of the wanted amide.

A similar cyclic compound has been prepared by the
reaction of a hydroxy acid with thionyl chloride (51).
Thus, treatment of 2-hydroxy-2-methylbutancic acid with
thionyl chloride at 0°C has been reported to form the
anhydrosulphite 118, more formally named S-methyl-S—ethyl-
1,3,2~dioxathiolan—-4-one-2-oxide (53>, These cyclic
compounds undergo polymerization and have been reported to
react with amines and alcohols to give amides and esters,
respectively, although they have not been used

synthetically.

A

-
-

—
—
o O
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This cyclic compound seemed to be a promising method
of activation while at the same time avoiding the need to
separately protect the hydroxy group. We prepared the
anhydrosulfite 118 according to a literature procedure (54)
and investigated the reaction with aniline as & model.
However, none of the N-pheny1-2~hydroxy—2~-methylbutamide
could be isolated. Similarly the amine 11 from the t-butyl
carbamate 48 yielded no odorinol, ie., no incorporation of
the Z-hydroxy-2-methylbutyl group occurred. The
anhydrosulfite had the correct boiling point and ir
spectrum but the ms was more complex than expected (53).
These compounds are Known to hydrolyze very rapidly so that
hydrolysis and decomposition/polymerization may simply have

occurred in the reaction mixture.

OH a¢soCl 1

I
R-C~COOH + S0CI, f:ﬁﬁ, R—?-COOH — R-~C-COQOH + 50,

R’ R’ 119 R’ 120
~HC1 sacl,
-HC1, -S0,
R* Cl
| |
R-C-CO R-C-(CO>CI
0 R*
/
0-s0 12
122
SCHEME 28.
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An important side-reaction in the preparation of these
anhydrosulfites is the formation of a chleorc-acid chloride
121. This chloride has a boiling point similar to that
of the anhydrosulfite and so purification by fractional
distillation is difficult (53). However, even if this were
& major product one would then expect the chloro analogue
of odorinol to be formed and this was not observed.

Thus the synthesis of odorinol seems to require the
initial protection of the hydroxy greup. Vigorous
conditions for protecting the 2-hydroxy—-2-methylbutancic
acid must be avoided since dehydration could occur; cis—-2-~
methylbut-Z-encic acid (angelic acid) has been prepared by
the dehydration of this acid at 150-190°C. Once the
appropriate protecting group has been introduced, the
s¥nthesis of odorinol would follow that of odorine
requiring only an additional deprotection step at the end.
Since the optically pure odorinol could not be prepared due
to rapid racemization further investigations were not

carried out.
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CONCLUSION

Odorine and odorinol, as a mixture with their epimers,
could indeed be prepared by the formation of the amide
bond.

The required amine 11, as a salt, was prepared by the
acid cleavage of a suitable carbamate; triflucromethane-
sulfonic acid (TFMSA) was used to cleave the t-butyl 48 and
benzyl 4% carbamates while the p-anisy) carbamate S0 was
cleaved with trifluorcacetic acid (TFA). Both reactions
were carried out in methylene chloride at 0°C in the
presence of excess anisole to suppress the possible
alkylation of the aromatic ring present in the cinnamoyl
group.

The benzyl, anisyl and alsoc Z-phenylthiocethy] S
carbamates were prepared by the reaction of the appropriate
alcohol with the isccyanate 10 which in turn was prepared
in high vield from N-cinnamoylproline using a modified
Curtius reaction. This isocyanate—alcohol reaction was
found not to proceed in high yields (23-2&%) presumably due
to the decomposition of the isocyanate 10 by loss of the
isocyanate ion. With anisyl alcohol, the ether 56 formed
by such a loss and further reaction with the anisyl alcohol
was identified by spectroscopic means but could not be
isolated in pure form due to its instability (ca. 4%
vield), Dimethyltin dichloride was found to effectively
catalyze the reaction of the isocyanate 10 with alcohols

but without any increase in the yields. The t-butyl
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carbamate 48 was prepared in slightly higher yields (39X
from N-cinnamoylproline amide by treatment with lead
tetraacetate (LTAY in t-butanol.

Carbamates have also been directly prepared in a one-
pot reaction from a carboxylic acid and alcohol using
diphenyl phoasphorazidate (DPPa),. However, treatment of N-
cinnamoyiproline with DPPA in t-butanol afforded the t-
butyl alleophanate 71 as the major product (34%). The
formation of this compound can be explained by the reaction
of the intermediate isocyranate 10 with the isocyanate jon
followed by further reaction with t-butanol. The analogous
reaction with anisyl alcohol afforded a mixture of the
anisyl carbamate 50 and the anisyl allophanate 72 (ca. 27
and 24X, respectively) which could not be separated,.

Several methods were investigated to couple the amine
11 with 2-methylibutancic acid (83> or 2-hydroxy-2-
methylbutancic acid (84>. In these reactions the free
amine was liberated from the freshly prepared amine salt
with triethylamine and immediately reacted with the
appropriately activated acid.

The common coupling reagent dicyclohexylcarbodiimide
(DCC, 41> afforded odorine and its epimer in 17-25% yield
while odorinol and its epimer were obtained in 11% yield.
The addition of N-hydroxysuccinimide which forms highly
active esters in the DCC coupling reaction decreased the
vields of both odorine and odorinol. A better vield of

odorine (&14) was obtained when the acid was activated as
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an acid chloride, ie. using 2-methylbutanoyl chloride
€1045.

Odorinol could not be prepared from the corresponding
hydroxy acid chloride presumably due to a self-condensation
reaction. The cyclic sulfoxide compound, S-methyl-S-ethyl-
1,3,2-dioxathiolan-4-one-2~oxide (118), seemed to be a
promising method of both activating the acid group while at
the same time protecting the hydroxy group. However, the
reaction of this compound and the amine 11 did not afford
any odorinol. Thus, the synthesis of odorinol by the
formation of the amide bond via the acid chloride would
require the protection of the hydroxy aroup in the 2-
hydroxy-2-methylbutancic acid (84> and such protection was
not examined in this investigation.

Numerous other coupling methods were also investigated
but all were found to give either no or poorer yields of
adorine or odorinal. These coupling agente included the
water—-soluble carbodiimide 1-cyclohexy1-3-(2-morpholino-
ethvidcarbodiimide metho-p-toluenesul fonate (87, DFPPA,
diethylphosphoryl cyanide (DEPC, 29>, and 1y17-carbonyli-
diimidazole (CDI, 101>. Both the wanted Hofmann
rearrangement and coupling have been achieved in the
lTiterature in a one-pot reaction by the treatment of an
amide with LTA in the presence of an acid. However, no
cdorine could be detected when N-cinmamoylproline amide
(81> was treated with LTA in the presence of 2-methyl-

butancic acid instead the urea 54 was only isclated.
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The N-cinnamoyl proline carbamates were found to
racemize very easily either during their preparation or on
purification by recrystallization or column chromatography.
Similarly, the odorine and epiodorine mixture from the
acidic cleavage of the carbamates and the acid chlaride
coupling was found to be racemic, i.e. the amine 11 or the
odorine must racemize under these conditions. Thus, this
route cannot be used to prepare the optically pure
compounds due to the facile isomerization at the C2

position of the pyrrolidine ring.
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EXPERIMENTAL

General

The solvents used were usually certified A.C.5S.
(Fisher) and when necessary were dried by distillation from
an appropriate drying agent (19, 55) and stored over dried
molecular sieves (4 or § 8, Davison supplied by Fisher).
Anhydrous magnesium sulfate (Fisher certified) was used as
& drying agent for extraction solvents. The
phenylthiocethanol used was prepared in this laboratory
according to a literature procedure (54). The commercial
suppliers of the chemicals used infrequently are listed in
the experimental where they were used, the source of the
chemicals used more often follow: Aldrich-p-methoxybenzyl
alcohol, dicyclohexyl carbodiimide (DCC)Y, ethyl
chioroformate, trifluoroacetic acid,
trifluoromethanesulfonic acid; Fisher-anisole (certified>,
benzyl alcohol {(certified), sodium azide Cpurified),
triethylamine (TEAY; PCR Incorp.-dimethyltin dichloride.

Flash chromatography according to the method of Still
(25) was carried out on silica gel &0, 230-400 mesh (E.
Merck). @Analytical thin layer chromatography (tlc) was
done on silica gel F254 pre-coated on plastic sheets to a
thickness of 0.2 mm (E. Merck) and was visualized with
iodine or shortwave ultraviolet light.

A Kern full-circle polarimeter was used to determine
the specific rotation. The angle of rotation was measured

immediately after making the solution with at least & pairs
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of readings made for each sample. Each such pair of
measurements were the two readings determined by
approaching the point of uniform adumbration from each side
with the analyzer. The error was estimated as the sum of
one standard deviation for the zero and the angle of
rotation reading.

T4 nuclear magnetic resonance spectra were normally
obtained on a Varian Anaspect EM 340 spectrometer at
60 MHz. Other spectra were measured on a Bruker WH %0
(90.02 MHz for 'H and 22.43 MHz for 13C) or a Bruker AM 300
spectrometer (300.13 MHz for 'H and 75.47 MHz for 130,
Unless otherwise indicated, the solvent used was
chloroform-d with tetramethylsilane as an internal
standard (Aldrich). Mass spectra were recorded on a
Finnigan 1013 spectrometer; the assignments rationalize the
fragments observed and are by no means definite. The
infrared spectra were measured on a Pye Unicam SPL10O00
spectrophotometer calibrated with a polystyrene film (0.05
mm thickness). Microanalyses were performed by Guelph

Chemical Laboratories Ltd., Guelph, Ontario.
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(E S)-N-(17-0x0-3’-phenylprop—-2’-envldpvrrolidine-2-

carboxylic Acid (7> (2)

((S)~-N-Cinnamoylproline)

L-Froline (28.01 g, 0.243 mol, Aldrich 99+%) was
dissolved in 1 N NaOH (200 mL) and cooled with stirring in
an ice-bath to 0°C. Phenolphthalein indicator solution (1%
in ethanol, 2 drops)> was introduced and trans—cinnamoy]
chloride (&) (50.92 g, 0.306 mol) was added dropwise over
60 min with the concurrent addition of 2 N NaOH ¢125 mL) to
maintain basicity. During the addition the temperature was
maintained at 0-2°C.

After the addition was complete, the reaction was
stirred another 1 h in the ice-salt bath; an additional
partion of 2 N NaOH (25 mL) had to be added to maintain
basicity. The unreacted acid chloride was filtered-off and
the reaction acidified to Congo-red (pH 3-5) with 10% HCI
(150 mL>. The white, sticky mass that formed was carefully
crushed, stirred another 20 min in the reaction mixture,
removed by filtration, rinsed with cold water and allowed
to dry.

The crude acid (40.28 g, 101X, mp 184.5-18%.0°C) was
recrystallized from chloroform (350 mL} affording 51.20 g
(864) pure (S)-N-cinnamoylproline (7) in 4 crops, mp {(first
crop) 187.5-18%9.5°C; lit. mp 184-185°C (2.

[ﬁlf -74%4° (C=1.015 g/100 mL, ethanol, 2 dm cell)
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Further recrystallization from ethanol afforded

crystals of mp 185.5-187.5°C.

[«1} -7224° (C=1.0080/100 mL, ethanol, 2 dm cell)

lit., [<1% -72°(Cethanol> (2>

'H nmr at 300 MHz;

was present:

a small amount of & second rotamer (5

$§1.94-2.16 ppm (m, 3H, 1xH3, 2xH4)

2.34-2.61

3.64-3.74

3.74-3.82

4.60-4,45

4.72-4.76

&.60

6.72

7.31-7.42

7.48-7.59

7.72

7.83

ir (chloroform):

» 979 cm™!
1605
1645

1757

(m?
{m?>
(sl

(s,

(m, 1H, 1xH3) L 3

(my, 1H, 1xHS 5<—jk§
N~ “COOH
(m, 1H, 1xH3 /h;//ii
0~ >~ >Ph

(m, 0.0&H, H2» 2!
(my; 0.94H, H2)

(dy, J 15 Hz, 0.05H, H2’)

(dy J 15.4 Hz, 0.95H, H2")

{(m, 3H, aromatic?

(my, 2H, aromatic>

(dy J IS Hz, ca. 0.04H, H3")

(dy, J 15.4 Hz, ca. 0.98H, H3")

=C-H cut-of-plane bend
C=C stretch
=(C=0)-N stretch

broadened? -(C=0>~0H stretch

2425-3645 (w, v.broad) ~-0H stretch
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ms:

m/z 245 M+
201 -44, -CO
172 Ph~CH=CH-(CO>-NC4 H,"

131 base Ph-CH=CH-C=0"

103 Ph-CH=CH™
91 C H'

77 C RS

70 C HN™

(E,8)-N-(1"-0x0-3"-phenylprop—2’—-enyl)pyrrol idine-2-

carbamide (81> (320
((S)-N-Cinnamoyliproline aAmide)

Triethylamine (TEA) (13.27 g, 0.131 mol) was added to
a stirred suspension of (S)-N-cinnamoylproline (7) (32.02
gs; 0.131 mol) in methylene chloride (250 mL)> at room
temperature when a clear solution was formed. This
solution was cooled to -7°C with an ices/salt bath and ethy!l
chloroformate (14.35 g, 0.132 mol) was added over 15 min
while the temperature was kept at or less than 0°C. After
stirring & further 30 min at -5 to 0°C, ammonia gas
(Matheson), dried with a trap containing NaOH peliets, was
added over 73 min. Initially, heat was evolved and the
reaction warmed from -5 to +2°C. Later in the addition the
temperature remained at -5°C indicating the reaction was
largely complete. The mixture was stirred an additional 2

h at room temperature and was filtered in two portions on
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two Buchner funnels.

The crude product in the filtrate was dissclved in
chloroform (175 mL), washed with 10% K.CO, (2x20 mL>, 10X
HC1 (2x20 mL), saturated NaCl sclution (2x20 mbL?, and
dried. The precipitate in the Buchner funnels were
combined, extracted with chloroform (150 mL), filtered,
washed as above and dried. The tlc (EtO0OAc) indicated both
solutions contained mainly the amide along with some
unidentified impurities. After concentration, the cream-~
colored solid was recrystallized from hot
chloroform/benzene affording 22.89 g (72¥%) (S)-N-
cinnamoylproline amide ¢81) in several crops, mp 144.0-

165.0°C.

[c]ﬁ' -221+4°(C=1.007 @/100 mL, chloroform, 2 dm cell)

Further recrystallization from hot chloroform/benzene

did not have a large effect, mp 143.5-144.5°C.

2o

[x]p

—-219+4° (C=1.012 g/100 mL, chloroform, 2 dm cell)
Analysis for C,yH,éNZGZ; calculated: C 48.83, H &.40,

N 11.4774; found: C 6%9.43, 49.20; H 7.02, 6.90; N 11.41,

11.284.
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,H nmr at 300 MHz; a second rotamer was present (ca. 15%):

$1.82-2.33 ppm (m, 3H, IxH2, 2xH4)

2.43—2u51 (m, IH, IXHB)
3.60-3.69 (m, 1H, 1xH5>
3.72-3.82 (m, 1H, 1xHS) 4 3

2
4.51-4.54 (m, 0.15H, H2) 54;;>\\CONH2

_ 1! 3!
4.73-4.77 (m, 0.85H, H2) O;l\<;>\ph

5.59 (b, 0.85H, 1xNH>

5.98 (b, 0.15H, 1xNH>

6.45 (by, ca. 0.15H, 1xNH)

é6.59 (d, J 15.3 Hz, 0.15H, H2">
&.76 (d, J 15.5 Hz, 0.85H, H2’>
7.24 (b, 1H, 1xNH>

7.33-7.4z2 (my, 3H, aromatic)

7.45-7 .57 {m, 2H, aromatic>

7.74 (dy, J 15.5 Hz, 1H, H3"

ir {chloroform):

y 9729 cm ' (m) =C~-H out-of-plane bend
1576-14814 (s,broadened) N-H bend, C=C stetch
1651 (s -(C=00-N stetch
1497 (s} -(C=Q)~-NH <stetch
2345 {(m, b ~NH gtretch
3495 (m,sharp) -NH stretch
ms:
m/z 244 M+
227 -17, -0OH
215 -29, -CHO
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200 Ph=CH=CH-(C0>-NC,H_"

131 base Ph-CH=CH-C=0"

103 Ph-CH=CH™
+
77 C HS
-+~
70 C4H N

(E,2S)—[1—(1’—Uxo—S’—phenylprop—Z’—enyl)—2—nyrro]idiny]]

~carbamic Acid, 1,1-Dimethy]l Ethyl Ecter (48> (30>
(t-Butyl Carbamate)

(S)-N-Cinnamoyliproline amide (81) ¢(8.00 gy 32.7 mmal)
was dissolved in dry t-BuOH (200 mL) with warming and lead
tetraacetate (LTAY (16.01 g, 34.1 mmol, Aldrich, stored
over conc. H,50,> was added in one portion. The reaction
was immediately immersed in a hot wax bath ¢(ca. 130°C) and
stirred. After 1 h reflux, the reaction was allowed to
cool and was concentrated on a rotary evaporator.

The residue was extracted with ether (3x50 ml),
filtered, washed with 10¥% HCl (25 mLy, 104/ K2003 (3x25 mbLy,
saturated NaCl solution (25 mL) and dried. On
concentration, 8.32 g of a light yellow solid was obtained.
The aqueous washings were re—extracted with chloroform
(3x25 mL), washed with 10% HCI (20 mL>, 10% K,C0,¢2x20 mL),
saturated NaCl solution (20 mL) and dried. Removal of the
solvent afforded 3.98 g white solid.

Some of the crude product (5.66 Q) was purified by
flash chromatography on silica gel using ether/Et0Ac (1:1)

or EtDAc affording 1.84 g (394> t-butyl carbamate (48), mp
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159.0-169.0°C.

f' -26+3° (C=1.022 g/100 mL, chloraoform, 2 dm cell)

[ee]
The ms had a peak due to the parent ion at m/z 316 and
also a small signal at m/z 359 due to the t-buty]
allophanate 71.
Recrystallization from ether/pentane yielded fine
white crystals, mp 181.5-183.5°C, which had undergone

extensive racemization:

[fo -1+6° (C=1.264 g/100 mL, chloraoform, 1 dm cell?
Analysis for C,9H24N20;; calculated: C 48.33, H 7.65, N
8.854; found: C 68.58, H 7.99, N 8.32%. A trace of

allophanate was still found to be present.

'H nmr at 300 MHz:

51.42 ppm (s, 9H, 3xMe)
1.6%9 (s, 3xMe, allophanate impurity)
1.81-2.10 (m, 3H, 1xH3’, 2xH4%)
2.10-2.29 (m, 1H, 1xH2")>
3.43-3.52 (m, 1H, 1xH5’) 3 | 1
3.48-3.74 (m, 1H, 1xHS") 'EZ;;)QWVHCOZCK]4ﬁ3
5.13-5.16 (m, 1H, H2) o//w /zﬂph
5.83-5.89 (m, 1H, NH) i
7.10 (d, J 15.2 Hz, 1H, H2")
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7.30-7.38

7.50-7.44

7569

ir (chloroform):

Y1140 em~/ (s)

1510

1611

1635

1714

3345

3455

ms:

m’z 35%

316

303

2460

216

215

200

199

131

103

21

85

77

70

57

(m>

(s)

(s)

(sl

{m, 3H, aromatic)
{(m, 2H, aromatic)

(d, J 15.4 Hz, 1H, H3")

C-0 stretch
Amide I1

C=C stetch
—-(C=0>—-N stetch

~NH=-(C=0>-0- stetch

(w,b} N-H stretch

(m,sharp? N-H stretch

(0.340

(4.2

0.7

(36.30

(3.3

(6.45

(16.45

(32.9

(100.0>

(39.0>

(2.2)

(16.4>

(19.9

(25.3

(65.1)

allophanate

M+

339-36, -Me ,C=CH,

316-56, -Me,C=CH,
Ph=CH=CH-(CO) - (NC 4H ;) -NH, *
Ph-~CH=CH-(CO)=(NC_H_)>-NH ~
Ph-CH=CH-(CO)-NC, H"
Ph—CH=CH-(C0>-NC H *
Ph-CH=CH-C=0"

Ph~CH=CH *

C-’F H«7+

(C,H, N -NH,™

C Hg"

C HN7

Me C™
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(E.28)—[1—(1’—Uxo—S’—phenylprop-z’-enyl)—Z—pyrrolidinyl]

—carbamic Acid, Phenylmethyl Ecter (49> (23>

(Benzyl Carbamate)

N-Cinnamoylproline (2) (9.446 g, 39.4 mmcl) was
suspended in acetone (S0 mL) and cooled in an icessalt bath
(ca. 1°C). A solution of TEA (4.42 gs 43.7 mmol) in
acetone (40 mL) was added over 4 min resulting in a
homogeneous solution. Ethyl chloroformate (4.74 g, 43.7
mmoal) in acetone (S0 mL) was then added dropwise over 35
min while the temperature was maintained at -1 to -3°C.
After stirring an additional 15 min, a cold aquecus
solution of sodium azide ¢(5.14 g, .91 mmol, in S50 mL
water) was slowly added over 45 min (-1 to -3°C).

The reaction was stirred another 15 min and then was
poured onto cold water (200 mL) in =a separatory funnel.
After extraction with cold toluene (4x100 mL>, the combined
organics were washed with a cold saturated sclution of NaCl
(4x100 mL> and dried.

Unreacted acid (2.20 g, 8.70 mmol) precipitated from
the acidified (50 mL 10¥% HC1) aqueous layer on standing
overnight.

The ir of the organic solution was consistent with the

expected acid azide:
ir<film):
P 1814 cm~! (s> C=C

1457 (s) —CH=CH-(CO>-N

7é



1725 (sl —(C=0) -N=N=N

(+) (=)
2132 (s) —N=N=N

Rearrangement to the isocyanate was complete after
heating the toluene solution for 30 min with a hot water

bath:

ir{film»:
p1&lé em™ () C=C
1660 (52 ~CH=CH~-(C=0)—-N

2242 (s> =N=C=0

On cooling in an ice bath (3°C), benzyl alcchol (4,28
g, 39.6 mmel) in dry benzene <15 mL) was added followed by
dimethyltin dichloride <102 mag, 0.463 mmol) and the mixture
was allowed to warm to room temperature with stirring.

After 1 h no more isocyanate was present as indicated by

ir:

ir<{fiim):

Yy 1542 cm ™ (m) amide 11

1393 (s) c=C
1649 (s> —CH=CH-(E=0)~-N
1710 (s> -NH-(C=0)-0-

The reaction was allowed to stand overnight; washed

with a saturated solution of NaCl (3x150 mL), dried and

7



concentrated to ca. 100 mL. The product was precipitated
with pentane (25 mL), redissolved in hot benzene (2235 mL>
and the insoluble urea 54 filtered-off (0.28 Qs 34, 44/
corrected for recovered acid, mp 235.0-227.0°C). On
cooling, 3.32 g (24%, 31% corrected) benzyl carbamate 49
was obtained in two crops, mp 144.5-144.5°C. Further
carbamate (0.28 q, total 3.40 Q; 2674, 34% corrected) was
obtained by concentrating the original benzene solution and

recrystallizing the residue from benzene/hexanes, mp 144.0-

147.0°cC.
[#1%7 -2:5°(C=1,004 g/ 100 mL, chloroform, 2 dm cell)

An analrytical sample was further recrystallized from
hot benzene, mp 144.5-148.0°C. Analysic for C 2/ HaN,055
calculated: C 71.98, H 6.33, N 7.99%4; found: C 72.75,
72.83, H 6.96, .71, N 779, 7.934. 1 1/6 mole of benzene
was included in the crystals then the expected analysis for

CHsN,O0,is C 72,91, H 6.40, N 7.71%.

'H nmr:

§2.00 ppm (b, 4H, 2xH3’, 2xH4%)

Al 3'
3.50 (b, 2H, 2xH5"> 5'<Tjki :
N” NHCO,
5.12 (s, 1H, -CH,~Fh> o
v
5.17 (s, 1H, -CH,~Ph) o~

5.57-6.02 (v.b, 1H, H2*)

6.28-6.67 (v.b, 1H, -NH-, exchangeable with Do0)
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7.17-7.55 (m, 11H, H2", aromatic)
7.68 (d, J 15 Hz, 1H, H3">
ir Cchloroform):

v 1305-1543 cm ~'(m) Amide I1

1610 (s) C=C stetch
1663 (s) -(C=0)-N stetch
1720 ¢s) ~NH-(C=0)-0- stetch
3305 (W, v.b) N-H stretch
3455 (m) N-H stretch

ms 3

m/z 350 (13,390 M+

259  (4.4) -91, —CyH,
215 (5. Ph=~CH=CH-(COY=(NC,H,)-NH™
199 (24.4) Ph-CH=CH-(CO)-NCH,*
131 (80.0) Ph-CH=CH-C=0"*
108 (10.0) CaHg07
107 (7.8 C,H, 0"
103 (28.9 Ph—CH=CH™
91 (48,9 CaH,”
79 (21.1) CoHy *
78  (100.0) C, Hy "
77 (46.7) C Hy
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(E,28)-[1~-(1"~-0x0-3’-phenylprop—2‘—en¥1)-2-py¥rrolidinyl]

—carbamic Acid, 4-Methoxyphenylimethyl Ester (30> (23>

(p—Methoxybenzyl Carbamate)

(S)=-N-Cinnamoyliproline (72> ¢10.00 g, 40.8 mmol) was
suspended in acetone (50 mL)>, cooled in an ice bath (3°C),
and a solution of TEA (4.35 g, 45.0 mmol) in acetone (40
mL> was quickly added ocver 3 min with stirring resulting in
a homogeneous solution. NaCl was added to the bath and the
temperature was maintained at 0-3°C while ethyl
"chloroformate ¢4.90 gs; 45.1 mmol) in acetone (50 mbL) was
added over 35 min. After stirring an additional 35 min, an
aqueous solution of sodium azide (5.38 g, 82.8 mmol, in S0
mL water) was slowly added (35 min, -1 toc 3°C).

The reaction was stirred another 30 min then poured
onto ice-cold water (200 mL) in a separatory funnel and
extracted with cold toluene (4x100mL>. The combined
crganics phases were divided into 2 portions, washed with
cold water (2x50 mL>, cold saturated NaCl solution (3x5S0
mL), recombined and dried in a refrigerator.

Unreacted 7 (3.11 g, 12.7 mmol) was recovered from the
aqueous layer by acidification with 104 HC! (50 mL) and
extraction with ether (2x100 mL?> and chloroform (100 mbL>.

an ir of the toluene solution showed the presence of

an acid azide group:

ir{fiimy:

P 14605 cm™ C=C
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1652 =(E=0>-CH=CH-
1719 —(E=0)-N=N=N

) (~)

2125 ~N=N=N

The filtered solution was refluxed on & steam bath for
20 min after which the rearrangement to the isocvanate was

found to be complete:

irCfilm):
Y1812 em™ C=C
1656 -{(E£=0)-CH=CH-

2235 -N=C=0

On cooling, p-methoxybenzyl alcohol (3.65g, 40.9 mmal)
in dry benzene (25 mL) was added followed by dimethyltin
dichloride (103 mg, 0.44% mmol). After a 20 min reflux
period, the reaction was found to be complete as shown by

the absence of the isocvanate group:

ir{film):

Y1812 em~™ Cc=C

1451 =(L=0)-CH=CH~-
1711 -NH-(E=0>-0-

On standing overnight, the sclvent was removed and the
residue was extracted with pentane (2x50 mL)> to remove some

of the residual toluene and p-methoxybenzyl alcohol affording
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12.36 g of & yellow o0il. This material was then warmed at
70-100°C for 1 h while under high vacuum (0.1-0.2 mm Hg) to
remove any remaining alcochol; 11.13 g of a vellow oil
remained.

Some of this crude material (7.44 Q) was purified by
flash chromatography on silica gel using ethyl acetate/
petroleum ether (10:1)., This purified material was washed
with 104 Na,CO; solution to remove the residual acetic acid
from the ethyl acetate.

p-Methoxybenzyl carbamate S50 was obtained as an off-
white solid 2.35 g (23%, 33% corrected for recovered acid),
mp 123.0-128.0°C. The optical rotation indicated

racemization had occurred:
[*J? -2+4° (C=1.054 /100 mL, chloroform, 2 dm cell)

Further recystallization from hot benzene yielded material
with mp 129.0-131.5°C,

An analytical sample was further recrystallized from
benzene, mp $8-108°C. The nmr indicated approximately one
mole of benzene had been included in the crystals. This
solvent of crystallization was removed (apparently) by
warming in a drying pistol under high vacuum, mp 130.0-
131.5°C. Analysis for C22H24N, 0,5 calculated: C 4%.44,
H 6.386, N 7.36%: <found: C 72,84, 72.78; H 7;04, &.783

N 6.60, 6.57%. The expected analysis for Cz;Hz,N204 if 576



mole of benzene was present in the crystals is: C ’2.79,

H é.54, N &.29%.

1
H nmr:

$1.98 ppm (b, 4H, 2xH3‘, 2xH4’)

3.58 (b, 3H, 2xH5")

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

5.03 (s, 1H, =CH,~Ph>

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

5.88 (b, 1H, H2’)

é.30 (b.d, J 9 ca. Hz, 1H, NH)

6.47-6.88 (m, 2H, aromatic)
7.03 (dy J 15 Hz, 1H, HZ2")
7.23-7.55 (m, 7H, aromatic)
7.72 (dy, J 1S Hz, 1H, H3Z")

ir{(chloroform):

Y 1519 cm™! (s Amide 11
1614 (s> C=C stretch stretch
1453 (sl =(C=0)-CH=CH- stretch
171¢9 (s ~NH-(C=0)-0~ stretch
3450 Ci) N-H stretch
ms:
m/z 380 M+
336 -44, -co,
319 ~41, -C0,, -NHs
259 —-121; -MeQ-(C, H,)-CH,
249 Me0-(C H,>~CH,~0CCO> -NH-CC H_ N>~
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-+

242 Ph=CH=CH-(C0)> = (NC4H > ~-N=C=0"
215 Ph=CH=CH=-(C0)=(NC, H_)-NH"
200 Ph=CH=CH-(COY-NC,H "

189 MeO-(C,H,) ~(C H N7

181 MeO-(C, H, ) ~CH,~0(CO>-NH,7
148 Ph=CH=CH-(CO) -NH *

138 MeO-¢C, H,>~CH,-OH*

137 base MeO-(C,H >-CH, -0 ~*

131 Ph~CH=CH-C=0"
5 -+
121 MeQ-(C, H,)-CH,
103 Ph—CH=CH ™
1 CeH,”
-+
85 (CLH NY-NH,
77 CoHe ™
70 CyHgN7

The early fractions from the column chromatography
were found to contain p-methoxybenzyl alcohol plus an
unknown material which decomposed on standing in the ethyl
acetate solution.

The reaction was repeated under similar conditions and
the acid 7 ¢(20.00 g, 81.5 mmol) afforded 30.23 g of a light
golden liquid. Flash chromatography using ethyl ether on &
portion of this crude material ¢27.13 g? vielded 6.96 g
(2570 p-methoxybenzyl carbamaté 20, and 1.70 g of the
unknown compound. No attempt was made to recover any of

the starting material 2 in the aqueous solution.
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The carbamate 50 was identical to the earlier

described material except it was found to have a higher

specific rotation:
(dJ:‘ -4124° (C=1.218 o 100 mL, chloroform, 2 dm cell)

In this case, the unknown did not decompose and was
further purified by removing the remaining p-methoxybenzyl
alcohol with a micro-distillation apparatus under high
vacuum. An oil bath was used to slowly heat the material
up to 100°C while at 0.05-0.1 mm Hg. Under the identical
conditions the carbamate alsc did rnot distill and was
recovered unchanged.

The residue was found to be consistent with the ether
(E)-l-(l’—oxo—S’—pheny]prop—2’—enyl)—2—(4—methoxyphenyl—
methoxypyrrolidine (54), (4% yield).

The 'H nmr spectrum of this material was found to

change slightly in different solvents:

'H nmr (CDC1,):

51.97 ppm (b, 4H, 2xH3, 2xH4)

3.40 (b, 2H, 2xHS)
3.77 (s, 3H, —OMe)

4.48 (s, 1H, 1x-0CH,-Ph>
4.67 (s, 1H, 1x-0CH,-Ph)
5,38 (b, 0.7H, H2)

5.83 (b, 0.3H, H2)
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6.45-6.93, 7.40-7.50 (m, 9H, aromatic)
7.72 (dy, J 15 Hz, 1H, Hz)
.77 (dy J 15 Hz, 1H, H3")

"H nmr (C,Dyo:

§1.20-2.00 ppm (u.b, 4H, 2xHZ, 2xH4)

3.35 (s, 3H, -0Me)
3.65 (b, 2H, 2xH5)
4.25 (s, 1H, 1x-0CH,-Ph)
4,92 (s, 1H, 1x-0CH,-Ph)
5.05 (b, 0.7H, H2)
5.95 (b, 0.3H, H2)

6.65~-7.30 (m, ?H, aromatic, H2")
g.10 (dy J 13 Hz, 1H, H3")
ir{chloroform}:

v 1613 ecm™ (&> CH=CH

1654 (s)  =N-(C=0)-CH=CH
me
m/z 216 €0.8%) Ph-CH=CH-(CO)~(NC, H 07
200 (5.6 Ph=CH=CH-(C0>~-NC,H_~
138 (46.00 Me~-0-(C, H,>—-CH,OHY
137 (446.M Me—-0-(C,H,>~CH, 0"
121 (36. Ph-CH=CH-C=0"
121 (50.0) Me=-0-(C,H,>~CH,
109 (86.0) Me-0-C,H,™
107 (40.0) CaH. 07
105 (19.8) CaHeOT
103 (24.0) Ph—-CH=CH 7
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86 (4.4 C HgNO™
84 (6.4 C,H, NO™

77 (100.0) C, H

Rinsing the column with methanaol yielded &.42 a (384
of a compound which was recrystallized from methanol! and
found to be (E,280-[1,3-di-[1-¢(1"~oxo-3"~-phenylprop-2/~
en¥i2-2-pyrrolidinylllurea (54). Analysis for C 2:Hs . NLO 5
calculated: C 70.72, H 6.5%, N 12.22%; +found: C 71.06,

H &.77, N 11.%91%.,
The 'H nmr at 300 MHz of 24 had features similar to

those observed in the related compoundse but was more

complex. This unexpected complexity may be due to hindered

rotation about the amide and urea bonde.

irCchloroform):
¥ 1556-1574 cm™{m> Amide 11
14601 (sl C=C stretch
14654 (sl NH=(C=0)-NH, N-(C=0)~CH=CH- stretch

3263-3465 (w) N-H stretch

me:
m/z 458 M+
327 ~131, =-Ph-CH=CH-C=0
258 Ph—CH=CH~(CO0)~(NC,H_ > -NH-(CO>-NH ¥
242 Ph=CH=CH=(CO) -(NC4H ;> -N=C=0"7
215 Ph=CH=CH~(COY=(NC,H,>-NH™
200 Ph-CH=CH-(CO)-NC,H_'

88



131 base Ph-CH=CH-C=0"

103 Ph-CH=CH*
91 C.H,"

85 CuHpN ™

77 C Hs™

A similar yield of carbamate was obtained when no tin
catalyst was added but the benzene solution had to be
refluxed for ca. 4 h for the the isocyanate peak to

completely disappear.

(E,2S>—[1—(1’—Gxo—S’-phenylprop—Z’—eny])—2—pyrr01idiny]]—

carbamic Acid, 2-Phenylthioethyl Ester (513 (23)

(Z2-Phenylthiocethyl Carbamate)

2-Phenylthiocethyl carbamate 51 was prepared via the
analogous route used above but with no tin catalyst. Flash
chromatography (2:1 chlorcoform/ ether) afforded pure Si
(25%) as an oil which solidified on standing, mp 104-114°C.

Recrystallization from benzene/pentane afforded a colorlesc

solid, mp 114.5-116.0°C.

"H nmr:

5$2.05 ppm (b, 4H, H3’, H4")

3.08 (t, J ca. & Hz, 2H, -CH,-S-Ph>
3.62 (b, 2H, HS5’)

4.28 (ty J ca. é Hz, 2H, -(C=0)0-CH,->
5.90 (b, 2H, H2’, NH)
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7.22~7.67 (m, 11H, aromatic, H2")
7.80 (dy, J 15 Hz, {H, H3">
ir{chloroform):

Y 1404 em™ (&) C=C stretch

1451 (s C=0 stretch
1722 (s) -NH-(C=0)-0- stretch
3215 (w,v.b) N-H stretch
3445 (wysharp? N-H stretch
me:
m/z 154 Ph~S=~CH,CH, OH ¥
131 Ph-CH=CH-C=0"7
123 Ph=S-CH, *
110 PhSH™
109 Fhe™
87 C, H,N,"
gs CyHoN, ™

-+
83 base CqH;Nz

(E.ZS)—[1—(1’—on-3’—phenylprop—Z’—enyl)—Z—pyrrolidinyl]—

carbamic Acid, Z2-Phenylsulfonylethy! Ester (52, 2-Phenyl-

sulfonyl Carbamate), via Oxidation of the 2=Phenylthicethy]

Carbamate (51> (59)

2-Phenylthiocethyl carbamate 51 (222 mg, 0.540 mmol)
was dissolved in methanol (30 mL) and cooled in an ice-salt
bath. An aqueous solution of 0x0ne®’(525 mg, 1.71 mmol
KHSDS, Aldrich, in 1 mL water) was added by pipet and

rinsed in with another portion of water (1 mL). After 5

F0



min in the cold, the reaction was stirred another 4 h at
room temperature.

A tlc (Et0Ac) after 10 min indicated that most of the
sulfide had been oxidized to the sulfoxide or the sulfone.
Oxidation was complete after ca. 3.5 h and the reaction was
diluted with water (50 mL>, extracted with chloroform (3x20
mL}, washed with water (2x20 mL), saturated NzCl sclutian
(2x20 mL> and dried.

Removal of the solvent afforded 240 mg (100%) of
2-phenyisulphonylethyl carbamate 52 as a white foam, mp 40-
40°C which contains trace impurities of the sulfide and

sulfoxide by tlc (EtQACcC).

"H nmr:
51.92 ppm (b, 4H, 2xHZ‘, 2xH4’)
3.14-3.30 (m, 4H, 2xH5", ~CH,-S0,-Ph)
4.22 (t, J 5.5 Hz, 2H, —(CO>0-CH_-0»
9.25-9.75 (v.b, 1H, H2")
6.02 (b.dy, J 9.5 Hz, 1H, NH)
6.68 (b.d, J 14.3 Hz, 1H, H2")
6.95-7.46 (m, 11H, aromatic, H3")
ir{chloroform):

¥ 11850 cm —' (g S0 symmetric stretch

1323 (s S0 asymmetric stretch
160% ()  C=C stretch

1451 (s —-{L=0)-CH=CH~ stretch
1725 (s -NH-(C=0)-0- stretch

21



3315 {(Ww,v.b) N-H stretch
3445 (wysharp) N-H stretch

The ms indicates some epoxidation may have occurred.

me:
m/z 231 Ph=(C,H,0>=(CO)»~(NC H,>-NH ™
215 Ph=CH=CH=(C0O)=(NC,H_>-NH "
199 Ph-CH=CH-(C0)-NC H, ™
131 Ph—-CH=CH-C=0 ~
121 Ph—CH,CH, -0
119 Ph—CH=CH-0*

117 base Ph-C=C=07
103 Ph—CH=CH ™

84 (NG ,H ) =NH ™

Diphenylphosphoryl Azide (4%, DPPA) (45)

Diphenylchlorophosphate (40.0 mL, 51.8 gs; 0.193 mol,
Sigma) was added to a stirred solution of sadium azide
(14.00 g, 0.215 mol) in acetone (100 mL) at room
temperature. After stirring for 5 hy the opaque white
solution was allowed to stand overnight. The white solid
was filtered-off and the filtrate concentrated affording a
light yellow liquid (53.46 g».

This crude product was distilled under vacuum through
a Vigreux column (10 cm) affording 34.58 g (8940 of DPPA
(4%) as a colorless liquid, bp 140-145°C at 0.10-0.15 T §

lit. bp 157°C at 0.17 mm ¢45).
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iri{n

msi

m/z

eat):
v é91
?74
1167
1190
1212
1278
1304
1494
1594
2170

30gn

182
170
154
140
94
91
77

é35

cm™" (m>
(s)
(s>
(s>
€=
(s)
(s>
(s
(sl
(s

Cw)

(1370
(64.1)
(1.3
(2.8)
(5.1
(5.1
(7.7
(25.67
(21.8
(28.2)
(15.4>
(100.0>

(74.4)

C-H out-of-plane bend
Cc-0

P-0-C

pP-0-C

P-Q-C

P=0

P=0

C=C aromatic

C=C aromatic

~N=N=N

C-H aromatic

(PO, P=0" impurity

M+
-28, -N,

PhO-CP=0) (N, impurity
PhO-(P=0)-N,"

PhO-(P-N)Y (0>
PhO-(P=0)-N~

PhO-P=0"

PhOH T

?3



63 (20.5) O=p=0 T

Reaction of (E,28)-1-(1/-0x0-3" ~phenylprop—-2‘—enyl )-2-

pyrrolidine-2-carboxylic Acid (7} and t-Butyl aAlcochol with

DPPA (49> (27,45

DPPA (4%) (0.9 mL, 1.1 g, 4.2 mmol) followed by TE&
(0.6 mL, 0.4 g, 4.3 mmol)> was added by s¥ringe to N-
cinnamoylproline (7> (1.04 g, 4.24 mmol) in t-BuOH (20.16
g, 0.27 mol). The solution was refluxed 10 h while being
moni tored by tlc (EtDAc); the reaction was found to be
complete after 3 h.

After dilution with methylene chloride (40 mL), the
solution was washed with water (3x20 mL), 10% Na,C0, <20
mbL), 1074 HC1 (20 mL), water (2x20 mL), saturated NaCl
solution (20 mL) and dried.

Removal of the solvent afforded 1.71 g semi-sclid.
Recrystallization from methylene chloride yielded 223 mg
(154> of a white powder, mp 191.5-193.0°C, which was found
to be (E,28)-[[[1-(1’-0ox0-3'-pheny¥lprop-2‘—-enyl)-2-
prrrolidinyilaminclcarbonyllcarbamic acid, 1,1-dimethyl-

ethyl ester (71, t-buty¥l allophanate).

"H nmr e
$1.45 ppm (s, 9H, 3xMe) i3

1 21 O O 1

1.83-2.33 (b, 4H, 2xH3", 2xH47) > 1 1
N NHCNHCOCKH3B

3.62-3.90 (b, 2H, 2xH5")> " 3n

0= ~~= Ph
9.97-6.35 (v.b, 1H, H2') 2n

7.18-7.72 (m, 8H, NH, H2", H3", aromatic)

P4



ir{chloroform):

V1154 cm "' (=) c-0

1553 (mJ Amide I1
1608 (m? C=C
1645 (md N=-(C=0)~CH=CH-

1694-1713 & 1730 (s8) N-(C=0)-NH-(C=0)~

3340 (w,broadened) N-H stretch
3450 (w,sharp’ N-H stretch
ms:
m/z 359 M+.
303 ~56, —Me,C=CH,
285 -74, -Me,C=CH,, -H,O
259 Ph—CH=CH=(CO) = (NC,H ;) -NH-(CO) -NH_*
242 Ph=CH=CH-(C0) = (NC,4H, ) -N=C=0"
228 (NC,H, ) ~-NH~(C0O> -NH-COOCMe *
215 Ph=~CH=CH=-(CO) = (NC,H,>-N7
200 Ph—CH=CH-(C0) -NC H,"
199 Ph=CH=CH-(CO) -NC4H
172 (NC ,H, ) -NH-(CO)-NH-COOH ™

131 base Ph-CH=CH-C=0"
128 (NC4Hz > =NH-(COY-NH "

103 Ph=CH=CH "~
The reaction was repeated on 5.00 g (20.4 mmol)
N-cinnamoy! proltine (7> with a shorter reflux period (2.5

h); work-up afforded 9.37 g of a golden cil. Flash
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chromatography (4:1 EtOAc:petroleum ether) on a portion of
this material (0.81 g> afforded 0.44 g of a mixture of
t-butyl carbamate (48) and (E,28)~[[[1-¢1"-ox0-3 ~phenyl-
prop-z2‘-enyl)-Z-pyrrolidinyllaminolcarbonyllcarbamic acid,
l,1-dimethylethyl ester (71, t-butyl allophanate) as a
viscous oil. Recrystallization from methylene chloride/
carbon tetrachloride afforded 230 mg (36%) t-buty]

allophanate 71, mp 185.0-187.0°C.
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Reaction of (S)-N-Cinnamorlproline ¢(7) and 4-Me thoxyphenyl—

methanol with DPPA (27,45)

DFPA (69> (4.4 mL, 5.42 g, 20.4 mmol) and TEA (2.% mL,
2.10 g, 20.8 mmol) were added with & syringe to a mixture
of N-cinnamoylproline (7)) (5.00 g, 20.4 mmol) and p-
methoxybenzyl alcohol ¢(2.83 g, 20.5 mmol) in dry benzene
(535 mL>. The reaction was refluxed for 2.5 h and monitored
by tlc (EtOAcy.

After cooling, the reaction was diluted with methvlene
chloride (100 mL)>, washed with 10% NazCUs (30 mL>, 104 HCI
(30 mL), water (2x30 mL), saturated NaCl solution (30 mL>
and dried. Removal of the solvent vielded 10.14 g of a
yellow ail,

A portion of this crude material (0.8é& Q) was purified
by flash chromatography using EtDAc/petroleum ether (4:1)
as the mobile phase. This afforded 0.320 g of & colaorless
oil that was one spot by tlc (4:1 EtOAc/petroleum ether)
but found to be a mixture of p-methoxybenzyl carbamate (S0
and (E,28)-[[[1-(1"-ox0~3“-phenylprop—-2’—enyl)-2-
prrrolidinyllaminolcarbonyllcarbamic acid, 4-
methoxyphenyimethyl ester (72, p-methoxybenzyl
allophanate), approximately 1:1 by nmr (27% and 24% yield,

respectively),
"H nmr:
§1.67-2.23 ppm (b, 4H, 2xH3’, 2xH4’)

3.18-3.90 (b, 2H, 2xH5’)
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3.70 & 3.75

4.92-5.18

5.67-6.25

é6.52-7.93

3H, -OMe)
ZH, =CH,~>
1H, H2%)

{m, 12H, H2", H3", aromatic)

ir (chloroform):

Y 1453-1552 cm™ (m> Amide II

ms:

m/z

1616
1655
1710-1730
3350

3450

217
201
200
199
138
131
121
103

1

88

8é

84 base

(s) C=C stretch

(&) N-¢(C=0)-CH=CH- stretch
(sl -(C=Q~-0- stretch

Cw) N-H stretch

{m) N-H stretch

Ph=CH=CH-¢CO> = (NC, H_ ) -NH J*
PH-CH=CH-(COY-NC,H, 7
PH-CH=CH-(CO)-NC, H*
PH=-CH=CH-(CO>-NCH,*
MeO-(C,H,>~CH OH™
PH-CH=CH-C=0"
Me0-(C,H,0-CH,”

PH-CH=CH ™

C.H,

H -+

iz

Cy

-+
C H, N,

T
CyH N,

¥



Z-Methvlbutanoic &cid (83) (&0

An aqueous solution of KMnO¢ (140.34 g, 0.888 mal,
Fisher) in water (2550 mL) was added over 80 min to a cold,
stirring mixture of 2-methylbutanol (&0.03 g; 0.4681 mol,
Aldrich) and Na2C03 (17.58 g, 0.166 mol, Fisher) in water
(175 mL> while the temperature was maintained =zt or lese
than 10°C. The reaction was then stirred at room
temperature avernight.

After filtering through a medium-porosity sintered
glass funnel, the sclution was cencentrated to 400 mL,
covered with ether (50 mL), acidified with 10% H,80, (200
mL}, and extracted with ether (2x100 mL>. Potassium
chloride was added to the aqueous laver which was then
extracted with ether (100 mL). Additional 10¥% H,S0, <100
mL)> was added and the solution was re—extracted (2x200 mL
ether>. The combined‘etherea] extracts were dried and
concentrated affording 41.08 g (88X) crude acid.

Vacuum distillation vielded 40.31 g (584 clear,
colorless 2-methylbutanoic acid (83>, bp 101.0-106.5°C/45~

30 mm; 1it. bp 177°C or ca. P0°C/50 mm (&1).

'"H nmr:
§ 1.00 ppm <(t, J 7 Hz, 3H, 3xH4>
1.22 (dy, J 8 Hz, 3H,42—Me)
1.35-1.98 (m; 2H, 2ZxH

1.98-2.70 (m, 1H, H2)

P



i0.2 (s, {H, -COOH>
ir (neat):

Y 1230 em™ (&) C~-0 stretch

1720 (s> C=0 stretch
3000 <m) 0-H stretch
ms:
msz 102 M+
87 ~-15, -Me
74 -28, -CH,=CH,, McLafferty Rearrangement
57 ~-45, -COOH

Z-Methylbutanoyl! Chloride (i04) (57)

Redistilled thionyl chloride (2.0 mL, 15.0 a, 0.13
mol, Fisher reagent? was brought to a gentle reflux with a
csteam-heated water—bath and 2-methylbutancic acid (83
(10.03 g, 98.2 mmol) was added dropwise over 30 min. After
refluxing for 7?5 min, the reaction was allowed to cool and
the crude acid chloride was distilled directly out of the
reaction flask. The clear, colorless liquid ¢%.5& a, 8170
was collected at 100-119°C.

The crude product was redistilled through & 10 cm
Vigreux column affording .20 g (52%) Z-methylbutanoy]

chloride (104>, bp 109-114°C; 1it. 117°C (&2).
ir {(neat):
P 1711 em ™ Cw -(C=0)-0H impurity from hydrolysis

1799 (s) -(C=0>-C1

100



ms:

m’z 120,122 (0.4%, 0.2%4, Ratio 2.17) M+

105,107 (1.2, 0.5, Ratio 2.43) -15, -Me
102 (1.0 EtCH{(Me)>COOH 7
92,94 (17.8, 5.7, Ratio 3.15) EtCH(Me)C1?
as (20.2) EtCH(Me)~-C=0"
57 (98.4) CH(Me)Et™
43 C100.0) CoHT
Expect ¥y, 30 = 100/32.5 = 3.08, experimental error was

probably the cause of the observed deviation from this

value,

Diethyiphosphoryl Cyanide (99, DEPC) (44, &2)

Cranogen bromide ¢10.01 g, 0.0945 mol, Fisher reagent)
was added in portions to stirred triethy! phosphite ¢14.27
gy 0.0859 mol, Eastman practical) in an ice/methancl bath.
After 1.5 h in the bath, the reaction was stirred at room
temperature for 1.5 h, warmed 0.5 h with a heating mantle
and allowed to stand overnight at room temperature.

The reaction was distilled under vacuum yielding 11.8%
g (854) of a light vellow liquid, bp 59°C/23 mm - 101°C/16
mm. Redistillation through & 10 cm Vigreux column afforded
8.52 g (614> DEPC (22) as a colorless liquid, bp 123-127°
C/23-24 mm; lit. bp 103-104°C/20 mm or ca. 108°C/24 mm

(63,
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ir (neatj:

Y1171 em™~ (m) P-0Et

1310 (s P=0
2075 (w) =N=C: impurity
2200 (s> -C-N
ms:

m’z 1&4 M+1
162 M-1
148 -15, -Me
134 ~27, —HCN
124 -29, -Et
120 -43, —-HCN, -0

108 hase -55, -CN, -Et

91 -72, -0Et, —HCN
83 PCO-H,T

82 (P=0) (0-H) "

81 PCOX o CO-H) "

65 HO-P-OH 7

55 Et-CN 7

Odorine (1) and Epiodorine (3) from p-Methoxybenzyl

Carbamate (50) using DCC Coupling (41>

Trifluoromethanesulfonic acid (0.75 mL, 1.3 g, 8.5
mmol) was quickly added with & syringe to a stirring
solution of p-methoxybenzyl carbamate (50> (380 mg, 1.20

mmol)> and anisole (280 mg, 2.5% mmol) in methylene chloride

102



(3 mL)> at room temperature. After 2 min at room
temperature and 5 min in an ice/salt bath, water (1.0 mL)>,
2-methylbutanocic acid (83> (180 mg, 1.76 mmol) and TEA ¢1.2
mL, 0.87 g, 8.6 mmol) were added followed by a solution of
DCC <450 mg, 2.18 mmol) in methylene chloride (2 mL). The
reaction was stirred for 15 min and then allowed to stand
25 h at ca. -5°C.

The product mixture was diluted with methylene chloride
(30 mLy, filtered, washed with 5% HC! (10 mb3, 354 NaHCO4
(10 mL)>; water (2x10mL), saturated KC1 solution (10 mLY,
and dried. The solvent was removed, the residue
redissolved in methylene chloride (20 mL), and the scalution
was filtered and reconcentrated yielding 650 mg vellow
semi-solid.

Flash chromatography on silica gel using chloroforms
absolute ethanol (24:1) afforded %0 mg (254) odorine (1)
and epiodorine (3) as a white solid. The tlc (24:1
chloroform/ethancl) demonstrated that this material
consisted of two very closely running compounds. The
spectroscopic properties of this material were identical to
that from a later preparation which proceeded in a higher

ryield.

Odorine (1) and Epiodorine (3) from p—Me thoxybenzyl

Carbamate (50) using DCC Couplfnq 41

p-Methoxybenzyl carbamate (50) (833 mg, 2.19 mmol) was

dissolved in anisole (4.00 g, 55.5 mmol) and cooled in an
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ice/salt bath. To this stirring solution was then added
trifluorcacetic acid (2.0 mL, 3.0 g, 26 mmol) with a
syringe. After 15 min the excess acid was removed on =&
rotary evaporator, the residue was extracted with pentane
(3x30 mL) and was reconcentrated.

This mixture was diluted with methylene chloride (2
mL) and cocled in a liquid nitrogen/carbon tetrachloride
bath (ca. -23°C). 2-Methylbutanoic acid (83> (277 mg, 2.71
mmol) was then added followed by TEA (324 mg, 3.22 mmol?
and DCC (588 mg, 2.84 mmol). After stirring for 25 min,
the reaction was stored ouernight in a freezer at ca. -5°C.

The product mixture was then diluted with methylene
chloride (30 mL}, filtered, shaken with glacial acetic acid
(2 mL) to decompose the excess DCC, and washed with 10% HCI
€10 mbL)>, 104 Na,COz <10 mL), water (2x10 mL>, saturated
NaCl solution (10 mL), and dried.

Removal of the solvent afforded 410 mg semi-solid
which was purified by flacgh chromatography on silica gel
using ether/chloroform (10:1). The odorine (1> and
epiodorine (3>, 110 mg (17%) mp 157.5-161.5°C, had the

expected spectroscopic properties (see later).

Odorine ¢1) and Epiodorine ¢(3) from p-Methoxybenzyl

Carbamate (5S0) and 2-Methylbutanoyl Chloride ¢(104) (18>

p-Methoxybenzyl carbamate (50) (367 mg, 0.9465 mmol>
and anisocle (0.33 g, 3.05 mmol) was dissolved in dry

methylene chloride ¢3.0 mL), cocoled in an ice/salt bath and

104



trifluorcacetic acid ¢0.40 mL, 0.59 g, 5.2 mmol) was added
with a s¥ringe.

After stirring for 10 min, the solution was
concentrated without heating, the residue was extracted
with dry pentane (& mL) and the residual pentane was
removed on a rotary evaporator. The salt, as an oil, was
diluted with dry methylene chloride (21 mL), cacled in &
dry-ice/carbon tetrachloride bath, and a s¥ringe used to
add TEA (1.0 mL, 0.73 g, 7.2 mmol) and 2-methylbutanoyl
chloride (104> <(0.35 mL, 0.35 g, 2.9 mmol).

After 20 min, additicnal methylene chloride (50 mbL)
was added and the solution was washed with 10% HCl ¢20 mL>,
104 Nazco3 (20 mL>, saturated NaCl sclution (2x20 mL) and
dried. The tlc (10:1 ether:chloroform) indicated that this
solution was mainly odorine (1) and epiodorine (2
contaminated with a small amount of (E)-N-[1-(1‘-oxo-3'-
phenylprop-2‘-eny1)~2-pyrrolidinylltrifluorocacetamide (105>
(by comparison with a Known sample). After removal of the
solvent, the residue was triturated with dry pentane (3x20
mL> affording 0.28 g vellow solid. Recrystallization from
hot benzene yielded 43 mg (22%) odorine (1) and epiodorine
(3>, mp 154.5-161.0°C with the same properties as the
material from a later preparation which proceeded in a
higher yield.

The trifluorcacetamide 105 was isolated from another

such reaction and was found to be racemic with the

following properties:



i
H nmr:

§2.17 ppm (b,

3.48 (b,

5.95-4.25 (b,

6.72 (d,
7.37 (m,
7.68 d,

8.83-9.08 (b,

ir (chloroform):

v

ms:

m/z

1161-1238 em™
1553

1413

1455
1715-1725

3185-3505

312 (2.6%)
243 (1.3
215 1.3
200 (2.4
199 (8.0)
181 «¢8.0)
131 <100.0>
103 (78.7)

7 1.3

4H, 2ZxH3“, 2xH47)
2H, 2xH37>

1R, H2>

J 15 Hz, 1H, 2")

SH, aromatic)

J 15 Hz, 1H, H2")

1H, NH)

(g) C-F stretch

(w) amide I1

(e) C=C stretch

{(s) N-(C=0)-CH=CH- stretch
(52 NH-(C=0)-CF stretch

(w) N-H stretch

M+
-89, -CF,
-97, —(COYCF,
Ph=CH=CH-(C0>-NC,H_~
Ph—CH=CH-(CO)-NC H,¥
(NC H >-NH-(C0O>-CF,”
Ph-CH=CH-C=0
Ph=CH=CH”

”

CF,~C=0
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1 (4.0 CoH,"

86 (14.7) CyHgN
77 €60.0) CHS™
&9 (20.00 F C*

Odorine 1) and Epiodorine (3) from t-Butyl Carbamate (48)

and 2-Methylbutaroyl Chloride (104> <¢18&)

t-Butyl carbamate (48) (404 mg, 1.28 mmol) and anicale
(4253 mg, 3.%92 mmol) were dissolved in methylene chloride ¢(5
mL) and treated at room temperature with trifluoromethane
sulfonic acid ¢(0.3% mL, 594 mg, 3.94 mmcl). After stirring
for 5 min, most of the solvent was removed on a rotary
evaporator with gentle heating and the golden oil was
extracted with dry pentane (3x3 mL) to remove most of the
aniscle and t-butyl anisoles,

Methylene chlioride (5 mL) was added to this oil which
did not dissolve and the two lavers were cooled in an
ice/salt bath. A syringe was used to add 2-methylbutanoy]
chloride (104> (0.35 mL, 347 mg, 2.88 mmol) and TEA (1.10
mL, 799 mg, 7.8% mmcl) to this mixture. On swirling the
oil slowly dissolved and a homogeneous solution was
obtained. After stirring 1 h at rcom temperature, the
solution was diluted with methylene chloride (100 mL),
washed with 104 HC1 (2x20 mL), 10¥% KL,CO; (2x20 mL),
saturated NaCl solution and dried.

The tlc (EtOAc) of the product showed mainly two
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overlapping spots due to odorine (1) and epiodorine (2)
with a faster running spot due to anisoles.

The crude product was purified by flash chromatography
on silica gel eluting with EtOAc:ether ¢(1:1). In an
attempt to separate the diastereomers, the fractions due to
the wanted product were combined in two portions, a faster
running (top) fraction and a slower running (bottom) kand.
The top fraction afforded 149 mg (44%) of a light yellow
solid, mp 170.5-172.5°C, and the bottom &4 mg (17270 cof =&
light yellow solid, mp 180.0-181.0°C. High resolution 'H
nmr spectroscopy showed the top fraction was an ecsentially
equal mixture of diastereomers while partial separation had
cccurred with the bottom fraction Can approximately 3:i
mixture). Further separation was not attempted.

The top fraction was found to be racemic,‘a
levorotatory rotation was expected if racemization had not
cccurred. Recrystallization of the top fraction from
benzene afforded odorine (1) and epiodorine (3 as a white
powder, mp 175.5-177.0°C. aAnalysis for CieH, uN, 0,5
calculated: C 71.97, H 2.05, N $.334; found: C 71.43,

H 8.14, N 8.74%.

'H nmr at 300 MHz:

$0.79 & 0.90 ppm (t, J 7.5 Hz, 3H, 3xH4)
4| 3!

1.06 & 1.15 (dy J 7 Hz, 3H, 2-Me)s: 2!

.
N~ “NH-CO H
1.35-1.49 & 1.57-1.75 (m, 2H, 2xH3)

4
1.62 (s, impurity) 077 >Ph
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1.84-2.01 (m, 3H, 1xH3’, 2xH4’)

2.07-2.29 (m, 2H, 1xHZ ", H2

3.41-3.51 (m, 1H, 1xHS">

3.66-3.74 m, 1H, 1xHS")

6.15 (t, broadened, J 7.6 Hz, 1H, H2")
6.40 (t, broadened, J 9.4 Hz, 1H, NH)
6.93 & 46.96 (dy, J 15.4 Hz, 1H, H2")

7.33-7.40 (m, 3H, aromatic?

7.94-7.57 (m, 2H, aromatic)

7:.69 & 7.70 (d, J 15.4 Hz, 1H, H3")

ir {(chloroform):

Y 1B05-15%45 cm ' ¢m) Amide 11

1607 (s) NH, C=C stretch
1451 (s) N-(L=0)-CH=CH stretch
1867 (s) NH-(C=0)>-C stretch
3300 (m) N-H stretch
3450 (w) N-H stretch

meai

m/z 300 (7.7%) M+
216 (3.3 Ph=CH=CH=-(CO>~(NC,H,)-NH, ¥
215 (14.5) Ph-CH=CH-(CO) ~(NC,H_>-NR"
200 (6.5) Ph-CH=CH-(CO)~NC,H.*
199 (24.6) Ph-CH=CH-(CO>-NC,H,”
169 (36.2) NC ,H, -NH-(CO>-CH(Me)Et 7
131 (72.5) Ph-CH=CH-C=0"
103 ¢29.7) Ph~CH=CH"
?1 (2.5 C H.”



85 (100.0)  CyH,N,*or OC-CH(Me)Et™

83 (8%.%) C,HN,
77 15.2) C,Hs7

70 ¢10.9) CuHaN ™
57 (22.6> CH(Me)Et™

2-Hydroxy—-2-methylbutancic Acid (84) (44>

An aqueous solution of sodium metabisulfite ¢1%0.10 O,
1.00 mol, Fisher, equivalent to 2.00 mol sodium bisulfite,
240 mL water) was added over 0.5 h to & vigorously stirred
mixture of methyl ethyl Ketone (108.53 g, 1.51 mol, Fisher
technical), sodium cyanide (78.50 g, 1.40 mal, Fisher
certified reagent), and cracked-ice (ca. 250 g). During
the addition, the temperature was maintained at 20-40°C and
when complete the reaction was cooled to 0°C with a dry-—
ice/acetone bath.

The top laver was decanted affording 1.9 a (S50
crude cyanochydrin which was hydrolyzed by heating with
concentrated HCl (200 mL) for 8 h at 90-100°C. Upon
cocling to room temperature, anhydrous sodium sul fate
(30 g, Fisher certified) was added and the reaction cooled
further with a dry-ice/acetone bath (ca. -25°C).

The reaction mixture was filtered, extracted with
ether (3x150 mL>, and dried. Removal of the solvent:
afforded 25.82 g (14%4) white solid which was triturated

with petroleum ether (700 mL) yielding 1%.47 g (11 2-
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hydroxy-2-methylbutanoic acid (84>, mp 71.5-72.5°C; 1lit.
mp 72.5°C (&2).
"H nmr:

$0.93 ppm <t, J 7 Hz, 3H, 3xH4)

1.48 (s, 3H, 2-Me)
1.48 (q, J 7 Hz, 2H, 2ZxH3)
6.40 (b, 2H, -0OH, COOH)

ir {Nujol):

v 1244 em™' (o) C-0 stretch

1728 (s> C=0 stretch
3440 (m? O0-H stretch
ms:
m’z 119 M+ 1
103 -15, —Me
104 -17, -0OH
20 -28, -CHy=CH,, McLafferty rearrangement
8% -29, -Et

73 base —-43, -COOH

57 Et-C=07

55 CH,=CH-C=0"
45 COOH™

43 Me-C=0"*

2% Et™

Odorinol ¢2) and Epiodorinol (4) from Benzyl Carbamate (4%)

ueing DCC (41)
Triflic acid (0.90 mL, 1.5 q, 10.2 mmol) was quickly



added to & stirring solution of benzyl carbamate (4%) (0.50
g, 1.43 mmol) and anisole (0.32 g, 2.96 mmol) in methylene
chioride (S mL). The reaction was stirred for S5 min at
room temperature and then 5 min in an ice/salt bath. To
this cold solution was added water (1 mL), 2-hydroxy-2-
methylbutanoic acid (84> (0.21 g, 1.78 mmol}, TEA (1.40 mL,
1.02 g, 10.0 mmol) and a sclution of DCC (0.45 g, 2.18
mmal) in methylene chloride (2 mLY). After 0.5 h, the
mixture was stored overnight (ca. 23 h) in a freezer at ca.
-5°C.

The reaction was diluted with methylene chloride
(40 mL>, filtered, washed with 54 HC! (10 mL>, 5% NaHEO,
(10 mL), water (2x10 mL), saturated KC1 solution <10 mbL)
and dried. The solvent was removed, the residue
redissolved in methylene chloride, the solution was
filtered, and reconcentrated affording 580 mg vellow semi-
solid. Flash chromatography on silica gel using
chloroform/absolute ethanol (24:1) afforded 50 mg (11%)
cdorincl (2) and epiodarinal ¢4) in three fracticne. The
first fraction was essentially one diastereomer while the
other two fractions were a mixture with the other

diastereomer present in excess.

'"H nmr at 300 MHz:

0.91 ppm Ct, J 7.5 Hz, 3H, 3xH4)
1.35 (s, 3H, 2-Me>
1.58-1,70 (m, 2H, 3xHI
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1.77-2.02
2.15-2.31
3.10

3.40-3.4%
3.60-3.70
6.06=6.12

6.48

7a.73

ir (chloroform):

Y1514 em™ (s
1408 (s>
1643 (s>
2425 (e
ms:

msz 31é (0.724

244 (0.7

217 (5.2?

215 (1.5

201 (10.45

200 (7.5
199 (8.2
185 (5.2

131 (100.0>

103 (49.3>

(m, 3H, 1xH3’, 2xH4")

(m, 1H, 1xH4">

40 3!
(s, 1H, OH> s\ 1
-CO
(m, 1H, I1xHS") N" SNH-C
1n 34
(m, 1H, 1xH5°> 07> >Ph

{m, 1H, Hz">

(dy, J 15 Hz, 0.21H, H2")
(dy J 13 Hz, 0.79H, Hz")
{m, &H, NH, aromatic)
(dy J 15 Hz, 0.82H, Ha")

(d, J 15 Hz, 0.18H, H3")

Amide I1
C=C stretch
C=0 stretch

-0H stretch

M+

-72, -Et(Me)C=0"
Ph-CH=CH-(C0) = (NC H, ) -NH
Ph=CH=CH-(C0~(NC ,H_)-NH™
Ph=CH=CH-(CO)-NC,H,™
Ph=CH=CH-¢CO)-NC,H,™
Ph-CH=CH-(CO>-NC_H *

(NC 4H4 2 ~NH-(C0)Y-C(Me ) (COHYEL™
Ph-CH=CH-C=0"

Ph-CH=CH™*



86  (10.4) C 4 H, N,

85 (2.0 CyHeN,

84  (11.9) C4H9N;-or Me-CH=CH(Me>C=07
77 (31.3 C,Hg

73 (19.4 EtcMed>(OHIC ™7

Qdorinel (2) and Epiodorinal ¢4) from Benzyl Carbamate (4%)

using DCC and N-Hydroxveuccinimide (42)

Trifluoromethanesulfonic acid ¢0.%0 mL, 1.5 g, 10.2
mmol? was added to a stirring solution of benzyl carbamate
(47> (0.30 g, 1.43 mmol) and anisole (0.3& Qy 2.32 mmol) in
methylene chloride (S mL). After 5 min at room
temperature, the reaction was cooled S min in a dry-
ice/carbon tetrachloride bath (ca. -23°C). To this
solution was then added TEA (1.40 mL, 1.02 gy 10.0 mmols,
Z2-hydroxy-2-methylibutanoic acid (84> (0.20 g, 1.4% mmol>,
N-hydroxysuccinimide (0.33 g, 2.85 mmol, Sigma? in
anhydrous dimethoxyethane (4 mL), and & sclution of DCC
(0.45 g, 2.18 mmol> in anhydrous dimethoxvethane (2 mL).
After 1 h at -23°C, the reaction was stirred at room
temperature for 24 h,

The filtered solution was concentrated, redissolved in
methylene chloride (30 mL), glacial acetic acid ¢(imL} was
added and the solution was washed with 10X Na,CO0,; <10 mbL),
5% HCI (10 mL); water (2x10 mbL), saturated KCl! solution (10

mL)> and dried. Removal of the solvent afforded $20 mg of &
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light vellow semi-sclid. Flash chromatography on silica
gel using chloroform:absolute ethanol (24:1) resulted in 20
mg (4%) codorinol (2) and epiodorinal (4) with the expected

properties.

Odorinel ¢2) and Epicdorinal (4) from p-Methoxybenzyvl

Carbamate (50) ueing DCC (41>

p-Me thoxybenzy)l carbamate (30> (801 mg, 2.11 mmal) and
anisocle (3.00 g, 27.7 mmol) was dissolved in methylene
chloride (3 mL)> and cooled in an ice/salt bath. To this
cool, stirred solution wae added trifluorocacetic acid ¢2.0
mL, 3.0 g, 26 mmol). After 10 min the solvent was removed
and the residue was extracted with pentane (2x25 mlL).

The salt, as an o0il, was diluted with methylene
chloride (2 mL> and coocled in a dry-ice/carbon
tetrachloride bath. To this stirred solution was added 2-
hydroxy-2-methylbutanoic acid (84) (378 mg, 2.20 mmal ), TEA
(327 ma, 3.23 mmol) and DCC (&73 mg, 3.26 mmol). @After
1.5 h in the bath, the reaction was stored overnight at ca.
-5°C.

In the work-up, the product mixture was diluted with
methylene chloride ¢S50 mL), filtered, shaken with glacial
acetic acid (2 mL) to decompose the excess DCC, and washed
with 10% HC) <10 mL), 104 Na,C05; (10 mL), water (2x10 mbL>,
saturated NaCl solution <10 mL) and dried.

Removal of the solvent afforded $00 mg of a semi-solid



material that was purified by flash chromatography on
silica gel using ether/chloroform ¢10:1) as the solvent.,
The crude odorinol (2> and epiodorinol (4> (53 mg, 8%, mp
192.5-198.0°C) was triturated affording 13 mg (2%) white

sclid, mp 214-221°C, with the expected properties,.

S-Methyl1-5-ethyl1-1,3,2-dioxathiolan~4-one—-2-oxide (1185(54)

(Z2-Hydroxy-2-methylbutanoic Acid Anhydrosul fite)

Distilled thionyl chioride (10.0 mL, 14,7 g, 0.140
mmol, Fisher reagent) was cooled with an ice/salt bath to 7
ca. -3°C and Z-hydroxy-2-methylbutancic acid (84> (4.00 g,
33.9 mmol) was quickly added in one—-portion with stirring.
After 15 min, the reaction was connected to the house-
vacuum via a Drierite trap and stirred for 7 h at -2 to
+5°C. There was a slow foaming as gas was slowly released.
The mixture, while still connected to the house-vacuum, was
stored overnight in a refrigerator at 5°C and then allowed
to slowly warm to room temperature.

The excese thionyl chloride was removed with warming
under vacuum using a water aspirator and the crude product
was distilled under vacuum affording 4.02 g (724 2~
hydroxy—-2-methylbutanoic acid anhydrosulfite (118> as a
yellow liquid, bp &47-84°C/ 15-1¢ mm; lit. 40-41°C/%9 mm or

ca. 70°C/15 mm (54).



ir neat:

1251 cm (s> §=0
1726 {(m> C=0 &acid impurity due to hydroysis

1814 (v.s) C=0

The ms was found to be complex probably due to the

rapid hydrolysis that occurs.
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APPENDIX

The '*C nmr spectral assignments are tabulated in this
cection. These spectra were assiagned using the reported
spectrum of odorine (la)> and epiocdorine (3b) as a reference
and with some simple additivity rules (85,68, For easy
comparison, the spectra were divided into two parts, the N-
cinnamoyl pyrrolidine ring and the functional group at the
CZ2 position of the ring. Some of the compounde were
numbered in a slightly different manner so that a uniform

ey¥stem could be used throughout this section.

As expected, the shifts of the pyrrolidine ring were

very similar to that reported for proline (&7).
4L 3

5[—}\ c2 ca3 o cs COCH
H COOH é1.1  29.2 23.9 44.0 174.1 ppm

The shifts calculated for the alkene carbons of
cinnamic acid and ester are listed below together with the

literature values for cinnamic acid (48).
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cz C3

i 2
HOOC—CH=EH—Ph calc. 116.3 144.3 ppm
found 119.1 145.1
/2
RODC—CH=6H—Ph calc. 118.3 142.3

One would expect the corresponding alkene carbons of
N-cinnamoyl proline (7Y and the other derivatives to also
fall in this region and indeed two such signals were
observed (Table 5). Massy-Westropp and coworkers (1) have
also reported two signals at 118.2 and 1432.0 ppm for
natural (+)-codorine <(ia) but incorrectly assigned these to
C3” and C2’, respectively (Table &).

The unambigious assignment of the aromatic ring of the
cinnamoyl group was more difficult., Since no substituent
data was available for the -CH=CH-COOH group, the
substituent effect was based on -CH=CH, and the resulting
values calculated for styrene are shown in Table 4. The
substituted carbon atom was predicted to cccur the furthect
downfield followed by the meta, para and ortho carbons, in
that order. The assignment of the latter three carbons was
tentative since they had such similar chemical shifts.

Most of the signals due to the functional group could
be easily assigned. However, some overlap occurred with
the benzyl 49 and anisyl S0 carbamates. The calculafed
values for benzyl alcchol and benzyl acetate, models for

the carbamate group, are listed in Table 4. Again the
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substituted aromatic carbon was shifted the furthest
downfield and so was easy to assign in the benzyl
carbamate 4%. The ortho, meta and para carbons were all
predicted to have very similar shifts and so could not be
unambigiously assigned.

Similarly the substituted aromatic carbons of anisyl
alcohol and anisyl acetate are shifted downfield and so
stand out clearly in the spectrum of anisyl carbamate 34,
The unsubstituted aromatic carbons fall in the same region
found for the unsubstituted aromatic carbons of the
cinnamoyl group and could not be assigned (Table 5.

The C2 of the Z2-hydroxy-2-methylbutanoyl group in
odorinol (2) and epiodorinol (4) was not observed (Table &)
and was probably buried under the chloroform-d signal at
ca. 76,6, 77.0 and 77.5 ppm. The C2 of 2-hydroxy-2-methyl-
butanoic acid (84) was found at 75.16 ppm.

The chemical shifts of the t-butyl 71 and anisyl 72
allophanates were found to be very similar to the
carbamates as expected (Table 7). An extra peak which
could not be assigned was found at 152-155 ppm in the

anieyl carbamate/allophanate mixture.
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TABLE 4.

Calculated Chemical

Shifts of Substituted

Benzenes,
R
;
2
3
4
R C1 Cz c3 c4
(R’
~CH=CH, 138.0%° 124.5 128,7 126.0 CH 135.5
CHY CH, 112.0
~CH, OH 140.8° 127.1 127.1 127.1 CH, 644.5
(H) 140.5°% 127.5 128.5 127.5
-CHOCCOOMe| 136.2° 128.5 128.5 128.5 CH, &&.1
CH»
~CH, OH 132,1% 128.1 112,7 1568.5 CH, &4.5
¢OMe) Me  S4.1
-CH,00CCMe| 128.5° 129.5 114.1 159.9  CH, éé&.1
(OMe > Me S4.1
YRef. &5.
bRef, &6.
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TABLE 5. Observed Chemical Shifts of N-Cinnamoy]
Fyrrolidine Derivatives.®

Z =3 48 a2 =20

Main skeleton

c4 24 .84 24.98 21.63 21.49 21.38
(22.86 174

c3 27.35 27.31 34.72 34.61 34,52
(32.07 1420

CS 47 .85 47 .52 45.81 45.87 4%.82
(47.1% 15%)

cz 40,50 5%9.76 é4.41 65.03 &5.02
(&1.36 1&%4)

Cz2” 114.52 117.87 118.40 118.27 11&8.40
(117.51 16X

S’ 128.26 128.10 128.34 128.1%9 128.21

128.26 128.48

c?s 128,97 128.89% 128.48 128.52 128.76

128.82

Cé” 130.48 130.03 129.60 129.73 129.75

€4’ 134,53 134.91 135.24 135.12 135.15
(134.6% 214

Ca 145.11 142,37 142.50 142.88 142,44
(143.65 13%)

Cl7 147.77 166.15 165.82 165.87 165.78

Functional group

R COOH CONH,, NHCOOt-Bu NHCOOCH,Ph NHCOOCH,Ar

=0 172.31 173.69 154.44 155.10 135.27
(175.0%9 14X

c1 80.23 66.89 66.49

Cz 28.23 136.19 113.82

C3 & C4 % #*

Cs % 15%.4%

OMe 55.15

*The numbers in parentheses represent the chemical shift
of a minor rotamer and the percent height relative to the
corresponding peak of the major rotamer.

# These signal(s) overlap with the cinnamoyl aromatic ring.
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TABLE 4.

la

Main skeletaon

c4 21.8
C3 34.6
CS 46.1
cz &2.8
Cz2s 118.2
C5° 128.2
c77 128.8
Cé” 129.8
€47 135.4
C37 143.0
Cl’ 186.2

Reported and Observed Chemical
and Odorinol.®

2 3
Butanoyl group -C(CH,)(R)CH,CH,

C1 175.9
c4 11.8
2-Me 17.4
C z27.1
c2 432.3

3b 1&3 2 & 4
21.7 21.64 21.81
34.6 34,55 34.64

(34.65 884>
46.2 46.11 46.04
&2.7 62.71 62 .40
(62.60 97%)

118.2 118.05 118.12
128.3 128,29 128.25
128.8 128.84 128.80
129.9 129.90 129.76
134,9 134.87 134,97
142.9 142.98 142.80

(142.85 713
165.9 165.79 165.75
R = f, OH
175.7 175.58 174.43
12,0 11.89 7.77
17.4 17.33 26.27
(17.57 &2
27.3 27.22 3%.09
(27.01 84%)
43.1 43.15 %

Shifts of Odorine

hydroxy
acid

181.%91

7.85

? The figures in parentheses represent the chemical shift
of the diastereomer and the percent height relative to the
corresponding peak.

# This signal was hidden by the chloroform-d signal.

126



TRABLE V. A Comparison of the Chemical Shifts of the
Carbamates and Allophanates.

ag 71 =1t} 20 & 72
Main skeleton
c4 21.63 21.727 21.38 21.36
21.57
c3 34.72 34.5%9 34.52 34.45
cS 45.81 45.8% 45,82 45,83
cz é4.41 63.23 65.02 63.40
65.06
C2° 118.60 118.47 118.40 118.46
€57 128.34 128.22 128.21 126.8¢&
128.48 128.17
C7° 128.48 128.71 128.76 128.49%
128.73
Ce’ 129.60 129.59 129.75 129.72
130.19
C4 135.24 135.29 135.15 135.15
C37 142.50 142.78 142.44 142,40
142.85
Ci” 145.82 165.83 165.78 145.80
Functional group
R NHCOOQt-Bu NHCOOAr NHCOOATr
NHCONHCGOt-Bu NHCONHCOOAr
=0 154.44 152.47 155.27 152.24
153.20 154.27
155.47
Ci 28.37 28.03 46.49 56.47
67.81
Cz 80.23 83.24 113.83 113.82
: 114.01
C3 & C4 #* %
CS 159.4%9 159.47
159.92
OMe 535.15 55.14

# These signal(s) overlap with the cinnamoyl aromatic ring.
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PART 2.

CARBAZATE OXIDATION.
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INTRODUCTIGON

The selective replacement of the hydroxyl group by
hydrogen is an increasingly important transformation in
organic chemistry. Deoxy compounds often have higher
biological activity than the corresponding hydroxy
precursors which are more readily deactivated by enzymatic
action <(1>. Efficient methods of deoxygenation also allow
the use of carbohydrates as cheap starting materials in the
s¥ynthesis of complex compounds; the so-called chiro-
economic synthesis (2).

Many methods have been and are constantly being
developed for the reduction (deoxygenation) of alcohols
(3. One of the oldest involves heating the alcohol with
hvdrogen iodide and phosphorus for several hours at 150-
240°C in a sealed tube ¢(4). These conditions are ohviously
too extreme to be used with most complex molecules although
it has the potential of becoming & useful method for the
conversion of cellulose to hydrocarbons for use as a fuel
(5.

For the purpose of this discussion, deoxygenation can
be divided into two categories depending on if the alcohol
is or is not activated by the presence of a stabilizing
group. Activated alcohols, for example tertiary, allylic,
benzylic, £-kKeto, can be deoxygenated directly and
relatively specifically by a number of methods. These
include hydrogenolysis, reduction with metal hydrides,

dissolving metal and electrochemical reactions.
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Alcohol

/\

Activated
tertiary RR7R"C-0OH
allylic RR7C=CH-CH,-0OH
benzylic Ph-CH,—-0H
#—-Keto R=(CO)-CH(OH)-R"
direct & relatively specific

methods of deoxygenation

examples:

—hydrogenolysis (Hp/catalyst)
-metal hydrides (LiAlHg,ATHCIg)
~dissolving-metal

~electrochemical

SCHEME

Unactivated

R-(CHy) ,~OH

indirect methods of

deoxygenation

faormation of a

reactive derivative

examples:

—oxidation to aldehyde or
Ketone & Wolff~-Kishner or
Clemmensen reduction

-dehydration &
hydrogenation

-conversion to halide or
sulfonate & displacement
with hydride

1.

Convential Methods for the Deoxygenation of Alcohols.

Unactivated alcohols can normally only be reduced

indirectly through some type of

‘reactive’ derivative. The

methods used include the oxidation to a Ketone or aldehyde

and reduction by a Wolff-Kishner (hydrazine/base) or
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Clemmensen reaction (HC1/Hg-Zn), and dehydration and
hydrogenation especially for tertiary alcohols. However,
the most common technique is to convert the alcohol into
the corresponding halide or sulfonate and then displace
these good leaving groups with hydride.

Such nucleophilic displacement reactions are useful
with simple, sterically unhindered alcohols but complex,
polyfunctional compounds with sterically hindered hydroxy
groups pose problems. In these ionic reactions, the
reactants and intermediates are highly solvated and SN
displacement reactions only take place in low vields if at
all due to steric hindrance and dipole repulsion.
Rearrangements and eliminations are alsoc common side
reactions when carbocations are intermediates.

Neutral reactions avoid these difficulties and radical
type reactions have been successfully used in the
deoxygenation of compléx alcohals. Radicals are less
susceptible to steric factors since they are not solvated
and can be produced under neutral conditions. A complete
review on the radical deoxygenation of alcohols by Hartwig
has recently appeared in the literature and a brief outline
will be given here (&).

Radical deoxygenations involve the homolytic cleavage
of a C-0 bond in a suitable derivative of the alcohol.
This is carried out by first cénuerting this derivative to
a radical by some means which then fragments by F-c!eavage

forming an alkyl radical. Abstraction of a hyarogen atom
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from a suitable donor then produces the hydrocarbon.

[13 R-0-Y + ‘reagent’ ——= R=0-Y’ ——= R- + 0=Y’
H.

R-H

Activation is usually as a carbonyl derivative and the
radical can be produced in three general ways; by the
addition of a radical [Z2al, electron transfer [2Z2b] or the

photochemical excitation of this group to a triplet state

[2c]:
M- .
[2a] R—O-ﬁ—z R—O—T—Z
Y Y-M
e~ .
[2b] R—O-T—Z
i
[2c] Y Re0-x-7 = R-0-%-2
IR
Y Y

The Barton-McCombie reaction is one of the most
familiar and useful of these reactions (7). Here an O-
alkylthiocarbonyl compound is reacted with a trialkylitin
radical which is capable of forming a stable bond to
sulfur (Scheme 2). Fragmentation forms the radical on
carbon with the conversion of the C=S to a C=0 bond being
the driving force of this cleavage. Abstraction from a

hydrogen atom donor, in this case a trialkyltin hydride,
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affords the reduced alcohol,

R38n- + R-H

SCHEME 2. The Barton-McCombie Reacticn.

While many neutral methods of deoxygenation are now
available, new reactions are always of interest since they
may have unique properties.

Ohme and Preushof have discovered a reaction that has
the potential of becoming another such method of
deoxygenation (8). These workers published a report in
1970 on the mechanism of hydrazine formation from urea.
Among their findings they reported that N,N’~-dimethoxyurea
(1, in contrast to other ureas, does not form a hydrazine
on treatment with potassium t-butoxide. Instead methanol,
carbon monoxide and methane were formed presumably along

with nitrogen.

NH-0Me
[3] 0=C 2 5BU o MeOH + CO + CHy + Ny
LH—OMe
1

Apparently the carbon monoxide came from the
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decomposition of the diazirinone 3 formed by cyclization
and loss of two moles of methanol (Scheme 3). This was
analogous to earlier work of Ohme and coworkKers on the base
decomposition of N;N"~dichlorourea to carbon monoxide and
nitrogen (%), and of N,N -dimethoxysulfamide to sulfur

dioxide and nitrogen ¢10).

NH-0Me /N-DMe N
KO-t-
=C OLBU_ g ———= 0=C || —=CO + N,
—MeOH \ —MeOH \
NH-0Me NH N
1 2 3
[ ]
N—-0OMe
—_— = 0=C —= 0=C=N-NH-0Me
\ -MeO
NH-0Me 4
-MeQ Me OH
N-OMe
M
_— g=C _MeOH __ 16 00C-NH-NH-0Me
NH S
2 ~Me OH

Me O0OC-N=N-H

é
I
CHg

/
0 H
)
\N/

S8CHEME 3. ‘The Decomposition of N,N’-Dimethoxyurea.

CHy + CO, + Ny =——  0=C
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A cyclic rearrangement of the diazene 6 (also called a
diimine or diihide) was suggested to have been the source
of the methane. The proposed mechanism involved the loss
of methanol from the urea 1 to form an isocyanate 4 in a
Hofmann-1ikKe rearrangement or the formation of an
intermediate three-membered ring 2, a diaziridinone. Other
N-substituted ureas have been observed by these workers to
rearrange by these two pathways on treatment with
hypochlorite. When possible, the major pathway was found
to be via the isocyanate (8). Further reaction with
me thanol would form the methyl Z-methoxycarbazate (1~
me thoxyhydrazine-2-carboxylic acid methyl ester, 3> which
would be the source of the diazene § on elimination of
methanol.

To further establish this mechanism, methyl! and t-
butyl carbazate (7 and 8, respectively) were oxidized with
chromium (IV) oxide, potassium permanganate and alkaline
potassium ferricranide. According to these workers,
methane and iso-butane were formed in all cases independent
of the solvent. The rearrangement of the diazene ¢ was
again suggested to be the source of these hydrocarbons
(Scheme 4)>. No other details accompany these qualitative
results but nitrogen and carbon dioxide are also presumably
formed. One can only speculate if any carbon monoxide was

a product of this oxidation.
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I [0] [ /
R—D*C—NHNHz ——2= R—-0-C~-N=N-H = ? T _— C02
? 0=C N N2
\V
R = Me(Zy, t-Bu(8) N

[0l = CPD3,KMnD4,a1kal ine K3Fe(CN)6

SCHEME 4. Proposed Oxidative Decomposition of Carbazatec.

Much work has been reported on the oxidation of
hydrazine and its derivatives (11)., Azo compoundes are
usually formed by this oxidation if the substitution on the
hydrazine allows it. The stability of the resulting
compounds depends on the reaction conditions and the
substituents on the azo compound. Scheme 5 gives a brief,
simplified outline of the initial products obtained by the
oxidation of various types of hydrazines.

NHp-NHp — 2 HoneN-H —2X NHp-NH, + Ny

R-NH-NHgy —— R-N=N-H —= R + Ny + H- tj@; R-H

R-NH-NH-R‘ —= R-N=N-R‘2

RR’N-NHy ———= RR‘N-N: ~2x RE“N-N=N-NRR"

RR'N-NHR" ——= no reaction

RR’N-NR"R” —= no reaction

R, R", R", R” = alkyl, aryl, —(CO>-R

A4ydrogen peroxide and peroxy compounds can cause

slow further oxidation to azoxy compounds.

SCHEME 5. General Oxidation Pattern of Various Hydrazines.
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Considerable related work has been carried out on the
oxidation of acid hydrazides. &t the turn of this century,
Curtius found that acid hydrazides were oxidized by iodine

to the corresponding diacylhydrazines (12):
I2
[4] R(CO)NHNH2 ——s—= R{COINHNH(CO)R

Many years later, Carpino found that treatment of an
acid hydrazide in nitromethane or methylene chloride with
hrdrogen chloride gas followed by chlorine formed the acid

chloride in good yields (13):

2
[3] R(CO)NHNH2 —EELb R(CD)NHNH3C1 ——EEL RCCOXCT + No + 4HCI

48-79%

Benzyl carbazate hydrochloride did not afford the
expected benzy!l chloroformate but benzx¥l chloride instead
(764>. Under the reaction conditions (ice-bath
temperature) the benzyl chlioroformate was stable toward the
loss of carbon dioxide. Carpino suggested the benzyl
chloride was formed because of the special geometry that
could be achieved by the intermediate from the oxidation.
He proposed a chloroazo compound 10 which could decompose

through a six-membered cryclic transition state.
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[6] PhCHO00CNHNHC1 + 2Cly —//—> PhCH,00CC] + Ny + 4HCI
————& PhCH,00C-N=N-C]
"
Q
- g
PhCH, T=D PhCH,C1
m') N ——= COg
\\V/4
N2

10

The acid chlorides formed from the other hydrazide
hydrochlorides are presumably also formed via the chloroazo

compound 11 by an undetermined mechanism.

[7]1 RCCOMNHNH3CT + 2C1y -—Z;ETﬂb RCCOIN=NC] —— R(COVC] + Ny

11

The initial formation of the hydrochloride salt must
prevent the production of the diacylhydrazine by decreasing
the nucleophilicity of the hydrazine group. This would
hinder reaction of the unoxidized hydrazide with the acid
chloride or an intermediate of the oxidation. Such
intermediates have in fact been found to have acrytating
properties. Wolman and coworKers have reported the
formation of amide bonds under similar oxidative
conditions (14). @An acid hydrazide in the presence of an
amine was treated with various oxidizing agents, including
halogens, forming the amide in good yields. Presumab]y the
hydrazide was preferentially oxidized to a diazonium salt

or azo intermediate which then reacted with the amine to
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form the amide bond with the evolution of nitrogen. The
diacylhydrazine was formed by acylation of the unreacted
hydrazine when no amine was present and to a small extent
in its presence. This method was used by these workers to
prepare several peptides.

Clive and Denyer have alsoc investigated the oxidation
of hydrazine derivatives, in this case carbazates 12, with
a positive source of halogen [8] ¢(15). They too suggest
the formation of a haloazo intermediate 13 which could
fragment in various ways including the above mentioned
pericyclic process forming an alkyl! halide 14 plus carbon

dioxide and nitrogen.

R co,
a) C1(c0)C1 X, /
[8]1 ROH = ROCCONHNH, —=—= 0 X ——= N,
b) NHNH, pyridine | |
12 0=C N R=X
\/
N 14
13

Adamanty] carbazate ;1;) afforded fair yields of the
corresponding bromide and iodide on treatment with N-
bromosuccinimide (NBS) and N-iodosuccinimide (NIS),
respectively, but none of the chloride was obtained with N-
chlorosuccinimide (NCS). Cycliohexyl carbazate (1&) was
oxidized under similar conditions and a substantial amount
of the trans-1,2-dibromocyclohexane was obtained in

addition to the cyclohexyl bromide. The dibromide was
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probably formed from cyclohexene which may arise via the
carbonium ion or by elimination in the azo intermediate.
Thus this replacement of the ~00C-NHNH, group by halogen is
limited to compounds where olefin formation is difficult.

This reaction can also be used to carry out a
substitution at a bridgehead position. Thus 1-
iodoapocamphane was obtained in 39% »ield from the
oxidation of l-apocamphanyl carbazate (17) with iodine-
prridine. Normal nucleophilic substitution is very
difficult at the bridgehead position of the

bicyclol2,2,11hepty]l system.

TABLE 1. Oxidation of AlKky] Carbazates with a

Positive Source of Halogen.

R Oxidant |¥Yield R-X
adamanty1(15) NBS? 49
NIgP 43
NCg© -
crclohexy1(18> NES 42d
NIS 37 GOCNHNH,
l-apocamphy1 (17> I,/pyr® 39 17

aN-Bromosuccinimide. bN—Iodosuccinimide.
°N-Chlorosuccinimide. d1,2—Dibromocyclohexane also

formed (38%4).  ®Pyridine.
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Thus the six-membered pericyclic rearrangement has
been suggested to occur with both hydrogen and halogen
as nucleophiles, structures % and 13.

Let us examine this suggested rearrangement of the
diazenes § and 13 in more detail. Such a rearrangement can
be considered in terms of Baldwin’s rules for ring closure
(14). These rules examine the geometry of the transition
state for intramolecular ring closure to see if a reaction
will be “favored’ or ‘disfavored’. If the transition state
cannot be attained without serious distortion of the normal
bond angles or distances then ring closure will occur only
with difficulty or not at all and the reaction is then
*disfavored’. While the cyclic rearrangement under
consideration is strictly not a ring-closure the same
geometric constraints should be required. Baldwin, in
fact, has applied these rules to a similar rearrangement
(182,

These rules are based on the geometry required for
nucleophilic attack at a carbon atom. For a tetrahedral
carbon, as in this case, the optimum direction of approach
by the nucleophile is backside attack opposite the leaving
group at an angle of 180° resulting in the inversion of the
carbon center. This is the well-Known Walden inversion of
the §,2 reaction. According to Baldwin’s nomenclature the
rearrangement under consideration is a é-Endo-Tet reaction:
a six-membered ring is being formed or in this case a six-—

membered transition state, the bond being broken as a
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result of the nucleophilc attack is part of the ‘ring’
being formed (endo), and the electrophilic carbon is
tetrahedral. Such reactions are disfavored according to
the empirical rules developed by Baldwin.

The same conclusion can be reached if one simply
inspects a model of this azo intermediate; the ap timum
geometry for inversion at the carbon atom cannot be
easily attained.

It should be noted that azo compounds exist as both
the cis and the more stable trans isomers (1% and 18,

respectively) (17). Obviously only the cis structure is

suitable for the rearrangement.

RR‘R"C C=0 s=== RR‘R"C C=0 == RR’'R"C O0O=C=0

|
N HoON H o N=N

\

4 4

ie 10
SCHEME 6.

Disubstituted trans-azo compounds can be isomerized
photolytically to the less gtable tis—-azo compounds some of
which can thermally reisomerize back toc the trans isomer
(18). The parent compound (diazene) is believed to be a
mixture of the cis and trans iéomers which can rapidly
equilibrate (19). Therefore it is likely that the diazenes

18 and 1% also exist as an equilibrium mixture so that the
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necessary cis isomer will be present in the reaction
mixture.

Baldwin’s rules also only apply when the nuclecphilic
atom is a first row element of the periodic table. The
larger atom radii and bond distances of the atoms of the
second row may remove the geometric restraints of a
disfavored ring closure. Thus the cyclic rearrangement of
of the haloazo compound 13 suggested by Clive and Denyer
may in fact be favored for bromine and iodine. The reason
no adamantyl chloride was obtained could be due to the
smaller chlorine atom which cannot attain the proper
geometry. However, this is inconsistent with the formation
of the benzyl chloride observed by Carpino.

Another constraint given by Baldwin is that these
rules apply only for ring closures in which inversion of
the carbon atom occurs. Thus, “"these Rules may not apply
to concerted electrocyclic processes in which geometric
changes other than inversions are often observed" (14).

Both rearrangements are calculated to be exothermic
from the energies of the bonds made and broken (Table 2).
Since the change in entropy is expected to be positive, the
reaction will be favored thermodynamically. O0OFf course this
gives no indication of the rate at which this reaction will
proceed, i.e., if there is an accessible low-energy pathway
that the reaction can follow.

Thus, there is some question whether the cyclic

rearrangement proposed by Ohme and Preushof is actually
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occurring in the oxidation of carbazates. However, as long
as a hydrocarbon is formed then this reaction could still
be used as a method of deoxygenating alcchols. The
reaction may proceed by a different mechanism, for example

by a stepwise fragmentation or an intramclecular reaction.

TABLE 2. Enthalpy Change Associated with

the Rearrangement of the Diazene?d

RR’R"C=0-(COY=N=N-X ——s RR‘R"C-X + 0=C=0 + N=N

=H
Bonds broken: Bonds formed:
Cc-0, 80 c-0, 100
C-N,. 75 N-N, 125
N-H ¢S5 /250 C-H ?5 /320

~DAH=+320-250=+70 Kcal/mol

X=Halogen
Bonds broken: Bonds formed:
Cc-0, 80 Cc-0, 100
C-N_ 75 N-N, 125
N-C1 C-C1 82 /307
-Br » ca.&0P -Br &% /294
-I /215 -1 93 /278

“DH=+(278 to 307)-215=+(&3 to 920 kcal/mol

8Ref, 20. DPRef. 21.
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For this oxidation to become a convenient method of
deoxygenation we also required a convenient, general
synthesis of carbazates. Carbazates have been prepared in
numerous ways all of which involve the displacement of a
good leaving group from a carbonate derivative (Table 3).
We were interested in a method of preparation that would
involve the treatment of the alcohol with a reagent to form
the carbonate derivative which then could be reacted
further with hrydrazine to yield the carbazate. As seen

TABLE 3. Literature Preparations of Carbazates D

ROCCOYX + NH NHZa———~4- ROCCOYNHNH, + HX

b
X= R= , % Yield
Me Et Ph Bz t-Bu i-Ad Other
C1 | 45¢49)% 20 (85-93)% 2 4223
46(76)% 22
orR | p0-95% 90%R 5g5F ;327,28 Ref.26,34
90 20 cag> ©»27
71 32
OEt Re .32
OCH, Ph 6427
OPh gp-97
OCEHAqu 7272 4773
oc, Cl, 7223 Ref .35
SMe 72-86% 40>
Im°® g2 >°

a May be hydrate. bReferences are indicated. Cés salt.

e
4~Ni trophenyl. Imidazole.
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above phosgene is the simplest reagent but it is
inconvenient to use because of its toxicity and low
boitling point. A nontoxic, stable crystalline reagent
would be much nicer to work with.

1,1"-Carbonyldiimidazole (CDI, 20> prepared by the
reaction of phosgene with imidazole is such a reagent (38).
Alcohols and phenols react with CDI under the influence of
heat or a catalyst to give an 1-alkoxy- or l-aryloxy-

carbonyl imidazole (213.

[¢] CDI + ROH —————= Im-C0-0R ———EjﬁgL-ROOC—NHR’
~IimH —ImH
20 21

[\
CDI = Im-CO-Im. Im=-N_N

The sodium salt of the alcohol or of imidazole can be used
as a catalyst and then the reaction is exothermic and
proceeds at room temperature. Excess alcohol must be
avoided, except in the case of t-butanol, since this will
result in further reaction and the formation of the
carbonate. The t-butyl carbonate is formed only on
extended heating, six hours at 65°C, in the presence of one
of the above mentioned catalysts. The alkoxycarbonyl
imidazole compounds react quickly with the nucleophilic
hydrazine to form the corresponding carbazates.

A similar compound, 1H-benzotriazole-l-carbonyl

chloride (BTCOC1) (22, has been described by Butula and
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céworkers (39>. BTCOC! is a crystalline low melting solid
prepared by the reaction of excess phosgene with
benzotriazole (BTH). This compound reacts with alcohols
and phenols without a catalyst to give 1-alkoxy- or 1-
ar¥loxycarbonyl benzotriazoles (23) which are more stable
to hydrolysis and alcoholysis than the imidazole analogs.
Unreacted material was recovered after heating such
compounds in ethanol (944> for five hours (40)., This
stability could be advantageous especially if these
compounds are to be isolated. These compounds will,
however, react quickly with strong nucleophiles 1ike
amines, hydrazines and semicarbazides. Butula and
coworkers have prepared 2-phenyl ethylcarbazate by this
method but have not applied this synthesis to the

preparation of unsubstituted carbazates (40).

N ,

\ R’NH2

[101 \N + ROH ———=—> BT-CO-0R — NH ROOC-NHR”
N —HCI BTH

|
CO-Cl 23
BTYCOC), 22

Thus we set out to see if BTCOC! could be used as a
general reagent for the preparation of carbazates. We then
investigated the behaviour of several carbazates under
various oxidative conditions. Initial investigations were
carried out on benzyl carbazate (24) and more detailed work
was done on methyl (Z), phenyl (25), benzyl (28) and 2-

phenylethyl carbazate (27). We hoped to confirm the work
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of Ohme and Preushof that the hydrocarbons are produced by
the oxidative treatment of these carbazates. By optimizing
the conditions we then intended to maximize the vield of

the hydrocarbon. It was also hoped that we could shed more

light on the mechanism of this reaction.
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RESULTS
The results are presented in two sections: the
preparation of the carbazates and the oxidation of these
carbazates.

Preparation of the Carbazates

As discussed above, we were interested in using
l-benzotriazole carbonyl chloride (BTCOC!, 220 as a general
reagent for the preparation of the carbazates. The
synthesis of the commercially unavailable BTCOC! has been
described by Butula and coworKers but only on a one gr am
scale which is not very useful when it is to be used as a
reagent in multigram preparations (39). Therefore, it was
important to develop a large scale synthesis of this
compound which proceeds in high yield.

As a starting point, the two slightly different
preparations described by these workers were simply scaled-
up. Thus, phosgene gas (96.5 g, 0.420 mol) was added over
1.5 h to a solution of benzotriazole (BTH, 50.02 g, 0.420
mol) in toluene (1 L) at &0°C and then stirred ancther 2 h
at this temperature. However, in addition to the wanted
BTCOC1 <44X), a large amount of benzotriazole hvdrochloride
(BTH.HC1, 46&X) and some 1,1‘-carbonyldibenzotriazole
(CODBT, 94> was obtained.

A scale-up of the other preparation afforded a higher
vyield of BTCOCI. Thus, BTH ¢100.0 g, 0.83% mol) susbended
in ether (1.5 L) was slowly added to phosgene (208.5 g,

2.12 mol) in benzene (800 mL) at room temperature. A
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quantitative yield of crude BTCOC] was obtained and
recrystallization afforded the pure compound as a white
solid in 94X overall yield.

This preparation was inconvenient however because of
the Targe amount of solvents required due to the ]ow
solubility of BTH in ether and other organic solvents., We
then tried adding solid BTH to a solution of phosgene in
anhydrous toluene but again obtained a large amount of the
salt (374 along with the wanted product (&3%). However,
this salt could be avoided simply by using ether as the
solvent in this latter preparation. Thus, solid BTH (25.03
g, 0.210 mol) was added to phosgene (45.9 gy 0.4464 mol) in
cool ether (500 mL) and stirred overnight affording 31.12 g
(984> crude BTCOC1. This crude material was found to be
suitable for further reaction but could be purified by
recrystallization from dry pentane. The ether must
dissolve a small amount of the salt which then dissociates
to HC1 and free BTH and undergoes further reaction.

In the presence of triethylamine (TEAY, BTCOC! reacted
readily with most alcohols and phenols aftfording the
crystalline 1-alkoxy— or l-aryloxycarbonvlibenzotriazole in
good yields (Table 4). However, this reaction was slow
with hindered alcohols, for example borneol and iscborneol
reacted completely only after long reaction times affording
cils which were difficult to purify. Distillation was not
attempted with these compounds since these benzotriazole

derivatives may be explosive; BTH has exploded in a large-
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scale distillation (413. {(-Adamantanol did not react with
BTCOC! at all and was recovered unchanged even after
prolonged reaction times.

TEA NHoNH,
{113 ROH + BTCOC) “TEAHC ROOCBT ——= RUOCNHNH2 + BTH

TABLE 4. Preparation of Carbazates using BTCOC!.

Z Yield
R ROOCBT ROOCNHNH% BTH
crude | recryst crude | recryst recovered

PhCHchZ— 97 70 - &% 41
PhCHQ— - 85 - 7% S0
Ph-"° -- 84 -- 14 76
2,3—M9206H3— 21 72 é8 36b --
2,6-Me 5CgH 3~ 88 75 - — -
CHB(CHQIH— ?é 54 8% 62b -
€=CHy - 89 30 74 34 P -

gAanhydrous hydrazine was used unless otherwise indicated.
bHydrazine hydrate was used. cCarbohydrazide also isolated

(237 .

The l-alkoxy—- and 1-aryloxycarbonylbenzotriazoles
reacted smoothly with hydrazine hydrate or anhydrous
hydrazine at room temperature affording the corresponding
crude carbazates in high vield. However, some difficulty
was encountered in separating the BTH by-product from the
carbazates due to the similar solubility properties these

two compounds have. Both compounds are basic and so both
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dissolve in aqueous acids to some extent. Most of the BTH
could however be separated from the carbazate by extracting
the slightly acidic BTH with aqueous base. The drawback of
this base washing was that it was found to decrease the
isolated yields of the carbazates, especially the low
molecular weight ones because of their slight water
sclubilities.

Al though hydrazine hydrate and anhydrous hydrazine
both afforded the carbazates, the cleaner products were
obtained when anhydrous hydrazine was used. Under these
anhydrous conditions some of the BTH by-product
precipitates out of solution leaving less behind in
solution to be washed out. When the hydrazine hydrate was
used no such precipitate was obtained and the crude
carbazate was found to contain more BTH. 1In this situation
some of the BTH must dissﬁ]ve in the small residual aqueous
layer while a considerable proportion remains behind in the
ocrganic laver.

The yield of phenyl carbazate from this method was
found to be rather low (14%, Table 4). Carbohydrazide was
also isolated (254) in this reaction and a large amount of
BTH was recovered (76%). A similar low vield of this
carbazate was also obtained from the commercially available
phenyl chloroformate (294, Table S). In contrast, benzyl
and l-adamanty] carbazate (25) were both obtained in fair
vields from the corresponding chloroformate (&8 and 78%,

respectively). The loss of the phenolate ion must be
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competing with the loss of the benzotriazole and chloride
ions. It has in fact been used as a leaving group in the
preparation of t-butyl carbazate from t-butyl phenyl

carbonate (Table 3).

{121 ROOCCY + 2NH2|\.H-42‘--—————lb ROUCNHNH2 + NHZNHéHCI

TABLE 5. Preparation of Carbazates via the Chloroformate?

R “Yield
Ph~ 29
PhCH2— 48
1 -Ad- 7’8

aAnhydPous hydrazine.

Oxidation Studies

Initial investigations were carried out with the
commercially available benzyl carbazate which was treated
with various oxidants under the typical conditions used
with these reagents. It was immediately evident that this
reaction was more complicated than expected since numerous
compounds were formed and in no case was there any evidence
by nmr of the formation of any toluene. Table & outlines
the results from some of these experiments.

Some of these unexpected results were likely due to
the method used to carry ocut these oxidations, ie. the
addition of the oxidant to the relatively concentrated

benzyl carbazate solution. Under these conditions high
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TABLE 6. The Oxidation of Benzyl Carbazates.
Oxidant® Exptl. Conditions Productsb
(equiv,? (X¥ield)

H51q5d’42 anhyd.ether Bz-1 ¢=>°"f
(1.5) 1h at 20°¢C PhCHO (trace)
KBFe<CN>6e’43 5% NaHCO, /CHC] PhCHO (trace)
(3.0) 2h at 20°¢C
Hg(OAc)Zg’44 water (BzOOCNN)Y, Hg
(2.0) th at 20°C
Pb(OAc)Ag’45 CHC15 Bz 0OCCH 3¢ 65%)
(2.5) 2h at 20°C
Mnozd’g’46 pet.ether/CHCI, Bz-Bz (ca.d40%)
(2.5) th at 20°C
connteicroy 47 chers Bz-Bz (ca.10%)
(1.5 1.5h at 20°C Bz OOCNHN=CHPh (28, ca.254)
PhCHO (ca.20%)
BaMnOAAS CHCI3 Bz-Bz (ca.40%)
(9.7) 2h at 20°C Bz O0OCNHN=CHPh ( ca . 25%)
PhCHO (ca.354)
8References are indicated. bIdentified by 1H nmr.

d

Bz = benzyl.

One unidentified compound also formed.

®Two unidentified compounds also formed.

the formation of

iodine.,

fDecomposes with

ENo benzaldehyde detected.
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concentrations of unreacted carbazates, intermediates and
products would be present in the reaction favoring the
formation of bimolecular products. This would account for
the observed formation of the 2-benyzloxycarbonyl
benzaldehyde hydrazone. The bibenzyl was most reasonably
formed by the dimerization of the resonance stabilized
berzyl radical (49>,

Since most of these oxidations gave rather complex
mixtures another approach was required which would give a
less complex product mixture. We concentrated on the use of
barium manganate (BaMnOg4? since this mild, fairly selective
oxidant was convenient to use and resulted in fairly clean
product mixtures in the oxidation of the benzyl carbazate
(48>,

According to Ohme and Preushof the oxidation of methyl
carbazate should afford methane, carbon dioxide and
nitrogen (8>. Some of the other possible products that can
be envisioned include ethane (by analogy to the formation
of bibenzy¥1), carbon meonoxide, methanol, formaldehyde and
formic acid. Since most of the potential products are
gases, if the composition of the evolved gas is analyzed
then the course of the reaction should be fairly easy to
determine.

We followed this method of attack and developed a
method of collecting and analyzing the gas produced by the
oxidation of methy! carbazate. The apparatus used

consisted of a two-necKed Erlenmeyer flask fitted with a
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pressure equalizing addition funnel and connected through a
gas—bulb toan inverted graduated c¥linder. In a reaction,
the flask was loaded with the oxidant and solvent, and the
carbazate solution was placed in the addition funnel. When
an elevated temperature was required the reaction flask was
placed in a hot wax bath at the appropriate temperature.
The carbazate solution was then added dropwise to the
stirring oxidant solution (or suspension) and the evolved
gas passed through the gas-bulb into the inverted graduated
crlinder (oxidation method &).

Later slight improvements were made resulting in
oxidation method B. These included thermostatting the
addition funnel and reaction flask at 40°C, and collecting
the evolved gas over brine in a closed graduated cylinder.
This cylinder had a leveling bulb attached to it so that
the pressure in the cylinder could be equilibrated with
atmospheric pressure.‘ The temperature selected was
somewhat arbitrary; this temperature was easy to attain
with the apparatus at hand. A slightly elevated
temperature was needed since some of the carbazates were
found to have a rather low solubility in the orgahic
solvents at room temperature and so this elevated
temperature prevented precipitation.

The evolved gas was analy;ed by gas chromatography
(gc?y initially on columns of S A molecular sieves and
Porapak G(analysis method A), and later on 5 A molecular

sieves and Chromosorb 102@>columns (analysis method B).
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These two methods also differed in the way the instrument
response was calibrated. In method A pure Qases were used
giving calibration factors which corrected the areas of the
peaks for the different response of the gases. In method B
calibration was with mixtures of the gas of interest in
another gas, usually nitrogen, yielding equations that

gave the percentage of the gas directly from its peak area.
With a kKnowledge of the volume of the gas, its composition,
and assuming all the methyl carbazate had been oxidized,
the percent yield of each gas could then be determined.

To confirm the work of Ohme and Preushof we oxidized
methyl carbazate with potassium ferricranide, potassium
permanganate, and chromium trioxide under the usual aqueous
conditions used with these oxidants (Table 7). However, no
methane could be detected even though nitrogen was produced
in almost quantitative yields so that at least in terms of
the hydrazine group ‘complete’ oxidation must have been
occurring.

A large amount of carbon dioxide (41-44%) was the only
other gas detected with chromium trioxide under neutral or
acidic conditions. Under neutral conditions the oxidation
with potassium permanganate resulted in only a low yvield
(77) of carbon dioxide which was increased tenfold when the
reaction was carried out in the presence of dilute sulfuric
acid. Hydroxide ion is produced with this oxidant under
such neutral conditions resulting in the formation of the

carbonate ion and thus decreasing the amount of carbon
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Expt.Oxidant Solvent® Temp. Time Analysis

No. <{(mmol)
{(min)
Aqueous Conditions
{  KMnO, water 22 22 B
(17.3)
2 KMnO,  toluene® 22 50 B
(7.59) 107 H,SO0,
3 Cr0g water 22 15 B
(9.30)
4 cro;Y  water 22 16 B
{(7.50)  toluene
104 H, S0,
5° K, Fe(CN), water 22 27 B
(22.6)
KGH
(47.2)
Baiium manganate in anhydrous aromatic
&9% BaMn0,,  toluene™ reflux 135 A
(17.6) (111)
77 BaMn0,  toluene reflux 27 B
(17.6) (1D
8" BaMn0, toluene reflux 20 B
(17.4) (D
99 BaMnO, toluene 22 72 B
(16.9)
10° BaMn0O, toluene reflux 28 B
(17.5)  PhSH® (1tn
(7.79)
11 BaMn0, p-xylene reflux 105 A
(7.4 (138
12‘ BaMn0, mesity- reflux 40 A
(17.93  lene’ (143)
13 BaMnOy, mesity- reflux 72 A
(17.4)  lene (163
Ph.CH,*
(11,9

TABLE 7.

The Oxidation of Methyl Carbazate.®

Percent Yield (Error)

(°C) Addn. Method Corrected Percent Yield (Error)®

144

N, CH,, co
94.7¢8.8) 0 0
93.9(10.0) 0 0
81.9(5.9 0 0
80.2(6.8) 0 0
96.7¢7.1) 0 0
94.1¢6.9 0 0
107.9¢7.1) 0 0
106.7¢7.3) 0 0
102.6¢8.0) 0 3.4(0.7)

102.4¢8.0) 0 3.7(0.7)

solvents
78.8(7.8) 1.9¢0.3) 19.3(2.4)

75.9(5.5) 2.5(0.4) 16.0(2.7)

94.8(5.0) 3.8(0.5) 16.3(2.7)

?1.7(7.1) 1.8(0.6) 5.1¢0.9

90.5(7.4) 1.9¢0.6) 5.3(1.0)

27.8(5.2) 1.1€0.3) 7.9(2.2)

113.6(22.1)6.8(0.8) 4.7(0.6)

77.2(14.9)12.9(1.1) 6.4(1.1»

107.2¢15.6)17.2¢1.3)6.5(1.0)

co,

6.3(0.8)
7.1(0.9)

71.8(5.9)
73.4(5.6)

61.5€4.6)
64.2(4.8)

59.8¢4.2)
61.0¢(4.3)

44,7(5.2)
31.9(2.4)
14.5¢(1.9)
18.3(1.7)
19.2(1.8)
2.0¢0.4)

15.6(2.2)

21.8(3.4)

25.0¢2.6)



Expt.Oxidant Solvent& Temp. Time Analysis

TABLE 7.

A

B

No. {mmol) °Cy
{min)
14¢ BaMn0, mesity- reflux 42
(19.7) lene (165}
PhoCH,
(12.1)
15° BaMnO, decalin reflux 30
(17.9)  PhCH,” (196)
(11.9)
16" BaMn(,, tetralin reflux 40
(17.7) (208)
174 BaMn0¥ tetralin reflux 5
(56.6) (208)
18° BaMno,  tetralin 22 45
(18.0)

19¥ BaMn0,  tetralin 120- 20
(18.5) 125

20° BaMnO,  tetralin 140- 15
(17.6) 144

219 BaMn0, tetralin 174- 14
(17.5) 179

22° BaMn0,  tetralin 188~ 8
(18.1) 197

Various oxidants in aromatic solvents

237 pTD? toluene reflux 3t
(17.1) (111

247 Hg(0AC), tetralin 141- 24
(17.8) 144

257 Hg0 tetralin 149- 28
(17.5) 152

267 LTA toluene reflux 24
(17.5) (i

279 pect toluene reflux 20
(16.8) (111

28f ppc “ toluene reflux 32
(16.9) (111

165

(continued).

N, CH,

Percent Yield (Error)
Addn. Method Corrected Percent Yield (Error)¢

Co

105.1(13.6)18.0(1.528,5(1.6)

74.0(8.6) 12.6(1.2) 10.0¢2.3)

107.8¢12.5)2.,7(0.3) 14.3(1.8)

84.2(8.0) 10.6¢(1.0)

61.6(9.1) 0

79.8(8.7) 4.5(0.7)

73.8(7.3) 6.6(1.1)

83.3(8.5) 12.1(1.3)

93.9(8.4) 15.4(1.5)

ca. 98.8 0

84.9(7.3) 2.5¢0.4)

104.2(9.8)2.4(0.5)

78.7(6.4) 1.9(0.4)

77.8(5.9) 2.0(0.4)

79.6(7.1) 3.9(0.9)
74.0¢6.0) 4,3¢(1.0)

101.0¢%.0)0.5¢(0.3)
?1.0(7.8) 0.4¢0.3)

10.9¢1.3)

5.3(1.6)

8.3(1.3

9.00(1.7)

7.5(1.3)

32.4(4.3)

9.8(0.9)

0

0

7.4¢(1.4)
8.3(1.4&)

12.4¢2.1)
14.7(2.5)

co,

28.7(3.%)

38.3(6.3)

0.9¢0.1)

8.4(1.1)

5.3(0.8)

6.3(1.0)

8.3(1.0)

14.0¢1.3

20.9¢(2.0)

trace

8.3(0.8

8.4(1.5)

60.5(4.6)
61.3(4.6)

35.1(2.9
39.3(3.3)

37.2(2.9)
46.7(3.4)



TABLE 7. (continued).

Expt.Oxidant Solvent® Temp. Time Analysis Percent Yield (Error)
No. (mmol) (°C) Addn. Method Corrected Percent Yield (Error)®
{min) N, CH, co co,

29" Hs10, toluene reflux 63 B 979.9(8.2) 0 4.2¢0.6) 8%.0(3.9)
(16.7) (111) 93.9(7.9) 0 4.4(0.7) 94.8(8.3)

“Except as noted 0.50 g (5.55 mmol) methyl carbazate used.

bThe methyl carbazate was normally dissolved in 75 mL solvent and added
dropwise to the oxidant in 50 mL of the same solvent.

“Corrected yields are given when the reaction was carried out under helium;
correction for the leaKage of air was not possible when the reaction was
flushed with argon.

“0.51 g (5.66 mmol) methyl carbazate consumed.

€0,52 g (5.77 mmol) methyl carbazate consumed.

f0.53 g (5.88 mmol) methyl carbazate consumed.

30.38 g (4.22 mmol) methyl carbazate consumed.

h4.55 g (6.11 mmol) methyl carbazate consumed.

‘Potassium permanganate in 10% H,S0, (15 mL) and toluene (35 mb).

4 Oxidant mixture consisted of 15.0 mL of 54 CrOg in 104 H,S0,and 35 mb
toluene.

K Ethane also produced, 0.9¢(0.1)4.

{ Ethane also produced, 0.15(0.02)%.

MMethyl carbazate was dissolved in 50 mL toluene.

"Freshly prepared according to literature procedure, not as active as
commercial material.

°PhSH (0.8 mL, 0.86 g, 7.79 mmol) added with carbazate, 3.67 g Ph8SPh (944
recovered from reaction.

P Methy! carbazate was dissolved in 100 mL mesitylene.

? Ph,CH, added with carbazate.

7”Ph,CH, present with oxidant.

:PTD = 4-phenyl-1,2,4-triazoline-3,5-dione.

PCC = pyridinium chlorochromate.

“PDC = pyridinium dichromate.

YResidue from reaction fairly clean, contains <, o- and p-iodotoluene
(ca. 1:4:5.2).

dioxide collected (5S0J.

The above two reactions carried out in the presence of
acid, experiments 2 and 4, were two-phase oxidations with
toluene as the second phase. It was hoped that some
product could be recovered from the organic layer on the
completion of the reaction. However, no material was found
when the toluene was removed on a rotary evaporator showing

that no high molecular weight products were formed under
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these aqueous conditions.

In the oxidation with potassium ferricranide/potassium
hydroxide, the usual combination with this reagent (43>, no
carbon dioxide was detected and instead carbon monoxide
(4%) was the only gas found along with the nitrogen. This
suggested a different mechanism with this oxidant.

In initial experiments under very dilute aqueous
conditions, the oxidation with potassium permanganate alsc
formed a small amount of ethane together with nitrogen and
carbon dioxide but again no methane was detected.

Thus, the rearrangement proposed by Ohme and Preushof
does not in fact seem to take place. The formation of
ethane under dilute conditions suggests the dimerization of
the methy! radical as in the formation of the bibenzyl. If
the methy!l radical is an intermediate then in the presence
of a hrdrogen atom donor methane should be formed.

We repeated the oxidations in anhydrous toluene in
which the methyl group can act as a source of the hydragen
atom forming the resonance stabilized benzyl radical
(Table 7). Most of these studies involved barium manganate
since it gave clean reaction products and it is Known not
to oxidize the benzylic position under the conditions used
(48) .,

As can be seen in the table, a large amount of
nitrogen was produced in most cases again indicating‘an
essentially complete oxidation of the carbazate. Varying

ratios of both carbon dioxide and carbon monoxide were
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usually also evolved with the former normally produced in
the larger amount. Under these anhydrous conditions a
small amount of methane was also usually detected. In a
few oxidations very small quantities of ethane were also
found.

Thus, in contrast to the report of Ohme and Preushof
the solvent does play a role and seems to be acting as a
hydrogen atom donor. Presumably the vield of methane could
be increased further by using an even better hydrogen atom
donor. However, good hydrogen donors are normally
incompatible with oxidizing agents, ie. they would be
oxidized by these reagents instead of acting as a hydrogen
atom donor. Thiols have been used as such donors (51) and
when we repeated the reaction adding thiophenol (1.3
equivalents) with the carbazate we obtained a lower yield
of all the gases. The near quantitative yield of
diphenylisulfide (PhSSPh, 94X, recrystallized) recovered
from the reaction seems to indicate that the thiophenol
was being oxidizing faster than or competitively with the
carbazate as expected.

We also investigated the temperature effect by
carrying out the oxidation in refluxing p-xylene and
mesityiene. The results are summarized in Table 7 and in
the Diagram 1. As might be expected the increase in
temperature tended to increase the yield of nitrogen and
also increased the methane evolved while decreasing the

vield of ethane. Interecstingly, the yield of carbon
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Percent Yield.

T
120

CHBCHB Al

i T *T L
120 130 . ;140 150 - - 160

Temperature (°C).

DIAGRAM 1. Methyl Carbazate Oxidation.

Barlum Manganate 1n Various Solvents at Reflux.

(111°C=toluene, 138°C= =p-xylene, 165°C=mesitylenc.)
dioxide and carbon monoxide both decreased with this
increase in temperature. One might have expected an

increase in all the gases except ethane with an increase in

temperature because of a more complete reaction and or

1%



decomposition.

The oxidation in mesitylene was also repeated in the
presence of diphenyimethane an even better hydrogen atom
donor (S52). As expected the largest increase in the yield
of methane was cbtained when this additive was present in
the reaction mixture (experiment 14) rather than being
added with the methyl carbazate (experiment 13). The
higher concentration of diphenyImethane under the former
conditions increases the probability of the methyl radical
encountering the added hydrogen atom donor under these
conditions.

Since the change in the soclvents may have some effect
on the results observed we also studied the temperature
effect in tetralin. This is a good hydrogen atom donor
(52) and has a high boiling point so it can be used over a

wide range of temperatures. Table 7 and Diagram 2

summarize the results. Here an increase in the temperature

resulted in the expected increase in the vields of all the
gases. It should also be noted that at the higher
temperatures the vield of methane and carbon dioxide were
approximately equal. In the other solvents the yield of
methane was usually considerably less than that of the

carbon dioxide. @As was usual with this oxidant the yield

of carbon monoxide was always less than or equal to that of

the carbon dioxide. Again, large quantities of nitrogen
were produced except at the low temperatures. As shown

on the graph the carbon dioxide and methane seemed to
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Percent Yield.

Temperature (°C).

DIAGRAM 2. Methyl Carbazate Oxidation.

Barium Manganate in Tetralin at Various
Temperatures.
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increase exponentially with temperature while the nitrogen
and carbon monoxide increased linearly.

Table 7 also lists some of the other oxidants
investigated in toluene and tetralin. Most afforded yields
of gases similar tothose obtained from the barium manganate
oxidations. However, the lead tetraacetate (LTA) oxidation
(experiment 24> afforded no carbon monoxide even though a
large amount of carbon dioxide was produced. A near
quantitative vield of carbon dioxide was obtained with the
periodic acid but no methane was produced (experiment 2%).

These oxidations normally evolved near quantitative
vields of nitrogen while the methane, carbon dioxide and
carbon monoxide produced were usually much less than the
theoretical amounts. Therefore, other nongaseous products
must also be formed to account for this poor mass—-balance.
Thus, we repeated some of-these oxidations in benzene and
also analyzed the product solution by gas chromatography.
Benzene was chosen as a solvent because we were hoping to
trap the intermediate(s) with this molecule and fewer
products can be anticipated in this solvent as compared to
toluene. These reactions were carried out at 40°C with a
thermostatted bath according to oxidation method B and the
results are listed in Table 8.

The distribution of gases from the oxidation with
barium manganate in benzene (experiments 31 and 32) was
similar to that obtained in toluene (experiment 7). The

warm carbazate solution (40°C) was also added to the
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Expt.Dxidant
No. (mmol)

30° BaMnO,
(33.6)

31 BaMnO,
(33.5)

32 BaMnO,
(33.4)

33 Hg0
(yellow)
(33.4)

34 MnO,
(115.4)

35 KMnOy
(24.0)

co,

17.7(1.3)
18.1¢1.9)

23.9(1.4)
24.2¢1.4)

25.9(1.8)
26.4(1.9)

1.8(0.2)
1.9¢0.3)

33.9(2.2)
34.5(2.2)

trace

TABLE 8. Oxidation of Methyl Carbazate in Benzene.?
Time [toluenel Percent Yield (Error)&
Addn. x107%M Corrected Percent Yield (Error)
(min) <(mg/L) Ny CH, co
38 2.1 84.5(5.9) 1.0¢0.3) 6.9¢(1.8)
(19 84.0(5.8) 1.0¢0.3) 7.0¢1.7
54 1.7 89.9(5.2) 0 17.3(2.0)
(16 89.0(3.2) 0 17.5¢(2.0)
56 4.4 94.2(3.9) 0.6(0.2) 12.7(1.9)
{(41) $3.5¢(3.8) 0.6€0.2) 13.0¢1.9)
45% 1.7 71.4(4.6) 0.4¢0.2) 0
(18) 71.3¢(4.7) 0.6(0.2) 0
%0 1.7 101.7¢5.0) ¢ 16.4(1.8)
(18 100.8¢(4.5) 0 16.7¢1.8)
144 1.7 ca.20 trace 0
(14

ZYield (Error)

PhCOOMe
(PhCH,),
PhiMe

13.2¢0.4)%
ca.0.61
ca.0.14

14(2)
ca.0.2
ca.0.4

13.2(0.4)
0.24¢0.02)
0.44¢0.09)

1.66(0.04)
0
0

0.45(0.03)
0
ca.0.11

2.6(0.1>¢
ca.0.02
ca.0.03

“Methyl carbazate (1.00 g, 11.1 mmol) oxidized according to oxidation
method B in benzene (100 mL) at 40 C with the oxidant in the same solvent

The system was flushed with helium.

b Gas analysis by Method B.

“Reaction flask at room temperature.

“Diphenyl also identified, ca. 0.03%.

“0One unidentified compound present in low concentration.
Slow reaction, stirred another 180 min to ensure reaction was complete.

(50 mL).

oxidant suspension at room temperature (experiment 30> and

this was found to decrease the yield of all

except methane which

of the product solution showed that methyl

main product from all

amounts of bibenzyl

increased slightly.
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three experiments ({13-14X).

the gases

The gc analysis
benzoate was the

Small

(0.2-0.6%) and toluene (0.2-0.34) were



also identified. Toluene was present as a trace impurity
in the benzene (2-4x10"%M, 1é-41 mg/LY to start with but a
small amount were also produced by this reaction. Diphenyl
and an unidentified product was also found in very low
yields in the room temperature reaction (experiment 30).
We attempted to analyze for methancol and methyl formate,
other likely products, but these compounds could not be
determined since they eluted with the solvent peak. We
also analyzed for but could not detect any dimethyl
oxalate.

Hydrazine compounds have been extensively oxidized
with yellow mercuric oxide and manganese dioxide (11). We
prepared these oxidants according to the literature
procedures (53, 46) and repeated the oxidation in benzene.
The mercuric oxide was found to react slowly and lower
yields of nitrogen and carbon dioxide were obtained while
no carbon monoxide was evolved. The low yield of methare
was similar to that obtained from the barium manganate
oxidations. Methyl benzoate was the only compound detected
in the reaction mixture and in lower yields (ca. 2%>. In
contrast, the manganese dioxide seemed to be more active
and afforded a more complete oxidation since the yield of
nitrogen was quantitative. The yields of carbon dioxide
and carbon monoxide were also higher than that from the
barium manganate oxidation but.no methane was produced.
Again, methyl benzoate was the main compound in the

reaction mixture but it was present in a very small
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quantity (0.54); a trace of toluene was also detected
{ca. 0.1,

The oxidation of methyl carbazate in benzene was also
investigated with potassium permanganate. As expected, the
oxidation was incomplete because of the low solubility of
this reagent in benzene. Nitrogen was the only gas
detected together with small amounts of methy! benzoate
(377 and trace amounts of bibenzyl (ca. 0.02X) and toluene
(ca. 0.03%>.,

Methyl benzoate, the main compound found in these
reaction mixtures, was likely formed by the aromatic
substitution of the methoxy carboryl radical (MeOQC-> or
carbenium ion (Me0OC*) on benzene, the solvent. This
intermediate would be formed by the oxidation of the
hydrazine moiety of the methyl carbazate and the eventual
lose of nitrogen. To further study the nature of this
aromatic substitution we repeated the oxidations in a mixed
solvent, toluenes/benzene and chlorcbenzene/benzene. By
determining the distribution of the isomeric benzoates and
the relative yields of these substituted methyl benzoates
vs. methy]l benzoate one should be able to distinguish
between a radical or ionic mechanism.

Both solvent mixtures afforded the typical mixture of
gases obtained with the oxidation with barium manganate; a
near quantitative vield of nitrogen (86-946%), some carbon
dioxide (20-244), less carbon monoxide (11-13%), and little

or no methane (0-2/) (Table %>. Again, the main product in
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TABLE 9. Oxidation of Methyl Carbazate in Mixed Solvents.®®

Expt. BaMnO, Time Ratio® Percent Yield (Error)© ZYield (Error)
No. mmol Addn. Solvent Corrected Percent Yield (Error) PhCO0Me
(min) Peaks N, CH, co Co, o-ArCO0Me
After/ m-ArCO0Me
Before p-ArCO0Me
(Error)

Toluene/benzene (equal volume)
36 33.7 24 1.004 87.3(4.3) 1.2(0.3) 12.0(2.5) 21.7¢1.8) 4.02¢0.18°¢
(0.003) B6.1(5.8) 1.3(0.3) 12.4(2.6) 22.4(1.8) 3.00(0.11)
1.29¢0.05)
0.92¢0.03)

37 33.5 35 1.025 90.7¢4.9) 1.5¢0.3) 10.6(1.2) 20.2(1.5) 4.32(0.08)"
(0.013) 90.2¢4.9) 1.6¢0.3) 10.7(1.2) 20.4(1.6) 3.19(0.13)

1.45(0.13)

0.93(6.05)

38 33.6 60 1.007 90.5(3.8) 1.3€0.2) 16.1(2.0) 24.5(1.1) 2.14¢0.29)?
Cu(BAc), (0.008) 90.2(3.9) 1.3(0.2) 16.2(2.0) 24.46(1.1) 2.12(0.24)

*H,0 6.77¢0.13)

11.3 0.45(6.05)

Chlorobenzene/benzene (equimolar)
3% 33.3 73 1.007 95.6¢(4.7) 0 13.0¢2.1) 24.3(1.3) 4.92(0.14)
(0.,030) 93.5(5.2) 0 13.1(2.1) 24.3¢(1.3) 2.59¢0.1D)
1.61¢0.16)
1.05¢0.12)

“Methyl carbazate (1.00 g, 11.1 mmol) oxidized according to oxidation
method B in 100 mL solvent at 40°C with the oxidant in the same solvent.

® The system was flushed with helium.

“Gas analysis by analysis method B.

“Ratio of solvent peak areas after to before:
[ACPh=X) atte, /APh-H)atter J/LAPh-X)pespe 7ACPh-H)f 0, ]

®Bibenzyl also formed, 0.158(0.007)%.

fBibenzy! also formed, 0.17(0.02)%.

#Bibenzyl also formed, 0.11¢0.01)%.

the product mixture was methyl! benzoate (4-35%) and the
isomeric substituted methy! benzoates (ca. S4>, The
presence of the meta isomer in relatively large gquantities
together with other considerations indicated that the
reaction proceeded by a radical mechanism, ie. homolytic
aromatic substition was taking place (see the following

discussion). A small amount of bibenzyl was the only other
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identiftiable compound in the toluene/benzene oxidation.
Very small quantities of other unidentified compounds were
present in both reactions. We compared the ratic of the
two solvent peaks before and after the reaction to see if
there was any preferential evaporation of the two solvents;
none was detectable,

The toluenes/benzene oxidation was also carried out in
the presence of cupric acetate; copper (II) salts are
effective radical oxidants (34). A similar distribution of
gases was obtained from this reaction although the yields
of carbon dioxide and carbon monoxide were both slightly
higher. A similar distribution of benzoates was also
obtained but in lower yields.

The oxidation of three larger carbazates (phenyl,
benzyl and Z2-phenylethyl carbazate; 23, 2& and 27,
respectively) were also investigated to determine what
influence these various groups had on the compounds formed
in this reaction. As seen above the low molecular weight
of the other possible products from the oxidation of methyl
carbazate makes their analysis difficult. Again, large
amounts of nitrogen were obtained from all three compounds,
and no methane or ethane was expected or detected in these
oxidations (Table 10). The phenyl carbazate afforded a
large amount of carbon monoxide (344> and only a low yield
of carbon dioxide (4X) while the situation was reversed

with the benzyl analogue (2 and 44X, respectively).
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TABLE 10. Oxidation of Large Molecular Weight Carbazates?

. Expt. Oxidant Solvent Temp. Time Percent Yield (Error)6
(mmol) ¢ Addn. Corrected Percent Yield (Error)
{min) N, CH,, Co co,

Phenyl carbazate

40 BaMnO, benzene 40 78 74.0(3.3) 0 33.0(3.6) 3.5(0.3)
(33.3 73.4(3.7) 0 33.5(3.7) 3.5(0.3)

Benzyl carbazate

41 BaMn0, benzene 40 é4 90.0(3.1) 0 2.1¢0.7) 43.8(1.8)
(33.5) 89.5(3.5) ] 2.1¢0.7) 44.2(1.9)

Phenylethyl carbazate

42 BaMn0, benzene 40 S0 82.3¢(4.1) 0 3.6(1.0) 14.5(0.7)
(33.8) 81.0(3.6) 0 3.9¢(1.1) 15.5(0.8)

43 BaMn0, methylene 40 120 85.5(4.1) 0 4.0(8.8) 19.9(1.8)
(33.3) chloride 84.9(4.7) 0 4,2¢0.7) 20.3(1.7)

%Carbazate (11.1 mmol) oxidized according to oxidation method B in benzene
(100 mL) at 40°C with the oxidant in the same solvent (350 mL)>. The system
was flushed with helium,

BGas analysis by analysis method B.

The more typical although somewhat low yields of these two

gases were found with the Z-phenylethyl carbazate (44
carbon monoxide and 214 carbon dioxide). Table 11 lists
the main components of the product sclutions of these
oxidations. As can be seen quite a variety of compounds
were formed.

2-Phenylethyl! carbazate was also oxidized with barium
manganate in methylene chloride and the main components of
the product mixture were separated by preparative tlc.
Along with the main product of 2-phenylethanol and the
small amount of Z2-phenylethyl formate another high melting
compound was also isolated. Analysis by 1H and 130 nmr, ir

and ms demonstrated that this compound was the dimer 2%.
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TaABLE 11. Nongaseous Products from the Oxidation

of Large Molecular Weight Carbazates.

ROOCNHNHo Products “Yield (Error’
R=PH© R-0H 27.6 (10.6)
R-00CR 9.7 (0.4
R-00CH 3.1 (1.2)
R=phCHY R-R 40.6 (2.8
Ph(C=0)H 13.9 ¢1.00
R-OH 8.5 (0.8
R-00CH 1.5 <0.1>
R-H 0.35 (0.07)
R=PhCH,CHY" R-OH 21.5 (0.5)
R-00CH 5.4 (0.1)
R-00CPh 4,03 <0.08)
R-H 3.9 (0.4)
R=PhCH,CH R-0OH &
R-00CH 0.8
dimer 22 0.6

anidation carried
40°C and analyzed
%Midation carried

were separated by

No Ph-Ph detected.

out with barium manganate in benzene at
by gc.
out in methylene chloride and products

tlc.

qﬂo PhCOOH, PhCH,00CFh, Ph-Ph or PhCHoPh detected.

No PhCH,CH,Ph, Ph-

Ph, PhCH,COOH, PhCH,(CO)H or 3,4-
2 2

dihydro-2C¢1H)-benzopyran—-1-one detected.
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As shown in Table 8, a white solid was isolated when
benzyl carbazate was treated with mercuric acetate in
water. The nmr, ir, ms and x-ray fluorescence data were
consistent with the organomercury complex (PhCH,00CN=NJ, Hg
(282, Treatment of methyl carbazate in a similar manner
yielded much gas and a very small amount of an unstable
product which again was found to contain mercury by ms.
Oxidation of adamantyl carbazate (15) afforded an unstable
semi—-sclid consietent with the organomercury AdOOCNNHgOAC
(30). Exchange of the acetate group for bromide with
sodium bromide seemed to cause the loss of nitrogen and the

formation of AdOOCHgBr (31, S3.
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DISCUSSION

As in the previous section, the discussion is divided
into two sections dealing with the preparation of the
carbazates and the oxidation studies.

Preparation of the Carbazates

We developed an efficient means of preparing BTCOC! on
a large scale by adding solid BTH to phosgene in ether at
room temperature. This reagent reacted readily with
unhindered alcohols and phenols to give good yields of the
corresponding l-alKoxy— and l-aryloxycarbonylbenzo-
triazoles. Treatment of these compounds with hydrazine
afforded the corresponding crude carbazates in good yields.
However, some difficulty was encountered on trying to
separate the wanted carbazate from the BTH by-product.
These two compounds have similar solubility properties but
the BTH could be removed with only a slight loss of
carbazate by extractioﬁ wi th base.

Preparation of carbazates by this method was also
limited to alcohols which could not act as good leaving
groups. For example, i-phenoxybenzotriazole was found to

lose the phenoxy group in competition with the

benzotriazole in the reaction with hydrazine affording a
low yield of phenyl carbazate. Thus, this method could not
be used to prepare, for example, nitrophenyl! carbazates.

Oxidation Studies

Since initial studies on benzyl carbazates afforded

complex results we decided to study the oxidation of methyl
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carbazate by analyzing the gases given off by this
reaction.

Me thodoloqgy

Mixtures of the permanent gases (hydrogen, oxygen-—
argon, nitrogen, carbon monoxide and carbon dioxide),
methane and ethane can be analyzed by gas chromatography
(gcd>. These gases can be separated isothermally using two
columns or with one column if temperature programming is
used (36). Analysis was carried out isothermally since a
gc with the required thermal conductivity detector and
temperature programming was not available.

A Molecular Sieve SA or 13X column will separate
hydrogen, oxygen-argon (elute together), nitrogen, methane
and carbon dioxide, in that order. Since carbon monoxide
(and water) is absorbed by the Molecular Sieve, a second
column for this gas is also required. Commonly used is &
solid adsorbent of a porous polyaromatic polymer such as
Chromosorb 102®, a styrene divinylbenzene polymer, or
Porapak Q®, an ethrlvinylbenzene-divinylbenzene polymer
(36,57>. On these columns hydrogen, oxygen-argon, nitrogen
and carbon monoxide elute as a single peak followed by
peaks corresponding to methane, carbon dioxide and ethane,
in that order.

There are some limitations to the use of Molecular
Sieve columns. The above mentioned absorption of water and
carbon dioxide will cause gradual deactivation which can

decrease retention times and peak separations (resolution),
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and may alter the order of elution. Hydrocarbons heavier
than methane have excessively long retention times or are
absorbed by this packing again leading to deactivation of
the column. Thus, the Molecular Sieve column should be
protected from these compounds as much as possible to
retard premature deactivation.

Alternative methods of analyzing such mixtures of
gases are also available but the gc method was the most
convenient and flexible (358).

We used two slightly different methods, analysis
methods A and B, to analyze the gas evolved from the oxida-
tions with the latter employing some slight improvements
over the former. Both systems had the 5A Malecular Sieve
column in common while method A& used a column of Porapak QC)
and method B used Chromosorb 102(2 In method A the instru-
ment response was calibrated by injecting various volumes
of the pure gases of interest. Linear regrescion was used
to fit the best line of peak area to volume and the area
that corresponded to 0.5 mL was used as the calibration
factor for that particular gas. In the other method the
instrument was calibrated using known mixtures of the gas
of interest in nitrogen or argon. Again linear regression
was used to fit these points to a line of area vs. percen-
tage of gas. Thus, in this system the absolute percentage
of & particular gas could be determined from its area.

Since the total volume of gases collected and the

relative proportions was Known, it was possible to
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calculate the yield of each gas assuming all of the
carbazate had been oxidized.

The response factors of many different compounds for
gc analyses have been tabulated (59). The literature
values for the gases of interest and those determined by us
are compared relative to a value of one for nitrogen in
Table 12. In analysis method A the values for the Porapak
G@)column are relative to a value of 0.85 for methane since
the values on the two columns are unrelated. The factors
on the Chromosorb 102C>column in method B were calculated
relative to both nitrogen (=1 and methane (=0.85) since

the equations used were absolute.

TABLE 12. The Experimental and Literature Response Factors
of the Gases Evolved by the Oxidation of Methy] Carbazate.

Thermal Response

Nitrogen Carbon Methane Carbon Ethane
Monox ide Dioxide

Literature®? 42 42 35.7 48 51.2
Relative to:

Ni trogen 1 1.00 6.85 1.14 1.22
Method A9

Relative to:

Nitrogene 1 6.99 0.80 - -

Methane ¢ - - 0.85 1.43 1.36
Method B &%

Relative to:

Nitrogene 1€0.40%) 1.15¢0,125) 0.82(0.023) - -
Nitrogens - - 0.67¢0.004> 0.91¢0.065) 1.05¢(~0.065)
Methanes - - 0.85¢0.005) 1.15(0,082) 1.33¢-0.006)

“True Response = (Peak Area)/(Thermal Response Value)

bTrue Response = (Peak érea)/(Thermal Response Value) + Correction
“The relative correction is indicated in brackets. “Ref. (59).
€0n a column of Molecular Sieves, 5 A. fon a column of Porapak Q@
70n a column of Chromosorb 1026,
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It is somewhat difficult to compare the literature values
and those from method A to the values from method B. The
former two methods correct the peak areas with a line where
the intercept was zero while in method B a nonzero
intercept was used. However, except for nitrogen these
intercepts were rather small. These response factors are
in fair agreement with each other.

In analy¥sis method B we could determine the amount of
methane on both columns and these values were usually in
good agreement with each other. The value with the smaller
estimated error was used in the further calculations. In
analrsis method A methane was used to relate the values of
both columns to each other and so could obviously not be
used if no methane was present. This was the reason why
method B was developed.

Ideally some gas should have been used as an internal
standard in these analyses. All of the above mentioned
common gases except hrydrogen could be present in the gas
collected from the oxidation of methy! carbazate. Hydrogen
would not be a good gas to use as such an internal standard
since it gives anabnormal response under the usual
conditions used for analysis (5&). However, since we were
not interested in the absolute value of any gas but the
relative amounts evolved we felt that the error would be
small.

The oxidation of the methyl carbazate was carried out

in a sealed system so that the evolved gas could be

185



collected. As in the gas analysis, two slightly different
methods of oxidation were used as slight improvements were
made (oxidation method A and B, respectively). In both
these methods & solution of the carbazate was added
dropwise to the stirring oxidant solution/suspension to
ensure complete oxidation and minimize bimolecular products,

Initially, the reaction flask was heated with a wax bath
at the appropriate temperature while the addition funnel
was at room temperature (oxidation method A). The gas
evolved by the reaction flowed through a gas-bulb and was
collected over water in an inverted graduated cvlinder.
When the oxidation was complete the volume of gas collected
was measured and the gas in the gas-bulb was analyzed by gc
according to analysis method A.

Several problems were encountered with this procedure.

At the elevated temperatures the temperature control was
difficult causing a fluctuation in the volume of gas
measured. Collecting the gas in the inverted graduated
cylinder also led to inaccuracies because it was difficult
to ensure that water level in and outside the cylinder were
the same height causing the gas to be compressed or
expanded. The evolved gases likely had some solubility in
the water used and some of the gases may have been
preferentially dissolved. The methyl and other carbazates
were also found not to be very soluble at room tempefature
in the organic solvents used occassicnally resulting in

their precipitation in the addition funnel.
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Thus, we developed oxidation method B which minimized
these problems. Here both the addition funnel and reaction
flask were thermostated at 40°C which was a convenient
temperature to work at with the apparatus at hand. This
elevated temperature eliminated the precipitation of the
carbazates. The evolved gas in this method was collected
over a brine solution in a closed graduated cylinder with
attached leveling bulb. This minimized any abscrption of
the gases and allowed the pressure in the cylinder to be
equalized to the atmospheric pressure.

Working with gases had some associated difficulties
which made the analysis less accurate than under ideal
conditions. As mentioned both the compressibility of gases
and the volume change with temperature will lead to
inaccuracies. There was alsc the possibility of absorption
or selective absorption of the qases eulead in the fluids
used. The estimated error in the percent yield of each gas
was usually approximately 10X or less except for for small
values which had larger associated errors.

It was also found that removing a sample from the gas-
bulb for gc analysis resulted in some leakage of air and
thus caused a change in the sample composition. This wés
most evident when the system was flushed with helium where
sampling caused the oxygen peak to slowly increase in size.
This effect was also augmented by the necessity of fiushing
the syringe with the collected gas before a sample was

injected into the gc. The leakage could have been reduced
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by first pressurizing the gas-bulb before sampling by
injecting a small amount of the gas used to flush the
s¥stem C(argon or helium). This gas could also have been
used to flush the syringe further decreasing the leakage.
However, to be consistent throughout these changes were not
incorporated and instead the leakage was minimized by
another route.

All the analyses involved five injections made
alternatively onto each column. However, only the first
two injections on each column were used in the calculations
to minimize the sampling error discussed above. The errors
were estimated and carried through in the usual way; all
the details are contained in the experimental section.

We attempted to repeat the oxidations as closely as
possible so that the results were as reproducible as
possible. The concentrations of the various carbazates
were maintained the same throughout all the experiments.

In initial experiments we found that less solvent in the
reaction flask, ie. a more concentrated oxidant solution/
suspension, resulted in a more complete oxidation. It was
found to be difficult to maintain the same rate of addition
and stirring from experiment to experiment. Also the
conditions of the oxidants were not easily determined
beforehand and were used as is. All these factors could
have some undetermined influence on the outcome of the

oxidation.
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Oxidation of Methyl Carbazate

The oxidation of methy]l carbazate with potassium
ferricranide, potassium permanganate and chromium trioxide
under the aqueous conditions presumably used by Ohme and
Preushof did not afford any detectable amount of methane.
Thus, the rearrangement proposed by these workers must not
be occurring under these conditions. Methane, however, was
obtained under anhydrous conditions with increasingly
larger amounts formed as the hydrogen atom donating
ability of the solvent was increased. This would seem to
indicate the formation of the methyl radical which
abstracts a hydrogen atom when possible to form methane.
The formation of ethane under very dilute aqueous
conditions where dimerization of the methy! radical
presumably occurred was consistent with this explanation.
Under most of the conditions used a large amount of
nitrogen was produced. Carbon dioxide and carbon monoxide
were normally also produced in smaller varying amounts with
the former usually formed in the larger quantities.

The near quantitative yield of nitrogen indicated that
the hydrazino group was essentially completely converted to
nitrogen and was not incorporated to any significant extent
in any other products. This reflects the mode of
oxidation, ie. the slow addition of the carbazate to the
stirring oxidant maintained a relatively low concentﬁation
of carbazate ensuring a complete oxidation as was desired.

Many studies have been carried out on the oxidation of
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hydrazine and its derivatives (11>. As indicated in the
introduction, the oxidation of 1,2-disubstituted hydrazines
under the appropriate conditions affords disubstituted
diazene (azo) compounds that can usually be isolated. The
oxidation of monosubstituted hydrazines is also thought to
proceed through such azo compounds which, however, cannot
be isolated because of their instability. A brief
discussion of some of the investigations on these
monosubstituted diazenes follows below in order to see what
might be expected from the oxidation of the carbazates.

THE GENERATION OF DIAZENES FROM DISUBSTITUTED HYDRAZINES
AND DERIVATIVES:

PREPARATION OF 2-PHENYL-2-BUTYLDIAZENE.

Cram and Bradshaw published an early thorough study on
an alkyl diazene in 1963 (&40). Using the "multiple origin
criterion” they investigated the loss of nitrogen from
optically active 2—phehy1—2—buty1diazene (3&) generated in
three different way¥s. This hypothesis states that a common
set of products formed via different reactions from
different starting materials should be formed via a common
intermediate. In this investigation Z-phenylbutane (3%
and nitrogen were formed from the oxidative cleavage of 2-
phenyl-2-butylhydrazine (32), and the base cleavage of 1-
(2-phenyl-2-buty1)-2-p-toluenesulfonylhydrazine (33> and {-
(2—pheny1—2—buty1)—l—p—tolueneéulfcnylhydrazine (34>,
Scheme 7.

Numerous oxidizing agents were examined and many were
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found to give the desired conversion but potassium
periodate was found to be the most practical over the range

of solvents used. These solvents included t-butanol,

RWNHNHZ + [0]
32
RNHNHTs + Blmb— b o R¥NeNH — R Nan(™)

53 3¢

w
~J

R*(Ts)NNH2 + gl-)—

o
-~ Z
o

R (Te)NNa + Nqusoé‘) as
33 lHB
R*-H

R' = -CMeCEt)(Ph>  Ts = p-CH,CgH,S0,-

SCHEME 7. The Multiple Origin Criterion.

ethanol, methanol, water and DMS0O with and without the
corresponding potassium salt as a base except for DMSQ
where potassium t-butoxide was used. The 2-phenylibutane
was afforded in 13-63% yield at 100°C under these
conditions. Halogens were also suitable oxidants but
halogenation of the product occurred if the conditions were
not carefully controlled. Olefin was the main product when
oxrgen was employved as the oxidant.
1-(2-Pheny1-2-butyl)-2-p-toluenesulfonylhydrazine (33
was cleaved under various basic conditions including: t-

BuOK/t-BuOH (with and without water), n-BuOK/n-BuOH,
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EtOK/EtCOH, HOCHZCHzoK/HOCHZCHZOH, KOH/H,0, t-BuOK/dioxane,
and DMSO with t-BuOK and KOH (both with and without watery,
Usually the reaction was carried out at 100°C affording 2-
phenylbutane in 21-834% yield.

1-(2-Pheny1-2-buty1)-1-p-toluenesulfonylhydrazine (34>
was formed in situ by treating the p-tosylisulfonamide of 2-
phenyl-2-butylamine (35’ and sodium hydraoxide in
ethancl/water at reflux with hydroxylamine-oc-sulfonic acid.
Most of the reagent was decomposed by the base to give
sodium sulfate and hydroxylamine and so the reaction was
not extensively investigated.

Even though these three compounds had different
structures, each afforded 2-phenylbutane and nitrogen under
the appropriate conditions. Under similar conditions these
three starting materials also resulted in 2-phenylbutane
with the same optical activitywithin experimental error.
This suggested that there was at least one common
intermediate and 2-pheny1-2-butylidiazene (34) was the most
logical choice.

The stereochemical outcome of the oxidation of (+)-
phenylhydrazine and the cleavage of (+)-1-(2-phenyl-2-
butyl)-l-p-toluenesulfonylhydrazine depended on the base
concentration in all the solvents tried. When no base was
present complete racemization occurred while in the
presence of some base retention (40-80X) and sometimes
inversion (1-334%) cccurred depending on the exact

conditions. These observations suggest that 2-phenyl-2-
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butvidiazene decomposes by two independent competing
reactions one thch ic base-catalyzed and partially
sterecselective, and the other which is not base-catalyzed
and is non-stereoselective.

These workers suggested the most likely mechanism for
the non—-base catalyzed reaction involved a homolytic
cleavage of either the C-N or N-H bond in the diazene 36
followed by the less of nitrogen and the recombination of

the radical pair formed within the solvent cage.

R —NeN-H ———= R -N=N: + H- ——1—= R-H + N,
optically solvent cage racemic
active L—s R + -‘N=N-H —

solvent cage
SCHEME 8.

The Non-base Catalyzed Non-stereoselective Reaction.

The base-catalyzed reaction exhibited a
stereoselectivity and steric direction which depended on
the type of solvent. There was a distinct correlation
between the stereochemistry of this reaction and the
dielectric constant of the solvent. However, the
concentration of the proton donors, the acidity of the
solvent and even the change from hydroxylic to
nonhydroxylic sclvents had only & minor effect on the
stereochemistry. Thus, in solvents of low dielectric

constant net retention occurred while net inversion was
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observed in solvents of high dielectric constant. This
suggested the 2-phenyl-2-butyl anion ¢(38) was an
infermediate and as with other reactions invelving leaving
groups the stereochemical fate of the carbanion depends on
the detailed structure of its immediate environment.

Base abstraction of a proton from 34 generates the 2-
phen¥1-2-buty¥l anion (38> after loss of nitrogen in either

a one-step or two step process, Scheme 9.

Retention Inversion

R
He=0eeenM P
L \ A
C-N=N-H ¢ 'OR C-N=N~H* “DR
194 r
l 1 l 1ROH
'\ NE H
- (+ l )
= _M---OR ROH--+Co--NEN HOR
l HOR
: \ \ l/
(I:-H ROH-.--- T ..... HOR H— Qo=
/ot

Racemization

SCHEME 9. The Base-Catalyzed Decomposition of the Diazene.
In proton-donating sclvents of low dielectric constant or
in non-proton donating solvents the carbanion captures a

proton before the species diffuse apart and retention
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occurs. With more acidic solvents of higher dielectric
constant the solvent participates from the backside. The
carbanion is then hydrogen-bonded from the back-side and
collapse results in the inverted product. In both
situations, the carbanion can also become symmetrically
solvated and then racemization occurs.

Thus, these workers hypothesized that the diazene was
the most probable intermediate formed in the oxidation of
the hydrazine 32 and this diazene could decompose
homolytically or heterolytically in the presence of base.
THE PREPARATION OF PHENYLDIAZENE.

A monosubstituted diazene was first directly observed
by Kosower and coworkers (61). Phenyldiazene was prepared
by the decarboxylation of phenyldiazene carboxylic acid
formed from the methyl ester 41 by hydrolysis. This methyl
phenyldiazenecarboxylate was prepared by condensing pheny!
hydrazine with methyl chloroformate followed by oxidation
with LTA (Scheme 10). The ester was extremely rapidly
hydrolyzed by base, and the potassium and barium salts 42
could be precipitated out of basic solution. These salts
were decomposed by acid affording & large quantity of
carbon dioxide (>%?0%). This decarboxylation was believed
to proceed through the zwitterions 43 and 44.

The intermediate phenyldiazene was found to be very
sensitive to oxygen vielding products of strong lighf
absorption. Therefore, these worKers devised procedures to

generate the phenyldiazene in solution under anaerobic
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conditions in an apparatus suitable for spectroscopic
measurements. The uv spectrum of the phenyidiazene that
they observed was similar to that of i{-methyl-2-

phenyidiazene, Ph-N=N-Me.

2PhNHNHy + C1COOMe
25 | 83%

|

PENHNH-COOMe + PhNHNHg . HC1

40 | LTA/CH,Cly, $&% crude

Ph-N=N-COOMe + Pb(DAc), + 2HOAC
41 | KOH-NaOH/MeCN-H,0, 85X

or Ba(NOg), -NalOH H,0Q, 70X

V

Ph-N=N-COO0K (Ba) —e& /coo“*
42 | H™, -co ‘N=Ne+
2 / \
Ar H
\
[ PhN=NH] 43
45 b "\\\\\\\\\\'Ar l coot™
~H,0 NV /
N=N (+)
V \
[ PhN=N""] H
H+

[Ph™1 ——= Ph-H

SCHEME 10. The Preparation of Phenyldiazene.

Dilute solutions, approximately 1x10~9M, of phenyl-

diazene were found to be moderately stable in aqueous
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buffer with a half-life for disappearance of approximately
80,000s. Acetonitrile soclutions were more stable probably
due in part to the basicity of water; the half life was
approximately 400,000s for a 1x10"%M solution. The most
convenient preparation of phenyldiazene involued the
protonation of a tetra-n—alkKylammaonium salt of
phenyldiazenecarboxylic acid with trieth¥lamine
hydrochloride or another such amine hydrochloride. This
reaction was possible because triethylamine (TEA) was found
to have little effect on the stability of phenyldiazene in
acetonitrile. Concentrations up to 7x107* M could be
prepared in this war.

To confirm the structure phenyldiazene was reduced to
phenylhydrazine by diazene (diimide) formed in situ. The
uv spectrum of this phenylhydrazine was virtually identical

with that of authentic hydrazine.

[131 Z2TEA-HC1 + KOOC-N=N-COOK —= HN=NH + 2TEA + 2ZKCI +2C0,

[14] PhN=NH + HN=NH —— PhNHNH, + N,

Early preparations of phenylidiazene involved the
generation of fairly dilute acetonitrile solutions followed
by concentration by the codistillation with acetonitrile.
These solutions could not be concentrated to much more than
1073M because the rate at which the diazene disappeaﬁed
increased with concentration and thus pure diazene could

not be isolated. The rate of disappearance of 2-
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phenyldiazene—-i~-d, Ph-N=N-D, was found to be much lower
than that of phenylidiazene. Thus, the hydrogen transfer
must be associated with the rate-limiting step with an
isotope effect of kH/kD 4-3,

The disappearence of phenyldiazene was found to be &
bimolecular reaction with benzene (40-80X) and nitrogen
(ca. 80X) formed as the major products with minor amounts

of hydrazobenzene (ca. 154) and dipheny! (ca. 0.2%).
[153 ZPhN=NH —= PhH + Ny+ PhNHNHPh + PhPh + other products

With Ph-N=N-D the yield of nitrogen and benzene both
decreased (>454 and 5éY, respectively) and the extent of
deuteration was only 73%. Therefore some of the hydrogen
acquired in the formation of the benzene must not come from
the phenyldiazene. These products were not extensively
examined because relatively small quantities were produced,
the product mixture was complex Cup to ten spots by tlcy
and some of these products were sensitive to air.
Phenyldiazene was assigned to have the trans structure
on the basis of the low absorption intensity of the longest
wavelength band. The rate constant for the bimolecular
rearrangement trans to cis estimated as between 10”3 and
107 L/mole-s. The reverse process, cis to trans, would be
faster by the amount corresponding to the difference‘in the
stabilities of the two isomers. Experimentally the rate

constant for the disappearance was found to be 2x107%
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L/mole-s within the range estimated for the bimolecular
trans to cis rearrangement. Because of this similarity
Kosower postulated this rearrangement was an important,
perhaps rate-limiting, step in the bimolecular
disappearance of phenyldiazene.

A change in solvent was found to have little effect
and the product composition was not areatly influenced by a
change in the initial concentration of phenyldiazene.

These observations suggest a neutral reaction mechanism and
that the products are determined within a solvent cage. A
radical reaction was likely since a clean, well-defined set
of products was not observed and Ph-N=N-D failed to give
benzene-d quantitatively. The breaking of the N-H bond
must be a rate-limiting step because of the observed
isctope effect.

The proposed mechaniém is shown in Scheme 1{1. The
first step is the bimolecular conversion of trans to cis
phenrldiazene. Hydrogen transfer then occurs in the
solvent cage from one cis-phenyldiazene to another
generating two radicals. This is facilitated by the
conversion of one of these molecules to a species with
significant triplet contribution. Loss of nitrogen and
abstraction of hydrogen in the cage by the pheny! radical

forms benzene and cis- or trans-phenyldiazene.
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Ph-N Ph-N Ph-N

\ \ \

N-H -H N: H
S —— e
H-N H~N H:N
N\ A\ A\
N-Ph N-Ph N-Fh
trans—trans TS cis-cis
Ph-N Ph—ﬂkk Ph-N
= I — |
H-N H-N: H-N,
A\ \ \:
N-Ph “N-Ph N-Ph
Ph- N Ph-N-
Il \
N H :N—-H
| 4 \
H-N: H-N:
\
N-Ph -N-Ph
—— Ph + Ph-N-NH, + N, Phime N—NH
b Ph~H + H-N=N-Ph + N, Phe=N-NH
trans or cis Ph, l H
%, S
Ph-NH-NH-Ph + Ny =—— TT Tf
AN
Ph H

#Horizontal lines indicate a solvent cage.

SCHEME 11. Mechanism for the Decomposition of bhenyldiazene
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Dissociation from the solvent cage is also possible and
further reactions include the addition of pheny! radicals
to phenyldiazene forming 1,2-diphenylhydrazine, [16]1 or the
phenylhydrazine from the phenylhydrazino radical [17].

[16] Ph + H-N=N-Ph —— Ph-NH-N-Ph —-H—e Ph-NH-NH-Ph

[171] Ph-N—NH2 + H ————= Ph-NH-NH,

Of interest here is the rapid reaction of
phenyldiazene with oxygen. On exposure to air
phenyldiazene rapidly disappeared forming benzene as the
major product. Kosower proposed oxygen initiates a free-
radical chain reaction related to the oxidation of

aldimines to nitriles ¢&1).

[183 Ph-N=N-H + 05 ——# Ph-N=N- + -00H

(121 Ph—=N=N- > Ph- + N

[201 Ph- + Ph-N=N-H —= Ph-H + Ph-N=N:

[211 ‘00H + Ph-N=N-H —& Ph-N=N- + H,0,

[22] 2R- = R-R (termination reactions’

The treatment of phenyldiazene with sodium hydroxide
(0.IN)> produced benzene (79284) and confirmed the often
postulated decomposition of the diazene intermediate under

basic conditions.

[23] Ph-N=N-H + OH® e Ph-H + Ny + H,0

201



Other substituted phenyldiazenes and alkyldiazenes
were also studied by these workers (&41). Most reacted
quickly with oxygen forming the corresponding hydrocarbon
as the major product. Thus, the sensitivity to oxygen is a
property of all monsubstituted diazenes. Only 4-
nitrobenzene was found to undergo a slower such reaction
forming 4,4/-dinitrohydrazobenzene as the major product
(63%) and nitrobenzene in only 30-35% vield. This anomaly
must be due to the stabilizing effect of the nitro group on
radicals. The nitro group is extremely effective in
stabilizing free-radicals generated at positions next to
the benzene ring, for example accounting for the stability
of the diphenylpicrylhydrazyl radical (42). It is thought
that with this group addition instead of abstraction occurs
in the cis triplet-cis ground state transition state,
Scheme 11. Closure and loss of diazene would form 1,2-
bis(4-nitrophenylddiazene which could be reduced by the
diazene leading to the observed products.

The uer} rapid hydrolysis of alkyl and ary¥lazoformates
by acids and bases has been further investigated by Hegarty
and Tuohey (&3,

THE REACTION OF DIBENZOYLDIAZENE WITH ALKOXIDE.

Bumgardner and coworkers have inuestigated the
analogous reaction of alkoxide ion with dibenzoylidiazene (44>
in an attempt to produce the benzoy! anion<¢&d>. 1In protic
media, benzaldehyde was the expected product from this

intermediate while benzil was expected in aprotic media.
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Ph(C=0)-N=N-(C=0)Ph + "0R ——=
48

=) ROH
PhCOOR + N, + [Ph-C=0]1 ———= Ph(C=0)H

~11ﬂ;» Ph{C=0)-(C=0>Ph

SCHEME 12. The Expected Decomposition of Dibenzovidiazene.

In methanol substantial amounts of dibenzoylhydrazine
(414 and only a small amount of benzaldehyde (Z2-4%) was
formed indicating the benzoyl anion was not formed. The

postulated mechanism is chown below.

Ph(C=0)-N=N-(C=0)Ph + Me0"' —= [Ph(C=0)-N=N"" + PhCOOMe

46 MeOH, -Me0™

- \
Ph{C=0>H + N2 G [ Ph{(C=0)-N=h-H]

Me OH

1
- Cyclohexene [HN=NH1 + PhCOOMe

crclohexane + N2

aé

PH(C=0)-NHNH-(C=0>Ph + Ny

SCHEME 13. Decomposition of Dibenzoyldiazene in Methanol.

The benzorlidiazene was an intermediate formed from the
diazene anion and can react further with alkoxide toc form
diazene or undergo decomposition to benzaldehyde and
nitrogen. This decomposition could occur via a bimolecular
reaction as described by Kosower and Huang (&1) for |
phenyldiazene or as in the McFadyen-Stevens reaction (see

later). Unreacted dibenzoyldiazene would be reduced by
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diazene to form the isolated dibenzoylhydrazine. In the
presence of cyclohexene, the yield of dibenzaylhyvdrazine
was reduced (3é4) and cyclohexane was formed supporting
this pathway.

Different products were formed in the aprotic solvent
tetrahydrofuran (THF>. These products included
tribenzoylhydrazine, benzcoic acid, a trace of benzil and
compound 47 which indicated that the solvent was involved

in the reaction.

Ph=(C=0)~-N-NH-¢(C=0)-Ph

0

No 1,2-dibenzoylhydrazine was formed indicating
benzaoyldiazene was not an intermediate. The proposed
radical pathway is shown in Scheme 14; the abstraction of
the «-hydrogen in THF is an important process in certain
radical reactions. The methoxide ion was believed to take
part in an electron-transfer reaction which may account for
the rate enhancement with increasing methoxide
concentration.

Thus, there was no evidence for a benzoyl anion
intermediate in either protic or aprotic solvents. Of
interest to us was the apparent formation of benzorldiazene

in methanol which can lose nitrogen to form benzaldehyde.

204



Ph(C=0)-N=N-(C=0)Ph ——= 2Ph~(=0 ——= Ph{C=0)-¢C=0)Ph

44 THF
(Ph(C=0)), -N-N-(C=0)Ph PhCHO + THF’.
THF 44
(Ph(C=0)), ~N-NH-(C=0)Ph + THF* Ph(C=0)-N-N-(C=0)Fh
THF
0
([ . =THF"

0 7 + THF~

SCHEME 14, Decomposition of Dibenzoyldiazene in THF.

THE ALCOHOLYSIS OF 1-PHENYL-2-BENZOYLDIAZENE.

Nicholson and Cohen have earlier studied the rapid
acid and base catalyzed alcoholysis of thermally stable azo
compounds such as 1-phenyl-Z2-benzoylidiazene
(Ph-N=N-(C=0>Ph, 48 and i—phenyl—2—carbethoxydiazene
(Ph=N=N-COQEt, 49> (&5).

When the methanolysis of i-phenyl-2-benzoyldiazene was
carried out in the presence of benzene, carbon
tetrachloride, nitrobenzene, naphthalene and acrylonitrile
substantial amounts of bibenzyl, chlorobenzene, the
isomeric nitrobibenzyls, the isomeric phenylnaphthalenes
and polyacrylonitrile, respectively, were formed. This was
unequivocal evidence for the intermediacy of the phenyl
radical. The methanolysis of low concentrations ¢(<0.01 M)
of 48 in the absence of such additives lead to a large

yield of nitrogen (ca. 904>, methyl benzoate and a mdderate
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yield of benzene. At higher concentrations ¢(ca. 0.1 M) the
diphenyl benzoylhydrazines, the products of the addition of
phenyl and hydrogen radicale to l-phenyl-2-benzoyldiazene
were also formed at the expense of the other compounds.

The acid- or base-catalyzed methanolysis of {-phenyl-
2-benzoyldiazene presumably leads initially to methyl
benzoate and phenylidiazene.

+ —
[24] Ph(C=0)-N=N-Ph + MeOH H (OH PhCOOMe + PhN=NH (PhN=NT>

This reaction does not proceed to completion at moderate
initial concentrations of 48 (ca. 0.1> since a competitive
reaction forms substantial amounts of |,2-diphenyl-1-

benzoylhydrazine and i,1-diphenyl-2-benzoylhydrazine.

[25] Ph(C=0)-N=N-Ph + Me(OH

+ —
H(OH Ph(C=O)—NHNPh2 + Ph{C=0IN(PRINHPH

As the concentration of l-phenyl-2-benzoyrldiazene was
increased both the yield of methy! benzoate and benzene
decreased from 835 and 40X to approximately 40 and 12%,
respectively.

This methanolysis was found to be more effectively
catalyzed by ferric ions than by acids or bases. Ferric
nitrate catalyzed the methanolysis of l-phenyl-2-
benzoylidiazene (0.07 M) and approximately 80% of the ferric

ions were reduced to ferrous ions based on initial diazene.
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This oxidizing agent increased the yield of methy]l benzoate
to 81-874 and of benzene to &5-70% which were at least as
high as those found in the absence of added oxidant but at
an initial concentration of 44 of an order of magni tude
lower. The yields of the productse when the reaction was
carried out in the presence of the above additives was also
increased. Thus, the oxidizing agent must have increased
the vield of the intermediate phenyl radical.

The intermediate phenyldiazene seems to be largely
oxidized by the ferric ions to the phenrldiazene radical
which then loses nitrogen to form the pheny! radical. Most
of the pheny! radical then abstracts a hydrogen atom to

form benzene or can react with an additive if present.

[2&] PhN=NH + Fe(III) ——= PhN=N- + Fe(II) + HT

[27] PhN=N- —— Ph: + N,

& small fraction of phenyldiazene and phenyl radical may
add to l-phenyl—-2-benzorldiazene since the methy]l benzoate
was not produced in a quantitative yield and the yield of
benzene was less than that of methyl benzoate. The ferric
jon did not oxidize the phenyl radical to any substantial
amount since only low yields of anisole (ca. 3% were
formed.

An outline of the proposed mechanism is given belaow.
The correspondence in the yield of methy! benzoate with

that of ferrous ion indicates the phenyldiazene was not
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oxidized by a chain reaction.

Ph{C=0)-N=N-Ph + MeOH —= PhCOOMe + H-N=N-Ph

Ph- , H- Fec(III)
Ph{C=0)-NHN{Ph), Ph- + N, <=—— Ph-N=N- + Fe(II) + HT
Ph(C=0)—T\!(Ph)NH—Ph —H o Ph-H

f’HH Ph—Ar
_22:3 Ph-C1
—//e Ph" —“geﬁ?_—'iPhOMe

SCHEME 15. Decomposition of 1-Phenyl-2-benzoyldiazene.

The phenylhexadienyl type radicals which are the
initial products of the arylation reaction were probably
not converted quantitatively to the biaryls and so do not
reflect the total yield of the pheny! radical.
Chlorobenzene was formed in 71% yield when the reaction was
carried out in the presence of carbon tetrachloride. This
was a high yield when compared toc the 784 vield of methy
benzoate from this experiment. This latter figure was the
max imum possible yield of phenyl diazene and phenyl
radical. Thus, ?0% of the phenyldiazene was converted to
chlorobenzene and the small remainder appeared as benzene.
This high vield of phenyl radical must also occur in the
absence of additives where benzene was the major product.
Here most of the benzene must result from the abstraction
of hydrogen from methancl by the phenyl! radical.

The ferric nitrate catalyzed methanolysis was also
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found to polymerize acrylonitrile very effectively. Thus,
the ferric ions must act as a Lewis acid and again
increased the yield of the phenyl radical leading to more
polymer than when hydrogen chloride was used (25 vs. 1&%
yield, respectively).

Dibenzoylidiazene (Ph(C=0)-N=N-(C=0>Ph, 50) was found
to give very little polymer (ca. 1%) on acid-catalyzed
methanolysis but again ferric nitrate lead to an increase.
Acid catalyzed methanolysis probably forms benzorldiazene
(Ph{C=0)-N=NH)> which decomposes to diazene, a poor source of
h»drogen atoms. The ferric ions probably also lead to the
formation of benzoyldiazene which was then oxidized by
these ions to the the benzoyldiazene radical.
Decomposition forme nitrogen and the benzovyl radical which

could initiate polymerization.

Ph{C=0)-N=N-(C=0)Ph ——= Ph(C=0)-N=NH + PhCOOMe
FedIII)> Me OH

Ph{C=0)-N=N- PhCOOMe + HN=NH

Ph-C=0 + N,

SCHEME 16. The Decomposition of Dibenzoyldiazene.

Of special interest to us, diethy] azodicarboxylate
(EtOOC-N=N-COQEt) was found to cause peolymerization both in
the presence of acid and ferric ion. Presumably this

proceeds through EtOO0CN=NH, and the radicals Et0O0CN=N: and
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EtOOC- which were more effectively formed in the presence
of the oxidant. In the absence of an added oxidant 31 may
itself act as the oxidant forming the free radical al though
less efficiently.

Thus, in the oxidation of phenyldiazene the
intermediate phenyldiazene is likely further oxidized to
the phenyldiazene radical (Ph-N=N-) which loses nitrogen to
form the observed phenyl radical instead of undergoing
direct thermal decomposition to nitrogen, and the phenyl
and hydrogen radicals. Analogous oxidation of other
monosubstituted hydrazines also probably occurs via the
corresponding monosubstituted diazene which is oxidized
further forming nitrogen and the corresponding free
radical in high yields.

o] (o] (o]

[281 R-NHNH; = R-N=N-H ————& R-N=N- ~N R-
2
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THE GENERATION OF DIAZENES BY THE OXIDATION OF
MONOSUBSTITUTED HYDRAZINES:
THE LTA OXIDATION OF PHENYLHYDRAZINE.

Aylward has studied the oxidation of phenylhydrazine
with lead tetraacetate (LTAY in several different solvents,
and has found the products varied both with temperature and
solvent (45al

The main product from the oxidation at -75°C in
methylene chloride was the benzenediazonium ion (4870,
characterized as its derivative with 2-naphthol, along with

small amounts of phenyl acetate (54) and benzene (4%).

LTA =
[29] Ph—NHNH2 3 Ph-NsN 0Adc + Ph-0&Ac + Ph-H
Z2-naphthol
N=N-Ph

Oe OH

Phenylation of the solvent occurred when the reaction
was carried out in benzene, chlorobenzene or nitrobenzene
at room temperature (Table 13). The distribution of the
isomeric bibenzyls formed was largely unaffected by the
molar ratio of the reactants and the order of mixing, with
only a 3-4% difference observed. The average distribution
of the ortho:meta:para isomers were found to be
61.4:25.1:13.5 % and 460.2:10.3:29.5 % for the

chlorobiphenyls and nitrobiphenyls, respectively. The
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vields were only slightly affected by carrying the reaction

aut under nitrogen.

TABLE 13. Oxidation of Phenylhydrazine with LTA at 20°C.
Solvent % Yield

Ph-~H Ph-Ph PhiN=NPH Ph-0Ac Ph-Y

methylene

chloride ca.é0 ca.l ca.3 0-3 0-52
benzene - 26-37 Ca.d 0-2 -
chlorobenzene 18-2¢& 1 ca.z ca.l ca.B?b
nitrobenzene 27-30 1 ca.2 ca.l 36-41¢

ay = r by — Cyv =
Y cl. Y CGHSC]. Y CGHSNUZ'

The products and their distribution suggested the
intermediacy of a phenyl radical. In methylene chloride
the phenyl radical abstracted a hydrogen or chlorine atom
to form benzene and chlorobenzene as the major and minor
products. Aromatic homolytic substitution occurred along
with hydrogen abstraction in aromatic sclvents, forming the
isomeric biar¥ls as well as benzene. The distribution of
these isomers corresponds very well with other reactions
which form the phenyl radical (see later).

Phenyldiazene has been suggested to undergo
unimolecular decomposition forming the phenyl radical but
without much evidence. As seen above, other workers have
suggested that phenyldiazene is further oxidized in the

presence of the ferric ion or oxygen to form the phenyl
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radical. Here the pheny! radical was not formed by the
action of oxygen on phenyldiazene since when the reaction
was carried out under nitrogen the yield of products
decreased only slightly.

The mechanism suggested by the authors is shown below

as Scheme 17,

Ve
(Ac0), Pb=-0CHe B:/H
LTA )y LA
Ph-NHNH, ———= 0 or  Ph-NTNH-Pb(0Ac), —>
~AcOH A G b
Ph—N—T—H 0AC
H 33
22
LTA
Ph-N=N-H + ACcOH + Pb(OAc), “roon PhN=N-Pb(OAc), —=
—AC
OAac
-+
Ph-NaN “I0Ac <—e= Ph-N=N-0Ac ——= Ph- + N, + OAc
2-naphthol ' — e Ph-H
N=N-Ph P
-tfﬁL» Ph-Ph

OH
Oe —QAC_ bh-0ac

SCHEME 17. The LTA Oxidation of Phenylhydrazine.

In the reaction with LTa the phenylhydrazine could undergo
substitution on either nitrogen. However, the substituted
position is the more likely site since this is the more
nucleophilic position, for example ar¥lhydrazines are
alkylated with simple alkylating agents at this position
provided the ary! group does not carry electron withdrawing

groups (é6). Again phenyldiazene was likely an
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intermediate and was further oxidized to the
benzenediazonium ion (benzeneazoacetate) which was stable
at low temperatures but decomposed at room temperature to
the phenyl radical. The equilibrium between the diazonium
ion and the azoacetate is well documented, and the
decomposition of benzeneazoacetate is similar to the
decomposition of N-nitroacetanilide and the Gomberg
reaction (4S5a).

The fairly high yield of benzene obtained when the
oxidation was carried out in aromatic solvents could be due
to hydrogen abstraction by phenyl radicals from the initial
LTA complex 32 or 33, or from the methyl groups present.
The azobenzene likKely arises from the oxidation of
hydrazobenzene. This compound could be formed by the
bimolecular decomposition of phenyldiazene or by the attack
of the diazonium ion on phenyldiazene and the loss of

nitrogen from the resulting tetrazene.

(o]

2Ph~N=N-H & Ph-NHNH-Ph ——= Ph-N=N-FPh
_.N2
..N2
(-+) _
Ph-N=N"bac + HoNNH-Ph ———= Ph-NH-N=N-NH-Ph
~HOAc

SCHEME 18. Formation of Azobenzene.

THE LTA OXIDATION OF ARYLHYDRAZIDES.
Aylward and Norman have also investigated the
oxidation with LTA of arylhydrazides (&7). In their work,

benzhydrazide was slowly added to excess LTA (2.5 mol) in
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benzene at room temperature, and the evolution of nitrogen
began immediately and stopped within 2 minutes after the
addition was complete. After hydrolytic work-up, benzoic
acid was isolated (904> and a small amount of benzophenone
(0.67) was found by gc. The 4-chloro-, 4-methyl-, and 4-
methoxybenzhydrazides also gave the corresponding acids in
high vields under the same conditions. However, with the
4-nitro derivative the evolution of nitrogen was barely
perceptible at room temperature but the reaction was
complete after approximately 2 h at 40°C.

Benzoic acid was alsc obtained in high yield when
benzhydrazide was oxidized in methylene chloride, methanol
or anisole. Small quantities of 4-methoxybenzophenone and
methyl benzoate were found by gc when the reaction was
carried out in anisole and methanol. In contrast, 4-
nitrobenzhydrazide afforded the corresponding methyl ester
as the major product in methanol.

When LTA (1.25 mol) was slowly added to benzhydrazide
in acetic acid or benzene, the yield of benzoic acid was
reduced and significant amounts of 1,1/-dibenzoylhydrazine
and tribenzoylhydrazine were isolated. Analysis of the
oxidation in benzene by gc before hydrolytic work-up showed
the presence of acetic and benzoic anhydride which were
both absent after work-up. Thus, these worKers suggested
the mixed anhydride Ph(C=0)-0-(C=0)Me was the likely
initial oxidation product and that this disproportionated

to the symmetrical anhydrides.
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LTA -LDA
Ph(C=OINHNH,, ————= Ph(C=0)N-NHPb(OAC), ——=
-HOAc | -HOAc
H OAc
54
LTA
Ph(C=0)N=NH ————= Ph(C=0)N=N-Pb(0Ac),
-HOAc |
S5 0AC
56
——————= Ph(C=0)N=N-0Ac
-1DA
57
H50
———= PhCO0Ac —=—= PhCOOH
-LDA, N, -AcOH
58
0
Ph(CO)NHNH, ||
= PhC-N=N-Pb(0Ac),
NH OAc
-LDA
Ph(C=0)NHNH(C=0)Ph <————— NH-CO-Ph
-HOAc,N,
59
Pn(CO)NHNH,
~———= PhCHO PhCH=NNH(C=0)Ph
-V, -H,0
LTA [-LDA, ~2HOAC
A\
Ph—C\\ //C—Ph
LDA = Pb(OAc), 0

&0

SCHEME 19. The LTA Oxidation of Benzhydrazide.
Oxidation probably occurs by a mechanism similar to
that proposed above for the oxidation of phenylhydrazine.

A hydrazine-LTA complex 54 was suggested, agQain with
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coordination through the more nucleophilic nitrogen atom,
which eliminates acetic acid to form the diazene 55. This
is consistent with the slower oxidation of 4-nitrobenz-
hydrazide and 1,1/~-diacylhydrazine in which the
nucleophilicity is reduced.

The diazene is liKely further oxidized via ancther
organolead (IU) complex 56 to give the mixed anhydride 358.
As in the oxidation of phenylhydrazine, benzorylazoacetate
(37> could also be an intermediate.

To minimize the further oxidation of the expected
diazene intermediate these workKers slowly added a dilute
LTA solution to a dilute solution of the benzhydrazide in
methylene chloride. The main product obtained from this
modification was 1,1 -dibenzoylthydrazine (5%, 584) together
with small amounts of benzaldehyde (1X) and 2,5-
diphenyloxadiazole (&0, 34). The oxadiazole was
demonstrated to be formed under these conditions from
benzaldehyde and benzylhydrazide via the benzaldehyde
benzoylhydrazone. These results were consistent witﬁ the
intermediacy of the acyldiazene 55. Moreover, in the
presence of TEA the yield of oxadiazole was increased (9.0
consistent with an increase in the formation of
benzaldehyde by the base-catayzed elimination from the
diazene via a McFadyen-Stevens type reaction (see below).

Under these conditions where the hydrazide was in
excess for most of the reaction, nucleophilic attack by the

hydrazide on 5é or an equivalent could compete leading to
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the 1,1’-diacylhydrazine 5%2. Further reaction of this
compound would form the observed triacylhydrazine.
THE OXIDATION OF ARYLHYDRAZINES WITH MANGANESE DIOXIDE.
Bhatnagar and George have examined the oxidation of
several arylhydrazines in benzene with manganese dioxide
(44a2. From the oxidation of phenyl-, 4-nitrophenyl- and
2,4,6-trichlorophenylhydrazine they have isclated biphenyl
(2674), 4-nitrobiphenyl (504> and 2,4,é~trichlorcbipheny]
(3%94). They also suggest the formation of the ary! radical

via the further oxidation of the intermediate diazene.

Ar-NHNH, —292 o aronplH —MNO2 o -y —MRO2

Ar—-N=N:- — ar- + N, —4§%L> Ar—FPh

SCHEME 20. The Proposed Oxidation of aArylhydrazines

with Manganese Dioxide.

THE OXIDATION OF HYDRAZIDES WITH COPPERC(II).

Tsuji and coworkers have oxidized hydrazides with
stoichiometric amounts of copper(II) and also with oxygen
in the presence of catalytic amounts of copper(IIl) (&8).
Under suitable conditions in the presence of water, alcohol
or amine the corresponding carboxylic acid, ester or amide,
respectively, can be prepared in high yields under mild
conditions.

The formation of these compounds suggests an
intermediate acyl cation, nucleophilic attack by water,

alcohols and amines yielding the observed compounds.
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The intermediate acyl cation would be produced by the
stepwise 4-electron oxidation of the hydrazide by four
moles of copper{lI), an one electron oxidant (Scheme 20).
Oxygen reoxidizes the copper(l) to copper¢ll) and so
allowed the oxidation to be carried out with a catalytic
amount of copper(Il) when oxygen was bubbled through the
reaction mixture. Presumably, the diazene was an
intermediate again which underwent further oxidization
through the acyl radical finally yielding the ac»l cation.

Radicals are very efficiently oxidized by copper(II) (54),

RCC=0)-NHNH, + 2CuXY —= R(C=0)-N=N-H + 2CuX + 2HY

R(C=0)-N=N-H + CuXY —= R(C=0)-N=N- + CuX + HY

R(C=0) -N=N- = R-C=0 + Noy
. (+)

R-C=0 + CuXY = R-C=0 + CuX + Y&
+y

R-C=0 + Y™ - R{C=0)-Y

Y = DH, OR, NRZ-

SCHEME 21. The Oxidation of Hrdrazides with Copper¢lI).

THE OXIDATION OF HYDRAZINES WITH mTFBSP.

Hoffman and Kumar have oxidized a series of hydrazines
with m=Ctrifluoromethyl)benzenesulfonyl peroxide (mTFBSP,
(m—CF3CGH4802CD2) with results similar to those obtained
with other oxidants (49).,

A solution of mTFBSP in methylene chloride was slowly
added to a solution of the aryl hydrazine at -789C then

exposed to air forming the corresponding hydrocarbon in
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good yields (47-734). Excess hydrazine was required since
two equivalents of m—-(trifluoromethyl)benzenesulfonic acid

were generated by the reaction.

a) mTFBSP (+ (_)
{301 3Ar-NHNH = Aar—-H + 2arNHNH AP’SO + N
2 o 3 3 2
CH.C1,,~-78
2772
b) air

ar = Ph, p—MeCéHA, p—C]—CéH4

A diazene was implicated as a primary oxidation
product by several observations. In order to get
satisfactory vields of the hydrocarbon the reaction mixture
had to be exposed to the atmosphere (oxygen). @&c mentioned
above, monosubstituted diazenes are rapidly oxidized by
oxygen to qgive the hydrocarbon. Thus, the diazene was
likely the primary oxidation product and this was oxidized
to a significant extent by oxygen to the hydrocarbon.

Also, the arylazo compound was always detected in the
product mixture by tlc and in the oxidation of
phenylhydrazine azobenzene (4.7%) was isolated. This
compound could arise from the Known bimolecular
decomposition of arylidiazenes which give the hydrocarbon

and the hydrazo compound.

{311 Z2R-N=N-H ——= R-H + 1/2R-NHNH-R + Ny

Further oxidation of the hydrazobenzene by mTFBSF,

confirmed experimentally, would result in the azobenzene
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(704,

When the oxidation of phenylhydrazine was carried out
with 2 equivalents of mTFBSP the phenyl diazonium ion was
formed as shown by the 2-naphthol diazonium coupling product
(23%> and the conversion to chlorobenzene by cuprous
chloride (254). Presumably the diazene was oxidized
further under these conditions. These results are similar

+) +)
[32] 4PhNHNH, + 2¢ArS0,0), ——= PhN=N ArS05”+ 3PhNHNHgArS05”

to those reported by Arlward with LTA discussed above and
Back’e work with benzeneseleninic acid and anhydride (70).
The mechanism of the oxidation cannot be definitely
determined from this study. However, the mechanism
suggested for the oxidation of benzylhydrazine which gave
toluene (S1Y) and benzaldéhyde (254) is ocutlined below.
Benzhydrazine can react with mTFBSP to give two N-
substituted compounds 41 and &2. Again the internal
nitrogen is more nucleophilic and substitution is more
likely at this position. Elimination in &1 can then
proceed via two routes leading to a hydrazone or a diazene.
Due to the higher acidity of the N-H bond the diazene would
be favored Kinetically while the more stable hydrazone
would be favored thermodynamically. Tautomerization of the
diazene to the hydrazone could occur but usually such
reactions require strong acids or bases, or free radical

initiators. Toluene is the product expected from the

221



further decomposition of the diazene while the benzaldehyde

is likely formed by the hydrolysis of the hydrazone.

Ph—CHy=NHNH, + (ArS0,0,

-Ar80,0H
Ph—CHZ—T—NH2 < = Ph-CH,~NHNH-0S0,Ar
0S0,Ar 4z
&1 —Ar-80,0H
-ArS0,0H
/
Ph=CH=N-NH, (= — > Ph=CH,=N=N-H
Ho0 102
Ph=CH=0 + NH,NH, Ph=CHy-N=N-

Ph=CHy ——— Ph-CH,

SCHEME 22. The mTFBSP Oxidation of Benzylhvdrazine.

These workers have also oxidized hydrazides with
mTFBSP. Hydrazides were less reactive than hydrazines but
reacted smoothly at 25°C to give high vields of the
corresponding diacylhydrazines. A small amount of the
carboxylic acid was detected in all cases by tlc and was
isolated for benzylhydrazide. Again the diazene was the
likely intermediate. These are Known to be good acrylating
agents and thus reaction with unreacted starting material

will result in the observed product.
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RCC=0)-NHNH, + (APSGQO)Z ——K;gﬁgﬁ*b RCC=0) -NHNHOSO Ar

R(C=0) ~N=N- H CO NHNH2 R{C=0)-NHNH-(C=0)R + HN=NH
-Ars03 - - . .

(ArS0, 005 Ho 0, —HN=NH
APSOEH =HN=NH

R(C=0) -N=NOSO,Ar —~—ﬂb R-CO0OSO, AP _K"Eﬁgﬁ'RCOOH

SCHEME 23. The mTFBSP Oxidation of Acid Hydrazides.

The carboxylic acid was probably formed via the mixed
anhydride formed by further oxidation or reaction with
arenesulfonate. Direct hydrolysis of the diazene was not
lTiKely since moisture was excluded. These results are
similar to those with the oxidation with selenium oxidants
(700, LTA (71> and halogens (72).

Related to these oxidations is a method of preparing
aromatic aldehydes. This inveolves the base-catalyzed
oxidation of monocacylhydrazines using potassium
ferricyranide (the Kalb-Gross reaction) or sodium

me taperiodate (73),

[33] Ar(C=0)NHNH, + [0] — Ar(C=0)N=NH — ArCHO + N,

[0 = K Fe(CN)é, N&aiO

3 4

As seen above, the formatioﬁ of benzaldehyde from
dibenzoyldiazene apparently also proceeds through such a
diazene.

THE GENERATION OF DIAZENES BY THE ELIMINATIOQ FROM

HYDRAZINE DERIVATIVES:
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THE MCFADYEN-STEVENS REACTION.

In the related McFadyen-Stevens reaction, an aldehyde
is formed when arylbenzenesulfonylhydrazines 43 undergo
base-catalyzed thermal decomposition in ethylene glycol at
140°C with the loss of nitrogen and sulfinate (74).
McFadyen and Stevens have suggested that a diazene &4 and
an acyl anion &5 are intermediates formed as a result of
successive bimolecular eliminations.

In both reactions the yield of aldehyde is increased
by the presence of electron-donating groups in the 2 or 4
position of the aroylhydrazide moiety while electron

withdrawing groups in these positions decrease the vield of

¢
Hg g
AR £
[331 AP(C=D)—N~NH—802AP —— AP(C=D)—Ni§7H + ArS0oH
é3 &4
HH )

ArCHO «——— Ar-C=0 + N, + BH

aldehyde leading instead to symmetrical diarylhydrazides.
The similarity between these two reactions suggest
that both occur by & common intermediate. With the
formation of the sulfinate ion it was suggested that
electron-wi thdrawing substituents Y in the 4 position of
the benzenesulfonyl group in &6 might facilitate the:
elimination step and thus increase the yield of the

aldehyde.
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0

C-NHNHSO,
o
X

However, when {-(4-substituted benzenesul fonyl)-2-¢(3-
methylthiazole~S-carbonyl)hydrazines were subjected to
these conditions, the yield of 3-methylthiazole-2-aldehyde
was found to decrease with the d4-substituents MeO>XHIBrXNO .
Thus, electron-donating groups in both positions X and Y in
6&6 enhanced the yield of aldehyde.

Other workers have suggested that the reaction
involves the rapid abstraction of & proton from the
sulfonamide nitrogen and the resulting anion 47 undergoes a
1,2-hydride shift which would be promoted when Y is
electron~donating(74). Decomposftion of the resulting
sulfonylazoalkoxide ion 68 would give the aldehyde,

nitrogen and the arylsulfinate ion.

0 o) Ar(C=0>H
B |- l
66 ——= Ar-C~N-N-SO0,-Ar’ —> Ar—?—N=N—802—AP’ — N,
‘- {(—)
H H Ar-S0,
é7 48

SCHEME 24. Suggested Mechanism for the

McFadyen—-Stevens Reaction.
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Under the early standard reaction conditions this
pbocedure was only applicable to the preparation of
aromatic and heterocyclic aldehydes. This was found to be
due to the excess of base (5 equivalents) causing the base-
catalyzed attack on the «-hydrogen atom of aliphatic
aldehydes and their loss due to condensation reactions.
Later, it was found that aliphatic aldehydes could be
obtained if they lacked such an «-hydrogen atom, for
example pivalaldehyde, or if the reaction period was
shortened by using flash pyrolysis techniques. Later
improvements to the McFadyen-Stevens reaction included the
use of a retatively aprotic solvent and one equivalent of
base or the sodium salt of the mixed hydrazide without
additional base. Additional base with either of the latter
two modifications was found not to increase the yield of
aldehyde.

Craig and coworkers have confirmed the anticipated
differences in the acidities of the N-1 and N-2 protons of
these compounds ¢74). Solubility tests and nmr studies have
shown that the N-1 protons of l-benzenesulfonyl-2-
arylhydrazines are more acidic as expected. This fact was
not consistent with the initial mechanism proposed by
McFadyen—-Stevens, [331.

To further elucidate the mechanism the Kinetics of
solution thermolysis have been studied for several such
compounds. In the presence of | equivalent of sodium

carbonate the thermolysis at 140°C in diethy! carbitol
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followed first-order Kinetics. The preformed sodium salts
of the hydrazides showed the same rate data. Thus, the
reaction follows first-order Kinetics with respect to the
anion of the hydrazide,

The reaction was found to be accelerated by electron-
donating and retarded by electron-withdrawing para
substituents X. The f7va1ue of -1.38 from a Hammett plot
implies that the greatest electron density at the reaction
site is the most rate accelerating. This suggests the
hydrogen is transferred to the carbon as a hydrogen ion and
not as a hydride ion. WVarying the para substituent Y also
showed the same trend but the effect was very small.

The sodium salt of the dideuteriohydrazide (&4, X=0Me ,
Y=H) formed the corresponding l-deuteriocaldehyde at a much
slower rate for the first-order reaction with an isotope
effect Ky/Kp=2.28 at 140°C. The corresponding isotope
effect Ky Kpthat would be observed for the McFadyen-Stevens
reaction ‘at 25°C was calculated to be approximately 4.5.
Therefore, the N-H bond is clearly broken in the rate-
determining step.

The mechanism proposed by Craig and coworkers is
shown in Scheme 25. The anion of the acylhydrazide 4% is
the reacting species and would be formed by the extremely
rapid proton abstraction from &6. At the high reaction
temperature, cleavage of the anion occurs quickly forming
the benzoylaminonitrene 70 and the benzenesulfinate ion.

This nitrene could then form a S-membered transition state
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I:

Ar = C=0)NH-N-50,-Ar *

49

- e By

Ar=(C=0INH-N:  + 1750,~Ar 7 <—s Ar—ﬁ—T=N

Z0 $-0H 721
Ar-ﬁ—N:N Ar -CEh=N

0 H 72 G-H 73
Ar—ﬁ—N=N~H

Q

I o O

0--H 0-H O-H
73 76 27 8
I )
4 N T
Ar-C ~—= Ar-Ci "\ —> Ar-C-H <—— Ar-CH
\ Q& v I 2 I
0-H 0-H o’
Y
79 80 g1 g2
SCHEME 25 .

Craig’s Mechanism for the McFadyven-Stevens Reaction.
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Z5 in equilibrium with the highly resonance stabilized
¥lide 76. This rearrangement could occur by insertion of
the nitrerne 70 into the N-H bond to give the diazene
intermediate 74. Alternatively, rearrangement could occcur
by the 4-membered transition state 73. Irreversible loss
of nitrogen from the mesomer 77 forms the
hydroxyphenylcarbene 79 and hydrogen migration results in
benzaldehyde (81).

In the dipolar mesomeric form 80 it can be seen that
charge repulsion will exist between the negative carbene
atom and the negative charge induced at C-1 of the benzene
ring by an electron-donating substituent at C-4, eg. —-OMe.
Rapid reaarrangement to the aldehyde will relieve this
charge repulsion.

Benzaldehyde could also be formed from the i-hydroxy-
l-phenyldiazoalkane 78 by tautomerization to 82 followed by
loss of nitrogen.

The elimination of the benzenesulfinate ion must be a
fast step since if it were rate—-determining there would be
no deuterium isotope effect because no N-H bond is broken
in this step. Also, if it were rate-determining then the
nature of the para substituent Y would have a profound
effect on the rate of the reaction which was not observed.
A rate—determining step would also have to be regarded as
irreversible. To test the revérsibi]ity the reaction was
repeated with the sodium salt of &4, X=0Me and Y=H, in the

presence of 5 molar equivalents of sodium p-toluene-
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sulfinate and was stopped after 3 minute reaction time.
Analysis of the reaction mixture showed the presence of 74
of &6, X=0Me and Y=Me, demonstrating that the elimination
must be reversible.

The reaction rates were found to vary only slightly in
solvents of widely different chemical nature, ie. very
similar yields of aldehyde were obtained using diethyl
carbitol, ethylene glycol, DMS0O, DMF or dimethylacetamide.
This agrees with typical findings for thermclysis reactions
in which nitrenes are involved where the solvent presumably
only solvates the transition state. Thus, with a nitrene
mechanism involving only neutral intermediates the reaction
rate should not be greatly effected by a change in the
solvent as was observed.

Presumably in the base-catalyzed oxidation of
monoacylhydrazine with potassium ferricyanide and sodium
metaperiodate, the diazene is formed which then decomposes
via a similar route. Thus, under the proper conditions
acyldiazenes can probably undergo rearrangement leading to
reduction and the formation of an aldehyde.

These different methods all generate the azo group and
the products obtained all have similar properties. Thus,
these products reflect the reactivity of the azo moiety
rather than the method of generation or the nature of the
oxidant. Under our oxidative conditions it seems |
reasonable that a diazene is formed from the carbazates asc

postulated by Ohme and Preushof. However, it is likely
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that further oxidation to an azo radical occurs. Loss of
nitrogen from this azo radical is the obvious pathway of
decomposition leading to the formation of an alkoxy or
aryloxycarbonyl radical.

[0] [0]

[ 341 RDOC~NHNH2 ——= ROOC-N=N-H ROQC~N=N- ——= ROOC-

-N,

It is also possible that proton transfer from nitrogen
to oxvygen could occur in the diazene § before further
oxidation takes place as proposed by Craig and coworkers
for the McFadyen-Stevens reaction. Two routes are again
available in which further rearrangement could occur both
leading to the formate ester £4.

ROOCNHNHy =——= ROH + C=0 —iglb C=0 ———= CO + Ny

/\

NH-NH N=N

(o3 3
0 0-H 0-H
v / | I e+

ROOCN=NH ——= R-0-C’ H — R-0-C-N=N© e—s R—0=CaaN©)

\ 7 )
2 N=N ol l
’////;; +)
g-H O—H 0o

/ |
C: —= R-0O- c R-0- CH

=),

83 (HN—N
~H™
H(+) —
0-C=0

ROH <—— RO <22 p_ ROOCH
84

SCHEME 26. Possible Oxidative Pathway of Carbazates.
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It may also be possible that the carbene 83 could lose a
proton followed by carbon monoxide forming the alcohol.
Formation of the aziridinone and oxidation to 3 would also
lTead to the alcohol and carbon monoxide as proposed by Ohme

and Preushof (see Scheme 3).
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THE REACTIONS OF ALKOXY- AND ARYLOXYCARBONYL RADICALS.

AlKoxy— and aryloxycarbonyl radicals have been
formulated as reaction intermediates, spectroscopically
detected and studied, and their reactions have been
investigated in both the gas- and liquid-phase. In spite of
this wide study there are still ambiquities in the
literature concerning these reactive intermediates.

There is no published study on the radicals formed by
the oxidation of carbazates. However, the radicals
prepared by this route should have properties similar to
those prepared from other compounds and so should behave
similarly. As discussed above, Nicholson and Cohen
suggest that diethyl azodicarboxylate (EtOOCN=NCOOEtL)
undergoes methanolysis in the presence of both mineral
acids and ferric ion to form the diazene Et0OCN=NH and then
the radicals EtOOCN=N- and Et0O0C- (&5). Some of the
previous work on alkoxycarbonyl radicals are discussed
below and indicate what products may be expected from the
oxidation of carbazates.

THE REDUCTION OF CHLOROFORMATES.

The reduction of chloroformates is belijeved to proceed
through alkoxycarbonyl radicals. Kuivila and Walsh first
reported that benzyl chloroformate when treated at room
temperature for 2 weeks with tri-n-butyltin hydride gave a

mixture of benzyl formate (&1%) and toluene (39%) (75),

{351 ROOCC! + (n-Bu)z8nH —— ROOCH + RH + (n-Bu’3SnC]
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Ethyl chloroformate on the other hand only underwent 5%
reduction after 3 h at 80°cC,. Complete reduction occurred
however in the presence of 1.6 mole ¥ AIBN
(azobisisobutyronitrile) forming only ethyl formate and
tri-n-butylitin chloride.

Beak and Moje have also studied this reduction (7&).
Benzyl chloroformate when treated 22 h at 34°C with tri-n-
butyltin hydride in hexane afforded toluene (22%) with a
very small amount of benzyl formate (<i¥) and no
"significant amount" of benzy¥l alcochol. Increasing the
amount of hydride or the concentration was found to
increase the formate at the expense of the toluene. This
reaction did not proceed via the benz?l chloride since
there was no significant conversion to this compound under
the reaction conditions ¢(a maximum of 4%). Cwvclohexyl
chloroformate under similar conditions afforded only
cyclohexyl formate and less than 1% cyclohexane.

Both these groups suggest the reaction proceeds via
the alkoxycarbonyl radical, Scheme 27. Beak and Moje claim
that such radicals are thermodynamically disposed to
fragment to carbon dioxide and the carbon radical but have
an appreciable activation energy to decomposition.

The rate of this fragmentation depends of the stability of

the radical formed. Thus, the decomposition is facile with
benzyl chloroformate since the.resonance stabilized benzyl

radical is formed. The eth»l and cyclohexy¥! radicals are

not as stable and so the fragmentation will be slower.
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[34] 2 + MH ———e= ZH + M- Initiation

[371 M- + ROOCX —= ROOC- + MX
[38] ROOC: ———= R- + COy
[3%] rROOC: ———————= RO + CO
[401 ROOC. + MH —= ROOCH + M-
[41] R + MH ———= RH + M-
(421 RO- + MH ——= ROH + M-

Trpical initiators (2-):
AIBN (azobisisobutyronitrile)
Me, COCN) =N=N-C(CN)Me, —> 2Mezt—CN + Ny
t-Buty] peroxide
t-Bu00-t-Bu ——= 2t-Bu0-
Trpical hydrides (MH): (n—Bul4SnH, (n—Pr)3SiH

SCHEME 27. The Reduction of Chloroformates with Hydrides.

Jackson and Malek have also investigated the reduction
of chloroformates (77). These workers have employed an
organosilicon hydride instead of an organotin hydride
because the latter tend to reduce chloroformates to
formates, ie. abstraction [40] competes effectively with
fragmentation [38].

2-4 Pr,SiH

[43] RO.CCI 3 =R-H + CO, + (n-Pr),8iC
2 0.5-1.0(t-Bu0), 3

4=24h at 140°C

Since the Si-H bond in organcsilanes is stronger than the
Sn—-H bond in organotin hydrides, abstraction will be slower

and fragmentation can compete favorably. The high yields
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of the alkane with primary and secondary chloroformatec

indicates [39] and [40] do not compete significantly.

R 4 Yield RH
n-octyl 85-92
cr¥clohexyl ?1
cholestan—BF—yl 69
EtgC- 18
PhCHy~ 11
Ph- trace
CHZCOCHSCH,CHy - 43-6%

TABLE 14,

The Reduction of Chloroformates with Organocsilanes.

The unusually large amount of t-buty) peroxide
required appears not to be due to induced decomposi tion of

the peroxide but due to a one-tc-ocne reaction.

ﬁ 0-SiPr 0-SiPr
. X- PraSi-
[44) ROCO —— ROC-X rasi ROC-X —= R. + 0=C-X
lPr3SiH
R-H + PrgSi:

This pathway accounts for the large consumption of peroxide
and silane while still affording a good yield of the
a]kane, R—Hu

As shown in the table, very good vields of alkane were
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obtained from primary and secondary alcchcls while
tertiary and benzylic alcohols and phenols afforded poar
vields. The abstraction reaction [41] should be fast far
all radicals R except for the t-butyl and benzy! radicals
which are more stahle. In contrast, the phenoxycarbonyl
radical will undergo a slow fragmentaticon [38] and instead
[39] will be favoured. This difference will be discussed
in more detail below.
THE REDUCTION OF SELENOCARBOMNATES.

Pfenniger and coworkers have developed a related

reduction based on selenocarbonates (785,

0=CClop PhSeH
[45] ROH ——== RO0OCC] ———= ROOCSeFh
pyridine

1.5 n-Bu.SnH

3
= ROOCH &/0or ROH &/or RH
initiator,heat

The product distribution from this reaction can be
controlled by varying the temperature as shown in Table (5.
The optimum temperature for the deoxy products is at 144°C,
refluxing xy¥lene. This method cannot be used to reduce
phenols, eg. 88, because of the unwanted fragmentation of
the intermediate phenoxycarbonyl radical. Al though
tertiary alcohols undergo reduction even at a low
temperature these alcchols were converted into the mixed
carbonates in low yields only.

Curiously this method not only forms the nor-alkane

and the formate but also the alcohol. As seen above, the
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alcohol has not been reported as a product in similar

reductions,

TABLE 15. The Reduction of Selenccarbonates.

Seleno- |Solvent®] Temp. “Yield Product
carbonate oc Nor-alkane | Formate Alcohol
85 Bz 80 18 62 20
Tol 110 28 25 20
X¥1 144 58 ] 37
TMB 144 éé 25 7
Bz RT ,hv -- 81 1
84 Bz 80 5 76 9
Tol 110 39 42 14
Xyl 144 73 146 11
TMB 144 &2 28 10
87 Bz 80 51 43 --
Tol 110 75 14 &
Xyl 144 ?0 4 S
Bz RT,hv 4 87 1
agP Xy 1 144 - 18 62
pit} Bz 80 81 15 -

aBz=benzene, Tol=toluene, Xyi=xylene,
TMB=1,3,5,trimethylenebenzene (mesitylene).

bSZ carbonate also produced.
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CH,R

0
CO R/Ctg’:é AcO

0 R CH,

CHRCH4

87

R=00CSeC H
RO 0 675

Pfenniger and coworkKers have explained this by the loss of

carbon monoxide from the alkoxycarbony!l radical.

[3%] ROQOCs — RO- + CO

However, based on other investigations such a fragmentation
is not expected except for when R is an aromatic agroup.
This paints to a different reaction or perhaps the
influence of another reagent.

THE FRAGMENTATION OF MIXED OXALATE ESTERS.

AlKoxycarbony! radicals have also been prepared
through oxalic acid derivatives. Barton and Crich have
recently described a method of deoxygenating alcohols by
the radical induced fragmentation of a mixed oxalate ester

(79).
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~N
[46] ROE + €1C0C001 ———= ROOC-COCL + E;;1§S
|

28t ,CSH, trace DMAP ONa
~ RH + 200, + [f’jl\
benzene, reflux th ~
N SSCEt
N(CH3)2 3

pMaP = [~
N

|

This method affords a good yield of the deoxy compound
with tertairy alcohols but secondary alcohols do not give a
very good conversion, Table 148. The formation of the
formate from cholesterol (23) suggests that at least for
secondary groups the two moles of carbon dioxide are not
eliminated in a concerted process. Again, there was no

evidence of the intermediate alkKoxycarbony]l radical losing

carbon monoxide.

TABLE 16. The Deoxygenation via Mixed Oxalate Esters.

ROH % Yield RH % Yield 81
91 81 72
~
92 70 67 |
N~ ™SSR
g3? 43 51 1

n refluxing chlorobenzene (132°C). Formate (15%)

also formed.

CH,

OH
CH3(CH3)iC(CH3),0H

91
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ET?IQ RSH + I- = RS- + IH
NS « YeR — o €1 + RR‘R"CO(COY-COO-
9
OQ:O
RRRCOC=0 ]
RR‘R"CO(COY-CO0: —= RRR"CO-G=0 + CO,
RR‘R"CO(CO)-COO- —= RR’R"C- + 2C0,
RR’R"CO-(=0 + RSH —= RR‘R"COOCH + RS-
RR‘R"C- + RSH ———= RR’R"CH + RS-

SCHEME 28,

The Radical Induced Fragmentation of a Mixed Oxalate Ester.

THE THERMOLYSIS OF ALLYL OXALATES.

The vapor-phase thermolysis of allyl methyl oxalate
and allyl pheny! oxalate has been studied by Louw and
coworkers, and they too have evidence for the intermediacy
of alkoxy- and aryloxycarbony)l radicals ¢80). & f1low
system at 400-500°C and a£mospheric pressure was used with

excess toluene and nitrogen as diluents.

-

[47] HZC=CH—CH -00C-CO0R —————== H C—CH—CH2 + 002 + -COOR

2 ca.500°¢ % )/////’l
24

R = Me, Ph CO, + R- CO + -OR

The thermal stablilities of both oxalates were found
to be equal within a factor of two while dimethyl oxalate
was essentially stable under the reaction conditions.
Thus, the mere breaking of the central C-C bond was not

involved in the thermolysis. The initial {ragmentatfon
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[48] was found to be the rate determining step.

For the

me thyl compound, the ratic of carbon dioxide to carbon
monoxide indicates that K50>K51. The phenol to benzene
ratio for the allyl phenyl oxalate when run in m-xylene
indicates that k50<k51 or k51/k50> 80/0.3 = ca. 270.
TABLE 17.
Product Distribution in the Thermolysis of Ally] Oxalates.
R % Yield®
co co RH ROH | a-aP| a-B°| B-8BY | Ph-H
Me®| 190¢10)>{ S-10 |90¢10) - é6-20 | 30-40 | 15-35 5-15
th ca.l100 {ca.?0} 5-15 80-100}| S-10 ] 25-40 | ca.25 S5-15
fBased on converted ester. The error is given in the
parentheses. bA—A=bia1]yl. CA—B=4—phenylbut—1—ene.
dB~B=bibenzy]. ®In toluene. In m—-xylene <14 benzene and
o9-104 toluene formed. fIn toluene. In m-xylene 0.1-0.3%
benzene and S-10% tofuene formed.
[48] H,C=CH-CH,-00C-COOR — Hzéléﬁlez + €O, + -COOR
[49] 2H2616ﬁ16H2 —— H,C=CH-CH,—-CH,~CH=CH,
[501 ‘COOR —= CO, + R-
[511] -COOR —= CO + -OR
[521 R- + Ph—CHé —= RH + PhCHy-
[53] RO- + Ph-CH3 —= ROH + PhCHy'
[54] 2Ph=-CH, ——= Ph=CHy=CHy -Ph
[55]1 Ph-CHp + Hgéféﬁing ——= Ph=CHy~CHy ~CH=CH
SCHEME 2%. The Vapor-phase Thermolysis of Oxalate Esters.
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The benzene and toluene formed when the reaction was
carried out in toluene and xylene, respectively, were
probably formed via a homolytic displacement reaction and

not by hydrogen abstraction by the corresponding radical.

[341 H- + Ar-X —= Ar-H + X-

Ar = Ph, CGH4CH3 X = Me, ODCCOD—C3H5

Since k50>k51 for the methyl compound, the formation of the
carbon monoxide from this compound was explained by a
different pathway, Scheme 30. The small amount of acrolein

that was detected was consistent with this explaination.

Me: + HoC=CH-CH,-00C-COOMe ——= CH, + H,C-CH-CH-00C-COOMe
——— H,C=CH-(COYH + 2C0 + -OMe
CO <—=—— CH,O + H,0

SCHEME 30. The Formation of Carbon Monoxide.

Again, the alkoxycarbonyl radicals only lost carbon
dioxide; there was very little evidence for the
competitive loss of carbon monoxide. In contrast, loss of
carbon monoxide is favored with phenoxycarbonyl radicals
due to the stronger C-0 bond in this radical.

THE HYPOIODITE REACTION.

Another related reaction is the photolysis of the

alkyl half-esters of oxalic acid 25 in the presence of

mercury(II) oxide-iodine reagent, the hypoiodite reaction.
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Goosen and coworkKers have studied this reaction and
found a mixture of products but none of the alkane was
formed by this reaction (81). The gas evolved from this
reaction was analyzed for carbon dioxide with barium
hydroxide by the formation of a precipitate of barium
carbonatej the precence of carbon monoxide was not investigated,

In most cases the dialkyl oxalate and the alcohol were
the main products with only low yields of the alkyl
iodides formed, Table 18. In fact, no benzyl iodide was
formed even though C-0 cleavage would have formed the
resonance—stabilized benzy! radical. Similarily, the t-
buty] hydrogen oxalate yielded only t-butyl alcohol and di-

t-butyloxalate but no iodide.

TABLE 18. The Hypoicdite Reaction.

25, R= “ Yield

BaCOg RI (ROOCY, ROH
n-Bu 18 2 45 30
s-Bu 22 - 78 trace
t-Bu 33 - 50 50
{-0Octadecany! 26 - 75 3
Crclohexyl 32 3 14 trace
Benzy1@ 54 0 34 10
9—Triptycylb 34 - - trace

%enzaldehyde (39%) also formed. b?—Triptycy]
iodoformate (554) also formed. Triptycene = 9,10-0-

benzeno-%,10-dihydroanthracene.
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t-Butyl alcohol was found not to be formed via the
iodide under the reaction conditions.

The dialkyl oxalates were probably formed by the
dimerization of the alkoxycarbonyl radical, Scheme 31.
This explanation is consistent with the formation of the
mixed oxalate as well as the symmetrical diester when a
mixture of two different hydrogen oxalates was used in the
reaction.

HgO-i2o
—Cp

h
ROCC-COOH ROQEC-COO0I -fj%—> ROOCCOC-

25 -C0Oy

i 2x
ROOC~I &—= ROOC- —= ROOC-COOR
_I.

R- + CO, RO: + CO
I%/n\f—H lS—H
RI  RH ROH

SCHEME 31. The Hypoiodite Reaction.

The iodoformates were likely intermediates since when
-triptycyl hydrogen oxalate was oxidized the iodoformate
was isolated. Jodoformates have been reported to be
unstable and the formation from the alkoxycarbonyl radical
should be reversible. The stability of the P-triptycyl
iodoformate (24} may be due to steric hindrance or to the
pi-interaction of the iodoformate group and the aromatic
rings. The formation and stability of this iodoformate

accounts for the absence of the di-?-triptycyl oxalate as a
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product. Iodine must trap the intermediate radical before

the dimerization can occur.

Unique to this study was the formation of the oxalate
esters which were not usually observed. To account for the
alcohol formed, Goosen and coworkers proposed that the
alkoxycarbonyl radical fragments to the alkoxy radical and
carbon monoxide but this explanation is unlikely based on
other investigations. The unusual course of this reaction
was likely due to the mercury(Il) oxide-iodine reagent.
Louw and coworkers suggest that the products observed may
have been formed by the action of the hypoicdite reagent on
ICOOR without involving free organic radicals (80). The
formation of an organomercury compound can also explain
some of the products formed (see below).

HYDROGEN ABSTRACTION FROM FORMATES.

Thynne and Grey have studied the abstraction of
hydrogen atoms from methyl formate by the methoxyl radical
between 120 and 185°C in the gas-phase (82). The thermal
decomposition of gaseous dimethyl peroxide was the source
of these methoxy! radicals. The course of the induced

decomposition can be represented by the mechanism shown
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below.

[57] MeOOMe ———= 2MeO-

[581] MeO- + HCOOMe ——= Me(OH + :COOMe
(591 +CO0Me —— CO, + Me:
[401] Me. + HCOOMe —= CHA + +CO0Me
[&11 MeO: + Me: — CH4 + CHo0
[&2] MeO: + Me: ———== MeOMe

[&3] 2Me- ——= Me-Me

SCHEME 32. The Induced Decomposition of Methyl Formate.

The findings were consistent with the formation of the
methoxycarbony! radical, -COOMe, and the quantitative
decomposition to carbon dioxide and the methyl radical.
Again, there was no evidence for the decarbonylaticn tion
reaction. Similar results were obtained by Thynne for other
formates (83).

Ausloos has found that methyl, ethyl, n-propyl and n-
butyl formate will form the corresponding alcohol and
carbon monoxide but only on photolysis at short wavelengths
(<230nm> (84)>. When a @—hydrogen atom is present in the

alkyl group an alkene and formic acid can also be formed.

[64] HCOOR + hy ——= CO + HOR

——= HCOOH + alKene

Griller and Roberts have studied such alkoxycarbonyl
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o-radicals by electron spin rescnance (esr)(85). & ligquid
mixture of di-t-butyl peroxide and formate were subjected
to uv irradiation and the esr spectrum of the
alkoxycarbonyl radical was observed. @At the appropriate
temperature the esr spectrum of the ethy! and t-butyl
radical was also observed for ethyl and t-butyl formate.
The mechanism suggested was very similar to that of Thynne
and Grey (Scheme 320.

There was no evidence of the presenrce of the adamanty]
radical with adamantyl formate although the alkKoxycarbonyl
radical was observed by esr. Fresumably decarboxylation
did occur but was accompanied by fast hrydrogen abstraction

leading to the chain decomposition of the formate.

[45] Ad-0-C=0 ——= Ad- + CO,

[&6] Ad: + Ad-0-CHO ——= Ad-H + Ad-0-CO

Again there was no evidence for the loss of carbon
monox ide from the alkKoxycarbonyl radicals.
THE DECOMPOSITION OF AZOCARBOXYLATES.

Esr has also been used by Alberti and Hudson, and
others to study the thermolysis and photolysis of
azocarboxylates (88). The results were similar to those
above and are consistent with the production of the
alkoxycarbonyl radicals and loss of carbon dioxide b? these
radicals., Again there was no evidence for the

decarbonylation of these alkoxycarbonyl radicals.
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hy or A
ROQC-N=N-COOR

ZrRaac. + N2

rROQC: ——— R + 002
rROOC: —//—> RO- + CO
R = Ethyl, t-Butyl

SCHEME 33. The Decomposition of Azocarboxylates.

Jones, Morris and Thy¥nne came to similar conclusions
on their gas-phase study of the thermal decomposition of
dimethyl azodiformate (87). In this study esr was not used;
instead the products were analyzed by mass spectroscopy.

Another more recent and very thorough investigation on
the thermal decomposition of azocarboxylates has been
carried out by Zabel and TrahanovsKy (27). These workers
studied the decomposition of methy! and phenyl tripheny1-
methylazocarboxylate (27a and $7b, respectively) at &0°C in

benzene or cumene (isopropylbenzene).

PhBC—N=N—COOR
f7a R=Me

27b R=Ph

They found that these compounds were useful for generating
alkoxycarbony! radicals under mild conditions. The results
were again consistent with the conclusions made above.

As one would expect, the eleavage of the carbon-
nitrogen bond between the trityl and azo groups in these

compounds occurred at a relatively low temperature. The
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stable trity]l radical was formed with simultanecus or fast
loss of a nitrogen molecule to form an alkoxycarbonyl
radical. Table 19 lists the identified decompositicn
products from these compounds. The evoluved gases were
collected and analyzed by conventional gas analysis for
carbon dioxide and carbon monoxide. Nitrogen was assumed

to comprise the remainder of this gas.

TABLE 19. The Thermal Decomposition of Azocarboxylates.

Cmpd. Solvent | Temp “Z Yield
¢ °Cy co, co N, 101 98 102 103
EZia
benzene | &0 0® 2.2 e7.8 21 24 11 4.5

cumene &0 - - - 20 28 14 3.6

~0

~

o
o

benzene 75 U.E) 2.2 97.7 18 11 16 -

No measureable amounts of MeOOCH, MeOOCPh, MeQOCCOOMe,
MeOCOOMe ar MeGGCCMeZPh. Half-life ca. 20 min. by nmr.

bMaximum estimated yield. C°No measureable amounts of
FhOOCH, PhOOCPh, PhOOCCOOPh or PhOCOOPH.
PhCH(CéHA-CDDPh)Z(LQﬁ) also formed, 3.2%.

Al though more than 954 of the theoretical amount of
nitrogen was formed no decarboxylation and only a small
amount of decarbonylation (maximum ca. 2%) could have taken
place. This carbon monoxide was probably near the lower

limit of detection and could not be determined with
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certainty.

All of the products that contain the alkoxycarbonyl
group can be explained by coupling reactions of the
alkoxycarbonyl radical with a trityl or substituted trityl
radical. Five other compounds also caontaining the trityl
and/or alkoxycarbonyl groups were also isolated but could
not be identified. @A further complication to the analysis
was the reaction of oxygen with the excess trityl radicals
at the end of the reaction. This would explain the at
least 20 distinct bands present in each reaction by tic.

The most likely route to the products are shown below
in Scheme 34. According to this mechanism tri- and
tetracarboalkoxy compounds as well as compounds with aortho
substituted carboalkoxy groups were also possible products
and this would account for the complex mixtures observed.
The failure to observe the expected decarboxylation may be
due to the relatively high concentration of the very stable
trityl radicals. These could be present in a sufficiently
high concentration that the alkoxycarbony! radicals were
trapped before any other reactions could occur to any
significant extent. The failure to detect oxalates may
indicate that the coupling of two alkoxycarbony! radicals
is relatively slow due to an unfavorable polar effect or
that these radicals may be rapidly trapped by the trityl

radicals.
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o
60-75 -,

Ph_C-N=N-COOR ————= Ph.C' + N. + -CO0R =p———— Ph.,C-COOR
3 3h 3 2 3
97 98
i Ph3 + COGR
99 100
CH=CH
99 / 0\
CH + Ph C COOR =<—— Ph _C=C CH-COOR
™3 O\
101 CH=CH
100
PhZCH Ph C COar CH=CH
+ 99 Ph-C=C CH-COOR
CH=CH
COOR COOR
102 103 COOR |99

|

¥
99 + PhCH({<:j§>CODR)2 - Phé<<<::>>c00R>2 + 104

SCHEME 34. The Thermal Decomposition of Azocarboxylates.

CARBOALKOXYMERCURY COMPOUNDS.
0f retated interest are the carbome thoxymercury
compounds 105 and 106 prepared by the reaction of carbon

monoxide with mercuric acetate and methanol.
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[47] Hg(OAc) , + CO + MeOH == MeCOO-Hg-COOMe + MeCOOH

2 A,H(+)

105
KC1

Cl-Hg-COOMe + MeCOOK

1048
Halpern and Kettle have shown by nmr and ir that these
salts have the structure indicated ¢(5%5). Presumably these
compounds are formed through the intermediate mercury
carbonyl complex 107.

ca

[481] X-Hg-0OMe + CO ——= X—&g—OMe —= X-Hg-CO0Me

i0

~

These organomercury compounds undergo acid
decomposition by nucleophilic assistance leading to carbon
monoxide, the alcohol and & mercuric salt <88y,

CF3C00H

[49] Cl-Hg-COOMe + 3C1° — 2= HgC1<"

4 + CO + MeOH
DMSO

Fanta has studied some of the other reactions these
carbomethoxymercuric salts undergo (89). Photolysics of a
benzene solution for éh at &é-10°C resulted in mercurcus
iodide (56X), methyl benzoate (21%), toluene (12¥%) and an
unidentified compound. Presumably under these conditions

the salt decomposes to the mercurous salt and the
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methoxycarbonyl radical which can undergo further reaction.
hy
I-Hg-COOMe ———= Hgl + -COOMe

‘CO0Me ——= 002 + Me:

R.
Ph-H + :CO0OMe —= COOMe —= PhHCOOMe + RH
R.

Ph-H + Me: ——= Ph-Me + RH
R = Me, COOMe

SCHEME 35. The Photolysis of Carbome thoxymercuric lodide.

The photolytic behaviour of related mercury compounds
has also been investigated by Sakakibara and Odaira (%0).
These workers irradiated various mercury salts in THF wi th
a low-pressure mercury lamp for 12 h under nitrogen at room
temperature. The carbomethoxylation of the solvent Was
again taken as evidence for the formation of the
carbomethoxy radical. The results for one salt

investigated is shown below.

y
[70] HQ(COOMe),_  ——= Hg + THF’-COOMe + (THF’-) + HCOOMe
2 THF 2
100% 21% 43y, 503
MeQOC-COOMe + CO + CO. + Me-H
. 2
ez (X
0 5.3% 184 7% 8v

Other salts with different ligands result in & somewhat

different distribution of products.
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In this system considerable carbon monoxide was
formed. As seen above in other studies, methoxycarbonyl
radicals normally do not lose carbon monoxide. Photolysis
may produce the methoxycarbonyl radicals in an excited
state which may be expected to have different properties
and decarbonyiate. Or this may simply be a thermal effect
with the mercury causing the loss by the reverse reaction
used to form this compound [48].

The formation of the dimethyl oxalate should also be
noted. Alkoxycarbonyl radicals usually do not dimerize in
these systems and this may again be due to the presence of
the mercury. The mercury may have a template effect
causing the two methoxycarbonyl radicals to rapidly react
with each other around the mercury atom before
isomerization takes place. This would explain the
formation of the dialkyl oxalate in the investigation of

Goosen and coworkers on the hypoiodite reaction.
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Our results from the oxidation of methyl carbazate are
consistent with the formation and decomposition of the
methoxycarbonyl radical. Oxidation likely proceeds via the
diazene & to the azo radical which then readily loses

nitrogen which was quantiatively formed in most cases.

[0] ]
[711 MeOOCNHNH,, ———= MeOOCN=NH ——s
(0]
MeDOCN=N: ————= Me0OC- ——> Me: + CO,
-
2

The thermodynamically favored loss of carbon dioxide
results in the methyl radical which can abstract a hydrogen
atom from a suitable donor. @As seen from the variation in
the yield of methane with different solvents, the solvent
can play an important role in donating a hydrogen atom by
virtue of its high concentration. The methoxycarbony! and
methyl radicals can also react with the aromatic solvent
present (homolytic aromatic substitution). This explains
the formation of the methy! benzoate and tcluene when the
oxidation was carried out in benzene (Table 8).

While the methoxycarbony! radicals are
thermodynamically disposed towards loss of carbon dioxide
there is evidence for an appreciable activation enerqy (see
the Appendix>. This explains the relatively large amount
of methy]l benzoate formed (13-14%) while only a trace of
toluene was produced (ca. 0.1-0.4¥%) (Table 8). |

The formation of bibenzyl is most reasonably explained

by the dimerization of the resonance stabilized benzyl
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radical. Hydrogen abstraction from the toluene impurity
present in the benzene or from the toluene produced would
afford this radical. A trace of dipheny! was alsc
identified in one such reaction and is presumably formed by
the dimerization of the phenyl radical (expt. 30)>. Since
benzene is a poor hrydrogen atom donor a very strong
hydrogen abstracter is required to form the pheny! radical
from it. AlKoxy radicals are such powerful hydrogen atom
abstracters and thus the formation of the methoxy radical
is a possible explanation (see below).

In most of these oxidations we were able to detect
considerable amounts of carbon monoxide usually in lower
vields than that of carbon dioxide. Decarbonylation of the
ROOC: radical is only expected when R is an aromatic ring
and this is consistent with the results from the oxidation
of phenyl carbazate (33 and 3.5% carbon monoxide and carbon
dioxide, respectively). As seen above in the literature
examples there are only a few cases when such a
decarbonylation has been proposed for cases when R is not
an aryl group. These include Pfenniger s work on
selenocarbonates (78> and Goosen‘s work on the hypoiodite
reaction (81). Louw in his study on the vapor-phase
thermolysis of allyl methy! oxalate has explained the small
amount of carbon monoxide formed by another route (805,

A possible explaination is the coordination of the

me thoxycarbony! radical to a metal.
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co

[72] MeOOC-M~ == MeO-M-

Carbome thoxymercury compounds, for example 105 and 106,
decompose on heating or on acid treatment forming carbon
monoxide and methanol (35, 89>. A similar reaction could
take place in the presence of other metals. AlKoxycarbonyl
transition metal complexes play an important role in the
formation of various organic compounds (%1). Iron and
manganese among others are known to form such complexes

(92,

The Oxidation of Phenvl. Benzyl! and 2-Phenylethy]

Carbazates,

The results from the oxidation of phenyl, benzyl and
2-phenylethyl carbazate were presented in Table 10 and 11.
Again a large amount of nitrogen was formed and as expected
no methane was {ormed; Presumably, the ROOC:- radical was
again formed and except for when R was phenyl loss of
carbon dioxide was favored.

As expected for phenyl carbazate a large amount of
phenol was formed. However, since no diphenyl could be
detected the phenoxy radical must not abstract a hydrogen
atom from benzene. Other sources of the hydrogen atom are
present in the reaction mixturg, for example unoxidized or
partially oxidized carbazate, or the intermediate radica]
from the homolytic substitution on benzene. Phenol could

also be formed together with aziridinone by a cyclization
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type reaction as proposed by Ohme and Preushof (Scheme 267 .
While ca. 73% of the hydrazino group can be accounted for
only 40-50% of the pheny! and carbony! groups can be
detected. Thus, other products must alsc be formed, and
dipheny¥l hydrazinedicarboxylate (PhOOCNHNHCOOPh) and/or
diphenyl azodicarboxylate (PhOOCN=NCOOPh) are
possibilities. As seen above, carbonyl azo compounds are
good acylating agents.

Since the phenoxycarbonyl radical has a high
activation energy for loss of carbon monoxide, the
formation of the relatively large amount of phenyl benzoate
might be expected. However, the formation of the formate
is unforeseen since benzene is a poor hydrogen atom donor.
The phenoxycarbonyl radical could be abstracting a hydrogen
atom from another source or the formate could be the result
of a McFadren-Stevens type reaction (Scheme 24&).

In the oxidation of benzyl carbazate a large amount of
bibenzyl is expected since the benzyloxycarbony! radical
should readily lose carbon dioxide to form the resonance
stabilized benzyl radical and this was observed. A small
fraction of these benzyl! radicals may encounter a good
hrdrogen atom donor and afford the small amount of tocluene
detected. However, the formation of benzyl formate, and
the relatively large amounts of benzyl alcohol and
benzaldehyde was unexpected. One does not expect thé
benzyloxycarbony! radical to exist in solution long enough

to abstract a hydrogen atom and this is consistent with the
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failure to detect any benzyl bernzoate. Compare thies with
the work of Beak and Moje who cbtained mainly toluene (22%)
with only a very small amount of benzyl formate (<1%) and
no "significant amount” of benzyl alcohol when they reduced
benzyl chloroformate with tri-n-butyitin hydride, a very
good hydrogen atom danor (7&).

The formate is probably best explained by the
McFadrven-Stevens reaction. Coordination of the
benzyloxycarbony! radical to the manganese atom could lead
to the benzyloxy radical and carbon monoxide.
Disproportionation would form benzaldehyde and benzyl
alcohol, of which the latter which could be oxidized
further by the oxidant present to more of the benzaldehvyde.
No diphenyl, diphenyIimethane or benzoic acid were detected
in tﬁe reaction mixture. Most of the hydrazino and benzyl
groups can be accounted for but only ca. S0¥ of the
carbonyl group can be traced. The carbon monoxide, carbon
dioxide or the benzyloxycarbonyl group may be farming a
stable metal complex. Both gases are Known to form stable
complexes with transition metals (933,

The oxidation of 2-phenylethyl carbazate will form the
2-phenylethyloxycarbonyl radical which again will have some
stability because of an appreciable activation energy for
the loss of carbon dioxide. This explains the relatively
large amount of 2-phenylethy] benzoate detected. Any loss
of carbon dioxide will yield the primary 2-phenylethyl

radical which will readily abstract hydrogen to give
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phenylethane. The 2-phenylethyl formate may be formed by
the hydrogen abstraction by the Z2-phenylethyloxycarbonyl
radical or more likely via a McFadyen-Steverns type
reaction. Again a large amount of alcohol was detected and
this may be due to the decarbonylation reaction under the
influence of the manganese atom. No bibenzyl, diphenyl,
phenylacetaldehyde, phenylacetic acid or 234-dihydro-2(iH)~
benzopyran—-i-one (108) could be detected.

When this oxidation was conducted in meth¥lene
chloride, preparative tlc on the reaction mixture afforded
2-phenylethanol, 2-phenylethyl formate together with a high
melting solid which was identified spectroscopically as the

dimer 2%.

0
O = o — ]
\H' 0 0
H“: ;
O
HO O”
108

Scheme 36.

Dimerization of the Z-Phenyrlethyloxycarbonyl Radical.

In benzene other reactions of the 2-phenylethyloxycarbanyl

radical presumably occur to avoid the loss of the
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aromaticity of the benzene ring.

A related cyclization and dimerization has been
observed by Hey and coworkers (94). Julia has calculated
that the analogous S-membered spiroc radical from the

cryclization of the phenylbuty] radical is approximately 2.5

kKcal/mol less stable than the open chain radical while the
é-membered cyclized radical is approximately &.2 Kcal/mol
more stable (95). Thus, the formation of the spiro radical

is Kinetically controlled while the formation of the &-
membered ring is thermodynamically favored.

When methy]l carbazate was oxidized with potassium
permanganate, chromium trioxide and potassium ferricyanide
in aqueous solution, presumably the conditions used by Ohme
and Preushof, no methane was detectedeven though a near
quantitative vield of nitrogen was cbtained (Table 7).
Carbon dioxide was the only ather gas detécted in the
oxidation with potassium permanganate and chromium
trioxide. However, no carbon dioxide was observed when
potassium ferricyanide was used and instead a low vield of
carbon monoxide was obtained. It seems that with the
former two powerful oxidants oxidation proceeds past the
me thoxycarbonyl radical to the carbonium ion. Reaction
with water would afford methylcarbonic acid which would
decompose to carbon dioxide and methanol. Compare this
with the work of Tsuji and coworkKers on copper(ll>

discussed above (48),
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[ [0] (+)

[731] ROOCNHNH, ———= ROOC: —=—= ROOC
=N, H,0
—=7%)ROCOOH ———=ROH
-H -CO

2

Obviously & different mechanism takes place with
the ferric reagent. The methoxycarbonyl radical may
form & complex with iron, as with mercury, some of which
could decompose to methanol and carbon monoxide. Such iron
complexes are Known (%1).

AROMATIC SUBSTITUTION BY THE METHOXYCARBONYL RaDICAL.

As seen above the methoxycarbonyl radical, «+CO0Me, can
undergo homolytic substitution on aromatic systems. To
investigate the electronic nature of these radicals Tiecco
and coworkers have determined the relative rates and isomer
distributions in such reactions (98). The polar nature and
thus the nucleophilicity of carbon-centered radicals is
Known to be affected by the hybridization of the orbital
carrying the unpaired electron.

In this study the methoxycarbony] radicals were
generated in three different ways: by the thermal
decomposition of dimethyl azodicarboxylate [741, by the
hydrogen abstraction from methyl formate [75], and by the

thermal decomposition of methyl t-butylperoxyoxalate [7&4].

[74] Me 00C-N=N~C0O0Me ——éiq» Me0OOC-N=N + -COOMe
[75] t-Bul. + HCOOMe «———= t-Bu0OH + -COO0OMe
hyv, RT

t-Bu-0-0-t-Bu
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{781 t-BuD-00C-COOMe ——ééﬂh t—-Bul- + 002 + -COOMe

In benzene these reactions formed the substitution
product methyl benzoate in every case with isolated yields
of 27, 19 and 174 for [741, [75] and [76]1, respectively.
Small quantities of toluene were also detected presumably
from the analogous substitution reaction by the methy]
radical, [?79l. This methy! radical could be formed by the
decarboxylation of the methoxycarbonyl radical or by the
fragmentation of the t-butoxy radical, [78] and (791,
respectively. Diphenyl was alsc formed when the
me thoxycarbonyl radical was generated according to [?5] and
(761 but not from [74]. Presumably the t-butoxy radical
abstracts a hydrogen atom from benzene and the resulting
phenyl radical could react with benzene. Traces of
bibenzyl from the dimerization of the benzyl radical were

also present when these two methods were used.

[77] 'CO0Me + PhH ———= PhCOOMe
[78] *CO0Me ——= CO, + Me-

[75] t-BuQ0* ——= Me-CO-Me + Me-

[80] Me: + PhH ———e PhMe

[81] t-BuD* + PhH —— t-BuOH + Ph-

[g2] Ph: + PhH ——= Ph-Ph

[83]  Ph-Me + R- ——= RH + Ph-CHy —= e Ph-CH,~CH,Ph

SCHEME 37. Reactions of the Methoxycarbonyl
Radical in Aromatic Solvents.
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The concentration of toluene was probably too low in [74]
for any significant amount of bibenzy! to be formed.
Bibenzyl was found to be the major product when these
reactions were carried out in toluene.

Reactions [75] and [78] were also carried out in
several different substituted benzenes, and in equimolar
mixtures of these solvents and benzene. The decomposition
of the azocarboxylate was not further emploved as a source
of the methoxycarbony!l radical since this reaction was
found not to be as clean as the other two reactions. Other
unidentified products were alsoc formed.

Gas chromatography was used to determine the
quantities of the isomeric methyl benzoates and methyl
benzoate formed in these reactions. The distribution of
these isomers shows the reactivity of the various nuclear
positions and the total reactivity of these substituted
benzenes relative to berizene. These
me thoxycarbonylbenzenes were obtained in only 10-20% vields
depending on the aromatic solvent employed. These 1ow
yields are due to the concurrent reactions of the
methoxycarbonyl radical, the most important of which is the
decarboxylation reaction.

The results are collected in Table 20 together with
the corresponding values for tﬁe phenylation reaction for

Comparison purposes.
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TABLE 20. Isomeric Distribution? and Relative Reactivities
(K} of Substituted Benzenes (Ph-R) to the Methoxycarbonylc

and the Pheny! Radical.

R COOMe FPh

o- m-— p- K ZYie]dd o- m- p- K
Me 96.0 26.9 17.1 1.4%5 10 0.9 25.1 14.0 1.58
CMe 0 é4.7 35.3 0.73 13 23.3 ©O51.2 25.5 0.72
c1 44.8 34.2 19.0 0.85 11 0.0 32.0 18.0 1t.0
Br 453.1 37.3 17.6 0.88 10 53.3 31.5 15.0 1.3%
COOMe |35.1 17.9 47.0 2.2 16 @7.0 17.5 25.% 1.77
COMe 140.0 a 40.0 2.3 15 28.0 13.1 28.% 2.2
CN 38.3 13.5 48.0 2.¢& 20 é1.0 12.0 27.0 2.4
NO 77.4 ] 22.6 3.8 21 63.0 10.0 27.0 2.94
?Determined by gc. -bRe]ative to benzene. CProduced from

methyl t-butylperoxyoxalate at &45°C. Photolysis of di-t-
butyl peroxide in the presence of methy! formate at room
temperature afforded similar results. dDetermined from

reactions carried out on a preparative scale.

Steric effects caused the degree of ortho substitution
to be lower with the methoxycarbony»l radical than with the
phenyl radical. The results alsoc indicate a preference for
relatively electropositive nuclear positions due to a low
nucleophilicity of the radical. This is consistent with
the much higher yields observed by Bernardi and coworkers

in the homolytic substitution of protonated heterocaromatic
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bases with alkoxycarbonylradicals ($7), Thus, the behavior
of the methoxycarbony! radical is not signiticantly
different from those of other carbon radicals with similar
hybridization 1ike the phenyl, vinyl and crclopropyl
radicals.

Similar results were cobtained by Norman and coworkers
on the homolytic substitution of benzene and anisole by the
me thoxycarbonyl radical generated by from monomethy]
oxalate and LTa (98,

We alsoc conducted the oxidation of methy! carbazate in
toluenes/benzene and chlorobenzene/benzene tc determine the
substitution pattern and thus further investigate the
nature of the intermediate causing substitution. Our
results were very similar to those of Tieco and coworkers
(Table 21) except we found the relative reactivity of
chlorobenzene was greater than that of benzene. Since the
me thoxycarbonyl radical is slightly nucleophilic, attack on
the electron deficient chlorocbenzene should be favored over
attack on benzene. Similarily, the attack of the p-
methoxypheny! radical on chlorobenzene ve. benzene has a
relative rate factor of K 1.92 (9%9).

A similar distribution and relative reactivity was
obtained in the presence of copper(lI) which is an
efficient radical oxidant. However, the total percent
vield of benzoates decreased and this must be due to the
further oxidation of the methoxycarbonyl radical (see

below).

267



TABLE 21.

Aromatic Substitution by the Methoxycarbornyl Radical.

Experimental Literature?®
Ph-Rlsomer Distn.(¥X) Isomer Distn.(X)
R= o= m- p-| K %Yield? o- m- p-| K %YieldP

Me€ 57.6 24.8 17.7| 1.55 9.23 |S6.0 26.9 17.1]1.45 10
(2.13¢0.95¢0.6>K0.13)¢0.37)
57.3 26.0 14.7]1.54 ¢.89
(3.2)¢1.4>¢0.9)K0.125¢0.39)
d¢3.5 23.1 13.5/1.87 5.48

(9.92(3.8)(2.1K0.54>¢0.81>

Cl |1 49.3 30.7 20.0{1.07 10.17 45.8 34.2 1%9.010.85 11

(4.00(2.9)91.8(0.12)<0.57>

aRef. (98>, bTotal vield of methylbenzoates.

CCorrected to be equimolar. dIn the presence of Cu(OAc)Q.

These results conclusively prove that the
methoxycarbonyl radical is being formed by the oxidation of
the methy»! carbazate. The low yields of the benzoates is
similar to that when this radical is produced by other
routes. Thus, the carbonium ion is not involved since much
less of the meta isomer would be expected.

Beak and coworkers were interested in generating such
carboxylium ions, R-DJEgD (100>. When they treated
c¥clohexyl chloroformate with an equimolar amount of silver

fluoroborate in chlorobenzene at room temperature they
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obtained o- and p-cyclohexylchlorobenzene (33 and 44%,
respectively) with very little if any meta-substituted
isomer and cyclchexene (less than 5% of each). Crclohexyl

chloride afforded the same products.

Cl
H
(j/oocm dﬂm AgBF H
[84] or & > + [::]
Ph-Cl, RT

ortho 33% <5%

meta <59%

para 44}

These reactions were raticnalizedby the intermediacy of the
carboxylium ion which loses carbon dioxide forming the
carbonium ion which then reacts with the solvent.
Similarly, alky¥l chloroformates react with aromatic

hydrocarbons in a Friedel-Crafts reaction to afford the
alk¥larene. However, aryl chlorocformates do form the
expected aryl esters of aromatic acids (101}, Again, thie
is because loss of carbon dioxide from an aryl carboxylium
ion is a high energy process.

The proposed mechanism for the oxidative decompeosition

of carbazates is given below.
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ROOCNHNH2 —L e ROH + c\=o —_— /c\-—-o —— CO0 + N
H-NH N=N
[0l
/
ROOCN=NH -—~//~—= RH + 002 + N2
— = ROOCH + N,
{01
J [0] (+)
ROOCHN=N: ——————s ROOCN=N
i(aq)
¥ i ({
Rooc- 89 o poget o
-C0O
i“_’i\HLH__.. ROOCArR °
———E;—qb ROOCH
ni
i 2x
—=to, - R Ti(Es RR
H.
T RH
n{&frH R-Ar
L e <_Acro) RO: —2 = ROH
disp. < v1[0]
——lgL—*- R“CHO
Co
M +)
“‘ﬁ:‘*’ ROODC-M- —= RO-M- ——= ROH + CO
SCHEME 38. The Oxidation of Carbazates.
=minor. itag)=important in agueous solutions with strong
oxidants. ni=not important. i=important when R=Ar.

i{(Bz)=important when R=benzyl. iAr)=important when R=Ar.
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CONCLUSION

There was no evidence for the oxidative rearrangement
of carbazates to the alkane proposed by Ohme and Preushof.
Instead, the main reaction was found to be the formation of
the alkoxy- or aryloxycarbonyl radical by the oxidation of
the hydrazino group and the lose of nitrogen. These
radicals underwent the expected reactions including the
araomatic homolytic substitution of the salvent, and loss of
carbon dioxide from the alKoxy- and of carbon monoxide from
the aryloxycarbonyl radical. Conclusive proof of these
radicals was the isomer distribution obtained in
substituted aromatic solvents and the formation of the
cyclized dimer 22 from 2-phenylethy] carbazate.

An unexpected large amount of carbon monoxide and
alcohol was obtained from these oxidations. Since the
decarbonylation reaction is favored only for the
aryloxycarbonyl radicals this loss was proposed to be due
ta the coordination of the metal present in the oxidant.

The formation of the benzyl! formate from the benzyl
carbazate was suggested to arise via a McFadyven-Stevens

type reaction.

271



EXPERIMENTAL

General

The solvents (Fisher, certified A.C.S5.; except:
mesityiene, Aldrich; p-xylene, Eastman) were purified and
dried by distillation from anhydrous calcium chloride and
were stored over dried Molecular Sieves (3 A, Davison
supplied by Fisher). No drying agent was used in the
distillation of chlorobenzene (Fisher, certified) and
tetralin (Aldrich, 954). Methyl carbazate (Aldrich) was
purified by vacuum distillation and triethylamine (Fisher,
reagent) was distilled from phthalic anhydride. The
commercial benzyl carbazate used was from Eastman.
Activated manganese dioxide, yellow mercuric oxide, 4-
pheny¥1-1,2,4-triazoline~-3,5-dione (PTD) and pyridinium
chlorochromate (PCC) were prepared according to the
literature procedures (46;53,102,47>. The other oxidants
were commercially available and were used as is: barium
manganate, pyridinium dichromate (PDC), lead tetraacetate
(LTA> (Aldrich); chromium trioxide, potassium ferricyanide,
potassium permanganate (Fisher, certified A.C.5.), red
mercuric oxide (Fisher); mercuric acetate (Matheson,
Coleman and Bell, reagent A.C.S5.); periodic acid (G.
Frederick Smith Chemical Company, reagent).

The constant temperature bath was manufactured by
Wilkens-Anderson Co. and the constant temperature
circulator (Thermomix) used was from Bronwill Scientific,

Inc.
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Analytical thin layer chromatography (tlc) was done on
silica gel F254 pre-coated on plastic sheets to a thicknecss
of 0.2 mm (E. Merck) and was visualized with iodine or
shor twave ultraviolet light. Preparative tlc was carried
out on silica gel for tlc containing an ultraviolet
indicator and calcium sulfate binder (DEF-5, Camag’.

Gas chromatography (gc) was carried out on a BASIC gas
chromatograph, Model 4500 (Carle Instruments, Inc.), with &
3 A Molecular Sieve and a Porapak a® or Chromasorb 102@>
columns (see a later section for complete details), a
PerKin-Elmer Sigma 2b with a SP-400 chloropheny! column
(& ft, Supelco) with temperature programming from 40-200°0C,
or on a Hewlett Packard 57104 with a column consisting of
Bentone 34 (5X) and diisodecy!l phthalate (5%) on Chromosorb
W (& ft) at 130°C.

Melting points were measured with a Fisher—-Johne
melting point apparatus and are uncorrected. Nuclear
magnetic resonance (nmr) spectra were obtained on a Varian
Anaspect EM 360 (1H at 40 MHz)>, a Bruker WH 90 (90.02 MHz
for TH and 22.42 MHz for 13C) or a Bruker AM 300
spectrometer (300.13 MHz for TH and 75.47 MHz for 13C).
Uniess otherwise indicated, the solvent used was
chloroform-d with tetramethylsilane (TMS) as an internal
standard (Aldrich). Mass spectra (ms) were recorded on a
Finnigan 1015 spectrometer; the assignments rationalize
the fragments observed and are by no means definite.

Abundances relative to the base peak of 100% were given
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when all the peaks remained on scale. The infrared spectra
(ir) were measured on a Pye Unicam SP1000 spectrometer
calibrated with a polystyrene film (0.05 mm thickness).
Microanalyses were performed by Guelph Chemical

Laboratories Ltd., Guelph, Ontario.
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PREPARATION OF STARTING MATERIALS

l1H-Benzotriazole-1~Carbonyl Chloride ¢(BTCOCI) (22)(3%)

Anhydrous ether (500 mL) and a magnetic stirring bar
were placed in a 1 L 3-necked round bottom flask. This was
fitted with a gas inlet tube (sintered-glass diaphragm) and
two ground glass stoppers. & rubber hose was attached to
the inlet tube, clamped shut and the apparatus was weighed.
One of the stoppers was now replaced with a Friedrich’e
condenser fitted with a drying tube and the flask was
cooled in an ice-bath with stirring. Phosgene gas
(Matheson) was slowly added from a lecture cylinder while
the weight of this cylinder was monitored. The addition
was stopped after ca. 1.75 h when a weight loss of 52.2 g
was indicated; this would correspond to 0.528 mol of
phosgene. The reaction flask was now returned to its
original configuration and was reweighed. The new weight
indicated that ca 45.9 g (0.444 mol) of phosgene had been
absorbed; this was taken as the more accurate value
neglecting the loss of ether during the charging process.

The reaction flask was removed from the bath and a 100
mL round bottomed flask containing benzotriazole (BTH)
(23.03 g, 0.210 mol, Fisher reagent grade) was attached to
it via a 15 cm Tygon tube, 2.5 cm in diameter. This solid
BTH was slowly added with stirring to the cold, ethereal
phosgene solution over 3.5 h. Complete dissolution did not
occur and an opaque white suspension resulted. However, on

stirring overnight at room temperature a clear, colorless
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solution was obtained.

Phosgene indicator paper (103) demcnstrated that
phosgene was still present. The flask was flushed with
nitrogen for {1 h and the entrained phosgene was decomposed
by passing the nitrogen stream through a 20% solution of
sodium hydroxide then into a drain which had water running
into it. The reaction was then opened to the atmosphere
and flushed with nitrogen for another 0.5 h. Phosgene
indicator paper now only underwent a slight color change
showing that only a small amount of phosgene was stil]
present. The ether was carefully removed ryielding 31.12 ¢
(98.34) of crude BTCOC! (22), mp S51.5-53.0°C. It was
important that a sodium hydroxide trap was used on the
rotary evaporator so that the final traces of phosgene
present in the ether were removed and not released into the
atmosphere.

This material may contain a trace amount of 1,17-
carbony] dibenzotriazole (DBTCO) but was suitable for
further reaction. Recrystallization from dry pentane
afforded pure crystals of BTCOCI, mp 52.5-54.0°C; 1it. mp

54-55°C (39).

TH nmr at 300 MHz: N
5 \\N 5
$ 7.57-7.62 ppm (m, 1H, HS or H&) 6 N,

7
7.72-7.78 (m, 1H, HS or Hé> CO-Ci

8.13-8.19% (m, 2H, H4, H7>
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ir (chloroform):

1407 cm™’ (w) N=N stretch
1789 (s) C=0 stretch
me:
msz 181,183 M+ Ratio 2.81
153,155 BT-C17 2.91
144 BT-CO*
125,127 CiHa-N-C1T 2,70
119 BTHT
118 BT *
90 (base) CoHu N

The ratio of chlorine isotopes observed was within
experimental error of the expected ratio of 3°Cl/ %) =

100/32.5 = 3.08,

General Procedure for the Preparation of 1-Alkoxy— and

i-Aryloxycarbonyl Benzotriazole

A solution of the alcohol or phenol (1-12 g} in dry
benzene or toluene (10-100 mL) was added dropwise to a
stirring solution of crude BTCOC! (1.0 equiv) and
triethylamine (1.0 equiv) in dry benzene or toluene (10-120
mL> at room temperature. Cooling was used, if necessary,
to maintain the reaction temperature at less than ca. 35°C
and the progress of the reaction was followed by tlc.

After stirring at room temperature for 1-6 h the
precipitate of triethylamine hydrochloride was filtered off

on a Buchner funnel. The solvent was now either completely
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removed on a rotary evaporator and the residue
recrystallized from a suitable solvent or, if the product
began to crystallize when the solution was concentrated, it
was then filtered off. This procedure was repeated until
no more material could be obtained in this way. The
remainder of the solvent was then completely removed and
the residue recrystallized or triturated with a suitable

solvent,

1-(2-Phenylethoxycarbonyldbenzotriazole ¢10%)

Distilled 2-phenylethanc! ¢(12.02 g, 0.0%84 mol,
Aldrich) in dry toluene (80 mL) was added dropwise over 0.4
h to a solution of crude BTCOC! (18.09 g, 0.0994 mol) and
TEA <(14.0 mL, 10.16 g, 0.100 mol) in dry toluene €100 mL).
When the temperature had risen to 35°C the reaction was
cooled with an ice-bath. Tlc (ether), after 1 h stirring
at room temperature, indicated the reaction was essentially
complete.

The reaction mixture was filtered after & h and
13.31 g (98.3%) TEA.HC! was obtained. The filtrate was
concentrated as far as possible and the residual toluene
removed by extracting with pentane (3x25 mL). The total
crude yield was 25.45 g (96.8%4) of an off-white salid, mp
42.5-47.0°C,

A portion of the crude product (1.05 g’ was
recrystallized from 1:1 ether:petroleum ether (S50 mL>

vielding 0.76 g (70.14) of colorless crystals of 109, mp
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47.0-49.5°C. analysis for CiHaNzO,5 calculated: C 67.40,
H 4.90, N 15.724; found: C 67.82, 67.87; H 5.11, 5.00; N

15.48, 15.41%.

'H nmr at 90 MHz:
$3.24 ppm <t, J 7.2 Hz, 2H, -CH,-Ph)
4.82 (t, J 7.2 Hz, 2H, -COO0-CH,->
7.22-7.72 <m, 7H, aromatic)
7.97-8.20 (m, 2H, aromatic)
ir (chloroform}:

v 1607 cm™’ (w) N=N, C=C, stretch

1767 (s> C=0 stretch
ms:
m/z 267 M+
239 -28, —N,
194 =73, -COOH, N,
163 BT-COOH
144 BT-CO ™
121 PhCHzCHZO+
120 PhCH,CHO ¥
119 BTHY

105<(base? PhCHZCHér

104 PhCH=CH *
o1 CH,T

90 C HNT
79 C H,"

77 C,He”
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i-Benzvloxycarbonylbenzotriazole (1107

Distilled dry benzyl alcohol (9.06 g, 0.0838 mol,
Shawinigan, reagent) in dry distilled benzene (80 mL) was
dropwise added over 0.75 h to a stirring solution of crude
BTCOCY (15.32 g, 0.0844 mol) and TEA (ca. 12.0 mL 8.71 g,
0.0840 mol) in dry benzene (100 mL). The reaction was
allowed to warm to 30°C and was then cooled with a room
temperature water bath.

Tlc (ether, and 1:1 petroleum ether:ether), after
1.25 h at room temperature, cshowed the reaction was
essentially complete. After stirring for S.6 h the white
precipitate of TEA.HC! (11.14 q, 96.6%) was filtered off.
The product was obtained by gradually removing the solvent
and filtering off the resulting precipitate, mp 108.0-
110.0°C; 1it. 106-108°C, 107-108°C (39). The residue
obtained upon removal of all the solvent was recrystallized
from 1:1 benzene:petroleum ether affording material with mp
107.0-109.0 C. A total of 17.99 g (84.84%) 110 was obtained

in this way.

‘H nmr at %0 MHz:
§5.63 ppm (s, 2H, -CH,->
7.34-7.74 (m, 7H, aromatic’

8.04-8.1% (m, 2H, aromatic’
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ir (chloroform):
v1400 cm~! (w) N=N, stretch
1612 (w) C=C, stretch
1771 (v.s) C=0, stretch
ms:
m/z 253 (5.0 M+
180 (%.0» -73, -COOH, -N,
112 (33.2 BTH ¥
107 (20.8> PhCH,0 "

91 (100.0) CH,*

79 (4.5 CyHz*
78 (7.2) C, H,*
77 (6.8) C, Hs"

1-Phenyloxycarbonylbenzotriazole (111D

A solution of phenol ¢10.02 q, 0.10& mal, BDH) in dry
distilled benzene (100 mL) was slowly added over 1.3 h to a
stirring sclution of BTCOC! (19.28 g, 0.104 mol) and TEA
(10.79 g, 0.107 mol) in dry benzene (120 mL)>. The
temperature was allowed to rise to 31°C whereupon the
reaction was cooled with a water bath.

Tlc (1:1 petroleum ether:ether) seemed to indicate
that the reaction was complete although it was difficult to
distinguish between phenol and the product. After stirring
for 1.7 h at room temperature the white precipitate of
TEA.HC1 was filtered off (13.88 g, 95.0%). Pure 111

(21.34 g, 84.0%) was obtained as a white solid on gradually
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removing the benzene and filtering, mp 110.5-111.59C; 1it.
110~-112°C, 109-110°C (39)Y. The final residue on complete
removal of the remainder of the solvent was triturated with

benzene.

'H nmr at 90 MHz:
7.36-7.78 ppm (m, 7H, aromatic)
8.12-8.24 {(m, 2H, aromatic)
ir {(chloroform):
Y 1595 em~/ (m) N=N, stretch
1601,1612 (wy C=C, stretch
1780 (v.s) C=0, stretch
me:
msz 23% (0> No parent ion
146 <(100.0» BT-COY
118 (&6.7) BT *
24 (13.3 PhOH *
0 (98.3) C,H/NT

+
77 (33.3) C, Hs

1-¢2,6-Dimeth¥viphenyloxyycarbonylibenzotriazole (112

2,6-Dimethyiphenol (1.35 g, 11.1 mmol, Aldrich) in
toluene (15 mL) was slowly added to a stirring solution of
BTCOC! (2.06 g, 11.3 mmol) and TEA (ca. 1.6 mL, 1.16 g,
11.5 mmol) in toluene (10 mL) with stirring. Heat was
evolved and after stirring for 1.5 h at room temperature

the TEA.HC] was filtered off (1.47 g, 96.6%). After the
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solvent was removed, the 2.59 g (87.7%) of crude product
was recrystallized from ether (75 mL) yielding 2.20 g
(74.5%) pure 112, mp 133.5-136.0°C,

Analysis for C,H,;N;0 calculated: C 67.40, H 4.%90,

2}
N 15.72%; found: C &67.59, 67.82; H 5.18, 5.01; N 15.47,

15.51%.

'H nmr at 90 MHz:
$2.32 ppm (s, éH, 2xMe)
7.18 (e, 3H, aromatic’
7.47-7.80 (m, 2H, aromatic)
8.14-8.26 (m, 2H, aromatic)
ir{chloroform):
v 1603 cm~' (w) N=N, stretch
14614 (w) C=C, stretch
1773 (s) C=0, stretch
ms:
m/sz 267 (0.1%4 M+
239 (0.2 -28, -N,
223 (22.0) -44, -CO,
146 «(92.8 BT-CO™*
121 ¢17.2) (Me>,C H,07
118 (83.5 BT *
?0  (100.0> C_H*

-
77 (30.9> €, H,

283



1-¢(2,3-Dimethylphenvloxydcarbonylbenzotriazole (113

To a stirring solution of BTCOC! (2.05 g, 11.3 mmol)
and TEA (ca. 1.75 mL, 1.27 g, 12.5 mmal) in toluene ¢10 mL)
was added dropwise a solution of 2,3-dimethylphenol
(1.37 g, 11.2 mmol, Aldrich) in toluene (20 mL). Heat was
evolved and after 2 h at room temperature the precipitate
of TEA.HC! was filtered off ¢1.48 g, 95.9%). The scluent
wasg completely removed and the crude ester (2.74 g, 1.4
recrystallized from ether (30 mbL) affording 2.15 q (?21.7%)
light gold crystals of 113, mp 126.0-128.0°C.

An analytical sample was further recrytallized from
benzene/pentane, mp 128.0-12%.5°C,. Analysis for
CISH13N3025 calculated: C &67.40, H 4.%0, N 15.72%; found:
C 67.66, 67.42, 87.34; H 5.26, 5.21, 5.07; N 15.32, 15.24,

13.377.

'"H nmr at 90 MHz:
$2.249 ppm (s, 3H, 3-Me)
2.36 (s, 3H, 2-Me>
7.18 (s, 3H, aromatic)
7.46-7.79 (m, 2H, aromatic)
8.12-8.25 (m, 2H, aromatic)
ir ¢chloroformj:
P 1602 cm™' (w)> N=N, stretch
1613 (w) C=C, stretch

1771 (v.s) C=0, stretch
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m/s 247 M+
239 -28, -N,
223 -44, CO,

144(base) BT-CO™*

+
121 Me, C, H,0
118 BT *
90 C,H,*
77 C, Hs?

{-Dodecyrloxycarbonylbenzotriazole (114)

To a stirring solution of BTCOC! (2.03 g, 11.2 mmol ,
Matheson, Coleman and Bell) and TEA (ca. 1.6 mL, 1.14 G
11.53 mmol) in dry toluene (10 mL) was dropwise added a
solution of dodecanol (2.12 g, 11.4 mmol) in toluene
(10 mL}. The reaction was exothermic and the precipitate
of TEA.HCI! (1.45 g, 94.2%) was filtered off after stirring
for 1.5 h at room temperature. The crude product (3.54 Qs
£53.54> obtained on complete removal of the solvent was
recrystallized from ether (30 mL) affording 2.00 g (54.0%)
114, mp 43.0-44.0°C,

An analytical sample was recrystallized from benzene/
pentane, mp 45.0-45.5°C. Analysis for C, H,N,0,;
calculated: C 68.85, H 8.82, N 12.48%; found: C 69.03, H

$.08, N 12.40%.
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'"H nmr at 90 MHz:

50.76-1.61 ppm (m, 21H, -(CH.5, CH,>

1.78-2.11 (m, 2H, —0-CH,CH >

4.62 (t, J 6.6 Hz, 2H, -0-CH,->
7.40-7.78 (m, 2H, aromatic)
8.08-8.1% {m, 2H, aromatic>

ir (chloroform):
v 1401 cm~! (w) N=N, stretch
1413 (w) C=C, stretch
1771 (v.e) C=0, stretch
ms:

m7z 331 (14,64 M+

303 (0.7 -28, -N,

258 (0.9 -73, -COOH, -N,

191 (3.8 C4Hy¢N-COO-CH,CH,CH,CH,~
146 (4.3 BT-CO*

135 <(24.6> C, H,N-COOH?
112 (41.1> BTHT

?1 (42.9) Cy HeN™

0 (30.4Y  C HuN?

43 €100.0) C,H.*

i-Cyclohexyloxycarbonylbenzotriazole (115)

A solution of cyclohexanol (1.15 g, 11.5 mmel, Fisher)
in toluene (10 mL) was added dropwise with stirring to
BTCOC! (2.02 g, 11.1 mmol) and TEA (ca. 1.75 mL, 1.27 g,

12.5 mmol) in dry toluene (10 mL) at room temperature. The
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reaction was exothermic and was worked-up after 1.5 h. The
precipitate of TEA.HC! (1.45 g, 94.7%) was filtered off and
2.42 g (88.7%) of crude 115 was obtained on concentrating
the filtrate. The crude product was purified by
recrystallization from ether affording 0.82 a (30.12 115,
mp 70.5-73.50C.

An analytical sample was further recrystallized from
benzene/pentane but the melting point was unal tered,; mp
70.5-73.5°C. Analysis for C 3 H,NgO,; calculated: C 43.48,
H 6.16, N 17.13%; found: C 44.08, 63.85; H .30, 4.40; N

16.81, 16.83%.

'H nmr at 90 MHz ¢

$1.16-2.37 ppm (m, 10H, ~(CH, s =)

5.22 (m, tH, O-CH->
7.36-7.75 (m, 2H, aromatic>
7.98-8.1% (m, 2H, aromatic)

ir (chloroform):
v 1403 cm™/ (w) N=N, stretch

1614 (w) C=C, stretch
1763 (s) C=0, stretch

ms:

m/sz 245 (20.2%4) M+
200 (1.0 -45, -COOH
164 (10.0)  BTH+H*
146 (3.9 BT-CO*

136 (<16.7>  C,HgNCOOH”
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135 (11.9) C, H4NCOOH *
119 ¢51.8) BTH?

99 (33.9) c-(C,H,>-0"
91 (33.3) C, Hg¢N*™

90 (39.9)  C HLNT

B3 (43.7)  C,H,*

55 (100.0) CuH,™"
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General Procedure for the Preparation of Alkyl and Arvyl

Carbazates

A soclution of the i-alkoxy- or l-aryloxycarbonyl-
benzotriazole (5-20 g» in benzene ¢(S0-100 mL) was added
dropwise with stirring to a mixture of hydrazine (Eastman,
?3+7%) or hydrazine hydrate (834, Fisher, purified) (1.2-1.5
equiv) and benzene (S0-100 mbL) at room temperature over |{-
2 h. The temperature was monitored to be certain that it
did not rise over ca. 35°; cooling was usually not
necessary. The progress of the reaction was monitored by
tlc. Normally the reaction was complete after 1-2 h at
room temperature.

Work-up involved washing the reaction mixture with 10%
sodium carbonate and water to remove the BTH and drying
over anhydrous magnesium sulfate (Fisher, certified). If
anhydrous hydrazine was used then some of the BTH could be
recovered by neutralizing the combined basic extracts with
104 HC1 and extracting with ether. This was not possible
when the hydrate was used since the BTH dissolved in the
residual aqueous hydrazine sclution.

The solvent was then either completely removed and the
crude carbazate recrystallized or the solution was
concentrated until crystallization began and then filtered.
This was repeated until no more material could be obtained
in this manner. The solvent was then completely remdved
and the residue recrystallized or triturated with a

suitable solvent.
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For some small scale preparations neat hydrazine
hydrate (854, 1.3-1.5 equiv) was directly added to a
stirring solution of the 1-alkoxy— or l-aryloxycarbonyl-—
benzotriazole (1 g> in benzene or toluene (25 mL) at room

temperature.

2-Phenylethyl Carbazate (27

Crude 1-(2-phenylethyloxy)carbonylbenzotriazole (10¢%>
(10.02g, 0.0375 mol) in benzene (100 mL) was added over
1.7 h to a solution of anhydrous hydrazine ¢1.54 a, 0.045&
mol) in benzene (50 mL) at room temperature. After
stirring for 2.25 h at room temperature the cream colored
precipitate of crude BTH ¢1.50 g, 33.6%) was filtered-off.

The benzene solution was extracted with 10% potassium
carbonate (5x10 mL>, water (10 mL) and dried. Further BTH
(0.35 g, 41.4% total) was recovered by acidifying the basic
extracts with 104 sulfuric acid (50 mL) and reextracting
with chloroform (3x10 mL).

A tlc (1:1 ether:petroleum ether) indicated that some
BTH was still present in the benzene solution. The benzene
was removed in portions on a rotary evaporator and the
precipitate filtered-off affording 4.44 g (48.%%) pure 27,
mp 90.0-91.0°C.

A sample for analysis was further purified by
recrystallization from hot 1,1,1-trichloroethane, mp %90.0-
90.5°C. analysis for CaH,,N,0,3 calculated: C 59.9%,

H .71, N 15.55%; found: C &0.00, &0.20; H 7.01, &.86;

290



N 16.09, 15.84%.

"H nmr at 90 MHz:

§2.94 ppm (t, J 7.0 Hz, 2H, Ph-CH,->

3.42 (s, 2H, -NH,>
4.33 (t, J 7.0 Hz, 2H, -CH,-C0O0->
6.00 (s, 1H, =NH->

7.16-7.31 (m, SH, aromatic)
ir (film from carbon tetrachloride):

Y 1441 cm~! {s) Amide I

1699 (s} C=0 stretch
3240 (g2 N-H stretch
me:
m/z 180 M+
121 PhCH,CH,0 ™

105(base) PhCH,CH, ™

104 PhCH=CH, *
91 CLH,*

79 CeHy ™

77 CyHg™

65 CsHe™

59 0=C=NH-NH, *

Benzylcarbazate (24)

1-Benzyloxycarbonylbenzotriazole (110) ¢(4.82 g; 19.0
mmol) in benzene (100 mL) was added dropwise over 0.9 h to

& stirred solution of anhydrous hydrazine (0.81 a,; 24.0
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mmol> in benzene (S0 mL). The reaction was carried out in
a cool water bath so the temperature remained at 18-25°C.
When the addition was complete a light vellow precipitate
of crude BTH was present and the reaction was stirred
another 0.8 h at room temperature.

The BTH was filtered off (0.84 g, 37.0%) and the
resultant solution was washed with 10% potassium carbonate
(3x10 mL), saturated sodium chloride soclution (10 mL) and
dried. Tlc (1:1 petroleum ether:ether) indicated that this
solution was essentially pure carbazate. @& further 0.30 g
BTH (50.24 total) was obtained on acidifring the combined
basic extracts with 10X HC! (50 mL)> and reextracting with
chloroform (3x25 mbL)>.

The washed benzene solution was concentrated (40 mbL>
and the white needles of benzyl carbazate were filtered
off. Pentane was added to precipitate more product and the
residue from complete removal of the solvent was
recrystallized from benzene/pentane. The total vield of 24

was 2.50g (79.1X), mp 47.5-69.0°0C; 1it. mp 646.5-47°0C (24,

'"H nmr at 90 MHz:

£3.43 ppm (s, 2H, —NH, »

5.14 (e, 2H, -CH,-)
é.11 (s, 1H, —-NH-)
7.35 (s, SH, aromatic)
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ir (chloroform):

Y1435 cm ™/ (m) Amide 11
1731 (v.g) C=0 stretch
3370 {m> N-H stretch
3470 {m> N-H stretch

ms:
m/’z 146 M+
149 =17, =NH,
135 =31, -NgH,
122 -44, -CO,
107 Ph-CH,0O
105 Ph~CO or Ph-CH,N

71(base) C,H,

79 CoH,
77 C4Hs
65 CoH,

Phenyl Carbazate (25)

1-Phenyloxycarbonylbenzotriazole (111> (20.00 =
0.08346 mol) in benzene (200 mL) was added over 2.2 h to a
stirred solution of anhydrous hydrazine (9S5+4, 2.40 g,
0.101 mol) in benzene (100 mL)>. The reaction temperature
was maintained at 10-20°C with an ice bath.

After an additional 2.25 h at room temperature the

vyellow precipitate which had appeared was filtered-off

atfording 1.12 g (24.7%) of a cream-colored carbohydrazide,

mp 157.5-152.0°C, 1it. 153-154°C (104>.
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The filtered solution was washed with 10% scdium
carbonate (5x3S0 mL), saturated sodium chloride sclution
(2x30 mL) and dried. The solvent was partially removed and
the carbazate which had appeared was filtered-off. The
solution was corcentrated to dryness and the residue
triturated with cold carbon tetrachloride vielding a total
of 1.72 g (13.34) of pure 25, mp 104.5-104.5°C; 1it. 103-
104°C (27). Low melting material (2.87 g which had the
smell of phenol was extracted into the solvent. Crude BTH
(7.33 g, 75.64) was recovered from the original arganic
laver.

Some decomposition of the phenyl carbazate occurred
when it was recrystallized from hot carbon tetrachloride;
trituration with thies cold solvent was a better method of

purification.

'H nmr at 90 MHz:

§3.87 ppm (s, 2H, —NH, >
4.38 (s, 1H, —-NH=-)
7.07-7.48 (m, SH, aromatic)

ir (chloroform):

1596 cm™ (m) C=C stretch

1635 (m) Amide 11

1743 (v.s> C=0 stetch
3365 (m> N-H stretch
3465 (m) N-H stretch
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ms:
m z 152 M+
121 Ph-00OC ™

?4(base) PhOHT

77 CoHeT
é6é CsH,™
65 CeHS™

2,3-Dimethyliphenyl Carbazate (115)

Hrdrazine hydrate (854, ca. 0.2323 g, 5.40 mmol) was
reacted with 1-(2,3-dimethyl)phenyloxycarbonylbenzo-
triazole (113> (1.12 g, 4.19 mmcl) in benzene (25 mL).
After stirring for 1| h at room temperature the reaction was
workKed-up by washing with 2.5% sodium carbonate (3x5 mbD),
water (3x3 mL), reextracting the aqueocus washings with
chloroform (3x10 mL} and drying the combined organic
layers. The solvent was evaporated, and carbon
tetrachloride was added and removed three times.

The nmr indicated that BTH was still present so the
crude material was washed again as above. The crude
carbazate was obtained as a light orange solid (0.Si =
67.374). Recrystallization from pentanesether (20 mbL)
afforded 0.27 g (35.8%) beige crystals of 115, mp 114.0-
116.5°C.

An analytical sample was further Pecrystallized‘from
pentane/benzene, mp 117.5-118.0°C. Analysis for

CaH,, N,0,; calculated: C 59.99, H .71, N 15.588%; found C
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3%.90, H 6.84, N 15.224.

'H nmr at 90 MHz:

$2.10 ppm (s, 3H, 3-Me)

2.29 (s, 3H, 2-Me>
ca.3.23 (v.b, 2H, -NH,>
ca.4.37 (b, 1H, -NH-)

6.91-7.12 (m, 3H, aromatic)

ir (chloroform):

Y 1833 em~/ (m) Amide I1
1744 (v.s) C=0 stretch
3340 (W) N-H stretch
3440 Cw) N-H stretch

ms:
m/z 180 <(15.974) M+
122 (100.0) Me,C, H;0H "
107 (39.6> MeC,H,O0H™
91 (11.2) C,H,*

77 (17.3) C,He™

Dodecy] Carbazate (118D

Hydrazine hydrate (854X, ca. 0.30 g, 5.0%9 mmol) was
reacted with l-dodecyloxycarbonylibenzotriazole (114>¢t1.1 q,
3.32 mmol) in toluene (25 mLY. After stirring for { h at
room temperature the reaction was worked-up by washing with
2.5% sodium carbonate (3x5 mL), water (3x5 mL>, the aqueous

washings reextracted with chloroform (3x10 mL) and the
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combined organics dried.

This solution was concentrated, and carbon
tetrachloride was added and removed three times atfording a
white solid (1.07 g). A trace of BTH was still present by
nmr so this crude material was washed again as above
affording 0.72 g (88.84) of a very light yellow solid.

This crude carbazate was recrystallized from pentane (30
mL)> yielding 0.50 g (&1.7%) white crystals, mp &3.0-65.0°C,

An analytical sample was further recrystallized from
benzene/pentane, mp £66.5-47.0°C. Analysis for
C,,FQ!NIOZ; calculated: C 63.89, H 11.55, N 11.46%;

found: C 63.91, H 11.77, N 11.07%.

'"H amr at 20 MHz:

§0.76-1.01 ppm (m, 3H, CH,-)

1.14-1.74 (m, 20H, —(CHg),=>
3.74 (s, 2H, -NH,>
4.10 (ty J &.4 Hz, 2H, —-0-CH,->
5.94 (s, 1H, -NH-)

ir (chloroform):

» 1634 cm~’ {m) Amide II]

1728 (s> C=0
3370 (W) N-H stretch
3475 {m> N-H stretch
ms:
m/z 244 (16.54) M+
213 (1.9 =31, -N,H,
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185 (0.9 CH 4 (CH,),0*

171 (5.5) (CHz», OHT
157 (4.1 (CHgd,, OH*
143 (3.5 (CH,Y, OH7
125,127,129 €0.4,1.7,3.5) (CHZ2, OH™
111,113,115 (1.7,3.6,3.4) (CHzY, OH”
97,99,101 (3.4,6.1,4.6) (CHz), OH™

83,85,87 (5.8,27.7,5.7) (CH )¢ OH™
77 (56.6)  HOOCNHNH, *
76 (57.8>  HOOCNHNH, *
é9,71,73 €15.7,50.6,8.1> (CHg»,0H"
55,57,52 (44.6,98.8,27.7) (CH ), O0H "

41,43,45 (61.4,100.0,7.7) CH,CH,OH*

Crclohexyl Carbazate (14}

Hrdrazine hyrdrate (8574, ca. 0.32 g, 4.45 mmol) was
reacted with crude l-cyclohexylicarbonylbenzaotriazole (115}
(1.09 g, 4.44 mmol) in toluene (25 mL). After I h the
reaction was worked-up by washing the mixture with 2.5%
sodium carbonate (3x10 mL)>, water (3x10 mL>, the combined
aqueous washings reextracted with chloroform (3x10 mbL) and
the organics dried.

After concentration, carbon tetrachloride was added
and removed three times affording 0.52 g (74.0%) of a white
solid. Recrystallization from pentane/ether (20 mL)
vielded 0.25 g (35.6%) white crystals of 14, mp 84.0-

87.5°C.
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A sample for analysis was further recrystallized from
pentanes/benzene, mp 89.5-92.0°C. Analysis for
CsHyN,0,3 calculated: C 53.15, H 8.92, N 17.71%4;  found:

C 33.39, H 9.02, N 17.29%.

"H nmr at 2?0 MHz:

£0.98-2.12 ppm (m, 10H, =(CH,)4-)

3.49 (s, 2H, —NHy>
4.47-4,87 (m, 1H, -CH-0)
6.02 (s, 1H, -NH-)

ir (chlioroform):

Yy 1633 ecm—! (s Amide 11

1719 (v.s) C=0
3340 (m) N-H stretch
3465 (s> N-H stretch
ms:
m 7z 1358 M+
114 -44, -CO,
99 c-C,H,0%
98 €=C,H,0%
82 (base) c=C,H, "

Preparation of the Carbazates via the Chloroformate

1-Adamanty]l Carbazate (15) (25

Cold liquid phosgene (22.4 g, 0.228 mol, Matheson) was
weighed into a 3-necked 500 mL round-bottomed flask

containing dry benzene (100 mL)> at room temperature. 1-
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Adamantanol (5.00 g, 0.0328 mol, Aldrich, $9%) and freshly
dietilled dry pyridine (4.70 g, 0.05%4 mol, Fisher,
certified ACS) in dry benzene (125 mL) were added over 1 h
to this stirred solution while the reaction temperature was
maintained at less than 4°C with an ice-salt bath. @A white
precipitate of pyridinium hydrochloride was immediately
formed and the adamantanol solution was rinsed in with an
additional portion of dry benzene (50 mL).

The reaction was stirred at room temperature for 1.5
hy, filtered, washed with ice-water (150 mL), dried over
magnesium sulfate in a refrigerator, and gently
concentrated on a rotary evaporator to ca. 100 mL. @&n ir
run on a film obtained by allowing a few drops of the
benzene solution to evaporate on a salt plate was

consistent with l-adamanty] chloroformate.

ir (filmd:
v 1147 cm—' ()

1790 (s

The chloroformate solution was divided into two
approximately equal portions and one portion was reacted
further with hydrazine. Assuming the yield was
quantitative then 0.0328 mol of the chloroformate should
have been produced. According to the relative weigh{s, the
solution to be reacted then contained 0.0180 mol (3.84 g’

of the chloroformate,

300



This chloroformate solution (ca. 0.0180 mol in 100 mL
benzene) was added over 50 min to a stirred scolution of
anhydrous hydrazine (5.22 g, 0.163 mol, Eastman) in dry f—
butanol (50 mL) using an ices/salt bath to maintain the
temperature at less than 5°C. The solution was rinsed in
with an additional portion of dry benzene (&0 mbL).

The reaction was worked-up after stirring for 2 h at
room temperature. The mixture was concentrated to ca. 10
mL with mild heating, diluted with ether (200 mL) and water
(20 mL>, washed with 50 mL porticns of water, 14 sodium
carbonate, saturated sodium chloride solution, and dried.
Pure white crystals of 1-adamantyl carbazate (15 (2.5% q,
68.4X) were obtained when the benzene was partially removed
and the solution cooled in a freezer, mp 139.5-142.0°C;
lit. mp 141-142°C (25).

The remainder of the chloroformate sclution was
similarly reacted with hydrazine hydrate (¥5+4, 4.10 g, ca.
0.128 mol) in dry t-butanol (40 mL) vielding 2.14 g (é8.8%
15.

An additional 0.46 g product was obtained by combining
the mother liquors from both of the above reactions,
concentrating and recrystallizing from ether/hexanes. The

total yield was therefore 78.0% (5.3% g).
'"H nmr at 40 MHz:
$1.68-2.13 ppm (m, 15H, adamantyl)

3.70 (b, 2H, -NH,)>
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3.97-6.20 (v.b, 1H, —NH-)
ir (chloroform):

¥ 1432 cm™ (m) Amide I1I

1715 (s) C=0 stretch
3370 (w?> N-H stretch
3470 (m> N-H stretch
ms:
msz 210 (- No parent ion

166 (10.1%) -44, -CO,
152 <0.9 AdOH ¥
135 <100.0%) Ad+

107 ¢9.3 CyH,*

$3  (23.0)  CuH,”

79 (28.7Y  C Hz*

67 (10.5)  CgHz™

55 (%.1) CyH ™

41 (11.6) C H.*

Benzyl Carbazate (24) (23

Benzyl chloroformate (ca. 14.92 g, 0.0874 mol,
Aldrich) was added dropwise over 1.2 h to a stirred mixture
of anhydrous hydrazine (95+4, 15.05 g, 0.444 mol, Eastman?
and anhydrous ether (100 mL). The reaction temperature was
maintained at -5 to 0°C with an ices/salt bath. The white
precipitate which had formed redissolved on stirring'
another 1 h at room temperature to give two clear

immiscible layers. After separation of these lavers, the
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top ethereal larver was washed with water (3x5 mL) and
dried.

The solution was saturated with HC1 gas and filtered
affording 8.74 g (49.3%) of the benzyl carbazate salt as
fine white shiny platelets, mp 164.0-149.5°C. These were
dried under vacuum over phosphorus pentoxide, mp. 1648.5-
171.5°C; lit. mp 170.0-170.5°C ¢(23). On concentrating the
mother liquors, further material was obtained as the free
carbazate 24 (2.77 g, é8.4% total), mp &6.0-49.0°C; 1lit.
64.5-47.0°C (237,

The salt (8.18 q, 0.0404 mol) was suspended in
chloroform (100 mL)> and cooled with an ices/salt bath. A
sclution of TEA (5.07 g, 0.0501 mol) in chloroform ¢(25 mL)
was added dropwise over 0.3 h while maintaining the
temperature at -7 to -4°C. @After an additional 1.5 h at
room temperature the reaction was diluted with ether (135
mL> and the precipitate of TEA.HC! filtered-off (4.85 O,
87.2 .

The filtered solution was concentrated to ca. 75 mL
and petroleum ether (75 mL) added to cause the product to
precipitate out. Further concentration of the mother
liquors and addition of petroleum ether resulted in a
quantitative yield of benzyl carbazate as a white solid
(6.63 g, 9$8.84), mp 64.5-48.0°C; lit. 64.5-47.0°C.

The benzyl carbazate had the identical spectrostopic

properties as the material described earlier.
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Phenyl Carbazate (25

A solution of phenyl chloroformate ¢15.05 g, 0.0%9&1
mal, Eastman) in anhydrous ether (100 mL) was added cuer
2 h to a stirred mixture of hydrazine (95+4, 16,06 g, 0.47¢&
mol> in anhydrous ether while the temperature was
maintained at -5 to 0°C with an icessalt bath. The
reaction was stirred an additional 0.5 h in the bath and
0.5 h at room temperature. Enough water (25 mL) then was
added to dissolve the white precipitate which had formed
and the layers were separated. The ethereal sclution was
washed with a small amount of water (3x5 mL) and dried. On
treatment with dry HC! gas, 4.3% g (35.2%) pheny»l carbazate
hydrochloride was obtained., The mother liquors afforded
2.12 g (54.6%) of phenol.

The salt (2.02 g, 10.7 mmol) was suspended in
chloroform (&0 mL), cooled in an ice/salt bath and treated
over 0.7 h with a solution of TEA (1.11 g, 11.0 mmol) in
chloroform (20 mL) while the temperature was maintained at
-7 to -10°C. Ether (100 mL) was added to precipitate the
TEA*HCI ¢1.12 g, 76.0%) and ,after filtering, the solution
was concentrated to ca. 40 mL. Diluting with pentane (50
mL> afforded 1.33 g (81.8%, 28.7% overall) of 23, mp 99.5-
103.0°C; tit. 103-104°C (27).

Trituration of 0.50 g of the carbazate with carbon
tetrachloride (2x10 mL) yielded 0.41 g (8B2.04) of material
with an unchanged mp. The phenyl carbazate had the

expected spectroscopic properties, see earlier.
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GENERAL METHOD OF OXIDATION

Two slightly different general methods of oxidation
were used in this investigation. In method & the oxidation
was carried out at various temperatures and the gases
evolved were collected in an inverted cylinder while in
method B a completely closed system was used and the

reaction was done in a bath thermostated at 40°C

Method A

Oxidant, dry sclvent (50 mL)> and a magnetic stirring
bar were placed in a two-necked Erlenmeyer flask (250 mL>
which was fitted with apressure-equalizedaddition funnel
(123> and a condenser which was connected to a gas-bulb
(167 mL) and a Firestone valve,

Distilled methyl carbazate (ca. 0.50 g, 5.55 mmol) was
dissolved with warming in-dry solvent (S0-7?5 mL) in a
round-bottomed flask (100 mL>. This solution was then
purged at least six times using the Firestone valve
between argon (or helium) and the house vacuum; warming
was used if necessary to Keep the carbazate in solution.
This solution was quickly transferred into the addition
funnel mbL) and the entire system including the gas-bulb was
purged at least six times with stirring. A slow stream of
argon (helium? was bubbled through the gas-bulb and out a
delivery tube to completely flush the system. The reaction
flask was then placed into a hot paraffin wax bath at the

required temperature and was allowed to warm for ca. S min
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with stirring.

The carbazate solution was added dropwise over 0.5-
2.5 h and the evolved gas was collected in an inverted
graduated cx¥linder (500 mL). The reaction mixture was then
stirred another 10-20 min to ensure the oxidation was
complete. Gas evolution normally began immediately,
continued smoothly throughout the addition and ceased
within minutes after the addition was complete. The gas-
bulb was then isoclated, the amount of gas collected
measured and the reaction allowed to cool. The gas was
analyzed by gc using one of the two methods described

below.

Method B

Carbazate (11.1 mmol), dry solvent (100 mL> and a
magnetic stirring bar were placed in a round-bottomed f1ask
(2530 mL) and was purged at least six times between the
house-vacuum and helium with a Firestone valve to remove
the air. Stirring and warming were used if necessary to
dissolve the carbazate in the solvent while still under an
atmosphere of helium. The round-bottomed flask was then
removed from the system and was quickly stoppered.

Barium manganate (ca. 8.53 g, 33.3 mmol) and dry
solvent (30 mL) were placed in a two-necked reaction flask
(250 mL> which was fitted with a jacketed addition funnel
and a condenser. To this condenser was attached a

Firestone valve and a gas-bulb (147 mL) to which was
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connected a closed graduated cylinder (900 mL) and a
leveling bulb (1L>. With the gas-bulb still closed the
entire system was purged at least six times between helium
and the house-vacuum using the Firestone valve.

The carbazate solution was then quickly poured into
the addition funnel while helium was being flushed out and
the system carefully and quickly purged another six times.
Water flow through the jacket af the addition funnel and
stirring were started. The height of the leveling bulb was
adjusted so that the level of the saturated sodium chloride
solution was Jjust at the graduated cylinder. After the
helium gas was shut-off at the pressure regulator, the
excess pressure in the system was relieved by opening the
screw valve on the Firestone valve several turrs and thern
was closed.

The apparatus was allowed to equilibrate S min and
then the carbazate sclution was added dropwise. As soon as
the first few bubbles of gas were collected in the aas
crylinder the leveling bulb was lowered a few mm’s. As the
addition continued and the gas collected in the cylinder
the leveling bulb was further lowered another two or three
times so that the head pressure exerted by the leveling
bulb was not excessive.

Usually the addition was complete after 1-2 h and the
gas evolution normally stopped within minutes of this.
Stirring was continued another 10-15 min to make sure that

the oxidation was complete. The stopcock at the outlet of
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the cylinder was then closed and the leveling bulb adjusted
s0 that the levels in it and in the gas cylinder were
equal. The stopcock was reopened and the levels were
checked to confirm they were still equal. The gas-bulb was
isolated and the volume of gas collected was measured.

After cooling the reaction flask in an ice bath, the
barium salts were removed by filtering through a layer of
magnesium sullfate in a Buchner funnel.

The gas in the gas-bulb was analvzed by gc according
to method B and in some cases the solution was analyzed on

another gc.

GC GAS ANALYSIS

The gas collected from the oxidation was analyzed by
one of two slightly different methods, the main difference
between the two was the way the calibration was carried
out. A BASIC gas chrohatograph, Model &500 (Carle
Imstruments, Inc.) was used together with a Fisher
Recordall 5000 Series two pen recorder.

Method &
-42/460 Molecular Sieve 5 A
Coast Engineering Laboratory; Formula 012447
4 ft x 1/8 in, stainless steel
Flow: 37 mL/min
~-100/120 Porapak Q®
Waters Assoc., Inc.; Batch 849

4 ft x 1/8 in, stainless steel
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Flow: % mL/min

Regulator Pressure: 13 psi

Column and Inlet Temperature: ambient

Carrier Gas: Helium

Detector: Thermal Conductivity

Attenuation: |

Recorder: Y 0.01, Y 0.001

The molecular sieves were activated by heating for
20 h in a muffle furnace at 180-280°C and were allowed to
cool in a desiccator. The gas flow was adjusted so as to
optimize the resolution of a oxXygen, nitrogen, methane and
carbon dioxide mixture. Completely optimium flows could
not be obtained since the head pressure to both columns
could not be independently adjusted; one pressure was
applied to both columns at the same time.

Before an analysis, the instrument was tested by
injecting 3x0.5 mL samples of air with a 1 mL s¥ringe inteo
the molecular sieve column and then five times into the
Forapak Q®co]umn. If operation was satisfactory then the
reaction gas was analyzed.

The analysis involved first flushing a 1 mL syringe
with 3x1.0 mL of the reaction gas in a gas-bulb (1&7 mL>.
A 1 mL sample was then withdrawn, 0.5 mL flushed out and
0.5 mL quickly injected into the ac. Normally eight
injections were made starting with the molecular sieve
column and then alternating columns. The area of each peak

from the recorder trace was estimated as the product of the
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height and the width at half height <A = H-Wy> . Each area
was corrected using a calibration factor determined using
the pure gas (see below). As the gas in the gas-bulb was
sampled, air was found to gradually leak into the s¥etem
causing a gradual change in the peak areas. To minimize
this variation, only the first two injections on each
column were averaged and used in the further calculations;
the error was estimated as half the difference between
these two areas. A VisiCalc® program was used to
calculate the yield of the gases as in the following
example.

In a typical example, methyl carbazate was oxidized
with barium manganate in refluxing p-xy¥lene. The average
area of the first two peaks of each gas and the estimated
error are listed in the table. These areas were corrected
by dividing by the appropriate calibration factor

determined as described in the next section. For nitrogen:

Area-Cor N, = (area Nz)/(Calﬂs(NZ))

[3218(352.8>1/0138.07(4.454)>1

[3218C10.98%01/0138.07(3.26X)1

23.31¢14.220

The error in the corrected area was estimated to be the sum
of the individual percent errors.
The results from both columns were related, area-rel,

by dividing these corrected areas by the area of the
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methane peak of the same column. Further division by the
sum of these relative areas, including the methane only
once, resulted in the relative yields of the gases,
rel.»ield.

In this reaction, 0.350¢0.01)g or 5.55¢(2.0%)mmo]
carbazate was consumed and 193(S)mL gas was collected which

corresponds to approximately:

i

n PU/RT

{[745(5)/740] atm>{193(5) mL>

(0.080542 1 atm mol KI(295.0 K»
= 7.816(3.25%) mmol
When the atmospheric pressure was not measured it was
estimated to be 745(5)mm Hg as was the case here.
From the amount of gas expected, the amount found and
from the relative yield of nitrogen, the yield of nitrogen

can finally be determined:

Yield Ny = (rel yield){mmol gas)/{mmol carbazate)

[80.66¢14.22/)107.816¢3.25401/[5.55(2.00%)]

113.6¢19.47%)

113.6¢22.1)

For the ethane, a factor of two must be included since two
molecules of methy]l carbazate form two methy] radicals

which result in one molecule of ethane.
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TABLE 22. Gas Analysis by Method A.

MS(N,> MS(CH,) PQCCH,> MS(CO> PR(COL)D PQCC,H,>

Area 3218 154.95 106.72 133.05 410.47 1.9
Error 352.8 20.55 3.68 4.95 14.57 0.1

Area—Cor [23.306% 1.4015 0.2230 0.9740 0.5087 0.0025

Error¥ 14,19 14.33 &.06 6.54 8.44 P.65
Area-Rel |146.6305 1 1 0.6950 2.2808 0.0111
Rel.Yield|80.66 4.85 4.85 3.37 11.06 0.05
Yield 113.60 6.82 46.83 4.75 15.58 0.15
Error 22.10 1.47 0.77 0.548 2.17 g.02

MS = Molecular Sieve column. PG = Parapak a® column.

When the reaction was carried out under helium it was
possible to correct for the leakage of airy helijum is
transparent to the analysis since it was also used as the
carrier gas. Under these conditions the oxygen peak was
found to gradually increase in each chromatogram. The
ratio of the area of the nitrogen to oxygen peakK in the
initially run air samples were averaged. In the analy¥sis
of the collected gas the area of the oxygen peak was
multiplied by this factor which should Qive the area of
nitrogen due to air. Subtraction gave the corrected
nitrogen areas which were averaged and the calculations
were repeated as above. Usually there was very little
leakage in the first two injections and so the corretted

yields were very similar to uncorrected vields.

312



Calibration Factors for Method &

Various volumes of pure gas, 2 x 0.2, 0.4, 0.4, 0.8,
and 1.0 mL, were injected as above into the applicable
column and the areas determined. Linear regression was
used to fit the best line of area vs. volume to the data
including the origin. The area that corresponded to a
volume of 0.5 mL was used as the calibration factor.

The calibration lines and the corresponding
calibration factors were:

Molecular Sieves column:
Ay (N2) = [282,.564(7.042>1[Vel mL] + &4.788(4.454)
Calug(N,) = 138.071(4.454)
AuCCHYY = [211.004(5.342)1 Vol mL]l + 5.082(3.291)
Calys (CHy)> = 110.564¢(3.3%1)
A, (COY = [273.98596.094>1[Vol mL] - 0.394(3.854)
Cal, (CO) = 134.594(3.854)
Porapak Q@Eolumn:
Ape (CHL) = [913.894(19.742)1IVal mL] + 21.562¢(12.4%8)
Calp, (CH,) = 478.509(12.498)
Ap (CO,Y> = [1490.909¢(44.943)1[Val mL]l + &41.484¢41.074)
Calp, (CO,0> = 804.940(41.074)
Ap (CaH Y= [1505.184(53.293)3[Vo] ml.l + 14,495(33.70&)

Cal,Q (CzHé) = 7&7.287(33.708)
Method B
-&0/80 Molecular Sieve 5 A

Supelco, Inc.; Lot No. 478232
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6 ft x 1/8 in, copper
Flow: 246.0 mL/min
-40/80 Chromosorb 102®
Supelco, Inc.; Lot No. 315
é ft x 1/8 in, copper
Flow: 37.7 mL/min
Regulator Pressure: 30 psi
Column and Inlet Temperature: ambient
Carrier gas: Helium
Detector: Thermal Conductivity
Attenuation: 1
Recorder: Y 0.001, Y Integration Low
The molecular sieves were activated by heating for 4 h
at 300-340°C in a muffle furnace then removed while stil]
hot and allowed to cool in a desiccator. The gas flow
through the gc was adjusted to optimize resclution ueing a
sample of 3.0 methane in nitrogen. Here the 1 mL syringe
was flushed with 3x0.2 mL of the gas caollected from the
reaction, this caused less leakage of air. Then ! mL wasc
withdrawn, 0.5 mL flushed ocut and the remaining 0.5 mL
quickly injected into the gc. Ten such injections for each
gas sample were made starting with the molecular sieve
column and alternating columns.
The area corresponding to each peak was determined
using the integration trace by the standard method. .Again,
only the first two injections were used in the calculations

to minimize the effect of the leakage of air. A UVisiCalc®
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program was used to calculate the yield of gases using the
calibration lines determined using authentic samples as
described below.

A sample calculation follows. In a trpical
experiment, methy! carbazate was oxidized with barium
manganate in equal volume benzene:tcluene at 40°C under
helium. On the molecular sieve column the area of the
nitrogen peak was determined to be 340 and 343 counts or
361.5(1.5) counts. Thus, the percent composition of

nitrogen was:

2 (NgY = [3461.5¢(1.5) + 21.874811/07.28291¢0.104650) ]
= [361.3C0.39%) + 21.474811/07.22291¢1.46%) ]
= 52.61¢(1.85)%

The error in the calibration line was estimated as the

standard deviation in the slope. Similarly, the percent of
the other gases were calculated from the areas using the
appropriate calibration curves (see later), no ethane was
detected (Table 23). Since the concentration of methane
could be determined with either column, the value with the
lTower percent error was used in the further calculations;
here it was the value determined with the Chromosarhb
column. The relative yields were now determined by
dividing the percent values by the sum of these percent

values using only the one appropriate methane value.
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TABLE 23.

Gas Analysis by Method B.

MS{N, MSCCH,> C(CH4) MS(CO) CCCO,>
Corr.

Area 361.5 358 2.5 3.5 &7 ?1.5
Error |1.5 2 0.5 0.5 2 0.5

“ 92.4129 52.1323 0.5814 0.7399 %.3484 14.2392
“Error|1.85 1.9% 18.41 16.42 10.09 2.24
Rel.Y | 68.38 - 0.9& 12.15 18.51
Yield |20.48 - 1.27 16.07 24.48
Error | 3.82 - 0.24 z2.00 1.13
Corrected

Rel.Y 68.18 - 0.97 12.23 18.42
Yield ?0.1¢9 - 1.28 14.17 24.63
Error 3.3 - 0.24 2.02 1.14
MS = Molecular Sieve column. C = Chromosorb 102@>c01umn.

In this reaction

1.00¢0.01>g or 11.10¢1.0%mma) methy]

carbazate was consumed and 348(S)mL of gas was collected

which corresponds to:

(PUY/C(RT)

[733.5¢0.1)/760 atml{348(5) mL1]

(0.0820542 1

atm mol K ){(2%94.8 K»

14.68(1.37%) mmol
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Thus, the yield of nitrogen was:

it

Yield (Np> (Rel Yield)(mmol gas)/{(mmocl carbazate)

i

[468.38(1.85451014.68C1.37%)1/011.10¢1.0%>1

20.43(4.22%)

£0.43(3.82)

GC Calibration B

Preparation of the Standard Bas Mixtures

A large gas-bulb (147 or 148 mL) was flushed with
either nitrogen or argon. The gas of interest was withdrawn
from a small (78 mL) gas-bulb while this gas was flowing
through it and out through a bubbler. A suitably sized
large syringe was flushed with 3x5 mL of this gas and then
(nt3)mL was withdraw. Five mL of gas was flushed out and
the volume required (n mlL) was injected into the large gas-—
bulb allowing the displaced gas to flow cut a bubbler
connected at one end. At least 20 min were allowed to
elapse for thorough mixing of the two gases to occur.

These samples injected intoc the large gas—bulb were lecs
than or equal to 45 mL since with agreater volumes some of
the injected gas was found to flow out with the displaced.
The calculated concentrations would then be higher than the
true value,

For a 147 mL bulb the percent concentration of gas

would be:
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/4 Conc = 100n/16&7

Therefore if 35 mL of nitrogen was injected into arqon:

4 Conc = 21.0 % nitrogen in argon

For higher concentrations a second injection of the

gas of interest was necessary. Here the second injection

of n’ mL would displace n” mb of a mixture of gases so the

concentration was calculated accordingly. The n’ mL

injected displaced n"(n /147> mL of the gas of interest

therefore the new volume of this gas in the bulb was:

n* + n - n{n/1&7)

So the new concentration was:

4 Conc’ = 100(n’ + n - n'(n/147))/167

Normally n‘ = n, so:

7% Conc’ = 100<{2n - n¢n/1&7))>/147

100<2n - nd(% Conc/100))>/147

For example if 2 x 35 mL nitrogen was injected into argon

then:
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4 Conc’ = 100<(70 - 35(0.21033/147

37.3% nitrogen in argon

Various samples of gases were blended in this way and
for each sample 5x0.5 mL injections made as described
above. The corresponding area (counts) were determined
from the integration trace on the recorder. Again there
was a noticeable slow leakage of air and so only the first
two injections of each sample was used to minimize this.
Linear regression was used to fit these points including
the origin to a line of area vs. percentage.

Nitrogen

Eight samples of nitrogen in argon (17.9, 21.0, 23.8,
26.9, 32.7, 37.3, 42.2, and 46.4%) plus pure nitrogen were
run.

ACNZY = [7.28291C0.10450)1¢4N,> - 21.47481(4.49288)

Correlation Coefficient = 0.9981%

Methane

Six samples of methane in nitrogen (2.99, 5.%93, 11.90,
14.97, 17.86, and 20.8%) were used.

Molecular Sieve Column

AplCHL) = [5.99753¢0.24438)1(%CH:) - 0.98702¢(3.27124)

Correlation Coefficient = 0.990%9%
Chromosorb Column

Ay (CHy) = [4.91110(0.13043)1C4CH) - 0.13358%9(1.74845)

Correlation Coefficient = 0.99413
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Carbon Dioxide

Six samples with nitrogen dilutant were run (2.99,
.95, 8.98, 11.90 14.97, and 17.86X).

ACCO,) = [6.64606(0.11353)1(%C0,) - 3.13427(1.26%971)

Correlation Coefficient = 0.99840
Ethane

8ix mixtures with the same percent composition as the
cabon dioxide were run.

Alethane)=0[7.466487(0.13154)1C%C,H,) + 0.28713(1.47434)

Correlation Coefficient = 0.99838

Carbon Monoxide

The same & percent compositions as for carbon dioxide
were run.
ACCOY = [8.37971(0.44935)1(4COY - 7.6532315(5.24%15)

Correlation Coefficient = 0.98318
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INITIAL INVESTIGATIONS. METHYL CARBAZATE OXIDATION

In the initial investigations methyl carbazate (ca.
0.50 g, 5.55 mmol) was oxidized by method & in various
solvents, with various oxidants and under various
conditions. The gas collected was analyzed according to

method A or B, Table 7.

OXIDATION AND COMPLETE ANALYSIS

The oxidations in this section were carried out
according to general method B. The collected gas was
analx¥zed by method B and the reaction sclution was analyrzed
by gc on a column of SP-400, chlorophenyl.

Dxidation of Methyl Carbazate

a) In Benzene

Meth»! carbazate was oxidized in benzene with barium
manganate, yellow mercuric oxide, activated manganese
dioxide and potassium permanganate. The details and
results are given in Table 8.

The benzene solution was analyzed by gt using
napthlene as an internal standard. Solutions of bibenzyl,
dimeth»l oxalate, diphenyl, methancl, methy] benzoate,
methy! formate and toluene in benzene were used to identi+y
and quantitate the major products formed. Methyl benzoate
was found to be the major compound present with small
amounts of toluene and bibenzyl also sometimes formed.
Note the distilled benzene contained a trace impurity of

toluene. The presence or absence of methanol and methyl
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formate in the reaction mixture could not be determined
since these compounds were found to elute with the soluent
peak.

b) In Toluene/Benzene

Barium manganate was used to oxidize the methy)
carbazate in toluenes/benzene (equal volumes), Table 9. The
reaction mixture was analyzed using adamantane as an
internal standard. Solutions of bibenzyl, methy] benzoate,
and ortho-, meta—- and para-methyl toluate were used to
identify and quantitate the major products formed. The
para-methy] toluate was commercially available and the
ortho and meta isomers were synthesized from the
corresponding acids by a standard procedure (74 and 85Y%
rields, respectively) (103>.

At least six other unidentified compounds were also
present in very low concentrations but further analysis was
not attempted. The ratio of sclvent peak areas before and
after reaction was determined to confirm there was no
preferential evaporation of the solvent.

c) In Chlorobenzene/Toluene

Methyl carbazate was oxidized with barium manganate in
equimolar molar chlorobenzene/toluene, Table 9. The
compounds formed were identified and quantitated with
solutions of methy¥l benzoate, and ortho-, meta- and para-
methy! chlorobenzoate in equimolar chlorobenzene/beniene.
The three isomeric esters were prepared from the

corresponding acids (2-, 3-, and 4-chlorobenzoic acid) by a
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standard method (86, 79 and 824, distillied,
respectively)(103). The reaction mixture was analyzed with
an internal standard of adamantane. Since the meta and
para isomers were not separated under theze conditions &
column of 54X Bentone 34, S/ diisodecyl phthalate on
Chromosorb W was also used.

The chlorobenzene solvent used contained two
unidentified impurities in very low concentrations; these
may have been dichloro- and trichlorobenzene. The reaction
mixture was alsc found to contain two other compounds but
in such low concentrations that further analysis was not
attempted.

Oxidation of Pheny] Carbazate

Pheny! carbazate (1.467 g, 11.0 mmol) in dry benzene
was added to a suspension of barium manganate over 78 min
and then stirred another 11 min to ensure that oxidation
was complete; 300(5 mL gas was collected, Table 10.

The benzene solution was analyzed using an internal
standard of naphthalene, Solutions of diphenyl, phenol,
phenyl benzoate and phenyl formate were used to identify
and quantitate the products formed. The phenyl formate was
prepared from phenol, dimethylformamide and phosphorus
ox¥chloride according to a literature procedure (42%
distilled yield> (105).

The compounds found and tﬁe percent yield were:s

phenoli 27.6(10.8)%

phenyl benzoate 9.7¢(0.4)%
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phenyl formate 3.1¢1.20%
At least four other unidentified compounds were also
present but in such low concentrations that further
analysis was not attempted.

The phenol and phenyl formate could not be separated
urnder these chromatographic conditions. However, in
prepared mixtures most of the phenol was found to extracted
by washing with a solution of potassium carbonate (10%)
while most of the formate remained in sclution. Thus,
calibration sclutions were prepared and the ratio of the
phenol and the phenyl formate peak areas was determined
before and after such washing. A portion of the reaction
was washed in the identical manner and the ratioc of areas
before and after washing was measured. The proportion of
phenol and phenyl formate was estimated with this
information.

Oxidation of Benzy¥l Carbazate

Benzyl carbazate (1.84 g, 11.1 mmol) in dry benzene
was added to barium manganate (8.58 g, 33.5 mmol) over &4
min and stirred another 10 min. Method B was used to
analyze the gas collected 373(5S mL>; the details are
listed in Table 10,

The benzene was analyzed using naphthalene as an
internal standard. Solutions of benzaldehyde, benzoic
acid, benzyl alcohol, benzyl benzoate, benzyl formaté,
bibenzyl, diphenyl, diphenyimethane and toluene were used

to identify and quantitate the producte formed. The benzyl
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formate was prepared from formic acid and bernzyl alccochol by
a standard procedure (4%% yield, distilled) (103},
The products identified were:

bibenzyl 60.6(2.8%

benzaldehyde 13.9(1.0%

benzyl alcohol 8.5(0.8)%

benzyl! formate 1.5(0.13%

toluene 0.353(0.07%
At least two other compounds were also present but in such
low concentrations that further analysis was not carried
out.

Oxidation of 2-Phenylethyl Carbazate

Phenyl carbazate (2.00 g, 11.1 mmal) in dry benzene
was reacted with barium manganate (2.45 g, 33.8 mmol} over
20 min and stirred another 10 min to ensure the oxidation
was complete. The analysis of the gas collected 270¢(5) mL
is shown in Table 10.

The product solution was analyzed with adamantane as
an internal standard. Solutions of bibenzyl, 3,4-dihydro-
2(1H)-benzopyran—-i1-cne, diphenyl, ethyl benzene, phenyl-
acetaldehyde, phenylacetic acid, 2-phenylethancol, 2-
phenylethy! benzoate and 2-phenylethyl formate were made to
identify and quantitate the products formed.

The Z2-phenylethy]l formate and Z-phenylethyl benzoate
were synthesized from the alcchols by a.standard procedure
(86 and 754 distilled vields, respectively) (103>, The

3,4-dihydro-2(1H)-benzopyran-l-one (3,4-dihydroisoccoumarin

325



or l-isochromanone) was prepared from homophthalic acid by
the methods of Grummitt and coworkers (104), and Ecse and
Chaudhury (107) (184 overall vield, not optimized). The
phenylacetaldehylde was obtained as a mixture of four
compounds by the PDC oxidation of the alcchol. One of
these compounds was the 2-phenylethanc! due to incomplete
oxidation. The phenylacetaldehyde seemed to polymerize
on standing. None of the these three unknown compounds
were present in the reaction mixture of the Z-phenylethwl
carbazate.

The compounds found and their percent vields were:
2-phenylethanol 21.3C0.5X4
2-phenylethyl formate S5.4¢0.1)%
2-phenylethy! benzoate 4.03¢0.08)%
ethyl benzene 3.9¢0.4>%

At least eight other compounds were also present but in
such low »yields that no further identification was carried
out,

The oxidation was repeated in dry methylene chloride;

a solution of 2-phenylethyl carbazate (2.00 g, 1!.1 mmol)
was added to barium manganate (8.58 g, 32.5 mmol) over 2 h
and stirred another 10 min. No warm water was circulated
through the jacket of the addition funnel because of the
low boiling point of this solvent. The composition of the
collected gas 299(S)mL is tabulated in Table 10.

The filtered methylene chloride solution was not

analyzed by gc but instead the major components were
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isclated. The solvent was removed affording 0.76 g of &
light vellow semi-solid. Extraction with pentane (3x10 mL)
afforded 0.13 g of a colorless liquid which consisted of
nine compounds by tic (1:1 petrocleum ether:ether). 2-
Phenylethancl (84 mg, &X) and 2-phenylethyl formate (13 mg,
0.874) were isolated from this mixture by preparative tlc
(1:1 petroleum ether:ether).

The material inscluble in the pentane was
recrr¥stallized from 1,i,1-trichlorcethane (10 mbL)> affording
ca. 10 mg of a brown solid, mp 207.5-210.0°C. The
spectroscopic data were consistent with 4,4"-bi-
[cyciohexadi-2,5-ene-1-spiro-3/-(tetrahydronfuran—2--one)]
(292>, the dimer of the cyclized 2-phenylethoxycarbonyl

radical (0D.é% yield).

'"H nmr at 300 MHz:

§2.27 ppm C(t, J 6.9 Hz, 2H, 2xH4)

2.95 (m, 1H, H4)

4.37 (t, J é.9 Hz, 2H, 2xH5")

5.71 (d of d, J 1.5, & 10.2 Hz, 2H, H2, H&)
6.03 (d of d, J 3.1, & 10.2 Hz, 2H, H3, HS

Compare with the literature values of proton spin—spin—

constants (108):
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C=C C=g =J
[\ \ /
H, H, Hy H,
Jap (Hz) 6-12 4-10 0-3
JapbTypical 10 7 1.5
C nmr at 75.4 MHz:
37.77 ppm (C470
40 .64 (spiro carbon, C1,3° or C4
45.75 (spiro carbon, C1,3° or C4)
65.04 (CT"2
125.52 (C2 or C3)
136.00 (C2 or C3
177.18 (C2>

Compare with the literature value of -butyrolactone (108):
22.2 ppm (C4)
27.7 (ca) | ,QO
48.6 (cs) =
177.9 (C2)
ir (Nujol):
v 1022 cm~™/ C-0 stretch
1162 C-0 stretch
1761 C=0 stretch

Compare with the carbony]l stretch in ¥-butyrolactone,

1770 em /.
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msi

msz 298 No parent ion
254 -44, -CO,
167 C,HgC(COOH) CCH ,CH,OH)*
149 Ph~CH,CH,00CYor c-(C, H,00C>C H.*
122 Ph—CH,CH ,OH*
120 Ph—-CH,CH=0%or Ph-CH=CH-0H *
11% Ph-CH=CH-0*
117 Ph-C=C=0+

105(base)PhCH,CH,” or Ph-CO*

91 CaHz™
79 CoH, 7T
77 C,He™
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APPENDIX
The thermodynamic properties of alkoxy— and
aryloxycarbonyl radicals are summarized in this section.
The selectivity of the ROOC- thermolysis depends on
the group R; for R=alkyl and allyl decarboxylation occurs
(kA>>kB) while for R=pheny]l decarbonylation takes place

(Kp<<kg) .

A
R-0-C=0 ————= R- + C0O,

B
> RO- + CO0

The phenyloxycarbonyl radical has a strong Ph-0CO bond and
a weak PhO-CO bond due to the resonance stabilization of
the phenoxy radical. The dissociation energy of the Ph-0CO
bond was estimated to be ca. 16 Kcal/mol stronger than that
of the Me-0CO bond whi]e the PhO-CO bond has been estimated
to be ca. 18kcal/mol weaker than that of MeO-CO ¢(80).

AlKoxycarbonyl radicals are also thermodynamically
somewhat stable, ie. while thermodynamically disposed to
fragment to carbon dioxide and a carbon radical there it an
appreciable activation energy towards such a decomposition.
These radicals are more stable to decarboxylation than the
isomeric acyloxy radicals (85).

Some thermodynamic properties of various such radicals
are listed below as well as those of the acyloxyradical for

comparison purposes.
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TABLE 24. The Enthalpies of Decomposition.

R AHyCkeal/meld | AHg(kcal/mol)
Me -15% -11°% -10.9¢| 22° 25¢ 24.g°
Et -14 -10.0 24 24.7
n-Pr -6.3 26.4
i~Pr -8.2 27.5
n-Bu -3.2 28.5
Allyl | -26 25

Ph +1 -0.4 4 1.6

ARef. 80. PRef. 77. ¢Ref. 82 and 93.

TABLE 25. The Gaseous Heats of Formation of ROOC

R AH (kcal/mol)

Me -45,-43,-52° -51.7,-53.6" -55.8°%
Et -54,-57 -5%.4, -40.8
n-Pr -65.8 -45.8
i -Pp -48.% -67.0
n-Bu -71.9 ~-70.8
Allyl| -28

Ph -17,-19

“Ref. 80. PRef. 82 and 83.

TABLE 26. Activation Energy for Decarboxylation.

R Eget. (Kcal/mol)
Me 18.5
n—Pr 12.7
Ph 23.9, 23
Ref. 77.
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TABLE 27. Estimated Half-life of ROOC- at 140°C.

R t, (s)

Me 2x107%

Ph ca., 0.1

R{ZAR ) <2x107*
Ref. 77.

The rate constant for reaction & where R=t-Bu has been
ecstimated to be 2.9x10°% s~/ at 40°C (85). For the
decarboxylation of the acrloxy radical:

C
Me-C00+ ———3 Mg + co,
the activation energyr in solution has been estimated to &.&

Kcal/mol and the rate constant 1.4x107% s~ at &40°C (85>,
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