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Ira::-b I of ¡hrs d.i ssertai;ion desc.rì bes bhe toi;al

s;"'n-bhesis of srli se¡¡;rç-ì n"

211, iR, -ûa:rl,-aL:-ì c acic-L was successfully converied-

io n.liu:cal an-ì somyci n a.nct rts enan¡ioaer, (*)-aniscnycin.

t(ey steirs in the syn"bhesis 'were the reacbion of

p-rneth.ox;"'benzyl rnaÊinesiun chlori 0-e witn ì'-benz7-}-

2R,, 1?,, barta::iniicle, the crod"u.c-b of r^¡hicÌi t'vas nc;t

isola.bed., -trut írnraed.iauely sub jected to h;,'dride reclu.c Üion

ì;o give i'i-benz;vlci-eacet¡rl anisom;rcin ol-ris iis C-?, epirner"

1ii-benz;y'l ceacetyl ani sornycin was sef ic'i,ively

acetyla'i;eC at the C-- position, Debenz;r.l a'ü"i ott .gave

nal,ural anisom;rcin"

Tne hydro-<yl groups of ine O-2 epimer were

inr¡erted.r via i;he cis epo;<ide, io give bhe enan'biomeric

f orn of iii-benz;rl-cle¿rcet;vl a.ni soni)'cin. Sel-ecti-ve ace i;;ø1a-

i;ion aniL cl-ebenzJl ation 6ave (-+ )-anisonycin"
Part II <i-esc:ribes a s;,-ni;hetic aoproach to

claunomycin" 2, !-crinieihoxybenzal d-eilJ¡-cLe \"/as cond-ensecl

wii;h ace'üyl acel,'one" the oroou-c'û \,ras successively-

n;id::ogenated-, alk;iÌa'i;ecl ivi ur-¡, e-clt;'l bL:orrioace i;a'Ûe ,

1r;rd.roJ-;,- zed , and" c,vc I i ze cì- ro i-ace v¡)--), €ì-ilirnethox¡r-'1-

'betral one " ii;vctrog;ena.tion under aciiic c oitciiii ons

-cecì-ucecl tiie ar,vl ketone -ûo a mebhr.l-ene" rne proclucI

'{.ras successfu-fIy conclensecr v¡i bÌt phÌ;lla}:-c aci'C rior.o-
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r,he au-i;l-Lo-r i.;-l shes to elillress ;ris ¿.r.aii'bud e

to ì)T.o iJ "i " ,'.'onf, f or nis cai,r-e r:t 1;r-n J a.ece atlcl. ì r.is t;li-tc-Ûion

d-u:rinr,r bhe ccu-rse of bhe ,¡or']<"

He al so wisiles .to acllnoivl eC.te ni s cclloagu3s ln

¡tr, ì,1ong's laborai,ci:)¡ iior their corqD¿ì-ni ons¡i,,; -

especialJ-y Bcb l:chi¡enl';, who sha,red manJ¡ e moment oí

sl'r-ccesai ¿'.¡C farlut-re wi-ûi:L ihe 3.u'r,hoi' cì-u-ring -bile past

f oir.r ¡/eÐrs o
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TNTRODUCTION

Anisomycin was first isolated. in 19r+ by Sobin
4

Iand" 'I'anner' as a fermentatj-on product isol_abl_e from

various Streptomyces species. fn vitro stud.j_es have

shown that ani-somycin has excellent activity against

several- oathogenic protozoa and_ on occasion i_t has

been used- for the treatment of amebic infectiorl"2"
The structure of anisomycin was el_ucidated. in

19O+ by Beereboom and coworkersl" They assigned-

structure (fa) to the antíbiotic, but this stru_cture

o
ct =Üc oil

CE,OOL#

È

(1)

was later
LLanalysis'

mycin"

revised to (1

of the bromo

(ta)

tl

(1b)

) on the basi-s

d-erivative (f U ¡

of the X-ray

of N-acetylani-so*



Anisomycin is a white, crystalfine compound

(m"p" = 1+1., - 1+ZoC) with a pKa val_ue of 7"9" The

molecul-e is a tri-substituted_ pymolid-Íne, namety

2 - ( p-me t h oxyb e n zy I ) -1 - e t- s-4- tr ans -hydr o xy-pyrr o I i cl i ne,

It is readily acetylated to N-acetylanisomycin (2)

(scheme I, page 6 ) in col-d- acetic anhydride or to
i'lrO-diacetylanisomycin (t) in acetic anhyd.rid.e in the
presence of oyridine. Hydrolysis of anisomycin in ei-ther
acid. or base gives deacetylanisornycin (4). Treatment of
anisomycin with PC15 Ín chl_oroform yield.s a chl_oro

compound. which on treatment with ethanol_ic KoH gives the

cis-epoxid-e (5)" opening of the epoxid.e (r) with acetic
acid gives isoanisomycin (6) as the only prod_uct"

Similarly, opening of (r) by amines, alkoxid.es, or
mercaptans gives a 4-trans substituted-J-cis-hyd-roxy-2-
(p-methoxybenzyl) pyrrolid.ine as the only prod.uct"

The stereospecific chemical behaviour of the
epoxide had- l-ed Beereboom and- cor,vorkersl io assign the
irans configuration (la) 'bo the epoxid.e. They argued

o-s
H

(5a)

HOr. .}Ac*Il
N

H

(6a)

R _tnto@cHa_

that ihe p-nethoxybenzyt group at c-z u/as sterically



inhibiring nu.cleopnil-i-c attack ai; c-1 of the p¡-moJ-id-ine

ring" This would- be expected. to occur only if the

bu.lky group at C-2 was trans to the epoxì_de e thereb;,

forcing attack at A-Lt to give (6a) (i"e" the al1 trane
compound-)" coruelation of anisomycin with (ea; lecl them

to assign the all- trans configur¿tion (ra) to anisomycin"

Houiever, since only one product is obtainecl from the

opening of (r), it appears that a factor other than steric
controls the opening of the epoxid_e (5). It is now well
knov¿n that d.iaxial- products predominate in opening of
epoxides. l'liany examples can be cited- from the steroj-d.

fiel-d. for instance5" rt is reasonable to assume that in
the epoxi-d.e (5) the bulky c-2 substituent is equatorial"
Therefore, a cliaxial- product woul_d_ have a cis C-j¡ trans
C-+ configuration. This is experimentally observed "

A number of synthetic approaches to anisoniycin

have been reportecl. i,Jong6 established. the absolute

confi-guration of anisomycin by a chemi_cal correlation
to L-tyrosine as 2R, 15, 4S" This configuration is
correctl-y represented in (1). oid.a7 synthesized. racemi-c

anisom¡rcin s-ûarting from racemic tyrosine" Sal_món and
Ç()ival-l-s" synthesized isomers of anisomycin from pymole,

(l
Buccini' used. a similar approachr to synthesize racemj_c

d-eacetylanisomycin" More recently, Felner and schenker'10

reported- the total- synthesis of ¿nisomycin beginning
r,vith L-(+)-tartaric acid- diethylester. Reference wil-l
be mad.e to this rvork in connecti-on lvith the work-described.



in this thesis" Tne object of the rvorlc d_escr'ìbed_ in
this part of tire thesis ldas to d.evelop a synthetic
scheme tha.i; woul-d l-ead to the total- synthesis of opbically
active ani-somycin, Tne nai;uraf 'ry occurring isomer of
tartari-c acicl v/as chosen as s-üarting material_.
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RESULTS ATJD I]ISCUSSION

i'Iatural anisomycin and its enantiomorph,

(+)-anisomyci-n, have been stereosp:.1:t.ally sJ,nthesized-

starting from L-(+)-tartaric acid 
t t t t1 

@

L-(+)-tartaric acid- was chosen as starting material-

because it is read-ily availabl-e and, more ititportant, it

has two optically resolved carbon atoms" Since the

tartari-c acid- was d.estined to become the carbon skeleton

of the pyrrolidine ring of anisomycin, the C-t and A-+

positions woul-d 'oe optically resolved. and. al-so have the

correct trans subs-bj-tuents" The problem i^/as, then,

essentiall-y the introdu-ction of a nitrogen atom to

complete the pyrrolid.ine ring and- the additj-on of the

p-methoxybenzyl sid.e chain to complete the skeleton of

anisomycin"

A literatu-re survey showed- that }R, 45, dihyd.roxy

pyrolid.one (9) had- been synthesized. by Japanese to"kers15

from l-(+)-tartaric aci-d. d-iethylester accord.ing to the

scheme shown below" The pyrolidone seemed. an attractive

CuOC.H-
tc-)

*oH
t 

-

Ho -l- Aco
cH2Nr{2

(s)

"ffi.
tI

(e)

CCOC^H-¿)

Q)
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intermeAiate for the introd-uction of the p-methoxybenzyl

sid-e chain" However, the red-u-ction of the niirile (7)

according to the cond.itíons of the Japanese lvorkers

( 62 atmospheres of Hr) posed- a problem since a high

pressure hyd-rogenator was noi available to us at the

time; also the overall yie1d. (1O%) of the conversion of

the nitrile (7) to the l-actam (9) is very poor" since

v/e coul-d- not find- a known suitabl-e al-ternative for the

synthesis of ( 9 ) we abandoned. the thought of using a

pyrrolid-one as an intermed.iate*" Instead. of )r4-di-inyd-roxy

pymolid.one, we d-ecj-d.ed. to use tartarj-mid-e (16) (sclieme IIIt

page ?j) as the intermed.i-a-be to introduce the p-nei;hoxy-

benzyl side chain" The N-benzyl derivative \¡/as chosen

because the benzyl group is read-íly removed- l-ater on

by hyd.rogenolysis" N-benzyl tartarimiael4 is read-ily

obtained by cond-ensing tartaric acid- with benzylamine in

refluxing xylene"

The next problem was the introd-uctj-on of the side

chain" Grignard_ aclditions to imid-es are well- known.

However, there is Some question aS to r,vhetner the product

+ ! ñ^a *^-. 40

It is interesting to note that Felner and- schenker "

used. 1R, 45, d.j-methoxy pyrrolidone (11) as an lntermed-iate

in their synthesis of anisomycin (scheme II, page22)"

Theyobtained.(11)fromtheniirile(1o)l-n80?6yield-

using hyd-rogen at atmospheric pressure"





j-s a 2-hyd.roxy-r-pymolid-one or a $-keto amj-d_e" The

l-iteratu,re is somewhat uncl-ear on this point" Ilecently

Queen and, ReipaslS establ-ished. that hydroxy pyrroJ-inones

:9 *À,,¡f r_t,h
R< þcoryH

i-rh

are the prod.ucts obtained- on addition of Grignard- reagents

to N-aryl mal-eimides. This is contrary to the pubrished.

find.ings of Awad. anrd- coworker"l6 ,rho proposed- that the

open chain $-teto amid.es are the resul-ting prod.ucts,

rn maleimid-es the presence of the d.oubl-e bond may favor
the cyclic structure for the prod-ucts, vihi-1e in succin-
imid-es the open chain may be favored-. Ho!,rever, Jocelyn

and- qrr""n17 and. al-so \,/al-ton18 hu.,r" shown that Grignard

additi-ons to N-alkyl succinimid-es al-so lead to the

cyclic 2-hydroxy-r-pyrrolid-ones. This d.oes not agree

with earl-ier find.ings of Lukes and- Prel-og19 rho concluded

that the prod-ucts were open chain keto-ami_des" More

recently, Sekiya and- T""ao2O have shown that succininid.e

itself reacts v¿ith tr,vo equivalents of Grignarcl reagent

to yield. [-t<eto ami-d-es in excel-lent yieJ-d.. However,

evidence suggests that reaction of (16) with anisyl
magnesium chloride shoul_d. give the pyrolidone (l'l)"

The Grignard" reaction on N-benzyl tartarimid.e

failed- in anhyd-rous ether d-ue to sotubility problêrrs"

t_)
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However, excel-lent yields (7O-BO%) r,vere obtained in
anhyd.rous tetrahyd-rofuran. careful temperature control-

h/as essential for a successful reaction" Beloi^¡ iOoC

the formation of the p-methoxybenzyl magnesium chlorid-e

v/as too slov¿. At reflux temperatures the Grignard

reagent coupled- wii;h unreacted p-methoxybenzyl chlorid.e

to form 1 r2-dí(p-methoxyphenyl)ethane in high yield_"

Optimum temperature for the formation of the Grignarcl

reagent r¡ras 1t-t7oT. The product obtained after work up

r{as a pure white solid". The infrared spectrum of this
solid. (figure 1) shov¡ed- absorptions at l7zo 

"*-1 and. also
4at 1610 cm-'" Obviously these ba.nds represeni a ketone

and- an amid-e carbonyl stretch respectively" In other
v¡orcls \¡/e cLid- not obtain the pymolidone (17), bu_t insbead.

the ]reto-amid-e (f S)" The presence of an amid.e N-H

stretch at tzBO .r-1 in ad-d-ition to the hydroxyl band-s

-4at t+ro cm-' and- i17, cm-' supported. this concl_usion"

The ring opening was a disappointment, but r,4/e .felt that
openì-ng had probably occumed d.uring vrork up" Therefore

we subjected the Grignard ad-d.ition compl-ex (19) directly
to a ]ithium aluminum hydride reduction. The produ-cts

expected ivere the isomeric amines (20) and_ (21).

Experimentally, three amines were isol_ated : Ar B, and.

0, The yields were 1O?t, 1¡a6, and O.5?/o respectively.
These yield-s lvere reproducible over a large number of
rtrns. variations in reaction conclitions and methods of
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\,vork up had. littl-e effect on the total- yield." A puzzling

phenomenom was the extensive d.ecomposition that occu-red.

d,uring vrork up. In the immediate work up 9o-9r?ó of the

theoretically expected material- r^/as solubl-e in dil-ute

hyd.rochloric acid; hence presumably present as amines"

The prod-uct yellowed., then bl-ackened- immed-iately upon

isol-ation" After one hour the product \das redissol-ved-

in chl-oroform, and the d-ark chloroform sol-ution extracted-

several- times wíth d-il-ute hydrochloric acid-" The acid-ic

sol-ut:Lon then Bave only a 159ó yield of the expec.ûed-

amine¡;. From this material- the three compound-s A, B,

and C hrere isol-ated r,vithout further decomposition in
crystalline form" The major prod.uct (75-BO?.á) had.,

however, decomposed-" The structure of the unstable

amine may have been the enamine (1+) shown bel-ow.

nr= -@ccf1.

R- *tro
(29) 3+)

Although there is no conclusive evid.ence, there is some

circumstantial evid-ence for this" Later on in the

researchr âÐ attempt was mad.e to synthesize (1+) from

the l-actam (29) " The red.uction of (29) by lithium

al-uminum hyd-rid.e in anhyd.rous tetrahyd.rofuran went

smoothly. An excell-ent yield- of material solubls¡ in
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d.il-ute hyd-rochloric acid l,¡as obtained" Hov'rever, the

procluct ye}lor.^red upon isolation and- then blackened."

This was remarkably similar to 'ühe above mentioned-

pattern" Furthermore, after an hour no acid. sol-uble

material could- be isolated-" It is reasonabl-e to assume

that the enamine (l+) had been obtained. -However, the

enamine must be very unstable and- d.ecompose rapid.ly'"

A]1 three of A, B, and- C I¡/ere characterized-. The

infrared- spectra (figures 2-+) showed- hyd.roxyl absorptions

and. were lacking in carbonyl absorptions. The proton

magnetic resonance (p"m"r" ) spectra (figures I t)
cJ-early ind-icated- the presence of a mono-substituted-

phenyl rin6 O pro-bon singlet), a p-substituted. phenyl

ring (A-,8^, pattern), and a methoxy group. On the basis of'¿¿
the infrared- and- p.m,r" spectra any one of the three

compound.s A, B, and- c coul-d- be the d-esired" compound. (20).

fhe mass spectra were a littl-e more enlightening" A and-

B gave nearly id-enbical fragmentatj-on patterns (page 1i)

suggesting that these two compound.s l,{ere probabl y

isomeric and- most tikeJ-y (eO¡ and. (217" Hov/ever, the

*Th" 
work of Fell-ner and- SchenkerlO supports this

observati-on" They synthesized the enamj_ne (1j) (seheme

ff page 22 ) and found. it to be unstabl-e to the extent
that they coul-d not isol-ate it, but had. to hyd"rogenate

it immedj-ately to the amines (l+¡ and. (lr)" yiel_d.s

\^/ere 14% and 4Jl6 respectively. _.
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121 210
C

(22)

t1t 111

Mass spectra of A, B, and- C

mol-ecular ion (lt* = 711) was not observed in either

spectrumo A logical expJ-anaì;ion woul-d. be the apparent

facile cleavage of tire Ç-2 sid"e chain bond." This

cleavage generates the methoxytropyl-1ium ion (n/e = 121)

or the m/e = 192 ion as shown befow. The l-atten ion may

192

192



1+

Hq

@.1J
o/

OH

clr_ot

\ Ho. oH
\ ñ *cH,-(*) ---) 'O ---r

m/e 9l

fragment to gj-ve the tropyllium ion (n/e = 91) " The

tropyllium ion could al_so resul_t d.irectly from ihe
parent ion" The mass sÐectrum of C was significantly
d.ifferent" The 192 peak is missing; instead there is
an i-ntense peak at 21O - which i_s ,18 mass units hi_gher"

The parent peak occurs at m/e tt1. This is',l8 mass units
higher than the molecul_ar weight of (eO¡ or (21). This

woul-d ind-icate the presence of an ad-ctitional mol-ecul-e

of water somewhere on the pyrrolid_ine fragment" The

greater rerative intensity of the methoxytropyrlium ion
indicates that the charge j-s ¡.rore effectively carri-ed.

by this ion; thus suggesting a structurat difference
invol-ving the c-2 carbon atom" rt occurred. to us that
compound C could_ possibily be the triol_ amine (ZZ) 

"

n/e 121

o'
m/e 192
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If tne complex (19) rear:cangecl to (t9a) , then subsequent

(19) r,in

¡'l
l'1g01

-----ì (22)

(t9a)

red.uction should. yield (22) " /.n autheniic samnl-e of
the triol amine (22) v/as prepar.ed from the keto amicle

(tS; by lithium atuminum hydride reduction" physical

and. spectral data shoi,veci C to be identical wi-bh the
triol amine (22).

rn order to establ-ish v¡hi-cn of the two compounds

À and B r,vas the o.esirecl ld-benz-ylcleace-cyl anÍsomycin
(2O7, it \,,/as decided to synthesize (eO; from natur.al
cleacetyl anisomycin (4)" Reacting (4) with benzyl

brornioe in chloroforrn ove:rnight at rocm .bernperature

prod.ucecl \r-benzylcleacetyl anisomycin (eo; j_n lolv ¡rield."
sufficient material v/as obtained for spectral data.
comparison of spectral data shov¡ed compound. B, obbaíned

in 1,:'l y:-erô", to be icienticar in arl- res.oecis (inclucling
op.i;ical rotation ) rvith l',i-benzyrd-eacetyr anisom¡rc.i n.

During the charac-beri zation of N-benzyJ-deacetyl

anj-som;rsin, i-b Ì'vas noteci ihat rapid esterification i;o

a hycl:cox;"'aceiaie (infrared fi6ure c,) occLlmed. in col_c1

aceiic a.nhydride" iJrolongec. contac.b of ilre cru.de

tliljBu



16

hyd-roxyacetaie r¡¡ith col-d acetic anhydride did- not prod_uce

any further changes in the infrared spectrum. Hence

esterification si,opped_ at the mono acetate stage,
Repeated" chrornatography showed trre hyd-roxyacetate r,/es

pure" I1-ence esterj_flcailon !.ias stereospecifÍc. Two

Ísomeric hydroxyacetates are possible : Id-benzylanisomyci-n

(21) or l'{-benzylisoanisomycin (zta). Hydrogenolysis of

(2's)

äC) Olic
,/

n--,"\n,)
-tit1

(21a)

the hydroxyacetate yielded crystalline anisomycin

hyd.rochl-oride in excel-l-ent yiel-d. llence (zt) must be the
correct structure of the hydroxyacetate"

The sel_ective es-berification is really not very
surprisíng since the nitrogen of the pyrrolidine ring
acts as an internal catalyst. The preferued conformation
of the pyrrolid-ine ring is as showno with the bulky c-2

AcO .... ./AH
iì /-1\"-\r-'/

år

I
IÌln

--+ 
(21)



1-l

substituent equatoriaf " Mol-ecular model-s sholv that

other conformat'ions increase steric interaction between

R and- R,, " These model-s also shol.; why acyl transfer

occurs only to the C-J hydrcryl oxygen. The C-4 hydroxyl

group ís not properly orientecl for acyl transfer to

oc cur,

Synthetic anisomyci-n vias obtained. from its hyclro-

chlorid.e sal-t, The physical and- spectral properties

of the syntheti-c compound" and. the natural- sanple were

compared- and. found to be identical-" l'lixed melting point

d.etermination did- not cause any loweri-ng of the melting

point 
"

Having achieved- the total- synthesis of anisomycin,

r,,úe d"ecíd.ecl to attempt to invert the tr,vo hyd-roxyl groups

of the al-l trans d-iol- (Zl¡ and thus synthesize the

enantiomorphic forrn of anisomycin" A successful- attempt

ivoul-d also prove the structure of (21). The problem

would. be simple if \,ve coul-d synthesize the cis-epoxide
(25) , and the epoxid.e (25) could. be read"ily mad-e if rve

could synthesize the hyd.roxyacetate (2+) that is, a

sel-ective acetylation ai; the C-4 hyd-roxyl group of (21) 
"

This problem turned. out to be very siinple" Analogous to

the sel-ective acetylation of the d-iol (eO¡rthe all trans

d-iol- should. sel-ectively acetylate at C-+" Consider again

the prefemed. conformaiion of the pymoli-d-ine ríng as

shown bel-ov¡" In this case the C-4 hyd-roxyl is cis to



A í-.
I (;

,Itu.-r,rr'. \_-rL,
\ r*r

r'J 

-Þ',, ,,1,_=> (2+)
R

the Àî-acyl group" Therefore, acyl transfer wil-l occur

to the C-4 hyd.roxyl oxygen, Experirnentally only one

hyd"roxyacetate (Z+1 (infrared- figure'1O ) u/as obtained-

in nearly quantitative yield." It d-ecomposed- on sband.ing

and was therefore immediateJ-y reactecl lvith PC15 in
chloroform to form a chl-oroaceiate" This in turir was

treated with ethanolic KOH to yield the cis-epoxì-d.e (2r) in
good. yleld" The infrared spectrum (figure 1'l ) of (25)

lacked- any hyd-roxyl absorptions" The absorption at
-186, cm ind-icated- that !üe ind.eed had- the ci-s-epoxid_e

and not the isomeric trans-epoxi-d.e" This \¡ias concluded.

from a comparisoir wj-th a number of infrared- s;oectra of

cj-s and- trans epoxid.es synthesized- by üy colleaguen
OÐr. John Buccini/, who had found that the cis-epoxid.e

4
absor;otion always occumed. at 86, cm- | i,vhereas the

-1trans-epoxide absorption always occurued. at B4B cm-'"

The epoxid.e (2r) opened. readily in refl-uxing acetj-c

acid- to give a mixture of hyd-roxyacetates. These \^rere

not isol-ated-, but d.ireci;l-y hydrolysed i-n aqueous sod-ium

hydroxide solution" Chromatography of the crude hyd.ro-
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lysate yielded the d-io1 (ZA¡ and- the al-l trans d.iot (Zl¡

in a 1:1 ratio j-n good. yíeld-" The infrared. spectrum of
(26) v/as superimposable on bhe infrared spectrurn of the

d-io-L (eO¡" The specific optícal rotation of (26) rvas

found. to be +)1.4o compared- to that of -rl"Oofor the

d.iol (eO;. Thus (ZO; is ind.eed. the enanthiomorphj_c

form of N-benzyldeacetylanisomycin" The d_j_ol_ (26)

vias converted- to (+)-anisomycin according to the

proced-ure developed for the diol_ (20).

llaving synthesj-zed. (+)-anisomycin from the al_1

trans diol- (21) r we then went back to try to d-evelop

an improved synthesis of N-benzyld-eacetylanisonycin

starti-ng from the keio-amj_de (f A¡, ruhich we Ì:.ad obtained_

in excellent yield", A considerâbi-e amou-nt of 'bime h/as

spent to find. an effective proced.ure for ri_ng closure"
The unsaturated- lactams (29) and- (1O) (scheme IV page 24 )

were finally obtained. clirectly from (lS¡ in T6g'ó

yield" Ring closure of (ta; r,vas effected_ by heating
(f S; i-n absolute e-bhanol- at 115-l4OoC in a ctosed- high
pressure rea.ction vessel" The major j_somer (29) rras

obtained. in crystal-line form" Its infrared. spectrum

(tigure 12) showed- hydroxyl bands at iro} "*-1 
(sharp)

and- at ltro "^-1 
(broacì.), a carbonyl stretch at lTtO

^*-1 ^-^l -;--.{-^.^^^ 
^^.-1-T ^ L^-r -!-^!^r 1cm , and- an intense d_ouble bond sireich at 1660 cm

The p"il"r, spectrum (fi-gure j ) of its d_iacetate showed_

the vinyl proton (+,O.)1, d_oublet), the Ç-j proton
(1"7, nC , quartet ) , the C-4 proton (+.rT ,C , d_oubl_et ) ,
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and. the benzyJ-ic protons (5"1rT, broad singlet)" The C-t

acetate group (A.1rc) is shielded. by the aromatic ri-ng

causing an upfield- shift in contrast to the A-1

acetate group of the rninor isomer (tO) ivhich has a normal

chemj-cal- shift (figure 6 )" In fact the struciural
assignment of (29) and (lO¡ was based- on the p.mor,

spectra of their respectíve acetates" fn the mj-nor

isomer the two aromatic rings are sterically inter-
acting; this induces anisotropic effects. This accounts

for the complex pati;ern of the aromabic protons and. the

AB quartet (r"O5 tand. ,,7, rc) of the benzylic protons.

The vinyl, the C-1, and the C-4 protons give rise to
an ABC patbern (4"O-4"5()"

Hyd-rogenation of eiiher (29) or (1O) yietd.ed- the

same lactam (11) (infrared_ figure 1+) " The l_actam (ll)
had- ihe a1l- tqans confÍguration sj-nce lithium al-uminum

hyd-ride red-uction produced the all_ trans d.iol- (Zl7 in
good. yietd.. aitempts to obtain isomer (lZ) und-er

d-ifferent hydrogenation cond.itions failed. For instanceu

tÌre pyranyl ether derivative of (29) (infrared figure 1r)
\¡/as prepared, in the hope that the bulky substituent
might change the stereochemistry of the prod.uct"

However, the only observabl-e effect r¡ias a marked d.ecrease

in the rate of red_uction" Reduction of (29) to (1+)

failed as previously described." Ho\,vevero synthesi s of
the all trans Ciol (21) through the lactam (ZÐ constit-
uted- a marked- improvement in total yì_eld. (41% compared- to
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1O7l ín ]cne single step anproach),

Conversion o-f (Zl1 inio (+)-anisomycin proved.

Ì;he struciu.re of compound- (ZlS as welf as makin¡3

(+ )-anÍsomycin ar¡aif able fo-c brol ogical- 'besi;ing.
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l"leli;ing coinbs v/ere Ceier'¡nined oJl a F'isher-

Johns hob stage apparatus and. are uncorcected"

Pjicroanal,vsss \,vere performecl by Dr. Ðaessl-é of
i'lontreal,

Op.i;i-cal roiaticns l,Jere measLr.red. on a üar'l Zeiss

pol-arime-û er,

Infrared- spectra l¡ere record-ecÌ on i?erkin-nlmer

rnod"el- 1';7 and- nod.el 7OO infrarecl spectr.orneters using

meihyJ-ene cnloride sofutions or nu"jol mu.lls as staied"
Proton nagneiic resonance specì,ra were recorcleC-

orr a Vari an A ,6/60 A specirometer using te-brameth;1-

sil-ane as iniernal- re.ference,

Ir'tass specira v¡ere recorded- on a l{itacni Perkin-

Elmer Ri4U-60 mass spectromeier"

Preparative thin layer chromabogr:r¡:it;z i.,,-ss

perforined- on 1 mm. thickness silica gel G-plai;es,

with a fl-ucresceni ind-icator'; visliali zin6 ivith u.l-''c:na-

viol-et light "



(l ) Preparation of L-(+)-N-benz)¡1-tartarimi4e (f0):

À t liter , J-neck, rouncl-bottom flask r,vas equipped

with a heating mantle r âr overhiead. stimer, a d-ropping

funnel-, and- a refl-ux condenser with a Dean-Stark trap"

The flask was first charged- with 2 liters of xylene and

7, grams (O", moles) of L-(+)-tartarÍc acid" \tith consiant

sti:ring the mixture r¡/as brought to refl-ux temperature,

at which time 6, grams (0.6 moles) of benzyl amine v/as

ad-ded. d-ropwise over a period- of J0 minutes" Refl-uxing l/ies

contlnued. for J hours" The solution was then cool-ed. in
an ice bath and- the precipitated. sol-id- was filtered- off
by suction, then v¡ashed- twi-ce with col-d. benzene" The

crud.e prod.i-t-ct v/as then dissol-ved- in 1"5 liters of boiling
water and- ihe mixture fil-tered hot to remove insolubl-e

material-. The fil-trate yield-ed- white crystallíne need"l-es

on cooling" These crystals were collected to give 66 grams

(60?ó) of imide, Ír.p" = 196-19goC

[o¿] ?5= +1260 (cH-oH). ,lJ ,-'^t-'",

Infrared- spectrum (tigure 5) z absorptions (em-1 ¡

at 5220 ÉOH); TaO (imide carbonyl),
l{ass spectrum t m*¡e = 221 I 91 ,, 71 , 60"

(2) Preparation of 5- (p-metþ9ëypþçn¿l):1:&et o-2,1

d-ihyd.roxy pentanoic acid. N-benz.;,-Iarni Èç- (tQ)---

A dry, J l-iter, round--bot-i;om fl-ask was equip.oed-

with a reflux condensere dropping funnel, thermometero

and. magnetic stirrer" Frovision was mad-e for external-
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cool-ing" Approximately 5 grams of magnesium and .1OO ml_"

of freshly clistilled, d-ry teirahyrofuran ( -t i.t ) r,vere

pl-aced- j-n the flask and stirred." Five grams of anisyJ_

chl-orid-e r¡/ere adcled., followed by a crystal of iodine"
The d.ark col-or d-isappe¿red sud-denly within tvro mi-nutes,

ApproximateJ-y 600 ml" of anhyd_rous 'ûi:_f r¡/ere ad_d_ed_n

followed. by 12 grams of magnesiura. A d.ropr,rise add-ition

of 64"1 grams more of ani-syl chl-orj-d_e \^ias then started_.

The temperature rose slowly ancl was maintained- between

tj and tToC by external cooling" i,Vhen iral-f the anisyl
chl-orid-e had. been ad_cled" (lO minutes)r âD additional
5OO ml" of ';lif was ad.cled-" The external_ cool_ant \,,/as

removed- upon compreted. ad.dition of the anisyJ- chl-orid-e

when the temperature began to drop" stirring continued.

for an ad.d-itional- lo minutes" IVext a warm sor-ution of
22"1 grams (0"1 mol-e) of N-benzyl-tartarimid.e in /oo mr,

of anhyd.rous t"h,f , was ad_d_ed. During this time the

reaction níxture hras cooled when the temperature rose

above 4ooc. stiming continued. for an ad.clitional- z"j
hours" The sol-ution was then d.ecanted. into a separa'bory

funnel and. the remaining magnesium washed- with '1oo ml"

of d-ry .bhf , then d_ecanted" The combined. solutj_ons

r^/ere washed with 5oo ml" of i-ce cold. water" This \^ias

shaken vigorousry for five minutes and- the tiquid decanted_

:-nto a large beaker" The remaining pastJ mass was

extracied- wibh 500 ml" of wet Li,f , Anhyd.rous

magnesium sulphate (lro grams) was placed. in the combined-
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llrf so'luû-i ons anrl tIe n'i-ìx'¡u]te Lhen s i;ir:recÌ vigo:cous]y

for one hour. ;rf i;e-r:' bna-b üire saii,s were all or.¡ec-i bo settl-e"

Tire fiquicl was ihen decanbed ancl er¡apo-raied to d:cyness

u-ncl-er reciur-cecl- -..:ressure. Overheaiing the residue \.,/es

carefully avoided-. The oily resiclue \,'ias wa.shed- success-

ively r,vith 2OO nl-, of colcL benzene, 2OO nil" of ice corcl"

]li h;','clrochl-oric acio-, 200 rnl. oÍ saturated KZCC- solution,

and- fi-nal'ly with r,¡ater. frying the proctuct yieldecl 29

grams of crude ketone. Rec-r'ystallizat:_on from n-oropanol

(vihile avcidinE ,crolcnged, heaì;ing) ;,-ielded 26,, grans

(7'7?ó) of pu"re (rir;, rn"p. = 172-1740A"

Infrared s lecì;rum (íigr-rre 1) : a'bsorptions (crr-l ;

at i+io (free -OH) 1 i7EC (-i,tr), 117) (h;'irogen bono.ed- -t l),

1720 (ketone carbonyl ) , 16tC (amid.e carboir;-l ) "

iiass spectrum, ,n*¡" = 14i, 2's6, 218, 1j4, 1C5,

lLtB) 1ii, 1?_1 ,lo€t, '106, 91 , 78, 77, 6r"

AI.iALTSIS

Cal-cul-ated- 66 "+6
Found. 66 "76

;{

6 "1'
^7^

tT

/r 
^Q

/r rlo.

(1) -Prepara'uion of t'I-benzyl-o-eacetyl- anisom,,"cin (20) and l'ii-

benzyl--2- ( p-methox,ybenz-vl ) -]-t_rans-4-c i s-dj-.lr)rclrox.-/p,,¡rrol-id ine

(2t): The Grignard- reaction v¿as carr:iecl out as d-es-

cribed for the synthesis of (f ¿l), Tnsbeacl of aclc'ìng i.¡ater

bo the bh-i solu.tion in bhe d,roppin8 fu.nnel, however,

the sofuüion rvas aCced. d.ropv,rise io a sûimed and- refiux-
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ang suspension of 1r"5 grams of lithium aluminum hydrid_e

in anhydrous 1; Lrf ( iOO ml , ) , ,!ìef luxing c ont j-nued. f or

I hours" Flost of the t"h.f " r^¡as then removed. by distil-l_-
ation, the remaini-ng solution cooled-, and. ethyl acetate
(l5OO mI") adcied. carefully, This was al-towed to stand.

r,vith occasional- shaking for '1) minutes, After that time

61tI hyd.rochl-oric acid. (rOO mf ,) was ad-o.ed. and. the nixture
shaken vigorously. IVext the aqueous layer vras separated-

and- washecì with ethyl acetate" These ethyl acetate

layers were combined." The aqueous layer was mad_e basic

and- extracted with chl-oroforrn" This chloroform solution,
uìoon evaporation, yì-elded only a trace of residue whichr

was dj-sca.rd-ed." The combined. ethyl acetate layers were

next extracted- several- tj-mes r,vith Jló ]n¡d,rochloric acid_,

and" the combined- aqueous extracts mad"e basic. This basj_c

sol-ution after extraction rvitir ethyl acetate and" evap-

oration of that sol-veni, then yield.ed- a grxnnty oil- that
became increasingly d-arker j_n col_or"

The resid-ue was redissolved. in chl-oroform af-ber

2 hours and- the sol-ution extracted. with Ji,ó hydrochl_oric

acid-, The aqueous sol-ution v/as then mad-e basic and_

exiracted with chloroform" Evaporation of the d,ried_

chl-oroform solution yield.ed- 4"8 grams of a gummJ/ material.
That resid.ue was dissol-ved in a smal-l- amount of benzene

and titurated- v¿ith heptane. liext a crystal of (21 ) i^/as

ad-ded and the turbid sol-ution all-owed to stand overnight

und-er. refrigeration. Frltra'bion then prod.uced_ 1_"1 grams
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(1O?¿) of the al-l- trans d.iol (ZIS, n"i). = 112.r-11t"ro}"

[o¿] 35= +zyo rcHlrr)

fnfrared. spectru.m (figure2) : absorptions (cr-1 ¡
at lrio (-OH), 1620, 1590, 1r1O (aromatic C=C), 1O4O

( 
-r.:r,.vt I

P.m.r" spectrum (figure I ) : absorptions at

1"OT(s t 5II' s o aromatic ) ; 1"O-t.|Í(AZBZ, 4Hr s, aromatic ) ;
6.4T(s, JTI's.. -OCH'); 6.1 and- 6"8z(AB quartet, 2H's,

-Ii-CHr-Ph); 6"17(m, 2H's, C3-, and. Ca-FI); 7-7.rT( unresot-
ved, TF,'s, ru"o-@- ærr-òn-ry-!n, -oH).

I'iass spectrum mo/e = 192, 121 , 91 o 78, 6r,

AIVALYSIS C FI N

Cal-cul-ated- 72,86 7.1+ +"1t7

Found 72"8+ 7 "16 +"5O

The mother liquor v¿as purified. by thin-layer
chromatography (t"1"c. ) on sil-ica gel- , (Rr val-ues

21 > 20)22, sol-vent 7?ó I\eOH in CHCI,).

The mother liquor yield-ed J1O mg" (l"i¿) of liT-benzyl-

d.eacetylanisomycin (eO¡, and- 17O mt. (O"r7¿) of the triol_
amine (22)" Both (20) and. (ZZ¡ were id-eniified by

comparison r,vith d.ata of authentíc samples.

(4) Freparation of lri-benzyloeacetylanisomycin (20) :

Deacetylanisomycin (4) (450 nlg" ) and benzyl bromid-e

3+O mg" ) vrere stirred' overnight at room temperature in
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50 ml-. of CHCL, The chforoforrn sol-ution was then

extracted vrith Jib hyð.rochl-oric acid.; the aqueous sol-ution

made basic and- extracted- v¡ith chloroform" The chloro-

form solution after d.rying with l{gSOU lvas evaporated-

uncler red-u-ced- pressure. The resid-ue tvas subjected to

t"f ,c" on al-urnina using t"iió i4eOH in CI{CL, as solvent,

El-uiion of the fastest moving band- yieJ-ded. 191 mg"

Golt"1 of (4) e rrl.p" = Bo-B2oc .

Lo{ fr5= -r1 "oo

Infrared- spectrum (rigure t) : absorptions ("*-1 ) at

tr7o (-OH); it7o (nyorosen bonded. -OH); 1600, 1590, and-

lrOO (aromatic C=C); 1O+O (-OCH') 
"

P.m,ro spectrum (figure 2 ) : absorptlons at

1.OT(s, 5H' s aromatic ) ; t "O-1"6T(AZBZ, 4I{r s, aromatic ) ;

6"4T(s, 5H' s, -ACII1) t 6"0-8"'1t(unresolved nul tiplei,
'1'lHts ) "

i4ass spectrum m*/e = 192, 121 , 91 , 60, tg"

(5 ) I-reparati-on of I -p-methoxyphenyl-2,1 ,4-trlhyd-roxy-

9-benzylamínopentane (22)i

The keto-ami-d"e (e) (5OO mg") d-issol-ved- in 20 ml"

of anhyd"rous -bhf was ad.d.ed- d-ropvrise to a refluxing

sol-ution of lithiu.m aluminum hyc.rid.e ( 2rO mg. ) in

20 ml" of anhydrous 'b;if . Refl-uxing continued- for

'1l hours" The sol-utj-on was then d-istil-Ied- to a smal-l-

vol-ume and- ethyl acetate ( 1, ml-") ad-ded- careful-ty to
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the cooled- solution foll-or,ved by 150 ml-. of ether" The

ether solution was extracted- twice with 10 ml-. of 6tT

hyd-rochl-oric acicl and. the acid solution made basic, then

extracted v¡ith chl-oroform. 1-his chloroform solution
was dried. (ltgSO,r) and evalrorated- to d-ryness. The resid-ue

yielded. 255 mg. OO%) of the triol- arnine (22),

Ír.p. = 12O-12toC.

fnfrared. spectrum ( figure 4) z absorptíons ("r-1 )

ai 1+5o (-0H); 1+50-2650 (broad-, -OH and -tVH) i 1620,

159O, and. lrOO (aromatic C=C); 1O+O (-OC"lr)"

P"rì.r. spectrum (figure i ): absorptions at

2"7T(s, 5H's, aromatic), 2.8-i"tKAzBz, 4I{r s, aromatic)

6"2T(s, 1H's, -oCH1) t ,"?-?"!(u-nresol-ved. , ljfi's).

I,lass spectrum ^*/e = 111 , t1t, 295, z1o, 'l8o,

122, 121 e 12O, 1O7,, 1061 IOO' g1 
' 

g5' 77' 6r"

(6) Preparation of l,T-benzyl-anisomyci-n (2Ð';

N-benzyld.eacetylanisomycin (llO mg. ) vras dissol-ved_

ín col-d- acetic anhyd-rioe (25 nI.).lrfter JO minutes the

acetic anhyd-rid-e was d-istilled at red-uced pressure and_

the resid"ue subjected. to t"l-.c. on al-umina (CHClr)"

El-ution of the fastest spot yielded 60 mg" (1+?ó) of
d-iacetate. El-ui;ion of the major band- yield.ed- 2J6 mg"

(68%) of (21) " Thi s (21) failed to crystalt-ize and

yelj-owed on stand.ing or r,vhen l-eft overnight on al_umj_na"

'(cm -1)Infrared. spectrum (tigure 6): absorptions
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i6AO (-0H); 172, (ester C=O); 1<>1a, 1-2(tO, and 1510

(aronati c C=C) "

(7) l'reparation of anisomycin hyd-rochJor.ide :

I'ij-benzylanisomycin (ZrO mg" ) \,,/as dissol_ved in
ethanol- ('10 ml" ); then 50 mg. of 5i! Pd on charcoa.t v/as

ad-ded., followed by ! clrops of l2l{ hydrocirl_oric acid"

This mlxture ivas hyd.rogenated for 2 hours under one

atmosphere of hydrogênr then the catalyst rdas removed

by fil-tration. Ad.,fition of ether to 'bhe fil-tr.ate caused

the hyd.rochl-oride salt to precipitate, This sal-t was

reclissol-ved- in a small amount of nethanof . slov¿ ad.il.ition

of ether yielded anisomycín hyd"rochl-oride (1+O mg" )

(ar,:) as r.uhite need-1es"

Infrared spectrum (figure 7): absorptions (cr-f ¡

at iSOO ( free -lW, -OH) , 27OO (broad-, amine salt),
1750 (ester C=0) " The specirum was su.perimposable on

ihe spectrum of natural anisomycin h;vd.rochlorid.e"

The mother liquors r/vere combined and dj_ssolved_

in r^¡ater (5 ml,)" This sotution was made basj-c and_

exhau.stively extracted v¡j-th chloroforn. The chl-oroform

r,'/as d.rÍed and evaporated" T"f .c" of the residu-e yield.ed.

4! rng" (1O%) of d-eacetylanisomycin (4), m"p, = l68-
1?OoC "

Infrared. spectrum (figure B): absorpiions (c*-f¡
at 11OO (-iVI1 and. -0H); 27OO (broad., hydrogen bondj_ng);
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1620, 1r9C, 1510 (aromai;ic C=C).

It vras diffícul-t to obtain reproducable spectra

from d.ifferent mulfs for comparison r,vith natural_ (4)"

For thls reason synthetic (4) was converted to its
hydrochlori d.e salt. The j-nfrared- spec æum of synthetic
d-eacetylanisomycin hydrochloride (figure ot) hTas superim-

posable on natural deacetylanísomycin hyd"rochl_orid.e"

(8) Preparation of lÌ-benzyl-2-(p-methoxybenz:vl)-=; "4-
cis-epoxypymolicline (25 ):

'1BO rng" of the all trans diol (21) ,vvas sl;ired_ in
acetic anhydricle (2, rr.t") at room tem,oerature for ZO

rninutes, The acetic anhydrid_e \,,las bhen evaporated_

uncler recluced pressure anCL the resid"ue subjected io
t"f .c. on sil-ica ge.t (iii: I'IeAÃ in CliOlr)" Ejution
yieJ-ded, 188 mg" of the hydroxyacetate (Z+1 (infra::ecL

figure 10). iliext compound (24) ivas d.issol-ved in I "6 ml"

of dr;. chl-oroform and to that solution was add.ed_ 111 og.

of PCl^. The sofution \'/as sbirred- for ]O minutes and)
then evaporated- to dryness under reC_u-ced pressure. To

the resulting red-clish resiclu-e was ad.Ced 0,6 mf " of
etiranol-; af-ber clissol-u-tion of the residue 'l mf , of ZO?'I

I{oi] in ethanol- \,ras also added." 'ilhe sol-ui,íon was heated-

to reflux, alloweci to cool, then irans-ferred to a

separatory funnel and d_ilu"ted rt'iih 4 ml" of waber. llhe

soluiion v/as ihen extracted. v¡ith chl_oroform and i;he

chloroform solution dried. ancl evaporated-" 'rhe residue
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ivas sub jected to t " 1" c " on alr-rm'i na (1 z1 benzene/chl_orof orrn) 
"

Elutíon of ttre major band_ yielded lOj mg" (6O,;:b) of -bhe

enoxide (2r).,lecrys-bal-fiza¡ion fron ei.nanol/water

yield.ed pure (2r),, m" p. = j1i-j1>oC.

W]3, = +g4o (cHCt,_ )

fnfrared specbrum (figure l1)z absorpiions ("^-1,
at 1620, 1)9A, and 15OA (aromati-c C=C); .1040 (-CCH);

E65 (epoxide ring).

F.m.r. spectrum (figure 4 ): absorptions at

J "OT(s, þlI' s, aromatic ) , j.O-j" O?(AeBa, /t-FT' s, aromatÍc )

6.4t(s, ]Ii's I -OCHI).

l4ass spectrum rn*/e = 29r, ZZT, 1c)8, 1E6, 1.14,

17o, 149 ¡ 121 ,, 91 , 6' "

AT\JALItj1S

Cal-culated

Found

C

77 "=so

H

7 "11

7 "10

li
Lt 

"7Ll

4"tìB

Freparation of (+ )-l'[-benzyl-d_eacetylanisomycin (26) z

The c j-s-epoxicle (2r) (lr:O mg" ) v/as refluxed_ for
one hour in acetic acicl" rhe aceti-c acid- was then
evaporaied under reduced pressure and the residue

refl-uxed- one hour in 'ioi,j KoH in ethanol. rhe solutior. !úâ.s

then cool-ed and. exiracted- u¡ith chloroform" The resulting
chlorcform solution was d-ried (i'igso4) and. evaporated to
clryness" The residue was subjected- to t"r-.c. on silica
gef (79'á lAeOF, ì-n CHCÌ,)" Elution of the -faster band,
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yielded. 61 DB. (+t/l) of the all-

sl-ower band. yielded- 55 mE" @Or/")

anisomycin (26), m"po = 7c;-BloT.

trans d-iol- (21)" The

of (+)-li-benzyl-deacetyl-

Wl'o, = +51 .4o (IHCL j) "

The infrared spectrum of Qa¡ \das superimposable

on the infrared- spectrum of natural ld-benzyl-deacetyJ_-

anisomycin (20).

CO) Freparaiion of (+)-anisomycin hydrochl_orid_e (28):

The procedure fol-loi,¡ed was identical_ ¡,vith the

prepara-bion of (-)-anisomycin hydrochlorid.e. 55 mg"

of (ZO¡ J'ieloed- 21 mg. @t|ó) of (+)anisomycin hydro-

chl-orid-e (2€i), ffiop" = 1BB-1E9OC"

The infrared spectrum v¡as superimoosable on that
of natural- anisomycì-n hydrochl-orider ff.Þ" = 1ET-jBBoC"

(t'l ) r-reparation of ]actams (ZC)) anc- (lO) t

The glass l-iner of a 5OO rnl_, Parr high pressure

reaction vessel- vras charged ¡¡ith 7 grams of the keto-
amide (18) , 7 grrams of aniryd.rous l{gSOr, , and. 2OO ml " of
anhyd.rous ethanol-" the liner v¿as i,hen placed. insid-e the

high pressure react.ion vessel-, the vessel- seated_, its
atmosphere replaced- 'oy 50 p.s"i" of ll2r and. the tenperature

rapid-];r raiseo to 1iaoc" The temperature r¡as ma.inbained-

betv¡een 1t, and. 1t8oc for 7 hours, The vesser- v/as then

cooled. and the pressure rel-eased" The slightly cofored-

ethanol solution -i^¡as filtered and. on siand.ing f o+ an hour
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uncler refriLreration the u.nreacteo (1ö) crysi;afl_ized out
(6Oi mg). The crystals rrere remcved bJo fif tration and_

the ethanol solution i,vas then evaoorated_ to dryness.

Crystal-liza'u.-on frorn benzene p_cod.uced_ t"¿\T grams (ot?/,)

of (?-9)" chromabog;raphy of the mother liquors on sil-ica
gef yield.ed an aclditional- o"5 grams of (p9) for a total_
yi eld of 4 "17 grams (72?.ó) of (ZÐ r il 

" 
p. = ll g-1+go C "

Tnfrared spectrum (figure 12): absorptions (c*-1 ¡
at troo (-0H); tlro (hydrogen bonded -OH) ; 1TZ5 (C=O);

1665 (C=C); 1610, 1rBOl 1r1O (aromaiic C=C)"

P"m.r" sÌ¡ectru.m (figure , ) of the cliace Late

d.erivati-ve: absorptions at Z"lT(s, 5Ii's, aromatic ) ,
2 "r)-1"+KAzBz, 4H, s, arornatic ) , j "BT(+ l_ine tn t 1H,

A'H), 4"1-T(broad_ d ", 1H, vinyl proton), +"rTi@, 1H,

C+-H) , 5,'lt(broad_ s, 2Il's, i,t-Cll2-Fh) , 6, jT\s, J!.,t s,

-aCH1) t 7.Bt(s, Jr1,s, c4-ooocriì, B"lT(s, j,{'s,
c.-ccocil- ).) )'

liiass spectrum ^*7. = i!5t 121 , 1OZ, Z1,l , 2161
'188, 160, 147¡ 1+6, toge g1 , 77, 65.

AI.JAL.YSIS C F; }T

Cal_culated. ZO "1+ ,.89 + 
" 
j1

Found- 70 "Z¿j 6. OE r+ \2

trlution of the fower chromatographic band. yield.ed

J-;6 rng. (6?t) of (lO) as an oil_.

fnfrared spec-brum (frgure l1): absorptions ("^-1 )
at 13OO (broad. -Ofi) ; 1,/2, (C=O), ,1rrBO (C=C), .t6tG- 

and_
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1t1O ( aromatic C=C) "

P"m.r" spectrum of the d.racetate (figure 6),
absorptions at 2.7-.s " 5t(m¡ 9I{'s, aromatic ) , +"O-+"rf

(;rBC pattern, 1H's, -CH=C-C,H-C4H), ,"1 and j"ZA.AB,

2II's, t[-CH2-ph) , 6"21l.s, jH, s, -oCHl) t ? "B and T "9 f
(2s, 6H's, 2 -OCOCHT)"

('12) Preparation of I'i-benzy! 2-(p-methoxyoenzy1)4-

trans-4-cis-dihyd.roxypyrrol_id.one (ll),

The lactam (29) $6'1 ng" ) \,úas d_issolved_ j_n ethanol
(5Omt"); ZJO rng" of 5ç¿ pd/C r,vas adoed and. the fl_ask

placed i-n a Pam hydrogenaiion vessel- unoer 5oo p,s,i.
of hydrogen pressure" Hydrogenaiion was al_l_ov¡ed i;o

.croceed for 18 hours at room temperature" The catalyst
\,/as then fil-tered off and the ej;hanol evap.orated. under
reduced pressure. The residue \,./as recrystallized from

benzene 'Lo yield 44¿L mg" Grf¿) of (il¡" rn.Ð. = 111.j-
112.5o C "

Infrared- spectrum (figure 14)z absorptions ("n-1)
at trOO and ltOA (-OH); 1690 (C=O); 1610, 1600, and. liOO
(aromatic C=C).

I{ass spectrumr rnn¡e = jT?r 206, 17g) 121 ,91.
ANALYS]S

Cal-cul-ated- 69 "71 6"+T + "Zg
l'ound. 6c) "91 'o "26 + "Ll9
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(11) L re Dalrat j- oll oí i'il-ben z.y1 -?- ( p-nethor:'benz.v I ) -

1-_ppp:ne 1 çis-dih;,-cirox;ypyr:roli cine (21) from (29),

Tire l-a.ctarn (?,;) (2.2 g_carns) uras hydrogenabed

in ihe presence of 1"1 grains of jit/" |d/C as oescribecÌ

for the preparaiion of (il) " The resufting crude

produ.ci; vias d-issolved in 20 rnl. of anhyclrous -üitî

and then ad..ied Cropwise bo a \./arm su-s-oensioir of l"06
grams of lithium aluminum hydrid.e in 80 ml_" of ¡nf
lLfter the ad-dj-tion lvas completeiL, the mixti-r.:r'e \^Jas

reflu-xeil for / hou-r.s" Then bhe t"h,f " solution v¡as

evgporated ab redu.cecl pressu.re io hal-f tire original
r,'ol-Lr-me, ihe :resi-rlting suspensì on cool-eci, and ,1OO mI,

of eiher carefully ailded, foll oi,recì b¡r !O ml, of v¡ater"

The mixiure r,r,¡âs t-cansferreo to a separaiory funnel and.

shaken vigorousry" The aqueous I ayer v¡as then separaied

and- extracied. twi ce more with. ethe::" 'i.he cornbì ned_ v,¡ei

etlier extracis were evanorated-, benzene (25 ml, ) ad.oed_,

and tlre benzene sol u-iì on ex'ûr¿ctect v¡ith Jlá hydrochl-oric

acid" This tICl sol-uti-on i,vas nade basi-c and exbraciecl

l'¡ith chloroform. The chl-oroform sol-i-ition rdas d.ried-

wiih ltgsou and eval:craied. Tire resic'u,e v/as dissol-ved-

in a smal-l- volume of hot benzene ancl the benzene

sol-ubion tiiurateci wi-bh heptane. Refrigeration
overnight produced 1"6 grams ('7+ri¿) o.f (21')"
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I i'iTriJ.0ÐilCTI Oä

Da.i-tnomycin, a me'babol_rì;e of Strepi;oni.-/c es

r¡euc eiicis , is an antibio-tic in¡hj_ch strongly inhibits
ihe glrovrth of a r¡ariety of experinien.-i;al- tu*o""21 

"

At present it is u.seci as an invesbigationat anti-
cancer antibrotic that appee.rs to damage proliferative
cel-1s both by binding iui'bh DIIA and by iniercalating
in the DIIÂ clou.ble hel-ix22. Ðaunoniycin al-so has

;orod-uced hematologic remissions irr acnte leul<emia

as the iniiia.l- form of treaimeni;"

Daunomyc.in was firsb isolai;ed in 1r)61 oy Grein
4-/^et al--'" -L'b is e Bf}'coside r,vhich on acid nyclrot-ysis

*l.c1" an ag5l.,.çone, d.aunom;,"i.o,l"24 (tr), and an

aminosugar, clau.no="*inu25 GÐ .

(tr) \)6 )

Dnbos"b er a126 in 1)6j c'ìescribed an antibiobic,
ru-biilomycrî, whose or:operties ao'oear to corresoond-

v¡itli those of dau.nom;rcin"

Ða.unom;.çin is closely refated to tlne anthra-
)ncyclines-'n a groi'lp of aniibiotics tnat contain a
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betrahyd"roi,eiracenequì none chromophore l-inked- to a

sugar. In the anth.racyclines, (lt = -¡Jn>Clj') ¡ the

number and- the position of th.e phrenolic hydroxyl groups

varJ/. In addition, the C-1O carbon atom may camy

either a Ìryd.roxyl grouo or a carbome-bhoxy gror-1tt" Ïn

dau.nornycinone, (n = -COC"' j'), the C-10 position is not

su"bs b'i tu-bed. " I'urthernore , the C-4 hy-droxyl group

is meth;,vl-ated "
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The S'bruc'bure of Daunom.;¿cin

.Daunornycin (tT) (Cz1[zr)r{oto) is a red-, cr;vsballine,
opticalJ-y aci.ìve su.-Ds-bance" rì;s r.rl-trav.ì ol-et ancl- visible

(17)

anihraqir-ir,.on"2'1" i-ine pjresence of 
"n" 

)átlr..'oi¿ 
ci.r.orno-

phore is al-so shoivn b;u tÌre íacb bhat reacÌil;.' reversible
rei.u.ction occurs on irea-brient r,vitn mild recÌucing agents"

i,]i1o acid hydrol-ysis of d.aunorrt;rsi. aff'orcls a. ::ed

agl-yc one , dauncL:n;øc i none (';)) (C 
ZlHlSOi, ) , anä an aini no-

su.gar, d.au-nosani ne ()6) (C -i ¡r,' \ '-nu-ttrzl;.C'5) " The u-l-i:rar,'i olet
s.cectrun of claunomycinone is sinril_ar to thaL of
c[au.non¡¡cin" .iinc dus b distil]_aii oit of ctau_nom;r-cinone

¡rield-s te.brac ene , lcen'bifi-ec1 by i ts urtraviol-e û s1:ec bn-rm;

ihu"s sugges bi ng a I i near te i;rac;,clic skele'bon" The

infrarecl spec-û.ru-m shoirs an absorption at 1'71t:, "^-] ,
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sugilesir-ng bôe Ð:cesence of an al j ¡irauic iretone. T,ire

r'eady Ío:i:¡l¿.ti,¡n of a. îr¿l--<lrilitrc::,er l-h;r-irazoile

cle:civair-¿e subs i;¿,intiaûes the iiresetrce of a ketone,

The p,rÍì.f o spec-ûru.ni of oar-inorr;;zcinor¡.e snows abso_cpbi ons

f or one neiÌto;r;r gf ou.tl (s, $=4"04 ) an.i one nethylkebone

(s, å = 2"6')) " The ctata girren i;o tnrs poini; accoi¿nts

for ihe compl-ete c¿r.::bon s]<eleion of cÌaLLnorii¿'cinone:

l'ïethylabion of daunom¡rsinsr. wii.i dirnei;hyt -
su-l-fate yields a brineihylether d-er:ivaiir¡er

(û-, H..,,C.) " The .infra:red s'lec-ûrum sbil_Ì shows aa+ L-t (r

hyd.ro>ryl bancl ai ,)=;5A 
"nl-'1" The p"tÍr."r. si)ectru.rrr

shcws four sha-r:r: sìngiet absorobions ai Á=4-"OO (On,

tr.io -r,cä-). i"[,9 (1r1, -cciir), )"0i, (i¡.,, -oci.ir),2'
anci 2.+O (i"t1 , -CCCH,), ¡u.rbher, the th::ee o,roton

rnuf tiplet ( 7-tj, ILBC patbern) initicabes -ûl:at the

aronaiic ,orotons a.re ad jacent on ì;he same ring,
Iience the folloi'iing is the pariial- si.ructure for the

etheL: cÌeriv¿'iti ve:

o

-A^,, )
-OCH-)

Iìe C

eitirer R- or ;r -i

t ^t2 -L

I\ieC

s a meiho:<y

a)
ìf
\/\/¡I- t

_.^.rT-i'vv11?)
-0ri

group" TheìrI¡ ê nê aos_orÞ-5r on
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cat à =+"92 (ltl, + lines) is the ìri par"c oi an 1\Bl,

s.oec ûrum" The chemicaf shiÍt inclícates tirai iitis
proton is orl an oxJ¡gen bearing carbon ai;om as well as

being in a benzylis posiiion" The 'lB parb consists

of tlo pairs of symrnetr-i-cal doublets cen-bered- at

anproniniaûely E=1"Lr7 (H) and 2"+z(rii) "

The siructure is nor,¡ apoaren-bly:

T.he methylkebone and- hJodroxyl grorrp rlusi bo'bh be on

the C-c) carbon atom, since no fu.rther proton coupling

i;o the A¡ part ís ind-icabed." llilis f eaves two benz;rlic

gerninal protons to be accounted -for ancl these can

easily be iclenbified from the .D"m"r" spectrum as tv¡o

cÌoubl-ets at Sf .aZ ana5'1.2? (ÁB paibern)" tihe faci
bhaU the remaining hydroxyl group i-s tert:Lary e>lplains

lvhy it d-oes not methylaie"

The nexu problem was to establish ivhich of t1le

nyciroxyl grou,ps is niethylabed- in d.aunom;rc'i¡6i1s.

Treatrnent of daunomycinone with either base or acid

yields bisanhydrodaunom-rcinone, which on oxida.i,ive
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fissron v¿ith oermangan.aie yield-s 112r4--benzene iri-

carbox¡'-}ic acicl and í-rnethoxy ptr-bha.lic acicl" Therefore,

i,he metho].J¡- group is located. on the ;l ring. The

only remaining question is whi-ch of -Lì,, or R, is the

rnethoxy group" liio rigorou-s chemical- proof has yet been

published-" hov.rever, ihe posii;ion of tire methory

€lrou,o may be C.ed-uced- on the basis oÍ specbroscopic

evid.enc 
"?t) " 

Ðaunomycinone on treatmen'b with chromic

anhydrid-e in acetic acid yiekLs (rc) ri^,'hich r,¡hen"

--È

3e)

tre¿tecl '"¡i-bh

r,¡ith al-u-rni num

2N Na.Oii girres (i9) 
"

chl-orid.e in benzene

Gg)

llrea. ürnent of (i9)

¡¡ields (40 ) where
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?l or llZ is ryctroxyl, 'rhe visr-ble slecirunr of (1+O)

in difi'ereni sofvents ís icLeni;icaf wi-ûh thab of
1 r5 r1A r", '1-ieirait ¡lrox;¡-J r1?-nap'nbhacene clione " Cn

.Ì;he basis of tills evidence, ii r,/as concl_udecl thai
R2= methox;"'"

The rosiiion of ibre glJcosidic linkage may be

deC.u-ced. by catalytic h;rd.rogenolysi s of iaunorn;rçi p.

i:[ydrogenation yield s 7-iLeoxydaunomJ/cinone and. claunos-

arnine, tÌrus confirniing the aitacl:lneni of i;he amino-

sugaTr at C-7 
"

fhe rela'ci-ve cis s'cereocneinistry of ihe ûwo

hJ'clroryl- glroLtps at C-'l anC C-.) na;' þs esi;ablishe¿ by

ihe successful- conversion of daunom-,.cinone to th.e
.i r9 acetoniCreã0" T:ydrol;isi s of the ace-üoni,¡ie regenerates

o-aunornycinone, -bhus ccnfi rming 'blie cis stereocheini s ¡¡"
of the h;rdrcx;'J- ¿rol1Ðs "

T'he structi-rre of c_aunosamine ,..¿as establishocr as
-t¿a)

ï'o_L_Lo'.'¡'s*- " faunosanll_r-Le is a red_utcing sugar" Ii alsc
gives a positive iod.oforil test, indicating a 6-deoxy

s¡r-gar" This is further confirrned by the isolation cf
acetalcLehyde on period-ate o>li_de.bion" O:;idation of
il-benzoylcÌauirosamine ¡-ield.s ä-benzoyl-L- (r )-asparbic
acid. Thus i;he absol-u,te configr-iration ai either C-2

or C-t is (S) " Since i;he p.m,r" s.oectru.m sjtol.,,s a

tri,olei atS tr"|) for ihe C-1 o¡:o'bon, tnere are 2j{'s

on the J-? atom" llnerefore, tÌie i-t carbon abom rnr-rst

camy the nitrogen atom, Fience bhe absolute config-
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urati on ai, C-i is (S) " Cornparison of the mol ecul ar

r'obations of the eight stereoj-someric 2r¿-diieo";,'-

hexoses i,'ith aaunosamine suggests i;¡iat c,aunosailir-re

3A) has the L-tJrxo configuratr-on" Thr-s has been

confirmecl- by an Lrnambiguou-s, stereospeci-fic s;rnihesi s

of cLauno""*i-r.u7l and, the Ð-enanbi- olu""-'?" .t\ dei;ailed

sr,u-dy of the il"ry.r, spectru-m oí oauno^y"rn1A in
pyrid-ine shov¡s that the anomeric oroton, I:7, is
equatorially oriented and that the sugar iÌrerefore
e:::ists in -bhe -L- form, The benzylic proton at C-7

of the aglycone exhibits spin coupling to bhe ù-B

ax" ancÌ t-B ee, pr.o'bons of 5.O ancl 1") i::,.2- resoectÍvely"
The magn-i tude of ihe coupJ-ing constanis ind.icates that
the proton at Ç-7 is oseutd oecluaioriaÌ1;r o_ci_ented_,

]/a.r-.'¡-ing i;he solvent f:rom p¡rcidine -dr: to ace.bone-da

procluces a change in the spin coupling between L)-8

axo and C-7 from ,"O 'bo )"O IIz" Furthermore, after
slight warming, the acetcne-.Ja s,oecirum exhibits
tlo sets of resonances for t'he arnino sugar as v¡ell as

the methoxyl protons" This is fur.thei' evicience thab

the methox.vi- group is situaüeo ab C-11 " If the methox;vl

group vrere l-ocated at C-I , changes in the chemical

shift d-ue to conforma'uioná.] changes in the sugar

moiei;y ''^¡oul-d not be observed..

T'he iotal absol-u.Ì;e configuratj_on of daunotTì¡rsi.

was es-ûabiished b;- lr.reanone et utii, ?-A- rnethyl-
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d e snetÌrylcì au,nom;'s

¡etra-ac e ba¡e -ûo

i noi:le (.41) was oxiclizeil

i;he diquiinone (LrZ) " llhe

wrth lead

oicui none

(ttt\ (+2)

\¡/as oxictize..l furtl:er lvi-th a perì od.ate/permangan.a"be

nii 7;¡p"u -bo give, after pi_lriÍicauion, S(-/-meUhoxJ/-

srlccinic acicl (tfi) " Thts establì shes tire absol u.ûe

COOH

I
HCOG-_7.ÆH,

v.
./ '.,
H Ul'rie

(+t)

configuraiion of C-7 " Since C-t:) is sue:cicaf l;- rela.ied

to C-'/ ) ihe 'boûal abso'l ut-üe confi-¡.rura,,ion of caurnonr;;'cin

GT) rs T(Ð, 9(s), r'(n), ,'(s), ¿i-'(s), ,'(s)"



,c

S)'nthesrs of Daunom.=y'cin

Al-chough a. number of bne anbh-r'ac;rc'lines have

been knov¡n for ol.¡er tv¡o d-ecades, it is surprisinE tnat

lfo chernical- s;.,.nihesis l:as been reported- bo date on

any of ihe an'ûibroi;ics.
)t,i'iarch''-' ancl c o,r.,orÌ<ers repor bed ¡he s;ntnesis

of compound,s struc Lu.ral fy i:el-atecr -bo Cauncmycin, Tirei r

ob jective r/ias to deterrnine siru-c'i;u,re-activi by ::elation-

ships "

In our api:roa.cn 'bo bhe s;rnbhesis of clauriontycin,

it \,ias clecid-ec'l- to first syni,hesi ze racemi c l-C-methyl-
z)t

demethox;zd-au-nomycinone'-" The synthesis of this

nof ecule in con jrrnc bion wj- bh .3" i:lchin¡e:rk and- f " trcpien

constitubes 'bhe seconcì part of ihis biresis" ¡1ss¡ss.ì cn

v;ill- be fimi-becl tc the v¡ork carri eci- out b;z the author

l.¡-i mcal f

/'- O- n e i, hy I - 4 - d e rn e t h o xyct- aun o m yc r n o -o e
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RESULTS AITI DISCUSSICi\T

A key step in our planned- synthetic a'Oproach

b,¡âs the cond-ensation of a phthalic acid de:nivaiive

with a suj-tab1e bicyclic compound. to give the linear
tetracycl-ic skele-bon" Since R was d-estined. to become

lleO

l'{eO

a hyctroxyl function, the d.iketone (45) was considered

a useful- intermed"iate to synthesize, The bicyclic
d.iketone (+r) v¡oul-d. be read-iIy avail-abl-e from the

(44 )

IieO O

(45 )

keto-acid- (44) 
"

compound. (44 ) by

Initially it r.¿as d-ecided to

iwo successive al kyl ations

s-vnthesize

of aceto-

I4eO
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aceiic estelr; foll-owed by hyd.rolysis an<i. a ketonic

cl eavage of the p -.'reto-aciC. (schenre V, page 60 )"

Diethyl acetyl spccina.ie i^/âs condensecl t¡ith

2 rj-õ.tme'uhoxybenzyl chloride u-sing sodiurn ethoxide

as base in abso]uie etnanol" i,inon vacu.r-Ìm dis-r,'iilaiion

tv¡o clear l-iquiö. proclucts r,,¡ere obtaineo" The major

fraction i.¡as id-entified. frorn its p.m"r" specLruät as

2r)-d-irnetiroxybertzvf ethyl ether. The spectral d-ai;a

of the hi6lher boiling fra,cti,rn r,'J'ere consistent r,.vith

bhe desirecl procì-uct (4-6) " llyd-rolysis of (+6) in coJ-d,

cÌil-u-te aqu-eoÌls sod.i-urn hyck'oxide gave i;he diacid (47)

as the r,rajor orod-uct" Its infrared spectru.m showed

a broao hyclroxyl absorpt.j cn fron =;)OO to ljOA "*-1
and- a broad carbonyl absorp-ûion at 1710 

"^-1, 
To confirni

that j;he procl-r-r-ct v/as indeecr a criacid., it v,Jas refl-uxed"

for ! minutes in acetic annydrioe" The j-nfrared

spectrurn of tne crude produ-ct lackec-L any hydro:<yl

absorptions and the carbon¡il peak had- shtfted from
4_4

1710 cm-' to 1790 cm- ' r,vith an adoitional med.ium

inteasity band ai 1670 
"^-1" 

The reacl;i iorrnaiion of

the anhydrid.e (48) confirmed ihe stru-c'¡u-re of (+7)"

r''larmì-ng of the anhyd-rioe in pel yphosphori c acid

gave compou.nd- (49) in excel-lent ;vielcl. Its infrared-

spectrum showecl a br:oa.d hyd-roryl band centered. at
_4 _4

ilio cm ', a carbon;rl bancL (acid) ai 1725 cûi-', and.

a carbon;vl- band- (aromatic lceione) ai 1660 
"^-1 "

Coi¡rpou-ndL (+9) l¡/âs fr-rlly characterized by a colleague,
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Bob Schivenk, \,,Il-Lo s;¡nthesizecì- (49) by a d-ifíerenb api:roach

ancl su-ccessful Iy convertedL the carboxyl group to e

meihyl ketone"

/Lfter i;he ciiacicl (+7) hai. been remcved from ihe

reaction produ"ci, tne m.obher liquors were concentrated-"

The þ.ÍÌ,r-" Specirun shov¿ed- a tveak "¡56¡pf,i 
on ai;ì;ribu-i-

able to a meth;z] keûone" t-he plresence of the keto-

acid (4+) was assumeC and- ilie mixture i'^,¡a.s ivarmed in

poJ-;rphospho.ríc acid- ab ,OaC, Frorn ¡he neu-tral fraction

of the proclu-c-b the d-rketone (+r) vras' j-solaied by

ch:r'omatograph.y, The infrared specirum l-acked- anJ-

h;vcìroxyl abso.rpiions ancl hacl carbonyl- absorptions at
4

1?2A "^-1 ça1ii-rha'bic ke'1,one) and at '1680 
"ro-1 

(aromai;ic

lce.bone). The p"m,r" spectrum had absorpbions at

å= ?,2 (st, cacal), 5 =1"8 (611, LIOII¿), $=e .s (2v.,

AB quartei, aromatic IÌ's), and. a , p:roi,on nultipl-et

in the regiot S=2"r-1"r" The njass spec'rtruni €;ave tire

c orrect molecr,rlar ion lrn+ /e = 248 ) "

Havì-ng obtained. compound (+r) 
' vre lookecl for

means to improve its yield. i,lcid hyclrol-vsi-s of (46)

ai; room temperature or at ref lux ienipe.raiure Bave tarry

proclucis" The fail u.re to ol¡baj-n satisfactor;' yield-s

cf com;cound. (++) from acetoacetic ester o-erivatives

l-ed. us to .üry deriva'cj-r¡es cf acebyl acetone by a similar

ai:proach" Since t.ne p-ite-co ester lLnd-err,'¡ent facile

carbon-carbon cleavage, a p-Oitetone ivou-Id. be expecteo
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io be¡ave si-rrilarly"
?jre sodium sali of ace-tyl- acetone \"./as condensed

r,r'itr: ethvl b::cmoacelaie r-n absolu.-be etnanol to give

compou.nc ()O) (scheme VI, page 61 ) " conci-ensa''cion of

2rJ-d-tmetho:r-y-benz;yL chl-oride ', ü-n corniround- (rO) in

etnanol- al-so gave 2r!-clirnethoxybenzyl ethyl eûher

as the najor produci anc onl¡' a. sliaff )'ielcl of tire

d.esired- compound- (r1) o 'Io circurnvent ¡nis problem,

the condensation v¡as camied out in anliycLrou.s i;h.f

using sociium h¡idrrde as base, :l'he reacticn o-roceedecr

very slolvly, requ.i¡in¡1- 4 <ì-a;rs at -neflux i;enÐerai;u-re"

Conpound (,i1) vúas noi isolated, but the reaction oroCLu,ct

v/as warmed- oi¡s¡n-i gllt in 'lrrl i;iaOil sofu-tion, ,i¡orl< u,p

of the reacbion m-i xtu.re yieldeci the keto acicl (44 ) 'in

Ltlli yLeLd- "

A further improvemeni in the synthesis of

conilround. (r1) r^ia,s mace b;:r concl-ensin¿ì 2rj-dirnethory-
"oenzal-d-ehycì.e with acetylaceione to give contl:ou.ncL (,r2)

in nearl-y .quanti.ûai;ive J¡iel-d, The infrarecL sllec-brum

snovred carbon-vl absor¡:bions at 17CA 
"rn-1 

and. 1660 
",'l-1 

.

:\ ned.:-um intensit;, bancl ai 1¿tA .t-1 can be attributed-

to tÌre dou-bl-e bond " The o.Íì.r, spectru¡n sirov¡ec

absorpii ons at S =2- ".. (iH, ccctlr), 3=2.4 (5fl, cca'tl..),
a

arrd ò=7 "7 (l;t, vi:r;J- ) " Com'¡.Le¡-¡¿. lr2) vras h;rdrogensted-

-in c,i.rantiative yield ro comoou-nci ii=r) e^ncr comoound-

$1) cri-stall-ized in tne enol- form" The infrareo-

sDec"-rîu.rr shol.¡eci broatt carbonyl absorption ab lc,OO 
"rn-1 

.
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t.ire o,Ír"r. s:rec-brurn j-n ca-cbon LetL:achl o::ide s;hor¡eci a

sha-r:: ,¡eat; ¿r.'¡ 5 ='ltc,6 for tire enoli c ìr1,-d.:r.ox;i1 p::oton

and. a broao" srnglet Í'or i;he methylene ¡:ro'coiis at

3=1.tri" Tne soclium salt of (rÐ \À/as conciensecl lritit
et:ryl bro:-r,oac e ba;e iir bl:Í i;o llive ãn e :<c el-len l,

yietd. of compou"nd $l-¡. the infrared- spectru,m shov¿eo

carbonyl absorpti ons a-L 17iA 
"*-1 a.nd 1'lOO crrJ1. 'il,re

1r.m"r" spec-brurn shorr'eci tire Ðresence of 2 rnei;hyl- keiones

( å=e,2), 2 rneth;zlsne gr:rorÌps ( å =2,Íi (2 ,,i's) an¿ 5 =j"4
\\(2H's) ) and an ethyl- ester gror-lc" ConoonnCL (r1),

Lr.pon hydrol;'si s in aqueous sod-ju-ln irycircxidergave the

Þre'¡iou-sl;z obbainecl ke bc acici (¿L¿i ) in excell enl, ;rielcl"
iì'or prepa.rative pu-rjloses comt¡ouncl (4-4 ) !.úas syn-bhesized

fron 2 rJ-ð-írnetnoxybenza.Ìclehyo-e v,'itirout isol-ati ng any

of t:re inie::rneciiates " liel d s of 85-9Ció r,/ere c onsi s-

ientl¡.' ob'caineo- orr molar scales,

üJ'clisation of ihe l<e üo a.ci d (4 t+; i n po'l ynhos-

i:horìc acid gave compound- (Llt') in pocr yield-" SirnÍ]ar

resul-ts r.¡ere obtainecl i n concentrated- suf furrc aciCL"

-in anh;orou.s h;.,iroqen fluro::i-d.e at 20cC, l-or.,,re\rer,

goocl )'ields r,íere o'btained-" fn adcii tion a by-nrodu.c'b

(rLr) i^ras ob-r,aineci in l-ov,r ¡¡ieId" i,lhen ihe reaction
\',,âs ca.ru'ieci out a.t -2OoC, comoound (54) \Â/as ob'¡ained.

e:<cl-usi vel¡'"

The c::oblerrr of sel-eci;1r'e:-
ketone to an alcolrol- in ccni¡ou-nd

.). sini¡l-e soluûion" Iietafi sabion

recluci;ion of the ai:oinatì c

(45) nroved- to har¡e

of ti,e alipha'oic ke-bone
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in comiiound- (+r) with ethyl-ene B},r'co1 cccu:r"r'ed qu-ickl;ø

lvj-th onty a small pelrcen'ûage of d.iketal- beinB forrneil."

The d.iketal was selec bivel¡' h;wdrolysed. to the desirecL

monoketal- by aod-ing a fev¿ arops oî acetic acíd- in 9r7¿

etlranol, The monoxetal (>r) was obbainecl in higir

yield-" The infrarecl spectrurn lacked" a carbon;zl

absorption at 1'720 "*-1 , bu.t retained. the carbonyl

absorption at 'l6EO "*-1 , thus shor^iing tnat the ali-phatic

ketone ì,vas i<etalisea, Furthermoree the inethyllletone

peak in the ll"m"r" specirurn shifted. fron S=2,2 to

3 =1 .4, and- an ad-<i-iti-onal absorption for ihe lcetal

brid-ge \^/as observed. a.t $ =4"0"

Ccmpound (rr) i\ras reduced- with sodium borohycl-ride

in methanol- to gi.¡e the benzylic alcoliol (16) " The

'i nfrared- spec brr-rm irao a strong ba.ncl at i6OO "^-1 
f or

hydroxyl absornbion" The spectrurn lacked carbonyJ-

absorptions" r'Jhen comlround- (>r) v¿as reduced- v¿iih

sodium boroh.yCLrícre in methanol- and" tne sol-tttion was

then acidLif ied with 6i'i ti01 and all-owed io sbanci- for

2 lrours, compound (57) \das obtained in neai:l;" quani-

iiaiive yielcr in both epinieric forms" This vias indicated

b;r the Ðreserrce of 2 aliphatic rrethoxy peaks in tire

p"rû.r" spectruirr at E =1"4 and- E=1.5. The infrared-

spec'brum lacked h;,-cìroxyl absorpiion band.s. The aliphatic

kebone absorpbion occr-r,.rred at 1-¡1A 
"n-'l 

. l'iumeroLrs

aiLemots i,r¡er€ nade to introd.r.r.ce the tertiar.v hycÌ:roxyl

n-noll,o oú to 'ühe carbonyl fu-ncÌ;ion" Hoi+ever, none
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i:roved- srr-ccessful.

;ittempi,s io concense phthalrc acid cierivatives

\.nrith ei'cher compouna (+i) or coni:ound (r7 ) by variou.s

methocls al so fa.ileci, It became obvior-ts that bhe funci-

iona-l- ErouÐ in the benz;'il j s nosiii on i,'as a. rea,l l-iab-

il-i-cy 'bo Íur-uher s;rnthetic i)r'oei:ress " lience r t ltas

d-ecid-ect to remove the o;rl,'gen functicn cornpl etelv"
Ga,tal¡;tic redLu-c-bi on of compounä (tr>) in aciclified

ethanol gave an excell-eni ¡rielo oÍ the mono-uetone

(r'ò)" À c olleague , D. t'opi 
"n15, succ essfu.l1¡,

ccnverted- tne monokeLo:re (>tl; back -ûo the metJrox¡'-

ketone (r7)" This solved the p::oblem of reintroducíne

tne benz;,-1ic o;{ygen func bion"

litieinpts to forni the enol- ether or enol- ace-bate

of compoi-rnd- (:g) fai ]ed." I{oi,.,¡ever, tire c;zan6þ;rd-rin

$t;) forrned re¿di1;r" The cyanoh¡riLrin. t^¡as not pr,r-rifiecl,

but convertecl ciirectl¡r to (¿.0) bJ- trea'unen-b witn

chospho::or.r.s or;'rchloL:icle in d.r;r pyridine at roctil
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ierncerab¡.;.r'e " The ínf-ca::ed- soec b-rÌ,trû sho','¡ed aa abscro-
-bion r¡anci a-ü 225A "*-'' f or r'ne ot-rQ u-nsa-ûr-r-ra'bed

n'ìtril-e ancL a banC at 1610 
",n-1 

for the clouble bonc] .

The c"tn.î, s.r:ec-brun lacked- an;r vrn;vf proions, .ìnd-i cabing
.bhat the crouble bond i s betrasubstitu,ted-" CriCation

of cornpou.nd- (OC; wíth ,ootass.i ui-n per'rxanganate in ace-bone

in i;he Ðresence of inagnesj-um sul-f'ate ga1,¡e a fai:r' J.-iel-d

of the desired hyC.r'oxyketone (Ot;" The infrared spectru.m

shov¡ed a h;rci¡e*r1 ¿rbsori:tion at itAO "^-1 
an¿ a car-

bon;",l -oand. ab 17oo .n-1 " i\ better p:cocedure for i;he

s;¡rnthesis of com-touncl (of ; ivas creveloped. b¡,' t)" -f-oi:i.n=tj

r,¿hen he successr'iu-}1¡r íntrocLuced the ieriiar;' hyci::ox-y1

fu-nc.bion by oxidizÍnE; compound (53) r,¡ith rnolecular

o>iJIgen in the ,r)resenc e of cotassium ier'r; " -buto;<ide "

The monoketone ()¿) \¡/as su-ccessfu-ì-ly condensed-

r,ritn the monornethylesi;er of ¡-:hthalic acj-cr j-n trifluoro-

acetic annyilride at SO)C bo give 'rwo isomeric compound-s

(Oa¡" ilo aitempt r'vas macie io sepa.::ate 'ühe isoners.

Basic irydroiysis of compound (AZ S ;viel deci bhe isotrieric

aciils (6r)" Compou-nd (6i) was d-issolved- in anhyclroi-rs

hJ'drogen fl-uoride and al-lov¡eo to stand for 2 hours

at room temperature" iliork up ;;ieldecl the cleslred

tei;racycfic quinone (e+; " The p"n"r, spectrum showed-

it to be io.eniical- v¡ith iire qi-r.inone ob'ûained- b¡'
. z_a," L)onier!'/ " 

-tn hi-q ne-bhoo he fuseo phtna-Lic anh¡'-

dride lçith compound- (tS) to give the phenol analogue
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o.f conioot-r-nd (64'), i'Ìeth,/l-ation v;itn dirnei;h¡'l sulfate
gave conrround (e+¡. The trifl-uoroaceti c anhyd-ricle

nebhod. is rnuch ilild-er" B, ,3chi,;eno16 u=.d this metl:od

su.ccessfull¡r wr.bli the bi c;¡cfic hyd-rox;i ke-cone (ef ¡

to girre ine following com,oound:

llne benzylic

D. -Popien ' =)5

oxyßen íu.nci;ion was intr'ocuced usin6

roethoci to girre:

Ðemei;ìr¡rla'uion ivith a.luminnm chlo:rid-e gave the d,esi:red

/ - O -m e i; hyl - 4-d- e m e i h o xyo au rr o m¡,'c i- n o n e .
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Er( ,''nRIl'i_lÌ{IAL

.-aa -rrÐrâ lÇ ..Of fele--Led iniOfina-tiOn.ve(llv c//

(1) Irre,oaration of keioesber (+A):

I\ 1 liter, ]-neck, rou-nd-bot'com flask rvas

equ-ipped- v¡i'bn a mecl:a.nj-c al stir::'er, ::ef I ux c ondenser,

and- clropping funnel-" l':oi sture \das carefhl fy excl u-d-ecl-

fron the system" To -i;he fl-ask u..¡as: a,,icl-ed !C rn}. o.f

absol-ute ei;ha.no1, folloi.red by 2"j graÍis (0"1 l:role)

of sociiurn" ll,s soon as the sod"iu"rn had- cllcsclveä¡

21"€' Eìrams (O"1 mol-e) of Ciethy'l ace'byJ-su-ccinabe

was ad.d-ed in one portion" The solu.tion- \',ras then

bror-rgh.t to reflu-x ancl 18"'7 grams (C"l mol-e) oÍ 2r)-
cl-inieihox¡rbenz;21 chlo.r:ide .in 

7OO nl-" of absolu.be e-bhanol

ad-iled. over a '1) rninu-te peri od." Refl-u-::ing vras coni;inued

for an aclo-iiional- ¿! hou-rs" lhe mixtilre \,/as tlLen cooled

âncl filtered- and the ethanol- removed- uncLer red-ucea

Lrressure" The remai-ning mixture idas again cooled

and- i;hen fili,ered into a sma.ll- dis-uil-l-aticn flaslr"
\¡acuu-m distil-lation yiei-d-ed 11"?- grains (ie,il') of
? rJ-ð-imetTroxyben.z¡;1 e'bh;vl eLher, bop" = 6Ll-7OoC a'tl

O") mn, end. 15 grams (+1î'") of tne ke1;oeste.i: (46),
.n 11 - 4tì^-4croog ab O"Z mn.lJør)ø - ll)V- la\) V C1-U \JøL llll.

Inf::a::eci sllectru-m (figur.e 16) : absor¡:i;1ons (cr,r-í ;

a.t 1?2A (broad) (carbon;il bancls), ano- at 1610 anc. 159C

/ , . -1 \

( aronarr c oouole DoncLS, "
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(?-') |reoarai;ion of cliacic. (47):

Compor:nil (46) (S"S graìrs, 0,02¿l r',oj e) uas

stjr:red. vj gorousl;r r.a!iþ IOO ml" of 5',t sod-ium ir;'d-r'oxid.e

-qolutron -fc:r '16 hours at room ternperabur:e" 'l'ne basic

sol-u-'cior1 was r,¡ashed" bl'¡ics \,Jiin eiirer and- then acicifíec1

v¿iih concentrabed hydroch.l-orj-c aci d" 'i'he precipitabe

vJas fil-terecl off anC dri-ed" Tne crud-e ,orod-u-c-t lñIas

then rvashed- l,¡ith chl-oroform to yield ri-"6 Brams (7a-::i,)

of the cliacid (.+7) e Ír,ì), = 1rr-1560C,

Infrared. specirum (figure 1'l): absorp-,iiens ("*-1 )

ai 1+OO-ZZOA (broad) (acid. hJ"o-roxyf ) r 17O, (carbonyl

stre bch ) , '1 500 ( arorna,tic ) "
t -tt' Ii.jass s_oecinr-n:. m' /e = 26€', 25O, 2Oíl, 171 , 121 I

a',4 -/Q t-,D
-'t,t /vt / ( o

(j) l'::ela::atron of the brc;r'clic leetoacid (¿19) via
i,he anhy d.f¿êC_l_tp)_=_

The d-iacid. (+7) (2.11 grarns) i.,ras refhrxed in

20 ml, of acetic annyclride for ) minutes" The solveni
rdas ihen d-istil-l-ec1 u-ncter red.ucecl pressure,

Infrared spectrurn (figure f B) of the resid-ue:

absorp'bicns ("*-1 ) ai; 187O anil 17gO (anhy-d-rrd-e carbonyl ) "

irolyphosphoric acid- (iO grams) was ad.ded to the

resid-ue and- the mixture \,vas ,"tarnecL to 1OoC, 1;hen st'irrecì

ur-ntil- homogeneous" Tne tenpe::ai;u-re iva.s na-jntaineo at
-^o^iO"C eye¡ni gnt" The :r'esu.lting cÌ.ar:lc col oreo sol-uti on

,.,ra.s i;hen cool-ed and d.iluied r^¡itir i;aier; -uhen tir.e
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cloucly aqueous solution was ertracted- r,vith chloroform,
dried. with I'lgSOrr and. evaporatect" The sol_id. resid.ue
Idas recr;¿stalf ized from aceione to yield- 1"4i [,j:rams

(6+i¿) of iÌre bic;,-clic ketoacid (Lr9) r m,,o. = ZA=s-ZO4OC.

Infrarea specr,-rum (figure 19): absorpticns (cm-1 ¡

at y|A (broad) (hryd.roxyt siretch), 1Z3O (acid carbonyt),
1670 (aryl ketone), 159O (arornatic)"

(4) I'reparation o-f 1-carbeinox:¡meth¡zf-2.4-nentaue

d,ione (lO):

-ii ICO ml. , j-neck, round.-botton fl_ask ivas

ecluipned- vrith a mechanical st.ìruer, reftu>l cond.enser

and clropping funnel" The flask v¡as cha:rged. wi,uh 2OO

ml-, of absol-ui;e ethanol an,r 9"2 €lrans of sodiu_m" Às

soon as the soCium hacl d.issol-ved.r âcei;yj_ acetone
(40 grams) r.'ras acLd.ed. in one porti-on ancl tire solu.iion
brou6ht to reflu.x" Ethyl bronioacetate (66"8 grams)

was then add"ed d.roprvise from Ì,he dropping funnel and-

refl-uxing ldas conbinued- overnight. The ethgnol \¡/3.s

tl:en evanorated. under reclucecl pressure and. the resid.ue

fil--terecl. The fil trate r,ras cLisbilled- r-rnd-er recuceci

pressure using a i.¿ater aspirator ana the fraciion
boiling betrveen 1190a and. 1j6oc was corrected to yield
29 grams (i9:¡:) of prociu-ct.

Infrared. spectrum (frgure 20) z absorption band.

-4at 17tO cm-' (broad.) (carbon.wl band- ),



(?) ireis.riìi,'r orì c)f con')ou-ncÌ (¿l+) front coú',ou.llcl (10):
rìlhc þ -dike bone ( iO ) ('¿ ", 3r'ariis ) r'ias dissol.¡ed-

in 'i5C rnl" of a.nhl'ch:ou. t"h"f " iri. a. iAO rs'I" rou-nd--

botton fla.sl<" Íiod-iuili h;'-cir:id-e (2,? grans of a iO:)

susnensi on in rniner'af oiI) lvas ad.<-ìed-, foliowed- by

9"0 Eralts of 2 rl-d-irneihoxybenzyl chlori de" lne soluti on

v¡as refl-uxed- for /l cays" Then 'the sofu-iron iras con-

cenbrated. to a sma.l-L volu-me ancl '150 rnl" of a 1ri!

soôiurn hydroxide soluiion acÌcled, ilhis mi>l.bure was

ref lurecl overnigh b , iiren c oo'l ed ancl v¡ashecl i;wic e vrith

benzene" The aoueous Íraci;íon r.das acidified- with

conceni;raiecl hyd-r'ochlorr-c acid and. a, sol-id Ð-cecinitate

iras c ol-l-ec-bed-, clried, ano- :rec:rystal-l-izec1 Írom neiÌranol-

Uo yietcl i"o Erarcs (+1/) of ¡he keto acicl (+4).

(6) -Lrreoarai;ion of comi¡ound- GZ):

ii 5OO ml " , round--bo biom ff ask was charged- with

49. B g:nans (A "i mol-e ) of 2 , 5-o-ine bhox;r'benzalcÌehyc-e ,

4C grams (0"4 mole) of aceiyl acetone, and. ioO rnl" of

benzene. The mixbu-L:e vJas stirred, un-bil hotüogeneous,

i,hen 2 nl. of niper-i dine a.od-ed- follor¿e'l bJ.' 6 ml" of

acetic acrd. .l--he flask v¡as ì;hen equipped tvith a

Dean-Si;ark t:rap a.nd" a reflux cond-enser" The sol-ution

r,,Jas reflrrxec unbil no more water separateci (api:r'oximately

1"5 hours) and- then i;ite benzene \'ras CListillecl- uncìer

reciucect pressure" The resiclue soiid-i-fied- cn stanchng"



l- r)

Cr';,r5i¿llizatron froil meihanol ÍIefcLecL 6) 8ralils (\Sil,)

of concìensed procLuc'i;, in.p" = €')-56oC.

Infrareo spec-ùr'lin (Íigr-ire 21'): absorltions ("*-1 )

at TAO anci 166A (carbonyl band-s), 1610 (oouble bon,j- )

ot r? unsatu-ratecl Ìietone ) , 159O (aronaiic ) .

P"m"r. spec bruin (figr,r-re 7), absorntions at

?")T(,s, 1Ã, vinyl pro-bon), i"?T(mt il::,ts, a,rornatrc)r

6.2f(s, )Í1ts, -CC'11)r c"'-,7(s, 1È's,, -CCiti)t 7"67
(s, )I]'s, mebhJ/l kebone), /.6 /t(s, -)ltt s, rneth¡rl kei,one)"

i'iass spec-brum m*/e = )Ll'ïr 217r 1L)1 , 1761 '161 ,

1+[), 119 t 1O5 t 1O1, 91 , 77 , tt7).

ATili].,YSI S t:

Ca,lcu-1a.i;ec1 6'l ,7-; 6 "+')

Iiound. Aç. 
^^. 

L ZiLJL)óL/LJ Va )-

(?) F:renaraiioq qf the 0-clikei;one (57) from 2,5-ciiqet

benz,al-aeh:y':Le :

The aloehyile ancl- aceiyl a.ce-bone in'e-te concLenseci

a.s d-escribecÌ above, The crude resi-due, aÍter remov'al

of benzene, \tas d.issotvecr in 1JAA m1 " of etnanol in a

? liber flask and )',1 Pi'-.rn cha.rcoa.l ('l 6r'alris) was ad-cLed"

This nixüure ìraS shaken u-nd-er: one a-Ûntosphere o-i ir;io,rogen

u.ntil the uptake of hycìrogen ceasecl (1"i irou.rs)" 't'Ìre

catalysû was then fi-1te.cecl- off a:nC i;he eihanol rerncvecl-

und er recucer-l- oressure. !'he r:esicl,ue \^iâs dis Ûil-l-ed

u.ncier vacr-rlr-m air-d- iire Íraction borl-inS er, 't)',;-1Li20C

â. " 1;. nrÌì" \',¡as ccl-lecteC -to yiel-d e:!'"i', Crâ.ns ( 35. )



'"-..-..: .:....

5.j

of prori u c.b " Tlhi s 1i cir,i.id p::oiiu,c i c

Infra.::e,j s.í)e c-ulr-u,irr of sol id

absc.,r,;iior:s (cr,r-1) aû 1'c'DC (broacl)

forrn) "

.Pom.ro spec brum (iigure ,3), absorp't,ions at

-6,r 'l(s, 1-:'i, enolic -Oii), i"+ i[(m, ifl's, aroì]la.i;ic),

t- -:,=(^ :LTri-' _ônTr ì Ã =rf(s, ),t..ts, _c:c-l-)t ...,!t
-e .. L\ùt )!! ,), -\-'vtt- rt j 16) ( \Ðt )!: Ð9 

_)

(s, 2H's, benz;'.I.ì c rne'ch-;rlsns pr:oions), 8"0fí(s, 6ll'St

netl;,1 keiones (enotic ) ),
,,r^^^ )- tr:d,ss speciru.inz m'/e = ?1,O, 2O7, 1í,9, 1)í", 1-).

(S) I.reparaiion of compound. (=l ) f.r:on ccmpou,nd (=o):

ilhe p -dikerone (i.:) (, grarns) r,ras dj-ssolve<i-

in '10C nl-, of anìiyd-rous ihf and- then socriu,rr hyd.ride

(1"0 graûls of a ,Ai" su.soension in oil) \tas ad-<-leci-"

To the resulting amber col-ored- solilti-on ires acÌc,ed-

t", grairs of etnyl bromoaceta.i,e and the solution

refluxec]- for I iiour to complete ühe reaction" !-he

rnixì,ure ì./as then concenbrabecr to half iis ori.ginal

volume , cooleCL, and- '1OO ml- " of ¡,¡aie.c a,lciecr. iiez-ü ihe

mixture r'Jas exiraciecl i,vith benzene three biines anri- -ûhe

benzene ex'bracis lvashecl wiih r.va'ber and. ciriecl (i'igt r-4),

The benzene was er.aporated at rerouced- pressure" L-he

oil-¡r resi<j-ue separaiecl into ? la;rers, the uÞper 1-a;ier

being the i:a::affin oil" r'he boL.i;om laver cr:ystallizecl

on stancting overnighi under refrigeratioir" ihe ori

Tas d-ecan-becr- to ieave a nearl.i oure oroouct" Cr';'5it1a-

r;;s..-all-i zed cÍl stand-in g"

^-' \'.rr'O3Ll.C U (La8u-re r-- ) i

( fl -¿:-:.,e,one enol'r
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iza.bion frorn meihano'l ;¡"j el-cled i"i gran-q ('16',¡i,) of

c orûi)ou-nd- (>1 ,\ 1 ll1"'C," = Ûrr-6, oÙ.

Infr'areci- speciru-tn (frgure 2)): absorpiions ("rn-1

aï 1?)O and TAA (car.bon;zl- sbr:etch), ''li';¿-O (a:roroatic) 
"

P.m"r" spec brurn (figure!): absor,oLions ab

j,4 \ (,nt, i1t i:;, aronatic ) , 5.L) f (q,, 2n' s, -Ú0Hr1'1e ) ,

6") T(s, ]i 's, -(;C=,7) r c.lt T(s, )ii'=, -!.'J1':'r,), o "3 T' ) )'
(s, 2ll 'st -rJ'ti, (benz¡'lic) ), l"?T(sr 2H's, -Cri)Ja(-,Ei)r

J "'ò f (s, ol-r'sl oi.;0r-), ô"5 { ('b, iii's, -col--.J';Ã),

ii1 , T;,,)1 ,

,t] Lt;,{ I ) |,/c

¡i,irri\LlSIS

Calcul a¡ecl

¡'ol,l-nrl-

Á¿r- )r)

O.j-" j 
I

FI

r- 4(¡
l" t7

6 "i)c)

(9) Preparation of kei;o acr-c-L (++) irorn (ji);

A 1 l-j-i;er ¡ 7)-rLeck flasç ecluj-pneci \,¡i'üh a. rirechanical

stirler, rell r,'.r conl-eiisel, and dropi¡irrg f unr¡el- \,ras

cirargeo lvii;it 600 ml-, of anhydroi.;s 'ì;i:.f anCL iA SralíÌs

(C.12 nol-e) of conpouncì (ii) " ,':';oo-ium hyd-rid.e (5.0

lìrams (O"12) nol-e) of a >0 su.srecsi on t-!' oif ) \ias

ai.üed- rn säiall ir-ro-ì;ions to tiie vigor-o'us1;' s'Lirrec-l-

sohr.tion, :ifter ihe ad-ditron ivas cornitleteci-, 21 :irarns

(O"12j mol e) of etn"rl bi'otnoa.ceba¡e l'Jas acLciect cve-í' a

2C nl,rni-ibe periOO." -illte ¡ni-xbt-i-re \tð-s reír-ltxe,f fOr one

:rolir" .ríteï bha-Û, a.;.) ,i'c_: lita-i; el;; !0O lal " oî r,l:-l



";as 
:reiloveal- b,'' r; i.st,i-l l-¿-.i,ion. 'i.'he -¡esi c-ì-ue i.J¿ìs al--i o,¡ecl-

-C COOI C.j-rl- then ?-=-,C: til . O-i e!' î, ' -"OJ iUiL íl)-,:irO-Zi :ì-e

solui;i on accled-. iilnis nix¡ur:e was s-ûi-:crecl i-n âir orl
-._ô_:¡acir ac ò';"ti fo:c t iror,-it;i, t-.ci:. elfoi.;e¡.. ic co<¡l !'ar:

2 l:icurs" :lf be:r transf ei: to a sepa-r:aüor:;;.' fr;nûe I r

bhe m:ix[ure r,ras e:rb-r'acreci uhree times rçith benzene

anij- bire benzene extracts discerciea" Tìr-e ¿r.ciìieolr,s solutj-c.i

\^ias irans-ferred- to a ? lii;er beaher: conuaininE cr:usliecl

ice and- tnen carefu-ll-',' acid-ifi ecl ,.^;iih concentra.ûec.i
-^=,,a.-^^^'h'1 ..--i ^ ^^;.i lill.^ ì ,-ì -;- -!^.1 --i.ì tr; I +^-.',rJrLrvu:irv-L¿v acicL" t'n" ltrecrtti Laiect aci o- was fil-te.reo

of f ancl- alf o-øeci ¡o clr;¡ cve::ni-ghr. 'lr'.¡sta.1f iz¿,r-û-ì o¡r

froin tne bhanol- ;-ieliLec ?'¡ "1 íi.ir¿ìns (i:5|;') of pure .ìte Uo

¿Lcra (4¿t), ioop, = 1Aa-1C)?oC"

InÍraledi- spectrum (fig:u.L:e 24): ao-eorni;i ons (crn-'l '

ab j+AC-24CO (carboir;-Ìrc ¿rci-cl -C),:: s1;r'e bch ) , 17'1C

(ca:cbon;'1 sbretcìr), '1oOC (arorns brc ) "

.ir,rn,:c" spec'Lrum (iigure 1A): absc-r:rbions at

-Coc, l(oroa.; s, 11 , -¡).'Jt,)t )"t;'((,n, j::.'se eîolrLa'5-! c),
6"it{(s, li'i'sr-(-i;¡)r u,4'((s, Jli's, -CJ:-,r), 5"i-7"7

T(n, li{' s), 7"¿ì T(s, jlI' s, -üu,)i.-)"' )'
t''lass slrec-brrui: m-'/e = ?'ò(,,, 17-i , 't-/5, 151 1 1?-1 

1

.'\1 -); :,t-.'.,ij /<..t /r't ,)"

l'r T.'i^litaT.1J:l ri-\J.J: u-L r-l

'Jalcul-a c ed-

}'ou:.nd

tI

i:i""1'-t; 6"tì,1

5t "ia 6.58



'i1

(1Q) :reira.racic:. oi tìre bic,¡clig c-i.-i;one (+lt):

''r 250 rn1" ¡cl yeûhyl s¡1p 'Dcrt'r,le i./as placeÕ- secu,rely

i-n a r//aier baì;n at lioC in a. r;e-l I r¡elrii 1aüecì iroocl"

;inh;rd-¡911s iry,C-rogen ffucr-Lrie (iC li}" ) \^/?s aacleC anci- bhe

liqr-rid. stirred- and al-l-ovreri bo \,/arrn bo near -tire boirins

poini (1()oC) " iL'hen ).,s grams of bire i<e bo acio (¿r-+) r,-,ias

aclc.ecl in smalf portions" Stii:ri-ng ivas continu-e,r ior

I hours, tirerr ihe water bath iemperaiure r¿riseci .bc

4OoC" :.s soon a.s the evol-u-ii-on ", n;rcirogen fl-uo-ricie

ceasecl, the residu-al liqu-icl vras por-rred into 'lOO ml"

of ice v¿ater and tne a.queou.s nixiure extracted. bhree

irmes wi-bh cirloroform" The ctrl orofortn solubron v,Ias

washed v¡iih saturatecl soCiuni bicarbonat;e, crrieil lviili
ì. gti(.¿r, aird evaooraied " The oi-l'¿ ¡esid-ue ri/as d"issoli¡ed

in hot me-thanol " !-'he ,oroouct cr-vs-i;allized on coolin8

bo J'iel-ci )"') grarns (6'1,,') of 'ru.re (+r) e rn"D. = 12)-
n.-o nta) wð

Infrared spectrurn (figi-rre 2i): absoro-ii ons (cro-1 ¡

at 1710 (methJ¿l keione), 1570 (aryl }<etone), 12c1O

(aronaiic ) "
P"m,::" spec-ûru::n (figure 11): absorii.üions ar

1.2T(o,t 2il's, aroinatic), 6"2 f(s, 6l{'s, -Ot,h¡)r
6"r-7"5f (m, ll-i's), 7"8T(s, lli's.- -COíJH=)"t'

i"lass spec-tru-ni, 
^t /e = ?LiE, 2o5, 1.)o, 1'75, ,)1 , L',).

;\iil::it,YSr S C Ii

üalc rrf ated-

li'ouni1

:-

í^,

/2
.) )l

t: =rl

6 "-/ö
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(11) -rre')aire.;ion of u-^.€ rle-üa.l- ( 5;; ) t

'fhe oi-cvcii c l<er,'one (+r) (2"i- grans) was rfiss-

ofveci in 50 mf " o-i' benzenee il¡en '1 ¡nl " o'i e-cli;ils1-^

BiJ'col adiie¿, follov'ied by '1OO m3. of n-toluene suifonic

acicl riion-oh;cLrate, 'he sotution tves slovtl¡'' ciistilred-

Í'or 1"i horirs v,ri-bit occasional aciC-i -üion oil benzene üo

main-ba.in r¡ol Lrine " !.'he 'oenzene wLis bhen c-isti l-l-eci- of f

und-er reclLr-ceil pressuie anci )O ml" oî ethanol- conbaining

0,5 nil-" of acetic acicl- acl-¡,,ect bo tlie les'iduLe" -llne solu.tion

was s-r,'irl'ecÌ and "r;he monckei;al began bo pllecipitaie

al-rccs-û iinireCj-ia-cel¡z frorn i;he sol ution" r;birrrng '"ias

coniinu.ecì f or ? irou-¡:s. ,','il'ü¡tatio¡i ;''iel-d eä ?," ;t [i-iiå.iìis

('i6',:,',) of .-1,-r-ï'e whr i;e i;e'i;al " :Lilie -iil- ti'a'¡e was cii lu- Ì;e,:L
\ / v. /

witli wa'ber an"d- e:cirac-üeci wibn I)et7zene" 'i.e i-,enzerie

solu-t-j on was washecl rvitìr bi cari:onate solutì on r iiri e'.'i

r.¡rtt- i'i3 ,-r, airo eva'tora;e.i-, .Jr'; si;al.ì iza ui crL oÎ brre

r:esiciu-e froni ¿r srt¿lf'l erûou,ïl''ù oi etl¡-anot;''ielcìed all

ao-dii;i-ci:al ¿rOO ing, of itrod-uc b " ühe tote.i ; relcì l,',Irrs

2"c) greliis (8e,/,;e rit"p, = 1tc)-1i9"roC.
j-nfrarecl- si)ec i,run ( flgli,.--e 2i,,): absorp'u-i ons

4(crn-') ab'1tj8O iar';'f ke ;one), 1i.O r.a.roti,ar';'ìc)"

?"rn"::'. sDeciru¡rL (fi gui:e 12'): absorl;tions a i;

1"2 f (.q, ))-,',t ;'), âL-'oi:iâLic ) , 6.A) (( s, :l'l-I s, ì<ei;a'l -oric,3e 
) ,

Ço4" T( s, )i-1's1 -':it-7), ':'.ì T(s, ;rllts , -.'-tt1), 't'r-7 ")
I (- =;;r^\ .i; T..sl j;,ts, -ll-';. -,; "( \r:r,

i(ass sQec'üruLin , 
^* ¡e = 29?, ?a5 ¡ ()1 , Li.l r i,:7 t til;"



-ii

(1,t') ., L:en¿,.:'abion of brre rt:e;:rc',:<...- ire ¡cne (-;'r'i ,

rlne ¡:eLal- (i:,) (2"C;iâi,S) r'ias sfirrerl- -ì n ia
nl-" of nethanof and- tlnen soi-ìurir bo::oÌiyc-Lrid.e in rell-et

íorrti ( i,:;O IÌi3" ) ì.'/es ao-.ì ecl to ihe rr:i r-uu-le " ,issof uÛ-l ori

of tiie rnix-uure occu,r:'reC. gre.di'alry" ,iir'-cing iaas con-binueo-

-f c¡r 1C ur-ì nut e s .

[;or]r ur, ¡'ie1,Ì e:: i:Le Ìi"ri::oz. i.e b¿rl lr'J.,

infrarecl spectru.m (figur'e ?7): hyar:o:'y bancL aü a'òCO

-1 ì r- -r- -.-- Tc(t '; no carbon,l'j absorliioitJ
ilydrochloric acid (ô rnl , , 6i{) 1r¡3,s acl-ded- anci- 'iire

cl-oud-y rnixi,ure \.iâs stj-r;:ed fo:c 2 hcu,rs au ïloon tem,r::er-

ature, bhen ilil-uted rvibh 20Ll;irl" of'w¿L-be-r ancl e;<bracbec]

wi-i;h ether" Tne el;her so-Lubiot'l i.,iâs ori ed. wiin iiigi:C,_,

and. evacor:a'1;ecl- " 'j-he c'll-;¡ resi clue s-ì-çi,vl ii sof rd- j f ieci-

io yield- 1 "7ê, g-ràr.nìs (')c.;,,:) of orocluc i;,

l-nfrareci si)ec iruin (îigure 2il): abso:rpb-l ons (.ct-1;
\¡/,.\.aI 'l i'lu (atrD]la¡r c -i.er,oner e '1,:'lli (âÏoillc'ur c7"

-i:'"m"r, sûec bru.in (figure 1)'i z abso-r'ni;i ons at

j,9'(t.s¡ 2ii's, å.roürÐi,ic), ).- T(t, 1:., -J-r..i',e),
,5,'l T(s, )i't í:, -ACi1), a"1; îf(s, ]l'.'s , -AC:,1) t

6", ano Õ"5i T(s, )-t s, allrr,a';ic -Çi. .) , 'J">-'7 "6 T

(irL, 4-;-,' s), 7 "6i and. -l "'7>,il(s, i :' s, -,:l,C; =;,, ;,"7, T
(m, '1i1) "

1-; I're,¡aratj-on of iire bic.;'611" rncnolceioire (!::.):(t

The cÌi xetone (tt]) ()grails ) was cj.isso¡,'ecÌ in



250 nil" of ethanoi ancL )':,', .l''at on cila:rcoaf (O"5 granLs)

w€Ls acl-r,lecr" 'I'he rrii;<-bi-rre b/as saaken u-ncier one a-úrírosr¡lere

cf h¡.rd1696l. for: ole rlolr, -then tiie rlasl,; \'.'ja,s r-Ir-r,sirec

¡;,¡i r,h ni'uro3en ancl 20 lnl " of conc enbra.'çeci h;rrl::ccÌrf o::i c

acid adLdeci. Tne ilix-tu:ce was therr shaken u,ncier one

âeiriosrrher'e of :rycirogen Í'or an ac-cìír;ional 1l! rninr-rte,s"

.r.ifter bhab ihe caral¡,'s-u v;as -r:ernovecl b;¡ fj-l i,rai; j-on"

ilne fil--bra'ce \Â/as concen'brated und-er recluceci p-ressure

wa-i;er: aclcted. :lhis rrlix-bu.re wa,s ert:racted with benzene

anil the ex'brac'û washecl- successir¡efJ r¡ith ua..ber anci- socri-ruir

l¡i-carÌ¡onate " -L-û r¡ias iiren cili ecì v¡it1: l.rg-û,_ aire e.¡apora-bed"

fhe resj,due soon c.i:ys-baIiizeci anii- \.,I¿ìs usei i.,,¡i r-ltout

fu-r-bhe:r pu.rifica.biorr.ûo yielo l-t.¡ S:reiils (9i',"') of

1;rcct-r,;-c b, n"p" = i',?.i-E'i.ioÇ.

Infrared- spec i;:r:u-rn (r'i5i;-:r'e 2'.;';: a.Ì:sor-pbion (.t-'1 )

a¡ T1A (ali2ira'clc ileucre), 1,,1C (.eio;,.¡.,ic)"

-i-'"ili.:Í" sì)ec-b-iu-nr (figr-rre 1Lf') : ab-"oi'i:uions ¿li;

)"5^((sr '.-''s, ar'crla-fi-c), 3"1 'f(.s, -aif 
rs, -CC.l.;),

6,7- B-BT(rn, 7lT's), 7.6 T(s, l,iirs, -Cr0ri It/6

/ ¿ t, \\ r.:,, r'e,;a.,.'ai,ioe oi ¡he bic,l-cl-ic;,4rI unsacrlr¿.ieo

nitrite (6C):

iL'o a. r'i¡r'oror-; sl-;' s-bì -c¡:ed so-l-u,-¡i on of ,, grams of

socl-': u¡ir cyanrd.e ii. iO r,i1" of iA", e'uìieno--l in in¡a.i;e::

\,^i¿r.s acl ,:ecl 1 g-car.ni o-f c ornrcuirri- ( 5a, ) . Tiie mi :li,.rle rras

ii.r:r'ecl .for '10 minr.lüesr cireil i r:,1" of ace-;ìc aciti
J



,/ '-)

ì..râs aclíÌeci û.n.d- si;iminfl r;as conbìnuec]- for one lLorr"

-i'he soI,;,-Lion '!.i a.s -bhe-n crl uted ui-bh "lOO ILLI- " cf t'¿a.be-r

anci elr.'1,-îacied- 'cl-¡.ree bi nes i'litll c Ü-le::" !ll:-e e bner sofuti ot:

-u,iaS Clried Wrth i,g,:: ,-., ¿n.i eVaDOra;ecl- iC leave ¿ì t.ì"r-Il.ii,LJ¡

residue of ihe cv*ernoh,wci:rin (>)) pJ-us s-üari'ing mate:ci al-"

Infra:r'eC spec ürllm (fi-3u::e 10), hycl-ro:<yì- bancl"

ai 7la2C "rn-1, 
,.'i eak calbo:r¡'l- Lanci ( s;1.:i Lrnq t,e-ber'ra.l )

_4at 1'710 cin

The resi c.Lue ¡iias ci-j ssol-vec" i-n 20 ni]" of dr;r

o;rrid.ì-ne " Fhost ho.cor,rs oxychlorì-cì"e (1rill " ) Ita.s aocl ed

and- -bjie sol-u-i-i on stir-r:'ed. at rooin i,enipe::a-Ûr-rre -for 16

hor-i:cs" The solution l/as then d.j-iu.ted- v¡'i th '100 rel" of

r,¡a.ter: ancì exLracted t times uith, e'bhe:c" ilìre e.Üirer

solubion I¡ia.s tvasned. r",'-ì 
-bh warelr, dned i+j-th I'i-SlOr-,

and- evaoorabecl, frhe residne vJaS chrom¿tbog,raohec-i on

s j-l ica g.e;Ì bo ;¡relci 4 tO nig; . (L,r'i ' ) of i-.-coo-Lr,c i;.

Inf:carei-l -qìfect.ruiit (fi3r-lre i1): ¿'rbsor:rrii c:is (ct,-1 )

( 
"{ ,P i.insai;u-ra::ec nì- L::iie ) , 16rc (c-Loubl-e

1e,aA (a::omatic ) "
l)"rn,r" spec-ürliÌli (tigure 15') z abso:cp-Üi ons at

, 2H's, a:roma''ci-c), 6"?-A(i¡roa.,d singleb, 2 -(.;;)i1-

cl u.s ad.cii bional pro bons ) , 8 " O T (b-roacL sr-nßl e'tl e

('1)) .rel)aï'a;ion o-f q.-ì1.)¡dro>r,)¡ l<e!one (6'i ):
Drstil-rect ¿rcetone r',i¿r.s passed ì;hi:or-r,gh colir'mn

grade sil-rca gel and- col-l ec-Ûe.ì (, irrl, ) u-nder anhJ¡cirou'*q

-..1- ,ta Ê/ló, v LL )\,1

bonil ) ,

's.=; T (s

'-.r u u- t_, ò

¡

)



ccndi-ùions " ..rnhJ/'Jiolr.s nagnosiuiri sul-f a-i;e (5CO mg" )

was bÌien actiied, fol-lo,øecì b;; |ì4A tng" of the 
e

u.nc¿ì.-uLÌ-ca.becÌ ni ûrile ( €,,.') " 'rhe su-s !-e ns-j on was s brriec-L

vi gorou-sl;r anci i:o b ¿:s s j-um Ðelnanganaì, e ( f ¿;C mg, )

acì.cl-ec'l-" :i'his mixûure Ì'/as stirrecl- for 20 minrr-tes.

.Jitute hyilroc?rlo-cic acicl (20 inl- " oî t',' solution )

wa.s added and the rnixbu-re shaken v-i qor:ousl;i, i;hen

extraciect r^¡ith e.i;her" The etner solu-iion i,¿as drj ed-

v¡ith i'igSO,, ancl evanora-bed-" .'-ire resid-r-:-e \vas

chronai;cgraoheeL bo yield- c)t-, nrg " (lg)i,) cf prod-uct,

nì" ii. = 10?-1}ioC 
"

infrarecl- spec'brun (f igr::ce i?) : absor',o uions (crn

at iiOA (hyAroxyJ- sbretch), 1'7AA (lietone stretch),
16At (aroma-ûic ) "

lt.m"r' spec-ûruin (f:-gu.,:e 16): a.bsorci;rons a-t

i,Ll'C (s, 2tr's? aroÍla1;ic) , 6.2t 1l(s, )r_'s, -C-il) t

í>")T(s, ]ilts, -.C.-.1)r 6"!T(s, 1:i, -oi), ó.5-7"5

't(rn, +ii's), 7"7T(s, 1à's, -ijo0lr ), ij"O-,-tri "1 T
(r, 2Il's)"

L1é),.:re¡:aration oî ihe tei;-r'ac;y'cl-rc oi.iinone (ó:+) :

.L,eione (5f,) '\115 mg" ) ancl pili;na.ij-c a^cici. nìono-

metnyl esier' ('11, nB" ) u/ere placecÌ in a lO ml-" fl-ask

an.: i:r'rf 1i:.oroace i,i c anh.yd::id,e (1 ml, ) Ldas ao,-red"

trne solubion was warilect in an oi I ba-ì;h a,ù roCoC for
12 hours, then the briffuo::oacei;ic anhycì-rrcle 1./as

eva?ora-Led-" Uhe resiclu-e \^/as cii ssolvecl in eûhe:r

-'1 r)



'l'l

and- ¡;¿a.she,i L,¡ibìr soaliuÌn b'j carocr':.a-ûe solu¡:i-on" jrìe e'ürier

sol ution i.',/âs cl:cieii íj-r,Lcl ev¿iaoi¿i i;e,.i , {lìlroi:.a',,o: -tÐ :'l', :r

of úlle res"-'L,e ()"- silica :ef ;"=cicr-eiJ 'i;'t. 1rri," l':;C')

of iÌr g. i soineri-c c o¡rooun.ci s (i-.i ) ,

Tnfra.r'e.i- sDec'b:curn ( lrgu.l:':= --1 ,,\ :, :<ei;one an,l er-j-üer

stre rcl:res at i7?.'; 
"rn-nt, 

ar;rl ke ûone :;ire ûch ¿rt 1r.:a-,O

_4 _4cnr ', a::o¡na:ic sfre,,cir i).a ':CC cnl '"

Lr.m"r" spec'i;r',-rrr (figure 1'l): absorntiions at

i"9-?-"9T(n, lF-'se ai:'úìi,abrc), i-,"'1 ?(s, t-jts, -ti,;l.i)r,/
c .'t ii _ 7a:t _. t.:t'. ,: tl c, ;--t_-t c _i,ül ,, (CS_ûe::) ),!,'o-- ( t5t -). Ð9 -, L. -:) 1 '.:o'v l.\J9

n 
^_'. 

:. .T(*.. .,'l tq,, , I l(,:. ;lÍ.. r ô _i1i ,. , \
lø\J--.o-. \\rllt ( ÐJ j l6l L\Lr9 ,/-.. ir? -:.J\.r/. -,:o

Ooilpcr:ncl (í-t?-) (l7ft n:; " ) i: Éìs s b j-.r:::eci in 1',t,

l'laOit -1or -) hoi,rrs at --root, ilhe 'oasi c solu'o'j oil \"iar)

coof ecl , ',:ashed i..ll ,,1 ebl:er, i'lcic-i,"i etì, a.rd. c::t¡.ac bed

::i-lh e;her'" '-lne eihe¡ solLrtioit- i,,¿s clric.rr- ,.:-i '1 ,. I,1:-:(,.,

¿*ncl- ev;:, ,:'aì;ei i;o leave 't j(,, ¡:-¡ " (l-;O ) of c,:u-i-e ¡cilì
(ar) i lfla-r'ecl- spec'bruur (figrjr-e j!-) " :lhe cru-cie acic'l-

,'.'as ilj-ssolveil ir ai:i'.;-crous h;r,.ìlo-en -il-uo¡r,ie :ri i -oC

and a.llowed. .ûo sUancl for =) hoi,rrs" Then ijte hydlogen

f l-iiori-d-e ''.deis evairorated u s-j irq Ð. r.rar-li i,'a-be-c bath " llne

:cesiiir,ro was coof e.l ¿LnL-l- ci-rllLiei ri'j -i;:r :;O tirl- " o-f i ce

coid wa.te:r" This iiri-tûur€ '¡iâs exbrac'¡ec1 wi i,h cl:rlcL:oÍ'onn

a.nd the chl-orcforu uashecì, r,yitl:i l¡icarbonate solution"

driecl- wlbh ii¡,,t.t,C, , anc er¡a.coraieci" lire crucle ;;,'ie'l cl

'.i'âs lini In¡" :3'i f:rorn (.?7 ) oÍ Lite qii-trnci* (i,,)"



rii.

,,,'"nl ,r. srrec..rlr-rrr (fr¡ru-,:e '1 it,'): aÌ,rso::riûtons a.i

1 .-.,_.. :.rì' :¡, -:t- -.i_i^'. a 4,:l' ^ .ar-l- í.'i-: '\
tø'.-:-ø-/ ( lrl , ¡9 c..LUlL-õi.vLÇ1j ¿. ¡) t .5r ).:, .-j -',.t..t7)7

o.---(( 3, 1,.'s, -,-):-'¡r'i" T(s, jl-:'c, -ill .,;'-','"
r) -/

Oori,-¡r¿-i-i:r-son oí soec'tra sjiowei. ccìììroulaj- (a--ll )
7S

bo be :-aenüice.l r','i-ûli tlia.û ob'i;ai neci 'D:i il" :'atteî/).
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