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INTRODUCTION,

Ever since the discovery of cyclopropane by Freund
(1) numerous substituted derivatives have been prepared
and their stabllity carefully studied. It was early for=
mulated by Perkin (2) and leter by K&tz (3) that the
substitutent groups have a marked influence on the sta-
bility of the cyclopropane ring. Recently Kohler and his
studente (4) have prepared s seriles of ketonic cyclo-
propanes in which all three carbon atoms are substituted.
They have studied their reactions toward characteristic
ring reagents and have obtained valuable information on
the behsviour of cyclopropanes bearing substitutents on
all three carbons. More recently a method (5) has been
devised for the preparation of closely related ketonic
cyclopropane derivatives in which only two carbons of the
ring are substituted. It 1s, therefore, possible to com=-
pare these derivatives with the previously studied ex-
amples and so obtain additional information on the in-
fluence of substitutents on the stabllity and reactivity
of cyclopropanes.

In the first paper of this seriles, Allen and Bridgess
(5) compared the reactions of lephenyl-l-nitro-2-benzoyl-
cyclopropane (I) with the isomeric l-nitro-2-benzoyl-3-
phenylcyclopropane (II), previously studied by Kohler

and Englebrecht (4g). In a second paper, Allen and Barker



(6) “have prepared l-phenyl-l-benzoyl-2-benzeylcyclopro-
pane (III) and compared it with the cyclopropane (IV),
studied by Kohler and Jones (4f)., The cyclopropanes

—-CHCOC6H5 cGHS-SH——&Hcocsr{S
<‘\ N,/
é-N02 ¢HNO, II
c{ g— CHCOGH, CgHg=CH — GHCOC4™H,
csns..oc CgHs  III COCgH;  IIII
c327ﬂcoc635 CHg=GH — CHCOC4H,
¢{rR,R') A c(R,R') B

(I) and (III) or type (A) are much less reasctive than
the isomeric cyclopropanes (II) and (IV) or type (B).
In the latter derivatives, the ring has-been opened in
all 3 positions, the same resgent frequently giving two
types of products. Regardless of the nature of the re-
agent, the derivatives of type (A) have only been open-
ed between the two carbon atoms bearing substitutents
or the 1,2 position,

It was of interest to prepare other cyclopropane
derivatives belonging to type (A) to see whether they
too would react like the previously studied examples
in this series,

We have added methyl malonate to vinyl phenyl ketone



CH,=CHCOCgHsand obtained the keto ester, methyl Y -benzoyl-
ethylmalonate (V), closely related to methyl F-phenyl-y-
benzoyl-ethylmalonate (VI) studied by Kohler and Conant
(4a), The latter ester has been converted into a cyclo-

CH20H20006H5 v 06H5-?HCH20006H5

CH(COOCH4) , CH(COOCH;) ,

Vi

ester (VIII) belonging to type (B). Employing similar
methods, our ester was converted to the clesely related

ketonic cyclopropane ester (VII) belonging to type (A).

GH,,— CHCOCH CoHe=GH — CHCOCH
2 75 vy 65\( "5 vz
c(coocn,) , ofcoock,) ,

The resctions of the cyclopropsne derivative (VII)
have been studied and the results compared with the
previously studled reactions of (VIII) and all cyclopro-
pane derivatives bearing one or more unsaturated groups
on two carbons of the ring, Before discussing these re-
sults 1t is necessary to find all known cyclopropanes

of this type.

In 1884 Guthzeit and Conrad (7) prepared ethyl 1,1-
2-cyclopropene -tricarboxylate (IX) by condensing the
godium salt of ethyl malonate with ethyl « - F -dibromo=-



propionate. The cyclopropane ester distilled under di-

CHp — CHCOOC 2H;, CHp — CHCOOH qgf-j;QHCOOH
c{coocoRy) 2 \\b COOH) » CHCOOH
IX X X1

minished pressure without decomposition. At that time

the main criteria of the stability of a cyclopropane was
its behaviour on pyrolysis. The ester on hydrolysis with
aqueous sodium hydroxide gave the corresponding cyclo-
propane tricarboxylic acid (X), which on heating lost
carbon dioxide and gave the anhydride of the 1,2-cyclo-
propane-dicarboxylic acid (XI). The free acid was obtain-
ed by heating the anhydride in a ssealed tube with water,

Michael (8) obtained the cyclopropane ester (IX)
by condensing ethyl <« -bromopropionate with ethyl-sodlum-

malonate.

Perkin (9) prepared the methyl 1,1, 2,2-cyclopropane
ester (XII) by treating the sodium salt of methyl propane-

CHo —C(COOR) ) CHo —C (COOH) 2
(/ XII XIII
C COOR)2 C COOH)2

tetracarboxylate with bromine. On pyrolysis the tetra-



ecarboxylic acid (XIII) gave the anhydride of cis-1,2-

eyclopropane-dicarboxylic acid (XI).

Guthzeit and Dressel (10) prepared both the ethyl
and methyl cyclopropane esters (XII) by the same pro=-
cedure, On pyrolysis of the corresponding acid, they 1iso-
lated the cis acid (XI) which on distillation under re-

duced pressure was converted into its anhyqeide.

Perkin and Gregory (11) prepared the same cyclopro-
pane ester (XII) by condensing ethyl =,~'-dibromo-provane-
tetracarboxylate with the sodium salt of the same ester.
The pyrolysis of the cycloprooane tetracarboxylic acid
(XIII) gave the higher melting trans-1,l-cyclovorovnane-
dicarboxylic acid (XI). This acid heated with acetic an-
hydride gave the anhydride of the cle-cyclopropsne acid (XI).

Guthzeit and Lobeck (12) using the same procedure
prepared both the ethyl and methyl esters (XII), They
obtained both isomeric acids (XI) on pyrolysis of the
cyclopropane acid (XIII).

The ester (XII) and the acids (XIII) and (XI) were
also prepared by K8tz and Stalmann (13) by digesting
the sodilum salt of ethyl succinate with methylene iodildse.
Later Kbtz and Sielich (14) prepared them by eliminating



hydrogen bromide from ethyl X -bromooropane-tetdcarbox-

ylate with ammonia or lodine.

Porkin and Bowtell (15) and later Perkin and Tstter-
stall (16) obtained trans cyclooropane acid (XI) by re-
fluxing ethyl X -bromogluturate with eilther alcoholic

potassium hydroxide or auinoline.

Buchner (17) and Buchner and Papendieck (18) prepared

methyl 1,2-cvcloprovane-dicarboxvlate (XIV) by d1stilling

CHs ————— CHCOOCH
2\/0 o xw

CHCOOCH=

methyl 3,5-pyrazoline-dicarboxylate. Hydrolysis of this

ester gave the two stereolsomeric cyclooropane aclds (XI).

Poechmann (19) prepared the same ester by dilstilling
methyl 3,4-pyrazoline-dicarboxylate. The latter was ob-

teined by condensing methyl fumurate with dlazo-methane.

A1l the preceding esters and acids are stable toward
potassium permangsnate. The two stereoisomeric 1,2-cyclo-
propane-dicarboxylic acids €XZ) are very stable substances.

Neither acid (20) when hested at 10000. decolorized an

alksline potassium permanganate solution nor are they



reduced by a concentrated sodium amalgam solution. Both
acids are stable toward heat. The trans scid distilled
under reduced pressure without chenge. The cis acid on
distillation or when digested with acetyl chloride was
changed into its anhydride. The latter wss also obtained
by heating the neutral silver salt of the trans acid with
tile clay. This conversion (1ll) was better effected with
acetic anhydride. An 80 % yleld of the trans acid (20)
was obtained by heating at 240-25000, the calclum salt
of the cis acid with potassium hydroxide. A small amount
of cyclopropane monocarboxylic acid was obtained as a
by=product in this treatment. A small amount of trans
acld was ootalned by heating the cis acid at 150°C in a
aqueous
sealed tube with a 1:1,sulfuric acild mixture. In this
treatment, a considerable amount of hydroxy acid was also
formed. The cis acid (XI) 4id not react with concentrated
hydrochloric acid (17) even when heated in a sealed tube

at 180°C. for 6 hours.

Buchner and Wedemann (21) heated the acid chloride
of the cis modification (XI) with phosphorcus snd bromine
in a sealed tube and obtained two isomeric 1,2-dibromo-

1, 2-cyclopropane~-dicarboxylic acids (XV). The trans acid

Hp ———— CBrCOOH
e XV

CBrCOOH



gavel the same two di-bromo acids (XV), These acids are
stable toward potassium permanganate and bolling water.
Sodium amalgam reduced both modifications to the trans-

1, 2«cyclopropane-dicarboxylic acid (XI).

Paolini (22) prevared ethyl 1,2-dimethyl-1, 2-cyclo-
propane-dicarboxylate (XVI) by eliminating hydrogen
chlorlde from ethyl trimethyl-chlorogluturate with 4i-

cﬂg;;;p(cu3)coocans CHy —0(CH5 ) COOH
CHx) COOC oHe CHx ) COOH
XvV1 XVII

ethyl-aniline. Both the ester and the corresponding acid
(XVII) are stable toward potassium permanganste. The acid
was 8lso prepared and its saturated character determined
by Henstock and Woolley (23). The substituted 1, 2-cy-
clopropane=dicarboxylic acid (XVII) exhibits the ssme
stability (24) as ehown by the preceding unsubstituted

cyclopropane dicarboxvlic acids (XI),

In comparison to the cyclovropane acids bearing sub-
stitutents on two carbons of the cyclopropane ring, the
1,1-cyclovropane-dicarboxylic acid (XVIII) and the 3,3-
dimethyl-1, 2-cyclopropane~dicarboxylic acid (XIX) are

much less stable. Fission of the ring in these deriva-



tives takes place with greater ease. The cyclopropane-

CHQ———CHé (CHB)QC-————CHCOOH

\c ( XVIII \o { XIX
COOH), COOH

1l,1-dicarboxylic acid on distillation (25), (26) formed

the butyrolactone (XX). The acid (XVIII) readily reacted
with hydrobromic acid at OOC. and formed an unstable bro-
moacid which when boiled with water produced the carboxy-

lactone (XXI). The latter was also obtalmed by:refluxing

CHy —CHy— CHp CHy — CHp — CHCOOH
l | XX | | XX1I
0 —Co 0 ———C0

the cyclopropane acid (XVIII) with a 50 % sulfuric scid
solution. The carboxylactone when heated at 120°C. lost
carbon dloxide and formed the saturated lactone (XX).

The 3,3-dimethyl-1,2-cyclopropane-dicarboxylic acid (XIX),
a derivative of type (B), on heating (27) was converted

into dimethyl paraconic acid (XXII), In all these ex-

CHCOOH

CcO C(CH3)2 XXII

periments with the cyclopropsne derivatives (XVIII) and
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(XIX), the cyclovpropane ring was cleaved.

Small ameunts of the two isomeric cyclopropane acids
(XI) were obtained by Farmer and Ingold (28) as reduction
producte from 1, 2«cyclopropene-dicarboxvlic acid. The
latter was prevared by treating o «bromoglutaconic

acld with a concentrated alcoholic slkali solution.

Ingold (29) also prepared the cvclooropsne acids (XI)
by treating ethyl = -bromogluturate with concentrsted
alcoholic potessium hydroxide solution. In addition to
these aclds and hydroxylation oroducts, a small amount

of paraconic acid (XXTII) wss 1solated. The author ac-

GH, — CHCOOH ?HQ CIJHCOOH
COOH co CHy
X1 0 XXITI

eounted for its vresence by assuming ring fission of the
cyclopropene acids (XI). The peraconic acid could only
have formed by cleavege of the ring in the 1,3 vosition;
this 18 one of the few cycloprovane derivatives of tyoe
(A) in which the ring onened other than in the 1.2 po-
sltion, or between the two carbon atems bearing substi-

tutents.

Ingold (29) prepared the bromo-1,2-cyclopropane-di-



11

carboxylic acid (XX1V) by hydrolyzing ethyl\q$€-d1bromo-

CH,——CBrCOOH one--e(ou)coon
XXIV
“HCOOH CACOOH

XXV

gluturate with dilute ascueous sodium carbonate solution.
The acid 1is stéﬁle t§iard concentrated hydrochloric acid
and potassium permangasnate. It was not decomposed when
heated with a dilute nitric acid solution. By digesting
with a 2 N godium carbonate solution for 500 hours, it
wae converted into the cyclovoropanol -1,2-dicarboxylic
scid (XXV), This acid 1s stable toward potassium permanga-
nate, concentrated hydrochlqric acid, and dilute aqueous
sodium hydroxide. The bromoacid or the eycloprovanol scid
when digested with concentrated alkali in methyl alcohol
gave the methoxy-cyclovropane acid (XXVI) and the (-
kxeto-glutaric acid (XXVII), The cycloprooanol acid (XXV)

GHy— C(OCH5) COOH CHz COO00H qs;——-CHe
CfICOOH CH,COOH
XXVI XXVII XXVIII

when refluxed with concentrated sulfuric acid gave =
very smell amount of cyclooropanone (XXVIII). The exist-
ence of this ketone and the probability that Ingold ever
hed it is auestioned by Demjanow (30) and Lipp (31),
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Ingold (32) prepared the two sterseolsomeric methyl-
1,2-cyclopropane-dicarboxylic acids (XXIX) by digesting
ethyl x-bromo- &'-methyl-gluturate with cencentrated

alcoholic petsssium hydroxide solution, A small amount

CHQ——-C(CH3)COOH CH ——————-G(CHB)COOH

I I
CHCOOH co CH,

XXIX \\\\o’/// XXX

N

of methyl paraconic acid was 2l1so isolated. The author
again assumed that it must have formed from the cyclo-
propane scids (XXIX). The cis ascid when heated at 1A0°
C. was converted into its anhydrida. This ssme anhydride
was obtalned by heating the trans scid with acetyl chlo-
ride. The conversion of the cis scid into the trans

ecld was effected by heating with hydrochloric acid.

Merburg (33) prepared the methyl 1,1l-cycloorovane-
dicarboxylic ester (XXXI) by condensing ethyl-sodium-mal-
onste with oropylene dibromide. Hydrolysis with scueous

XXX1I \\\‘(/ XXXXII
c{cooc s ) 5 c{coon),

barium hydroxide gave the corresponding cyclopropane

acid (XXXII). The ester and the acid sre stsble towsrd
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potassium permanganate and sodium amslgam. The ester
distilled under reduced pressure without decomposition.
The acid (XXXII) readily rescted with hydrobromic acid
at 0°C. and formed an unstable bromide, which when
bolled with water for 1% minutes was converted into the

csrboxylactone (XXXIII). This lsctone wss also obtalned

CH, —GHCH, CH,——CHCH,
\ \
0 0
/
CH——CO CH;—CO
I
COOH XXXIII XXXIV

by refluxing the dibasic cycloprovane scid (XXXII) with

8 50 % sulfurlc acid solution. The carboxv lactone on
pyrolysis:;ggt carbon dinxide and formed the saturated
lactone (XXXIV). This valerolactone and a esmall smount

of methyl-cyclooroovane-csrboxylic acid (XXXV) were obtain-
ed by dry distilling the methyl 1,l-cvclovropane-dicar-
boxylic scid (FXXII). With bromine the latter acid gave

an open chain dibromoacid. In all these reactions the

cyclopropane ring was ovened in the 1,2 vosition.

GHy — CHCH3 Ho— C(CHz) » GHQ—;;Q(CH3)2
N ﬁ/' q\cﬁ:/ N c

CHCOOH COOCHz CHCOOH
XXXV XXXVI XXXVII

The methyl 2,2-dimethyl-cyclopropane-carboxylate (XXXVI)
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was prepared by~Blanc and Haller (35) from methyl 3, 3-
dimethyl-butyrate and methyl-sodium-melonate. The ester
and the corresponding scid (XXXVII) distilled in vacuo
without decomposition., Kishner (36) obtained the same
acld by oxidizing 2,2-dimethyl-l-isobutenylcyclopropane

with permanganats.

Blanc and Haller (35) also prepared 2-isopropyle
cyclopropane carboxylate (XXXVIII) by condensing ethyl

\ -bromo- F,-isooropylbutyrate with the sodium salt

of ethyl malonate. The ester and the corresponding acid

GH,— CH-CH(CHy) ,, cna—;;pn-ca(cﬂ3)2
CHCOOC HH, CHCOOH
XXXVIII XXXIX

(XXXIX) are steble toward heat. Neither decolorized ovo-

tassium permangsasnate.

| a
Ipatief?t (33) prepared ethyl 2-isepropyl-1,l-cyclo-
propane-dicarboxylate (XL) By .condsheing 1sopropyl ethy-

lene bromide with ethyl-sodium-malonate. The correspond-

qgs—;;pa-cu(cn3)2 QHy—CH-CH(CH3) 5
¢{Co0C,Hs) 5 c¢{coon),,

XL, XLI
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ing acid (XLI) on pyrolysis gave the 2-isopropyl-cyclo-

propane monocarboxylic acid (XXXIX).

The same author (3%b also prepared 2-isopropylene-
cyclopropane-l,1-dicarboxylic ester (XLII) by condensing
1, 2-d1bromo=3J«methyl-butene 3 with the sodium salt of
ethyl malonate., The ester on hydrolysis gave the une
saturated cyclopropane dicarboxylic acid (XLIII), called
isoprenic acid by the author,

CH CH
C —CH—C 2 2——CH—C 3
( \CHQ / CH2
Cc 0002H5 c OOH)2
XLIX XLIII

Buchner and Geronimus (38) on distillation of ethyl
lg -4-phenyl-pyrazoline=3-carboxylate obtained ethyl
2-phenylcyclopropane carboxylate (XLIV). The structure

GHp — CHCgHg CHy — CHCgHs
CHCOOC HHg CHCOOH
XLIV XLV

of the ester was determined by hydrolysis and oxidation
of the nitrated acid to the known trans-1, 2-cyclopro-
pane-dicarboxylic acid (XI). On pyrolysie of the cyclo-

propane acid (XLV) two unsaturated hydrocarbone, styrene
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and phenyl-l-provene, were isolated. The suthors assumed
that they resulted from the decomposition of the 1inter-
mediate phenylcyclopropane. None of the latter could be
obtalined.,

Ruhemann (39) by condensing ethyl phenyl malonate
with ethyl chloro-fumdrste in the presence of sodium
ethylate obtained a 6 ¥ yleld of ethyl phenyl-carboxy-

aconitate (XLVI). This ester when refluxed with an excess

061{5.(':(0003)2 ?6:-15
-COOR CH——@0=CO
i N2 /‘J =0
HC-COOR XLVI CH=CO XLVII

of alcoholic potassium hydroxide was converted into the
anhydride (XLVII) of 2-phenyl-l,2-cycloprovane-dicarboxylic
acid. The latter was obtained by boiling the anhydride
with water. The tendency for anhydride formation 1s very
marked; on cooling it is again reformed. The cyclopropane
derivative (XLVII) is stable toward potassium permangame
nate and bromine. Sodium amalgam solytion reduced it to
symmetrical methyl phenyl succinic acid. The ring in

the reduction was cleaved in the 2,3 positien.

von der Heilde condensed methyl dlazo-acetate with

phenyl butadiene and obtained on the distillation of the
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pyrazoline derivative the methyl 2-styrylecvcloprovane

carboxylate (XLVIII). The ester distilled in vacuo withe

CHp —CH-CH= CHCgHg CH5—CH-CH= CHCGH

3
CHCOOCH3 CACOOH

5

XLVIII XLIX

out decomposition. The cerresponding acid (XLIX) was
oxildized by an slkaline votassium permanganate solution
to the known trans-1, 2-cyclooropane-dicarboxylic acid
(XI) and benzoic acid. The unsaturated acid (40) readily
reacted with bromine and fermed the dibromocveloprovane

acid (L). Thie acid is stable toward permanganate. Sodium

CHQ—CHCHBI‘OHBI‘csﬂs GHQ—CHCHQCH206H5
CHCOOH CHCOOH
L LI

amalgam reduced it to the 2-?-phenylethylcyclopropane-l-
carboxylic acid (LI). Sodium in amvl alcohol reduced *the
bromoacid to a saturated open chain acid, the constitution
of which was not determined. The acids (XLIX) gna (LI)

on treatment with phosphorous pentachloride and ammonia

gave the corresponding amides.

Buchner (41) on distillation of methyl 5-acetoxy-3,5-
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pyrazoline-tricarboxylate obtained methyl l-acetoxy-1,2-
cyclopropane-tricarboxylate.(LII). Hydrolysis with agueous
alkali gave the corresvonding tribasic acid (LIII). The

CHp —CHCOOCH3 GHp — CHCOOH
clz-coocn3 LII clz-coon LIII
CHoCOOCH? CH,COOH

cyclopropane ester (LII) distilled under diminished pres-
sure without decomposition, The acid was slowly decom-

posed by heat.

Porkin (42) condensed propylene bromide with the
sodium salt of aceto-acetic ester and obtained the cyclo-
propane derivative ethyl 2emethyl-l-acetyl-l-ecyelooropane-
carboxylate (LIV). The ester on hydrolyeis with alecoholic

00002H5 LIV COOH LV LVl

potassium hydroxide gave the corresponding scid (LV),

A very small smouht of 2-methyl-leacetylcvclopropane
(LVI) was obtained on pyrolysis of the cyclopropane acid
(LV). The acid was not decomposed when heated with an

alcoholle potassium hydroxide solution.
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On oxidation of thujone (LVII), whose constitution
wae then unknown, Wallach (43) obtained two stereoiso-
meric acids which he named <« and F'-thujaketonic acids.
Later Semmler (44) proved thet these acids were the ke-

tonic cyclopropane acid (LVIII). This scid was further

CHs
oy
Hd// \\co GHp——GHCOCHs CHp——CHCOOH
32£§§%//;H1 \\?{€§ZCOOH ‘\\?fé;QCOOH
| CH(CHz) 5 CH(CHs) 5
CH(CHz) 5
LVII LVIII LIX

oxidized with sodium hypobromite to the stable cyeclepro-
pane dicarboxylic acid (LIX), This acid readily formed

an anhydride and was stable towsrd dilute acids. The cor-
resovonding cycloorovane ester (LX) was obtained (45) by
saturating a solutlon of the acid in methyl alcohol

with hydrogen chloride. The ketonic eyclopropane ascid

GHé—:;9HCOOGH3 CH2-0H2-000H3
?-CHQCOOCHS c///.o\b
CH(CH3)2 LX «CH,-CO 1LXI

|
CH(CH,)

(LVIII) when treated with dilute sulfuriec scid solution
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wss converted into the saturated lactone (LXI). The ring
was cleaved in the 1,2 position. The ketonie acid (LVIII)
when distilled under diminished vressure or when digest-
ed with water formed the unsaturated F-thujaketonic acid

(LXII); the ring was again ovened in the 1,2 position.

?ﬁ;// %pon GH——C=C(OH)CH

CH CH C-CH,.COOH
7 [
|

CH(CHg), IXII LXIII

3

Wallach (45) assumed that this acid resulted from the
intermediate, unstable, enol form. The instability of
the enol (LXIII) can be explained by the mechanism for-
warded by Allen and Boyer (46). They consider a double
bond attached to a cyclopropane ring equivalent to the
reactive allene linkage. The saturated cyclopropane di-
carboxylic acid (45) 1s stable because enolization 1is
excluded, The corresponding cyclopropane ester (IX) was
converted by a concentrated alcoholic sodium methyvlate
solution to the isovropylcycloventanone carboxylic ester
(LXIV), which on distillation lost carbon dioxide and
alcohol and formed tanacetophorone (LXV), Since enoli-
zation 1s possible in the ester, this transformation

(45) wee- again explained through the intermediate enol



form,

CHp-CHp-CO

C =——=C-COO0R ILXIV
|
CH(CH})a

21

CHQ————CO
CH2 CH

N/ W

LH(CH3)2

Umbellulone (LXVI), a derivative of the dicyclic terw

pene thuj)ane, may also be considered as a cycloprepane

derivetive belonging to type (A). Tutin (47) and Lees (48)

1

qgk CH, — CHCOCHx qss-——cacoon
H| ?32 ?-coon ?-coon
Haq\c/po CH(CHz) » CH(CH,) ,,

| LXVI LXVII LXVIII

CH(CH})a

on the oxidation of umbellulone obtained a ketonic sat-

urated acid which they called umballulonic acid, Later

Semmler (49) proved that this umbellulonic acid was the

ketonic cyclopropane acid (LXVII). Thies cyclopropane

acid on distillation gave an unsaturated lactone which

was readily oxidized to the stable cyclopropane dicar-

boxylic acid (LXVIII), called umbellularic acid., This

acid formed an anhydride and 1s stable toward concen-

trated hydrochloric acid . The ketonic cyclopropane acid
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V
(13;1) on reduction with sodium and methyl alcohol (47%
was cleaved in the 1,2 position and formed the saturated

lactone (ILXIX).

clu-x3 CIEHQCOOCQHS
CH CcO C..OH
/ \0 AN N
chls I HC|! <|3H2 chl: ?Hg
H,0 0 320\ CH,  HC CH
V4
\?H/ \‘F/ \?/
GH(CH3)2 OH(CH3)2 CH(CH})Z
IXIX ILXX LXXI

B8abina ketone (LXX) may also be considered ss a
cyclopropane derivative belonging to tyve (A). The cycloe
propane ring isomerized when the ketone was cendensed (50)
with ethyl bromoacetate in the preesence of zinc and
formed the unsaturated aslcohol ester (LXXI). The cyeclo-
propane ring was ovened in the 1,2 position. All the
other reagente employed in determining the structure of

this ketone did not gitack the cyelovrovane ring(51).

SBemmler (52) on oxidstion of benzylidene~thujone
(LXXII), slso called benzylidene-tanacetone, ebtained
the cycloprovane dicerboxylic scid (LXXIII), celled homo-
tenacetone dicarboxylic scidcror homothujsketenic acid.

The same acid was obtained by Wallach (53) by oxidizing
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thujone in an 2lkaline solution with bromine. The cyclo-

o
cg\ ?H(CHB)Q
Hd// o — C-COOH
l I c/
HC C=CHCgHg “OH(CH) COOH
\\..”
[
CH(CHx) 5 IXII IXXITI

propane acid (LXXIII) is stable toward heat; it distilled
without decomposition at 10 mm, pressure. The acid was
converted into 1ts anhydride «by digesting with acetic

anhydride for 1% minutes.

Buchner and Weigand (54) condensed camphens (LXXIV)
with diazo-acetic ester and on distillation obtained the

cyclooropane ester (LXXV)., With sodium and alcohol, the

cné—-?n—-—c(cﬂ3)2 CH5—CH—G(CHy) ,,
% I
CH5—OR=—C==CH, CHz—CH q\\ ﬁ/pﬂz
CHCOOC H,
LXX1V LXXV

ester was reduced to the cyclopropane alcohol. An alco-

holic potassium hydroxide solution hydrolvzed the ester
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to 2,2-dimethyl norcamphene-2-gpiro-cyclooropsne carbox-

ylic acld (LXXVI). The constitution of this acid was

cag—clm——c(cn3)2

CHo
CHy— CH—C= /cng LXXVI
\choon

determined by oxidizing with a 4 € potassium permanganate
solution to the tribasic cycloprovane scid (X), which on
pyrolysis gesve the snhydride snd some cis-l,2-cyclopro-
pane~dicarboxylic acid (XI). This series of experiments
definitely proved the position of the double bond in
camphene, The cyclopropane acid (LXXVI) was reobtained

by treating the corresponding amide with 2 50 £ sulfuric

acid solution.

Conant and Lutz (55) prepasred 1,2<benzoyl-cyclopro-
pene (LXXVII) by treating the higher melting dibromo-

dibenzoyl-propane isomer with zinc and sodium iodide.

H,, ——— GHCOGC
C\K /c 6% L xvi

CHCOC6H5

The lower melting isomer could not be converted into &

cyclopropane derivative. The cyclopropane on reduction
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with zinc and acetic acid gave the straight chaln 4i-
benzoyl-propane resulting by fission of the ring in the

1,2 position,

Knowles and Cloke (56) obtained the l-phenyl~1l-

mitrile-2-methylcyclopropane (LXXVIII) by condensing

GHp ——CHCHy

N / LXXVIII

C6H5-C-CN

propylene dibromide with benzvl cyesrnide in the vresence
of sodium amide. This cyclopropsne distilled at atmos-

pheric pressure without decomoosition,

Recently Auwers »nd K&nig (57) in studving the decom-
position products of various poyrazoline esters isolated
among other oroducts the cyclonrovane derivstives (XIV,

XVII, LII, LXXIX, LXXX). The first four esters were hy-

CHs;—CHCO00C CHs;——C (CH5 ) COOCH
2 " xav \2 / K > xviI
COOCH, ¢{CHy ) COOCH,
CH,——CHCOOC CH, —CHCOOCH=
N " LII ’ LXXIX
?-COOCH-j c{CHz) COOCH=

CH20000H3

drolyzed to the corresponding known acids. The methyl
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2-methyl-l-methyl-cyclopropane-cerboxylate (LXXX) was

p
CH3

obtained in very small quantities; its saturated character

CI'ICH.5
)COOC‘H-5

was determined svectrochemically. No other work was done

vith these substances.
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OUTLINE AND DISCUSSION OF WORK,

Phenyl vinyl ketone readily combines with substances
having an active hydrogen atom and forms addition products
that are unsubstituted in the beta position (58). It has
recently been discovered (5) that the unsaturated ketone
can be conveniently prepared by eliminating hydrogen
chloride from the more readily available Fi-chloropropio-
phenone by the use of potassium acetate. In this way the
addition products with phenflnitromethane (LXXXI) (s)

and desoxybenzoin (LXXXII) have been vrevared and trans-

CH,.CH.COC CH.CH.COO0
|2 2 6% Lxxxr IH"’ 299" |1l
CgHg~CHNO, CgHg-CHCOC H,

formed into the ketonic cyclopropane derivatives (I) and

(III), the latter are unsubstituted in the 3 position.

GH.,——CHCOC GH,.——CHCOC
NS e %

Comparison with their structural isomers (II) (4g) and

CgHg=GH ——CHCOCgHy CgHg=GH ——CHCOCgHs
11 é/' 7 1V
O2 CHCOC gH

(IV) (4f)esubstituted in all 3 positions gave valuable
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information concerning the influence of the substitutent
phenyl group in the 3 position on the mode of addition
of certain characteristic ring-splitting reagents,

In eentinuance of that werk, methyl malonate has been
added to vinyl phenyl ketone, resulting in the formation
of the ’ketonic ester (V) closely related to the substituted
ketonic esters (LXXXIII) (4a,b) (4c). The sddition pro-

?H20H20006H5 X06H4-CHCH20006H4Y

v
CH(COOCH4) , CH(COOCH5) 5

LXXXIII

duct was converted into the cyeclepropane ester and acids

(VII, LXXXIV, LXXXV), derivatives of type (A) and com-

qsg_-—CHGOCGHS ng;;;QHCOC6H5 ng——-CHcocsﬂs
{/, CéQAOH

c 000083)2 OOOH)2

VII LXXXIV LXXXV

pared with the esters and scids (LXXXVI, LXXVII, LXXXVIII),

cyclopropane derivatives of type (B). The latter acid and

: XGsHaGH ———-CHCOCsH“Y XC6H4CH7H0006H5
C

c{coocHs) 00H)
LXKV LXKXVIT
G H.aCH CHOOCH
675 6”5  rxxxvIII

CHCOOH
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corresponding ester have been prepared and studied by
Kohler and Steele (4e).

The addition of methyl malonste to vinyl phenyl ke~
tone (simultaneously obtained by eliminating hydregen
chloride from § -chloropropiophenone with potassium
acetate) took place in methyl alcohol in the presence of
a small amount of sodium methylate. In addition to methyl
Y =benzoyl-ethylmalonate (V), a small amount of trimo-
lecular product (LXXXIX) was aleo obteined; this became

010H20320006H5 CH,CH,COCgH v
+ KAc and NgO!ga H(COOCH4 )
-+ 3’2
cHE(coocH3) 5 06HSCOCH20H2
c(cooca3)2

063500032Cﬁ:’ LXXIX

the major product if too much sodium methylate or only
one equivalent of addend were used,

The structure of the addition product (V) was provead
by hydrqusis to the corresponding dicarbexylic scid

lost
(XC), whieh on pyrolyslsAcarbon dloxlide and gave the knewn

=C0q N CSHSCOCHQCHQCHQGOOH
H(COOH) » ’
XC XCI

Y -benzoyl-butyric acid (XCI). The immediste formation



30

of a 2,4-dinitrovhenylhydrazone indicested the presence
of the carbonyl group.

The ketonlc di-ester (V) dissolved in chloroform,
readily combined with one mole of bromlne 2nd gave an
0i1ly monobromoester. The constitutlon of this o1l could
not be determined but in 81l probability 1t wes a mixe-

ture of the two possible monobromides (XCII) and (XCIII).

CH,CHBrCOC, Hy CHoCH,COCgHs CH2CHBrCOCgH
H(COOCHz) 5 CBr(COOCHs) 5 CBr(COOCH3) 5
XCII XCIII XCIV

A solution of the bromoester in methvl alcohol, standing
under the ultra viodet lamp, slowly rescted with another
mole of bromine ~nd yielded another o0il, probably the

dibromoester (XCIV). Acid hydrolysie of both esters gsve

only untractable terry products.

The oily monobromoester when refluxed with an alco-
holic potessium acetste solution readily lost hydrogen
bromide snd gave the cyeclic ester (VII), The other vpro-
ducts that could have formed by loss of hydrogen bromide
are represented by formulas (XCV, XCVI, XCVII).

0\ 6's ?H._.caco%ns OHOH,COCHg
CH(COOCHs) 5 C(COOCHs) ,
CHz—C(COOCHz) 5
Xcv XCVI XCVII
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The dihydrofurane (XCV), that might have been form-
ed by lose of hydrogen bromide from the enolic modifi-
cation of the monobromoester (XCIII) , was excluded be-
cause the product formed a 2,4-dinitrophenylhydrazone
derivative. The ethylenic esters that might have resulted
by loss of hydrogen bromide from two adjacent carbon
atoms were also excluded because the product nelther re-
duced potassium permanganate nor comblned with bromine.
The ethylenic 1isomers, however, msy have been present
in the cyclopropane residues; they rapidly decolorized
permanganate.

The cyclopropane ester (VII), dlssolved in moist
ether, was very rapidly hydrolyzed by alcoholic sodium
methylate to an oily scid that undoubtedly was the ester
acid (XCVIII). The cyclopropesne esters (LXXXVI) were

GHo— CHCOCgHS XCgHy-CH——CHCOCgH,Y
HOOCCZCOOCHs3, HOOC=C<CO0CH
XCVIII XCIX

also very sensitive toward moist alkaline resgents and
were hydrolyzed by sodium methylate in moist ether to
the corresponding , crystalline ester acids.On further
hydrolyeis with aqueous alkalil, the olly ester acid
(XCVIII) was converted into the cvclopropsne dicarboxe

ylic acid (LXXXIV),
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This cyclopropane dlbasic acid on esterification
with methyl alcohol and a small amount of sulfuric acid

regenerated the ester (VII).

GHp— CHCOCgHs Hp, —CHCOCgHS
COOH)»  Alkali COOCHz) 5
LXXXIV VII

The cyclopropsne dicarboxylic acid when heated above
its melting point lost carbon dioxide and gave small a-
mounts of the two vossible stereoisomeric eyetoorovanad
monocarboxylic acids (LXXXV) and the satursted lactone

(C). We were unable to prove whether Y -benzoylbutyro-

Hy——GHOOC4H;
0 c
/

CH,—CO

lactone resulted by loss of carbon dloxide first and

then opening of the ring or whether the ring was first
cleaved and followed by loes of carbon dioxide. What-
ever the mechenism, it 1s clear that the cycloprovane
ring was opened in the 1,2 vosition, or between the two
csrbons bearing substitutents, The structure of the lace
tone was established by synthesis froul\{-benzoyl-butyric

acid and will be described in a lster section.
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Lactone formstion on heating cyclopropane dicarboxylic
acids has been observed before, Marburg (33) on heating
2-methylcyclopropane-1,l-dicarboxylic acid (XXXII) ob-

tained a small amount of monocarboxylic scid (XXXV) and

CHE———CHCH CH2———CHCH3 CHQ——~CH-CH3

NS 1// > N2
c{cooH), cficooH 0
CH'Q-——%
XXKXII XXXV XXXIV

valerolactone (XXXIV); thie lactone could only have forme
ed by opening of the ring in the 1,2 position. The cyclo=-
propane acids (LXXXVII) on pyrolysies were opened in the

1,3 and 2,3 position giving a number of varied products.
For example, the cyclopropsne dicarboxylic scid (CI) (4a)
on heating gave a very small amount of cyclopropane mono-
baeic acid (LXXXVIII), two unsatursted acids, the saturated
lactone (CII), and two isomeric unsaturated crotolsctones

(CIII). These products can only be accounted for by 1,3

G Hg -GH ——CHCOC He CgHg~CH——CHOOCK He
COOH),  CI ofiCOOH  LXXXVIII
C6H5-?H————?H0006H5 C6HSCH::?-CH:=?-06H5
0 H C0——0
\co/g 2 CII CIII

and 2,3 opening of the cyclopropane ring.
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The higher melting cyclopropane acid (LXXXV) and
the cyclopropane ester (VII) are stable toward heat. The
ester was distilled under diminished pressurs without
decomposition. The acid was recovered unchanged after
being heated at 185-190° for 35 minutes and from attempted
decarboxylations (59, 60) to benzoylcyclopropans. The
lower melting cyclopropane monocarboxylic acid and the
the lactone (C) when heated at 185-190° for 35 minutes
slowly decomposed and gave untractable olle; a trace of
solid was isolated in one pyrolysis of the lower melt-
ing 1somer that gave only a very slight depresslion of
the melting point with Y -benzoylbutyrolactone (C). It
seems very probable that the lactone was formed from
the lower melting cyclopropane monobasic acid.

The cyclopropane derivatives are all stable toward
permanganate. The cyclopropane ester (VII), the cyclo-
propane dibasic acid (LXXXIV), and the two cyclopropane
monobasic acids (LXXXV) d1d not decolorize potassium
permanganate in acetone solution nor did they combine
with bromine in chloroform solution,

All the cyclopropane derivatives were readlly re-
duced by zinc dust and acetic acid to the known open
chain substances. The ester gave the keto-diester (V);
the dibasic acild gave the corresponding open chain acid
(XC); the two monocarboxylic acide gave the known \f-ben—

zoylbutyric acid. The ring wae opened by nascent hydrogen
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between the two carbon atoms bearing substitutents. The
cyclopropane derivatives of type (B) were also opened by

reducing reagents in the 1,2 position. The cyclopropane

qgf-——cncoc635 o fnacngcocéus

c(ééocn;)e > CH(COOCHs) 5
VII v

CHp —CHCOCgHs I fuzcugcoc6n5
COOH) 2 4 CH(COOH) »
LXXXIV XcC

CHp—CHCOCgHe oy ?HQCHQCOC6HS

CHCOOH o CH,oCOOH

LXXXV XcI1

derivative (XLVII) belonging to type (A) on reduction (39)

with sodium amalgam gave symmetrical methyl phenyl suc-

CH2 0(06%3)00 CHo=CHCOOH
(o) —L+
\\\\\ ///i//’
HwC=CO CH3=-CHCOOH
XLVII CIV

cinic acid (CIV). This 18 the only known case in which a
cyclopropane ring substituted on two or three carbon
atome was cleaved in the 2,3 position by reducing agents.
It 18 also the only known cyclopropane derivative belonge-
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ing to type (A) in which the ring was not opened between
the two carbon atoms bearing substitutents. Since the
above work was done with minute quantities, it should

be re-investigated to see whether the ring really was
opened in the 2,3 position .

The cyclopropane ester (V) was indifferent toward
anhydrous alksline reagents. It was not attacked by ane
hydrous sodium or magnesium methylete in an absolute
methyl alcohol solution. These reagents rapidly trans-
formed the cyclopropane esters belonging to type (B)
(LXXXVI) to isomeric unssturated compounds, the ring al-
ways opening between the 1 snd 3 cerbon atoms. Anhydrous
alkaline reagents opened the ring in the cyclooropane

derivative (I) (5) belonging to type (A) in the 1, 2

>  NaOM

., CgHgCOCH,CH,COC,H

5

I cv

position or between the two carbon atoms bearing sub-
stitutents and formed di-benzoyl ethane (CV)

The cyclopropane ester (VII) and ascids (ILXXXIV) ana
(LXXXV) are stable toward sulfuric acid. The ester snd
the monobssic acids were recovered unchanged after being

sulfurlc acid

allowed to stand in contact with concentratadAfor 38

minutes at room temperature. The 4ibasic acid when heat-



ed with concentrated sulfuric scid at 190°C. decomposed
but was unaltered when refluxed with a 20 % sulfuric
acid solution.for one hour,

Under normal conditions hydrogen bromide in glacial
acetic acid did not attack the cyclopropsne ester (VII)
but when heated at 100° in a sesled tube for 8 hours an
01l containing bromine was obtained. It wss probably a

mixture of the two monobromoesters (XCII, XCIII), form-

CHs——CHCOCgH CH,CHBrCOCgHs ?chnecoc6ﬂs

\\n<é;oca3)2eJﬁhL—- H(COOCH3), CBr(COOCH3) 5
VII XCII XCIII

ed by opening of the ring in the 1,2 position, since
on subsequent trestment with alcoholic potassium acetate
the cyclopropane was re-formed in essentially the same
yield as obtained from the oily bromoester prepared from
the addition product (V). A smsll smount of unsaturated,
0ily acid was also obtalned and becsuse of this ring
opening in some other way is not excluded. The cyclopro-
pane esters (LXXXVI) reacted very slowly with hydrogen
bromide in acetic scid and gave among other products
lactonic esters that could only result by 1,3 opening
of the ring.

The dibesic acid (LXXXIV) readily reacted with hydro-

gen bromlide in acetic acid at room temperaturej the primary



product was an o0il that on long standing in aqueous
solution or when boiled with water slowly became crystal=

line. The solid was the carboxy lactone (CVII). It lost

QHp— CHCOCgHg GH— CHBrC0Cg i
ovI

COOH) , 7 CH(COOH) ,

LTV -HBr
CH,— GHCOCgH GH,—GHCOCK He

< =COq 0 CVII

CHy—CO HOOC-CH ——CO

c

carbon diloxide on gentle hesting or when refluxed with
alcoholic potassium scetate 2nd formed <y -benzoylbutyro-
lactone (C). This lactone could only have formed from
the primary bromoacid product represented by formula
(CVI); again the ring was clesved between the 1 and 2
carbon atoms,

The above results with hvdrogen bromide are in sgree-
ment with the results obtained in the second pasper (6)
of this series. The more reactive lower melting cyclo-

propane derivative (III) readily combined with hydrogen

CH—CHCOC CH.CHBrCOC_H
~
2 65 HB ‘>| 2 L
CSHS- -C006H5 CH0006H5

III 6H5 CVIII
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bromide in glacial acetic acid and formed one of the
the known monobromides (CVIII), The ring was opened in
the 1,2 position.

The cyclopropane acids (LXXXVII), derivatives of
type (B), were attacked by hydrogen bromide in acetic
acid and transformed into secondary bromine free products
that could only have formed by an opening of the ring in
the 1,3 and 2,3 position,

The small amount of the cyclopropane monocarboxylic
acids (LXXXV) obtained on pyrolysis of the cyclopropane
dicarboxylic acid (LXXXIV) made 1t impossible to study
thelr reactions with the various ring reagents, The hig-
her melting acid, on esterification either by way of the
Bllver salt or by saturating a solution in methyl alco-
hol with hydrogen chloride, gave an o1l that could not
be purified. This 01l wss probably a mixture of the two

possible stereolsomeric cyclopropane esters (CIX), The

cng-—zcacocsnfj cnz—(-cncocgas
\c COOCHs, \c C0-0-CHoCOCEH,Br
CIX cX

8odlum salt of this acid reacted with “}-bromophenyacyl
bromide and gave the crystalline -7—-bromophenyacy1 es-

ter (CX). The lower melting isomer wss not obtalned in
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sufficlient quantity to convert to the phenyacyl ester,

In an effort to obtain the cyclopropane monocarboxylic
aclds (LXXXV) and the corresponding esters (CIX) in quan-
t1ty, we tried 1) to eliminats hvdrogen bromide from <¢-
bremo- \| -benzoylbutyric scid, 2) eliminstlon of hydro=
gen bromide from methyl \f -benzoyl- \/ ~bromebutyrate
(CXI) with alcohollic potsssium scetate, 3) elimination
of hydrogen bromide from the same methyl ester with al-
coholic sodium methylate. All three attempts were unsuc=-
cessful. No so0lide could be 1solated in the first proce-
dure, Elimination of hydrogen bromide from the methyl
ester (CXI) with slcohollc potassium acetate gave an

acetate ester formed in asccordesnce with the equstion:

G6HSCOCHBrCH20HQCOOGH3 CKHSCO?HCHQCHQCOOCH3
N .
CHBGOOK ? OCOCH3
+ KBr
CXI CXII

The elimination of hydrogen bromide with alcoholic

sodium methylate geve the lactone (C),

CgH5COCHBrCHoCHoCOOCHS cnaf——c'ﬁco%a5
NaOMe 5

0 + CH}OH t NaBr

CHyY—CO ¢

Kohler and Steele (4e) also obtained a butyrolactone
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from the substututed methyl ester (CXIII) on treatment

with alcoholic potasslium acetate.

CgHs -CH-CHBrCOCgH,Br CgHg=CH ——-G{COCGI-U,Br
KAc «
CHoCOOCHs ~7 0
CXIII CXIV CHpy —CO

The lactone (C) was synthesized by brominating %y -
benzoylbutyric acid in chloroform solution and removing
hydrogen bromide from the resulting olly bromoacid with
cold aqueous sodium carbonate solution, the usual pro-

cedure for preparing 'Y -lactones.

CgHsCOCHoCHoCHoCOOH  ___Brp_s CgHgCOCHBrCHoCHoCOOH
6H5COCHaCHoCHp 2-5C6Hg 2

Aq. Na 2003

CHp —CHCOCgHs
o)
CHp—CO

Q

The scetate ester (CXII) aleo formed the lactone (C)
when hydrolyzed with alkaline and aclidic reagents; best
results were obtained by the use of sulfuric acid. When
alkaline reagents were used, an olly intermediate pro-
duct, soluble in sodium carbonate solution, was formed.

This oil probably was the hydroxy acid (CXV), since on
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long standing, 1t formed the stable butyrolactone.

| Alkal) ; | CgHsCOCH(OH)CH,CH,COOH
OCOCH3
CXII CXV
/4
Lactone C

The acetate ester (CXII) and the lsctone (C) were
reduced by nascent hydrogen to the known methyl \1-ben-

zoylbutyrate (CXVI) and ‘(-benzoylbutyrlc scid (XCI),

CGHSCOCHCHQCHQCOOCHB
| ?H ; 06HSCOCH20H20HQCOOCH3
OCOCHB
CXII CXVI
CHé———CHCOCGHS

CH,—CO c XcI

~* -Benzoylbutyric acid, the starting material in
this series of gxperlments, was prepared by the Friedel-

Craft reaction from glutaric anhydride and benzene.

CgHg T OQ:E?E:ZfE:EEZ;CO AlClBa_C6HSCOCH2CH20H2000H

£ This procedure was developed by Mr. L. F. Somerville
of this laboratory.
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The methyl ester (CXVI) was best obtailned by saturst-
ing = solution of the acid in methyl alcohol with hydro-
gen chloride. This ester rescted very readily with one

mole of bromine and gave the olly monobromoester (CXI).

CgHgCOCH,CHCHoCO00CHs  _Bra 5 CgHgCOCHBrCHACHACO0CHS

CXVI CXI



THE PREPARATION OF F-CHIDROPROPIOPPIENONE.

Collet (61) and later Boeseken (62) reported the pre-
paration of B -chloroproplophenone by the Friedel-Crafts

reaction from benzene and ?-chlorOpropionyl chloride.
CgHg T ClCHoCHoCOCL -AlClz__s C1lCHoCHoCOCgH 5

Hale and Britton (63) improved their procedure so that
when using small quantities of reactants, ylelds of the
order of 80-90 £ were obtained. The chloroketone prepared
in this way alwa&s has a low melting point and is pro-
bably contaminated with benzylacetophenone, formed in

accordance with the equation:
CgHg t+ GlCH20H20006I15 _AlG.J.}_.) 65H50H20H20005H5

A considerable amount of the latter was obtained (6)
when large quantities of reacting materials were used.
It was found that the secondery reaction was favoread
when a small amount of the acid chloride was in contact
with a relatively large amount of aluminum chloride. By
using & large excese of benzene, Allen and Barker (6)
were able to prepare 80-90 Z ylelds of low melting B-
chloropropiophenone starting with 50 grams of F—chloro-

proplonic acid. However, since this method of preparation
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involved a long seriles of reactions and required the
use of rather expensive chemicals, it was thought advis-

able to devise a more suitable procedure.
Kohler (58) in his study of vinyl phenyl ketone,
which he prepared by the elimination of bromine from « g-

dibromopropiophenone with alcoholic potassium lodide,

BrCH,CHBrCOCgHs KI5 CHpy=OHCOCgHs

obtained the chloroketone by saturating a solution of

the unsaturated ketone in alcohol with hydrogen chloride.

Norris and Couch (64) reported the preparation of
small quantities of vinyl phenyl ketone by the Friedel-
Craft reaction from benzoyl chloride and ethylene. From
the earlier study of this ketone (58), it was evident
that ?-chloropropiophenone should be an intermediate
product; this was later found to be the case(65).

The problem, therefore, resolved 1itself into devising

a sultable apparatus for carrying out the reaction, which

mey be represented by the following equation:

CHy==CHp 1 CgHgCOCl _AlCls 5 C1CHoCH,COCgHS



46

This reaction, however, 1s more complicated than it would
appear in the preceding outline. The benzoyl chloride
aluminum chloride complex 1s insoluble in most organic
solvents except ethyl bromide (65). It is necessary to
introduce the ethylene 1in such a way that 1t becomes well-
mixed with the solution and not used in too great excess
for economic reasons. The F-chloroproraiophenone is easli-
ly decomposed by heat, so its 1solation from the reaction
mixture after the decomposition of the aluminum chloride
complex must be carefully accomplished.

Since the absorptlon of ethylene proceeded very slow-
ly, especially toward the completion of a run, 1t was
hoved that it would be accelerated by operating under (a
slight) pressure. %Yhen this was done, a large amount of
01l was obtained; probably this was polymerized ethylene
in view of the recent investigations (66, 67) on the pre-
paration of synthetic lubricating oils from ethylene and
aluminum chloride. The details of the construction of
the apparatus that finally proved satisfactory and its
operation will be described in the experimental part of
this thesis. It is sufficlent to say that it is now pos-
sible to prepare chhloropropiophenone in ylelds of the
order of 87-92 %; the limiting factor being size of ap-

paratus used.

The Frledel-Crafts reaction has not been extensively
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applied to non-benzenoid hydrocarbons. A similar conden-
sation between unsaturated hydrocarbons and acetyl chlo=-
ride or bromide has been described by Krapivin (68), He
studled the reactions between acetyl bromide and propy-
lene and cyclopropane, and between acetyl chloride and
iso-hutylene, cyclopropane, hexylene, heptylene, and oc-
tylene. In all these hydrocarbons, one hydrogen atom

was replaced by the acyl radical. The intermediate chloro-

ketones were not 1isolated.

Darzens (69) reported the condensation of acetyl
chloride with cyclohexene in the presence of aluminum

chloride and obtained the saturated chloroketone (CXVII);

CH CHCOCH= C=COCHz
GH» CH CH CHC1  GH, H
| l _AlC13 5 | s | |
CH2 CHQ CH2 CH2 CHo CH2
CHp CHQ CH2
_t._
CH3COC1 CXVII CXVIII

stannic chloride gave a better product. The saturated
chloroketone, when treated with diethylaniline, readily
lost hydrogen chloride and gave the unsaturated ketone
(CXVIII).

Wieland and Bettag (70a) 1solated the intermediate
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chloroaddition products in the reactions of cyclohexene
with acetyl chloride and benzoyl chloride in the presence
of aluminum chloride. These chloroketones were readily
transformed into the corresponding unsaturated ketones

by heating with aluminum chloride at slightly elevated
temperatures, The addition of acetyl chloride to tri-
methyl ethylene took place in the presence of aluminum
chloride and gave the fairly unstable BP-chloroketone
(CXIX). This ketone slowly lost hydrogen chloride at

H
(CH)C=——CHCH5 (CHz) pC——C-CHx
+ —AlClx_ l |
CH5COC1 Cl  COCHx
CXIX

room temperature,
In a later paper continuing his study of the Friedel-
Craft reactions, Wieland (70b) summarized the preceding

reactions in the following general equations:

—CH==CH-— —CH——CH— —CH=—=Ce

¥ —AL1C15 5 | | _=HO1, |
RCOC1

Cl COR COR

From the results obtained in the study of analogous un-
saturated aliphatic and aromatic reactions, Wieland (7Ob,
c¢) concluded that aromatic ketones prepared by the Friedel-
Crafts reaction also resulted through the intermediate

chloroaddition product.
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Wieland and Haségawa (70d) condensed cholesterine
with acetyl chloride in the presence of aluminum chloride
and obtained a saturated chloroester, which was trans-
formed into a substituted chloro-cholesterol derivative
by digesting with a 10 £ alcoholic potassium hydroxide

solution,

The reaction of Darzens (69) was made use of by Rue
zicka for the prevaration of certain substituted cyclic
ketones, starting material for the preparation of various
substituted decalins (71)., In these investigations, no
effort was made to 1solate the intermediate chloroaddi-

tion productse.

Kondakow (72) has described the preparation of P-
chloroketones by condensing unsaturated aliphatic hydroe
carbons with acetyl chloride in the presence of zinc
chloride. From iso-butylene and acetyl chloride, he ob-
tained the F-chloroaddltion product (0XX), which was

(CHz ) pC — CHp (CH3)2C ——CH2
% _ZnCls_, l CXX
CH3COC1 Cl  COCH3

Ago0

(GH3)20====GH CXXT

COCH3

converted into mesityl oxide (CXXI) with moist silver
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oxide. The F-chloroketone prepared from trimethyl ethy-
lene was more unstable. It lost hydrogen chloride on dis-
tillation or when boiled with water., Wieland (70a) re-

ported that it lost hydrogen chloride at room temperature,
The condensation (73) of ethylene with acetyl chloride
in the presence of aluminum chloride resulted in the for-

mation of P-chloroethyl methyl ketone (CXXII). Ethylene

CHy;==CH, + CH5COC1 AlCls . C1CH,CH,COCH,

CXXII

has also been condensed with chloroacetyl chloride (T74)

CXXIII

Hopff (75) dlscovered that saturated hydrocarbons
containing a chain of five or more carbon atoms also con-
densed with acid chlorides in the presence of anhydrous
aluminum chloride; the ylelds, however, were low, Acetyl
chloride reacted with normal pentane in the presence of

aluminum chloride and gave 1so-smyl methyl ketone (CXXIV).

H
CH,CH,CH.CH,CH CH,CH.CH.C=-CH
CH,COC1 COCHs
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Hopff (75) also succeeded in condensing acetyl chloride
with cyclohexane and obtained a ketone which he assumed

to be methyl cyclohexyl ketone (CXXV).

///CHQ ///QQESGH3
CH, CH, CH, CH,
| | © 4 CHsCOC1  _AlCls |
QEE\ //gae Hy //paz
CH, CHap
CXXV

Nenitzescu (76) condensed acetyl chloride with cyclo-
hexane in the presence of aluminum chloride and obtalned

among other products l-methyl-2-acetyl-cyclopentane (CXXVI).

CH, CHCHy
\\\\cncocn3 CXXVI

Benzoyl chloride and butyryl chloride reacted similarly.
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EXPERIMENTAL.

A . PREPARATION OF E=-CHLOROPROPIOPHENONE.

CoH, + CgHgCOCl __A1C1x 5  C1CHRCH,COCgHs

The apparatus 1s assembled according to Fig I, page
53« A 18 a 6 liter bottle set at a convenient height a-
bove E, a 6 liter flat bottomed flask containing ethy-
lene (Note 1?. F and G are medium sized drying towers
containing anhydrous calcium chloride and small pileces
of potassium hydroxide respectively. I 1s an Emmerling
tower full of glass pearls covered with concentrated sul-
furlc acid. J ies a small drying tower containing alter-
nate layers of glass wool and phosphorous pentoxide. K
and R are bubble counters; K contains just enough benzoyl
chlorlide to barely seal the inlet tube, R contains water.
M 1s a special stirrer (Note 2) Fig. II, page 54, N 1is
& l-liter 3-necked flask in which the reaction takes placse,
and 1s fitted with a small dropping funnel L and an exit
tube connected to O, a protective calcium chloride tube,
(Note 3) and P, a small drying tube filled with potassium
hydroxide. Q 18 a trap and 8 a Dreehsel bottle holding a
3 centimeter layer of bromine covered with water,

In flask N 1s placed 60 grams (0.45 mole) of pulveri-

zed anhydrous aluminum chloride (Note 4) and 100 cc., of

¥ The notes follow the description of the procedure.
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ethyl bromide (Note 5). The stirrer is started, and 56.3
grams (0.4 mole) of technical benzoyl chloride is slowly
dropped in from L during a half hour (Note 6); a soluble
double salt results. Ethylene from E 1s now forced 1into
the reaction flask N by the water pressure in A at such
a rate that there 1s no passing of gas through R; 1t 1s
absorbed very rapidly at first ( 5 liters in 3.5 hours).
After 7-8 1iters have rescted, the raste slackens (40-45
drops of water per minute from A) (Note 7). After 30-35
hours a considerable amount of solid separates and the
absorption becomes exceedingly slow. When it has practi-
cally stopped (Note 8) the reaction is considered come-
plete, although there 1is still some unused benzoyl chlo-
ride (Notes 9, 10).

The reaction flask 1s then removed and 1ts contents
poured upon a mixture of 400 grams of ice and 50 cc, con-
centrated hydrochloric acid (Note 11). The flocculent
precipitate 18 filtered through glass wool., The lower
leyer 1s separated and washed twice with 100-150 cc. of
water, Flask N is rinsed with 250 cc. of benzene, the
latter being poured through the gless wool end then used
to extract the agueous upper layer. The combined extracts
are dried a half hour with calcium chloride, filtered in-
to a distilling flask and the solvent removed under di-
minished pressure (Note 12). The residual yellow-brown
01l is poured out into an evaporating dish (Hood) and

allowed to solidify.
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The crude fs-chloroprooiophenone is purified by re-
crystallization, as follows: 250 cc. of petroleum ether
(Note 13) 1s heated to bolling in a suitable wide mouth
flask under a reflux condenser, the heat removed, and
when refluxing has stopped, 25 grams of the crude pro=
duct added; the solution is boiled several minutes and
then filtered throush a previously warmed funnel., On
cooling in an ice salt mixture, yellow flaky crystals,
melting point 52-53° | geparate and are filtered; a sec-
ond crop is secured by distilling a part of the solvent
(Note 14). The combined yield is 59-62 grams, or 87-92 %
of the theoretical amount. fs-Chloropropiophenone thus
purified will keep several months in brown glass bottles

(Note 15).

NOTES.

1, The flask 1s calibrated in 250 cc. units in order
to 1ndicete approximately how much ethylene has been ab-
gorbed. A run requires 12-14 liters, B, C, and D sre used
in refilling, without disconnecting from the apparatus.
The ethylene used in the preparation was obtained by
slowly distilling alcohol through sz heated tube contsin-
ing pumice moistened with syrupy orthophosphoric acid.

2. Fig.1I1 1s a sketch of the specilal stirrer of Pyrex
glass devised to introduce the ethylene into the solution

and assure intimate mixing. A small hole is blown in'the
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hollow stirrer so that it comes in the ovpen space below
the upper stopper. The distance b, b' 1s such that it
will Just pass through the neck of the flask; point a

is blown out slightly, any constriction 1s to be avoided.
The tube below g is 1 centimeter long. The walls of C

are best constructed of two pleces of Pyrex that fit
snugly and can be fastened at 4 by friction tape. This
arrangement allows the use of a short stirrer, since the
upper portion can be ralsed after the motor has been at-
tached; 1t prevents the throwing of mercury and facilita-
tes dismantling. Easch compartment contsins mercury up to
the dotted line. In operation, the arms of the stirrer
are neearly immersed in the solution, and it is rotated

at a moderate speed.

3. The success of the preparation depends upon abso-
lute dryness.

4, As 18 usual 1in Friedel-Crsfts reactions, the qua-
1ity of aluminum chloride 1s very importent. It 1s the
principal source of poor results; the only sure way of
determining the suitablility of a given lot 18 to try it
out on a quarter size run. Materisl that 1s satisfactory
for ordinary Friedel-Craftse reactions may give only small
amounts of chloroketone. The color of the recrystallized
product depends on the quality of aluminum chloride used.

5. The ethyl bromide is stored over aluminum chloride
for 15 minutes before use to remove any ether, alcohol,

or moisture that it mey contaln.
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6. There 1s a considerable evolution of halogen acid
while adding the benzoyl chloride; the drying tube O is
disconnected, stopcock T opened, and the gas absorbed
in water., The addition of chloride evolves heat so that
it must be added slowly to prevent boiling off ethyl
bromide.

7. The slow absorption is somewhat saccelerated by
occasionally sweeping out the reaction flask. This 1s
done by opening stopcock V for a few seconds.

8. To determine the completion of the run the flask
1s swept out snd stopcock W closed; if there 1s not an
apprecliable rise of water in the inlet tube of R in §
minutes, the reaction i1s considered completes,

9. If the operation is continued until the odor of
benzoyl chloride has disappeared , the yileld is conside-
rably decreased, and much olly by-product results,

10, The operation may be interrupted at any time;it
need not be continuous, When not in operation it is ne-
cessary to 1lift the stirrer out of the solution and open
stopcocks T and V.

11, The ethyl bromide may be distilled off before de-
composition and used 1in subsequent runs, but it is hard-
ly worth while unless molar quantities are being used.
In a molar run a 2 liter 3-necked flask is used; the oil
remaining after removal of the ethyl bromide 1s taken
up in 700 cc. of benzene and decomposed in the way des-

cribed (Note 12). A molar run requires 27-30 liters of
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ethylene and takes 75-80 hours. The percentage yleld
is practically the seame,

12, It 1s important to heat the F-chloroketone as
little as possible. The solvent is distilled in vacuo,
keeping the temperature of the water bath used as a source
of heat below 60°, The distillate 1s used to extract sub=-
sequent runs.

13, Commercial "seroplane gas" 1s fractionated and
the portion boiling from 65-80° taken. The 80-100° fraction
may also be used provided the temperature 1s kept below
85° during the crystallizstion,

14, A second recrystsllization gives an almost white
product that melts at 55-56°.

15. The crude so0lid may be purified by vacuum distil-
lation in 10 gram lote, if the pressure is kept below 2

mm., followed by recrystsllization from petroleum ether.

In an attempt to see whether this procedure could
be applied to production of the homologues of fa-chloro-
proplophenone, we tried to condense —T\-chlorobenzoyl
chloride, toluyl chloride, and anisoyl chloride with ethy-
lene in the presence of anhydrous aluminum chloride., Al-
though the sbsorption of ethylene proceeded Jjust as rapild-
ly with the first two chlorides as with benzoyl chloride,
it was 1impossible to obtain any solid products from the
0ily reaction mixtures. The anisoyl chloride-aluminum

chloride addition product was very insoluble in ethyl
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bromlide; the absorption of ethylene in this run was ex-
ceedingly slow.

These substituted r‘-chloroprogiophenones have recent-
ly been prevared in this laboratory by the modification
(6) of Hale and Britton's method (63), Contrary to ex-
pectation, they were all low melting and had a tendency
to 01l out; they required numerous recrystallizations
from petroleum ether for purification., With this know-
ledge of their properties and with the s0lid obtained by
this procedure for inoculation of the oils, /r-chloro
and 1~-methyl- Fnchloroprooiophenone homologues probably
can be isolated from the olly, reaction mixture. The pre-
paration of the anisoyl derivative by this procedurse 1is

doubtful.,

B. THE ADDITION REACTION,

Methyl vy -Benzoylethyl Malonate (V).- To a mixture
of 15 grams of o -chloropropiophenone, 12 grams of fused
patasslium acetate, and 75 cc., hot absolute methyl alcohol
wee added 12 grams of redistilled methyl malonate in 20
cce of the ceme solvent and the whole made faintly alka-
line to moist litmus by adding a concentrated solution
of sodium methylate drop by drop. The reddish mixture

was refluxed for 45 minutes, Most of the solvent was then

€ Mr, A, C, Bell has prepared a number of r -chloro-
proplophenone homologues,
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distilled, the residue acidifled with acetic acid and
the unused malonic ester removed by steam distillation,
On inoculating with a previously prepared solid, the

01l slowly crystallized. The crude solid was dissolved
in the minimum amount of hot, 60 % aqueous methyl al-
cohol, refluxed a few minutes with animal charcoal, and
filtered. On cooling in a freezing mixture, the additlion
product slowly crystallized. The average yileld was 70 %.
The condensation was also done in half mole quantities
in which slightly lower yields (60 #) were obtalined. By
using r-chlorom'opiophenone that had been distilled in
vacuo a better quality of ester was produced, but the
loss of chloroketone during the distillation was too
great to make the process economical, The ethyl ester,
formed when ethyl malonate was used, was an oil,

Methyl Y—benzoylethyl malonate crystollizedg from d4di-
lute methyl alcohol in needles that melt at 42°, It 1s
very soluble in the usual organlic solvents except petro-
leum ether, It bolls with some decomposition at 165-175o
at 5-6 mm,

Anal, Calcd., for CI4H1605 : C, 63,6; H, 6.1. Found:
c, 63.3, 63.4; H, 6.1, 6.1.

If no excees of methyl malonate was used, or 1if too
much of sodium methylate was added, a large amount of

trimolecular product resulted (ILXXXIX). The 1,5 diketone
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(CXXVII) that might have resulted was excluded because

CH2CH2COCgHs CgH5 COCHCHoCH(CO@CH3) o

é(COOCH})g

332032000535 CHaCH,COCgHS
LXXXIX CXXVII

the product 4id not form a2 pyryllium salt,

The trimolecular product (LXXXIX) crystallized from
methyl alcohol in hexagonal platelets, melting point
132°,

Anal, Calcd. for Cy3Hy0g : C, €9.4; H, 6.1, Mol.Wt,,

396, Found: C, 69.,5; H, 6,00; Mol.Wt., 364,

Derivatives.-(a) Semicsrbazone.- One gram of semicar-
bozide hydrochloride and 2 grams of potassium acetate 1in
15 cc. methyl alcohol was refluxed on the steam bath for
several minutes. The chloride was filtered off and 0.5
gram of methyl \1-benzoylethy1 malonate added. The mixe
ture was boiled for 1 hour and then water added to inci-
plent cloudiness. On cooling, the semicarbazone separated.
It crystallized from methyl alcohol in rosettes of flat
needles that melted with decomposition at 138°C. The
analysis for nitrogen by the KJeldahl method gave a re-
sult that di1d not agree with the theoretical.

Anal. Calcd. for CigH1gOgN3z : N, 13.05. Found: N, 8.95,
8.9, 10.0.
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(b) 2,4-Dinitrophenylhydrazone.- This was prepared
by the general method (77). One gram of 2,4-dinitro-
phenylhydrazine was dissolved in 2 e¢c. concentrated sul-
furic acid and 15 cc. methyl alcohol. To this was slowe
ly added 1/200 mole of the ester in 15 cc. methyl alco-
hol. The hydrazone separated immediately. It was recrys-
tallized from a mixture of chloroform and methyl alcohol,
forming clusters of flat yellow plates, melting at 139°¢. ;
it 1is moderately soluble in alcohol but very. soluble in
ether and chloroform,

Anal. Calcd. for CpooHooOg8N4 : N, 12,6, Found: N, 12.4,

C. PROOF OF STRUCTURE.

(a) Hydrolysie to Y -Benzoylethyl Malonic Acid (XC).-
Four grams of the ester were refluxed with 50 cc. of 10 %
aqueous potassium hydroxide for 45 minutes. The mixture
was then poured into a small amount of iced hydrochloric
acid, from which 2.5 grams of dibasic acid separated; an
additional 0.8 gram was obtained by extracting the water
laysr with ether and allowing the solvent to evaporate
spontaneocusly. The yield was 3.3 grams or 89 %.

The acid was purified by recrystallization from an
ether petroleum ether mixture, from which 1t separated in
flaky rosettes, melting with decomposition at 168-170°¢.
The dibasic acid 1s moderately soluble in chloroform

and very soluble in the other usual organic solvents ex-
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cept petroleum ether.

Anal, Calcd. for GI2H1205 : ¢, 61,0; H, 5.1, Found:
c, 60.8; H, 5.2,

Esterification of the Dibasic Acid (XC).- A mixture
of 1 gram of Y ~benzoylethyl malonic acid, 35 cc., of ab-
solute methyl alcohol, and 1 cc. concentrated sulfuric
acid was refluxed for 3 hours and then poured into ice
water. The 01l that separated was extracted with ether,
washed with dilute sodium carbonate solution, several
times with water, and dried over anhydrous sodium sul-
fate., After the spontaneous evaporation of the solvent,
an 01l remained that partially solidified after some time.
The semi-s0lid was purified by several recorystallizatlons
from methyl alcohol. A melting point and mixed melting
point determination indicated that the dimethyl ester
(V) was regenerated . A considerable amount of oily by-
product was obtained ; this was not further investigated,

but it probably was methyl Y -benzoylbutyrate (CXVI).

(b) Pyrolysis.- One gram of \ -benzoyleshyl malonic
acild in a pyrex test tube was heated in an oill bath at
175-180o a8 long as carbon dloxide was evolved. The re-
s1dual 01l was taken up in sodium carbonate solution
and the monobaslc acid precipitated by addition of hydro-
chloric acid., It was identified as \f-benzoylbutyric acid
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by a mixed melting point with an authentic sample. The
keto ester, the dibasic acid, and the monobasic acid
nelther decolorized bromine 1n chloroform solution nor

reduced potassium permanganate in acetone.

D. BROMINATION.

The keto ester readily reacted with bromine with
evolution of hydrogen bromide. The resulting bromoesters
were oils. Hydrolysis of the mono and dibromoesters in

acid solutlion gave olly acids,

(a) Monobromination.- In a 500 cc. three-necked flask,
fitted with a stirrer, reflux condenser, and dropping
funnel was placed a solution of 13,2 grame of the keto
ester and 20 cc. of chloroform. A s8light excess over the
theoretical smount of bromine in 20 cc. of chioroform
was admitted, drop by drovo, after the reaction had been
started by heating in one svot with a small flame. Once
started the reaction proceeded at room temperature with
a coplilous evolution of hydrogen bromide, The solution
was stirred 5-10 minutes after the addition of bromine
had been completed, and then treated with sodium bisul-
fite solution to remove the excess bromine, washed with
water, dried over calcium chloride, and the solvent re-
moved in vacuo, The average welight of the crude, residual

oil from a number of runs wae 17 grams, or practically
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quantitative ylelds,

(b) Dibromination.- A solution of 17 grams of oil,
obtained in the preceding monobromination, 20 cc. dry
chloroform, and 8 grams of bromine was asllowed to stand
under an ultra violet lamp for 12 hours, There was a slow
evolution of hydrogen bromide. On working up as above,

an o1l again resulted.

(c) Acid Hydrolysis.- Hoping to obtain the correspond-
ing bromoacids in solid form, an attempt was made to hy=-
drolyze the oily bromoesters in acid media; the directioAs
of Avery and Jorgensen (78) for acid hydrolysis of ni-
triles were slightly modifled.

Three grams of the olly monobromo ester were dissolved
in 30 cc. boiling acetic acid in a flask fitted with a
reflux condenser. To this boilling solution was added,
drop by drop, 30 cc. of a 1:1 sulfuric acid and water mix-
ture and the whole refluxed for 2 hours. The contents
of the flask were then poured into water and filtered.

The semi-gélid, retained by the filter, was dissolved

in an ether and petroleum ether mixture, from which an
01l separated. This oily acld was dissolved in dilute
ammonium hydroxide solution; the excess ammonia was eva=
porated on the steam bath and the insoluble impurities

removed by filtration, A dark, colloidsl precipitate was
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obtained by the addition of a slight excess of the cal-
culated amount of silver nitrate,

The olly dibromo ester was treated similarly and
agaln no solid products could be isolated., It was impos-
glble to obtain any solid bromine derivatives and conse-

quently their homogenity could not be established,

E. PREPARATION OF THE CYCLOPROPANE ESTER (VII) AND
ACIDS (LXXXIV, LXXXV).

The oily bromoester readily lost hydrogen bromide
in alcoholic or acetic acid solutions of potassium ace-
tate.

Methyl 2-Benzoylcyclopropane-l,l-Dicarboxylate (VII).-
A mixture of 17 grsme of the 01l obteined in the bromi-
nstion of 13.2 grams of the open chain keto ester, 17
gramge of fused potassium acetate, snd 35 cc. of absolute
methyl alcohol was refluxed for an hour and then poured
into a large volume of water. An oil separated that very
slowly crystallized; this process was greatly hastened
by inoculating the 01l with a little of the so0lid pre-
viously prepared. The crude material was dilssolved in the
minimum amount of methyl alcohol, refluxed a few minutes
with animal charcoal, and filtered. Water was added to

inciplent cloudiness; on cooling in a freezing mixture



68

the cyclopropane slowly crystallized. The yleld was 5.7
grams, which is 45 # of the theoretical calculated from
the original ketoester, On vacuum distillation of the
neutral fraction of 50 grams of cyclopropane residues
that had accumulated from several preparations, an eddi-
tional 17 grams of ester was produced, making the average
total yield 78%.

Methyl 2-benzoylcyclopropane~l, l-dicarboxylate crystal-
1lizes from 80 % methyl alcohol in hexagonal plates that
melt at 74°C. It separates from a 60 % acetic acid solu-
tion in needles. The cyclopropane egter is very soluble
in the usual organic solvents except petroleum ether. It
can be distilled under diminished pressure without decom-
position, boiling at 185-190°at 4mm.

Anal, Calcd. for 014H1405 : C, 64,1; H, 5,3, Found:
C, 64.,4, 64,0; H, 5.5, 5.8.

Cyclopropane Residues.- The residues that had accu-
mulated from several preparations were dilssolved in 150 cc,
ether; the etheral solution was first extracted with a
sodium carbonate solution and then with a potassium hy-
droxide solution. The neuﬁﬁl golution was then washed with
water and dried over anhydrous sodium sulfate. The sol-
vent was then distilled off and the neutral oil trans-
ferred to a 125 cc. Clalssen flask and distilled in vacuo,

The cyclopropane ester distilled at 185-190° at 4 mm,
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No s0lid products could be isolated from the sodium car-
bonate and potassium hydroxide extracts. From 56 grams
of residues were obtained 17 grams of cyclopropane sester,
5 grams of dark oil soluble in sodium carbonate solution,
10 grams of dark, oily lactone or o0il soluble in the po-
tagsium hydroxide extract, and 18 grsms of neutral tarry
residue., More of these oily by-products were obtained
when acetic acid was the solvent in the preparation. The
cyclopropane residues rapidly reduced potassium perman-

ganate,

2,4=-Dinitrophenylhydrazone of the Cyclopropane Ester.-
This derivative was prepared according to the general
method (77) previously described, The hydrazone crystal-
lized from a methyl alcohol-chloroform mixture in light
yellow needles that melted at 1£9°C,

Anal, Calcd. for 020H1808N4 ¢ N, 12,7. Found: N, 12,5.

Hydrolyeis to the Ester Acid.- The cyclopropane ester
(VII) wee very sensitive to molst sodium methylate. By
the procedure of Kohler snd Conant (4a), it was easily
hydrolyzed to an o0ily acid; thls 01l was doubtless the
ester aclid.

To a solution of 5 grames of ester in 20 cc. ordinary
ether was slowly added one eguivalent of sodium methylate.

After standing for 5-10 minutes at room temperature, the
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sodlum salt that immediately separsted on addition of
the base was extracted with water. On acidification of
the aqueous extract with hydrochloric acid, an oil sepa-
rated that was re-extracted with ether. The etheral so-
lution wes washed with water and dried over anhydrous
sodium sulfate. On sponteaneous evaporation of the solvent)
an oil remained that undoubtedly wae the ester acid. On
further treatment with agusous alkali it gave the di-
basic acid. A small amount of the latter was also forme-
ed when an excess of sodium methylate was used.

The oily "ester acid" was very soluble 1n.the usual
organic solvents except petroleum ether, but crystallized

from none,

2-Benzoylcyclopropane-1l, 1-dicarboxylic Acid.- This
acid could be prepared by hydrolyzing the ester with an
excess of alcoholic potassium hydroxide, but s better
yileld and purer product was obtained when the hydrolysis
was carried out in 2 steps as outlined by Kohler and
Gonant (4a). Since the ester scid was an 011, the second
step wae modified as follows: the sodium salt that sepa-
rated in the preparation of the ester acid wes filtered
and mixed with a 50 % excess of s 10 ¥ aqueous potaseium
hydroxide solution and the whole allowed to stand at room
temperature for a day. Upon acidification snd concentra-

tion of the solvent, the acid crystallized, It was re-
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crystallized from an ether and petroleum ether mixture.
From 4 grams of the di-ester, 3.5 grams of acid (97 %
yleld) were obtained.

The dibasic acid 1s very soluble in ether, benzene,
and alcohol: moderately in water; and sparingly in chloro-
form and petroleum ether. It crystallizes from an ether
petroleum ether mixture in rods that melt with decompo-
eition at 170-172°C,

Anal. Caled. for CypHyp0s : C, 61.5; H, 4.3; mol. wt.,
234, Found : C, 61.3; H, 4,3; mol., wt., 246,

Esterification of the Cyclopropane Dibasic Acid.- A
mixture of 1 gram of 2-benzoylcyclooropane-1, l-dicarbox-
ylic acid, 20 cc of absolute methyl alcohol, and 0.5 cc.
concentrated sulfuric acid was refluxed for 2 hours.
The mixture was then poured into water and on working
up as described on page 64 the cyclopropane ester was

re-obtained.

Pyrolysis of the Cyclopropane Dibasic Acid.- Two
grams of the dibasic acid in a 50 cc., Erlenmeyer flask
were heeted in an 01l bath at 175«185° until there was
no further evolution of carbon dioxide (15 min.). The
dark melt while still hot was then poured into a large
volume of ether. The acids were then extracted with so-

dlum carbonate, boiled a few minutes with "Darco", fil-
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tersd, and acidified with hydrochloric acid. On cooling
0.8 gram of acid melting from 95-133°C. crystallized.

The etheral solution was extracted with potassium
hydroxide solutlon; the extract was boiled a few minutes
with "Darco", filtered, and acidified, An oll sevarsted
that 414 not crystallize in the course of weeks, When
the water had evaporated spontaneously, the olly organic
material was sevarated from the inorganic salt by dis-
solving 1t in dry ether., On evaporation of the solvent,
O.4 gram of crystalline product remained; it was 1den-
ti1fied by a mixed melting point determination with an
authentic sample as Y -henzoylbutyrolactone (c).

The nature of the o0lly neutral product could not

be determined.

2-Benzoylcyclonrovane-l-carboxylic Acids.(LXXXV) .-
The acids obtalned in the preceding pyrolysis were so-
parated with some ditficulty by dissolving in benzene;
the higher melting form was the principal product. It
was somewhat less soluble and separated first, After
gseveral crystallizations from benzene, 1t crystallized
in rosettes of rods that melted constantly at 145°C,

The stereoisomer was very soluble in all solvents
except petroleum ether. It was finally crystallized
from a benzene petroleum ether mixture, It crystal-

11zed 1in fine rods that melted at 118-120°C. Very small
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quantities of this acld were isolated.

hnal. Caled. for Cy3H 003 : G, 69.5; H, 5.3; mol. wt,.,
190, Found (145°): C, 69.4; H, 5.3; (118-120) mol. wt.
by titration, 193.

«T\-Bromophenacyl Ester of the (145°) Acid (CX).-
Three tenths gram of the cyclopropane monobasic acid

10 cc.
was dissolved in water and neutralized with sodium care

A

bonate. Just enough acid was then added to give an acld
reaction to litmus, To this solution was added O,3 gram
of’r-bromophenaoyl bromide 1in 20 cc. methyl alecohol and
the whole refluxed for an hour., On adding a few drops
of water to inciplent cloudiness, and allowing to cool,
the ester separated. It crystallized in leaflets that
melted at 122°C,

Anal, Calcd. for CygH1404Br : Br, 20,7. Found Br,

20,8, 20.3.

The very small amount of-1~-bromophenacy1 ester obw
tained from 0,05 gram of the lower melting isomer could
not be separated from traces or’rpbromophenacyl bromide.,

The mixture melted at 90-100,

Esterification of the (145°) Acld.-A mixture of 0.5
gram of silver dalt prepared in the usual manner, 25 cc.
anhydrous ether, and an excess of methyl i1odlde was re-

fluxed for 30 minutes and filtered. On spontaneous eva-
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poration of the solvent, an 01l remained that could not
be crystallized from any of the usual organic solvents,
Esterification in methyl alcohol with hydrogen chloride

also gave an oil,

Attempted Decarboxylations to Benzoyl Cyclopropane,-
Efforts to decarboxylate the cyclopropane monobasic
acide by the methods of Shepard (59) (a) and Koelech (60)
(b) were unsucceesful.

(a) A mixture of 2 grams of cyclovropane dibasic acid
(no attempt was made to firet i1solate the monobasic acids),
10 cc. of dlethyl-aniline, and O,4 gram of copper powder
in a pyrex test tube was placed into a previously heated
metal bath and kept at 180° until the first vigorous e-
volution of carbon dloxide had subsided. The temperature
was then raised to 200° and kept there until there was
no longer an apparent evolution of gas (1 hour). The oily,
pyrolyeis product was then taken up in a large volume
of ether and the amine removed with concentrated hydro-
chloric acid. The etheral solution wes extracted with
sodium carbonate, washed with water, dried in the ususal
manner, and the solvent distilled, The o01ly residue
was dissolved in 15 cc. methyl alcohol and treated with
2,4-dinitrophenylhydrazine according to the genersl
method (77). Solide were ieolated that melted at 115°
and 132°, The 2,4=dinitrophenylhydrazone of benzoyl cy=-
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clopropsne melts at 151° C. The oils were probably clea-
vage products of the lower melting cyclopropane monobasic
acld, A small amount of the higher melting isomer was
obtalned on acidifying the sodium carbonate extract with
mineral acid.

(b) A mixture of 0.25 gram of cyclopropane monobasic
acid (145°) and 0.02 gram of copper carbonate 1n a pyrex
test tube was heated in a metal bath at 230-235° until
there was no further evolution of carbon dioxide (12 min.).
The pyrolysis product was then dissolved in ether, fil-
tered from the inorganic material and the etheral solu-
tion extracted with sodium carbonate. The acid was re-
cleimed practically quantitatively from the sodium car-
bonate extract.

Two tenth gram of the copper salt of this acid was
heated at 230-235° until there was no further evolution
of gas; again the cyclopropane monobasic acid was re-

obtained.

F. REACTIONS OF THE CYOCLOPROPANE ESTER (VII) AND
ACIDS (LXXXIV, LXXXV).

I. Effect of Heat on the Cyclopropane Derivatives.
It has already been shown in the preceding section
that the cyclovropane ester and the higher melting cyclo-
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propane monobesic acidd are stable to very high tempera-
tures, also that the cyclopropene dibasic acild readily
loses carbon dioxide when heated above its melting point
and gives two stereoisomeric cycloprorane monobaslc acids
and a saturated lactone. The lower melting monobssilc

acld and the lactone are slowly decomposed when hested
at 185-195°c,

Two tenth gram of the cyclopropane monobasic acid
(145°) was heated at 185-195° for 35 minutes. The dark
melt wee then taken up in ether snd the etheral solution
extracted 1) with sodium carbonate snd 2) with potassium
hydroxide. On acidification of the sodlium cerbonate ex-
tract with hydrochloric acid, the acid was reclaimed prac-
tically quantitatively,

One tenth gram of the lower melting cyclopropane
monotasic scid wae treated similarly. A small amount of
semi-g0l1d was obtained from the sodium carbonate extract.
The potassium hydroxide extrect on acidification with
mineral acid deposited an 01l that was extracted with
ether. On evaporation of the solvent an olly residue re-
mained. In one pyrolyseis, a very esmall amount of solid
that melted at 70° was isolated. A mixed melting point
with \{—benzoylbutyrolactone, melting at 80°, gave a
very slight deprassion.

Y -Benzoylbutyrolactone (C) under the above conditi-

ons wase also decomposed and gave an untractable oll,
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II. Behaviour of the Cyclopropane Derivatives with

Permanganate and Bromine.

Solutions of the cyclic derivatives in acetone do
not reduce potassium permanganate; their solutions in

chloroform 40 not decolorize brouine,

I1I. Reduction of the Cyclopropane Derivatives,

The cyclic substances are readily reduced by zinc
and acetic acid to open chain substances, the ring open-
ing between the 1 and 2 carbon atoms, The cyclopropane
ester (VII) gave the Y -ketodi-ester (V); the diwacid
(LXXXIV) gave the corresponding di-acid (XC); and the
two stereoisomeric monobasic acide (LXXXV) gave \ -ben-
zoylbutyric acid. The cyclopropane asster (VII) could
not be reduced with zinc dust in methyl alcohol, nor
was it reduced catalytically.

The experimental detalls for all were practically
identical; a mixture of 1 gram of the cyclic compound,
an excess of zinc duet, and 20 cec. of 80 % acetic acid
was refluxed for 2 hours and poured into water., The re=~
duction product of the monobasic aclds separated and
vas identified as‘Y ~-tenzoylbutyric acid by a mixed
melting point with an authentic sample., The olly reduction
products of the cyclopropane ester and dl-acld were ex-

tracted with benzene and recrystallized respectively



78

from methyl alcohol and petroleum ether. They were idene
tified by mixed melting point determinations with the

oven chain substances,

IV, Actlion of Anhydrous Alkallne Reagents.

The cyclopropane ester (VII) was not attacked by dry
alkaline reagentse. It has already been noted that molst
sodium methylate hydrolyzed the ester to the ester acid
with unusual rapidity.

(a) Magnesium Methylate Treatment.- A solution of 1
gram of ester, O,1 gram of magnesium turnings, a pinch
of mercuric chloride and 20 cc. absolute methyl alco-
hol was refluxed for 2 hours. The contents of the flask
were then poured into a dilute iced hydrochloric acid
solution, from which 0.9 gram of starting msterial se-

perated.

(b) Sodium Methylate Treatment.- A solution of &4
grams of ester, an excess of sodium methylate, and 20
cc. dry methyl alcohol was refluxed for 2 hours., The
mixture assumed a light yellow color during the two hour
period, It was then poured into a dilute iced hydrochlo-
ric actd solution, from which 2,8 grams or 70 % of the

starting meterial wae obtalned., The aqueous solution
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was concentrated and extracted with ether; the etheral
solution was washed with sodium carbonate solution, sev-
eral times with water, and dried in the usual manner,
On spontansous evaporation of the solvent, a small ad-
ditional amount of starting material rematneéd.,

From the sodium carbonate extract was obtained 0.8
gram of oll that probably was the "ester acid". On treat-
ment with aqueous potassium hydroxide, it gave the cyclo-

provane dibasic acid.

Ve ACTION of Aclds on the Cyclopropane Derivativas,

None of the cyclic derivatives were attacked by con-
centrated sulfuric acid; being quantitatively recovered
unchanged when their solution was poured upon ice, Under
normal conditions hydrogen bromide readily attacked the
cyclopropane dibasic acid and transformed it into an iso-
meric lactonic acid, which when heated above its melte
ing point lost carbon dloxide and gave 'Y-benzoylbutyro-
lactone (C). The latter could only have resulted from
a primary bromine product formed by opening of the ring
in the 1,2 position. The primary dbromoacld was unstable
and could not be isolated; 1t slowly lost hydrogen bro-
mide at room temperature. The cyclopropane ester (VII)
was not attacked by hydrogen bromide in acetic acid at

room temperature, but when heated in a sealed tube an
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011 containing bromine resulted. Thie olly bromine pro-
duet was re-converted into the cyclopropane on treatment
with alcoholic potassium acetate, thus 1t must be the
monobromoester presumably formed by ring fission in

the 1,2 position.

(a) Concentrated Sulfuric Acid Treatment.- Solutions
of the ester and the two monobasic cyclopropane acids
in sulfuric acid were poured upon 1ce after being allow=-
ed to stand at room temperature for 35 minutes. The.ester
separated from the aqueous solution ; the acids were ob-
tained by extracting the aqueous layer with ether,

A solution of 1 gram of cyclopropane dibasic acid
and 15 cc concentrated sulfuric acid was heated at 190°
for 15 minutes and poured upon ice. No so0lid product
could be 1isolated, the acid being comvletely decomposed.

A mixture of 2 grams of cyclopropane dibasic acid
and 20 cc. of a 20 £ sulfuric acid solution was refluxed

for 1 hour. On cooling, the starting materisl separated.

(b) Hydrobromic Acid Treatment,-

o -Carboxy-\1-Benzoy1butyrolactons (CYII).- A solution
of 1.5 grams of cyclopropane dibasic acid in 15 cc. gla-
cial acetic acid was saturated with dry hydrogen bromide
and allowed to stand at room temperature for 12 hours,

On pouring into a small volume of water, an oll separated
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that slowly crystallized in the course of weeks. When
the aqueous solution was cencentrated on the steam

bath, the oily primary bromine containing product became
80lid in a few days. The yield was 60 per cent,

o{ ~Carboxy- \l-benzoylbutyrolactone 1s very soluble
in ether and alcohol, moderately in benzene., It crystal-
lizes from the latter solvent in prisms that melt at
122° with evolution of ges.

Anal, Calcd. for CjpH1005 : C, 61.5; H, 4.3; mol. wt,.,
234, Found: C, 61,1, 61.6; H, 4.3, 4.3; mol. wt., 218.

Five tenth gram of the lactonlc acid was heated at
150-155o until there was no further evolution of carbon
dloxide. Tne pyrolysis produet crystallized from ether
and was identifled as \f-benzoylbutyrolactono by a mixed
melting point determination, The transrformation was quan-
titative.

Two tenth gram of the carboxy lactone was refluxed
for 2 hours with 15 cc. alcoholic potassium acetate so-
lution. The solvent was then allowed to evaporate; the
0illy semi-solid that remained was separated from the in-
organic material by dissolving it in ether. The product
that crystallized on the evaporation of the solvent was
identified as \f—benzoylbutyrolactone by a melting point

and mixed melting point determination.

A solution of 1 gram of the cyclopropane ester (VII)
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and 15 cc., glaclal acetic acid was saturated with dry
hydrogen bromide and allowed to stand at room tempera-
ture for 10 hours. The mixture was then slowly poured
into water from which the starting material was again
obtained.

A solution of 2 grams of the ester in 15 cc. glacial
acetic acid saturated with hydrogen bromide was heated
at 100° 1n a sealed tube for 8 hours. When cold the con-
tents of the tube were poured into water and the oil
that separaied extracted with ether. The etheral solution
was washed with sodium carbonate, several times with
water, and dried in the usual manner. Un spontaneous
eveporation of the solvent, 1,22 grams of o1l remalined
that was converted into 0.49 gram.of cyclepropane ester
by boiling with alcoholic potassium acetate. From the
sodium carbonate extract was obtained 0,53 gram of 01l

that rapidly reduced potassium permanganate.

G. \’ ~BENZOYLEUTYROLACTONE.

Ths structure of the lactone was establlshed by
syntheeis from \'-benzoylbuxyric acid, which was prepared
by the following serles of reactions, starting from tri-



83

methylene glycol. Trimethylene bromide, trimethylene
HO-CHpoCHoCHoOH —— > Br«CH2CHoCHoBr

HOOC=CHoCHoCHoCOOH «————— CNwCHoCHoCHoCN

l

0C=CHoCHoCHp=CO > CgH5COCHCHoCHoCOOH
0

cyanide, and glutarie acid were prepared by the proce=
dures (79, 80, 82) ae outlined %n Organic Syntheses.

Glutaric Anhydride.- This was prepared by the method
of Sircar (82). A mixture of 50 grame of glutaric acid
and 100 grams of acetic anhydride was heated under reflux
for 5 houre and then dletilled under diminished pressurs.
The anhydride came over a colorleess oil that soon soli-
dified, boiling point 1452150° at 12 mm.; melting point
56-57°C. The yield was 32 grams or 78 % of the theoretical.

\| ~Benzeylbutyric Acid (XCI).- In a lel 5-necked
flegk provided with a stirrer, thermometer, and dropping
funnel, and surrounded by a freezing mixture,were placed
102 grames of anhydrous aluminum echloride and 200 cc ben-
zene, previously treated and distilled from aluminum

chloride. With vigorous stirring, a solution of 32 grams



of glutaric anhydride in 150 cc. dry benzene was then
slowly added (35 min.) from the funnel, keeping the tem-
perature below 10°, Stirring was continued for 30 min-
utes after all the anhydride had been added. The aluminum
chloride complex was then decomposed by slowly adding
150 cc., of water; the excess benzene was steam distil-
led. The aqueous layer when cold was decanted and the
reéidual suspension boiled for 5 hours with 400 cc. of

a 20 ¥ sodium carbonate solution. The insoluble aluminum
salt was flltered, washed with hot water, and the file
trate acidified with 200 cc. of a 1:1 hydrochloric acid
and water mixture. A small amount of‘y-benzoylbutyric
acid was obtained from the decanted layer by addition

of 20 cc. concentrated hydrochloric acid, The total
yield was 70 & of the theoretical. It was not necessary
to purify the acid before using in tha following exe
periments; it melted at 125-126°C,

Y -Benzoylbutyrolactone (0).- A selution of 5 grams
of Y-benzoylbutyrlc acid in 30 cc. chloroform was brow
minated in the usual ma.aner; the experimental detalls
wore 1dentical with the procedure previously described
on page 65. The resulting olly bromoacid was dissolved
in 50 cc. co0ld aqueous godium carbonaste solution. In a
few minutes an o0il separated that slowly crystallized

in the course of an hour. The so0lild wae recrystallized
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from ether and a mixed melting point showed that 1t was
identical with the products obtained in the pyrolyses
of the cyclopropane dibasic acild (LXXXIV) and carboxy-
lactone (CVII).

ﬂ -Benzoylbutyrolactone 1s very soluble in chloro-
form and benzene, moderately in methanol and ether. It
crystallizes from ether in plates and from water in long
prisms, melting point 78°0C.

Angl. Calcd. for C33H3003 : C, $9,5; H, 5.3, Found:
C, 69.1, 69.4; H, 5.6, 5.5.

2,4«Dinitrophenylhydrazone.- This derivative was
prepared by the general procedure (77). It separated
from methyl alcohol in light yellow rosettes that melted
when pure at 17406.

Anal, Caled. for Cy7H1406N; : N, 15,1, Found: N, 14.7.

Reduction.- A solution of 1 gram of Y -benzoylbutyro-
lactone in 20 cc. 80 ¥ acetic acid was bolled with an
excees of zinc dust for 1 hour., On pouring into water,

a crystalline substance separated that was identifiled
ae‘Y ~benzoylbutyric acid by a melting point and mixed
melting point determination. The yleld was 90 %.

H, ATTEMPTED SYNTHESES OF THE CYCLOPROPANE ACIDS
(1LXXXV) AND ESTERS (CIX).
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I. Attempted Preparation of o =Bromo- Y ~benzoylbutyric

Acid and Elimination of Hydrogen Bromide.

(a) Bromination.,- Two grams of Y -benzoylbutyric
acld were dissolved in 10 cc. phosphorous tribromide in
a 250 cc, flask fitted tarough a ground glass joint to
a return flow condenser, To this mixture was added, drop
by drop, one equivalent (2,8 grams) of dry bromine from
a dropping funnel inserted in the top of the condenser
and the whole gently warmed on the steam bath for an
hour, After cooling, the contents of the flask wers de-
composed on ice. The 01l that separated was taken up in
ether; the etheral solution was washed with water and
dried in the usual way. On evaporation of the solvent,
an oll remained that did not crystallize from any of
the usual organic solvents.

(b) The 011 obtained in the preceding experiment
was dissolved 1in 35 cc. methyl alcohol and refluxed
with 6 grams of potassium acetate for 2 hours, The mixe
ture was then poured into water and the oil that sepa-
rated was dissolved in ether; the etheral solution
was extracted 1) with sodium carbonate, 2) with potassium
hydroxide, washed with water, and dried in the usual

way. Oily products were obtained from all three portions.

II. Elimination of Hydrogen Bromide from the
Methyl Ester.
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Methyl Y\ =Benzoylbutyrate (CXVI).- The methyl ester
was obtained in 80 % yleld by saturating a solution of
10 grams of \| =benzoylbutyric acid in 100 cc. absolute
methyl alcohol with dry hydrogen chloride; the solution
was allowed to stand at room temperature for 12 hours.
Most of the alcohol was then distilled, the residue
poured into iced water, and the ester immediately ex-
tracted with 150 cc. ether. The etheral solution was
washed with sodium cabonate, several times with water
to remove the base, and dried over anhydrous sodium sul-
fate. The solvent was then distilled and the residue
transferred to a Claissen flask and distilled in vacuo.
The ester boils at 147-148° at 8 mm; freezing point -29¢c,

Anal. Caled for CypHy303 : C, T0.0; H, 6.8. Found;
c, 69.7; H, 6.8,

The 2,4-dinitrophenylhydrazone, prepared in the usual
manner (77), crystallized from a 1l:1 chloroform methyl
alcohol mixture 1n red leaflets that melted at 149° C.

Anal. Calcd. for G;gHyg80gNy : N, 14.5. Found: N, 14,9,

Bromination of the Methyl Ester.- The ester was bro-
minated in carbon tetrachloride by the usual procedurs.
It was not necessary to start the reaction with heat;
the bromination started and proceeded smoothiy at room

temperature. The bromoester was an oil.
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Methyl \ -Acetoxy- Y\ -Benzoylbutyrate (CXII).- A
mixture of 14 grams of the oily bromoester, an equiva-
lent equal weight of fused potassium acetate and 35 cc.
of absolute methyl alcohol was refluxed for 15 minutes,
during which time a considerable amount of potassium
bromide separated. The whole was poured into water; the
precipitated oil slowly solidified in the course of 1
to 2 hours. The s0lid was recrystallized from methyl
alcohol. The yield was 8 grams or 70 % of the theoreti-
cal.

Methyl \\-acetoxy- N -benzoylbutyrate is very soluble
in benzene, chloroform, and ether; moderately in carbon
tetrachloride and methyl alcohol. It crystallizes from
the latter solvent in long silky needles that melt at
60°c.

Anal, Calcd. for C14Hy405 : C, 63.6; H, 6.1; CH=COO,
22,4, Found: C, 63.1, 63.4; H, 5.5, 5.9; CH3zC00, 23.3.

2,4=Dinitrophenylhydrazone.~ The hydrazone of the
acetate ester was prepared by the method of Allen (83).
A mixture of 1 gram of 2,4-dinitrophenylhydrazine, 1
gram of the ester, and 50 cc of methyl alcohol was aci-
dified with 2 to 3 drops of concentrated hydrochloric
acid and the whole refluxed for an hour, The unused
hydrazine was filtered off and the solution allowed to

cool. The hydrazone separated and was recrystallized
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from methyl alcohol; it formed pale yellow needles that
melted at 158°C,
Anal, Calcd. for CooHpnOgNy : N, 12,6, Found: N, 11,.8.

Elimination of HBr with Sodium Methylate.- A solutlon
of 1 gram of oily 1 -bromoester, a slight excess of so-
dium methylate, and 15 cc. of absolute methyl alcohol
was refluxed for 1 hour and poured into water. The pre-
cipitated oll was immediately extracted with ether; the
etheral solution was washed and dried in the usual way,
The o0il that remained on evaporation of the solvent was
dissolved in methyl alcohol from which it again separated
as an o01l, It slowly so0lidified in the course of 4 to 5
weeks and was identified by a melting point and mixed
melting point determination as \'-benzoylbutyrolactone.
These results showed that it was hopeless to attempt to
get the cyclopropane esters (CIX) and acids (LXXXV) from

methyl \y~benzoyl- \' ~btromobutyrate,

IIX. Reactions of the Acetate Ester (CXII).

Reduction.- A solution of 0.5 gram of methyl Y -acet-
OXy = \’-benzoylbutyrate in 15 cc. 80 % acetic acld was
boiled with an excess of zinc dust for 30 minutes. The

solution was then cooled and extracted with ether. The oil



that remained on the evaporation of the solvent was re-
fluxed with 50 cc. of 10 % aqueous potassium hydroxide
solution until all had dissolved (1 hour). On pouring
into iced hydrochloric acid, a crystalline product sepa=-
rated that was identified by a mixed melting point deter-
minatlion as \J~benzoylbutyric acid. The oily reduction

product was methyl \'-benzoylbutyrate.

Hydrolysie with Molst Alkaline Resgents.

(a).- A solution of 5 grams of methyl.y-acetoxysdym;n.
benzoylbutyrate in 30 ce, methyl alcohol was refluxed fog\
with a slight excess of 2:3 aqueous potassium hydroxide .
The curdy precipitate that separated on acidification
of the mixture with mineral acid was filtered and dais-
solved in ether. The etheral solution was extracted with
sodium carbonate, washed with water, and dried in the
usual way. On evaporation of the solvent, a small amount
of 80lid remained that was identified by a mixed melting
point determination as Y -benzoylbutyrolactone (C). The
godium carbonate extract was boiled a few minutes with
animal charcoal, filtered, and acidified with hydrochlo-
ric acid. The precipitated o0il was taken up in ether;
the etheral solution on evaporation left an 01l that
did not crystallize from any of the usual solvents, The

01l slowly became crystalline in the course of 4 to 5

weeks and it was identified as the ssturated lactone (C)
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by a mixed melting point determination.

(b).- A solution of 2 grams of the acetate ester,

0.8 gram of aqueous 2:3 potassium hydroxide, and 15 cc.
methyl alcohol was allowed to stand at room temperature
for 1 and 1/4 hours. On working up as above, & small
amount of so0lid butyrolactone and oil was obtalned. The
01l slowly changed over into the crystalline \{-benzoyl-
butyrolactone. The same results were obtained when the
solution was allowed to stand at room temperature for

24 hours,

(¢).- A solution of 0.5 gram of acetate ester, 15 cc.
of methyl alcohol, and an excess of dllute ammonium hydro-
xide was allowed to stand at room temperature for 5 hours.
The ester was recovered unchanged.

(d) .- A solution of the acetate ester in alcohol
with an excess of dillute ammoniumn hydroxide was allowed
to stand at ordinary temperature for 28 hours. On work-
ing up as above, an oil was obtained that eventually so-
1idified. The solid was identified as \(-benzoylbutyro-
lactons by a mixed melting point determination.

(e).-To a solution of 2 grams of acetate ester in
25 cc. ordinary ether wae slowly added a slight excess
of sodium methylate and the whole thoroughly shaken (oc-
casionally over a period of 20 minutes). The oily, yellow
precipitate wes extracted with water and the aqueous eso-
lution boiled a few minutes with animal charcoal, fllter-

ed, and scldifled with hydrochloric acid. On working up
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as above, an o0il was obtalned that slowly solidified ;
it wae 1dentified as 7’-benzoy1butyrolactone by a melt-
ing point and mixed melting point determination. A small
amount of ester was reclaimed unchanged from the etheral
solution.

(a)

Hydrolyeis with Sulfuric Acid.- A solution of 1 gram
of acetate ester in 10 cc. concentreted sulfuric acid
was allowed to stand at ordinary temverature for 35
minutes and then poured into iced water . The crystalline
product that immedlately separated was identifled by a
mixed melting point determination as the ssturated lac-
tone (C).

(p),~ Five grams of the acetate ester were refluxed
with 50 cc. of a 5 Z sulfuric acid solution for 3 hours.
On cooling,*Y -benzoylbutyrolactone separated gquantita-

tively.

Reaction with Halogen Acid.- A solution of 1 gram
of acetate ester in 15 cc. glaclal acetlic scid wes satu-
rated with dry hydrogen bromide and allowed to stand at
room temperature for 10 hours. On pouring into water,

the ester was recovered unchanged.

Treatment with Anhydrous Sodium Methylate.- To a

golution of 2 grams of acetate ester in 30 cc. absolute
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methyl alcohol was added a slight excess of sodium
methylate and the whole allowed to stand at ordilnary
temperature for 5 hours. The red, wine-colored mixture,
that immediately resulted on addition of the dry base,
was then acidified with dry hydrogen chloride. The oily
residue that remained on evaporation of the alcohol

was separated from the inorganic material by dissolving

it in ether., The product separated as an oil from all

the usual organic solvents.

SUMMARY.

l., A new apparatus has been devised and a procedure
developed for the preparation of F;-chloroproplophenone
by the Friedel-Crafts reaction from benzoyl chloride
and ethylene.

2. Methyl malonate has been added to vinyl phenyl
ketone to form a \{-ketonlc ester, The structure of the
latter was determined by hydrolysis and decarboxylation
to the known \*-benzoylbutyric acid.

3. This ester has been converted into several cyclo=-
propane derivatives and their properties compared with

certaln closely related homologues.
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4, In all reactions involving a splitting of the
ring, it has been opened only between the 1 and 2 ring
carbon atoms, This 1s in agreement with the previous
ketonlec cyclopropanes of this type, but different from

those having a phenyl group in the 3 position.

5. The structure of \ -benzoylbutyrolactone, obtain-
ed 1n the pyrolysis and hydrogen bromide treatment of
2-benzoylecyclopropane-1,1l-dicarboxylic acid, has been
established by synthesis,

6. Methyl \ -acetoxy- v -benzoylbutyrate was obtain-
ed in the attempted eynthesis of methyl 2-benzoylcyclo=-
propane-l-carboxylate by treating methyl \-bromo- Yy -ben-
zoylbutyrate with alcoholic potassium acetate. Sodium
methylate converted the\'-bromoester into ‘7 -benzoyl-

butyrolactone.
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