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Anal .  Calcd. for C25H220: C, 88.72; H, 6.55. Found: C, 

The infrared spectrum (chloroform) of this substance of 7810. 

The ultraviolet spectrum (ethanol) shows a single absorp- 
tion maximum at 268 mp with a molar extinction coefficient 88.67; H, 6.58. 

shows absorption a t  1677 cm.-l assignable to  the conjugated 
carbonyl group. URBANA, ILL. 
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Isopropylidene malonate undergoes condensation with formaldehyde, acetaldehyde and benzaldehyde in dimethylforma- 
mide a t  room temperature with no added catalyst to  give the corresponding aldol-Michael products in excellent yields. 
The condensation of isopropylidene malonate with other carbonyl compounds is also discussed. 

Isopropylidene malonate (I) contains a methylene 
group of unusually great acidity and an ester group 
that undergoes hydrolysis under extremely mild 
conditions. These features make it appear an at- 
tractive alternative to malonic ester as a reagent 
for the synthesis of compounds containing very 
sensitive functions that might be altered under the 
conditions of the ordinary malonic ester syntheses. 
Some reactions of the reagent I with carbonyl 
compounds and alkyl halides have been reported'-' ; 
in this paper several new aldol and Michael con- 
densation products of isopropylidene malonate and 
of the similar ester, benzylidene malonate* (111) 
are described. 

Although the structure of isopropylidene ma- 
lonate (I) has been proved conclu~ively,~ benzylid- 
ene malonate has been regarded8*$ as a carboxy-/?- 
lactone as recently as 1954, this formulation being 
patterned after the "Meldrum's Acid" structure 
originally suggested'O for I. To make certain that 
I11 is the analog of I, its infrared spectrum was 
examined; the absence of carboxyl bands confirmed 
the structure 111. 

Condensations of I with aqueous formaldehyde, 
with acetaldehyde, and with benzaldehyde, all in 
dimethylformamide (DMF) a t  room temperature 
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and with no added catalyst, gave nearly qunntita- 
tive yields of the aldol-Michael products 11. The 
product I Ib  from acetaldehyde was also obtained in 
moderate yield from crotonaldehyde, obviously as 
the result of the occurrence of a reverse aldol reac- 
tion. Benzylidene malonate and formaldehyde also 
reacted readily to form the product similar to IIa.  
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b. R=CH,  
C. R = C6H5 

IIa. R = H  

When the reaction of benzaldehyde and iso- 
propylidene malonate was carried out in dimethyl 
sulfoxide (DMSO) or glacial acetic acid, a mixture 
of the aldol-Michael product (IIc) and the un- 
saturated (aldol) product, isopropylidene benzal- 
malonate, was formed. These solvents evidently are 
less favorable to the Michael reaction than is 
dimethylformamide. The same solvent effect also 
\vas noted in the reaction of isopropylidene malo- 
nate with the less reactive aldehyde, p-nitrobenzal- 
dehyde. With this conibiiiatioii in dimethyl 
sulfoxide only the unsaturated product, isopro- 
pylidene p-nitrobenzalmalonate, was obtained 
(74y0), but iii dimethylformamide a mixture of 
this substance and the Michael product formed. 
In  dimethylformamide cinnamaldehyde reacted to 
form only the aldol product, isopropylidene cin- 
namalmalonate (82Oj,). It is interesting that in this 
experiment, unlike that with crotonnldehyde, there 
was no indication of thc formatioil of products re- 
sulting from a reverse uldol reaction. 'Ylie renction 
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of benzaldehyde and benzylidene maloiiate (111) 
in dimethyl sulfoxide afforded the unsaturated 
product, benzylidene benzalmalonate. Benzylidene 
benzalmalonate was also obtained as a by-product 
in the reaction used to prepare benzylidene malo- 
nate. 

Reactions of isophtlialaldehyde and terephthalal- 
dehydc were of inlerest because of the several 
possible reaction courses with such bifunctional 
aldehytles. I n  dimethylformamide, isophthalalde- 
hyde yielded only one product, triisopropylidenc 
~ I L  - (p,p,p',p' - isopropyl) - p,p - styrenehexa- 
carboxylate (IV), resulting from aldol reaction a t  
one aldehyde function and both aldol and Michael 
reactions a t  the other. In  each of several experi- 
ments in which the molar ratio of isopropylidene 
malonate to isophthalaldehyde was varied from 
4 :  1 to 2 :  1, only IV was isolated; however, the crude 
products from runs rvith molar ratios of 3:  1 and 2: 1 
were apparently less pure and may have contained 
some of the other possible products, including V. 
IVith diniethyl sulfoxide as the solvent and a 2 : l  
molar ratio a product that was insoluble in aqueous 
potassium carbonate (in which Is' is soluble) mas 
obtained in poor yield. The infrared spectrum indi- 
(sated this material to be principally diisopropyli- 
dcne isophthalaldimalonatc (V), but a pure sample 
I V ~ S  riot ob tained. 

0 0 
v 

' Y t ) ~ t t i ) i i i  Iialdtlcliytlc 1 1 1  tlriiieth~lforiii;Lnlidc d s o  
r~~wf ctl to forin tht: product (VI) resulting from a 
tlouble aldol reaction and :t single Michael addition. 
11 \ w s  obtaiiied in excellent yields with molar 
rallos of 3.3 : 1 to 6: 1 of isopropylidene malonate to 
t hc aldehyde, and no evidence of the formation of 
1 1i(~ double IIichac! addition product was observed. 
'l%e substance T'I proved quite unstable with re- 
sI)ect to thc reverse Michael reaction leading to 
IW. Llttenipted recrystallization of 1'1 in warm 
aqueous acetone or in cold aqueous acetonitrile 
gare bright jdlon- crystals of J?I, identical with 
samples prepared in poor yield from isopropylidene 
malonate and terephthalaldehyde (2 : 1) in dimethyl 
sulfoxide. 

The failure to obtain the double Michael product 
from isophthalaldehyde might be attributed to 
steric interference of the two bulky substituents, 
c'i e11 in the ioelu pobition to encdli other. LIodcls indi- 
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cate that  the interference would be substantial. 
Rowever, the same explanation is not applicable to 
the para isomer. The apparently greater tendency 
of V I  to undergo the reverse Michael reaction, as 
compared to  IV, probably results from the forma- 
tion of the more highly conjugated system in TII, 
as compared to V. 

Since acetone was used in working up some of the 
crude products it was desirable to  learn whether i t  
reacts with isopropylidene malonate under mild 
conditions. KO reaction was observed in dimethyl- 
formamide, but with acetone itself as the solvent 
and in the presence of piperidine and glacial acetic 
acid, condensation occurred to give isopropylidene 
isopropylidenemalonate in 58% yield. This product, 
like the cyclohexanone condensation product,6 
readily underwent a reverse aldol reaction. 

CH>O+=[:.+CH+ 9 >( 

EXPERIi?lENTAL'1-13 

Isopropylidenc inalonate was prepared according to the 
procedure described by Davidson and Bernhard' aud bcnrry-1- 
idene malonate by t'liat of Michael and U'einer.* 

Diisopropylidene nLetliylenediinnlonate ( I Ia) .  A solution of 
14.4 g. (0.1 mole) of isopropylidene mnlonatc and 4.05 g. 
(0.05 mole) of 377, aqueous formaldehyde in 40 ml. of 
dirnethylformamide was allorved to stand a t  room tempern- 
ture. Crystals began to deposit a t  tlie end of 1 hr. After 2 hr., 
25 nil. of water was added. Tlic inivtiire \vas cooled, filtered 
and washed well with cold water to give 14.2 g. of diisopropyl- 
irlerie InsthylPnedimalonate, m.p. 133-146° dcc. A scconti 
crop (0.4 g. ) fornied in the filtrate. The total yield was 14.0 
g. (9'7%). The product was dissolved in :icetone and repre- 
cipitated by adding twice t,hc volume of cold w:tter. A second 
such purification gave the analyticxtl s:iml)le, m.p. 144.5- 
146" dec. 

Anal. Calcd. for CI3Hl6OS: C, 52.00; H, 5.37. Found: C, 
52.00; H, 5.44. 

11-hen equimolar amounts of isopropylideiie iiialonate and 
fornialdehyde were used, only a clcnr gum was obtained. 

niisopropyhdene cfh,ylirEener/inialoirale ( I Ib) .  Ai. .4cetcilde- 
hiyde condenscition. -4 solution of 0.25 g. (5.7 mmoles) of 
acetddehyde and 0.8 g. (5 .6  rnmoles) of isopropylidenc 
malonate in 4 nil. of dirncthylformamide was allom-cd to 

(11) All melting points were taken on a Kofler micro hot 
stage unless otherwise specified. 

(12) The infrared spectra were determined by P. hIc- 
Mahon and his associates with a Perkin-Elmer model 21 
double beam recording spectrophotoiiieter equipped with 
sodium chloride optics. 

(13) The microanalyses were performed by J. Nemeth, 
hlrs. Ruby JII, Miss Claire Highnm, Mrs. A.  S. Bay, nnd 
Miss .Jane Liu. 
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stand a t  room temperature for 3.5 hr. The reaction mixture 
was poured into cold 5% sodium bicarbonate solution, fil- 
tered to remove a small amount of undissolved material 
and acidified to cause precipitation of a ivhite solid. Filtra- 
tion and drying yielded 0.86 g. (98(,;) of crude 1111, m.p. 
115-120' dec. Purification accomplished 1)y pouring an 
acetone solution of t'he crude product into cold water 
afforded nearly pure I Ib  which began to decompose a t  150". 
The infrared spectrum of the purified product was identical 
to that of the analytical sample prepared from crotonalde- 
hyde (see part B). 

B. Crotonaldehyde co?arler~sution. 9 solution of i . 2  g. (0.05 
mole) of isopropylidene m:Jonate and 0.88 g. (0.0125 mole) 
of crotonaldehyde in 1.5 nil. of \\-ater and 20 nil. of dimethyl- 
forniamide was left a t  room temper:tture for 6 hr. Addition 
of cold water to the reaction mixture caused thr  formation 
of a precipitate. The precipitate was collrcted :ind dried to 
yield 5.35 g. (67'3G) of crude IIb, m.p. 14T-150" dec. 
Rrcrystallization from acetonc-water aftordetl t,hc analytical 
sample which nielt,ed Jvith decomposition starting a t  155". 

.\rial. Calcd. for ClrHl&: C, 53.50: 11. 5.77. Found: C')  
53.15; €I, 5.85. 

I>i,soprop,yliclene be t i s ! / l i t l en~d i l t i a~o~o te  (IIc). A solution of 
1.31 g. (10 mnioles) of isopropylidene ninlonatc~ : i i i ( I  I .0(i 
g. (10 inmoles) of h~:riz:ildchytlc in 5 mi. of diint~tli~-lforiii~i- 
midr drposit,cd :L f ew cryst:& \vithiii 5 lir. at i ' i w n i  tcmpera- 
ture. The eiitire reaction mixture was pounail iiito 10 nil. 
of cold water. The resultirig precipitate \\:is tilt cwd. ivaslird 
\\-ith \\-ater, and dried to yield 1.75 g. ( % 3 (  ( ) of c.riidi~ I l i * .  
I~ecrysta1liz:ttion from dimeth?.lformmnide-water, followetl 
t)y trituration in rc,fliixing : iwto i i r .  gavc' the analytical 

. l nu l ,  Calcd. for CYsH?rOa: C, 60.63, H, 5 36. Foiiiid: 
(', 60.45; H, 5.15. 

IJfbetiayiidene ?trelh,ilenpriz'//ialorinle. .I solution of 0.08 g 
( 5  nimolr~s) of benzylidene midonate (111) and 0.21 y .  ( 2 . 6  
niniolrs) of 3Tc,i, tlqiieous fornialdehyde in 10 nil. of ti i-  
iiic,th?-lformaniide w:ts left at room tc.mprrnture for 5.25 hr. 
Cold \\-:iter \\-as added and :L gummy \\-hitc. precipit:itt? 
formc~cl. Thc precipitatv was eollectcd and purified by  dis- 
solving i i i  acetone aiid tiddiiig water to give 0.57 g. (5SC/,) of 
tliht~tizylitlcne methylenedinialonat(j, 1n.p. 203-207" drc. The. 
prodiirt w:ts soluble in 55% sodium bicitrbonate solution. 

I.soprop~/liderie benzalviulo7iat~. A. With dinzethul sidjozide 
( I S  solwni. 1i solution of 1.06 g. (10 niniole) of tienzaldehyd~ 
:iiitl  1 .+I g. (10 niriioles) of isopropylidf.iie nia1oii:itr in ,i nil. 
01 cliiiir~thyl sulfoxide \\-:IS ;illo\rrd t o  stand at room teinprrii- 
i,iir(! for 18 hr. P'iltration of the, reartioil mistiir? ).ieldctl 0.7.5 
g. ( 4  1 ";,) nf 11(*. iii.1). 155' ckr. IVatvr w:is addrtl to t'hl 
filtrate, aiid the resultirig prwipit:tti; I\ as  c o l l c ~ t t d  :mtl t,ri- 
turntcd in 5 ( , ( ,  sodiuiii carboiiatv t o  givv 0.1 g. i:Klf,',,) of 
(*rude isopropgIitteiie beiix:illii:tloliatt,, iu .1 ) .  8O 84". Tht* 
:inalytic:ill~- pure materi:il 1% as ohtaiiied 1)). rw 
froni cyclohrxaiie. Thih materiR1 nii,lts iii':ir 7.5 
: i i id  nir:lts again a t  85--86'. 

. fr~al .  Ca1r:d. for CI.iTf,zO,: ( :> ~ 7 % i ;  t l ,  .;.?I. E(oi i i i i1: ( ' .  
(iti.84; H, 5.14. 

13. IVith glacial acetic ucid as ,soii,et,l. .S hoIlitio11 I)[ L.Uli p. 
\ 10 rniiwles) of benzaldehytlc and 1.44 g. (10 lunlolrsci of 
isopropylidtsnc: ni:iloiiato in 5 in1 of glacial ac.rt)ic. :wid \\:is 
left at room trniperatiirci for :j5 hr .  The i'rystals \\hicali h i 1  
forti id \vrrt' removed t)y fi1tr:itioii ;inti aslierl \\ i t  I 1  :I S I I I : I I I  
:Iniount of glacial awtic acid t,o yiyl(1 ( I . \ )  g. (49' ) 0 1  [ I ( , .  
111.p. 175-1 ii" d(,c. The addition o! \\ atrr  to tlic. f i l t  rriti 

vaiised thc precipitation of 1.0 e. (4:<(,7 I of isopropyliill'ii(. 
benzalinalonate, 11i.p. 83-85". 

The infrared spectrum of compound I l c  has cilrbun>-l 
bands at 1777 and 1740 cni:~] in Nujol, while that  of iso- 
propylidene benza1ni:ilonwtr has hands a t  1760 : in11 1728 
(ani.-* in chloroform. 

I sopropyl ide / ia  p-nii~ober~zult,ialo/cf~1~~. .\. IVillr  l f t t / t e l / ! , i / !  
adfoxide as soIuent. .\ solution of 1 .O g. I 6.6 n i i n u l c  of I / -  
ilit,robenz;ildrh!.tic. m l t l  1 . I  g. ( i . t i  inn1 
i1i:tloii:ttc~ i i i  1 i111. of diiiivthyl s i i l l o ~ ~ t l c ~  

sample, n1.p. 180-182" dec. 

a t  room temperature for 10 hr. Filtration afforded 1.35 g. 
(74L;rO) of isopropylidene p-nitrobenzalmalonate, m.p 210- 
215'. Recrystallization of the crude product from benzene 
gave the analytically pure material, m.p. 216-217". 

.iraal. Calcd. for CL3HllN08: C, 56 32; H, 4.00; 5, 5.05. 
Found: C, 56.62; H, 3.88; N, 4.94. 

R .  TVith dr',,~ethy/,Tolnianiide as solvent. A solution of 1 .O 
g. (6.6 inmoles) of p-nitrobenzaldehyde and 1.9 g. (13.2 
inmoles) of isopropylidene malonate was left at room tem- 
perature for 2'2 hr. By filt,ration, 1.5 g. of a niixture of iso- 
propylidene p-nitrobenzalmalonate and another compound, 
Idieved to be diisopropylidene p-nitroberizylidenedinlaloli- 
:it?, was obtained. Trituratiori of the mixtiire in hot chloro- 
form dissolved the benzal derivative and left 0.75 g. (27y0) 
of undissolved material, m.p. 166-170' dec. The infrared 
spectrum of this undissolved material showed t,hat i t  was 
almost certainly diisopropylidene p-nitrobenzylidenedi- 
malonate, but, an analytically pure sample was not obtained. 
h n  additional 0.4 g. of isopropylidene p-nitrobenzalmalonate 
x a s  obtained by thr  addition of water to the dimethylform- 
amide filtrate. The total  yield of crude isopropylidenr p -  
iiitrobrnzalninlonat,e was 1.15 g. ( 6 3 ~ ~ ~ ) .  

Isop/,opylitIene cinna//ia(,tralonat~. .A solution of iI.6 g. 
( 2 5  minoles) of isopropylidene malonate and 1.65 g. (12.5 
mmoles) of cinnamaldehyde in 20 inl. of diniethylforrlianiide 
was left a t  room temperature for 10 hr. .it the end of this 
period, cold water WBS added and a cloudy yello\\- niisture 
resulted. Acetone wns added until the mixture becamc 
dear. Aft,er standing ovc.rnight in the refrigerator, t,he mix- 
tui: was filtered with difficulty to yield 2.65 g. (6z%) 
of yel'ow, (,rude isopropylidene ciniiamalmalonatr, m.p. 
!)2-106'. The crude product was dissolved in acetone itnd 
repreripitated by adding \vatcxr to  give 2.6 g. of purer prod- 
uct, n1.p. 303-108°. Two rc.c.r!.stallixatioris from ethanol- 
watpr gavcs ~irodurt whivli melted at, lW.c5-l 10.5". Thv 
product {vas insoluhle in 5(,/1. sodilini t)ic>irbon:itc solution 
and had a bright yc~llow color. indic:itiiig that a c~onjug:itcd 
doublrs bond system was present. An analyt,ical sanipl(x, 
m.p. 10(i.5-108° in a capillary tubr, was obtained tIy die- 
solving the product in hot benzene, adding petroleum t3thc.r 
(b.p. 30-60"), and cooling s1owly. 

:tua2. Calcd. for C,,H,IOI: C, 69.75; H, 5.46. Found: C;, 
69.81 : H, 5.60. 

In another experimelit, with eqiiimolar :imounts of (in- 
iianial&.hyde and isopropylidene malonttt,e, isopropylitlci~c~ 
c,innaiii;,lmaloriatf~, n1.p. 109.t5-110.5", \\-as obtained in 75f,,;, 
!ield. 

Ijeti z!/ / idene bpirzulttrcilo/rrrfc. .I. I Y i t i i  c/utrdhy/ ,qti/joside (I.< 

.solveii/. .I mixture of 0.!l g. ( 4 . i  mmoles) of tir~iizylirlvnc~ nialo- 
iiutt, (111) and 0.5 g. ( 3 . i  nimoles) of l~cnzulrlt~h~.tlr iii 5 1111. 
of tlinic,t,hyl sulfoxide \\.:is l e f t  at room trniptratiirc for 4% 
Iir. \Titter was added and the niixturts was left a t  room teiii- 
pcraturcr for 48 hr. The solid which had fornied during this 
period \vas collected and recrgstallizetl from acetone to 
yield 0.45 g. (355;) of benzylidene benzalnialonate. .4 mixtvi 
iueltiiig point of the product and thci pure analyt,ic;il s:lnipl(, 
[ ~ e ( '  par t  B) of benzylidene beiizalnialoriate showed no d(,- 
I)rtsssioii (n1.p. 147.5-1 48.5" wit l i  no cwitlriit drconipohi- 
tioil). 

1%. , 1 s  u by-product LIL  h e  brtbzylidsrw / t iu lo /de  prepwtrl iotl  
1 niisture of 20.0 g. (0.192 inole) of miilonic acid aiitl 5 d r o p  

id' coned. sulfuric acid in 80 nil. of acetic: anhydridr \\-as Itall 
:it rooni temperaturr for 36 hr. A slight amourit of uiidii- 
solved nlalonic acid was removed by filtration, aud the, 
filtrate \\-as concentrated under redwed pressure (2  mni. 
in a 40' bath. T o  the residue from the conceritration w : ~  
:tdded 20.0 g. (0.189 mole) of freshly distilled benzaldehydt,. 
Heat wa8 evolved and the mixtiire, upon being cooled u n d v  
the water tap, bcgan to thicken and solidify. After storage, 
overnight in the refrigerator, a thick red oil resulted. Eth1.r 
(200 ml.) was added to the ret1 oil and a powdery precipit'ati, 
formed. The precipihte filtered and wished with cthi.r 
t o  givc -1.35 g. (127;) of rrudt: TII, n1.1). 116--118° ilri.. 

'I'hc niothcr liqiiors \~\ypro coiicentr;it,ctl iu z'ucuo, tlis:solviXil 
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tiltr:iti, to givc, ;I totid > i1.111 of * j . 2  ) X I  i i m i d e  in:iti4al 
r 7  I Il l .  proillli~t i \ . I )  \\;I\ \ l l l \ \ l \ ~  .Ill 
l ~ : l r l ~ o r l : ~ t l ~  ~olllt1o11. 

l'rit i i r : i ~ i i i ~  t11(. ~)I~IJ~IIII~I i i i  1 1 1 1 1  ti,t,ioiIitrile, tilteririg t l i i ,  
iiiitlissolvt.il ~iiirt ioii ( i t 1 . 1 i .  15; 158.5" dec.), cwoling t'hr til- 
~r:iti,, :iiiiI :iddiiig \\:iti'r g:iv(, : I  light yellox mixture, n1.p 
1cri2.,j-154" (11.c. 'I'lic. iiii\1itri,  was stirred iii aeetonc and 
f i l t t w t l  to g1v18 \ v l i i t ~ >  ~ ) rud i i c t  ( V I ) ,  m.p. 155.5-15G' dcc. 
.\tlclitioii i ) f  \\: i t i>r to t l i (>  iicrtoiic~ filtrate gave yellow iwedles 
i (liisolirn1 i>,l i i  1 1 3 1  1 1 3  t twpht  h:d:ildiinnlonate (\'I1 j ,  m.p. 
207,,> 20!Jo t h ~ . .  Slirriiig thc. prodrict (VI)  in acetoiiitrik. 
:i t  rooiii ~i~i i ip( , r : i turr ,  tilttJriiig, arid adding m t c r  to the fil- 
tr:iti, i.:iiis;cci deconiposit,ion of tlie product to  a aii1:tll :imoiint 
( i f '  \.II. S o  VI was rrcoveretl. 

1%. Il-itii (1 sir to orie u t i o  oj ' l ice r c u d u d s .  .\ soliition of 8.65 
g. (60 mnioles) of isoprop\.lidene nialonate and 1.34 g. (10 
~iiiiioles) of ti~lc~ilithalnltlehyd~ in 30 ml. of diriit~thylfornici- 
niide depositcvl ceryst:ils after st.:tnding for 5 Iir. a t  room 
temperature. .ifter 10 hr., cold \vat,vr was added, : ~ n d  the 
niisturu V:IS cooled for 20 i i i i i i . ,  filtered, :i i i t l  \vashcil \vel1 
with cold Xvaici-. After tlryiiig overnight, thc \vhite solid 
iveighed 4.4 g., 1n.p. 125-130' dec. A sc rond  crop (0.35 g.) 
was obtained froin thii filtrate. Tho tot:il yicaltl of crritli. 
product (VI)  \vas 4.75 g. (9075). 

The product was triturated iri a warm actstone-water 
solution, and the undissolved portion (VI), m.p. 158-159.5' 
dec., was colleet~cd. Addition of water to the filtrate gave a 
inixture of products apparently resiilting from partial tle- 
composition. The mixture was stirwd in acetone to dissolvc 
t h c h  diisopropylidene t~erepht~haIa1diriialoti:~ti~ (VI1 j ,  and thc 
iiiidissolved port,ion (VI),  ni.p. 150.5-15:i" clec., \vas col- 
lrict,ed. Addit ion of xater  to the filtrate gave una1ytic:illy pur(% 
tliisopropylidene terrp1ithalaldini:il~ii:itr (VII ) ,  m.p. 182.5- 
184.5" dec. 
-1nuZ. Calcd. for ClOHI80,: C, i iY.17: H, 4.70. b'oiuid: C, 

til'.:30; H, 4.66. 
A second recrystallization of VI1 Froiii acetontwxter 

g:tve a higher iiieltirig inaterial, m.p. 302-205" dec. Thr twice 
recrystallized material was recrystnllizetl twicr niore from 
acetone to give a s:iniple of VII, r1i.p. 194-l!rti..3° dw., which 
IWH also analytically pure. 

C. With n three w i d  otze-half to orie m t i o  of the r e ~ / : c l ~ / : / ~ t s .  
.I solution of 5.04 g. (85 inmoles) of isopropylideiie maloiiatc. 
:tiid 1.34 g. (10 nimolrs) of terepht,halaldehytlr in 25 tnl.  of 
dimeth?-lfornianiidt. \vas stirred niagneticallg at rooni tvm- 
1 iorat.iirc. The color of the solution chaiiged from colorlw to  
>.i~llo\\ xvithin 1 hr. a i i e l  solid formed within 3 to ii hr. .\ftc.r 
I O  hr.. 50 nil .  of riq+,iit grade lienzeiic. \Y:IS adtiid  nil stir- 
i,iiig \vas c~ontiiiiiecl for 15  niin. The mixture \\ as filterccl, 
\\:islied thoroughly thrttc times Tvith reagent gr:ttii, I i i ~ i i z ~ ~ i i ~ ,  
:ind dried to givr '1.95 g. of fine white ponder (VI) ,  m.p. 
1 til.5-163.5" dec. .\llal) sho\ved this fraction to III\ :tii:i- 
lytically pure. 

. I n d  Calctl. for C h H , &  J 1 2 :  C, 38.86; H. 4LJ-t. E'oiind: C, 
5!l.05; H, 5.01. 

The brnzerie \v:js cwipurated froiii the diiiiethylfori~i:i~iiiiii~ 
.solution :uid lvatrr  is added to the ditnethy1form:iiiiidi~ 
rc4ducI. Collrctjioii or threo :ttltlitionxl rrops gave ().!I5 p. of 
1)roduc.i. T h i ~  toi:il > . i r l t l  \\'as s.90 g. (741,;). 

Dil'sop/vp//liden.c ip,.el,htha2aldi,/iulo,Late ( V I I ) .  .\ solutioii 
of 1.44 g. ( 10 ~i i r i io l~~s)  of isopropylidene malonate and 0.67 g. 
( 5  niiiiolas) of terc:phthalnldehy~e in 10 nil. of dinwthyl 
sulfoxide was left) :it rooni temperature. The color of the, 
solution changed from light yellow to orange t,o red. Aft,er 
10 hr., the red solution was poured into cold water. A gummy 
?dlour  precipitat,e formed. Acetone was added until the 
solution was clear. Slow addition of water to this clear solu- 
tion gave it filterable prccipitatmrs. Filtratioti i i i i d  drying gavv 
0.81 g. of crude diisoprop>,lidenc tert.phth:tlaltlin~aloiiati, 
(j'11). The imide product melted partiall\- at 174 - 1 8 0 O  
~ I v c .  Part  of the irielt resolidified ab long riecillcs \vhich iiirlteti 
:it, ! K 3 -  198.5' drn. Trio r i d c i i t i ~ i n : ~ l  crops qivt: 0 l:i g 

\ VY~OII~I  i'riil) (0  I; g , j  \ \ : I S  ~ 1 I ~ t : i i i i i v l  1'roti1 t h t ~  

' i t i  ~)otassiiiiii I ) i -  
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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 reae  
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 dso  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". 


