
Ethyl d,9-spor~i-4:. /c-dirnet~~~lhept-f i- f?ieonte.  .A solution of 
0.5 mole of tetramethylaminoniuin ethoxide in 800 ml. of 
absolute ethanol2' was added during 1.5 hr. to 61.3 g. of 
ethyl chloroaretate and 55.5 g. of redist,illed 2.2-dimethyl-4- 
pentenaLs5 After isolat'ion of product as usual, distilkit ion 
(%-in. column) provided 16.7 g. (175;) of critde glycitl:ite, 
h.p. 92.5-102' (4.3 mm.), ny 1.4436. Redistillation gave 
inaterial with a. conxtjanf, n,',: of 1.4447; b.p. 97' (3.0 n i i i i . ) .  

.4nal. Calcd. for CllHl~O:,:  C, 66.64: H, 9.15. Foiind: C', 
66.91; H, 9.36. 

Also isolat,ed froin the reaction \\'as 22.7 g. of ethyl ethosy- 
:ic-etate (34%yield), b.p. 56" (15inni.), n:; 1.4008, d:' 0.9637 
(reporteds6 b.p. 155-lt580, n*: I .4009), ,111) 3?,.2<Ij (rnlctl .  
33.21). 

Anal. Calcd. for CsHI?03: C, 54.52; H, 9.16; Sapon. eqiiiv., 
132. Found: C, 54.20; H, 9.40; Sapon. equiv., 131. 

A portion of the distillate obtained upon removal of sol- 
vent from the reaction mixture was tested with 2,4-dinitro- 
phenylhydrazine; the test was posit'ive: melting point of the 
precipitate, 117.5-1 18' (report,edS7 for the hydrazone of the 
pentenal, 117-1 18"). 

Ethyl Z,S-epozy-4,4-dimethylpentunoate. A solution of 9.2 
p. of potassium in 250 nil. of dry t-butyl alcohol was added 
drop\vise to 14.3 g. of redistilled pivalaldehytic (Co1unihi:i 
Organic Chemicals, Tnc.) and 29.5 p. of ethyl rhloroaretatc 
over 2 hr. at  25'. The next day tho niist~urc n'tis t r c a t d  :IS 
usual. Distillation (X6-in. column) gavc 19.3 g. (e:?<), 
h.p. 81" (5-9 mni.), n',j 1.4232-1.4264. Redistillation pro- 
vided 8.7 E. (30%,l of ethyl 2,3-epoxy-4,4-dimethylpentano- 
ate, b.p. 57-65" (3 mm.), n: 1.4253-1.4258. A third distil 
lation gave material of constant ng 1.4255, h.p. 68" (1 
mm.), dZS 0.9648, .$ID 45.68 (calcd. 44.86). The product gave 
a positive epoxide test v i th  hydriodic acid and no precipitate 
with 2,4-dinitrophenylhydrazine. 

0.9742, L l n  54.13 (calcd. 53.64). 

(35) We wish to thank Dr. J. B. Dickey of the Tennessee 
Eastman Corp., Kingsport, Tenn.. for providing this ma- 
terial. 

(36) P. RI 1lcElvain and IT. R. Davie, J .  A ? ? I .  Phsm.  Soc., 
73, 1400 (1951) 

1:17) K. C Rr:innock. J .  ,4m. Chem. Soc., 81, 337cl 
(1959). 

.,[nul. Calcd. for CsHI6O3: C, 62.78:  H. 9.:$5: S:i~)oii. 

equiv., 172. Found: C ,  62.70; H, !).51; Sapori. cquiv., 175. 
Reaction of benzaldehyde, phen?j( chlorothiolacetutr, o / r d  

potns~iirm 1-birtoride. Potassium t-hutoxide (0.09 molc 1 in 
f-hltyl alcohol \vas ad(led (1 hr.) to 1)cnxaldrhydr (9.1 r . )  
and phenyl clilorotliiolncctntc~R ( I ( i . 0  g.', in otlier nt  0' 
After 1 hr., the usual isolation, two dihllations (6- in  
cdiinin), and chilling rwiltcrl in 11 yo of grrasy phcn\.l 
phenylthiothiolacctate (111). Recrystallization gave color- 
less 111, m.p. 63.5-65'. No othrr substance was isolated. 

n ' i t h  anhvdroris potassium acc,t:itcs in dry ethanol (o r  
iiivt1i:iiiol) as the haw, the yicltl of r~crystnllizc~d 111. h.11. 

.1?7ul ,  Calcd. for C14H,&S,: C, (i4.58: H, 4.65: S:~poi~. 
cyuiv. 130. Found: C, 64.25: H, 5.25; Sapon. equiv. 128. 

Tnterest,ingly, nnder the same conditions in thp :<lwnrc~ 
of benzaldehyde, no I11 was isolated. 

I11 was saponified22 by adding 1 equivalent to 2 g.-atom 
proportions of sodium in ahsolute ethanol,27 followed t)y 1 
equivalent of water. The resulting salt was acidified and the 
phenylthioacet,ic acid (CfiHsSCH&O,H) recrvstallized 1 hex- 
ane): n1.p. and mixture m.p., 64.6-65.5": anilide.. m.p. 81.5- 
82.5' (Kofler hot, stage) (reportcd,sQ 82-83'1: p-hronio- 
phcn:tccl ester, m.1). 87-88", 

. lnnl. Calcrl. for ClnH,7Rr07S: H r ,  21.88. Foiind: Rr. 
21.46. 

For syiithrsis of 111, hc~iixelrc~thiol (2.20 g.'i \v:w tlirsolvcd 
in 20 nil. of ahsoliitc rthnnol ctontaininq 0.02 mole of potaP- 
sium ethoxide, and phenyl chlorothiolarctate (2.00 g.) in 
15 inl. of ethanol w t s  added. Potassium chloride was sepa- 
rated. The fi1tr:ite \vas warmed slightly, and cooled. 1:pon 
addition of Xvater, IT1 precipitat,ed. After t,wo recrystalli- 
zations from hexane, the m.p. was 64-65", undrpressed 1)v 
the prodiict from the potassium aretntt, reaction; yield, 

1 8 5 O  (0.9 n1111.), \YRS 56';%, n1.p 64-6.5'. 

10%. 

h7.4SHVILLE 5, TF,SST. 

(38) C. E. nalgliesh and F. (;, AIann, ( ' h s m .  Soc., ,569 

(39) E. Irinkler, J .  pmlz t .  Chem., 159, 115 (1941): Chenr. 
11947). 

Ahstr., 37, 4072 (1943). 
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The Darzens Condensation. I. Reaction of Chloroacetamides 
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Ethi  1 chloroacetatr undergoes the Darzens condensation with acetone or cyclohexanone regardless of basic agents used. 
In contrast, N, Y-diethvl-a-chloroacetamide, presumably because of the relatively lower acidity of its a-hydrogens, does 
not rc,ndily undergo the Darzens condensation. Instead, 7-keto amides are produced as the predominant product. These 
arise from displacement of the chlorine hv the enolates of acetone and cyclohexanone when either potassium t-butoxide 
or sodium hvdride is used. If either methoxide or ethoxide is used, the same prodiicts are formed along with a-alkouv amides. 

of the glycidamide work. FouriieauZa reported a 55% 
yield of 3,3-dimethylglycidamide (Ia) (m.p. 85-87') 
from acetone and chloroacetamide when sodium 
ethoxide was used as the condensing agent, but von 
SchickhZb reported an 80% yield (m.p. 121") 

The Darzeiis glycidic ester condensation1 has 
been applied to only a few a-chloro amides.1as2 
However, some discrepancies were noted in some 
- 

(1) ( a )  M S. Newman and B. J. ?rlagerlein, Orq. Reactions, when metallic sodium was used. Forneau2a also 
stated that 3,3-diethylglycidamide, prepared from (2) (a)  E. Fourneau, J. R. Billeter, and D. Bonet, J. 

Pharm. Chenz., 49, (1934); (b) 0. van Schickh, Rer., 69, 967 
(1936); ( c )  P Bodforss, Ber., 52, 142 (191Y), 

v, 413 (1949). (b) Rf.  Ballester, Chem. Revs., 55,283 (1955). 

diethyl ketone and chloroacetamide, melted at  
148'. However, he also reported a melting point 



of 10-1" for t IN. s:tni(> coinpoiiiid oht aiiicd from t hc. 
rcaction of the glyridic* ester with unirnoiiia. 

In view of there reports and our interest i n  re- 
actions of chloro amides :uid c*hlorn we 
tlcciderl i o  iniwt,igat c t,lic. Darzens c.ondciisat ioii 
of acctoiir and cyclohexanoncl with r~hloronceta- 
mides aiid c.hloroacetatrs. 4 --fi 

Cyclohcsnnoiic and S,.~-dictliyl-a-t'hlnroa~!eta- 
midc ill thc  prrsciiw of sodium mcthoxidc in ether, 
sodiiirn c~ttiosid(~ i i i  t oliiciic, or wdiuni cthoxidc 
w i t h  i i o  s ~ ) l i ~ i i t  gi\.c a mixture or prodticats. In 
thcso rc:ict ions, 10-T,G% of the c~yc,lolics:iiioiic was 
rccovcrcd unc*hanged ant1 20-48yc of the chloro- 
nniidc was coiiverted to the a-alkoxyacctnmide. 
high boiling fraction which was isolated in 1845% 
yield showed infrared absorptioii a t  2.95 p (OH), 
5.85 p (carbonyl), 6.10 p (amide), and at  11.58, 
12.00 p (cpoxidc). 

~ l c ~ t o n c ~  arid N,N-diethyl-a-chloroacetamide in 
t hc pms~iicc of sodium niethoxidc gave similar 
rrsults. .\l)out 30%, of the chloroacetamide ivus 
cnonvcrtctl to tho  a-met,lioxyamide and the epoxy 
fravtioii (:L5c{, yirld) showed infrared absorption 
similar to t,hr products from the cyclohexanone re- 
action: 3.83 p (wrhoiiyl), 6.10 p (amidc), and 10.9 
p (epoxidc). 

The extcusive side reactions (displacement of the 
a-chlorine atom aiid formation of carbonyl and 
hydroxyl containing 1)y-prndiivts) clearly indicated 
that, thc use of c~hloi~r~acrt:irnirl~~i; in  thr Darzens 
condensation for the protliivtion of glyridamidcs 
(Ib and Ha) was coiisidcid~ly more complicaatcd 
than the glycidic (1st syiithcsis. 

To eircumveiit thc forinntioii of  a-alkoxyamidcs 
as by-prorliic+s, oilr :if triitioii was fociiscd on potas- 
sium t-butoxidr4 :uid sotliiim hydride7 :is t,he coil- 
densing agcntls. Xeit,hci- of t hcsc rcngents n-ould bc 
cxpect,ed t'n displacc thc a-rhloriiic atom and both 
were shown to be siipcrior to mc>thoxidc and cth- 
oxide in glyaidic cstor formation. 

(:i) .I, ,J. Sljtvi:ilr~ and 'It. C. Fr(~~tii ; i i i ,  ,J. Orq. Chejt i . ,  
23, 1883 ( 1!)38). 

(4)  W. S. Johnson, J. P. Bclew, 1,. J. Chinn, and R. H. 
FTiiri t ,  J .  .,I m. C ' h c ~ .  SOC., 75, 4905 (1953). 

(5) After this work \vas completed, G. Vasiliu a i d  L. 
(;csrtlrsr [Cheni. .lbslr., 52, 1044 (1958); Chem. Abstr.,  53, 
1 {)Wl (1%9)] reported that cyclohnsanone wit.h S-methyl- 
.~-phi,nyl-cu-chlor~):~cet~nii~(,  gavc 61ci& and 27-56Yc yields 
of th(3 rposy :mido with potnssium t-t)iitoxide or sodium in  
r x t  11)-1 or h\i tyl ethers r i y e c  tivrly . .~-Ethyl-S-pheii!.I- 
ol-cliloro:tcet3mide hvhaved siiiiiluly ill that  57 and 4754 
yields wcrc. otitainrd. The epoxy miides derived froin acetonts 
:knd mcthyl ethyl kntonc with .~- i2- th in~oyl )ch l~ronrr t : in i i ( l r  
\ v i w  also reported. 

(6) Itwenti) a-chloroacetonitrile has been used succm- 
fiillv in thn D:irzens condensation with aliphat,ic arid 

d i c  ketones in the formation of epoxy nitriles. G. Stork, 
IV. S. Korrall, :~nd J. J. Pappas, J .  Am. Chem. Soc., 82 ,  4315 
i l R 6 O ) .  Sep :dso X. lr. Phillips, British Patent 735,990. 
V. F. Martynov and A.  V. Shchelknnov, J .  Gen. Chetta. 
( CT.S.S.R.), 1271 (1956) and F. F. Hlicke and J. A .  Faiist, 
J .  Am. Chem. SOC., 76, 3156 (1956). 

(7 )  Sodiima Hydride Dispersed in Oil, Metal Hydrides 
Inra., Rrvvrly, l f n s a .  Rcviscd 1/58, p, 12-11, 

Cyvlohexaiioiw or weton(> wi th  AV,N-dicthyl-a- 
chloroacetamide in the presence of potassium I-  
butoxide in t-butyl alcohol gave only carbonyl 
containing fractions. There was no evidencr for the 
formation of the a-t-butoxyamide i n  either rraction. 
The infrared spectra of t,he distilled materials 
wcre identical with thost1 obt aincd i i i  the othcr 
alkoxide reactions. 

In  contrast to von Schickhgb and Fouriieau2a 
acetone and a-chloroacetamide in molar ratios of 
2:1, 3.3:1,  and lO:l, resprctively, with potasduni 
t-butoxide (one equivalent) gave 6.5-14.8% yield 
of Ia  (m.p. 124-125"). There was no evidence by 
infrared for the keto amide:. Large amounts of un- 
identified waxy solids were obtained. 

Acetophenone reacted normally with N,N-di- 
ethyl-a-chloroacetamide to give 60% yield of a 
mixture of the diastereoisomers of N,N-diethyl-3- 
phenyl-3-methylglycidamide. Thew was no keto 
amide formed. 

The reaction of' cyclohexanone with N,AT-diethyl- 
a-chloroacetamide with sodium hydride in hexane 
was performed a t  50". Ethyl chloroacetate under 
these conditions gave a 90% yield of the epoxy 
ester. The rate of hydrogen evolution a t  50" was al- 
most a5 fast as when the chloroacetate was used at 
30". Thus, the chloroamide reacts more slowly 
with sodium hydride in the formation of its enolatc 
than does chloroacetate. The evolution of hydrogen, 
however, abruptly stopped at 69% conversion due 
undoubtedly to the coating of sodium hydride 
by the precipitated sodium chloride. The carbonyl 
containing fraction amounted to 79YG after ac- 
pounting for the unreacted cyclohexanone and chlo- 
roacctamide. Hoivever, the infrared spectrum of 
this material showed the same bands as the nieth- 
oxide and ethoxide reactions. 

Acetone and N,N-diethyl-a-chloroacetamide, in 
thr  presence of sodium hydride gave essentially 
the same mixture of carbonyl containing products 
as in the methoxide experiments. 

Thus, whereas ethyl chloroacetate reacted with 
either acetone or cyclohexane to give high yields 
of the epoxy ester (Id and IIc) regardless of the 
basic condensing agent used, A',N-diethyl-a-chlo- 
roacetamide with these ketones gave mixturc of 
products regardless of the base used. 

,111 major fractions in the alkoxide and sodium 
hydride experinicnts showed infrared abqorptioii at 
5.81-5.85 p and a t  10-1 1 p.  The ckarbonyl compoiieiit 
appeared to be thc major product by infrared analy- 
sib. Thc identity of the carbonyl containing com- 
ponent was necessary to ascertain whether a-keto 
amides (111) were formcd by rearrangement of the 
epoxy amide a s  rcported in the Ilarzens coiid(~usa- 
tion with halo ester+x or mhethcr the y-keto n n i i d c ~  
(IY and V) were produced by alkylation of thc 
enolate of the kctone by the chloroamide. Authentic, 
samples of the epoxy amides were also required t o  

(8) Rrfrvnnw In, pp, 420-421. 423 



determine their infrared spectra and whether they 
would undergo rearrangement to  the a-keto amides. 
Infrared absorption in the hydroxyl region could 
be due to diols formed by the opening of the oxi- 
rane ring. The enols of the a-keto amides were 
excluded since the products gave a negative ferric 
chloride test.Y 

-4uthentic samples of the epoxy amides (Ib and 
IIa) were prepared by treatment of the sodium 
salts of the respective glycidic acids (IC and IIb) 
with oxalyl chloride. The epoxy acid chlorides, 
without isolation, were converted to the amides a t  
- 35" by reaction with diethylamine. Under these 
conditions, the epoxy group remained essentially 
intact. The a-keto amides (IIIa,b) were prepared by 
the action of isopropylmagnesium bromide and 
cyclohexylmagnesium chloride on ethyl diethyl- 
oxamate. The y-keto amides (IV and V) were pre- 
pared from lcvulinyl chloride and diethylamine and 
by the alkylation of N-(  1-cyclohexeny1)pyrrolidine 
with N,N-diethyl-a-ehloroacetamide respectively. 
The four keto amides were converted to their 2,4- 
dinitrophenylhydrazones. A comparison of these 
with the 2,4-dinitrophenylhydrazones prepared 
from the epoxy fractions of the Darzens condensa- 
tion showed the y-keto amides (IV and V) to bn 
the carbonyl containing component. The infrared 
spectra of the four keto amides and the authentic 
epoxy amides were also compared with Darzens 
condensation reaction products. This comparison 
confirmed the presence of epoxy amides and that the 

( 9 )  The Darzcns condensation of acetone and cyclo- 
hexanone with ethyl chloroacetate (ref. l a  and Johnson 
ref. 4) ,  chloroac~tonitri l~ (Stork ref. 6)  and AV,N-diethyl- 
a-chloroacetamide (presrnt investigation) clearly demon- 
strates the relative acidity of the a-hydrogm atoms of the 
halocarbonyl component as it affects the course of the 
Darzrns condensation. An aldol type mechanism for the 
Darzens condensation has been demonstrated. [M. Ballester 
and D. Perez-Blanco, J. Org. Chem., 23, 652 (1958) and 
H. E. Zimmerman and L. Ahramiian, J .  Am. Chem. Soc., 
82, 5459 (19G0)]. The SIICCCSS of the Dnrzens condensation 
rests on the fact that the enolate of the chloro carbonyl 
compound is formed in preference to that  of the ketone or 
aldehyde (when thr  ketone or aldehyde arr present as sub- 
strates). The a-hydrogen atom in ethyl chloroacrtate and 
chloroacetonitrile will bc more acidic than those in acetone 
or cyclohexanone due to the inductive effect of the a- 
chlorine atom and the elrctromeric effect of the carbonyl 
and the nitrile groups. However, the greater rrsonance 
stabilization of amides as compared to esters by contribu- 

tion of resonance forms O=C--SRn tf O-C=KRz, 

would prcdict that  chloroacetamides would be less acidic 
than chloroacctatrs. This decrease in aciditv T o d d  account 
for the alkvlation of acetone and cyclohexanone, and for 
the displaeemrnt of the a-chlorine atom by methoxide and 
ethoxide in the case of a-chloroactamidrs. The order of 
acidity or ease of carbanion formation of the reactants in 
the Darzens condensation can be formulated as chlorc- 
acetonitrile > ethyl chloroacetate > acetone = cyclo- 
hexanone > -V,N-diethyl-a-chloroacetamide. The intro- 
duction of an aromatic group on the nitrogen atom of the 
amide would increase the acidity of the a-hydrogen atom 
and the amide would thereby compete favorably in the 
Darzens Condensation. [See Vasiliu and Gcrtlrr (ref. 5)]. 

0 @ 

I I 

y-keto amides were the only carbonyl components 
present. There was no evidence either by infrared 
analysis or from the 2,4-dinitrophenylhydrazones 
for the presence of a-keto amides in the Darzens 
condensation of acetone and cycIohexanone with 
N,N-diethyl-a-chloroacetamide.9 

In  an attempt to effect the Darzens condensatioii 
of chloral with N,N-diethyl-a-chloroacetamide in 
the presence of t-butoxide, 80% of the amide was 
recovered unchanged. However, almost one equiv- 
alent of chloride ion was produced. This indicated 
that chloral had undergone reaction and that di- 
chlorocarbene might have been formed in a manner 
analogous to action of base on trichloroacetate 
esters. lo This supposition proved correct. When 
chloral and cyclohexene were treated with potassium 
t-butoxide, a 40% yield of 1,l-dichloronorcarane 
was isolated. These experiments clearly demon- 
strated the preference for carbene formation over 
the abstraction of a proton from the amide. 

The infrared spectrum of epoxy compounds with 
respect to assignment of bands specific to the oxi- 
rane ring has been studied. In  general, bands for the 
epoxide group appear a t  8.0 p and 10.5-12.3 p.ll 
The bands in 11 and 12 p regions are believed to be 
the most characteristic for trans- and cis-1,2-epoxy 
alkanes, respectively. l2 In  glycidic esters, bands 
attributable to the epoxy group were observed a t  
8.0, 8.25, 11.25, 11.75-12.0, and 12.0-12.25 p. 
Assignment of bands to cis- and trans-epoxy esters 
were not made. These absorptions show there is no 
significant effect of conjugation between the epoxy 
and ester groups.13 Various investigators have noted 
a splitting of the ester carbonyl group in epoxy 
esters and House14 has offered a rationale for this 

(10)  W. E. Parham and F. C. Loem, J .  Org. Chcm., 23,  

(11) J. Bomstein, Anal. Chem., 30, 544 (1058). 
(12) 0. D. Shreve, M. R. Heether, H. E. Knight, and 

(13) E. D. Bergmann, S. Yaroslavsky, and H. IYeikr- 

(14) H. 0. House and J. IT. B l a h ,  J .  Ani. Chcni. Soc., 

1705 (1958). 

D. Swern, Anal. Chem., 23, 277 (1951). 

Feilchenfeld, J. Am. Chem. Soc., 81, 2775 (1059). 

80, 6389 (1958). 
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(1-5) C. Schwr. Helv.  Chinz. :Icla, 75, 671 (1958). 
(10) V. F. hlnr tynov and (;. Olman, J .  Gen. Chem. 

( 1  7 )  Melting points anti boiling point's art: uncorrectrd. 
\'Iicroan:ilysc,s l>y Jh-Good Labor:Ltoric~s, St,. Louis, N o .  
IYP :irv indr3I)tpd to I)r. 33. Rntlnfslcv and Mr. 0. I\in:ist for 
t, 1ii: iiiir:l ri'i I sirisc 1 r : ~ .  

(U.S .S .R . ) ,  27, 1044 (1957). 



glyciditte in 200 nil. of dry Lenzenr ivits cooled to  O - j o  
and treated with 10 drops of dry pyridine follo\\-(~d by 4.4.5 g. 
(0.35 mole) of freshly dist.illed oxalyl chloride.1* Thr  addi- 
tion of oxalyl chloride requircd 1 hr. aiid W:IS rontrolied I I ~  
the rate of evolut'ion of c:irlIoli inonoxidr~ ; i i i t l  c*:~rl)orl dioxidt,. 
The mixture was held a t  0-5' for 0.5 hr., thcli (:y:iporat(>d to  
dryness in z " x o  below 15". -4 fresh 150-1111.  orti ti on of dry 
benzene was added. This \vas distilled i / l  z'ucI(o I~elo~v 15" 
and the crude epoxy acid rhloride \viis dissolved in ether ; t~ ld  
cooled t.0 -25 to -30". A soliit8ioil of :$3.(; g. (0.46 ~nole)  of 
diethylainine in 100 nil. of rtlier was : i d d d  :it this t(~I1i~Jl~~:i-  
ture during 2 hr. The mixture was held :tt -20" for 0.5 hr.. 
warmed to - 10" and treated with 50 nil. of mt t J r .  The r t h t ~  
layer was separ:ited and, while drying with ni:igi~esirun sui- 
fate, the solvent was removed i r i  va('uo. The qx isy  :iinitlt, WIS 

distilled, b.p. 123" (1.5 111111.) rLg 1.4831. \vt .  34.8 g., 7 l . t i f ;  
yield. Redistilled ni:itcxrinl t)oiled :It !)OD (0.15 irirn.) 71'~> 

Anal. Calcd for ClrH?lXOa: C, 68.21 ~ H, 10.02! S,  ~ 6 : $ ,  
E'ound:C, ti8.10, H, 10.01 S, 6.67. 

!~,i~--nieth?/l-Y,S-di?,?eth!//yl!/c,,itlorriidp (It)). Thr c:oiripoutitl 
was prepared by the nwthod giveii for .Y,.V-dipthyl-3,:3- 
pentan~ethyleneglycidaiiiid(~ from 20 g. (0. I15  molt:) of 
sodium 3,3-dinirthyl glycidate, 27.f) g. (0.22 trrole) of oxalyl 
chloride, and 21.4 g. (0.29 molr) of tlicthy1:iiniiic~. Tht. c'po. 
:imide \vas distilled :it, 79' (0.15 nim.) : n;; 1.1610; \\ t .  7.8 K 
31.5% yield. 

iinal. Calcd. for C9HliN0,: C, 63.18; H, 10.01: N, 8.18. 
Found: C, 63.28; H, 10.20; K, 8.22. 

I - (~ ie th~Zcarbamo~/Imethy l )  cyclohera7rortr (V)  . Y-( 1 -Cycle- 
hesenyl)pyi-r~lidine~~ was ]Jrepalrd i n  0:3?; yield [I).p. 
62" (0.35 nim.)] froin 196 g. (3.0 moles) of cyclohexanone 
and  497 g. (7.0 inole) of pyrrolidine in 1.5 I. of bmzene. A 
modification of the method of Storkz0 \\':is tired for the alkyl- 
ation of the eii:tinine. A mixture of %:% g. (0.3 inole) of .I-- 
( l-ryclohexe~iyl)pyrrolidine, 49.5 g. (0.33 iiiole) of -4-,.Y- 
tliethyl-a-chloroiicetamidr, 1.67 g. (0.01 niolc) of potassiiiin 
iodide, and 500 nil .  of dry  nirthutiol !vas hwted under :I 

nitrogen :itmosphere a t  reflux (86') for 1T hr. Titration of 
i i i 1  aliquot with silwr nitr:il-e shon-cd that 92% of the theo- 
retical ainount of chloride ion \vas formed. Fifty niillilitera 
of w t e r  was tadtled, the  niisture tieatrd under refliis for 1 
hr. a t  TO", and t h c  esc"s nicthanol removed in z ~ c u o .  Thr  
residue 15-as treated with 150 1111. of Tvater and 10 inl. of 10% 
sulfuric acid (pH I .0) :inti e.stractet1 with ct,her. Evitporatioii 
of the ether left -49 g. ( 7 8 . 0 ' ; )  of tight, !~.llo\v oil. 1htiIl:i- 
t,ion of this niatc~ri:il g:ivc' 25.2 g. (40.3Qi yield) of derircd 
])roduct; h.11. 120' (().ti i i r i i i . ~  j t ' , , '  1.-18X0. Tnfrnrrtl: 5.85 1.1 
(c:irbonyl), 6.10 1.1 ( : in i ic I t?  : 8.00, 8.23, 8.88 1.1. 

;inal. Calcd. for ( ' ,!ILlSO2: (', ti8.21 : H, l(l.iY2; S, t i t i :<.  
b'ound: C, 67.!)5: 1-1. I I l . IS :  S .  (i.71. 

The d,4-l)r 'nit,o~/~c'/ i!/// l  / / / / I  ( I z o r / c  : is l)r(y:ired l)y t rwtiiig 
ij.7 g. of V \vith 100 n i l .  of 2.4-cliiiitro~~henylh~~tIraziir1~- 
phosphoric acid rt,:ig(wt*' OII thr stt,:itn l):lth for 0.5 111.. 

The niisture wit$ c~oolrtl, por i r c~ t l  into .io0 n i l .  of ivitter, arid 
extracted &it11 chloroforiii. 1~;v:iI)or:ttioti of' the solvent :ind 
recrysti~1liz:itioii of t l ic ,  rosi(lti(f i'rorii r , t l i j . l  :trctate-hessnc 
inixtuw gavc 5 g. ( ? : { v i , )  of t tw ~ ~ l i ~ ~ i i j ~ l l i ~ ~ ~ l r : ~ z o i ~ e  as orange 
iieedles n1.p. 1.58-159". 'I'hc i i r v l t  iiig point \v;is raised to  162- 
I ti?,' :tfter tn.o ;tdtlifioii:rl r i ~ r r > ~ h t : i l l i z : i t  io t ic  froin ethyl acc- 
1 ritf4c.xane. .1 niist t iri' iiic'lt i i  t fi I)oi t i t  \\ .it  11 t l i v  2,4-dinitro- 
~~henylhy~Irnzonr 1 iri,p:irid l'roi ii i l i  1 ,  r . j . r  101i cw+rioiie-rhIoro- 
: ir~taii i idr l k z i w s  rr:tvtioii pro(lii(,t \\':IS not ilt~j~rcsaeii: 
t1i.p. 16-16:3°. 

1.4828-1.483?. 
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moylmethyl)cyclohexanone, S,.~-di~,th!.I(,yclohex?rlgl?.oxyl- 
amide, and N,N-diethyl 3,3-pentamethylene glycidaniidc. 
None of the glyoxylamide was present. These fractions 
were assayed by using t,he band a t  8.88 p for the -/-keto amide 
and the band a t  11.13 p for the epox 
contained a mixture of the ?-keto amide and rpoxy amide. 
The per cents of keto amide increased and the epoxy amide 
decreased from fractions I-IV. 

These fractions averaged 57% of keto arnide aiid 33% of 
epoxy amide. The over-all yield by infrared analysis based 
on cyclohexanone consunird was 2i5C *!-keto miidr and 21 
of epoxy amide. 

The B,Q-dinitrophenr~lhy,lmzone of fraction 111 (infrared 
assay 76y0 ?-keto amide) prepared as descril)rd previously, 
was isolated in 74.2Yc yield. The orange needles melted a t  
163-164" and the mc.lting w3s not depressed on mixing with 
an authentic sample of the 2,4-diriitropheii~~lh~~irazone of 
l - ( d i e t h y l c u r ~ ~ ~ ~ i i o ~ ~ m e t ~ i ~ ~ ~ ~ y ~ ~ ~ ~ h e x a n ~ ~ ~ i e )  in.]). 161-163". 

. t n d .  Chlcd.  for CiyHz3X605: C, 5,5.2:3; H, 6.44; N, 17.89. 
Found: C, 54.60; H, 6.38; K, 17.80. 

The semicarbozonc of fraction 111 irolatcd in 21.85, yield 
was rerrystallizrcl from hot water, n1.p. l79-18Oo. 
. tnal .  Calrd. f o r  ClsH2J',0,: C, 58.18; H, 9.01; S, 20.88. 

Found: C, 58.67; H, 8.97; N, 20.83. 
In n second expcriment, sodium hydride ~ ~ t s  :iddcJd a t  50". 

The temperature ]vas gradually raised to reflux (73  "). 
Hydrogen evolution completely stoppcd at'ter 1ti hr. at  46% 
of thcory. There remain 5 ;  of unchanged sodium hy- 
dride. X 4873 rwovery of hexiinone and 56.4% recovery 
of chloroamide were also . The infrared spectrum of the 
crude product was no different from fractions I and I1 above 
and contained b:mds at 5.85 and 8.88 p (carbonyl) and at, 
10.85 p, 11.13 p, and 12.00 p (epoxide). Infrared analysis of 
the crude gave 4zc3; ?-keto nniide and 17';; q ~ o x y  amide. 
The yields were therefore 21y0 keto amide and 9% epoxy 
amide. 

hexanone with S,.~-diethyl-a-c.hloroacetamide as rioted hy 
Metal hydrides' for the :malogous rcaction wit,h ethyl 
chloroacetate. 

2. To a mixture of 29.4 g. (0.3 mole) of qdohexanonc and 
45 g. (0.3 mole) of A-,.\--diethyl-a-chloroacetamide, under 
nitrogen, a solution of potassium t-butoxide in t-butyl alco- 
hol (prepared from 12.0 g. (0.31 g.-atom) of potassium and 
300 nil. of dry t-butyl alcohol) was added :it 10-15" in 1.75 
hr. The mixture was stirred overnight, at 10-15", the 1- 
hutyl alcohol was renioved in Z Y Z C I ~ O  and the residue trvattd 
with ether and nater.  The uxter layer was wparatcd :tiid 
shown i o  cw~itain (0.X niok o f  chloride ion). The et,ht:r solii- 
tion was dried : ind  distillid. Thercs was obi:iiiictl 34.F, g. 
(54.Eir,L,) !.irld of material: b.p. 99-114' (0.25 iiini.). A rwi- 
due of 20 g. n'as not, distill:tl)le up t o  1%" (025  nim.). The 
iiifrared sprctruiii of the ~irotlurt showtl i i o  cthrr I~:nids 
(therefore 110 ~-/-hutoxyiniide) but only Ixtnda which werr 
charact,eristic for the epoxy amide at  6.10, 10.85, 11.1:<, 
and 12.0 p and hands at 5.85 anti 8.88 p for i~ ketone car- 
bonyl. The intenvities of the hands indicatetl that  the 1)rotl- 
iirt consisted of 4OC;, cpos!. :imide and 60ci, ;-keto :tmitle. 
:i. \Vhen the :thrive re:ictioii \vas repeatetl with 3!1..1 g. 

! O.:< mole) (..c~oh(~xaiione, 74.8 g. (0.5 mole)of .l-!.V-diethyl- 
,~-c.liloroarc:taiiiitir : r i d  28.3 g. (0.5 iiiolc) of sotiiuni n i ~ t l i -  
clxitlel;i in 12.5 nil. of ether, therr M-as iwl:tted 45',; of un- 
changed cyclohex:ino~~t~. I 0.3 cc S, .l~-die t hyl-a-nirthosy- 
:icttaniide [l).p. 108" (25  mni.): /i< 1.443); 1uTr;ired: 
amide, 6.1 p, and ether, 9.0 p ]  arid 25.gc; of inaterial, h.p, 
90-115°/0.25 mni. n'Dj 1.4850. On redistill:ition of the last 
fraction, three fractions were obtained in 18.75% yield: 
I, b.p. 83-87" (0.11 nim.) n y  1.4925, 2.3 g.; 11, b.p. 88-91'' 
(0.11 mni.) n'," 1.4850. 4.0 g . ;  111, h.p. 94" (0.14 mni.) 
72:; 1.4850, 4.5 g. Thc infrared spectra of these fractions 
were not significantly diffcrent froni the sodium hJdride 
reaction. 

With aodirini i?t.huxidt in toIuene,ln e ~ m t i e l l ! ~  thr bani(' 
rrarilts \yere o1)t:tined. ~ ~ ~ ~ c ~ o h r ! x a ~ i ~ ~ n c  (%';), ~\-,.Y-(lieth!,l- 

Methanol did not catalyze the condensation of < 
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a-ethoxyacetamide [41%: 11.p. 51" (0.3 mm.) n y  1.4432. 
Anal. Calcd. N = 8.80. Found r\' = 8.75. infrared: amide, 
8.1 p and ether, 9.0 p ]  and carbonvl fraction (26,0y0 yield) 
h.p. 74-120" (0.8 mm.) n 1.4800-1.4832 were isolated. 
The infrared fipectruin of the last fraction did not differ 
from that  of the previous experiment. 

Another experiment was performed under the usiial Dar- 
zens conditions.'" Dry sodium ethoxide 27.4 g. (0.40 mole) 
was added to a mixture of 35.5 g. (0.36 mole) of cyclohexa- 
none and 59.0 g. (0.40 mole) of N,.V-diethyl-a-chloroaceta- 
mide a t  0-5" in 70 niin. under nitrogen. The mixtiirc was 
allowed to  warm to room temperature and stand overnight. 
It was then heated to 90" for 2 hr. cooled and poured into 
ice water and acidified with a few milliliters of glacial 
acetic acd. This was extracted with ethrr and the ether solu- 
tion dried and the fiolvent evaporated. The residue was dis- 
tilled to give 51.8% of cvclohrxanone, 60% of N,.V-diethyl- 
ethoqracetamide 1h.p. 50"/0.3 mm. Anal. Calcd. 1: = 8.80. 
Fonnd N = 9.031 and 26y0 of material, b.p. 102-117° 
(0.15 mm.) n'," 1.4820-1.4832. The last fraction, collected into 
three fraction.. of ahout 5' hoiling range, was not significantly 
different hy infrnrcd analysis from the sodium hydride 
reaction, 

Reaction, of awfone  with .1~,Ar-diethyl-cu-chloronceiamide. 
1. The procedure of von Schickhzb n.as followed as rloselv as 
possible except that  sodium methoside was used in place 
of sodium amide. Von Schickh did not give the yield of 
.~,,~r-diethyl-3,3-dimethglglycidamide but  reported its hoil- 
ing paint a t  122-124' (0.3 mm.). 
.4 solution of 4.50 g. (0.3 mole) of 4,?2'-dirthyl-a-chloro- 

:icet,amids in 150 nil. of avetone was treated n.ith 1G.2 g. 
(0.8 mole) of sodium methoside over 80 min. a t  0-5'. 
The mixture was held at this temperatiire for 2 hr., allowed 
to  warm to 33-25' in 5 hr. and held for 10 hr. The salt8 
were filtered (95.4% of chloride inn), acetone was removed 
and the residue distilled. There was ohtnined a low boiling 
material [h.p. 54-80' (53-26 nim.)] which was not identi- 
fied, a 30% yield of N,~l-dicthyl-cu-methosyacetamide (h.p. 
79-80' n y  1.4480), and 34.5yo of material, h.p. 112-130'' 
(13 mni.) n y  1.3fj7.1. The last, fraction was redistilled and five 
(nuts were tnkcn; 11.p. '41-120' (6.4 nim.) ny 1.4505-1.4585. 
Tnfrilred spectra were not significantly different from sodium 
hydride reaction (hclow). 

2. A solution of 17.4 g, (0.3 mole) of acetone. 45.0 g. 
(0.3 mole) of h',.1'-ctietliyl-~-c~hloroaretnmide, and 125 ml. 
of hexane was treated with 14.4 g. (0.3 mole) sodium hy- 
clride, (50% dispersion in oil) in 7.5 ml. of hrxane in 1 hr. at 
5'. The mixture was stirred I9  Iir. a t  25" a t  ivhich time only 
3GCG of the t Iieoretic.al :imount of h y t l r o g c ~  I ~ P  lihrratrtl. 
.In additional 39.5 8.  (0.68 mole) of ;wetone  as addcd 
:it 25' niit l t)hc ronixinder of tlic hytlrngrn ( 6 4 5 )  n x s  lib- 
: t l d  i n  40 niiii. 'I'hc inixtiirr was filt,crtd and an aliqiiot~ of 
;in :~(III(VIII$ soliltion of thr filtcr cakc slioived that  the 
t1iroi~~tii~:ii nnioiinf of chloritlr ion was fornird :ind that  all 
1 hc sodium hydridc had rrsrtrtl. The solvcnt~ was removcrl 
:ind thc liquid rrsidue diatilltd: h.p. 72-85' (0.25 mni.) 
n: 1.4538-1.4570; wt,. 41.2 5 (78.870 yield). Rcdist,illation 
fi:ivc two fractions in 63% yjcld. I: I3.p. 8.5-70" 10.25 mni.) 
TI;,' 1.1540 at, 2-1.8 R. TI: lxp. 70-79' (0.25 mm.) n?,' 1.4583 a t  
9.6 g. Tnfrnrrtl spectra of Fractions I and I1 n-rrr almost 
itlrntirnl (intensities varied) and wwe rnmpnrcd n-it>h t,hosc 
or :tiitliontic samples of l~ ,~~-c ] i e thy l l rv~~ l inami~ lc ,  Y,A-- 
( 1  ic ' t  h yl isoprol )ylgl!-oxj-l amide. and Y,  ,V-dic t 11 !.l-X,3-tlimc.t h- 
, ~ ~ ~ ~ l ~ ~ c i ~ l n n i i ( l ( ~ .  Both fractions cniipisterl of :i rnislurc- of t h r  
?-keto amide and epoxy amide (none of the glyoxylainide 
waq presrnt in these fractions or in the crude material) and 
w r e  assayed by using the hand at 8.82 p for t h r  7-keto 
:Imide and the hand a t  10.91 p for the epoxy amide. These 
frzictions contained 3670 of the ?-keto amide and G474 of the 
epoxy amide. The over-all yield hy infrared analysis was 33 
:ind 41% respectively. 

The $ , ~ - d i n i t r o p h e n i ~ l h ~ ~ d r ~ z o ~ z e  of Fraction I1 liiifrared 
:issay 73% ?-keto amide) was prepared as described above 
in 61% yield, m.p. 122'. A mixture melting point with au- 

thentic n',.~-diethyllevi1linainitle-2,4-tlinitroplie1i~~lhydr:i- 
zone (m.p. 121-122°) was not depressed (m.p. 121'). 

3. 4 solution of 23.2 g. (0.40 mole) of acetone and 59.8 g. 
(0.4 mole) of W,S-diethyl-0-chloroacetamide was treated 
with potassium t-butoxide in t-butyl alcohol [16.0 g. (0.41 
g.-atom) of potassium and 400 nil. of t-butyl alcohol] under 
nitrogen a t  10" during the course of 2 hr. The mixture was 
allowed to stir 1 hr. a t  10" and the solvent) removed in z"xo .  
Ether nncl water xere :&led to thr  residue and the layers 
separated. The aqueous layer contained 0.43 mole of chlo- 
ride ion. Thv ether I a>w was dried and evaporat,ed to give 
61.9 g. (90.470) of oil. On distillation three fractions were 
ohtainrd: I :  h.p. GO-70" (1.0 ml.);  ny 1.4540; 23.0 g.; 
11: 70-80" (1.0 nim.) n y  1.4509, 12.3 g.; 111: 145-160° 
(1.0 mm.) n';. 1.4802 (10.8 g.). Fraction 111 (no epoxide, 
infrared) was discarded. Fractions I and I1 were almost 
identical in their infrared spectra: 5.78 p (carbonyl), G.13 p 
(amidc), and 10.91 p (epoxide). The intensity of the hands 
indicated thnt fraction I contained more npoxide than 11. 
KO evidencne for the 0-t-hutoxy amide was found. Fractions 
I and 11, ohtnind in 51.457 >.ield, assa>.ed 38% for ?-keto 
amide and 629; for rpoxy amide. 

.1',S-Dicth!il-S-nzeth yl-d-pheniilQlycirlai,2.'tlr. This compound 
was prepnred hy thr (-hutoxide methotl ss  tlescrihed for 
ethyl 3,3-dimethyl glyritlate from 24 g. (0.2 niolr) of ace- 
tophenone. 29.9 p. (0.2 mole) of !~,S-c~iethyl-a-~.hloroacet- 
amide, 8.0 g. (0.2 g.-atorn) of potassiiim, and 250 ml. of 
t-hiityl alcohol. Thrre was ohtained 47.6 g. of crude oil which 
by infrared annl!-ses shoivcd no alwnrption in thc 5.8 p 
region. The oil v a s  tiistilied; A :  I).]?. 119-12Go (0.25 mm.) ; 
25.7 g., 60Yo j-ield. The distillrd glyc-idaniide pnrtinlly solidi- 
fied on standing. 'The infr:lretl spectrum of the svniisolid 
mass was not different from the crude. A portion was rc- 
crystallized from hexane to givc pure material; B; m.p. 
94-95'. The hexane mother liquors were evaporated to give 
an oil (C). 

.trial. Calctl. for C14HiySOn: C, 7 2 . 0 i ;  IT, 8.21; S, 6.00. 
Found: (A)  C, 71.89; H, 8.10; N, 5.92. (B) C, 71.96; FI, 
8.56; N, 6.52. 

The infrared sprctra of 24,73, and C n.rrc rim in 37!:, chloro- 
form. .I11 shot\-ed aromatic h:iiitls at  13.1 and 14.3 p.  (A) 
6.05 p (amide): 7.89, 11.16, 12.1 p iepoxitlc). (B) 6.05 p 
(amide); 7.89, 11.16, 12.1 p (epoxide). (C) 6.05 p inmidr); 
7.92, 11.16, 11.95 p (epoxide). 

Fractions B :tnd C are the cli:iF.tercoi.~c)rii(,rii, glyritlainidi~;;. 
There wcrc distinct differc:ncwi in t h e  iiitf,n$itiw of t,he h i n d s  
in tlic 10.5-12.0 p region. T l i ~  hanrl : i t  12.1 p I)ws:Cnf iii 
frnrtion T3 \ \as : i h n t  in the sprcfriirii of fr:lc.tioii C ; i n t l  I I .!),-I 
p Imnd in fr:iction C: \v t slionltli~r on l h c ~  1'2.1 p 1 , r i i i t l  i r i  

A .  
Rcirciioii nf i ~ / i l i m i l  i~itlr , \ , . \ - i l ; ~ ' i / i ~ / l - ~ ~ - ~ : } i l ~ i . v i i ~ ~ / i i i i i i i l i  . 

;I solution i;f pof:irsiurn t-lriit,nside (7 .8  g.; 0.2 E.-:itolii) of 
potassium :iiit1 250 nil. of /-hiityI drohol ws :icltlctl t o  :t 
iiiixture 29..? g. ((1.2 niolc) of chloral and 29.9 g. (0.2 mole) 
of S,.~-rliethyl-~-c.hloronc~ei:iiiiitle ;it 10-15' ovpr 2 hr. 
This was allnnwl to stir for 2 hr .  a t  10-15" and thv t- l1 i i t j . l  

:dcohol rcmovetl under pressure. 1;tlic.r \vas adflcd :tntl t h v  
mistiirc qiirnrhctl w i th  n-:iter. An analysis of the. :iqiiroiis 

laycr shon-rd that !)2.5u: of rhloridr inn h:id l ~ c w i  ] ) rn~ l i11~1~1.  
'I'hr, ethvr In>.rr wxs rv:ipor~atrtl to  : ~ I I  oil (29.5 y.) n l i i r l i  O I I  

tiisti1l;ttion g:ivo 2 1  y, 180.2';. >. iv l t l )  or rl;irtiiig : i ini t lc: 1 1 . 1 1 .  
60-61 ' (0.58 iiiiii,). 'I'hc, i i i f l n r c x t l  ,-I)rrt,riini \viis siiprriiii1)ris- 
nhle with t1i: i t  of tlic starting ni:tteri:il. 

~,~-ni 'chloroito,corrrne.z~ 'To n suspt:iwion or p o f : ~ s * i i : n i  I- 
hutosidc (0.2 mole) and c~yrlohescne (16.4 g., 0.2 niolr) in 
pentane (200 ml.) ,  ch1or:il (29.5 g., 0.2 rnole) WIS :itltletl 

( 2 5 )  V e  are indebted to Dr. Ii. W. Katts for this eipcri- 
ment. 

(26) IT'. von E. Dovring and A. I<. Hoffman, J .  .Im. 
C h e m  Soc., 76, 6162 (1954), W. voii 1:. Doering and IJ'. .%. 
Henderson, J .  A m .  Cheni. Sor., 80, ,527(i (195s). 
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ovcr 45 niin. whik maintaining the 1enil)erntiirc lielow IO".  
.iftcxr st:inding overriight, the mixture \+as filtered and the 
filter cake washed with peiitane. The  pentane filtrate was 
stripped to an amber liquid which was distilled to give 1,l- 

(lirhl~ronorraranez6; 9.3 g., 40% yield; b.p. 80-81' (16 mni.) 
n% 1.4990. 

ST. LOUIS 66, hlo. 
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Conjugate Addition of Disodiophenylacetate to Ethyl Cinnamate to Form 
erythro- and threo-4-Carbethoxy-2,3-diphenylbutyric Acids 

ROBERT B. RSEYER' AXD CHARLES R. HAUSER 
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Disodiophenylacetate, prepared from phenylacetic acid and two molecular equivalents of sodium amide in liquid am- 
monia, underwent conjugate addition to  ethyl ciniiamate to  form erythro- and threo-4-carbethovv-2,3-diphenylbutyric acids 
in approvimately equal amounts. The configurations of these isomers were established by hj-drolysis and by esterification 
to  the diacids and diethyl esters, respectively. The conjugate addition appeared to occur nonstereospecifically. The ester 
acids and also the monoethj 1 esters of glutaric and 3-phenylglutaric acids underwent rapid hydrolysis with excess sodium 
hydroxide solution at room temperature. 

Disodiophenylacetate, prepared from phenylace- 
tic acid aiid two molecular equivalents of sodium 
amide in liquid ammonia, has recently been ob- 
served2 to undergo conjugate addition to  ethyl cin- 
namate to form diacid 11. Ester acid I was con- 
sidered to be an intermediate (Equation 1). 

Nn, 1. CsHsCII=CJiCOOC*lIs 
( '~H~CHCOONIL r 

2. neutrali~ation 
11) drol~ois  

C~H~CHCH~COOCJI,  ~___f C~H,CIICII,COOH 
I (1 ) 

CsH,CHCOOFI 
I 

CsHsCHCOOII 
I I1 

The stereochcmistry of this reaction has not been 
studied. Neutrnlizatiou of the reaction mixture in 
liquid aminonin with ainmoniiiin chloride :iffolded 
:L 9G"; yieltl of :i Iiiisturc of the diutcwomc~rs of 
cxster wid I. 7'hc higher mcltiiig iwnicr of I WIS jso- 
htcd in 49% yield : ~ 1 1 d  the lower nielting isoiiier i r i  
32V0 yield; mmt of'the reiiiairiing 3 57;  of the product 
w:i< prohablp th(s 1:tttcr isomer ( 
1Sach of thcso iioincr\ ~ L L T ' C  satiifactory snalyscs 
iiot only for cart)oil and hydrogen but also for thc 
c\thoxy group ; moreover they gave awcptablr 
neulralization cqilivalrnts. Their iiifrarccl spectra 
qhowrl %harp p(~iLs  a t  ;i 82 and 5.130 b,3 whucas 
thc spec1 riini of o: iv l i  of thv di:istereoniprs of diacid 
I1 cxhihittd a sillglc carbonyl peak at 5.88 p.3 

Wheii the> cnritlens:ition was perfornlecl uqiiig 
potassium amide or lithiuiii amide, similar results 
were obtaiilcd. IIowevw, in the latter case tho 
yields were somewhat lower. 

(1) American Cyanamid Co. Fellow, 1959-1960. 
(2) C. R. Hauser and AI. T. Tetenbaum, J .  Org. Chem., 

(3)  See L. J. Rellnmy, "he Infrarrrl Speclra or Coiriplez 
23, 1146 (1958). 

(Ilolecules, 2nd  i d . ,  Wilcy, Kew York, 1958, pp. 161, 178. 

The configurations of each isomer of ester-acid I 
were determined by hydrolysis by means of dilute 
hydrochloric acid to form the diastereoisomers of 
diacid 11, the configurations of 1Thich have been 
well e ~ t a b l i s h e d . ~ ~ ~  Thus, the higher melting ester- 
acid was assigned the erythro configuration I a  and 
the lower melting isomer the threo configuration 
Ib, since they gave the erythro- and threo-diacids 
I Ia  and I Ib  in yields of 99 and 79%, respectively. 
Furthermore, the higher and loiver melting isomers 
of ester-acid I were esterified with ethanol to form 
the erythro- and threo-diethyl esters IIIa and I I Ib  
in yields of 97 and 46y0, respectively. Authentic 
samples of these diesters were prepared by esteri- 
fication of thc corresponding diacids. 
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r r y i h w  threo 
1:~. 11 = H, R '  = C:*Hs Ih .  I1 = H, R' = CzHs 

(A1.p. 189.5-190") (1l.p. 104-1050) 
11:~. It = 12' = H IIb. It = R '  = I{ 

Xltliough 1 lie :wid-catalyzed hydrolyses and 
est crifimtions mentioiied above involved refluxing 
a y u ~ o u s  or cthanolic solutions or suspensions for 
several hours, little if any epimerization appeared 
to occur. Certainly complete epimerization in each 
reaction, which would have to be assumed if the 
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