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of crude product. The total yield of crude VI1 was 0.34 g. 
(18%). Recrysf,allization from acetone gave long yellow 
needles, m.p. 191.5-194.5' dec. See the preceding section, 
part B, for analysis of compound VII. 

Zsopropylidene isopropylidenentalonafe. To a solution of 3.6 
g. (0.025 mole) of isopropylidcne malonate in 11.6g. (0.2 mole) 
of reagent grade acetone were added 5 drops of piperidine 
and 1 drop of glacial acetic acid. After 12.5 hr. a t  room 
temperature, cold water was added to the yellow solution. 
An oil formed, which upon cooling and scratching, crystal- 
lized. Filtration gave 2.65 g. (58y0) of crude isopropylidene 

isopropylidenenialonate, m.p. 70-78". The crude product was 
triturated in 5% potassium carbonate solution, filtered, and 
washed with water to give 0.6 g. (130j0) of pure product, 
m.p. 73-78.5'. Over 2 g. had been lost by this mild t r eae  
ment. Two recrystallizations accomplished by dissolving 
the product in methanol and adding water gave the analyti- 
cal sample, m.p. 75-78.5". 

Anal. Calcd. for C9H120,: C, 58.69; H, 6.57. Found: C, 
58.78; H, 6.60. 
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The base-catalyzed condensation of ethyl chloroacetate with benzaldehyde gives ethyl trans-2,3-epoxy-3-phenylpropanoate 
( I  ) contaminated by varying amounts of ethyl trans-a-chlorocinnamate. The proportion of the glycidate I is greatest when 
the cation associated with the base is large, when the solvent is polar, and when the temperature of reaction is about 0-5'. 
Use of diethylene glycol dimethyl ether, or a combination of higher temperature and polar solvent, results in I which contains 
a considerable amount of an isomer, possibly the hitherto unreported czs-glycidate I. A typical aliphatic aldehyde gave poor 
results in the Darzens synthesis because of aldol condensation; although formaldehyde also gave poor results, pivnlaldehyde, 
lacking a-hydrogen atoms, gave a glycidic ester in 677; yield. An effort to  improve the Darzens condensation by use of a 
clilorothiol ester was unpromising. 

The reaction of benzaldehyde and ethyl chloro- 
acetate in the Darzens eoiidensntion produces 
ethyl 2,3-epoxy-3-pheiiylpropauoate (I) as the 
niain product. Glider the usual conditions em- 
ployed,2p3 trans-I results, * a plausible consequence 
of "overlap co~itrol ."~ 

With potassium t-butoxide as the base, glycidate 
I results in good yield and purity.6 Sodaniide, how- 
ever, results in glycidate I containing about 25% 
of ethyl cu-chlorociniianiate (11) .i In our hands, 
incideiital use of sodium ethoside d s o  resulted iii a 
mixture of I and 11. These differelices in results 

(1  )(a) Tnlwn from thc Ph.1). dissert.:~tion of C. G. C. 
(January 1961). Research supported in part by the TJ. S. 
.\rmy Medical lteuearch niid Development Conimanrl 
(Contract No. 1)A-40-10;1-n11)-2030), and in part by the 
Office o f  Ordnance Rrsearcli, U. S. Army (Coiitr:tct So. DA- 
:~8-008-01?D-I63i). (h) I )u  I'ont. Postgraduatc Teaching 

(2) bl. S. Newnian and U. ,J. Magrrlein, O r g .  Nenclioris, 
5 ,  -113 (1940). IMs. 2 :tnd 3 are to revieas of thc Durzcns 
condensation. 

-1960; N.S.F. Sumnicr I'ellow, 1950. 

( 3 )  11. Ballestcr, Chcna. Revs., 5 5 ,  2883 (1955). 
(4) I<. 0. House. J. W. Rlskcr, and D. A. Maddm, J .  r im.  

Cherri. Soc., 80, 6380 (1958). 
(5)(a) 1%. E. Zininierman, L. Singer, and B A. Thyagmt- 

jan, J .  Ani. Chem. Soc., 81,108 (1059). (b )  H. E. Zimmerman 
and L. Ahramjian, J. Am. Chem. Soc., 81, 2086 (1959). 
(c) H. E. Zimmerman and L. Ahramjian, Meeting of the 
American Chemical Society, Atlantic City, N. J., September 
1959; rlbst'racts (Organic Division), p. 1P; J. Am. Chem. 
Soc., 82, 5459 (1960). 

(6) K. S. Johnson, J. S. Belew, L. J. Chinn, and R. Hunt, 
J .  .Im. C h e m  Soc., 75, 4995 (1953). 

( 7 )  L. Claisen, Uer., 38, 708 (1905). 

pointed to the desirability of studyiiig the cou- 
trolling factors in this typical Darzeiis condensatiori. 

Table I shows that yields and relative amounts 
of I and I1 vary significantly with the base used 
and with certain of the conditions. As the chlorocin- 
namate I1 is not easily separated from the glycidate 
I by distillation, yields of I and I1 were cl-tlculated 

TABLE I 
V.~HIA'~IOSS I X  YIELI) OF GLYCIDATK I .\\I, C;Jlu)wclss,\- 

hi.wfi I1 - 
It :ttrio 

of 
Yields, 

( ilgci- Glyci- 
(late tlatr I ~- 

Espt,. Tirld, Cinnn- Sal- 
'h Inate 11 vent" KO. Hasr __-- --.--~-- 

1 1,ithiiini liydridr"-c .$!I 3 F; 
2 Sodium hydridr A I  7 1 . :  
3 I,it,hiiirn ethoxidr 85. 05 26, 1 3  E.\ 
4 Sodium ethoiitlc* 1 5 R R and 1% 
5 Sodiuni ctliosidc 4 9 11 I<:.\ 

13 IC.\ 6 Pot.assi\im ctliosidc ti3 
7 Tctr:mi:thylam- 

moiiium ethosidr 00 100 15.1 
8 Lithium f-butosided 62 
9 Potassium t-biitoside 71 12 E and TB 

io 'rR 

10 Potassium t-butoxide 61 130 T B  
11 Potassium &butoxided 77 45 TR 
12 Lithium t-pentoside 38 7 T P  

a E, ether; E-%, ethyl alcohol; B, benzene; TB,  t-butyl 
Iiitroduced as the solid. 

Reaction effected a t  room tcmpcm- 
alcohol; TP, t-pent,yl alcohol. 

t i re .  
Temperature 53-58". 
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from the refractive indev of distillate boiling in the 
range of I and 11. 

The validity of the analytical method is at- 
tested by  several facts: infrared spectra of the re- 
action mixtiires contained all of the bands of I and 
TI but no  others; the content of I1 calculated from 
the chlorine analysis of several samples having 
n relativelv high refractive index (high content of 
11) agrced reasonably well with the results pre- 
dicted from the rcfractive index, as qhon.n by Table 
T T ;  tran.s-a-chloroeinnamic acid v a s  isolated, after 
saponification, in 38% yicld from a reaction product 
~ \ h i c h  had a n  imusiially high content of 11 (Ex- 
pcriment S o .  1 of 'Table I), thus confirming that 
IT was indeed the contaminant. 

In general, the experiments in Table I were pat- 
terned after Experiment 10 although there were 
some T-ariations in  molar proportions of reactants 
and in heating prriods, as well as procedural varia- 
tions neccwitnted by the physical properties of 
the reactants. Threc conclusions appear to be 
justified by thc rrwlts: (a) The ratio of the yield 
of glycidqtc I to  that of cinnamate I1 i q  qtrongly 
influcnccd bv thc cation of the b a v  used. With the 
single exreption of thc anomaloiis lithiuni cthovide 
reaction, C\pcrirncnt 3, ail incwase in the size of 
the cation with a given anion reciilts in an increase 
in yield of the g l y d a t c  1 and an increase espccinlly 
i n  the yield of 1 rcl:iti~-c to that of IT (compnre 
Experiment 1 with 2 ;  3 vith G and 7 ;  8 n-ith 11). 
(b) The more polar solvents favor formation of the 
glyridxte (compare Evpcriment 4 with 5, 0 with 
10).  (c) A n  incrcaqe in temperature abow the 
uwal 0-5" increase.; the yield of the glycidate 1 
but has a greater effect on the yield-of cinnamate 
11, hence thc ratio of 1/11 decreases (compare 
Experiment 10 with 1 J ). 

T:iBLE I1 
PERCENTAGE O F  ETHYL (r-CHLOROCINKAMATE (11) I N  

SAMPLES O F  I ORTATSFXI U s r s ~  TIIFFEREKT I~ARES 

yo I1 Estimated from 
ny of Refractive Chlor& 

Base Sample Index Analysis 

~ _ _  

Tetramethylammoniiim 

Sodium ethoside (Espt. 5 )  
l i thium et.hosidc 
Potnssiiim t-hiitoxide 
Potassiiim c~t,hoxidr~ 
Sodium li~-dritic 
Jitliiium t-pent oxide 
Sodium ethoxide ( I h p t ,  4) 
Lithium hydride 

et hoside 1.5149 
I. 5164 
1.5166 
1.51'71 
1.5180 
1 .520X 
1 .5208 
1 ,525.5 
1,5303 

1 . o  1.4 
4.2 4 . 8  
4 . 3  5 . 4  
5 , s  i.0 
7 . 5  3 . 9  

11 I 7  
I.; 16 
28 20 
30 :3 1 

For syiithcsis of glycidate I, a fa~oruhle ratio 
to cinnamate 11 is more important than the actual 
yield. owing to the difficult ,wparation. Synthesis of 
I evidently is best achieved with potassium t- 
butoxide in t-butyl alcohol or tetramethylammo- 
ilium cthoxide in ethanol, nt 0-5'. Tetramethylam- 

monium ethoxide, apparently a novel bas e, 
obviates the hazard of using potassium; its prepa- 
ration is somewhat inconvenient, but might be 
possible in situ.8b 

Significant effects of cations have been observed 
in several reactions.8bsg-l3 The effects noted in 
formation of I and I1 can be explained satisfactorily. 
The first steps in the Darxens condensation seem 
analogous t o  those 'in the aldol condensation, with 
the halo ester forming an enolate which attacks 
the carbonyl component, forming a halohydrin 
anion. Ordinarily, the hnlohydrin anion loses 
halide ion and yields the glycidate. 

ClCH&O?CJH5 + B- --+ (ClCIICO&,H5) - + BH 

(ClCHCO2CzHj)- + C6HsCHO --f 
CaHsCH(O-) CHCICO?C?H, 

CeHsCH(O-)CHClC02CSH5 4 
CsHsCH-CHCOqC2H5 + C1- 

\ /  
0 
I 

Rallester3 suggests that just as an aldol loses the 
elements of water to  form an unsaturated alde- 
hyde,'* the halohydrin in the Darzens condensa- 
tion may form an unsaturated ester, in the present 
instance the chlorocinnamate 11. As the yield of 
I and the ratio of I : I1 are strongly influenced by 
the cation, the equations for the Dareens conden- 
sation should be understood to include effects 
dependent upon the metal ion. The differences 
among the cations used are essentially in the ionic 
radii and in the shielding of the positive nuclear 
charge. The halohydrin anions with different 
cations accordingly differ in the character of the 
ouygen-metal bond. The larger cations, forming 
a more nearly ionic bond, should tend to leave 
more nearly n full negative charge on the ouygen 
atom, therc1)y f:lcilitating rcar attack on the a- 
carbon atom with simultaiicoiiq cjcction of chloride 
ion to form glycidatc I. The sninller cations 
forming a more nearly covalent bond, should tend 
to prevent the internal Sv2 attack and faTor 
elimination to form the chlorocinnamate 11. 

(8 ) (a )  Tlw use of 1)rnzyltrimcthplammonium butoyide 
has bcen rcportrd. L. B. Barklev, U. S. Pat.  2,889,320; 
Chem. Abs tr . ,  53,22004 (1959). (b) Benzyltriethylammoniuni 
chloride and other ammonium salts have been used in solu- 
tions of sodium tbthoyide. AT. G. J. Beets and H. Tan Essen, 
Rer. trav. chiin., 77, 1138 (1958). 
(9) J. It. Johnson, 070. Renctions, 1, 237-210 (1942). 
(10) D. G. Hill, J. Rurlrus, and C. R. Hauser, J .  Am. 

Chcnz. Soc., 81, GO3 (1959). 
(11) C. R. Haiisrr and W. H. Putcrbaugh, J .  Am. Chem. 

SO<., 75, 4756 (1953). 
(12) D. .J. ('ram. F. Hxuck, K. R. Iiopecky, and W. D. 

Neilsen, J .  A n i .  Ckeni. SOC., 81, 5767 (1059). Ref. (7) of this 
paper coritairis other references to cation effects. 

~ ( 1 3 )  11. D. Zook arid W. L. Gumby, J .  Am. Chem. Soc., 
82, 1386 (1960). 
(14) For consideration of the loss of OH- in the aldol 

condensation, see D. S. Noyce and IT, I,. Reed, J .  A 1 v ~ .  
Chen.  Soc.,-81, 624 (1959). 



l'lic~ obmved e F f d  s of variation anlollg w11 ( ' 1 1  t 
are consistent. with thi.; explanation. Polar solvellts 
should solvate the ions more effectively and enhance 
the tendency of the osygen-metal bond to ionize, 
whereas nonpolar soh-ciit.: ihould favor formatioil 
of tight ion pairs. The unusual result obtained with 
lithium ethoxide in Evperimeiit 3 must find its 
explanation i n  similar considerationi. As this 1~11.: 

the only condensation in which the metal chloride 
did not prccipitato, pe rhap  the di-olved lithium 
chloride facilitate< ring cloiunc l ~ g  enhancing thc 
tendency of the lithium-oxygen bond to ionize 
through effect. ot association or of dielectric. 
constant. 

Although the results of Table I indicate that an  
increase in the reaction temperature by itself or 
the use of polar solvents a t  0' changes only the 
yield of glycidate and its ratio to 11, an additional 
product is formed by combination of the two con- 
ditions, or by the iwe of diethylene glycol dimethyl 
ether a t  0'. When benzaldehyde and ethyl chloro- 
acetate were coildenied in dry dimethylformamide 
using potassiuni f-butoxide at 2 7 O ,  the usual glyci- 
date, trans-I, was obtained in 29% yield with only 
a trace of 11, along with a large fore-fraction (54% 
yield). Redistillation of the fore-fraction gave 
several fractions with identical refractive indexes. 
This material gave an elementary analysis in ex- 
cellent agreement with expectation for the glycidate 
I. I t  had an infrared spectrum very similar to  that, 
of I as  ordinarily obtained, hut was resolved 
(barely) into two peaks by gas chromatography. 
When a sample of the trans isomer n.as injected 
with the material, the second peak on the chroma- 
togram was intensified, suggesting that one coni- 
ponent of the fore-fraction n-as trans-I. Further 
evidence that the fore-fraction contained trans-I 
was obtained by treating it with dilute sulfuric 
acid, saponifying the resulting glycol ester, and 
isolating thrco-P-phenylglyceric acid identical with 
the product formed under the same conditions 
from the commonly obtained trans-ester. Ail effort 
was made to identify the second component hjr 
cautious qaponification and fractional crystal- 
lization of the sodium salts. This procedure being 
ineffective, the salts were treated with p-njtro- 
benzylchloridc. Chromatography of the ester prod- 
uct gave two substances, but neither was obtained 
pure. As trans-I could not be converted to a p-nitro- 
benzyl eiter by the same prooedure, perhaps both 
esters resulted from thr wwnd component of the 
fore-fraction. 

The fore-fraction failed to form a 2,4-dinitro- 
phenylhydrazone, shon ing that the second com- 
ponent of the mixture was not the isomeric ethyl 
benzoylacetate or ethyl phenylpyruvate (the 
glycidate I rearranges to the pyruvate under acid 
catalpis) .* 

The analyiic of the fore-fraction proved it to be 
R mixturc nf iwmerc The narrrw range of boiling 

pnin i  :tiid i d i w t i \  e iiidcs, :~iid t h c b  i i ( ~ t : ~ I ) l ( ~  t l l i -  
frrence i n  refractive index from I strongly suggest 
that it is an azeotropic misturc. The m o d  probable 
i-onicr of I which is neither an aldehyde iior kctolw 
is ethyl cis-2,X-epox~-3-phc.uylpropai~o~~ tc> (czs-1) ~ 

a compound which apparently has not been rc- 
ported .\lthoiig$i (#is-T V:I* tint isol:itrri f r ( ~ n ~  t h c x  
mixture, its formatioil \ecms re;~soi~ahlc if  o11~ 
('ail assume that the higher temperature and polar 
Colvent must overlap-control i l l  the trniiiitioii 
qtatej to liecome lesq important. I t h  pre.encac c ~ r -  
taiiily is consistent with the similarity in  infrared 
spectrum and gas-chromntographic behavior of 
the fore-fraction and trans-I. 

An identical fore-fraction was formedI6 (28% 
yield) using tetramethylammonium ethoxide i n  
the polar solvent ethanol a t  the increased tempera- 
ture of 26'. trans-I also wa? isolated (54% yield), 
along with a trace of I1 (1% yield). 

Diethylene glycol dimethyl ether IS a promising 
solvent for reactions of carbanion*.I6 I t s  u\e in 
the Darzens reaction rewlted in much of the fore- 
fraction (30%) however, along with I (37%). 
It is noteworthy that only diethylene glycol di- 
methyl ether gave the presumed cis-glycidate at 
0 O .  

Another feature of the Darzens condensation, 
distinct from those diicussed above, is that straight 
chain homologs of acetaldehyde give poor results. 
The obvious explanation is that the aldehyde under- 
goes aldol condensation more readily than the Dar- 
zens reaction. If this explanation is correct, formal- 
dehyde might undergo effective Darzens condensa- 
tions since it lacks a-hydrogen atom<. In a test 
of this possibility, olving to the volatility of for- 
maldehyde and the reactivity of ethyl chloro- 
acetate itself' with bases, gaseous formaldehyde 
and potasiium t-butoxide were added simultane- 
ously to the chloro ester. However, ethyl 2,3-  
epoxypropanoate was obtained in a crude yield of 
only 7%. Generation of formaldehyde x\ithin the 
reaction mixture by the base-catalyzed decompo- 
sition of glycolonitrile increased the yield, but only 
to  177,. 
-45 aldolization could not have led to the un- 

promising reaction of formaldehyde, it was desir- 
able to determine whether aldolization is indeed 
reiponsible for low yields with homologous aldr- 
hydes. When propionaldehyde wa> condensed with 
ethyl chloroacrtate, ethyl 2,X-epoxypcntano~te 
resulted in a crude yield of _357c The reaction also 
gave aldol products (5470), as evidenred by physical 
constants, infrared analysis, and the presence of 
hydroxyl and carbonyl groups Inclusive of tar, 
all of the propionaldehyde used heemed to  be a(#- 
counted for. This result thuc demonstrated thnt 
aldolization is the principal cause of difficulty 

(15) JYe arc i n d r b t d  t o  Lh. C. L. (;lad\ s for this cuptri- 
ment. 

-- 

(16) H. D. Zook and T. J. Russo, J. i l m .  Cherrr. Soc..  8 2 ,  
1258 (1960). 



I\ it11 hoinologz of fornialdehyde. Seemingly, thrrc- 
fore, an  aliphatic aldehyde with no a-hydrogen 
atoms, but without the atypically active carbonyl 
group of formaldehyde, might give satisfactory 
Darzens yeaction. 

The a-carbon of 2,2-dimethyl-4-pentenal bears 
iio hydrogen at on19 Aldolization is prechlded, 
although steric hindranre a t  the carbonyl group 
unforturi:itcly is prezent. This aldehyde, condensed 
I\ i th  (.thy1 c.hlornncetate, gave ethyl 2,8-epox\r- 
~,-l-di~iic~th\~lhcpt-~i-cncoxte (17%) Ethyl ethoxy- 
ncvdate alw iewlted (?,4V0); as it was not found i n  
the previous reactioiis with benzaldehyde, the rate 
of condensation with the hindered aldehyde must 
be conqiderably slower. Cnconsumed aldehyde also 
resulted. 

Better results werr obtained with sterically 
hindered pivalaldehyde and a considerable excess 
of ethyl cihloroacctate. Ethyl 2,R-epoxy-4,4-di- 
methylperitanoate \vas obtained in a crude yield of 
W%, with 110 indicatioii of the formation of ethyl 
t-butouyacct:itc, thus suggedng  that fair yield5 
; I I P  ohtnin:thlc 11 hcii aldolizntioii is precluded, 
dcypitcl st cri{* hiiidr~iicc. 

I n  an effort t o  p rovid~ a more reactivc ester com- 
ponent. c o  that i he 1)arzciis coiideii,ation would 
competr more fa\.orably Ith iidc reactions wch 
as aldolizatioii, phciiyl chlorothiolacctatc~ waq 
usrd The a-hydrogcn a tomi  of this thiol ester pre- 
sumahly :ire morr acidic than thosc of phenyl 
cahloroacrtn t o l 7  Phc~iiylrhlorothiolacctate and hrnz- 
aldchydc, h o ~ i  m'er, gai-c 110 product n hich shoivcd 
a positivr test for epoxide with hydriodic 
Phenyl phenylthiothiolacetatr (111) wa5 the only 
ivdablc produrt (1 l(2) ; it probably nas formed as 
siiggcqtrd 1)y thc cyuatioiis 
('ICH C'(O)WfiH5 + C7HSOH 

CICHTC(O)OC-H~ + CfiH5SH 

CeH ST1 + ('ICH,C(O)hCbH, + 
CcH,SCH?C(O)SC,H, f HCI 

I11 

Thri qtriicture of the previously uiiknomn e<ter 
111 way suggested by saponification and confirmcd 
by indrpeiiclent qyrithe. ' 

E : X P ~ : f t I ~ l l ~ ~ S T . ~ L ' g  

EthJ.1 chloro:icct:it.c ( K:iy F'ricsa Chcmicals. Inc,, S e w  Tork, 
S. Y.: )/:>'I ,41!)2) wiis dried ovw :mhydroiis magiiesiinn sril- 
l:ite niid t1ic.n \viis considcrctl 1)rire rnough for tiirrct IISP. 
( ;Inss\varr \istvl in condensations \V:IS dried at 110' overnight, 
:~ssc.riit~lrtl whilc hot, and protcctcd from moisturc with cal- 
cium c*hlorid(~. I:nless othcr\$-ise indicated, in condensations i t  

( 1 7 )  11. JT-. Cronyn,  11. P. ChiinK, and R. .4. Wall, .I. 
:l I I I .  ( 'hem.  Soc., 77, W31 (1055). 

(18, (;. 1)arzcm. ('ouip. rend..  150, 1243 (1910). Hydriodic 
acid forms thc, e,@-lirrs:ttur:tted ester arid molecular iodin(., 
which imparts a yelloiv-lirown color to the solution. 

(19) Melting points itrr corrtJcted and boiling points are 
uncorrected. C, H,  Br, 8, and S analyses were by Galbraith 
I,aboratories, Knoxville. Teiin. Infrared spcctra were drter- 
mined rvith a >fod(ll 137 Pcrkin-E1nir.r instriinient 

solution of thc~ h s c  spccificd \vas added dropwisch with stir- 
ring to  a mixture of the aldehyde and ethyl chloroacetate, 
while the temperature was kept at 0-5'. After the further 
period of rcaction, if any, stated for each experiment, most 
of the solvent was removed by distillation under reduced 
pressure. The mixture was poured into water and the product 
extracted thrice Kith ether or benzene. The extract was 
washed with 83 t,iirwt.rd sodiuni birarI~onai,e (only if the reltc- 
tion mixture had I ) w n  acidificd), t h m  with aqueous sodium 
chloride solution; it was dried over anhydrous sodium SUI- 
fate, and largely freed of solvent by warming under reduced 
pressure. Distillation of the concentrat,r then was effected 
using, as specified, R Gin. Vigreiw column, a 18-in. X 6 4 "  
spinning-band column rat.ed a t  28 plates by the manufacturer 
(Xester and Faust, JVihnington, Del.), or a similar 36-in. 
x 10-nim. spinning-band column rated at 45 plates. Amounts 
of I and I1 were determined by adding the values of each 
obtained upon using a refractive index-composition plot 
with all fractions collected in the reported range of boiling 
point. 

Effects of various bases in formation of ethyl 2,3-eposy-S- 
phenylpropunoate (I). Benzaldehyde was purifiedz0 and dis- 
tilled under nitrogen into ampoules which were sealed until 
use. A large aliquot of the concentrate of reaction product, 
isolated as mentioned above, n-as distillcd; weights of prod- 
uct given refer to the nlisture of I and ethyl o-chlorocinna- 
mate (11) thus obtained: actual yields of I and IT, as given 
in Table I, were det,ermined from refractive index. 

In  the comparison given in Table I1 of ''% I1 Estimated 
from Chlorine Analysis," t,he chlorine content, of various 
t>yical fractions which contained I and I1 was determined by 
a modified Stcpnnow procedure Jsit,h a Volhard titration.*' 

( 1 )  T,ithii(in h!/rlride. Solid lithium hydride (2.4 g.; British 
Drug Houses, Lt,d., Poolr, England) IVRS suspended in 800 ml. 
of anhydrous cther and a mixture of 26.4 g. of benzaldehyde 
and 36.2 8. of cthyl chloroacetatc was added. N o  gas was 
evolved, rven after addition of 1 ml. of methyl :tlcohol. 
The mixture was heated to the reflux temperature (53-58") 
for 72 hr., after rrhich no further evidencp of hydrogen evolu- 
tion rvas discernible, and only trace amounts of hydride re- 
mained. The mass \vas poured into iced hydrochloric- 
arid to decompose any remaining hydride and was tlx- 
tract,ed as iisuill. Distillation (&in. column) gave 31.8 g. 
of protiucbt, b.p. 89-96' (0.5i3.5 mm.), ny 1.5246-1.3359 
!rcportcd4 h.p. of I, $6' (0.5 mm.). TI',," 1.5131; also6h.p. 168- 
172O (28  mln.), It?,: 1,5126\. 

In t h c  d(xmonstration that ethyl 1rnns-a-chlorocinnaniate 
(11) \vas presrnt' in roaction mixtures, the product from this 
t~xperimcnt w i a  ehoscn because of its predicted high content 
of 11. Distillate (3.6 g.) of a samplr with b.p. 94-05' (0.5 
mm.), n:: 1..5308, was saponified22 hy adding it to sodiiim 
(0.4 g.) in ahsolute ethanol (35 ml.)  and then adding n.atcBr 
(0.2 g.; more gave no additional prccipitate). The salt,s which 
precipitated were removed by filtration, dissolved in wat,rr 
and acidified. The glycidic acid dccornposed 011 warming, as 
widenced by  carbon dioxide evolution. Aftrr gas evolut~ion 
had crssrd, t h r  water \vas extracted with ether, and the ethw 
 as extr:rct'cd with sodium hydroxide solution. Aftcr acidi- 
fication of thc hasic Iaycr, and recrystallization of the pre- 
cipitntc from hexane, the rcwilting acid (0.36 g.) mc,lted at 
137.5-139' ( rcportcdZ3 lS9-130.5°). This rwovrry repre- 
s e n t d  :38S; of that predict4 to  he avnilahlr from th(, rrfrae- 
tivtx indcx of the estcLr niistiiri,. Further recrystallization r+ 
siilted in material of m.p. 180-140", undepressrd (mixtiire 
m.p. 139-140°) by authentic t,ans-a-chlorociniiilmic acid. 

(20) I,. F. Fieser, Esperivaents in Orgaa1'c Chsniistrv, 
2nd c d ,  I). C. Heath and Co., New York, 1941, p. 224. 

f2l j IT. T. Smith, Jr., and R.  L. Shriner. 7'he Examinat ion  
of .vcic Orgnnic. Compoitnds, JTiley, Yew York, 1956, pp. 
42-43. 

(22)  L. Claisen, Ber., 38, 703 (1905). 
(23)  C. D. Gutsche nnd M. Hillman, J .  Am. C h m .  Soc., 

76, 2236 (1954). 



The authentic sample \vas prepared by the following method: 
2,3-dichloro-3-phenylpropionic acid (m.p. 167-168.8') ob- 
tained from cinnamic acid and chlorine24 was treated with 
potassium hydroxidez5 to give a mixture of the cis- and 
trans-chlorocinnaniate salts. The salts were acidified and the 
acids dissolved in ammonium hydroxide. The trans isomer 
then was precipitated as the barium salt% and was converted 
t'o the acid (melting point' after recrystallization, 139-140"; 
reported2a 139-139.5'). The cstrr (11) was prepared by 
heating the acid (6.19 g.) in 33 ml. of ethanol containing 1.7 
ml. of concd. sulfuric acid; yield after distillation, 4.56 g., 
ng 1.5701 (reportedz6 1.5705). The refractive index-composi- 
tion plot, used in analysis of tho products described in cx- 
periments 1-15, was prepared using mixtures of I1 having 
n y  1.5701 with I obtained as in ( 7 ) ,  n y  1.5143; the plot was 
virt"11ly linear. 

(2) Sodium h?/dride. A mixtiire of 26.8 g. of benzaldehyde 
and 37.2 g. of ethyl chloroacc,tat,c was ndi1c.d dropwise diiring 
1.5 hr. to 1:3.5 e;. of 53.87, sodium hydride-in-oil dispclrsion 
(Metal Hydrides, Inc.)  in 150 ml. of r thrr .  Evolrition of hy- 
drogen was steady aftnr n short indiiction pcriod. After a 
heating period of 1 hr. on a steam bath, thr niass was cooled, 
acidified, and treated as usiial. Distillation of 927; of bhe ex- 
tract (6-in. column) gave 30.8 g. of material, b.p. 100-105.5° 
(0.5 mm.), nzg 1.5175-1.5280. 

(3) Li th ium ethozide. A sollition of 2.08 g. of lithium in 400 
ml. of absolute ethyl alcohol*7 was added to 26.0 g. of ben- 
zaldehyde and 37.1 g. of ethyl chloroacrtntse dririnq 1.5 hr. 
Because of the large volume of pthT.1 alcohol and the mnrkrd 
solub F t y  or  lithium chlor de, the reletion remained homo- 
geneous throughout,. ( In  all ot'hpr condrnsations, the metal 
chloride prrcipitated in the early , d a w  of rcnction). The 
removal of the larqe escrss of solvent' mqiiired more time 
than usual; therefore the usual pcriod of stirring after com- 
pletion of addition of the base was oniitt,wl. Distillation 
(6-in. column) of 95% of the rstract  c a w  39.8 g. of prodnct, 
b.p. 87-94" (0.9-1.6 mm.), n y  1.5145-1.5175. (This experi- 
ment gave the values of 857, in yield and 26 in ratio listed in 
Table I). 

Repetition of the experiment, except with equimolar 
amount's (0.34 mole) of the reagmta, PRVP 46.7 9. of product, 
b.p. 90-9Go (0.20-9.35 mm.),  n2: 1.5169-1.5207. 

( 4 )  Sodiicin ethoside in ether-benzene. Dry sotfirim ethoside 
(20.9 g . )  mas added (2.5 hr.) in small portions to 31.8 e. of 
benzaldehyde and 36.2 g. of ethyl chloroacetate. hftcr about 
one third of the base had been added, the reaction mass mas 
viscous and 200 ml. of 3: 1 ether-benzene was added. After a 
heating period of 3 hr. on a steam bath, the mistrrre vas 
acidifird and extracted as usual. Distillation (%-in. colnmn) 
gave 30.2 g. of product, b.p. 134-139' (3 .5  mm.), n*,i 1.5189- 
1.5282. 

( 5 )  Sodium ethoside in ethanol. .4 solution of sodium eth- 
oxide containing 7.5  g. of sodium in 125 ml. of absolute 
ethanol?' mas added during 2 hr. to 31.8 p. of benzaldehyde 
and 36.2 g. of ethyl chloroncetat'e. Stirring was continued for 
90 min. more while the mixtiire n.as heated on a steam hath. 
The mass was acidified and extracted. Distillation (36411. 
column) gave 30.9 g. of product, b.p. 98-102' (0.7 mm.) 
n'; 1.5141-1.5255. 

(6) Potassium eth,oxide. A solution of 10 g. of oside-free 
potassium in 100 ml. of absolute e t h a n ~ l ~ ~ n ~ i s  added to 26.0 g. 
of benzaldehyde and 29.6 g. of ethyl chloroacetate over 1.5 hr. 
The mass vias stirred an additional 1.5 hr. and acidified. 
Distillation of 91% of the ether extract (6-in. column) gave 
28.5 g. of product,, h.p. 91-93" (0.18-0.39 mm.), n?," 1.5153- 
1.52 12. 

(24) E. Erlenmever, Ber., 14. 1867 (1881). 
(25) J. J. Sudborough and T. C. James; J .  Chem. Soc., 

89,  107 (1906). 
(26) E. Walker and T. C. James, J .  Chem. Soc., 115, 1243 

(27; i  Prcpnred iwing the phthnlate method as described in 
(1919,. 

It(-fcrcnce XIo, p. :<.j:). 

( 7 )  2'etratriethylam?ikonium ethoxide at 0-6". 'rctr:mlctliyl- 
ammonium chloride (30.2 g., dried in an oven a t  110") in 300 
ml. of absolute ethanolz7 mas added to 6.33 g. of sodium in 
200 ml. of ethanol.*' The mixture was slloned to stnnd ovcr- 
night, and sodium chloride was removed by rapid filtration 
with minimum exposure to the atmosphcrc. This scilution 
was added Tithin 1.7 hr. to 28.0 g. of l~enzald!~liycl!~ znd :? 1..4 
e;. of et'hyl chloroacetate. :ift,er 1 hr. :it 25", ~ ~ ~ ~ . r ~ ~ ~ i i ~ ~ t l ~ ~ ~ l : i ~ ~ ~ -  

monium chlorido was sep:ir:Lted hy fiit,r:itiou : m i l  tiic :~1cohoI 
removed. After the iisiral ext.raction, tlistiilntion (6-in. 
column) gave 30.83 g. of prodiict, 1 j . p  95-!)X" (o . - l5  4.65 
mm.), n': 1.5131-1.5154. 

(8) Lifhiwn t-butoxidc. Iithiiun (1.8 g.) u.xs lirntc~(1 i r i  

:ibout 200 nil. of refluxing dry t-t)ut,yl alcoholG iri1dt.r 1iiti.o- 

pen. Since the butoxide was spariiinly ~ o h i t i l ~ ~  a i d  forrncd :L 
fine suspension, the system was stirred contirir!ously t80 prc- 
vent coating of unreacted met,al. h mixture of 25.4 g. of 
hcnznlclchydc and 30.6 g. of ethyl cliloro:icrbt:it !: 1v:is : i t l t fe t l  
dropnise to the susprnsion during 1 lir. a t  23-:30'. .if'ti.r 1 hr. 
more of stirring, solvent was rc.niovc:tl and the rc,,-idrie rx- 
tracted and washed as usual. L)istill;ition (&in. coliunn) of 
01% of the extract gave product (24.21 g.)  11:xvirig :I b.1~. of 
107-llGo (0.8-1.0 nim.), 13:: 1.5176-1.5240. 

(9) Pofassiun~ t-birtositle at 0" i,t ciher.  Oriiic-fri~c potas- 
sium (7.5 g.)  mas dissolved in 200 nil. of dry f-lnrtyl alcoliol 
at' the reflux temperature. This solution w:is addrtl drop1vise 
to 21.0 g. of benzaldehytlc and 28.4 g. of etliyl cli1oro:icetnte 
in 250 ml. of dry cthcr during 1.5 hr. Thc. niixtl1rv !vas alloivcd 
t,o stand overnight, a t  23' and af t r r  the usrinl oxtr;ic.lii~n, 
distillation (36-in. column) gave 24.3 g. of proiliict, b.1). 
101-131" (1-3 mm.), nzI: 1.5141-1,,7252. 

(10) Potnssizim t-biifOr;fff? a/ 0" in  t-btctyl nkohol .  In 
essent.ially tlic procedure of Johnson and co-vorlicrs,G 9.6 g. 
of oxide-frw potassium in 260 ml. of dr). t-hutyl alcohol was 
added dropwise to 2.5.5 g. of benzaldehyde and 29.5 g. of 
ethyl chloroacetate over 2.5 hr. under nitrogrn. Tho mixtiire 
was stirred an additional hour at 25". $lost of the t-butyl 
alcohol was removed and the residue \vas extracted xith 
e ther. 

One portion (44%) of the extract ivns washed with salt 
solution as usual, dried and distilled (Gin. coliinin); yield, 
12.8 g., b.p. 112-119" (1.8 mm.), n*: l.FjlR3-1 5158. 

A second port,ion (449',) of the ether extract mas washed 
with dilute sulfiiric acid and sodiurn carbonate solution and 
then treat,ed as before. As the product woighed 12.4 g. and 
had a b,p. of 112-120" (1.5 mm.), n'i 1.5130-1.5152, there 
was no advantnge in using the acid vash, vhich has been 
recommended. 

(11) Potnssiicm t-bictozide at SO" i n  f-butyl alcohol. Rep- 
etition of Experiment 10 a t  29-31' n i th  4.7 g. of potassiuln 
in 100 ml. of t-butyl alcohol, 12.7 g. of bcnzaldchycie, and 
14.7 g. of ethyl chloroacetate gnvc 18.1 g. of product; b.p. 
114-117" (1.9-3 mm.), n2: 1.5189-1.6183. 

(12) Lithium t-pentoride. A sollition of 2.0 g. of lithirim in 
200 ml. of dry t-pentyl alcohol \vas added dropnise during 1 
hr. to 26.9 g. of benzaldehyde and 37.2 g. of ethyl chloro- 
acetate. After an additional 45 min. of stirring a t  O 0 ,  thc 
mixture mas heated for 1 hr. on a steam hnth and was ex- 
tracted. Distillation of 87y0 of the extract (6-in. column) 
gave 19.1 g. of product, b.p, 95-114" (0.3-0.5 mm), n,'); 
1.5193-1 5305. 

(13) Poiassium t-bictoxide at 27' in di,,zelh?iljori)Lamide. 
Dimethylformamide was dried liy adding benzene and dis- 
tilling, followed by shaking with barium oxide, removing thc 
solid by filtration under nitrogen, and distilling m d e r  rr- 
dnced pressure (ny  1.4283). .2 solution of 10.3 g. of pot:tssiiiili 
in 250 ml. of dry t-butyl alcohol \vas added dropLvise to  %.(i 
g. of benzaldehyde and 31.3 g. of ethyl ch1oro:icc~t:ltc i i i  l i N 1  
nil. of dry dimethyl-formamide at 27" during 2 hr. .Z!'lc,r 
removal of the solvent and estraction, tn-o ni:tjor fr:xctiolis 
resulted upon distillation through the 18-in. column. ' L ' h ~ ~  
second fraction, A, consisted of 13.5 g. of the glyc*id:ilc, I 
(29y0 yield) and the cinnnmate I1 (0.37, yirld), b.p. 7ti..;--S()" 
(,0.4 mni.), n v  1.5147-1.5148. Fraction B, thc forc-!'r:cctiw, 



corlsisted of 24.8 g. (54% yield, assuming B to be a purc iso- 
mer of I )  of material b.p. 76-96" (0.4-1.3 mm.), ny  1.5091- 
1.5117. 

Redistillation of B gave material of constant refractive 
index, nzl: 1.5097, b.p. 78.5' (0.6 mm). 

i lna l .  Calcd. for CllH1203: C, 68.73; H,  6.30. Found: C, 
69.24; H ,  6.65. (Better results were obtained B-ith an identi- 
cal product, from espcriment 14.) 

Gas chromatogr:iphy of B on a 4.5 mm. X 3 ft. colnmn 
containing "Craig Polyester Succinate" (Wilkens Inst. and 
Rcsearch, Inc., K d n u t  Creek, Calif.) a t  155', helium flow- 
r:tte 55 nil./min., showed the presence of two components 
(rrtrntioii tinies 20.0 and 22.0 min.). Admixture of trans 
glycidate I caused an increase in relative intensity of the 
second peak in the chromatogram. The fact that  trans-I 
gave only a single pcak under the usual conditions shows 
that  the second pcak was not produced by rearrangement or 
other reaction of the trans-I.  Trcatment of 7.62 g. of B with 
307, su1fu:ic acid according to the procedure of House and 
Dlaker,28 followd by saponification of the resulting. glycol 
rster, gave an oil which was crystallized from chloroform- 
isopropyl alcohol (0.34 g., 5% assiiming starting ester to  be 
pure trans-glycidate I ;  m.p. 132.5-136'). After several re- 
crystallizations from ether-hexane, the acid had a m.p. of 
140-141 ', undepresscd by authentic threo-~-phenylglyceric 
acid prepared from trans-I in 12% yield (reported,z8 m.p. 
141-142°). The infrared spectra of the two acids were identi- 
cal and showed strong ahsorption at 3500 cm.-* (hydroxyl). 
Attempts to isolate a second acid from the liquors from B 
were unsuccrssfui. 

A portion of purified B (9.5 g.) \vas saponified bv the Clai- 
son procedure,?? which gave 9.0 g. of the sodiiim salts. 
Fractional crystallization of the salts in ethanol provided no 
wpar:ition; thcrrfore a 6.5-g. aliquot, was dissolved in 10 nil. 
of watcr and 20 ml. of ethanol, and 6.5 g. of p-nitrobenzyl 
chloride  vas added. The mixture was heated under reflux 
for 2 hr., cooled, diluted with water, and the oily solid (7.7 
g.) chromatographed on acid-washed alumina. The original 
chloride (1.0 g.) was recovered along with tvio esters; the 
fir3:t had a m.p. of 95-06" after recrystallization (2.7 g.); 
thr  second (1.8 g.) resisted crystallization but finally gave a 
solid with a m.p. of 85-87'. Xeither ester was obtained an- 
alytieillly pure. .lt,tempts to prepare the p-nitrohenzyl ester 
of trans-I for comparison purposes were unsuccessful. 

(14) Telramethyla,,imoniuin ethozide at 66" in ethanol.15 
Tctramcthylammoniiim ethoxide was prepared on a large 
w:de in the folloxing manner. Dry tetramethylammonium 
chloride (114 g.) was dissolved in 1100 ml. of absolute eth- 

and 23.3 g. of sodium in 700 ml. of absolute ethanol*' 
was added. The sodium chloride was allowed to sett,le (2  
hr.)  and t,he solution was transferred to  a dropping funnel 
through a bent gl:tss tube by means of nitrogen pressure. 
The sodium chloride was vashed with two 100-ml. portions 
of alcohol and the washings were transferred to  the dropping 
funnel. (Titration with standard acid indicated that less 
than 175 of the base remained in the flask.) This solution was 
added to 106 g. of benzaldehyde and 127.5 g. of ethyl chloro- 
acetate over 3.5 hr. at 25-26'. Distillation (36-in. column) 
provided 53.1 g. (28% yield) of fore-fraction, b.p. 100-105" 
(1.2 mm.), n:; l.Fi101-1.5128 and 105.8 g of trans-I (54% 
yield) and I1 (1% yield), b.p. 105-110' (1.2 mm), n'r;" 
1.5142-1.5159. Redistillation of the fore-fract,ion provided 
material identical (infmred spectrum) n-ith B in Experiment 
13, ny 1.5098. 

Anal .  Calcd. for CIIHl?O:: C, 68.73; H, 6.30. Found: C, 
68.63; H, 6.31. 

(15) Potassiicm t-butoxide at 0' in diethylene glycol di- 
methyl ether. .A solution of 17.9 g. of potassium in 400 ml. of 
dry t-butyl alcohol was added dropwise over 2 hr. t o  42.0 g. 
of benzaldehyde nnd 56.0 g. of ethyl chloroacetate in 250 ml. 

(28) H .  0. House and J. W. Rlaker, J .  Ana. Chem. SOC., 

(29)  W. Rigby, J .  Chem. floc., 2452 (1956). 
80, 6380 (1958). 

of dry cliethyleno gl~.col dimethyl ether (distilled from cal- 
cium hydride) a t  0-.5". l~isti l lat ion gave 23.0 g. (30% yield) 
of the fore-fraction B, b.p. 91-96.5' (0.45 mm.), n'; 1.509i- 
1.5112; and 28.8 g. of trans-I (37% yield) and I1 (1% yii,ld), 
b.p. 97.5-99' (P.5 mm.), nyl.5151-1.5193. A portion of the 
fore-fraction (,by 1.5097) had an infrared spectrum identical 
with that  of B from Experiments 13 and 14. 

Preparafion of ethyl ~,S-epozypropniionts.  ( a )  From form-  
aldehyde. '1 flask containing 28.2 g. of ethyl chloroacetatc: 
was fitted with a stirrer, a dropping funnel containing 9.2 g. 
of potassium in 200 ml. of dry t-but,yl alcohol, and a pressure 
valve (a tube immersed 2 cm. in mercury). A connecthg 
flask contained 14 g. of me11 dried paraformaldehyde, vhirti 
was decomposed with a soft flame a t  such a rate that  occa- 
sionally a bubble escaped through the safety valve. Rlean- 
while, the base was added dropwise during 1.3 hr. while the 
reaction mixture was stirred in an ice bath. The ice bath then 
was removed, formaldehyde added for 15 min. more, and 
the product isolated as usual. Distillation of the concentratr 
(6-in. column) gave a middle fraction with a b.p. of 59-90' 
(15.6 mm.), n',j 1.4146-1.4188, ivhich gnve apasitive test for 
epoxide with hydriodic acid.'* Redistillation (18-in. column) 
gave 1.8 g. (7%) of crude ethyl 2,3-epoxypropanoate of 
b.p. 67-97' (28 mm.), n y  1.4124-1.4186 (reportedN b.p 
72-73' (26 mm.), ny 1.4150). 

(b) From glycoloniiriie. A mixture of 9.5 g. of glycoloni- 
trile31 and 19.F g. of ethyl chloroacetate was added drop- 
wise within 1.5 hr. to R solution of 13.0 g. of potassium in 300 
ml. of dry t-butyl Rlcohol and 50 ml. of dry ether a t  0-5'. 
The mixture was allowed to  stand overnight and t'he precip- 
itat,ed salt (24.5 g., 1067, of theory of potassium chloride 
and potassium cyanide) was removed by filtration. DiPtilla- 
tion (18-in. column) gave 3.1 a. (17% yidd)  of ethyl plyci- 
date with a b p  of 66-78'' (10-13 mm.) and n*G 1.4157- 
1.4181, which gavr a pwitive test for epoxide,'E and negative 
test for chlorine and nitrogen (sodium fusion). 

Eth?/lZ,hPpo~upentnnonre. Potassium (11.4 g.) in 250 ml. of 
drv t-butvl alcohol was added dropwisp over 2.2 hr. to  16.9 g. 
of propionaldehyde (redistilled) and 35.7 g. of ethyl chloro- 
acetate. After the usual treatment, distillation (18-in. 
column) gave, along with 4.7 g. of tarry residue, essentiallv 
two fractione: fraction C (10.4 B.. 25% if  all were the glyci- 
date), b.p 48-49' (15-16 mm.', n'," 1.4177-1.4224; frnrtion 
II (9.2 E,, 54% if  all were aldol-typp products), b.p. 9Q-116' 
(4-16 mm.), n'," 1.4.729-1 4478. Redistiliatiorr of C gave 4.9 g. 
(12%) of ethyl 2,3-epoxvpentanoate, b p. 76-84' (14-16 
mm.), n'," 1.4214-1.4225 (reported30 b.p. 80" a t  15 mm., 
ny 1.4176), which gave a positive epoxide test. Redistillation 
of D gave 6.03 g. of aldol material, b p .  38-100' (0.6-2 
mm.), nzG 1.4390-1.4596 (reported32 b.p. 94' a t  20 mm, 
ny 1.4380-1.4500). This material gave positive tests for 
hydroxyl (pernitratoceric acid33) and carbonyl (2,4-dinitro- 
phenylhydrazine). The infrared spcctrum (which showed a 
number of feature& in common Kith that ot distillcd propion- 

showed hydroxyl absorption (3550 cm.-l); double- 
bond absorption developed (1625 cm.-l) aftrr treatment of a 
sample with 857& phosphoric acid. Fraction C (if considcrrd 
pure glycidate) would .sccount for 4.2 g. of the starting alilc- 
hyde. Fraction D would account for an adciit,ional 9.2 F., 
leaving 3.5 g. to be accounted for in the tarry rrsidiie. This 
balance, however, does not account for  all the chloro estcr. 

(30) D.  L. MacPeek, P .  S. Starcher, and B. Phillips, 
J .  -4m. Chem. Soc., 81, 680 (1959). 

(31) Prepared bv the procedure of R. Gaudry, Org. S p -  
theses, Coll. Vol. 111, 436 (1955). 
(32) A. T. Nielsen and E. B. IT. Ovist, J .  .Im. Chem. Soc., 

76, 5165 (1954). 
(33) F. J. Smith and E. Jones, A .  Scheme of Qualitative 

Organic Analys i s ,  Blackie and Son, T2td., London, 1953, p. 
77. 

(34) V. Grignard and P. .%l)elmnnn, Bdl .  soc. chzm. 
France, (4) 7, 638 (1910). 



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 mist~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 mole 1 in 
f-hltyl alcohol was 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 greasy 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'. 
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The Darzens Condensation. I. Reaction of Chloroacetamides 
with Acetone and Cyclohexanone 
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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 


