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Anal.ll Calcd. for C m :  C, 66.63; H, 11.18. Found: 
C, 66.71; H, 11.22. 

continued didlation of the residue from the original 
preparation gave a 92% recovery of exem methyl alcohol 
and a 57% yield of ethyl aleoboL 
To an identical mixture of d y l  ethyl ether and methyl 

alcohol, only the mereuric acetate w-aa added and reflux 
carried out for 1 hr. The boiling point remained at  56.8". 
When 1.0 g. sulfuric acid was added, reaction occurred, as 
in the above example. Another such mixture of allyl ethyl 
ether and methyl alcohol was refluxed for 2 hr. with 1.0 g. 
sulfuric acid alone, but no reaction occurred. Reflux for an 
additional 3 hr. after the addition of 1.0 g. boron Wuoride 
etherate eimilsrly gave no reaction. Upon addition of 1.9 g. 
mercuric acetate, reaction occurred, giving allyl methyl 
ether (ny 1.3730) with less than 1 hr. reflux. Reflux of 
another such mixture of allyl ethyl ether and methanol with 
4 g. of 0 . M  d u m  methoxide in methanol for 1.2 hr. 
gave no reaction. 

E m p h  of r & h  (9)- Preparath of d y l  cy&heqA 
ether. A mixture of 99 g. (1 mole) eydohmol,  70 g. (1.2 
moles) allyl alcohol, 57 g. benzene, 1.5 g. of 45% solution 
of boron trifiuoride in ether, and 4.6 g. (0.04 mole) mercuric 
acetate waa heated under reflux, and the reflux condensate 
collected in a Dean-Stark water separator. After reflux for 
1 hr., 1.6 g. of the boron Wuoride solution and 4 g. mer- 
curic acetate were added and reflux continued for an addi- 
tional 2 hr. "he reaction mixture was then flashdistilled at 
0.1 mm. into a receiver cooled with Dry Ice-acetone, and the 
dietillate d e d  four times with 50 ml. portions of water, 
dried, and fractionated. An 86.2 g. yield of material, b.p. 
81-89Of38-37 mm., found by bromine number d y &  to 
be 84% pure, WBB obtained. The yield was thus 42% based 
on cyclohexsjzol. The crude product was dissolved in an 
equal volume of benzene, 5 g. boric acid added, and meo- 
tropic distiustion carried out until no further water sepa- 
rated out. The pure allyl cyclohexyl ether was then obtained 
by fractional distiustion: b.p. 81-83.5"/38-39 mm., n 2  . -  

1k!33, d:" 0.8830. 

76.51; H, 11.49. 
And.  Calcd. for CJ3160: C, 77.09; H, 11.50. Found: C, 

. -  

1k!33, d:" 0.8830. 

76.51; H, 11.49. 
And.  Calcd. for CJ3160: C, 77.09; H, 11.50. Found: C, 

(11) Microanalyses by Mr. C. W. Nash and aem5at.m. 

By eeaentiauy identical procedures d y l  efher was prepared 
in 46% yield: b.p. 94-94.8", n'," 1.4134, d)' 0.8027. 

And.  Calcd. for GH&: C, 73.43; H, 10.27. Found: 
C, 73.433; H, 10.13. 

The same method gave d y l  n-butyl ether, b.p. 64-65O/120 
mm., n'," 1.4029, d:' 0.7794 (lit.l2 b.p. 117.8-118°/763 mm., 
ny 1.4057, eo 0.7&29), in 55% yield. 

The same method gave d y l  " y l  ether in 47% yield: 
b.p. 146-153°/0.15-0.20 mm.; m.p. 26-27". 

Anal. Calcd. for &Et&: C, 81.21; H, 13.63. Found: C, 
81.10; H, 13.62. 

AUyl benzyl ether waa also prepared in 51% yield by this 
method: b.p. 71-71.5O/5 mm., ng 1.5052, d:' 0.9588. 

And.  Calcd. for C&&: C, 81.04; H, 8.16. Found: C, 
81.43; H, 8.60. 

Emmple of readion (3). The prepamih of aUyl odadecyl 
e&. A solution of 135 g. (0.5 mole) n-octadecyl alcohol in 
85 g. benzene was prepared and in this solution there were 
dissolved, in order, 46.6 g. (0.4 mole) allyl ether, 2-0 g. 
mercuric acetate, and 1.0 g. of a 45% solution of boron tri- 
fluoride in ether. The solution w88 heated under reflux, and 
the condensate led through a continuous water separator. 
After 3 hr., 3 g. of an aqueous layer had separated and the 
solution had turned quite dark. An additional 2.0 g. mercuric 
acetate and 1.0 g. boron trifiuoride solution were added and 
reflux continued until another 1.5 g. of an aqueous layer 
hadsepmated. 

In order to remove unreacted alcohol, 5 g. boric acid waa 
next added and reflux resumed until no further water a p  
peared. The reaction mixture was then stripped by heating 
to 97" under 0.35 mm. preseure, and the reaidue then frac- 
tionally distilled to give 110.2 g. allyl octadecyl ether, b.p. 
146-152"/0.30 mm., a yield of 71% based on octadecyl 
alcohol. 

Acknourledgmmt-We wish to acknowledge the 
technical assistance of Mr. Charles D. Stills in a 
portion of this work. 
(12) E. A. Talley, A. S. Hunter, and E. Yanovsky, J .  Am. 

Chem. Soc., 73, 3528 (1951). 
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Reactions of SuccinyI Dichloride with Organometallic Reagents' 

JAMES CASON AND ELMER J. R.EIST 

Recewad May 20,1968 

The reaetien of diethylcsd" with succinyl dichloride gives no 3,6-octanedione but yielda instead .rethyl-rcspmlac- 
tone, succinic anhydride, and both pseudo and n o d  ethyl esters of 7-ketocaproic acid. Thw products are shown to be 
consistent with the view that succinyl dichloride is a normal open-chsin structure, but yketocaproyl chloride is a cyclic 
etrudure (~hloro-~rolactonecaproIsctone). The reaction of ethylmsgneaium bromide with succinyl dichloride ale0 yielda products 
consistent with the above-cited s t r u m .  Although the cadmium reaction with succinyl dichloride appears of no value 
for practical preparative purposes, the Grigoard reaction with this dichloride f u r n i s h  a useful syntheaia of yketo acida 
The mechanism of the Grignard reaction with acid chloridea in presence of ferric chloride is discussed, and it ie auggeeted 
that the key atep involved, which leads to high yielda of ketones, is extraction of halogen from the acid chloride by ferric 
chloride. 

In view of recent evidence2 that succinyl di- 
(1) This investigation was mpported in part by a reaearch 

grant (E-€@) fan the National Institutes of Health, U. 8. 
Public H d t h  Service. A part of them data was preeented 
at  the 127th meeting of the Am&can Chemical Society, 
Cincinnati, Ohio, M m h  30,1955. 
(2) J. Cseon and E. J. Reiat, J .  Org. Chem.. 23, 1492 

(1958). 

chloride exists as the normal open-chaim diacid 
dichloride and that -y-keto acid chlorides exist at 
room temperature as cyclic structures (y-chloro- 
r-lactones), it is of interest to determine whether 
the reactions of succinyl dichloride with Gngnard 
and cadmium reagents yield products consistent 
with such structures. These reagents are selected 
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because the Grignard reagent is believed to react 
with an acid chloride by addition to 
whereas the cadmium reagent is believed' to react 
by initial extraction of chlorine from the acid 
chloride. Of further interest is the reaction of suc- 
cinyl dichloride with the Grignard reagent in the 
presence of anhydrous femc chloride. This re- 
action has been recently demonstrated5n6 to con- 
stitute an effective preparation of ketones, and 
certain proposals concerning the mechanism of the 
reaction have been presented. Examination of these 
reactions of succinyl dichloride is the subject of the 
present report. 

R & h  with diethylcadmium. According to 
the mechanism which has been described* for re- 
action of a cadmium reagent with an acid chloride, 
the initial reaction product from succinyl di- 
chloride would be the cyclic acylonium ion repre- 
sented in two resonance forms in I. Attack by the 

Is rb II. A = CI 

carbanion from the cadmium reagent (or by some 
other species equivalent to the carbanion) at the 
position of the charge in form Ib would yield the 
cyclic form (11) of y-ketocaproyl chloride. Attack 
at  the position of charge in form Is would yield the 
open-chain form of y-ketocarproyl chloride; how- 
ever, this has been shown2 to c y c b  rapidly at 
room temperature to the cyclic form, 11. Since the 
cadmium reagent reacts relatively slowly with 
acid chlorides at room temperature,' it follows 
that the ultimate product of the reaction with 
diethylcadmium should be y-ethyl-y-caprolactone 
(1111, arising from reaction of I1 with diethyl- 
cadmium. Examination of this reaction has in- 
deed shown that none of the product expected 
(3,htand-onej  from the normal diacid dichlw 
ride structure could be isolated, while y-ethyl-y- 
eaprolactone was obtained, although in yields of 
"y 13- 15%]. 

The product obtained in largest amount (2@45% 
ylelds) from reaction of diethylcadmium with 
succinyl dichloride was ethyl y-ketocaproate, 
isolated :is a mixture of the normal open-chain 
ester and cyclic pseudo ester, IV. Ester formation 

(3) C .  E:. Entemann and J. R. Johnson, J .  Am. Chem. 

(4) 2. Csson, J. &g. Chem., 13,227 (1948). 
(5) W. C. Percival, R. B. Wagner, and N. C. Cook, J.  

(61 33. T. Morrison and M. Wishman, J. Am. Chem. Em., 

;7) f .  Caw-nn, J. Am. Clrem. Soc., 68, zWS(1946). 

Sw., 55, 2900 (1933). 

Am. Chena. &.. 75,3731 (1953). 
76; 1059 (I!Ex). 

in the cadmium reaction has been demonstrated* 
to result from reaction of the acid chloride with 
ether in presence of the Lewis acids in the reaction 
mixture; however, when as much ether as possible 
is distilled after formation of the cadmium magent 
and the reaction with the acid chloride is carried 
out after addition of benzene (as was the case in 
the present work), ester formation is ordinarily of 
the order of magnitude of 5%. The large amount 
of ester in tbe present instance could arise from an 
unexpectedly high order of reactivity of the 
cyclic acid chloride, 11, with ether; however, this 
was found to be not the case. A cadmium reaction 
with y-ketocaproyl chloride yielded only 6% or 
less of ethyl 7-ketocaproate and about 17% of 
lactone 111. Since about 20% recovery of y- 
ketocaproic acid was realized from the reaction, it 
would appear that acid chloride I1 is relatively 
inert towards reaction with either ether or the 
cadmium reagent, in line with expectations arising 
from steric considerations and the structure 11. 

In the hope that the bulkier di-n-butyl ether 
would reduce the yield of ester, one reaction be- 
tween succinyl dichloride and diethyIcadmium 
was carried out in that ether as solvent. In this 
instance, the yield of n-butyl y-ketocaproate proved 
to be about. #yo, and the yield of lactone 111 
dropped to about 5%. The higher yield of butyl ester 
may be ascribed to the fact that the ether was sole 
solvent for the reaction, whereas benzene was the 
principal solvent in reactions utilizing diethyl 
ether. 

Since acid chloride I1 is unreactive towards ether 
in presence of the " i u m  reagent, no high order 
of reactivity would be expected for the cyclic ion, 
I. The only rationale which appears able to account 
for the high ratio of ester is a cyclic transition 
state involving succinyl dichloride. The driving 
force behind a reaction involving such a transition 
stale would be the lower energy of cyclic products 
with five-atom rings and distribution of steric 
interferences between two centers of reaction. 
A form such as V would yield the product, VI, 
which S a cyclic structure for an ester acid chloride, 
a form not encountered in a rather careful investi- 
gation of such c~mpounds.~ An intermediate such 
as V1 would be expected to either lose ethyl 
chloride to yield Lsuccinic anhydride or react with 
the cadmium reagent to give the pseudo ester, 
IV. Succinic anhydride wtw isolated from the 
reaction in 15% yield, and the ethyl y-ketocaproate 
was somewhat less than one-hdf pseudo ester, 
recognized by its infrared absorption at 5.64 I.( 

and by the high index of refraction of the ester 
from the cadmium reaction. Since pseudo ester is 
rearranged to norm1 ester with acid cntalysi.i,'O 

!8) J. Cason, Chem. Reus., 40, 15 (1947). 
f9f J. Csson and R. D. hkiLLh, J.  Org. Ch., 18, 1201 

__-_ 

fISFL7k . - - -  
(ioj D. P. ~andoicc and 8. WOE, J.  Am. k. SO~.,  70, 

w24 (1948). 
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isolation of normal ester would be expected on 
account of Lewis acids in the reaction mixture; 
however, presence of any p e d 0  ester must be 
interpreted as evidence of its formation in the 
initial reaction. For comparison purposes, a modi- 
fication of the procedures of Langlois and WoEIO 
was used to prepare the pseudo esters of both 
levulinic and yketocaproic acids. 

0 

VI 
J. C d ( c a ) r  

IV 
Thus, the available information concerning the 

high ratio of ester formation from succinyl dichlo- 
ride may be correlated on the basis of a cyclic tran- 
sition state such as V, in which there may be in- 
volved other Lewis acids than the o rganocad"  
reagent (both cadmium chloride and magnesium 
halides are present in the reaction mixtures). 
Such a transition state would be expected to be less 
favored in the case of glutaryl dichloride, where the 
ring would contain six atoms, and this behavim 
has been observed in investigations of glutaryl 
dichloride (see following paper). 
Readions with ethylmagnesium bromide. The 

Grignard reaction with succinyl dichloride gave 
eigniiicantly Werent ratim of products under 
three Werent conditiona investigated. The prod- 
ucts isolated are SuIIlIILSllsed - in Table I, in which 
are also included for comparison the producta o b  
tained from the cadmium reaction. The skiking 
Werenee in products attests the Werent mecha- 
nismsofthel3etworeadions. 

Although there were used nearly two moles of 
Grigmrd reageut per mole of succinyl dichloride, 
it may be noted that the principal reaction product 
at 0" is r-ketocaproyl chloride, isolated as 7- 
ketocaproic acid after hydrolysis. Isolation of this 
product is ascribed to the low reactiviw" of the 
(11) Recovery of y k e h p r o y l  chloride fmm the Gri- 

gnard reaction with wloeinyl dichloride, and failure to 
recover thia acid chloride from the cadmium reaction, aa 
reported in Table I, ehould not be interpreted sa demon- 

tow& an acid chloride. A recent inverkigstbn [J. Csson 
skating ahigher order of reactivity of the " i u m  reagent 

TABLE I 
YIELDk IN WCITONS OF SUCCINYL DICHLORIDE wrm 

ORGANOMETALLIC REAGENTS 

Compounds 
IsolSted 

Ethyl ?keto- 
Csproste 

rEthY1-r 
caprolactone 
(In) 

rKetOeaproy1 
chloride' (11) 

3,6-&tf~nedione~ 
%Ethyloctane- 

3-ol-6-onee 

%Idb 
from 

Diethyl- 
cadmium 

M% 

13-15% 

- 

- 
- 

Yield from Ethvl"&um 
- I  

Bromide 
0" -40" -40",FeCb 

54% 8% 14% 

23% 
- 13-19% - 

3-7% 2-7% 

a Yield figurea are approximate since they were deter- 
mined by isohtion, and Bome of the isohtiom were trouble- 
some. A range is indicated where eignificsnt vsliations were 
obeerved in different ~ 1 1 ~ .  In some reactions, other uniden- 
ti6ed fractions were isolated; cf. Experimental In one run, 
after solvent had been distilled from the product the residue 
waa allowed to staud overnight before fractional dietillation. 
There crystauixed a 15% yield of succinic anhydride; after 
recryatalhation, mp. 114-1#)", no d e p d o n  on admixture 
with an authentic sample of succinic anhydride. In the 
other runs, this substance waa probably hydrolpd during 
the work-up. Isolated aa y k e h p r o i c  acid, after hydrol- 
yeis. Isolated aa %methy&thyl-~clopentenone, after 
cyclization by alkali ' Isolsted largely aa the dihy- 
resulting from dehydration of the hemiacetal. The yield of 
this material in the -40" run waa probably coneiderably 
higher than indicated, for considerable quantities of higher- 
boiling material were obtained, and the propertiea of tbib 
material indicated that it is a dimer of the dehydration 
product o€ the hydroxy ketone (cf. Experimental). 

halogen in the cyclic form (II) towards the Grignard 
reagent, hence slow conversion at 0" to r-ethyl- 
y-caprolactone (III). A low order of reactivity of 
the carbonyl group in 11 is also expeded on account 
of the high yields of ladones obtained1* in reaction 
of a Grignard reagent with ethyl levdinate. The 
insignificant yield of ethyl 7-ketocaproate is con- 
sistent with the high reactivity of the Grignard 
reagent (in compafiBon with the cadmium reagent), 
which renders diethyl ether unable to compete 
effectively for reaction with acid chloride. This is 
obsemed in all Grignard reactions except those with 
highly hindered acid cl$orides where extrsction of 
uogen  by a Lewis acid becomes a Signiscant re- 
action path. 

The small yield of 3,6-octanaone (or its further 
reaction products) can be rationalized only on the 
basis that the initial product of the Grignard re- 

and R J. Fesaenden, J.  Org. Ch., 22, 1326 (1957)l hss 
shown that the cadmium reagent is fa r  leas reactive than the 
Grignard reagent. The esd" reaction reported in Table 
I waa continued for 3 hours at 40" and for an additions 2 
h o m  under d u x  in benzene aolvent. Even under these 
conditions, when y-ketoesproyl chloride waa used aa Starting 
material in the reaction with diethylcad", 20% of it 
failed to react. 
(12) J. Cason, P. B. Brewer, and E. L. Pippen, J .  Org. 

ch., 13, 239 (1948). 
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action, VII, loses magnesium halide more rapidly 
than it  reacts with another mole of Grignard 
reagent, and also the resultant 7-keto acid chloride 

&H-cH-c-c* II I 
OMgBr 

VI1 
closes to the ychloro-7-lactone (11) more rapidly 
than it reacts with Grignard reagent. An alternate 
explanation that structure I1 is formed directly 
viu a cyclic transition state such as V, wherein 
Grignard reagent takes the place of ether and 
magnesium halide takes the place of cadmium 
reagent, seems invalidated by the large drop in 
yield of acid chloride I1 when the temperature is 
lowered to -40". This observation also renders 
unlikely the direct conversion of VI1 to I1 by dis- 
placement of halogen from the carbonyl group in 
VII. Such an intramolecular reaction involving 
a fivwtom ring would hardly be expected to have 
a higher energy of activation than reaction of the 
acid chloride with Grignard reagent. 

The drop in yield of acid chloride 11 when the 
temperature is lowered to -40" can only be ascribed 
to this substance not being formed at the lower 
temperature, for it would certainly survive if 
formed. Acid chloride I1 may fail to form either 
becsuse intermediate VI1 becomes stabilized at this 
temperature or because the openchain yketo- 
caproyl chloride reacts with Grignard reagent at 
-40" more rapidly than it cyclizes. Since the latter 
wms unlikely on grounds cited in the preceding 
paragraph, intermediate VI1 probably w i v e s  
for a sufEcient time to allow reaction with additional 
Grignard reagent to give the dimagnesium deriva- 
tive. The dimagn&um derivative must lose mag- 
nesium halide at a signiscant rate at -40" to give 
3,6-octanedione, for the major product of the low 
temperature reaction (in addition to a higher- 
boiling, unidentified fraction) is the keto alcohol 
resulting from further reaction of 3,Mtanedione. 

Mechanism of the Grignard r e "  sn presmz 
of ferric chlordde. The only reaction reported in 
Table I which gives 3,6-0ctanedione as the major 
product is the low temperature Grignard reaction 
in presence of ferric chloride. The yield of dione is 
more than three times that obtained in absence of 
ferric chloride. Since none of the keto alcohol, from 
further reaction of the dione, could be isolated, it 
must be concluded that ferric chloride does not 
simply promote the Grigmird reaction with a car- 
bonyl group, but rather that it has a specific effect 
in favoring reaction with an acid chloride. Previous 
investigators have suggested6 that the effect of 
ferric chloride arises from its participation in a 
cyclic transition state (VDI) of the type suggested 
by Swain and Boylesla for reaction of a ketone with 

(13) C. G. Swain and H. B. Boyles, J .  Am. Chem. Soe., 
'73, 870 (1951). 

a Grignard reagent. An alternate suggestion6 dif- 

YZZI Jx 
fered somewhat, in that there was visualbed an 
int"01ecuia.r reaction between the ferric chloride 
complex, IX, and a carbanion (or equivalent) from 
the Gri@;nard reagent. These explanations have in 
common a failure to differentiate between carbonyl 
in an acid chloride and in other structures such as 
a ketone. Since our data show that ferric chloride 
promotes discrimination in favor of an acid chloride, 
a satisfactors mechanism must include this factor, 
and must also involve regeneration of ferric chloride 
which is used in catalytic amounts. A mechanism 
which seems consistent with the experimental ob- 
servations is that presented in the following equa- 
tions: 

R - - ! - C l +  FeC4 + R J +  + -FeCL 

0 

0 0 

R J +  + RwgX --+ R A R t  + +MgX 
-F&L + +MgX = FeCG + MgXCl 

This mechanism embodies the essential features of 
the me&" proposed4 for reaction of the cad- 
mium reagents, except that ferric chloride func- 
tions as a stronger Lewis acid which will extract 
halogen at lower temperatures than those at which 
cadmium reagents are &ective. The reality of this 
mechanism may be checked by investigation of a 
compound which gives rise to rearrangement if the 
acylonium ion is f ~ r m e d . ~  It has already been 
demonstrated9 that ferric chloride at room tempera- 
ture does promote rearrangement attributed to 
extraction of halogen from an acid chloride to give 
the acylonium ion. The only facts not established 
are reactivity of ferric chloride in this regard at  
-40", and ability of ferric chloride to compete with 
the Grignard reagent in react.ion with an acid chlo- 
ride. Such an investigation is presently under way 
in these laboratories. 

E X P E R I ~ ~ ~ E N T A L ~ ~  

The pSGul0 methyl ester of M i n k  acid was prepared for 
determinatim of ita infrared spectnun. The procedure of 
Langloia and Wolff' was used; however, the eemicarb*ne 

(14) Melting pinta are corrected and boiling pointa are 
uncorrected. DistiUations, unleaa otherwise specified, were 
through a half-meter column of the simple Podbielniak type 
which has been d&bed in detail (J. Caeon and H. Rapo- 
port, Labomby Tat in Organic Chemiaby, Prentice-Hall, 
Inc., New York, 1950, pp. 237-243). Infrared spectra were 
recolcled on a Baird double beam spectrophotometer. 
M i c d y m e a  are by the Microanalytical Division, Depart- 
ment of Chemhy, University of California 
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of the normal enter could not be completely precipitated, 
even on addition of a huge volume of diethyl ether. Db 
tillation yielded a sample of pure p u d o  eater, however, b.p. 
93-95"/15 111111, ny 1.4330, single carbonyl band in the 
infrared spectrum at 5.64 p .  From the distillation residue 
could be isolated semicarbaame of the normal ester, m.p. 
175" (dec.). 

Pseudo dhyl e~tet of yketocolrpzoie a d .  Thie eater waa 
obtained in very poor yield when pyridine was used aa base 
in the reaction; however, a satisfactory procedure wing 
d u m  carbonate waa developed. 
The acid chloride of yketocsproic acid was prepared from 

26 g. of acid by the procedure previously deecribed.2 To a 
mixture of 60 mL of absolute ethanol and 25 g. of anhydrous 
d u m  carbonate, the acid chloride waa added dropwise 
with vigorous shaking as the pH waa held above 6 and the 
temperature was held below 30". After the addition had been 
completed during a 5-hr. period, shaking waa continued for 
an additional hour, after which 100 ml. of ether was added. 
After removal of salt by filtration and of solvent by distil- 
lation, there waa obtained a residue of %9 g. of crude 
eater. To this &r were added 40 ml. of absolute ethanol, 
14.4 g. of eemicarbazide hydrochloride and 12 g. of d u m  
acetate, then the mixture waa shaken for 25 hr. After addi- 
tion of a large volume of dry ether the precipitated material 
was removed by filtration. Removal of solvent at  r e d u d  
p v  from the filtrate left 16 g. of residue which.waa 
M e d  to yield a product, b.p. 91-94"/9 mm., cloudy with 
a trace of inorganic materiaL After standing overnight, 
the clear supernatant liquid waa decanted to give a colorlm 
product, ny 1.4400. 

Anal. Cdcd. for W M O Z :  C, 60.74; H, 8.92. Found: C, 
60.67; H, 8.76. 

The hfrared spectrum exhibited a single carbonyl band at 
5.64 p 

The n"0l etlryl esta of ~kdourproic aeid was obtained 
either by reaction of diethylcadmium with ycarbethoxy- 
butyryl chloride* or by esterification of the keto acid with 
ethanol in preaence of sulfuric acid; b.p. 92"/9 mm., n'," 
1.4233. The i n f d  spectrum exhibited a single carbonyl 
band at 5.80 p. 

ReacEion of diethylcadmivm wiih s~cccinyl dichlotide." (A) .  
In 425 ml. of anhydrous diethyl ether, there was prepared in 
the usual manner, under an atmosphere of nitrogen, a Gri- 
gnsrd resgent from 98 g. (0.90 mole) of redietilled ethyl 
bromide and 21.6 g. (0.90 g.-atom) of mag". The solu- 
tion of Grignard reagent waa cooled to O", 90 g. (0.50 mole) 
of powdered anhydrous cadmium chloride waa added in 
several portions during about 2 min., then the cooling bath 
was removed and the solution stirred 10 min. before it was 
stirred under reflux until a negative Gilman teat, for Gri- 
gnard reagent waa obtained (usually about 30 min.). After 
a negative teat for Grignard reagent had been obtained 
ether was distilled until rate of distillation became slow, then 
300 ml. of anhydrous thiophene-free benzene waa added, 
and an additional 100 ml. of solvent was distilled. Finally, 
350 ml. of additional dry benzene waa added and the solu- 
tion waa cooled with stirring to 5-14' with an ice bath. A 
solution of 50 g. (0.325 mole) of succinyl dichloride in 150 
ml. of benzene was added during about 2 min. The stirred 
mixture was allowed to warm to 3&40° and held at this 
temperature for 3 hr., after which it was heated under d u x  
for an additional 2 hr. After addition of ice and 12N sulfuric 
acid and extraction of the aqueous phase with benzene, the 
total benzene Rolution WBS washed with sodium carbonate 
solution twice and with water three times. Distillation 
from a Claisen flask of the material recovered from the 
benzene solution yielded 30.3 g. of colorless liquid, b.p. 
about 60°/l mm. Fractionation of this product through the 
column at 9 mm. pressure yielded the fractions tabulated 
below: 

(15) Succinyl dichloride used in resctioDB described in this 
paper was prepared by the method reported in ref. (2). 

Fl-aC- 
tion 

1 
2 
3 
4 
5 
6 

Weight, 
g. 

1.62 
2.41 

13.31 
4.00 
5.07 
0.47 

n2,6 
Boiling 
Point 
72-82" 1.4562 
82-90" 1.4467 
90-93" 1.4296 
93-103" 1.4356 

103.5-104" 1.4476 
103.5" 1.4469 

Fmdion 3 gave an d y s k  in agreement with that of an 
ethyl ester of r-ketocaproic acid (center cut used for 
d y s k ) .  

A d .  Cdcd. for csHlr(x: C, 60.74; H, 8.92. Found: C, 
60.52: H. 8.93. 

The idfnved spectrum of frac. 3 exhibited two carbonyl 
bands, at 5.64 p and at  5.80 F. The index of refraction 
indicates somewhat 1em than 50% pseudo ester in the mix- 
ture. A semicarbamne, prepared by a common methodla 
from frac. 3, had n p .  108.0-106.5"; the "icarbamne of 
ethyl y-ketmaproate has been reportedl' aa melting a t  
106". 

Fradion 6 (center cut of frac. 5) gave an analysis in agree- 
ment with that of y-ethyl-+prohtone. 

A d -  Calcd. for CJLOZ: C, 67.57; H, 9.92. Found: 
C, 67.32; H, 9.80. 

The infrared spectrum of this fraction showed a single 
carbonyl band a t  5.68 AI, the expected position" for a 
yhtone.  Frac. 5 was insoluble in water but dissolved in 
10% aqueoua d u m  hydroxide; acidification of the alkaline 
solution yielded etarting material. A hydrozy hydrazids of 
the lactone waa prepared from hydrazine by the procedure 
of BlaiSe'S and mwyst&d . fmm ethyl acetate to yield a 
white product of mp. 75-76". 

Anal. Cdcd. for C,&&O~: C, 55.14; H, 10.41; N, 16.08. 
Found: C, 55.68; H, 10.11; N, 16.05. 

The i n f d  spectrum of the hydmxy hydra&ide, taken 
in a Nujol mull on account of insolubility in the common 
spectral solventa, exhibited a &gle carbonyl band at 6.10 p .  
Thus, the structure muat be that of a hydroxy hydrsside, 
aa has been reported by othm,P not the cyclic structure 
t"ed by BlaiSe.1' 
In one run eimilar to that described above, solvent waa 

removed from the benzene extracts and the residue waa 
allowed to stand ovemi&t. A crystalhate weighing 5 g. 
sepap~ted, and after recrystdktion had m.p. 120", no 
depression on ad" with an authentic sample of suc- 
cinic anhydride. 

(B). To 4.32 g. (0.18 g.-atom) of magnesium and 50 mL 
of anhydrous di-n-butyl ether, stirred under an atmosphere 
of nitrogen, there was added a solution of 19.6 g. (0.18 mole) 
of freshly distilled ethyl bromide in 50 ml. of di-n-butyl 
ether at  such a rate (about 1-hour addition time) that the 
temperature was held at  about 40". After the mixture had 
been stirred for an additional hour, there was added 10.0 g. 
(0.10 mole) of anhydrous cadmium chloride, then stirring 
waa continued for another hour at  about 80". Since the 
Gilman test for Grignard reagent waa sti l l  positive after this 
period, an additional 10 g. of cadmium chloride waa added. 
After 15 min. additional stirring at SO", the teat for Gri- 
gnard reagent bad become negative. The reaction mixture was 
cooled to about 55", and there was added during about one 
min. a solution of I O  g. (0.065 mole) of succinyl dichloride 

(16) R. L. Shriner and R. C. Fuson, T W i M  of 
Oraanic C m m n d s .  John Wiley and Sons, Inc.. New 

___-- 

Y&k, 1948, pp. 170; 171. 
(171 M. Maire. BUU. soc. chim. France. 141.3.285(1908). 
(isj R. s. Ra&u" and R. R. ~ ~ - & i i i . '  L A~. 'cA&.  

Soc., 71, 1073 (1949). 
(19) E. E. Blake, Compt. rend., 140,790 (1905). 
(20) R. M. Joyce, W. E. Hanford, and J. Harmon, J.  Am. 

Chem. Soe., 70, 2.5'29 (1948); J. B. Umland and S. A. Wit- 
kowski, J .  01.p. ''hem., 22, 346 (1957). 
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dissolved in 50 ml. of &butyl ether. The temperature of 
the reaction mixture roee to about 90" during 3 mh, while 
becoming rather Viaoous and dark. Heating with stirring 
was continued for an additional 3 br. a t  75-80', then the 
mixture was cooled and worked up as described for the 
reaction in diethyl ether. Fractional dietillstion at 9 mm. 
pressure yielded the following fractions: 

Frac- Weight, Boiling 
tion g. Point n'," 
1 0.29 69-106" 1.4507 
2 0.52 106-108" 1.4445 
3 0.59 108-115" 1.4382 
4 2.81 115-117" 1.4296 
5 1.93 117" 1.4303 

The b o i g  point and index of refraction of frac. 2 indi- 
cate that it conaiBts largely of -,-ethyl-mprolactone. 

Fraction 4 has an analysis in agreement with that of a 
butyl eater of y-ketocaproic acid. 

Anal. Calcd. for G,,HI&: C, 64.60; H, 9.68. Found: 
C, 64.38; H, 9.53. 

The aenaiuwba" , prepared by a common method,:' had 
m.p. 97.5-98.5". 

And. Calcd. for GIHnNaO:: C, 54.33; H, 8.69; N, 17.28. 
Found: C, 54.61; H, 8.40; N, 17.28. 
Readion of ethylmapmium bromide with succinyl didrlo- 

d e .  There is described a repreaentative run under each of 
the three conditions investigated. 

(A) At 0". To 120 g. (0.78 mole) of succinyl dichloride 
dissolved in 300 mL of dry bemene, arranged for stirring 
under an atmosphere of nitrogen and cooled fo 0", there 
was added dropwise a solution in 600 ml. of ether of Gri- 
gnard reagent prepared from 36 g. (1.5 g.-atom) of mag- 
neeium and 180 g. (1.65 moles) of freshly W e d  ethyl 
bromide. I t  bad been found in egrlier runs that use of ether 
done as solvent was unsatisfactory on account of rapid 
precipitation of a complex which stopped the stirrer. The 
rate of addition of Griepard reagent was adjuated so that the 
temperature of the reaction mixture could be maintained in 
the range -5" to 4-5". Soon after addition began, the 
reaction turned brick red; as addition proceeded, the 
color gradually changed to orange. After addition had been 
compIeted the reaction mixture was stirred at 0" for 2 hr., 
then demmpmd with ice and 12N sulfuric acid. The aqueous 
and organic phasee were separated, the organic phase was 
wsshed once with water, then this phaee was placed on a 
mechanical ahaker for 10 hr.a with a saturated aqueous 
sodium carbonate solution. After the sbaking period, the 
aqueous alkaline layer was separated and the organic phase 
was washed with water. 

The d u m  carbonate extract was acidified to Chngo Red 
with 12N sulfuric acid, then continuously extracted with 
ether for 24 hr. Removal of ether from the extract left a 
reaidue of 60.6 g., which yielded on diatiIlaton 50 g. of -,- 
ketocaproic acid, b.p. 140°/10 mm., which s0liMed slowly 
on cooling. The semicarbamne of this acid bad m.p. 164.0- 
164.2" and gave no melting point depression on admixture 
with the eemicarbmne of an authentic sample of -,-keto- 
caproic acid. 

The original aqueous phsse obtained after decomposition 
of the Grignard complex was ala0 continuously extracted 
with ether for 24 hr. This extract yielded an additional 
2 g. of -pketoesprOic acid, b.p. 120°/4 mm., and 3 g. of ethyl- 

(21) Simple extraction in a separatory funnel with car- 
bonate yields a small amount of keto acid, and subaequent 
extractions continue to yield small amounts of acid This 
behavior is ascribed to the fact that the material actually 
in the ether solution is -&dorc++prolactone, which is 
hydrolpxd to the keto acid This is supported by the 
obeervation that attempted diatillstion of the residue from 
the unextracted ether solution leads to evolution of h y b  
gen chloride and tar formation. 

-,-ketocaproate, b.p. 90°/10 mm., infrared spectrum identi- 
cal with that of the normal ethyl eater of -,-ketocaproic acid. 

The organic phase from which the keto acid was extracted 
with carbonate contained neutral material which was not 
readily separated by direct dietillation; however, the 
products obtained after alkali treatment could be partially 
separated. The reaidue remaining after removal of solvent 
was heated under reflux for 4 hr. with ex- 10% aqueous 
sodium hydroxide. The cooled basic solution was extracted 
five timea with ether, and each extract was washed once with 
water. Removal of solvent from the dried extract and d i s  
tillation yielded 2.65 g. of impure Zmethyl-3-ethyl-2-cyclo- 
pentenone, b.p. 81-83'/10 mm., ny 1.4600 (lit.,- b.p. 
90°/15 nun). The infrared spectrum showed bands at  5.93 
and 6.01 u, indicative of an a,&unsaturated ketone, while 
the ultraviolet spectrum gave similar indication with a 
band of A, 235.5 mp, 6 5100. h shown in the characteriza- 
tion of this compound in section (C) below, the extinction 
d c i e n t  and index of refraction of this sample indicate 
that it i s  only about 40% cyclic ketone. 

The basic solution remSining after extraction of the saponi- 
fication mixture was acidified to Congo Red with 12N sul- 
furic acid, then extracted five times with ether. Distiition 
of the material recovered from this extract yielded 6 g. of 
-,-ethyl--,-caprolactane, b.p. 107"/10 mm., ny 1.4466. The 
infrared spectrum contained one carbonyl band at 5.69 p. 

When a reaction was carried out as described above except 
that there were used only 1.5 moles bf ethyl bromide per 
mole of succinyl dichloride, the yield of ?ketocaproic acid 
was reduced to 4%. Further reduction of ethyl bromide to 
1.2 moles resulted in only 39% yield of -,-ketocaproic acid. 

(B) Gi@ard reaction ai -40". The Grignard reaction was 
carried out in the general manner described under (A), 
except at  lower temperature; and there were uaed as reactr 
ante 1 mole of magneaiun and of ethyl bromide, 0.5 mole 
of succinyl dichloride. Addition of the Grignad solution to 
the dichloride, dissolved in 200 mL of ether, was begun at 
-70", but it was soon found neceessry to d o w  the reaction 
mixture to warm up to the range -35" to -40" in order to 
prevent the precipitated complex from stopping the stirrer. 
After completion of the addition, which requjred about 3 
hr., the mixture was decomposed with ice (the mixture W a s  
acidic without addition of acid). 

After separation of the aqueous and organic phases from 
the reaction, the aqueous phase was extracted four times 
with ether. The ether extracts were washed once with water, 
then stirred under reflux for 1 hr. with 400 ml. of saturated 
aqueous sodium carbonate solution. The cooled ether phase 
was separated and eximcted once more with saturated 
sodium carbonate solution and once with water. The aqueous 
phases were combined and acidified to Congo Red with 12N 
sulfuric acid, then extrseted four times with ether. Distil- 
lation of the product recovered from the dried ether extracts 
yielded 5 g. of y-ketocaproic acid, b.p. 115"/2 mm. The semi- 
carbmne of this acid had m.p. 165-166" and gave no 
depression on mixing with an authentic sample. 

Content of the nactral fradion remaining after csrbonate 
extraction was evaluated by work-up in two ways. Method 
(a), direct distilldion. The organic phase remaining after 
extraction with sodium carbonate was dried over mag- 
nesium sulfate, the solvent was removed by dietillstion, and 
the residue was distilled to yield the following fractions: 

Frac- Weight, 
tion g. B.P./p"re ny 
1 1.42 30-64"/20 nun. - 
2 11.24 64-68"/20 mm. 1.4422 
3 2.41 69-109"/20-9 mm. 1.4527 
4 1.80 104-111"/9 mm. 1.4589 
5 1.85 111-148"/94 mm. 1.4705 
6 1.35 a. 148'/9-O.5 mm. 1.4823 

(22) E. E. Blaise, Cumpt. rend., 158, 709 (1914); H. 
Pringsheim and J. Leibowitz, Ber., 56, 2037 (1923). 
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Fraction d has a boiling point consistent with that expected 
for 2,2,5-txiethyl-2,3-dihydrof~ (dehydration product of 
hemiacetal of Sethyl-3-hydroq+octanone); however, 
elementary analysis waa not in agreement with this formula, 
and it wema probable that this fraction is an azeotrope of 
the dihydrofuran with a small amount of the keto alcohol 
and/or the hemiacetal. Redidla tion of frac. 2 gave material 
b i g  sharply at  72'/28 nun., ny 1.4390, infrared spec- 
trum unchanged. The infrared epectrum exhibited weak 
carbonyl bands at about 5.9 and 6.0 p ,  and the ultraviolet 
spectrum showed no aignScant absorption except for a 
rapid rise in abeorption aa the wavelength waa decreased to 
210 w (characterietic of a carbon-carbon double bond not 
conjugated). A usual methodm for preparing semicarbamnes 
gave a reasonable yield from frac. 2 of a derivative whose 
analysis waa in agreement with that calculated for the 
semicatbazotu of 3 - e t h ~ l & l q J d ~ l w n e .  

A d .  Calcd. for (XIHpN& C, 57.61; H, 10.11; N, 18.32. 
Found: C, 57.55; H, 10.05; N, 18.12. 

Phortly after recrystallhtion from water, this semicar- 
bszone had m.p. 90-92" (literature,u m.p. 95"), but on stand- 
ing the m.p. dropped to 79-82' (one recrystallked sample, 
which had heen dried for several days, had m.p. 79.5- 
80.5'). The low-melting form waa converted to the high- 
melting form by heating at  85-90" for 3-4 hr., and on stand- 
ing at mom temperature changed back to the low-melting 
form. This behavior euggeda polymorphism in the semi- 
carbssone; however, there is ala0 the possibility of a change 
in structure related to keto alcohol and hemiacetal. 

Frees. 3 and 4 shodd contain any lactone or dione formed 
in the reaction; however, no pure components could be 
isolated until after the alktrli treatment described below. 
The high-boii material is slso described below. 

Methad (b), alkali treatment prior to distilldion. In a run 
carried out as described above, solvent was removed from 
the organic phsse remaining after carbonate extraction to 
leave a &due of 35.2 g., which wan heated under reflux 
with 10% aqueous sodium hydroxide for 4 hr. The cooled 
slksline solution w88 extracted four times with ether, and 
the extracts were washed with water. 

The total aqueous phases were acidified to Congo Red 
with 12N sulfuric acid and extracted four times with ether. 
There was recovered from this extract 3.0 g. of yethyl- 
ycaproiadone, b.p. 108-109°/12 mm., n'," 1.4470. 

Material recovered from the extracts of neutral material 
waa distilled to yield the following fractions: 

Frac- Weight, 
tion g. B.P./presrmre n'," 

1 1.95 <65"/20 mm. 1.4470 
2 14.45 65"/20 mm. 1.4393 
3 4.42 65-151"/20-4 mm. 1.4620 
4 7.30 151-153"/4 mm. 1.4716 

The characteristics of frm. d were the same as described 
for this fraction in Method (a); these included analysis, 
infrared spectrum, and semicarbasone formation. 

Fraction S contained very little material boiling in the 
range of Sethyl-z"thy1-2-cyclopentenone (93-97"@0 
mm.); however, in another run there was isolated 3.8 g. 
(7% yield) of this product (for characterisation, refer to 
run with femc chloride). As indicated in Table I, the ratio 
of the several products obtained in this reaction waa rather 
variable; this is ascribed partly to the uncertain reaction 
conditions resulting from the barely stirrable mixtures 
arising from complex precipitation, partly to the uncer- 

(23) Huan, C m p t .  rend., 188, 1175 (1929). 

tainty introduced from the azeotropic material in frac. 2, 
and partly to the aiepificant mount of high-boiling un- 
charactew material deacribed in the ~ e x t  pruagraph. 

Fraction 4 appeare to be m e  type of dimer of the primary 
W o n  products. No reaction with 2,4-dinitrophenyl- 
hydra?iine or eemicarbanide was obeerved. The infraved 
spectrum showed a bmad, weak band in the carbonyl 
region near 6 p ,  and a strong band in the ether region (8.9 
p). Redietillation yielded a component boiling sharply at 
152-153"/4 mm., with u n c h d  infnrred 8pectrum. The 
ultraviolet spectrum showed no absorption except the. end 
absorption characteristic of a carbonabon double bond. 
Elementary analysis (C, 76.99; H, 11.57) is in fair agreement 
with &H&, the formula for a dimer of 2,2,5-triethyl-2,3- 

( C )  Grignard readion at -40" in pre.sena of ferric &hide. 
A reaction waa carried out aa described under d o n  ( B )  
using the same quantities of reagents, except that 1.5 g. 
(0.009 mole) of anhydrous ferric chloride wan added to the 
succinyl dichloride solution before addition of Grignard 
reagent wtyl begun Addition wan atsrted at -65", but dur- 
ing the course of the 2 hr. required for addition, the tem- 
perature was allowed to rise aa high aa -45" in order to 
prevent stopping of the stirrer by precipitated complex. 
After addition was complete, stirring was continued for an 
additional 5 min., then the reaction mixture waa decom- 
poeed by pouring onto ice (mixture acid to Congo Red). 

The aqueous and organic phases of the reaction mixture 
were separated, and the organic p h  waa washed firet 
with water then three times with saturated aqueous sodium 
carbonate solution (shaking 5-10 min. with each wash), 
finally with water. The total aqueous carbonate extrsda 
mere acidijied to Congo Red with 12N sulfuric acid and 
extracted four times with ether. The ethcr extracts were 
washed once with water and dried over anhydrous mag- 
nesium sulfate. From this extract was recovered 9.5 g. of 
yketocaproic acid, b.p. laO-160°/10 mm., slowly solidifying 
on cooling. The s e m i b n e ,  after crystsllixston from 
water, had m.p. 167-168" and showed no depression on 
mixing with an authentic sample of the semicarbne of 
yketmaproic acid. 

From the extract of neutral material, remaining after 
carbonate extraction, there waa recovered 26.5 g. Since no 
constsntchoiling fractions could be separated by direct 
distillstion, the distilled fractions (weight 22.5 9.) were 
combined and heated under reflux for 4 hr. with 450 ml. of 
10% aqueous sodium hydroxide solution. The oooled basic 
solution waa extracted four times with ether, and the ether 
extracts were washed once with water. The neutral material 
recovered from the ether extracta waa distilled to yield 14.0 
g. of 2-methyl+ethyl-2-cyclopentenone, b.p. 85"/10 mm., 
ng 1.4810. 

Anal. Calcd. for C&&: C, 77.37; H, 9.74. Found: C, 
76.52; H, 10.09. 

The infrared spectrum of the cyclopentenone showed 
strong bands at  5.9 and 6.05 p ,  aa expected for an Q,~?-uw 
saturated ketone. This waa con6rmed by the ultraviolet 
spectrum: A, 235 w, c $3,500. 

The semk- ,  prepared aa usual,u had m.p. 217- 
218" (dec.). 

Anal. Calcd. for C,Hl&X#: C, 59.64; H, 8.34; N, 23.38. 
Formd: C, 60.16; H, 8.61; N, 23.28. 

The combined aqueous alkaline phases, remaining after 
mponification and extraction of neutral material, were 
acidified to Congo Red with 12N sulfuric acid and ex- 
tracted three times with ether. Distiustion of the material 
recovered from the ether extrsda yielded 8 s  g. of e thyl -  
ycaprolactone, b.p. 10S-llOo/10 mm., ny 1.4460. 

dihydrOfiU7Ul. 
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