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PART I - THE SELF -C OEDENSATI ON OF METHYL GHTTACOHATE 
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INTRODUCTION 

The purpose of the present research is to determine the 

structure of the substance derived from self-condensation of 

methyl glutaconate and to investigate its chemistry, parti

cularly with a view to transforming it into the ring E moiety 

of yohimbine-like alkaloids. 
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HISTORICAL 

Dialkylation of ethyl glutaconate with methyl iodide 

has been reported to yield ethyl et,*.- and &,/- dimethylglu-

taconates (1,2,3). Following these reports, Fee ht (I|_) and 

Curtis and Kenner (5) have examined the possibility of forming 

either a cyclopropane or a cyclopentane ring by alkylation of 

ethyl glutaconate with ethylene dibromide and sodium ethoxide. 

Although Fecht (If) obtained evidence of the formation of the 

cyclopropane derivative, Curtis and Kenner (5) showed that 

this compound constituted no more than 10$ of the product 

mixture. The major product was a crystalline compound which 

had been formed without the participation of ethylene dibro

mide. It gave a positive ferric chloride test. Elemental 

analysis showed it to be derived from two moles of glutaconic 

ester by elimination of one mole of alcohol. The same com

pound was obtained when glutaconic•ester alone was treated 

with sodium ethoxide (3»5»&). 

Blaise (3) postulated structure I for the compound. He 

called it ethyl glutaconyl-glutaconate and considered it the 

consequence of a Claisen condensation between two moles of 

glutaconic ester. Pechmann et al. (6), on the other hand, 

postulated II as the reaction intermediate and III or IV, 

obtained by elimination of a mole of alcohol, as the final 

product. 
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I 

QjET 

2. 

The gross structure (III or IV) has been settled. 

Pechmann £t _al. (6) aromatized the compound with bromine. 

The product (V or VI) formed a methyl ether and an acetate, 

showing the presence of an hydroxyl group. The ester groups 

could be hydrolyzed with potassium hydroxide solution to give 

a triacid (VII or VIII). The meta orientation of the two 

carboxyl groups with respect to each other was indicated by 

a negative fluroescein test. When heated with hydrochloric 

acid, the acid gave a compound IX which proved identical 

with m-hydroxyphenylacetic acid. Hydrolysis and decarboxyla

tion of the two carboxyl groups had evidently occurred. This 

clearly showed the meta relationship of the hydroxy group 
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with the acetic acid side chain. m-Hydroxyphenylacetic acid 

could be brominated to give a tribromo derivative X. These 

facts were consistent with both structure III and IV for the 

original product. Although no compelling reasons were ad

vanced, Curtis and Kenner seemed to prefer structure IV*. 

V 

JET 

VVtt VU •x 

Hydrolysis of III (or TV) with mineral acid yielded a 

monobasic acid Ĉ Ĥ Ô  from which a lactone could be prepared 

(3,6). Structure XI was assigned to the hydroxy acid (3,5)» 
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t Î  V 
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DISCUSSION 

In connection with another problem it was necessary to 

investigate whether a six-membered ring could be formed on 

the methylene carbon of dimethyl glutaconate by its alkyla-

tion with pentamethylene dibromide. As a consequence, a 

mixture of dimethyl glutaconate (7), pentamethylene dibromide 

and sodium methoxide were refluxed in methanol solution. 

Neutral and acidic products were obtained. Although the in

frared spectrum of the neutral product looked similar to that 

of methyl glutaconate, its n.m.r. spectrum was incompatible 

with either the cyclohexane structure XII or the alternate 

cyclooctane system XIII» While this product remained un

identified, this experience suggests that the structure pro

posed by Pecht (4) for the product of alkylation of ethyl 

glutaconate with ethylene dibromide may need reinvestigation. 

The acidic product gave a ferric chloride test and 

seemed similar to the product of self-condensation already 

reported for ethyl glutaconate (3,1}-,5,6). Furthermore, the 

ME 0Z 



www.manaraa.com

(8) 

same compound could be prepared by reflux!ng a methanol solu

tion of dimethyl glutaconate and sodium methoxide without 

alkylating agent. Since the structure of the product was 

ambiguous (XVII or XIX), the position of the carbomethoxy 

group to the ketone had to be settled. 

The speed of the condensation reaction of esters of 

glutaconic acid strongly suggests the first step to be a 

Michael condensation, cf. Pechmann et al. (6), rather than a 

Claisen condensation, _cf. Blaise (3). A Dieckmann conden

sation of the intermediate XTV or one of its double bond 

isomers, can lead to either of two possible products, XVII 

or XIX. A build-up of concentration of the anion XV, however, 

is favored over that of XVI since XV is stabler, being a 

vinylogous malonic ester anion. Furthermore, cyclization in 

the manner indicated in XV is sterically more favorable than 

that shown in XVI. Therefore, theory would predict XVII to 

represent the structure of the condensation product. 

MF 

HE 
XIV 

ME 

XVI XIX 
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Attempts to de hydrogen» t e XVII (or XIX) by Fd-C failed. 

When more than the theoretical amount of bromine was used or 

when, in a separate reaction, the phenol was treated with 

bromine, a new compound was formed. This turned out to be 

the monobromophenol XXII (XXIII). The methyl ether of XX 

(or XXI) was prepared by refluxing the latter in acetone with 

dimethyl sulfate and anhydrous potassium carbonate. The 

product was XXIV (XXV). 

It was, therefore, aromatized to the phenol XX (or XXI) by 

bromine, the original method of Pechmann et al. (6). 

CÔ MÊ 

XVUl 
lE 

YlEÔ Ç 

yiE o. 
XkX 

ME 0*0 

OW XX\ 

CD* ME MEQ, 

:0#E 
xxn ôu xxm 

OxHE 

xxw 
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The clefinic proton region of the n.m.r. spectrum of 

XVII (or XIX) showed a one-pro ton singlet at ij.5ij. c.p.s. 

(relative to tetramethylsilane). The proton count indicated 

100% enol content in deuterochloroform solution, while the 

multiplicity favored structure XVIII over XIX. The OH pro

ton showed up at ?86 c.p.s. and disappeared when the solution 

was shaken with deuterium oxide. The extraordinarily high 

value of ?86 c.p.s. for the enol proton indicated its tight 

hydrogen bonding with the carbonyl function of t he neighbor

ing carbomethoxy group. This fact also was apparent from 

the infrared spectrum which showed no OH peak in the custom

ary 2.8 - 3.3ŷ region while revealing carbonyl peaks at 5»7̂ u 

(saturated esterX $.87̂  (conjugated ester), 6.01}.̂ (hydrogen 

bonded ester) and 6.13(double bond). 

The downfield region of the n.m.r. spectrum of the 

phenol XX or (XXI) revealed three singlets at lp.2, £l6 and 

665 c.p.s. Since the last represented the hydroxyl proton, 

the first two had to be aromatic hydrogens. The multiplicity 

of the signals ruled out structure XXI, while their chemical 

shift was indicative of C(5)-H and C(2)-H, respectively. The 

5l6 c.p.s. signal compared favorably with one at 525 c.p.s. 

for the hydrogen ortho to both carbomethoxy groups in di

methyl isophthalate (8). The n.m.r. spectrum of the brorao-

phenol XXII showed the same hydrogen at 517 c.p.s. while its 

OH group revealed a signal at 723 c.p.s. The tight hydrogen 
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bonding between the hydroxyl and car boniethoxyl groups in 

(hydrogen-bonded carbomethoxy group) and 6.20y. in the double 

bond region. The methyl ether XXIV showed two aromatic one-

proton singlets at 1{.12 (c(5)-H and 512 c.p.s. (C(2)-H). 

Ethyl K-acetylglutac onate XXVI was prepared to serve 

as a model for comparison of its ultraviolet spectrum with 

that of XVIII. However, it was anticipated that the differ

ence of the cyclic vs. acyclic structures might make a dif

ference in the spectral properties of the two substances. 

Compound XXVI was prepared by the msthod of Simons en (9)* 

the condensation of ethyl acetoacetate with ethyl propiolate 

(10) in the presence of sodium ethoxide. The by-product, which 

Simonsen (9) had proved to be triethyl methyltrimesate XXVIII, 

was obtained also. 

this compound was corroborated by its infrared spectrum: no 

OH bond in the proper region, while 

ET 

XXVt XXVII  

XXVUi 
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The following table shows the u.v. spectra of the two 

compounds. The agreement was best in basic solution. While 

their anions are apparently identical, the model compound is 

less enolized in acid or neutral media than XVIII. The lower 

tendency for XXVI to enolize was indicated also by its infra

red spectrum (as film) which showed carbonyl peaks at 5»75̂ » 

5.80̂  and 5*85/* (hydrogen-bonded ester), 6.11̂  . Its n.m.r. 

spectrum showed a hydroxyl signal of less than one proton at 

855 c.p.s. 

Neutral Basic 

Xmax log£ X min log£, \max logf \min logC 
•*]/» -wy-i v-

xviii 320 3.63 287 3.36 357 4.24 318 3.76 

262 3.99 292 22,5 .3.5% 

300 3.54 
(shoulder) 

XXVI ̂  XXVII 278 4.30 2lf0 3.99 3k7 li.35 303 3.74 

230 if. 10 ' 280 k.Olf 

The u.v. spectra of the phenol XX, methyl ether XXTV 

and bromophenol XXII could be cempared with the data of Hunt 

et al. (11), who in recent years had prepared a large number 

of derivatives of dimethyl k-hydroxyi s ophthalate s for phar

macological study. 
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X - H 

Y = Br 

231 (4.58) 

255sh(3.58) 

313 (4.10) 

228 (4.56) 

246sh(3.98) 

309.5(3.66) 

The mechanism of aromatization of XVIII by bromine 

probably is as follows: 

CCLME 

xx 

Having settled the structure of the self-condensation 

product of methyl glutaconate as XVIII, its reaction in min

eral acid was investigated next. On reflux!ng with 10$ hy

drochloric acid for 24 hrs., an unsaturated keto acid XXIX 

was obtained. Its infrared peaks at 5.80Jk and 5»9̂  showed 

the presence of carboxyl and OC, (i - unsaturated ketone func

tions, respectively. The methyl ester was prepared and its 

X maxe in my< ( log ) 

X = H 

Y = H 

O2.ME 226 (4.6?) 

251 (4.14) 

OzME 306 (3.51) 

X = CE. 

Y « H 

224 (4.63) 

258 (4.25) 

290 (3.74) 

ÇĈ ME 221.2(4.58) 

253.5(4.02) 

303 (3.49) 

219 (4.48) 

255 (4-15) 

294 (3.43) 
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structure as XXX confirmed on the basis of the following 

facts ; 1) an elemental analysis checking for a CJEL̂ O-
7 5 

formula; 2) infrared bands at , 5.9̂ - and 6.17̂ .; 

3) an ultraviolet maximum at 225 mjvin conformity with 

Woodward1 s generalization for o(, , j5 -unsaturated ketones 

(12,13,14) and 4) a n.m.r. spectrum showing olefinic proton 

signals at 3&5 (broad one-proton doublet) and at 420 c.p.s. 

(one-proton multiplet). The hydroxy acid reported by Blaise 

(3) and Curtis and Kenner (5) was not obtained. As the hy

droxy acid may have been formed by the hydroxylation of the 

enone XXIX, the most probably structure for this compound is 

XXXI. 

xxxx XXX XXXt 

Compound XVII was hydrogenated catalytically to XXXII. 

The u.v. spectrum of the product showed a peak at 2i\Saa.Ĵ  (log 

£3.92), identical̂ "2$4nŷ  (log ̂3* 90 )J with that of 2-carbo-

ethoxycyclohexanone (XXXV). The infrared spectrum of XXXII 

showed peaks at 5»75̂ *. (saturated ester), 6.01y- (chelated 
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ester) and 6.17 ju. (double bond). - Decarboxylation of the 

carbomethoxy group̂  to the keto function proved difficult. 

Refiuxing with base or mineral acid led to incomplete decar

boxylation. The reaction was finally accomplished by heating 

with 20$ hydrochloric acid in a sealed tube. The resulting 

diacid XXXIII was converted to its methyl ester XXXIV. 

ÇO2.ME 

xxxui xvu 

OxWE 

Ô B 

CHjN 

XXXW 

CO.ET 

One incomplete aim in the present work was the transfor

mation of the condensation product of methyl glutaconate 

XVIII to a form which could serve as the ring E moiety of 

yohimbine-like alkaloids. For this purpose, XXXIV needs to 

be converted to XXXVI and XXXVII. van Tamelen and Shamma (15) 

have already converted XXXVIII into XXXIX with alcoholic hy-

drobromic acid. On reaction with tryptamine, followed by 
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two further transformatioris, they have transformed XXXIX to 

yohlmbane. Subjection of compound XXXVII to the same reac

tion sequence might be expected to yield yohimbone. 

xxxvi XXXVIII 

The self-condensation of esters of glutaconic acid 

finds a parallel in the self-condensation of ester of 

K-ketoglutaric acid. Garrett* observed that in a Fischer 

esterification of this acid, an acidic product was also ob

tained in addition to the neutral diester. The carbonyl 

peaks in its infrared spectrum were noted as 5»60(m)y*-and 

*Dr. Sheila Garrett, Chemistry Department, Iowa State 
University, Ames, Iowa. Private Communication (i960). 
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$ , 7 & { s ) J \  s This suggested .a lactone structure* Repetition 

of Garrett's work using methanol confirmed her observations. 

Elemental analysis revealed a formula corresponding to two 

moles of dimethyl K-ketoglutarate minus one mole of methanol. 

The molecular weight was found to be 338. It gave a faint 

ferric chloride test. Its ultraviolet maximum at 2lj2 my* 

was shifted bathochromically 33̂ /̂  in basic solution. The 

compound was converted to a methyl ether with diazomethane 

whose infrared spectrum showed carbonyl peaks at 5.65̂ ** 

5.78̂  and a double bond peak at 5.99/*• 

Gault (l6) in his study of self-condensation of ethyl 

ester of X-keto acids had reported similar products. He 

postulated the reaction as follows: 

ET02C—*0 

XL 

As the spectral data of our acidic product and its enol 

ether are consistent with a structure like XL, Gault's and 

our compounds probably are similar. Thus our acidic product 



www.manaraa.com

(18) 

and its methyl ether probably are XLI and XLII. respectively. 

A rigorous proof, of course, is necessary before the struc

tures are finally determined. 

<V- r̂ cô ME 

0 2.ME 

f/̂ C02.ME 

XLI KUl 
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SPECTRA 

All infrared spectra were taken on a Per kin-Elmer Model 

21 infrared spectrophotometer. The ultraviolet spectra were 

run in 95$ ethanol using a Carey model llj. recording spectro

photometer. 

The nuclear magnetic resonance spectra were obtained 

from dilute deuterochloroform solutions using a Varian Model 

A-ÔO Spectrometer. Resonance positions were determined by 

pre-calibrated charts relative to tetramethyls ilane as in

ternal standard. Peak positions were expressed in c.p.s. 

(cycles per second). 
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Figure 1» Infrared spectra 
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Figure 2» Infrared spectra 
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ISKIlKlIlIItHUIl iEiHiiiiuuinnii 
iiiiimiiiibdnii 
mtimiiimmiiii 
stiiiHKfiinaHii 
illtilllHlinilHIl 
eniiimmi.flHiM iEHimiiiiiimn 

;$ = !=lll!HHHHi.im 
r..::EH;;ti!Uiuuiii 
E.=EÎÏEEEIHiilim»llll iïiEiiiiSieEiimiimiu 
:ï:;EEE£B5llil51IHIIIlllM 

>:E:iE!il!Ili»IIIiEII u-5»Ei!i!smiiimmm 
iiii.siiiiKii 

:;EiEiiiiiiE!iElllimilI 

m 
m 

J 
ii»KiiuRi!!nuiiU!!«uii9!!sin!unmi[:nn;r;p;;i.!;3M!{>'Kt" 
S!IUIHIUIinillll8SmeiB3IBSSSBBgi;SBeSSSfi»SC8UIESS2£,,Sk2SS'II!l'illi"S^ IIKn»milllf«HW8IIE8B558SE8E£352E»i:58!SJI£S!81fi335 
8lllUll5fimmiSB8CM»ll!5«55aiE33B85SESC!5IUIUKB 52:5imHim«He5w8H58EB3:2E3GS5i:55MSC5553SglB58S?8 
5888IllimilSlB8B5I2»KI38535^M53ii381ie8g!glBI88B8PSS KlM5»mBBIBf.86B6*i8m858BE5S?.82il8S8t.iee88«8mB1ss:':; 
53il58?85888858B5385BEI835EIS8SPif3S5EiBB566558kïïBerî!-' 
S615C8lBB8BlS8BKE5S568ti8BIB88223itSCi:i!3IG.dCC3i5EBlE!l; B83S888882&8888l8S88S;S88l8888&!>SC^3» :̂U883&3Sli»L-̂ !!rr< 
116818888388888188BBù«B88S 32882 B3B36Hlf!>;U»B2SE3ifC3!2SnF,K 88S838B8S3B8838BBB8S533(IB:3BQBE338BE:8GC;:EBg:20̂ K K r.8BiSB8nni5miim885B853852SSli:.S8£3S8CeiEDlllii2R3:-; 
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Figure 3» Infrared spectra 
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igure 1)., Infrared spectra 
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Figure Ultraviolet spectra 
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Figure 6. Ultraviolet spectra 



www.manaraa.com

(31) 

H}COaC 

ÇÔ CH5 

î 
OCH: 

BASIC 
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Figure 7. Ultraviolet spectra 
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Figure 8. Mue1ear magnetic resonance spectra 
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Figure 9* Nuclear magnetic resonance spectra 
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PART II - THE STRUCTURE OF THE BTHYLOXALATE-CYC LOEEX-
ENYLC YCLOHEXAKOEE COltDENSATION PRODUCT 
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INTRODUCTION 

The structure of the product of the base-catalyzed 

condensation of cyclohexenylcyclohexanone and ethyl oxalate 

is to be determined. 
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HISTORICAL 

Jager erfc al. (17) reported that a condensation of cyclo-

hexylidenecyclohexanone XLIII with ethyl oxalate in the pre

sence of sodium gave a yellow product whose carbonhydrogen 

analysis showed it to be derived from one mole each of XLIII 

and ethyl oxalate minus the elements of two moles of ethenol. 

The reaction was carried out in ether, whence the sodium salt 

had precipitated. This meant that the product was enolizable. 

The enolizable nature of the compound was also evident from 

the preparation of a tosylate and a p-bromophenacyl ether. 

When condensed with o-phenylenediamine, the product gave a 

compound whose empirical formula fitted an addition product 

minus one mole of water. By analogy with.the products of 

condensation of diethyl ketone and dibenzyl ketone with ethyl 

oxalate, XLV (18) and XLVI (19)» respectively, Jager et al. 

have postulated XUV for the structure of their product. 

O 
XLW XLVV 

% 

XLV CH3 

xlvi rpqwr 
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In view of the comments on the Jager structure XLIY in 

the Discussion Section an inspection of Bredt's rule (20,21) 

seems appropriate„ The rule forbids a double bond at a 

bridgehead in certain bridged ring system, structures XLVII 

wherein three or more ring atoms are common to two rings. 

Ring sizes determine whether or not a double bond at the 

bridgehead would be possible. The rule, however, does not 

divide ring sizes sharply into these two categories. Only 

insufficient data are available in the borderline area. A 

study of models of bicyclo (x, y, z) alkene (x̂ -ŷ zr̂ o) 

structures like XLVIII shows that a double bond at the bridge

head can be made strainlessly when x + y + z •= S = 11. 

Many structures with a bridgehead double bond can be formed 

with little strain when S =• 10 and even 9* But when -S = 8, 

the strain becomes too large for room temperature stability. 

Prelog et al. (22,23,2ip studied the cyclization of a 

series of 2~carbomethoxy~2~(3~ketobutyl)-eyeloalkanones XLIX 

and 2-carbomethoxy-2-(3-chlorocrotyl)-cycloalkanones LII, in 

k XLVItl XLVll 



www.manaraa.com

(42) 

which the ring size varied from six to fifteen carbon atoms. 

The products obtained were bicycyclic unsaturated ketones or 

(1-keto esters. Cyclization of'XLIX through an intramolecular 

aldol condensation was accomplished by heating with acetic 

acid containing aqueous hydrochloric acid. Decarboxylation 

also occurred giving o(» jS -unsaturated ketones, the structure 

of which depended upon the ring size of the starting material. 

With a small ring n =.3a "used ring bicyclic structure L 

was formed, but with a large ring n =% 6,7,12, the product was 

a bridged ring bicyclic derivative LI(b). With a ring of 

intermediate size n= a mixture of both L and Lib. was 

obtained. Cyclization of LII with conc. sulfuric acid gave 

no decarboxylation but led to a bridged ring bicyclic unsat

urated jS-ketoester irrespective of ring size. The size of 

the ring determined the position of the double bond. With a 

small ring (LII: n = 3 or I4.), the product LIII had a non-

conjugated double bond, while a large-ring structure 

(LII: n ss5 or 20} produced the conjugated double bond isomer 

LI(a). Thus for the latter case a double bond at the bridge 

head is possible. 
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n 
c-0 cc 

J 
xux 
COxME 

L 6=0 fcHzltt 

JJ 

X 
=0 (v̂ M 

li a-^co^e; b; w 

A: 
=0 CCVW 

Prom, the above studies the tentative upper limit of ring 

size for which an extended rule forbids a double bond in an 

isolable compound has been put at S — 8. 

Cyclohexylidenecyclohexanone XLIII is one of two known 

bimolecular self-condensation products of cyc1ohexanone. 

The other and first to be known is cyclohexenylcyclohexanone 

LTV. It was first prepared by Wallach (25) by the action of 

sodium ethoxide on eyelohexanone over a period of many days. 

Since then it has been prepared by treating eye 1 ohexanone 

with sulfuric acid (26), calcium hydride (27,28), sodium 

amide (29), etc. On passing gaseous hydrochloric acid 

through pure eye lohexanone, Wallach (30) has prepared chloro-

cyclohexylcyclohexanone LV which he converted to LIV by base 
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treatment. The chemical reactions of LIV seemed ambiguous. 

In reactions with benzaldehyde and eye lohexanone (31) and in 

condensation with ethyl sodiocyanoacetate (32) it behaved as 

an0(,p-unsaturated ketone. On the other hand, it behaved as 

a ji ,̂ -unsaturated ketone in oxidation with ozone (32), po

tassium permanganate (33) and methylation with methyl iodide 

(32). 

CL 

LIV LV 

Reese discovered cyclohexylidenecyclohexanone XLIII, 

when he treated chlorocyclohexylcyclohexanone LV with sodium 

methoxide in the cold. It is a solid and is comparatively 

unstable changing on heating into the liquid ketone LIV. It 

has been known from the work on eye lohexenylac e to ne LVI of 

Eon and Speight (3t) that in such a cyclohexene system, the 

more favored position of the double bond is endo- and not 

exo-cyclic. Based on this fact, the more stable condensation 

product was given the structure LIV and the less stable one 

XLIII. 

L„ QhO~v<,c"> 
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The ultraviolet spectrum of XLIII (35$3&) was known to 

have a peak at 255 m̂ t characteristic of a ô , -unsaturated 

ketone. The infrared spectrum (36) showed peaks at 5*9̂ /* 

and 6.2yi , again showing a conjugated ketone system. Re

cently Roginskaia _et al. (37) have studied the infrared and 

Raman spectra of these two ketones. In their hands, the in

frared spectra of the ketone LIV also revealed peaks like 

those of ketone XLIII,—. a conjugated carbonyl bond at 5*95/* 

and a double bond peak at 6.15̂ » A Raman spectrum of the 

ketone LIV also revealed characteristic peaks for an «(,/&-

unsaturated ketone,— $.9Of- and 6.10̂ *. . No lines were ob

tained at 5»85y* and between 6.02-6.06J*-, characteristic of 

ketones with unconjugated double bonds. The ultraviolet 

spectra of both the ketones showed absorbtion at 255̂ *̂, 

only the extinction coefficient of LIV was much lower than 

that of XLIII. From these observations, Roginskaia ejfc al. 

concluded that both the compounds XLIII and LIV were conju

gated ketones. They postulated that the difference lay only 

in the configuration of the cyclohexane ring. Ketone XLIII, 

which is less stable, was assigned a «half-boat* conformation 

while the more stable LTV was given a 'half-chair1 conforma

tion. 
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DISCUSSION 

The total number of atoms in the bridges of XLIV, the 

Jager bridge-ring system is S = 8. In such a system Bredt* s 

rule prohibits a double bond at a bridgehead. Since enoli-

zation of the compound produces yet another double bond at a 

bridgehead, the Jager structure can be dismissed. Therefore, 

a reinvestigation of the structure of the compound was 

thought necessary. 

The comments of Roginskaia _et _al. (37) about the struc

ture of the two bimolecular self-condensation products of 

eye lohexanone were examined first. Their arguments of both 

the two compounds being % , ̂-unsaturated ketones, their 

difference lying in the conformations of the cyclohexane 

rings are difficult to understand. No such cases of isomer

ism in simple cyclohexane ring systems is known. Contrary to 

their observations, the infrared structure of LIV was found 

"to have a saturated carbonyl peak at £.85̂ v., while XLIII had 

a conjugated carbonyl peak at 5»9&/* as reported (19,20). The 

n.m.r. spectrum of LTV revealed a one-proton olefinic signal 

at 330 c.p.s. There was no olefinic proton signal in the 

n.m.r. spectrum of XLIII. The ultraviolet spectrum of LTV, 

of course, showed absorption at 255my* (log£3*52)» This has 

to be explained by the assumption that in dilute ethanol 

solution a part of LIV isomerizes to XLIII. As a consequence 
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the extinction coefficient of the absorption maximum of LIV 

is only one half of that of XLIII. 

The mechanism of the transformation of XLIII to LIV on 

heating may be similar to that of a photochemical reaction: 

When cyclohexylidenecyclohexanone was condensed with 

diethyl oxalate as described by Jager, a dark oil rather than 

a yellow crystalline solid was obtained. Inspection of his 

exact mode of preparation (38) revealed that his eye lohexa

none condensation product probably had been the double-bond 

isomer, cyc1ohexenylcyc1ohexanone LIV. Repetition of the 

condensation reaction of diethyl oxalate with LIV did indeed 

yield a yellow crystalline product. It gave a ferric chlo

ride test. Its infrared peaks at 5.80̂  and 5*9̂ * gave the 

first indication of its being an enol lactone. The ultra

violet spectrum showed maxima at 225m̂  and 32ompi which in 

basic solution were shifted bathochromically to Phlmji and 

35lmj* • A maximum at such a high wavelength (326mJK ) pointed 

towards extensive conjugation. The olefinic region of its 

n.m.r. spectrum showed a one-proton multiplet at 3 ôlj. c.p.s. 
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From, these data the structure for the compound was postulated 

as LVII. 

l vii 

Its enol acetate LVTII, a thick oil, was prepared. 

Though the latter solidified on standing for a few days, it 

could not be purified properly. Spectral studies were made 

on a small amount obtained by distillation. The infrared 

spectrum showed a shoulder at £.6lyk (enol acetate), and 

peaks at 5»79y* (lactone c = o), 6.02̂  (enol css c). The ul

traviolet spectrum was the same as the parent compound. The 

n.m.r. spectrum still showed an olefinic one-proton multiplet 

at 371 c.p.s. A three-proton methyl singlet (of the acetate 

group) appeared at 138 c.p.s. With a view to hydrogenolizing 

the acetate group, the compound was subjected to hydrogéna

tion in ethanol solution in the presence of 10% Pd-C. The 

product, a heavy oil, was distilled with difficulty. The 

infrared spectrum was almost identical with that of the ace

tate. The n.m.r. spectrum still had the three-proton methyl 
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singlet at 138 c.p.s., indicating that the acetate group had 

not been hydrogenolyzed. The olefinic proton peak had dis

appeared. The ultraviolet spectrum showed maxima at 21f>m̂ l 

and 292m̂ v . As the higher peak had moved only by 3i|m̂ , it 

seemed probable that in hydrogénation only one double bond 

had been reduced. The ultraviolet maximum (292m) for the 

resulting structure LIX compares favorably with the maximum 

(2.76ÏÏLJK) of patulin IX (39>40»4̂ )> a natural product with 

similar chromophore. Unfortunately the elemental analysis 

of the product fitted a tetrahydro derivative of the acetate 

LVIII better than the dihydro derivative LIX. 

oh 
'ac 

ux 

When Jager's compound was left standing at room tempera

ture in contact with methanol for 2k hrs., it slowly dis

solved. On evaporation of the solvent a dark oil was obtained, 

which could not be purified. The crude material showed infra

red peaks at 5.75̂  smd 6.2Probably methanolysis of the 

lactone had occurred. The resulting diketoester LXI exists 
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most likely in the hydrogen-bonded enol form. LXII. The -

diketone monoenol chelated carbonyl moiety accounts for the 

infrared 6.2̂ » peak while the ester accounts for the 5*75̂  

infrared peak. 

L* LXU 

When the Jager compound was condensed with o-pheny-

lenediamine, the product described by him was obtained. Its 

structure is best described as either LXIII or LXXV. The in

frared spectrum showed bands at 5»85(w)̂ >, 6.02(s)̂ t and 

6.22(m)̂  , which may be explained by assuming the product 

to be LXIII and/or LXTV. The weak 5«85y* peak represents a 

saturated carbonyl group while the strong 6.02̂ * band may be 

a superimposition of a conjugated carbonyl and imine bands 

(i{2). The absence of an îî-H peak in the 3/* region is how

ever puzzling. 

Comparison of the ultraviolet spectra of the o-pheny-

lenediamine product (LXIII and/or LXZCV) and of an equimolecu-

lar mixture of 3-ciethylquinoxalone and cyclohexylidenecyclo-
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hexanone revealed a similarity in neutral solution and iden 

tity in a basic medium. 

LX1U LXW 

The above study makes the structure LVII as the only 

acceptable one for the Jager product. 

The condensations of diethyl (18) and dibenzyl ketones 

(19) with diethyl oxalate, referred to by Jager, seem to be 

only two isolated instances of o£> o(.-diacylation of a ketone 

by diethyl oxalate. The Jager case thus appears to be unique 

in its representation of a case of 0,C-diacylation, 
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SPECTRA 

All infrared spectra were taken on a Perkin-Elmer Model 

21 infrared spectrophotometer. The ultraviolet spectra were 

run in 95$ ethanol using a Carey model lij. recording spectro

photometer. 

The nuclear magnetic resonance spectra were obtained 

from dilute deuterochloroform solutions using a Varian Model 

A—6o Spectrometer. Resonance positions were determined by 

pre-calibrated charts relative to tetramethylsilane as in

ternal standard. Peak positions were expressed in c.p.s. 

(cycles per second). 
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Figure 10. Infrared spectra 
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Figure 11. Infrared, spectra 
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Figure 12» Ultraviolet spectra 
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Figure 13. Ultraviolet spectra 
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Figure llj.. Ultraviolet spectra 
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Figure 15» ultraviolet spectra 
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Figure lb. Nuclear magnetic resonance spectra 
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Figure 17. Nuclear magnetic resonance spectra 
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EXPERIMENTAL 

All melting and boiling points are uncorrected. Micro

analyses were performed by Midwest Microlab, Indianapolis, 

Indiana, and Alfred Bernhardt, Mikroanalytisch.es Labor at orium, 

Mulheim (Ruhr), Germany. The ultraviolet spectra were run in 

95$ ethanol using a Carey model lij. recording spectrophoto

meter. 

Silica for chromatography was 50-200 mesh, supplied by 

G. Frederick Smith Chemical Co., Columbus, Ohio. Iron-free 

silica was made by allowing it to stand 12 hrs. in contact 

with conc. hydrochloric acid and then washing it with dis

tilled water. It was dried in an oven at 100 - 120° for 12 

hrs. 

Dimethyl glutaconate 

Dimethyl glutaconate b.p. 90° (2 mm.) was made by a 

standard method (7) 

Attempted alkylation of dimethyl glutaconate with 

pentame thylene dibromide 

1.6 g. of sodium was dissolved in 6o ml» of anhydrous 
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methanol. While stirring under nitrogen 5»0g. of dimethyl 

glutaconate and 7.2g. of pentamethylene dibromide were 

added. After stirring at room temp, for 22 hrs., the solu

tion was refluxea for 2 more hrs. It was cooled, water was. 

added and the solution concentrated. It was extracted with 

ether and the extract washed with water and dried over sodium 

sulfate. The solvent was evaporated and the residue, 2g. 

was distilled. A fraction, 0.8g., with broad boiling range 

(up to lij.0°/6inm.) was obtained but not identified. 

The remaining alkaline solution was acidified with 

hydrochloric acid and then extracted with ether. The extract 

was washed with water and dried over sodium sulfate. On 

evaporation of the solvent 2.6g. of a white solid material 

was obtained. Chromatography over iron-free silica and elu-

tion with 7:1 benzene-ether yielded 1.5g» of a solid. 

Crystallization from n-hexane gave a crystalline solid, m.p. 

81-85°, which proved identical with dimethyl 5» 6 dihydro-k-

hydroxy-6-carb ome th oxymethyli s o p ht halate. (see below) 

Dimethyl 5» 6 dihydro-k-hydroxy-6-carbomethoxymethyliso-

phthalate XVII. 

2.1{.g» of sodium was dissolved in 60 ml. of anhydrous 

methanol and 20g. of dimethyl glutaconate added. The mix

ture was refluxed for 40 rain. After cooling, it was acidified 
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with 5$ hydrochloric acid and extracted with ether. The ex

tract was washed with water and dried, and the solvent 

removed. 17.5g» of crude solid was obtained. Five crystal

lizations from n-hexane and one crystallization from methanol 

gave a crystalline compound, m.p. 83-84°. 

Analysis 

Calculated for : C, 54»93; H, 5.&7. Found: 

C, 54.93; H, 5.74. 

Infrared spectrum 

C=. 0 5»76(s)yA. , 5.87{s)J* ; 6.04(s)̂ . ; Cr= c 6.13(w)y*; 

see Fig. 1. 

Ultraviolet spectrum 

À max. (log£3»9)» 320ny*- (log £3»&). 

X shoulder 300mJ* (log € 3*5) 

Xmin. 287my* (log £3.4) 

Kllf Na°H 292my* (log E4.2), 357m^ (logf 4.2) 

M̂in F m0E 245m̂ (log 63.5), 3l8iy (log 6 3.8) 

see Fig. 5» 

N.M.R. spectrum 

C(2)-H singlet at 1l54 c.p.s. 

0-H singlet at 786 c.p.s. 

see Fig. 8. 
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Dimethyl ij--hydr oxy« 6=c ar fc cme thooox̂ rme t hyl i s op ht ha 1 a t e XX 

A solution of 3 g. of bromine il in. 20 ml. of chloroform 

was added with stirring to 5.0g. of : HT I dissolved in 20 ml. 

of chloroform. After a half hr. of further stirring at room 

cooled, washed with water and dried:. „ The solvent was removed 

and the residue chromatographed ove** iron-free silica. Elu-

tion with l6:l benzene-ether gave 3V*7g. of a solid. Two 

crystallizations from n-hexane gav& : a crystalline product, 

m.p. 78-80°, 

Analysis 

Calculated for Ĉ Ĥ O? : C, 5îo5.32; H, 500. Pound: 

temp., it was stirred at 50° for 3 k&rs. The solution was 

c, 55.95; H, 4.98. 

Infrared spectrum 

c = o 5.75(s)JK, 5.8o(s) L ,  5 .°.95(s)jk ; C=:C 

Ultraviolet spectrum 

3.5) 

X min 
see Pig. 7. 

ff.K.R. spectrum 
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G(<)-H singlet at- )\1?. c6p6s = 

G(2)-H singlet at £l6 c.p.s. see Fig. $. 

0-H singlet at 665 c.p.s. 

Dimethyl l$.-hydroxy-5-bromo-6-carbomethoxymethylisophtha-

late XXII 

A solution of 6.3g. of bromine in 100 ml. of chloroform 

was added with stirring to lf.5g. of XV'II dissolved in 100 ml. 

of chloroform. After a half hr. of further stirring at room 

temp., the mixture was stirred at 6o° for 7 hrs. and then 

left at room temp, overnight. It was washed with water and 

dried, and the solvent removed. On addition of methanol to 

the residue 1.3g. of a solid compound separated. Two crys

tallizations each from methanol and n-hexane yielded a 

crystalline compound, m.p. 123-12î °. The mother liquor of 

the methanol precipitation experiment yielded a mixture of 

this bromopheno! and the phenol XEX. 

Analysis 

Calculated for Ĉ Ĥ Oy Br: C,ij3.23, H, 3«&2. Found: 

C, 43.Ik; H, 3.71. 

Infrared spectrum 

0 = 0 5.76(S)^A, 5.8l(sy*, 5.95(S)JA. ; C=LC 6.21(w)Y*. 
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Ultraviolet spectrum 

Xmax. 231m(log£4»&)> 313m̂  (log^ !{.. 1 ) 

X shoulder 25$m.y (log £ 3,6) 
\min. 282mJ* ( log .4) 

E.M.R. spectrum 

C(2)-H singlet at $15 c.p.s. 

0-H singlet at 721 c.p.s. 

Dimethyl ĵ -met hoxy-6-carbomet hoxjmethylisophthalate XXIV 

0.5g. of dimethyl sulfate and 10 g. of anhydrous 

Potassium carbonate were added to a solution of 0.5g» XX in 

100 ml. of anhydrous acetone. The mixture was refluxed for 

15 hrs. After cooling and filtration of the solid, water was 

added and the solution concentrated under reduced pressure 

and extracted with ether. The extract was washed with water 

and dried. After removal of the ether the 0.5g. of crude 

product was crystallized three times from n-hexane, yielding 

a crystalline solid, m.p. 113-119°• 

Analysis 

Calculated for G-,j E-jfOy * C, 56.75; H,5»44* Pound: 

c, 56.^7; s, 5»ik. 

Tnfrared spectrum 
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C=.0 5.80(S )> , 5.82(S ) K .  Crr C  6.20(m)A ? 
/  j  / 

see Fig. 2. 

Ultraviolet spectrum 

Xmax 22lpn^ (log£ 4.6), 258my« (log£ 4»2) • 

X shoulder 290mJ* (log £3.7). 

\min. 2i|lpy& (log(lj..l). 

N.M.R. spectrum 

C(5)-H singlet at 1{.12 c.p.s. 
see Fig. 8. 

c(2)-H singlet at £12 c.p.s. 

Dimethyl isophthalate 

Dimethyl isophthalate was made by a standard method 

m.p. 61$.° (8). 

N.M.R. spectrum 

C(2)-H singlet at 525 c.p.s. 

Ethyl 0L -acetylglutaconate XXVI 

Ethyl propiolate was prepared by a standard method (10). 

Condensation of ethyl acetoacetate with ethyl propiolate 

was carried out by the method of Simons en (7). 0.9g. of 

sodium was dissolved in 30 ml. of anhydrous ethanol. 5«4g« 

y 
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of ethyl acetoacetate and 4=lg= of ethyl propiolate were 

added with cooling. The red mixture was left standing over

night. Water was added and the mixture extracted with ether. 

The extract was washed and dried, and the solvent removed. 

The residue was distilled but the resulting ethyl methy1-

trimesate (7), l.Og., was not investigated. 

The alkaline mother liquor was rendered acidic with 

hydrochloric acid and extracted with ether. The extract was 

washed with a small amount of 5$ sodium carbonate and with 

water. After drying over sodium sulfate the solvent was re

moved. The product was distilled, b.p. l52°/l2mm.; yield 

3»2g. 

Infrared spectrum 

c =o 5«75(s)ju , 5.8o(s)j*. , 5»85(s)ja. ; c ==-c 6.î (s) 

y, see Fig. 2. 

Ultraviolet spectrum 

Xmax 230my4. (log £ij..l), (log£ lf.3) 

X min 222mf ( log £,!{.. 1 ), 2k0m̂ * (logÇ.ij-»0) 

Xml'i ̂  ITaQE 280m̂ A. (log£,!{..0), 347mJ* (log£.4.ij.) 

11 Ba0H 303ny» (log£3.7) 

see Fig. 5» 

H.M.R. spectrum 

0-H singlet at 855 c.p.s. see Fig. 9» 
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5-G arboinethoxymethylcyclohexen-2-on6 XXIX 

4.0g. of XVII was refluxed for 20 hrs. with 100 ml. of 

10̂  aqueous hydrochloric acid. After cooling, the mixture 

was extracted with ether. The extract was dried and evapo

rated and the residue chromatographed over acid-washed 

silica. 0.8lg. of an oil was eluted in 7:3 benzene-ether. 

The infrared spectrum of this crude product showed bands at 

2.80yk (-0H), 5-85̂  (C = 0 of corboxylic acid) and 

(conjugated C = 0). It was esterified with an excess of 

diazomethane. The product was chromatographed over silica 

and was eluted with 9:1 benzene-ether. Then it was distilled 

(bath temp. 135-l55°/6mni). 

Analysis 

Calculated for Ĉ Ê Ô : 6k.27; E, 7.19. Found: 

C s O  5» 7 Ô ( s  )J* , 5.9&(s)/ ; C =C 6.17 (w) j*- ; see Fig. 1. 

c, 6k.75; H, 7.25. 

Infrared spectrum 

Ultraviolet spectrum 
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H.M.R. spectrum 

C(2)-H broad doublet at 365 c.p.s. 
see Pig. 8. 

C(3)-H multiplet near l±20 c.p.s. 

2,i{. Dicarb ome th oxy-5-carb ome t hoxyme thylcyc lo -

hexanone XXXII 

4-3g- of XVII was dissolved in loOral. of ethyl acetate 

and 700mg. of 10% Pd-C was added. The mixture was hydroge-

nated at atmospheric pressure. The uptake of hydrogen was 

complete after one hr. The catalyst was filtered and the 

solvent removed, leaving 4-8g. of a thick oil. It was chro' 

matographed over iron-free silica and eluted with 7:3 

benzene-ether. Then it was distilled (bath temp. l65~l85°/ 

2.6mm.). 

Analysis 

Calculated for : C, 54-54; H, 6.34- Pound: 

c, 54-40; H, 6.49. 

Infrared spectrum 

C =0 5-78(s)y*. , 6.03(s)Jr, 6.18; see Pig. 2. 

Ultraviolet spectrum 

Xmax. 254ny- ( log £ 3 - 92 ) 

X shoulder 300mK (log£ 1.9) • see Pig. 7. 
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N.M.R. spectrum showed no vinyl protons, see Fig. 8. 

-y 3 -Carb oxyme thyl-lj.-c arboxycyc 1ohexanone XXXIII 

2.0g. of XXXII and 2 ml. of 20% hydrochloric acid were 

heated in a sealed tube for 3*5 hrs. in an oven at 185-195°» 

After cooling the tube contents were concentrated and ex

tracted with ether. The extract was dried and the solvent 

removed leaving 0.8g. of a residual oil. The latter was 

chromatographed over acid-washed silica and eluted with 7:3 

benzene-ether. The eluate was crystallized from acetone-

cyclohexanone mixture yielding a crystalline solid, m.p. 

143-145°. 

Analysis 

Calculated for Ĉ Ŝ Ô  : C, 53*99? H, 6.o4« Found: 

C, 53.96; H, 5.97. 

Infrared spectrum (Hujol) 

OH 2.35(w)̂ . ; C = 0 5.75(s)ŷ , 5.80(s)JA. ; see Fig. 3. 

3 -C ar d ome thoxyme thyl -4- c arbome thoxyc yc lohexanone 

XXXIV 

XXXII was esterified with a slight excess of diazomethane. 

The product was chromatographed over silica and eluted with 
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4:1 benzene-ether. It then was distilled (bath temp. l80-

190°/2.6mm.). 

Analysis 

Calculated for : C' 57.88; H, 7.07. Found: 

C, 58.12; H, 7.02. 

Infrared spectrum 

C=r0 5»79(s)ŷ and 5.85(m)|*; see fig. 3. 

Esterification of # -ketoglutaric acid 

5.0g. of ̂ -ketoglutaric acid was refluxed for 1.5 hrs. 

with 70 ml. of anhydrous methanol and 20 drops of conc. sul

furic acid. After cooling the solution was bas if led with 5/& 

sodium carbonate and concentrated. It then was extracted 

ether and the extract was dried. The solvent was removed 

leaving 2.7g. of dimethyl o(-ketoglutarate. The mother liquor 

was made acidic and again extracted with ether. The extract 

was dried and the solvent removed yielding 2.0g. of a thick 

oil XLI o It was chromatographed over silica and eluted 

with 3:1 benzene-ether. It was distilled (bath temp. l6o-

l80O/l.5ram.). Molecular weight determination by the Rast 

method gave a value of 327. 

Analysis 

-Calculated for Ĉ Ĥ Ô  : C, 49.37; H, 5.10. Found: 
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G, 49.36; H, 5.28. 

Infrared spectrum 

C=-0 5«60(m)yU, 5«?6(s)yt\; see Pig. 3. 

Ultraviolet spectrum 

X max. 2i{2 m^(log£4*0) 

X N Ha0H 275̂ . 

Enol ether of XLI - XLII 

XXXV was converted to its enol ether by exposure to 

diazomethane. Then the product was distilled (bath temp. 

l50-l?0°/2mm. ). 

Analysis 

Calculated for Ĉ Ĥ gÔ  : C, 50.91? H, 5»49« Pound: 

C, 50.82; H, 5.55. 

Infrared spectrum 

c = o  5 . 6 5 ( s ) y x ,  5 . 7 8 ( s ) y A  ;  c  =  c  5 « 9 9 ( w ) y < «  See 

Pig. 4. 

Ultraviolet spectrum 

max. Pl'Pwh (log £.3*8). 
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Cyclohexenylcyclohexanone LIV 

Compound. LIV was prepared by the method of G-ault (26); 

b.p. l53-l56°/llmm. reported b.p. 13li--1360/llmmo (26). 

Infrared spectrum 

c =.o 5.80(s)J< , c =. c 6»05(w)JK • see Fig. 10. 

Ultraviolet spectrum 

X max. 255m̂  (log£3.50) 

H.M.R. spectrum 

An oiefinie less than one-proton multiplet at 330 c.p.s. 

see Fig. l6. 

Cyclohexyli dene eye lohexanone XLIII 

C y c lohexanone was purified through its bisulfite addition 

compound (ij.3, p. 3̂ 2) • 

Chlorocyclohexylcyclohexanone LV was prepared by the 

method of Huckel et al. (Ijij.). 

Compound LV was converted to XLIII by the method of 

Reese (33). 10.3g. of LV was dissolved in 30 ml. of dry ether 

and the solution stirred. A solution of 1.7g. of sodium in 

50 ml. of anhydrous methanol was added to the ether solution 

and the temperature kept below 10°. Stirring was continued 

for two hrs. whereupon water was added. The ether layer was 

/ 
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washed with acid and dried and the solvent was evaporated. 

On distillation (b.p. lli.0-l45°/llnim. ) 5«7g. of XLIII was ob

tained. It was crystallized from Q0% methanol; m.p. £6°. 

Infrared spectrum 

c = o 5«95(s)y* , ctrc 6.20(m)jk . see Pig. 10. 

Ultraviolet spectrum 

X max. 255 my*(lô  3.9) • 

The n.m.r. spectrum showed no olefinic protons, see 

Fig. 16. 

Condensation of c yclohexyli dene eyelohexanone XLIII with 

diethyl oxalate 

The condensation was carried out as described by Jager 

(1?). But the product obtained was a dark oil rather than 

a yellow crystalline solid. It was not investigated further. 

Infrared spectrum 

c —o 5»70(s)y*. 

Condensation of cyclohexenylcyclohexanone LTV with 

diethyl oxalate 

1.53g. of sodium sand was stirred in ij.0 ml. of anhydrous 

ether. A solution of 9.8g. diethyl oxalate and 12.2g. of 
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in 50—* ether was added at first slowly at room, tempe 

and upon the start of evolution of hydrogen with cooling. 

Yellow crystals started precipitating after a while. The 

mixture was left standing overnight. The precipitated solid 

was filtered, washed with ether and dissolved in water. The 

solution was acidified with sulfuric acid and the result

ing precipitate of yellow crystals LVII filtered. Extraction 

of the ethereal mother liquor with water and acidification of 

the extract gave more yellow compound. The total yield was 

&.2g. The product was crystallized once from methanol and 

four times from 1:1 benzene-hexane; m.p. 168-178° (reported 

m.p. 182° (17) ). 

Analysis 

Calculated for C : C, 72.39; E, 6.94. Found: 

C, 72.58; H, 6.92. 

Infrared spectrum (Kujol) 

see fig. 10. 

Ultraviolet spectrum 

225mJ* (log £ 3.90), 326mjx (logC4-4l) 

2lj.7m̂  (log £ 3.99) 

5a0H 241mjk(log £ 4»00)> 351(log £_4«4°) 

0.5 a NaOB 
min 
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see Fig. 12. 

The n.m.r. spectrum showed an olefinic one-proton multi 

plet at 36I4. c.p.s. see Fig. l6. 

Condensation of LVII with O-phenylenediamine. 

The reaction was carried out by the method of Jager (17) 

m.p. 260-265° (dec.) ; reported m.p. 267-270° (17). 

Analysis 

Calculated for C, 74*51; E, 6.88; 

E, 8.69. Found: C, 73-91; H, 6.8k; M, 8.81. 

Infrared spectrum (ITujol) 

cso 5.85(w)JA, , 6.02(s)j* ; c =c 6.22(m)jU . 

3-Methylquinoxalone 

3-Methylquinoxalone was prepared by a standard method 

(45). 

see Fig. 11. 

Ultraviolet spectrum 

X max. 229m̂ i (log .̂4*42)> 280m̂ *.(log £3.78), 34lmy% 

(log £3.81); 
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X 0.5 S NaOH 
' * max 

X 0.5 N NaOH 
'v min 305mp (logE3.51) 

see Fig. 13, ll{-, 15. 

Enol acetate of LVII LVIII 

2.0g. of LVII and a little of sodium acetate were dis

solved in 40 oil. of acetic anhydride. The solution was 

stirred at room temperature for two hrs. Methanol then was 

added and the solvent evaporated. After repetition of this 

procedure for a few times, the solution was cooled and water 

added. The aqueous solution was extracted with ether. The 

extract was washed with ÎL% sodium bicarbonate solution and 

then with water. After drying, the solvent was evaporated. 

A yellow oi!-., 1.5g., was obtained. It was not purified fur

ther. 

Infrared spectrum 

c = o 5.&i(s)y*, 5.79(s)yi ; c—c 6.02(m). 

see Fig. 11. 

Ultraviolet spectrum 

X max 329mjU (log£l{..28), 225mju»(log3.81<-) 

X min 

see Fig. 12. 
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ff.M.R. spectrum 

An olefinic one-proton multiplet at 371 c.p.s.; a methyl 

three-proton singlet (of the acetate group) at 138 c.p.s. 

see Fig. 17. 

Hydrogénation of the enol acetate LVIII LIX 

l.Og. of LVIII in 80 ml. of 95$ ethanol was hydrogenated 

with 700 mg. of 10̂  Pd-C at atmospheric pressure. The uptake 

•of hydrogen was complete in two hrs. The catalyst was fil

tered and the solvent evaporated. l.Og. of a thick oil was 

obtained. It was distilled; bath temp. 260-280°/2.5mm. 

Analysis 

Calculated for c-L5H20°lj. 5 69.54; H» 7.30. 

Found; 

C„ ,K 0, l6H22°k $ c' ^9.04; H, 7.97. 

î Cj 68.72; H, 7.61. 

Infrared spectrum 

c =o 5.6l(sx , (shoulder), 5«79(s ? c =r c 6 

see Fig. 11. 

Ultraviolet spectrum 

2l5mJU(log£3.7) 

\min 244^ (log £.3.4) 

see Fig. 12. 
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SUMMARY 

The structure of the base-catalyzed s elf-condensât ion. 

product of methyl glutaconate has been investigated. Its 

structure is shown to be dimethyl 5, 6-dihydro-l[.-hydroxy-6-

carbomethoxymethylisophthalate. The chemistry of this 

product has been studied. It has been degraded to 3-carbo-

methoxymethyl-l{.-c arb omethoxyc 1 ohexanone , which might be 

incorporated into rings D and E in yohimbine-like alkaloids 

through several further reactions. 

The assigned structure of the base-catalyzed condensa

tion product of eyelohexenylcyclohexanone and diethyl oxalate 

has been shown corrected. 
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