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INTRODUCTION. 

Ever since the discovery of cyclopropane by Freund 

(1) numerous substituted derivatives ha.ve been prepared 

and their stability carefully studied. It was early for

mulated by Parkin (2) and later by Kotz (3) that the 

substitutent groups have a marked influence on the sta

bility of the cyclopropane ring. Recently Kohler and hie 

students (4) have prepared a series 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 behs.viour or cyclopropanee bearing substitutents on 

all three carbons. More recently a method (5) has been 

devised tor the preparation of closely related ketonic 

cyclopropane derivatives in which only two carbons of the 

ring are substituted. It is. therefore. possible to com

pare these derivatives with the previously studied ex

amples and so obtain additional information on the in

fluence ot subetitutente on the stability and reactivity 

ot cyclopropanes. 

In the first paper of this series, Allen and Bridgees 

(5) compared the reactions ot 1-phenyl-1-nitro-2-benzoyl

cyclopropane (I) with the isomeric 1-nitro-2-benzoyl-3-

phenylcyclopropane (II), previously studied by Kohler 

and Englebrecht (4g). In a second paper, Allen a.nd Barker 
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(6) .-~have prepared 1-phenyl-1-benzoyl-2-benzeylcyclopro

ps.ne (III) and compared it with the cyclopropane (IV), 

studied by Kohler and Jones (4f). The cyclopropa.nes 

II 

(I) and (III) or type (A) are much less reactive 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 reagent 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 subet1tutents 

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 ser1.es. 

We have added methyl malonate to vinyl phenyl ketone 



C~=CHCo~asand obtained the keto ester, methyl ~ -benzoyl

ethylmalonate (V), closely related to methyl f -phenyl- 'J
benzoyl-ethylme,lonate (VI) studied by Kohler and Conant 

(4a). The latter ester has been converted into a cyclo-

V VI 

ester (VIII) belonging to type (B). Employing similar 

methods, our ester was converted to the closely related 

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

The reactions of the cyclopropene derivative (VII) 

have been studied and the results compared with the 

previously studied 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 it is necessary to find all known cyclopropanes 

of this type. 

In 1884 Guthzeit and Conrad (7) prepared ethyl 1,1; 

2-cyclopropene -tr1carboxylate (IX) by condensing t~e 

sodium salt of et.hyl malonate l11th ethyl~- r -dibromo-
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propionate. The cyclopropane ester distilled under di-

CH2- CHCOOC2~ 

"-'c (cooc 2a~) 2 

IX 

CH2-CHCOOH 

~(cOOH)2 
X 

CH2 -CHCOOH 

"/ CHCOOH 

XI 

minished pressure without decomposition. At that time 

the main criteria or the stability of a cyclopropane was 

its behaviour on pyrolysis. The ester on hydrolysis with 

aqueous sodium hydroxide gave the corresponding cyclo

propa-ne tricarboxylic acid (X), which on heating lost 

carbon dioxide and gave the anhydride or the 1,2-cyclo

propane-dicarboxylic acid (XI). The free acid was obtain

ad by heating the anhydride in a sealed tube with water. 

Michael (8) obtained the cyclopropane ester (IX) 

by condensing ethyl ~ -bromopropionate with ethyl-aodium-

malonate. 

Parkin (9) prepared the methyl 1,1,2,2-cyclopropane 

ester (XII) by treating the sodium salt or methyl propane-

CH2 -Q (COOR) 2 
'( / XII 

C~COOR)2 

CH2 -C(COOH) 2 
"'( / XIII 

C~COOH)2 

tetracarboxylate with bromine. On pyrolysis the tetra-
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carboxylic acid (XIII) gave the anhydride of cis-1,2-

cyclopropane-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 iso

lated the cis acid (XI), which on d1et1ll~tion under re

duced pressure was converted into 1ts &llh!4tide. 

Parkin and Gregory (11) prepared the same cyclopro-

pane ester (XII) by condensing ethyl ~,~'-dibromo-propane

tetracarboxylate with the sodium salt or the same ester. 

The pyrolysis or the cycloprooane tetracarboxyl1c acid 

(XIII) gave the higher melting trane-1,1-cvclonronane

dicarboxylic acid (XI). This acid heated wit.h acetic an

hydride gave the anhydride or the cie-cycloprope.ne acid (XI). 

Guthzeit and Lobeck (12) using the same procedure 

prepared both the ethyl and methyl eeters (XII). They 

obtained both isomeric acids (XI) on pyrolysis or the 

cyclopropane acid (XIII). 

!he ester (XII) and the acids (XIII) and (XI) were 

als·o prel)S,red by K&tz and Stalmann ( 13) by digesting 

the sodium salt or ethyl succinate with methylene iodide. 

Later K6ts and Sielich (14) prepared them by eliminating 



hydrogen bromide from ethyl ~ -bromopropa.ne-tetaca.rbox-

ylate with ammonia or iodine. 

Parkin and Bowtell (15) and later Parkin and Tatter

stall (16) obtained trans cyclopropane acid {XI) by re-

fluxing ethyl~ -bromogluturate with either a.lcoholic 

potassium hydroxide or quinoline. 

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

methyl 1,2-cvclooronane-dicarbox:vlete {XIV) by d1.At1111ng 

CH2 ~HCOOCH~ 

~CHCOOCH"3 XIV 

methyl ;,~-nyrazoline-dicarboxylete. Hydrolysis of this 

ester gave the two etereoieomeric cyclopropane a.cids (XI). 

Pechmann (19) orepared the same ester by d1st11ling 

methyl 3,4-pyrazoline-dicarboxylate. The le.tter we.e ob

tained by condensing methyl fumurate with d1a7.o-methane. 

All the preceding esters and acids are stable toward 

potaes1u!1l perma.nga.nete. The two stereo1eomer1c 1, 2-eyc1o

oropane-dicarboxy11c acids (X!,. are verv Ate.ble eubetancee. 

Neither acl~ (20) ~hen heAt~~ At 100°c. deco1or1zed Rn 

alkaline potaselum permanganate solution nor are they 
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reduced by a concentrated sodium amalgam solution. Both 

acids are stable toward heat. The trane acid distilled 

under reduced pressure without che.nge. The cis acid on 

distillation or when digested with acetyl chloride was 

changed into its anhydride. The l~tter WAS also obtained 

by heating the neutral silver salt or the trans acid with 

tile clay. This conversion (11) was better effected with 

acetic anhydride. An tlO % yield or the trans acid (20) 

was obtained by heating at 240-250°C, the calcium salt 

of the cis acid with potassium hydroxide. A small amount 

or cyclopropane monocarboxylic acid was obtained as a 

by-product in this treatment. A small amount or trana 

acid was oota1ned by heating the cis acid at 150°0 in a 
aqueous 

sealed tube with a l:l~sulfuric acid mixture. In this 

treatment, a considerable a~ount or hydroxy acid was also 

formed. The cls acid (XI) did not react with concentrated 

hydrochloric acid (17) even when heated in a sealed tube 

at 180°0. tor 6 hours. 

Buchner and Wedemann (21) heated the acid chloride 

or the cis modification (XI) with phosphorous ~nd bromine 

in a eaaled tuoe and obtained two isomeric 1,2-dibromo-

1,2-cyclopropane-d1carboxyl1c acids (XV). The trans acid 

~ ~CBrCOOH 

CBrCOOH 
XV 
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~evet the same two d1-bromo acids (XV). These acids are 

stable toward potassium permanganate and boiling water. 

Sodium amalgam reduced both modifications to the trans-

1.2-cyclopro~ane-d1carboxylic acid (XI). 

Paolini (22) preoared ethyl 1,2•d1methyl-1,2•cyclo

propane-d1carboxylate (XVI) by eliminating hydrogen 

chloride trom ethyl t.rimethyl-chlorogluture.te w1 th di-

CB2 -0(CH3 )COOH 

~fca,)COOH 
XVII 

ethyl-aniline. Both the ester and the corresoonding acid 

(XVII) are stable toward potassium permanganate. The acid 

was also prepared and its saturated character determined 

by Henstock and Woolley (23). The substituted 1,2-cy

clopropane-dicarboxylic acid (XVII) exhibits the eeme 

stability (24) as shown by the oreceding unsubet1tuted 

cyclo~opane d1carboxyl\o acids (XI). 

In comparison to the eyelo~rooane acids beering sub

st1tutents on two csrbons ot the cyclo~ropane ring, the 

l,l-cyclonropane-d1carboxylic acid (XVIII) and the 3,~

dimethyl-1,2-cyclopropane-dicarboxylie acid (XIX) are 

much less stable. Fission of the ring in these der1va-
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tives takes place with greater ease. The cyclopropane-

XVIII 

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

the butyrolactone (XX). The acid (XVIII) readily reacted 

with hydrobromic acid at 0°C. and formed an unstable bro

moacid which when boiled with water produced the carboxy

lactone (XXI). The latter was also obta1aed by·: refluxing 

CH2- CH2- CHCOOH 
I I XXI 
0 CO 

the cyclopropane acid (XVIII) with a 50 % sulfuric acid 

solution. The carboxylactone when heated at 120°C. lost 

carbon dioxide and formed the saturated lactone (XX). 

The 3,3-dlmethyl-1,2-cyclopropane-dlcarboxylic acid (XIX), 

a derivative of type (B), on heating (27) was converted 

into dimethyl paracon1c acid (XXII). In all these ex-

periments with the cyclopropa.ne derivatives (XVIII) and 
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(XIX), the cyclo-propane ring was claa.ved. 

Small ameunts of the two 1somer1c cyclopropane acids 

(XI) were obtained by Farmer and Ingold (28) as reduction 

products trom 1,2-cyclopropene~dicarboxylie acid. The 

latter we.e prepared by treating 0( •bromoglutaconic 

acid with a concentrated alcoholic alkali solution. 

Ingold ( 29) also prepared the cvclonropane a.cirts (XI) 

by treating ethyl ~-bromogluturat.e w1. t.h coneent.reted 

alcoholic potassium hydroxide solution. In addition to 

these acids and hydroxyls.t1on nroduct.s. a s~e.ll amount 

ot paracon1e acid (XXIII) wee isolate~. The author ac-

XI 

eounted for its presence by assuming rin~ f1ss1on of the 

cyclopropane ~c1ds (XI). The oeracon1c acid could only 

have formed by cleevege ot the ring 1n the 1.~ position; 

this is one or the few cyclooropane derivatives or tyoe 

(A) in which the ring onened other than in the 1,2 Po~ 

s.ition, or between the two carbon atoms bearing subeti

tutents. 

Ingold (29) prepared the bromo-1,2-cycloprooane-di-
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carboxylic acid (XXIV) by. hydrolyzing ethyl q~'-d1bromo-

CH~-OBrCOOH 
'( / XXIV 

cHCOOH 
XXV 

gluturate with dilute aaue.oue sodium carbonate solution. 

The aci~ is stable toward concentrated hydrochloric acid 

and potassium permansAnate. It was not decomposed when 
' 

heated with a dilute nitric acid solut.1on. By digesting 

with a 2 N sodiu~ carbonate solution for 500 hours, it 

was converted into the cyclonro-oenol -1.2-dicerboxylic 

acid (XXV). This acid is stable toward potassium permanga

nate, concentrated hydrochlQric acid, end dilute aqueous 

sodium hydroxide. The bromoac1d or the cyclopronanol ec1d 

when digested with concentrated al~ali 1n methyl alcohol 

gave the methoxy-cyclol'ropAne aeirl (XXVI) an~ the ea(

keto-glutaric acid (XXVII). The cyclopronanol acid (XXV) 

XXVI 

ya2 coaOOH 

CH2COOH 

XXVII XXVIII 

when retluxAd w1. th concentrated sulfurie e.cid gave A 

very smell e.mnunt of cyclonrctpanone (XXVIII). The exist

ence of this ketone and the l)robab111 t,y that Ingold ever 

hed it is nuestioned by Demjenow (30) and LipD (~1). 
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Ingold (32) prepared the two stereo1somer1c mathyl-

1,2-cycloprQpane-d1carboxy11c acids (XXIX) by digesting 

ethyl Q(-bromo- ~· -methyl-glut.urate w1 th c~ncentre.ted 

alcoholic p~teesium hydroxide s~lut1on. A small amount 

XXIX 

of methyl pereconic ec1d wee also isolated. The author 

again essumed thst. it must have formed from the cyclo

J)!'opane e.cide (XXIX). The cis AC1~ when heRted et 1~0° 

C. was eonverted into its arlhydrid~. This seme anhydride 

was obtained by heating the trane eeid with aeetyl chlo

ride. !he conversion or the c1s ~cid intn the trens 

acid was effected by heating with hydrochloric B.cid. 

Ms.rburg (33) prepared t.he methyl 1, 1-cyclo-prooene

dicarboxylic ester (XXXI) by condensing ethyl-sodium-mal

onate with ~ro~ylene d1bromide. Hydrolysis with Boueoue 

XXXII 

barium hydroxide gave the corresponding cyclopropane 

acid (XXXII). The ester and the a.cid a.re stAble toward 
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pota.ss1um permanganate and sodium amelgam. The ester 

distilled under reduced pressure without decomposition. 

The acid (XXXII) readily react.ed with hydrobromic ~1cid 

at 0°0. and f'or!lled an unstAble bromine, ·which ,rhen 

boiled with water tor 15 minut,es WAS converted 1nt.o the 

cArboxylactone (XXXIII). This lactone was A1so obtained 

CH2 -C\HCH3 

I 
CH-CO 
I 
COOH XXXIII 

OH2-\HCH3 
0 
I 

oH2-co 
XXXIV 

by ref'lux1ng the dibas1c cyelo'Prona.ne ~e1d (XXXII) with 

a 50 % sulf'uric actd solution. The carboxv lactone on 
(34) 

pyrolysis I\ lost carbon d 1.ox1de And formed the AA.turetef! 

lactone (XXXIV). This valerolaetone and a smA.ll Et mount 

of met.hyl-cyelopronAne-cerboxy11c acid (XXXV) were obtain

ed by dry distilling the methyl 1,1-cyclonrooane-dicar

boxylie e.cid (XXXII). With bromine the letter acid gave 

an open chain d1bromoacid. In all theae reactions the 

cyclopropane ring was ooened in the 1,2 nos1t.1on. 

XXXV XXXVII 

The methyl 2,2-dlmethyl-cyclopropane-carboxylate (XXXVI) 
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was prepared by~Blanc and Haller (35) from methyl 3,3-

dimethyl-butyrate and methyl-oodium-melonate. The ester 

and the corresponding ecid (XXXVII) distilled in vacuo 

without decomposition. K1shner (36) obtained the same 

acid by oxidizing 2,2-d1methyl-l-i8obutenylcycloprooane 

with permanganate. 

Blanc and Haller (35) also prenared 2-1soprooyl• 

cyclopropane carboxylate (XXXVIII) by condensing ethyl 

~ -bromo- ~ -isooro~ylbutyrate with the sodium salt 

of ethyl malonate. The ester and the corresponding acid 

OH2---CH-OH(CH~) 2 
~fcooc2H5 

XXXVIII XXXIX 

(XXXIX) are steble toward hest. Neit.her decolorized oo-

taes1um permanganate. 

I~at1ett (37) prepared ethyl 2-ieepropyl-1,1-cyclo
~ 

propane-d1carboxylate (XL) ,, .. eeD4•ils1ng 1eol)rOl'yl et.hy-

lene bromide with et.hyl-eodium-TDalonate. The correspond-

CH2-CH-CH(CH'3) 2 

"'-'c(cOOC21fs) 2 

XL 

CH2---CH-CH(CH3) 2 
'(C(cOOH)

2 

XLI 

1 
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1ng acid (XLI) on pyrolysis gave the 2-1sopropyl-cyclo

propane monocarboxyl1c acid (XXXIX). 

b 
The same author (37) also prepared 2-1sopropylene-

cyclopropane-l,l-d1carboxyl1c ester (XLII) by condensing 

1,2-dibromo-3-methyl-butene 3 with the sodium salt or 

ethyl malonate. The eater on hydrolysis gave the un

saturated cyclopropane d1earboxyl1c acid (XLIII), called 

isopren1c acid by the author. 

Buchner and Geronimus (38) on distillation of ethyl 

~ -4-phenyl-pyrazoline-3-oarboxylata obtained ethyl 

2-phenylcyclopz·opane carboxylate (XLIV). The structure 

CH2-CHC6fls 

"C{cOOC2f1s 
XLIV XLV 

ot the ester was determined by hydrolysis and oxidation 

ot the n1trated acid to the known trane-1,2-cyclopro

pane-d1carboxy11c acid (XI). On pyrolysis of the cyclo

propane acid (XLV) two unsaturated hydrocarbons, etyrene 
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and phanyl-1-pro~ene, were isolated. The authors assumed 

that they resulted from the decomposition of the inter

mediate phenylcyclopropane. None of the latter could be 

obtained. 

Ruhemann (39) by condensing ethyl phenyl malonate 

with ethyl chloro-rumaret.e in the presence or sodium 

ethylate obtained a 6 % yield ot ethyl ~henyl-carboxy

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

o6~-y<COOR)z 
~-COOR 

HC-COOR XLVI XLVII 

of alcoholic ~tassium hydroxide was converted into the 

anhydride (XLVII) ot 2-phenyl-1,2-cyclopronane-dicarboxylie 

acid. The latter was obtained by boiling the anhydride 

with water. The tendency tor anhydride formation is very 

marked; on cooling it is again reformed. The cyclopropane 

derivative (XLVII) is stable toward potassium permansaw

nate and bromine. Sodium amalgam sol~t1on reduced 1t to 

symmetrical methyl ~henyl succinic acid. The ring in 

the reduction was cleaved in the 2,3 poaitien. 

von der Heide condensed methyl d1azo-acetate with 

phenyl butad1ene and obtained on the d1st111e.tion ot the 
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pyrazoline derivative the methyl 2-styrylc:vcloprope.ne 

carboxylate (XLVIII). The ester distilled in vacuo with-

CH2 -CH-CH= CHC6H5 

"cfooooa3 

XLVIII XLIX 

out decomposition. The cerresponding acid (XLIX) was 

oxidized by an elkal1ne potassium permanganate solution 

to the known trsns-1,2-cyclopropane-dicarboxylic acid 

(XI) and benzoic acid. The unsaturated acid (40) readily 

reacted with bromine and termed the d1bromocvc1oprooane 

acid (L). This acid 1e stable toward permanganAte. Sodium 

L LI 

amalgam reduced it to the 2-t-phenylethylcyclopropane-1-

carboxylic acid (LI). Sodium in amyl alcohol reduced ~the 

bromoacid to a saturated open chain acid, the constitution 

ot which was not determined. The acids (XLIX) and (LI) 

on treatment with phosphorous pentachlor1de end ammonia 

gave the corresponding amides. 

Buchner (41) on distillation ot methyl 5-acetoxy-3,5-
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pyrazo11ne-tr!ea.rboxylete obtained methyl l·e.cetoxy-1,2-

eyclopropane-trioarboxylate.(LII). Hydrolysis with aaueous 

alkali gave the corresponding tribasic acid (LIII). The 

LII LIII 

cyclopropane ester (LII) distilled under diminished pres

sure without decomposition. The acid was slowly decom

posed by heat. 

~erkin (42) condensed prooylene bromide with the 

sodium salt of aceto-acetic ester and obtained the cyclo

propane derivative ethyl 2•methyl-1-acetyl-l-ayelonropane

earboxylate (LIV). The ester on hydrolysis with alcoholic 

~CHCH'3 

otaocH., 

LV LVI 

potassium hydroxide gave the corresponding acid (LV). 

A veryra'mill·smount·or 2 .. met.hy1-l-acetylcyolopro"PAne 

(LVI) was obtained on pyrolysis or the cyclopropane acid 

(LV). The ecid was not decompose(! when heated with an 

alcoholic potassium hydroxide solution. 
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On oxidation of thujone (LVII), whose constitution 

was then unknown, Wsll~ch (43) obtained two etereoiso

meric acids which he named ~ e.nd r .. thuje.ketonic acids. 

Later Semmler (44) proved thet these acids '~ere t.he ke

tonic cyclouronane acid (LVIII). This ec1d was further 

fR3 
/c~ 

H:~):~ 
I 
CH(CH3)2 

LVII LVIII LIX 

oxidized with sodium hypobromite to the stable cvcle~ro

oane d1carboxylio acid (LIX). This acid readily formed 

an anhydride and was stable towe.r~ dilute acids. The cor

resoonding cyclonronane ester (LX) was obtained (45) by 

saturating a solution ot the acid in methyl alcohol 
~ 

with hydrogen chloride. The ketonic cyclopropane acid 

CH2.ca2.coca3 
0 

~22co I 
CH(CH

3
) 2 

LXI 

(LVIII) when treated with dilute sulfurie acid solution 



20 

was converted into the saturated lactone (LXI). The ring 

was cleaved in the 1,2 position. The ketonic acid (LVIII) 

when distilled under diminished ~ressure or when digest

ed with water formed the unsaturated f·thujaketonie acid 

(LXII); the ring was again opened in the 1,2 ~sition. 

CH2C:::C(OH)CH3 '-'olca2000H 
I 
CH(CH

3
)

2 

LXIII 

Wallach (45) assumed that this acid resulted from the 

intermediate, unstable, enol torm. The 1nstab111ty ot 

the enol (LXIII) can be ex~la1ned by the mechanism tor

warded by Allen and Boyer (46). They consider a double 

bond attached to e. cyclopro-pane ring equivalent to the 

reactive allene linkage. The saturated cyclopropane di

carboxylic acid (45) is stable because enolization is 

excluded. The corresponding cyclopropane ester (LX) was 

converted by a concentrated alcoholic sodium methylate 

solution to the iso~ropylcyclopentanone carboxylic ester 

(LXIV), which on distillation lost carbon dioxide and 

alcohol and formed tanacetophorone (LXV). Since enoli-

zation is possible 1n the ester, this transformation 

(45) •as~ again explained through the intermediate enol 
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form. 

ya2 lo 
LXIV 0~/0H LXV 

' CH(CH:5)2 

Umbellulone (LXVI), a derivative of the d1cyc11c ter

pene thujane, may also be considered as a cyclo~repane 

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

OH2 - CBCOCR'3 

"-cfcooa 
I 
OH(CH'3)2 

LXVII 

OH2 -CHCOOH 

'-'c!c'ooa 
I 
CH(CH

3
) 2 

LXVIII 

on the oxidation of umbellulone obtained a ketonic sat-

urated acid which they called umballulonic acid. Later 

Semmler (49) proved that this umbellulonic acid wae the 

ketonic cyclopropane acid (LXVII). This 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 tormed an anhydride and is stable toward concen

trated hydrochloric acid • The ketonic cyclopropane acid 
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" (LXII) on reduction with sodium and methyl alcohol (47~· ,.. 
was cleaved 1n the 1,2 position and formed the saturated 

lactone (LXIX). 

CH3 CH2COOC2H5 
I I 

/OH /00 /0<8 
820 ""o HO ~82 H20 CH2 

I I I~ I I I 
820 )0 H20 rt(OH2 H20 #OH 

~~ "-ea "'-a~' 
I I I 
OH(CH'3)2 OH(CH3) 2 CH(CH3)2 

LXIX LXX LXXI 

Sab1na ketone (LXX) may also be considered es a 

cyclo~rooane derivative belonging to tyoe (A). The cyclo• 

propane ring isomerized when the ketone was cendensed <so) 
with ethyl bromoacetate in the presence of zinc and 

formed the unsaturated alcohol ester (LXXI). The cyclo

propane ring was opened in the 1,2 position. All the 

other reagents em~loyed in determining the structure of 

this ketone did not lt\taek the cyolonrol')ane r1ng(51). 

Semmler (52) on oxidation of benzy11dene-thujone 

(LXXII). e.lso called benzylidane-t.!tnacet.ene. ebtained 

the cyclo'Dropane dice.rboxy11c 9.c1d (LXXIII). c~lled homo

tanacetone d1ca.rboxy11c e.c14l"er homothujs.ketenic ec1.d. 

The same acid was obtained by Wallach (53) by oxid1f.1ng 
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thujone in an alkaline solution with bromine. The cyclo-

LXXIII 

~ropane acid (LXXIII) is stable toward heat; it distilled 
' 

without decomposition at 10 mm. pressure. The acid was 

converted into its anhydride,by digesting with acetic 

anhydride for 15 minutes. 

Buchner and Weigand (54) condensed camphene (L~IV) 

with diazo-acetic eater and on d1st11'lR+1on obtained the 

cyclonropane ester (LXXV). With sodium ~nd alcohol, the 

LXXIV LXXV 

ester we.s reduced to the eyoloprope.ne alcohol. An alco

holic potass 1um hydroxide solution hydrolyz.ed the ester 
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to 2, 2-dimethyl noroemphene-2-epiro-cyclol)rops.ne carbox

ylic acid (LXXVI). The constitution of this sc1d was 

LXXVI 

determined by oxidizing with a 4 % ootassium permanganate 

solution to the tribasic cyclopronane ecid (X), which on 

pyrolysis geve the snbydride end some cie-1,2-oyclopro

pane-dicarboxylic acid (XI). This series ot experiments 

definitely ~roved the position or the double bond 1n 

camphene. The cyclopropane acid (LXXVI) wee reobta1ned 

by treating the corresponding amide with a 50 % sulfur1c 

acid solution. 

Conant and Lutz (55) prepared 1,2•benzoyl-cyclopro

pane (LXXVII) by tree.t1ng the higher melting dibromo-

dibenzoyl-propane isomer with zinc e.nd sodium iodide. 

The lower melting isomer could not be converted into a 

cyclopropane derivative. The cyclopropane on reduction 
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with zinc a.nd a.cetic acid gave the straight chain di

benzoyl-propane resulting by fission of the ring in the 

1,2 position. 

Knowles and Cloke (56) obtained the 1-ohenyl-1-

mitrile-2-methylcyclopropane (LXXVIII) by condensing 

LXXVIII 

propylene dibrom1de with benz~l cy~r.ide in the nreeence 

of eodiu~ amide. This cyclopropane distilled at atmos

pheric pressure without. deco'Tlooeit.ion. 

Recently Auwero Pn~ Kon1f (57) in studying the decem-

position products of various pyra7ol1ne esters isolated 

e.mong other oroducts the cyclonrooana derivet.ivee (XIV, 

XVII, LII, LXXIX, LXXX). The first tour esters ~ere hy-

C~-CHCOOC~ 
"( / XIV 

cmcooc~ 
XVII 

LII LXXIX 

drolyzed to the corresponding known acids. The methyl 
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2-methyl-1-methyl-cyclopropane-carboxylate (LXXX) was 

LXXX 

obtained in very small Quantities; its saturated character 

was determined soectrochem1cally. No other work was done 

v:1 th these substances. 
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OUTLINE AND DISCUSSION OF WORK. 

Phenyl vinyl ketone readily combines with substances 

having an active hydrogen atem s.nd forms addition products 

that are unsubstitutad 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 ~ -chloropropio

phenone by the use of potassium acetate. In this way the 

addition products with phen~ln1tromethane (LXXXI) (5) 
(6) 

and desoxybenzo1n (LXXXII) have been oreoared and trans-

ys20H20006H5 LXXXI 

C6HS-CHN02 

formed into the ketonic cyclopropane derivatives (I) and 

(III): the latter are unsubstituted 1n the 3 position. 

Ill 

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

IV 

(IV) (4t)subst1tuted in all 3 positions gave valuable 
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information concerning the influence or the subst1tutent 

phenyl group in the 3 position on the mode of addition 

ot certain characteristic ring-splitting reagents. 

In eentinuance of that werk, methyl malonate has been 

added to vinyl phenyl ketone, resulting in the for~ation 

ot the 1ketonic ester (V) closely related to the substituted 

ketonic esters (LXXXIII) (4a,b) (4c). The addition pro• 

TH2CH2COC6fls V 

CH(COOCH3) 2 

duct was converted into the cyclepropane ester and acids 

(VII, LXXXIV, LXXXV), der1vet1ves of type (A),and com-

CH2-CHOOC6 ffs 
"-'c(cOOCH3) 2 

VII 

q~r-)HC006f~s 

"c{cooa)
2 

LXXXIV LXXXV 

pared with the esters and ec1ds (LXXXVI, LXXXVII, LXXXVIII), 

crclopropane derivatives of type (B). The latter acid and 
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corresponding ester have been prepared and studied by 

Kohler and Steele (4e). 

The addition of methyl malons.te to vinyl phenyl ke

tone (simultaneously obtained by eliminating hydregen 

chloride from ~ -chloropropiophenone with potassium 

acetate) took plece 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

leeular product (LXXXIX) was also obtained; this became 

ClCH2ca2coc6H5 CH2CH2COC6HS 

t- _ ...... K._A~e~a...,.n.,d ...... N~a:;.;;O;,;,;;Me~> !H( cooca,) 2 + 

V 

CH2 (COOCH3) 2 c6HSCOCH2ca2 
"-c(COOCH3)2 

0685COCH2~ LXXXIX 

the major product if too much sodium methylate or only 

one equivalent or addend were used. 

The structure or the addition product (V) was proved 

by hydrolysis to the corresponding dicarboxylic a.c1d 
' lost 

(XC), which on pyrelys1sAcarbon dioxide snd gave the knewn 

CH2CH2COC6lfs 
I _ __..-;..;:c;.;;.o~a--~l c6H5cocH2cH2cH2cooH 
0H(COOH)2 

XC XCI 

'/-benzoyl-butyric ao1d (XCI). The immediate forme,t1on 



30 

or a 2,4-dinitroohenylhydrazone lndiceted the presence 

of the carbonyl group. 

The ketonic di-ester (V~ dissolved in chloroform~ . 

readily combined with one mole of bromine a.nd gave an 

oily monobromoester. The constitution of this oil could 

not be determined but in e.ll probab111 ty 1 t was a mix

ture of the two possible monobrom1des (XCII) and (XCIII). 

CH2CHBrCOC' H 5" 

!H(COOCH3)2 
XCII 

TH2CH2COC6H5 

CBr(COOCH-,) 2 
XCIII 

yH2C11BrCOC ,;H15 
CBr(COOCH3 )2 

XCIV 

A solution or the bromoest.er 1n meth:vl alcohol. standing 

under the ultra vic.ret lamp. slowly reac+ed with another 

mole or bromine Pnd yielded another oil. t>robebly the 

d1bromoeeter (XCIV). Acid hydrolysis of both esters gsve 

only untractable terry products. 

The oily monobromoeeter when re:f'luxed with An Alco

holic potassium acetate solut.ion readily lost hydrogen 

bromide and gave the cyclic ester (VII). The other ora

ducts that could heve formed by loss of hydrogen bromide 

are represented by formulas (XCV, XCVI, XCVII). 

CH <(;-C6H5 CH=CHCOC6HI5 OHCH200C~H5 1 - 11 ·• 

J CH(COOCH~) 2 C(COOCH3) 2 
CH2 C(COOCH3 )2 

XCV XCVI XCVII 
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The dihydrofurane (XCV), that ~ight 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 s 2,4-dinitrophenylhydrazone 

derivative. The ethylenic esters ths.t might have resulted 

by loss of hydrogen bromide trom two adJacent carbon 

atoms were also excluded because the product neither re-

duced potassium permanga.nEt.te nor combined with bromine. 

The ethylenic isomers, however, may have been present 

in the cyclopropane residues; they rapidly decolorized 

permanganate. 

The cyclopropane ester (VII), dissolved in moist 

ether, wa.s very rapidly hydrolyzed by alcoholic sodium 

methylate to an oily acid that undoubtedly was the ester 

acid (XCVIII). The cyclopropane esters (LXXXVI) were 

CH2-CHCOC6H5 
~~ . 

HOOC-C-COOCH3 

XCVIII 

XC6H4-CH----CHCOC6H4Y 

Hoo~o!c'oocH3 
XCIX 

also very sensitive toward moist alkaline reagents and 

were hydrolyzed by sodium methylate in moist ether to 

the corresponding , crystalline ester acids.On further 

hydrolysis with a~ueous alkali, the oily ester acid 

(XCVIII) was converted into the c:volonropAne dica.:rbox .. 

ylio acid (LXXXIV). 
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This cyclopropane dibasic acid on ester1f1ce,t1on 

with methyl alcohol and e. small amount of sulfuric acid 

regenerated the ester (VII). 

LXXXIV VII 

The cyclopropane dicarboxylic acid when hee.ted above 

its melting point lost carbon dioxide and gave small a

mounts of the two possible stereo1somer1c -relonronanA 

monocarboxyl1c acids (LXXXV) and the sstureted lactone 

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

lactone resulted by loss of carbon dioxide first and 

then opening of the ring or whether the ring was first 

cleaved and followed by loss of carbon dioxide. What

ever the mechsnism, it is clear that the cyclopropane 

ring was opened in the 1,2 nosition, or between the two 

carbons bearing eubstitutente. The structure of the lac

tone was established by synthesis rrom'(-benzoyl-butyric 

acid and will be descr1Ded in a later section. 
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Lactone formB.t1on on hea.ting cyclopropane d1carboxy11c 

acids has been observed before. Marburg (33) on heating 

2-methylcyclopropane-1,1-dicarboxylic acid (XXXII) ob

tained a small amount of monocarboxylic scid (XXXV) and 

XXXII XXXV 

CH2--C\.CH3 

0 

CH~Io 
XXXIV 

valerolactone (XXXIV); this lactone could only h,lve form

ed by opening of the ring 1n the 1,2 position. The cyclo

propane acids (LXXXVII) on pyrolysis were opened in the 

1,3 and 2,3 position giving a number or varied products. 

For example, the cyclopropane dicarboxylic acid (CI) (4a) 

on heating gave a very S!Tlall amount or cyclopropane mono

Q~f1c ~c1a (LXXXVIII), two unsaturated acids, the saturated 

lactone (CII), and two isomeric unsaturAted crotolectones 

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

CI 

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 pressure without 

decomposition. The acid was recovered unchanged after 

0 
being heated at 185-190 tor 3? minutes and from attempted 

decarboxylations (59, 60) to benzoylcyclopropane. The 

lower melting cyclopropane monocarboxyl1c acid and the 

the lactone (C) when heated at 185·190° tor 35 minutes 

slowly decomposed and gave untractable oils; a trace or 

solid was isolated in one pyrolysis or the lower melt

ing isomer that gave only a very slight depression or 

the melting point with y-benzoylbutyrolactone (C). It 

seems very probable that the lactone was termed 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) did not decolor1ze potassium 

permanganate in acetone solution nor did they combine 

with bromine in chloroform solution. 

All the cyclopropane derivatives were readily re

duced by zinc dust and acetic acid to the known open 

chain substances. The ester gave the keto-diester (V); 

the dibas1c acid gave the corresponding open chain acid 

(XC); the two monocarboxylic acids gave the known i•ben· 

zoylbutyric acid. The ring was opened by nascent hydrogen 
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between the two carbon atoms bearing substitutents. The 

cyclopropane derivatives or type (B) were also opened by 

reducing reagents in the 1,2 position. The cyclopropane 

CH2 -CHCOC6fts CH2CH2COC6H5 

"(cfcooca3> 2 
2H ) I 

CH(COOCH3)2 

VII V 

CH2 -CHCOC6lis CH2CH2COC61fs 

'-'cfcooa) 2 
2H > I 

OH(COOH)2 

LXXXIV XC 

CH2-CHCOCblls CH2CH2COC6Jis 

"ctcooa 
2H ) I 

CH2COOH 

LXXXV XCI 

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

with sodium amalgam gave symmetrical methyl phenyl sue-

XLVII 

CH3•CHCOOH 

CIV 

c1n1c acid (CIV). This ia the only known case in which a 

cyclopropane ring substituted on two or three carbon 

atoms was cleaved in the 2,3 position by reducing agents. 

It is also the only known cyclopropane derivative belong• 
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ing to type (A) in which the r1ng w~e not opened between 

the two ca.rbon atoms be~ring subet1tutente. Since the 

above work was done with minute qua.ntitiee, it should 

be re-investigated to see whether the ring really was 

opened in the 2,3 position • 

The cyclopropane ester (V) w~s indifferent toward 

anhydrous alkaline reagents. It was not attacked by an

hydrous sodium or magnesium methyl~te in an absolute 

methyl alcohol solution. These reagents rapidly trans

formed the cyclopropane esters belongin~ to type (B) 

(LXXXVI) to isomeric uneAtur8ted eompounde, the ring al

ways opening between the 1 end 3 c~rbon atoms. Anhydrous 

alkaline reagents opened the r1ng 1n the cyclopropane 

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

I CV 

position or between the two carbon atoms bearing eub

stitutente and rormed di-benzoyl ethane (CV) 

The cyclopropane ester (VII) and acids (LXXXIV) a.nd 

(LXXXV) are stable toward eulfuric acid. The ester and 

the monobasic acids were recovered unchanged e.fter being 
eulfuric acid 

allowed to stand in contact with concentrated~for 3~ 

minutes at room temperature. The dibaeic a.cid when heat-
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ed with concentrated sulfuric acid at 190°0. decomposed 

but was unaltered when refluxed with a 20 % eulfur1c 

acid solution.for one hour. 

Under normal conditions hydrogen bromide in glacial 

acetic acid did not attack the cyclopropane ester (VII) 

but when heated at 100° in a sealed tube for 8 hours an 

oil containing bromine was obtained. It wa.s probably a 

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

VII XCII 

TH2CH2COC6fis 

CBr(COOCH3) 2 

XCIII 

ed by opening of the ring in the 1,2 position, since 

on subsequent treatment •ith alcoholic potassium acetate 

the cyclopropane was re-formed 1n essentially the se.me 

yield as obtained from the oily bromoeeter prepared from 

the addition product (V). A smell emount of unsaturated, 

oily acid was also obtained and because of this ring 

opening in some other way is not excluded. The cyclopro

pane esters (LXXXVI) reacted very slowly with hydrogen 

bromide in acetic acid and gave among other products 

lactonic esters that could ~nly result by 1,3 opening 

of the ring. 

'fhe dibeeic acid (LXXXIV) readily reacted with hydro

gen bromide in acetic acid at room temperature; the primary 
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product was an oil 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 

CH2 -CHCOC6Jis 

V.ooH) 2 
LXXXIV 

CH2-C\OC6H5 

I 
CH2--co 

0 

CVI 

< CVII 

carbon dioxide on gentle heating or when refluxed with 

alcoholic potBseium ecetste P.nd for'!led y -benzoylbutyro

laetone (C). This lactone could only have formed from 

the primary bromoaoid product represented by formula 

(CVI); again the ring was cleaved between the 1 snd 2 

carbon atoms. 

The above results with hydrogen bromide are in agree

ment with the results obtained in the second paper (6) 

or this series. The more reactive lower melting cyclo

propane derivative (III) readily combined with hydrogen 
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bromide in glacial acetic acid and formed one or 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 or 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 

d1carboxylic acid (LXXXIV) made it impossible to study 

their reactions with the various ring reagents. The hig

her melting acid, on esterification either by way of the 

silver salt or by saturating a solution in methyl alco

hol with hydrogen chloride, gave an o11 that could not 

be purified. This oil we.s probably a. mixture or the two 

possible etereoisomerie cyclopropane esters (CIX). The 

C~ -JHCOC~H5 
c{CO-O-CH2COC6H4Br 

ex 

sodium salt of this acid reacted with ~-bromophenyacyl 

bromide and gave the crystalline ( -bromophenyacyl es

ter (CX). The lower melting isomer was not obtained 1n 
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sufficient qu~ntity to convert to the phenyacyl ester. 

In an effort to obtain the cyclopropane mor~oca.rboxyllc 

acids (LXXXV) and the correspond!n~ esters (CIX) in quan

tity, we tried 1) to el1minsta hydrogen bromide from ~

bromo- 'f -benzoylbutyric PC id, 2) elim1nEtt 1011 Of hydro

gen bromide from methyl i -benzoyl- '( -br'omebutyr·a.te 

(CXI) •ith alcehol1c potessiu~ acetate, 3) elimination 

of hydrogen bromide fro~ the same methyl ester with el

coholic sodium methylate. All three atte~pte were uneuc

ceesrul. No solids could be isolated in the first proce

dure. Elimination or hydrogen bromide from the methyl 

ester (CXI) with ~lcohol1c potassium acet.at.e gRve an 

acetate ester for~ed in accordance with the equet1on: 

c6H5COCHBrCH2CH2COOCH3 + 
CH3COOK 

CXI 

C~H5CO,HCH2CH2COOCH3 
OCOCH3 t KBr 

CXII 

The elimination or hydro~en bromide with alcoholic 

sodium methylate g~ve the lactone (C). 

C6fisCOCHBrCH2CH2COOCH3 CHr-~COC6H5 
-=-N;:..J;iolelo,;;;O__.M..,.e ____ ?> 0 t- C H30H t NaBr 

CH2 c6 C 

Kohler and Steele (4e) also obtained a butyrolactone 



41 

from the substututed methyl ester (CXIII) on treatment 

with alcoholic potassi~ acetate. 

C6HS-yH-CHBrCOC6H4Br 

CH2COOCH3 

CXIII 

KAc ) 

CXIV 

C6HS·CH C~COC6H4Br 

0 
I 

CH2-CO 

The lactone (C) was synthesized by brom1nat1ng ~

banzoylbutyr1c acid 1n chloroform solution and removing 

hydrogen bromide from the resulting oily bromoac1d with 

cold aqueous sodium carbonate solution, the usual pro-

cedure for preparing ~ -lactones. 

The acetAte ester (CXII) also formed the lactone (C) 

when hydrolyzed with alkaline and ac1d1c reagents; beet 

results were obtained by the use ot sulfur1c acid. When 

alkaline reagents were used, an oily intermediate pro

duct, soluble in sodium carbonate solution, was formed. 

This o11 probably was the hydroxy acid (CXV), since on 
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long standing, 1t formed the stable butyrolactone. 

c6RscOyHcH2CH2COOCH3 

OCOCH3 

CXII 

Lactone C -
The acetate ester (CXII) and the l~ctone (C) were 

reduced by nascent hydrogen to the known methyl ~-ben

zoylbutyrate (CXVI) and l -benzoylbutyr1c acid (XCI). 

C6HSCOTHCH2CH2COOCH3 

OCOCH3 

CXII 

CH~C\OC6HS 

I cH2-co c 

2H 

CXVI 

--~2H--~) C6HSCOCH2CH2CH2COOH 

XCI 

~ -Benzoylbutyr1c acid, the starting material 1n 

this series or experiments, was prepared by the Friedel
£ 

Craft reaction from glutaric anhydride and benzene. 

£ This procedure was developed by Mr. L. F. Somerville 
or th1e 1Bboratory. 
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The methyl eater (CXVI) was beet obtained by eaturBt

ing ~ solution of the acid in methyl alcohol with hydro

gen chloride. This ester reec~ed very reedlly with one 

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

C6HSCOCH2cH2CH2COOCH3 Br~C6H5COCHBrCH2CH2COOCH3 
CXVI CXI 



THE PREPARATION OF r -CHLOROPROPIOPHENONE. 

Collet (61) and later Boeseken (62) reported the pre

paration of p -chloropropiophenone by the Friedel-Crafts 

reaction from benzene and ~-chloropropionyl chloride. 

Hale and Britton (63) improved their procedure so that 

when using small quantities or reactants, yields of the 

order ot 80-90 % were obtained. The chloroketone prepared 

in this way always has a low melting point and is pro

bably contaminated with benzylacetophenone, formed in 

accordance with the equation: 

A considerable amount ot the latter was obtained (6) 

when large quantities or reacting materials were used. 

It was found that the secondary reaction was favored 

when a small amount of the acid chloride was in contact 

with a relatively large amount of alum1num chloride. By 

using a large excess ot benzene, Allen and Barker (6) 

were able to prepare 80-90 % yields of low melting ~

chloropropiophenone ste.rting with 50 grams of p.-chloro

prop1on1c acid. However, since this method of preparation 
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involved a long series 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 ot bromine from ~,t

dibromopropiophenone with alcoholic potassium iodide, 

KI 

obtained the chloroketone by saturating a solution of 

the unsaturated ketone in alcohol with hydrogen chloride. 

Norr1s 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 we.s evident 

that f·chloropropiophenone should be an intermediate 

product; this was later found to be the case,65). 

The problem, therefore, resolved itself into devising 

a suitable apparatus for carrying out the reaction, which 

may be represented by the following equation: 
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This reaction, however, is more complicated than it would 

appea.r in the preceding outline. The benzoyl chloride 

aluminum chloride complex is insoluble in most organic 

solvents except ethyl bromide (65). It is necessary to 

introduce the ethylene in such a way that it becomes well

mixed with the solution and not used in too great excess 

for economic reasons. The r-chloropropiophenone is easi

ly decomposed by heat, so its isolation from the reaction 

mixture after the decomposition of the aluminum chloride 

complex must be carefully accomplished. 

Since the absorption or ethylene proceeded very slow

ly, especially toward the completion of a run, it was 

hooed that it would be accelerated by operating under (a 

slight) pressure. ~hen this was done, a large amount of 

oil 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 sufficient to say that lt is now pos

sible to prepare ~-chloropropiophenone in yields or the 

order or 87-92 %; the limiting factor being size of ap-

paratus used. 

Tbe Friedel-Crafta reaction has not been extensively 
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applied to non-banzenoid hydrocarbons. A similar conden

sation between unsaturated hydrocarbons and acetyl chlo

ride or bromide has been described by Kraplvin (68). Re 

studied the reactions between acetyl bromide and propy

lene and cyclopropane, and between acetyl chloride and 

iso-butylene, 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 isolated. 

Darzens (69) reported the condensation ot acetyl 

chloride with cyclohexene in the presence or alum1num 

chloride and obtained the saturated chloroketone (CXVII)~ 

CXVII CXVIII 

stannic chloride gave a better product. The saturated 

chloroketone, when treated with d1etp~la.n111ne, readily 

lost hydrogen chloride and gave the unsaturated ketone 

(CXVIII). 

W1eland and Bettag (70a) isolated the intermediate 
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chloroaddition products 1n the reactions of cyclohexene 

with acetyl chloride and benzoyl chloride in the presence 

of alum1num 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 or aluminum 

chloride and gave the fairly unstable f-chloroketone 

(CXIX). This ketone slowly lost hydrogen chloride at 

( CH3 ).p====- CHCH3 
t-

CH3COC1 

room temperature. 

> 

H 
( c~3 ) 2c- C-CH3 I f 

Cl COCH3 
CXIX 

In a later paper continuing his study of the Fr1edel

Craft reactions. W1eland (70b) summarized the preceding 

reactions in the following general equAtions: 

-CH= CH
;-

RCOCl 

-cH-CH-
f I > Cl COR 

-CH=Ce-
-HOJ ) I 

COR 

From the results obtained 1n the study of analogous un

saturated al1phat1c and aromatic reactions. Wieland (70b, 

c) concluded that aromatic ketones prepared by the Friedel

Cratts reaction also resulted through the intermediate 

chloroaddlt1on product. 
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W1eland and Rae8@awa (70d) condensed cholester1ne 

with acetyl chloride 1n the presence ot alum1num chloride 

and obtained a saturated chloroester. which was trans

formed into a substituted chloro-choleeterol derivative 

by digesting with a 10 % alcoholic potassium hydroxide 

solution. 

The reaction of Darzene (6~ was made use ot by Ru

zicka tor the preoaration of certain substituted cyclic 

ketonee, starting material tor the preparation ot various 

substituted decalins (71). In these investigations, no 

ettort was made to isolate the intermediate chloroadd1-

tion products. 

ltondakow (72) has described the preparation ot r
chloroketones b7 condensing unsaturated al1pbat1c hydro

carbons with acetyl chloride 1n the presence ot zinc 

chloride. From iso-but7lene snd s.cetyl chloride, he ob

tained the r-chloroadd1t1on product (CXX), which was 

(CH3)20-= OH2 
+ 

OH3COCl 
cxx 

CXXI 

converted into mes1tyl oxide (CXXI) with moist silver 
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oxide. The r-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) ot ethylene with acetyl chloride 

in the presence of alum1num chloride resulted in the for

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

AlC~3-~ ClCH2CH2COCH3 

CXXII 

has also been condensed with chloroacetyl chloride (74) 

AlC13-) ClCH2CH2COCH2Cl 

CXXIII 

Hopff (75) discovered that saturated hydrocarbons 

containing a chain or five or more carbon atoms also con-

densed with acid chlorides in the presence of anhydrous 

alum1num chloride; the yields. however, were low. Acetyl 

chloride reacted with normal pentane in the presence or 

aluminum chloride and gave 1eo-emyl methyl ketone (CXXIV). 

CXXIV 
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Hopft (75) also succeeded in condensing acetyl chloride 

with cyclohexane and obtained a ketone which he assumed 

to be methyl cyclohexyl ketone (CXXV). 

/C~CH3 
CH2 CH2 

bH2 6H2 

~c/ 
2 

cxxv 

Nenitzeacu (76) condensed acetyl chloride with cyclo-

hexane in the presence of aluminum chloride and obtained 

among other products 1-methyl-2-acetyl-cyclopentane (CXXVI). 

IH2 TH2 
OH2 CHCH3 

~CH((o'CH3 CXXVI 

Benzoyl chloride and butyryl chloride reacted similarly. 
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EXPERIMENTAL. 

A • PREPARATION OF r·CHLOROPROPIOPHENONE. 

The appara.tus is assembled according to Fig I, page 

53. A is a 6 11ter 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 pieces 

of potassium hydroxide respectively. I le an Emmerling 

tower full or glass pearls covered with concentrated sul

furic acid. J is a small drying tower containing alter

nate layers or glass wool and phosphorous pentoxide. K 

and Rare bubble counters; K contains just enough benzoyl 

chloride to barely seal the inlet tube, R contains water. 

U is a special stirrer (Note 2) Fig. II, page 54. N le 

a 1-liter 3-necked flask in which the reaction takes place, 

and is fitted with a small dropping funnel L and an exit 

tube connected to 0, a protective calcium chloride tube, 

(Note 3) and P, a small drying tube filled with potassium 

hydroxide. Q is a trap and S a Dreeheel bottle holding a 

3 centimeter layer of bromine covered with water. 

In flask N le 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 1e 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 is now forced into 

the reaction flask N by the water pressure in A at such 

a rate that there is no passing of gas through R; it is 

absorbed very rapidly at first ( 5 litera in 3.5 hours). 

After 7-8 litera have reacted, the rate 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 e) the reaction is considered com

plete, although there is still some unused benzoyl chlo

ride (Notes 9, 10). 

The reaction flask is then removed and its contents 

poured upon a mixture of 400 grams of ice and 50 cc. con

centrated hydrochloric acid {Note 11). The flocculent 

precipitate is filtered thro~h glass wool. The lower 

layer is separated and washed twice with 100-150 cc. of' 

water. Flask N is rinsed with 250 cc. of' benzene, the 

latter being poured throup;h the glass wool e,nd then used 

to extract the a.queous upper layer. The combined extracts 

are dried a hs.lf hour with calcium chloride. filtered in

to a distilling flask and the solvent removed under di

minished pressure (Note 12). The residual yellow-brown 

oil is poured out into an evaporating dish (Hood) and 

allowed to solidify. 
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The crude r--chloroprop1ophenone 1s purified by re

crystallization, as follows: 250 cc. of petroleum ether 

(Note 13) is heated to boiling 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 se~eral minutes and 

then filtered throu~h a previously warmed funnel. On 

cooling in an ice salt mixture, yellow flaky crystals, 

melting point 52-53° , separate and t!re 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. r--chloropropiophenone thus 

purified will keep several months in brown glass bottles 

(Note 15). 

NOTES. 

1. The flask 1e calibrated in 250 cc. unite in order 

to indicate approximately how much ethylene has been ab

sorbed. A run requires 12-14 litera. B, C, and D ere used 

in refilling, without disconnecting from the apparatus. 

The ethylene used ln the preoara.t1on was obtained by 

slowly distilling alcohol through a heated tube conts.in-

1ng pumice moistened with syrupy orthophosphoric acid. 

2. Fig.II is a sketch or the special stirrer of Pyrex 

glass devised to introduce the ethylene into the solution 

and assure intimate mixing. A small hole is blown 1n~~he 
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hollow stirrer eo that it comes in the open space below 

the upper stopper. The distance £, b' is such that it 

will just pass through the neck of the flask; point ~ 

1e blown out slightly, any constriction is to be avoided. 

The tube below A is 1 centimeter long. The walls of C 

are best constructed of two pieces of Pyrex that fit 

snugly and can be fastened at ~ by friction tape. This 

arrangement allows the use of a short stirrer, since the 

upper portion can be raised after the motor has been at

tached; it prevents the throwing of mercury and facilita

tes dismantling. Each compartment contains mercury up to 

the dotted line. In operation, the arms of the stirrer 

are nearly immersed in the solution, and it ie rotated 

at a moderate speed. 

3. The success of the prepara.tion depends upon abso-

lute dryness. 

4. As is usual in Friedel-Crafts reactions, the qua

lity of aluminum chloride is very importent. It is the 

principal source of poor results; the only sure way of 

determining the suitability or e. given lot is to try it 

out on a quarter size run. Materis.l that is satisfactory 

for ordinary Friedel-Crafte reactions may give only small 

amounts or chloroketone. The color of the recryetallized 

product depends on the quality of e.luminum 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 msy contain. 
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6. There is a considerable evolution of halogen acid 

while adding the benzoyl chloride; the drying tube 0 is 

disconnected, stopcock T opened, and the gas absorbed 

in water. The addition or chloride evolves heat so that 

1t must be added slowly to prevent boiling off ethyl 

bromide. 

1. The slow absorption 1s somewhat accelerated by 

occasionally sweeping out the reaction flask. This is 

done by opening stopcock V for a few seconds. 

8. To determine the completion or the run the flask 

is swept out end stopcock W closed; ir there is not an 

appreciable rise or water in the inlet tube of R in 5 

minutes, the reaction is considered complete. 

9. If the operation is continued until the odor of 

benzoyl chloride has disaopeared , the yield is conside

rably decreased, and much oily by-product results. 

10. The operation may be interrupted &t any time;1t 

need not be continuous. When not in operation 1t is ne

cessary to 11ft 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 in subsequent runs, but it is hard

ly worth while unless molar quantities are being used. 

In a molar run a 2 11 ter 3-necked fle.sk is used; the oil 

remaining after removal of the ethyl bromide 1e taken 

up in 700 cc. or benzene and decomposed in the way des

cribed (Note 12). A molar run requires 27-30 litera of 
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ethylene and takes 75·80 hours. The percentage yield 

is practically the same. 

12. It is important to heat the f' -chloroketone as 

little as possible. The solvent is distilled 1n vacuo, 

keeping the temperature of the wa.ter bath used as a source 

of heat below 60°. The distillate is used to extract sub-

eequent runs. 

13. Commercial "aeroplane gas" is fractionated and 

the portion boiling from 65-80° taken. The 80-100° fraction 

may also be used provided the temperature is kept below 
0 85 during the crystallization. 

14. A second recrystall1zation gives an almost white 

product that melts at 55-56°. 

15. The crude solid may be purified by vacuum distil

lation in 10 gram lote, 1f the pressure 1s kept below 2 

mm., followed by recrystell1zation from petroleum ether. 

In an attempt to see whether this procedure could 

be applied to production of the homologues of r -chloro

propiophenone, we tried to condense 1'--chlorobenzoyl 

chloride, toluyl chloride, and anisoyl chloride with ethy

lene in the presence of anhydrous aluminum chloride. Al

though the absorption or ethylene proceeded just as rapid

ly with the first two chlorides as with benzoyl chloride, 

1t was impossible to obtain any solid products from the 

oily reaction mixtures. The anlsoyl chloride-aluminum 

chloride addition product was very insoluble in ethyl 
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bromide; the absorption of ethylene in this run was ex-

ceedlngly slow. 

These substituted f-chloropropiophenones have recent
£ 

ly been oreoared in this laboratory by the modification 

(6) of Hale and Brltton's method (63). Contrary to ex-

pectation, they were all low melting and had a tendency 

to oil out; they required numerous recrystallizations 

from petroleum ether tor purification. With this know-

ledge or their properties and with the solid obtained by 

this procedure for inoculation-of the oils, !r-chloro 

and {--methyl- r-chloroproolophenone homologues probably 

can be isolated from the oily, reaction mixture. The pre

paration or the anisoyl derivative by this procedure la 

doubtful. 

B. THE ADDrriON REACTION. 

Methyl 1 -Benzoylethyl Malonate (V).- To a mixture 

or 15 grams ot r -chloropropiophenone, 12 grams of fused 

potassium acetate, and 75 cc. hot absolute methyl alcohol 

was added 12 grams ot redist1lled methyl malonate in 20 

cc. ot the aame solvent and the whole made faintly alka-

line to moist litmus by adding a concentrated solution 

ot sodium methylate drop by drop. The reddish mixture 

was refluxed ror 45 minutes. Most of the solvent was then 

£ Mr. A. c. Bell has prepared a number of r -chloro
prop1ophenone homologues. 
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distilled, the residue acidified with acetic acid and 

the unused malonic ester removed by steam distillation. 

On inoculating with a previously preoared solid. the 

oil slowly crystallized. The crude solid was dissolved 

1n 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 addition 

product slowly crystallized. The average yield was 70 ~. 

The condensation was also done in half mole quantities 

in which slightly lower yields (60 %) were obtained. By 

us1ngr-chloroprop1ophenone that had been distilled in 

vacuo a better quality ot ester •as produced, but the 

loss of chloroketone during the d1etillat1on was too 

great to make the process economical. The ethyl ester, 

formed when ethyl malonate was used, was an o11. 

Methyl ~-benzoylathyl malonate cryst~.111~es from di

lute methyl alcohol in needles that melt at 42°. It is 

very soluble in the usual organic solvents except petro

leum ether. It boils with some daeomoosit1on at lf5-175° 

at 5-6 mm. 

Anal. Calod. for C14H1605 

C, 63.3, 63.4; H, 6.1, 6.1. 

c. 63.6; H. 6.1. Found: 

If no excess of methyl malonate was used, or 1r too 

much ot sodium methylate was added, a large amount of 

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

CH2CH2COC6H5 
I 
C(COOCH3)2 
I 
CH2CH2COC6fis 

LXXXIX 

CH2CH2COC6H5 

CXXVII 

the product did not form a pyrJllium salt. 

The trimolecular product (LXXXIX) crystallized from 

methyl alcohol in hexagonal platelets, melting point 

132°. 

Anal. Calcd. for C23H2206 : C, 69.4; H, 6.1; Ko1~Wt., 

'~· Found: C, 69.5; H, 6.00; Mol.Wt., 364. 

Derivativee.-(a) Semicerbazone.- One gram ot semicar-

boz1de hydrochloride and 2 grams or potassium acetate in 

15 cc. methyl alcohol was retluxed on the steam bath for 

several minutes. The chloride was filtered orr and 0.5 

gram ot methyl '(-benzoylethyl malonate added. The mix

ture was boiled ror 1 hour and then water added to 1nci-

pient cloudiness. On cooling, the eem1carbazone separated. 

It crystallized from methyl alcohol in rosettes or flat 

needles that melted with decomposition at 138°C. The 

analysis ror nitrogen by the KJeldahl method gave a re

sult that did not agree with the theoretical. 

Anal. Calcd. for C15H1905N3 : N, 13.05. Found: N, 8.95, 

8. 9, 10. 0 .. 
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(b) 2,4-Dlnitrophenylhydrazone.- This was prepared 

by the general method (77). One gram of 2,4-dinitro

phenylhydrazine was dissolved in 2 cc. concentrated sul

fur1c acid and 15 cc. methyl alcohol. To this was slow

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, 
0 forming clusters or flat yellow plates, melting at 139 c.; 

it is moderately soluble in alcohol but very. soluble in 

ether and chloroform. 

Anal. Calcd. for C2oH2oOsN4 : N, 12.6. Found: N, 12.4. 

C. PROOF OF STRUCTURE. 

(a) Hydrolysis toy -Benzoylethyl Malonic Acid (XC).

Four grams or the ester were refluxed with 50 cc. of 10 % 
aqueous potassium hydroxide for 45 minutes. The mixture 

was then poured into a small amount or iced hydrochloric 

acid, from which 2.5 grams of dibasic acid separated; an 

additional 0.8 gram was obtained by extracting the water 

lA.yer ~1th ether and allowing the solvent to evaporate 

spontaneously. The yield was 3.3 grams or 89 %. 
The acid was purified by recrystallization from an 

ether petroleum ether mixture, from which 1t separated 1n 

flaky rosettes, melting with decomposition at 168-170°0. 

The dibasic acid is moderately soluble in chloroform 

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

Anal. Calcd. for c12H12o5 : C, 61.0; H, 5.1. Found: 

C. 60.8; H, 5.2. 

Esterification of the Dibasic Acid (XC).- A mixture 

of 1 gram of i -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 oil that separated was extraeted with ether. 

washed with dilute sodium carbonate solution, several 

times with water, and dried over anhydrous sodium sul-

fate. After the eponta.neoue evaporation or the solvent. 

an oil remained that partially solidified after some time. 

The semi-solid was purified by several reoryetall1zations 

rrom 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~ -benzoylbutyrate (CXVI). 

(b) Pyrolysis.- One gram of ~-benzoylethyl malonic 

acid 1n a pyrex test tube was heated in an oil bath at 
0 175-180 as long as carbon dioxide was evolved. The re-

sidual oil was tRken up in sodium carbonate solution 

' 

and the monobasic acid precipitated by addition of hydro

chloric acid. It was identified as 'f -benzoylbutyric e.cid 
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by a mixed melting point with an authentic sample. The 

keto ester, the dibasic acid, and the monobasic acid 

neither decolorized bromine in chloroform solution nor 

reduced potassium permanganate in acetone. 

D. BROMINATION. 

The keto ester readily reacted with bromine with 

evolution of hydrogen bro~ide. The resulting bromoesters 

were oils. Hydrolysis or the mono and dibromoestere in 

acid solution gave oily acids. 

(a) Monobromination.- In a 500 cc. three-necked flask, 

fitted with a stirrer, reflux condenser, and dropping 

runnel was placed a solution of 13.2 grams of the keto 

ester and 20 cc. or chloroform. A slight exceee over the 

theoretical emount or bromine in 20 cc. of chloroform 

was admitted, droo by droo, after the reaction had been 

started by heating in one spot with a small flame. Once 

started the reaction proceeded at room temperature with 

a copious evolution of hydrogen bromide. The solution 

was stirred 5-10 minutes after the addition or bromine 

had been completed, and then t~eated with sodium bieul

f1te solution to remove the excess bromine, washed with 

water, dried over calcium chloride, and the solvent re

moved in vacuo. The average weight of the crude, residual 

oil from a number of rune was 17 grams, or practically 
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quantitative y1elde. 

(b) Dibromination.- A solution of 17 grams of oil, 

obtained in the preceding monobrom1nation. 20 cc. dry 

chloroform. and 8 grams of bromine was allowed to stand 

under an ultra violet lamp tor 12 hours. There was a slow 

evolution of hydrogen bromide. On working up as above. 

an oil again resulted. 

(c) Acid Hydrolysis.- Hoping to obtain the correspond

ing bromoacids in solid form. an attempt was made to hy

drolyze the oily bromoestere in acid media; the directions 

of Avery and Jorgensen (78) for acid hydrolysis of ni

triles were slightly modified. 

Three grams ot the oily monobromo ester were dissolved 

in 30 cc. boiling acetic acid in a flask fitted with a 

reflux condenser. To this boiling solution was ~dded, 

drop by drop, 30 cc. of a 1:1 eulfuric acid and water mix

ture and the whole retluxed for 2 hours. The contents 

ot the flask were then poured into water and filtered. 

The sem1-s~lid, retained by the filter, was dissolved 

in an ether and petroleum ether mixture,from which an 

oil separated. This oily acid was dissolved in dilute 

ammonium hydroxide solution; the excess ammonia was eve.

porated on the steam bath and the insoluble impurities 

removed by filtration. A dark, colloidal precipitate was 



67 

obtained by the addition of a slight excess of the cal

culated amount of silver nitrate. 

The oily dibromo ester was treated similarly and 

again no solid products could be isolated. It was impos

sible to obtain any solid bromine derivatives and conse

quently their homogen1ty 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-1,1-Dicarboxylate (VII).

A mixture of 17 grams of the oil obteined in the bromi

ns.tion or 13.2 grams or the open chain keto ester, 17 

grams of fused potassium acetate, e.nd 35 cc. of absolute 

methyl alcohol was retluxed f'or an hour and then poured 

into a large volume of water. An oil separated that very 

slowly crystallized; this process we>s greatly hastened 

by inoculating the oil with a little of the solid pre

viously prepared. The crude material was dissolved in the 

minimum amount of' methyl alcohol, refluxed a few minutes 

with animal charcoal, and filtered. Water was added to 

incipient cloudiness; on cooling in a freezing mixture 



68 

the cyclopropane slowly crystallized. The yield 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 res1dues 

that had accumulated from several preparations, an addi

tional 17 grams of ester was produced, making the average 

total yield 78%. 

Methyl 2-benzoylcyclopropane-1,1-dicarb'XJlate crystal

lizes from 80 % methyl alcohol 1n hexagonal plates that 

melt at 74°0. It separates from a 60 % acetic acid solu-

tion in needles. The cyclopropane ester 1s 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 c14Hl405 : C, 64.1; H, 5.3. Found: 

C. 64.4, 64.0; H, 5.5, 5.8. 

Cyclopropane Res1dues.- The res1dues that had accu

mulated from several preparations were dissolved in ·1~0·.- cc. 

ether; the etheral solution was first extracted w1th a 

sodium carbonate solution and then with a potassium hy-
r 

droxide solution. The neu~al solution 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. Cla1ssen flask and distilled in vacuo. 

The cyclopropane ester distilled at 185-190° at 4 mm. 



69 

No solid products could be isolated from the sodium ca.r

bonate and potassium hydroxide extracts. From 56 grams 

of residues were obtained 17 grams of cyclopropane ester, 

5 grams of dark oil soluble in sodium carbonate solution, 

10 grams of dark, oily lactone or oil soluble in the po

tassium hydroxide extract, and 18 grams of neutral tarry 

residue. More of these oily by-products were obtained 

when acetic acid was the solvent in the preparation. The 

cyclopropane res1dues rapidly reduced potassium perman

ganate. 

2,4-Dinitrophenylhydrazone of the Cyclopropane Eeter.

Th1s 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 lf9°C. 

Anal. Calcd. for C20H1808N4 : N, 12.7. Found: N, 12.5. 

Hydrolysis to the Ester Acid.~ The cyclopropane ester 

(VII) WElB very sensitive to moist sodium methylate. By 

the procedure ot Kohler end Conant ( 4a), it was easily 

hydrolyzed to an oily acid; this o11 was doubtless the 

ester acid. 

To a solution of 5 grams of ester in 20 cc. ordinary 

ether was slowly added one equivalent of sodium methylRte. 

After standing for 5-10 minutes at room temperature, the 
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sodium salt that immediately separs.ted 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 was washed with water and dried over anhydrous 

sodium sulfate. On spontaneous evaporation of the solvent) 

an oil remained that undoubtedly was the ester acid. On 

further treatment lllth aqueous alkali it gave the di

bas1c acid. A small amount of the latter was also form

ed when an excess ot sodium methylate was used. 

The oily tteeter acid" was very soluble in the usual 

organic solvents except petroleum ether, but crystallized 

from none. 

2-Benzoylcyclopropane-1,1-dicarboxylic Acid.- This 

acid could be prepared by hydr·olyzing the ester with an 

excess of alcoholic potassium hydroxide, but a better 

yield and purer product was obtained when the hydrolysis 

was carried out in 2 steps as outlined by Kohler and 

aonant (4a). Since the ester acid was an oil, the second 

step was modified as follows: the sodium salt that sepa

rated in the preparation of the ester acid was filtered 

and mixed with a 50 % excess of a 10 % aqueous potassium 

hydroxide solution and the whole allowed to stand at room 

temperature tor a day. Upon acidification end 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 ot the di-ester, 3.5 grams of acid (97 % 
yield) were obtained. 

The d1bas1c acid le very soluble in ether, benzene, 

and alcohol: moderately 1n water; and sparingly in chloFo

form and petroleum ether. It crystallizes from an ether 

petroleum ether mixture in rods that melt with decompo

sition at 170-172°0. 

Anal. Ca1cd. for c12H1oOs : 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-benzoy1cyclooropane-l,l-dicarbox

yl1c acid, 20 cc of absolute methyl alcohol, and 0.5 cc. 

concentrated sulfur1c acid wee refluxed for 2 hours. 

The mixture was then poured into water and on working 

up as described on page 64 the cyclopropane ester ws.s 

re-obtained. 

Pyrolysis of the Cyclopropane D1basic Acid.- Two 

grams of the dibas1c acid 1n a 50 cc. Erlenmeyer flask 

were heated in an oil 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 ot ether. The acids were then extracted with so

dium carbonate, boiled a few minutes with "Da.rco", fil-
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tared, and acidified with hydrochloric acid. On cooling 

0.8 gram or acid melting from 95-133°C. crystallized. 

The etheral solution was extracted with potassium 

hydroxide solution; the extract was boiled a few minutes 

with "Darco", filtered, and acidified. An oil seoarated 

that did not crystallize in the course of' weeks. When 

the water had evaporated soontaneously, the oily organic 

material was seoarated f'rom the inorganic salt by die-

solving it in dry ether. On evaooration of' the solvent, 

0.4 gram of crystalline product remained; it was iden

tified by a mixed melting point determination with an 

authentic sample as ~-hanzoylbutyrolactone (C). 

The nature of the oily neutral product could not 

be determined. 

2-Benzoylcycloprooane-1-c~rboxylic Acids.41~).

The acids obtained 1n the preceding pyrolysis were se

parated with some d1tf1culty by dissolving in benzene; 

the higher melting form was the principal product. It 

was somewhat less soluble and separated first •. After 

several crystallizatione from benzene, it crystallized 

1n rosettes of rode 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

lized in fine rods that melted at 118-120°0. Very small 
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quantities of this e.cld were isolated. 

Anal. Oalcd. for C11H1oO, ~ 0, 69.5; H, 5.3; mol. wt., 

190. Found (145°): c. 69.4; H, 5.3; (118-120) mol. wt. 

by ti~ration, 193. 

-r -Bromophenacyl Es tar of the ( 145 °) Acid (OX) • -

Three tenths gram ot the cyclopropane monobasic acid 
10 cc. 

was dissolved in~water and neutralized with sodium car-

bonate. Just enough acid was then added to give an acid 

reaction to litmus. To this solution was added 0.3 gram 

of1r·bromopbenacyl bromide in 20 cc. methyl alcohol and 

the whole refluxed tor an hour. On adding a few drops 

ot water to incipient cloudiness, and allowing to cool, 

the ester separated. It crystallized in leaflets that 

melted at 122°0. 

Anal. Calcd. for 019H1404Br : Br, 20.7. Found Br, 

20.8, 20.3. 

'l'he vary small amount ot t·bromophenacyl ester ob

tained from 0.05 gram ot the lower melting isomer co~ld 

not be separated from traces of1r-bromophenacyl bromide. 

The mixture melted at 90-100. 

Esterification ot the (145°) Acid.-A mixture of 0.5 

gram ot silver salt pre~ared in the usual manner, 25 cc. 

anhydrous ether, and an excess of methyl iodide was re

tluxed tor 30 minutes and filtered. On spontaneous eva· 



74 

poration of the solvent, an oil remained that could not 

be crystallized from any of the usual organic solvents. 

Esterification in methyl alcohol with hydrogen chloride 

also gave an o11. 

Attempted Decarboxylat1ons to Benzoyl Cyclopropane.

Efforts to decarboxylate the cyclopropane monobasic 

acids by the methods of Shepard (59) (a) and Koelsch (60) 

(b) were unsuccessful. 

(a) A mixture or 2 grams ot cyclopropane dibas1c acid 

(no attempt was made to first isolate the monobasic acids), 

10 cc. ot dietbyl-an111ne, and o.4 gram ot copper powder 

in a P,yrex test tube was placed into a previously heated 

metal bath and kept at 180° until the t1rst vigorous e

volution ot carbon dioxide had subsided. The temperature 

was then raised to 200° and kept there until there was 

no longer an apparent evolution ot gas (1 hour). The oily, 

pyrolysis product was then taken up in a large volume 

ot ether and the amine removed w1th concentrated hydro

chloric acid. The etheral solution wee extracted with 

sodium carbonate, washed w1th water, dried in the usu~l 

manner, and the solvent distilled. The oily residue 

was dissolved in 15 cc. methyl alcohol and treated w1th 

2,4-d1n1trophenylhydrazine according to the general 

method (77). Solids were isolated that melted at 115° 

and 132°. The 2,4•d1n1trophenylhydrazone or benzoyl cy-
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clopro~ane melts at 151° c. The oils were probably clea

vage products ot the lower melting cyclopropane monobasic 

acid. A small amount of the higher melting isomer was 

obtained on acidifying the sodium carbonate extract with 

mineral acid. 

(b) A mixture ot 0.25 gram of cyclopropane monobasic 

acid (145°) and 0.02 gram or copper carbonate in a pyrex 

test tube was heated in a metal bath at 230·235° until 

there was no further evolution ot 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-

claimed practically quantitatively trom the sodium car-

bonate extract. 

Two tenth gram of the copper salt of this acid was 

heated at 230-~35° until there was no further evolution 

ot gas; again the cyclopropane monobasic acid was re

obtained. 

F. REACTIONS OF '!HE CYCLOPROPANE ESTER (VII) AND 

ACIDS (LXXXIV, LXXXV). 

I. Effect of Heat on the Cyclopropane Derivatives. 

It has already been shown in the preceding section 

that tbe cyclo~ropane ester and the higher melting oyclo-
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propane monobasic acdd a•e stable to very high tempera

tures, also that the cyclopropA.ne d1bas1c acid readily 

loses carbon dioxide when heated above its melting point 

and gives two stereoisomeric cyclopr~~ane monobasic acids 

and a satur·ated lactone. The lower melting monobasic 

acid and the lactone are slowly deoompoaed when heated 

at 185-195°0. 

Two tenth gram of the cyclopropane monobasic acid 

(145°) was heated at 185-195° for 35 minutes. The dark 

melt ws.s then taken up in et.her e.nd the etheral solution 

extracted 1) with sodium carbonate s.nd 2) with potassium 

hydroxide. On acidification of the sodium carbonate ex

tract with hydrochloric acid, the acid wae reclaimed prac

tically quantitatively. 

One tenth gram of the lower melting cycloproPBne 

monobasie sc1d was treated similarly. A umall amount of 

semi-solid wa.s obtained from the sodium carbonate extract. 

The potassium hydroxide extre.ct on acidification with 

mineral acid deposited an oil thst was extracted with 

ether. On evaporation of the solvent an oily residue re

mained. In one pyrolysis. a very small amount of solid 

that melted at 70° was isolated. A mixed melting point 

with '( -benzoylbutyrole.ctone, melting at 80°, gave a 

very slight depression. 

;( -Benzoylbutyrolactone (0) under the above conditi

ons was also decomposed and gave an unttlactable oil. 
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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 1n 

chloroform do not decolorize brom1na. 

III. Reduction ot the Oycloprooane Derivatives. 

Tbe 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 '( -ketod1-ester (V); the d1•acid 

(LXXXIV) gave the corresponding di-ac1d (XC); and the 

two stereoisomeric monobasic acids (LXXXV) gave ~ -ben

zoylbutyr1c acid. The cyclopropane aotar (VII) could 

not be reduced with zinc dust in methyl alcohol, nor 

was it reduced catalytically. 

The experimental details for all were practically 

identical; a mixture or 1 gram ot the cyclic compound, 

an excess ot zinc dust, and 20 eo. or 80 % acetic acid 

was retluxed tor 2 hours and poured into water. The re

duction product or the monobasic acids separated and 

was ident1t1ed as ~ ·benzoylbutyric acid by a mixed 

melting point with an authentic sample. The oily reduction 

products or the cyclopropane ester and d1-ac1d were ex

tract.ed with benzene and recrystall1zed respectively 
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from methyl alcohol and petroleum ether. They were iden

tified by mixed melting point determ1ne.t1ons with the 

open chain substances. 

IV. Action ot Anhydrous Alkaline Reagents. 

The cyclopropane ester (VII) was not attacked by dry 

alkaline reagents. It has already been noted that moist 

sodium methylate hydrolyzed the ester to the ester acid 

with unusual rapidity. 

(a) Magnesium ~etbylate Treatment.- A solution of 1 

gram of ester, 0.1 gram or magnesium turnings, a pinch 

ot 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, trom which 0.9 gram of starting material se

psr$lted. 

(b) Sodium Methylate Treatment.- A solution ot 4 

grams of ester, an excess of sodium methylate, and 20 

cc. dry methyl alcohol was retluxed tor 2 hours. The 

mixture assumed a light yellow color during the two hour 

period. It was than poured into a dilute iced hydrochlo· 

ric ac!d solution, from which 2.8 grams or 70 % of the 

starting material was obtained. The aqueous solution 
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was concentrated and extracted with ether; the etheral 

sol~ion was washed with sodium carbonate solution, sev

eral times with water, and dried in the usual manner. 

On spontaneous evaporation of the solvent, a small ad

ditional amount of starting material remained~ 

From the sodium carbonate extract was obtained 0.8 

gram or oil that probably was the "ester acid". On treat

ment with aqueous potassium hydroxide, it gave the cyclo

propane d1basic acid. 

V. ACTION of Acids on the Cyclopropane Derivatives. 

None ot the cyclic derivatives were attacked by con

centrated sulturic actd; being quantitatively recovered 

unchanged when their solution was poured upon ice. Under 

nor~Qal conditione hydrogen bromide readily attacked the 

cyclopropane d1basic acid and transtormed it into an iso

meric lacton1c acid, which when heated above its melt

ing point lost carbon dioxide and save '{ •benzoylbutyro

lactone (C). The latter could only have resulted from 

a primary bromine product formed by opening ot the ring 

1n the 1,2 position. The primary bromoac1d was unstable 

and could not be isolated; it slowly lo6t hydrogen bro

mide at room temperature. The cyclonropane 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. This oily bromine pro

duet was re-converted into the cyclopropane on treatment 

with alcoholic potassium acetate; thus it must be the 

monobromoester presumably formed by ring fission in 

the 1,2 position. 

(a) Concentrated Sulturic Acid Treatment.- Solutions 

ot the ester and the two monobasic cyclopropane acids 

in sulfuric acid were poured upon ice after being allow

ed to stand at room temperature tor 35 minutes. The~·.ea,er 

separated from tho aqueo'm solution ; the acids were ob-

talned by extracting the aqueous layer with ether. 

A solution of 1 graa or cyclopropane d1basic acid 

and 15 cc concentrated sulfur1c acid was heated at 190° 

tor 15 minutes and poured upon lee. No solid product 

could be isolated, the acid being comoletely decomposed. 

A mixture ot 2 grams of cyclopropane d1bas1c acid 

and 20 cc. ot a 20 ~ sulturic acid solution was refluxed 

tor 1 hour. On cooling, the starting material separated. 

(b) Hydrobromic Acid Treatment.-

~ -carboxy-'j-Benzoylbutyrolactone (OVII).- A solution 

ot 1.5 grams of cyclopropane dibasic acid in 15 cc. gla

cial acetic acid was saturated w1th dry hydrogen bromide 

and allowed to stand at room temperature tor 12 hours • . 
On pouring 1nto a small volume of water, an oil separated 
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that slowly crystallized 1n the course of weeks. When 

the aqueous solution was cencentrated on the steam 

bath, the oily primary bromine containing product became 

solid in a few days. The yield was 60 per cent. 

ot-Carboxy- ~ -benzoylbutyrolactone 1s very soluble 

1n ether and alcohol, moderately in benzene. It crystal

lizes from the latter solv~nt in prisms that melt at 
0 

122 with evolution or gas. 

Anal. Calcd. for 012H1oOs : 0, 61.5; H, 4.3; mol. wt •• 

234. Found: C, 61.1, 61.6; H, 4.3, 4.3; mol. wt., 218. 

PiTe tenth gram of the lactonic acid was heated at 
0 

150-155 until there was no turther evolution of carbon 

dioxide. Tne pyrolysis product crystallized trom ether 

and was 1dent1tied as ~-benzoylbutyrolactene by a mixed 

melting point determination. The transformation was quan-

t1tatiTe. 

Two tenth gram of the carboxy lactone was retluxed 

tor 2 hours with 15 cc. alcoholic potassium acetate so

lution. The solvent was then allowed to evaporate; the 

oily semi-solid that remained was separated from the in

organic material by dissolving it in ether. The product 

that crystallized on the evaporation ot the solvent was 

identified as '(·benzoylbutyrolactone by a melting point 

and mixed melting point detarminat1on. 

A solution ot 1 gram ot the cyclopropane ester (VII) 
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and 15 cc. glacial 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 trom which the stal'ting material was again 

obtained. 

A solution ot 2 grams ot the ester in 15 cc. glacial 

acetic acid saturated with hydrogen bromide was heated 

at 100° in a sealed tube for 8 hours. When cold the con-

tents ot the tube were poured into water and the oil 

tbat separated extracted with ether. The etheral solution 

was waahbd with sodium carbonate, several t1mee with 

water, and dried 1n the usual mA.nner. On spontaneoae 

evaporation of the solvent, 1.23 gra .. or oil remained 

that was converted into 0.49 gram~of cyulepropane ester 

by boiling w1th alcoholic pota~slum acetate. From tbe 

sodium carbonate extract was ebta1ned 0.53 gram ot oil 

that rapidly reduced potassium peraansanate. 

G. 'f -BENZOYI.BUTYROLACTONEi. 

Tha struo\ure ot the lactone was established by 

syntbesls t~o• ~-benzoylbutyric acid, which was prepared 

by tbe following series of reactions, starting from tri-
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methylene glycol. Trimethylene bromide, trimethylene 

cyanide, and glutar1e acid were pr~pared by the proce• 

dures (79, 80, 81) as outlined in Organic Syntheses. 

Glutaric Anhydride.- This was prepared by the method 

of S1rcar (82). A mi~ture of 50 grams of glutaric acid 

and lOO grams ot acetic anhydride was heated under reflux 

for 5 hours and then distilled under diminished pressure. 

The anh.ydi·ide came over a colorless oil that soon soli

dified, boiling point 145•150° at 12 mm.; melting point 

56-57°0. ~he yield was 32 grams or 78 ~ ot the theoretical. 

~ -BenzeJlbutyric Acid (XCI).- In a l•l,j-necked 

flask proY1ded wiih a stirrer, thermometer, and dropping 

tunnel, and surrounded by a freezing mixtura.were placed 

102 grams ot anhydrous alum1num chloride and 200 cc ben

zene, prey1ously treated and distilled from aluminum 

chloride. With vigorous stirring, a solution of 32 grams 



84 

ot glutaric anhydride in 150 cc. dry benzene was then 

slowly added (35 min.) from the funnel, keep1Q6 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. ot water; the excess benzene was steam distil-

led. The aqueous layer when cold was decanted and the 

residual suspension boiled tor 5 hours with 400 cc. ot 

a 20 % sodium carbonate solution. The insoluble aluminum 

salt was filtered, washed with hot water, and the fil

trate acidified with 200 cc. ot a 1:1 hydrochloric acid 

and water mixtura. A small amount ot 'f-benzoylbutyric 

acid was obtained trom the decanted layer by addition 

ot 20 cc. concentrated hydrochloric acid. The tctal 

yield was 70 % ot the theoretical. It was not necessary 

to purity the acid before using 1n tbe following ex

periments; it m~lted at 125-126°0. 

Y -Benzoylbutyrolactone (0~.- A eelution of 5 grams 

or '( -benzoylbutyl'1C acid in 30 cc. chloroform was bro

minated in the usual ma ... 1ner; the experimental details 

ware identical with the procedure previously daacribed 

on page 65. The resulting oily bromoacid was dissolved 

in 50 cc. cold aqueous sodium carbonate solution. In a 

tew minutes an oil separated that slowly crystallized 

in the course ot an hour. The solid was reorystall1zed 
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trom ether and a mixed melting point showed that it was 

identical with the products obtained in the pyrolyses 

ot the cyclopropane dibas1c acid (LXXXIV) and carboxy

lactone (CVII). 

~ -Benzoylbutyrolactone is very soluble in chloro

form and benzene, moderately in methanol and ether. It 

crystallizes from ether 1n plates and from water 1n long 

prisms, melting point 78°0. 

Anal. Oalcd. tor 011B100, : 0, 59.5; H, 5.3. Found: 

a. 69.1, 69.4; H. 5.6. 5.5. 

2,4-Dinitrophenylbydrazone.- This derivative was 

prepared by the general procedure (77). It seoarated 

trom .. tbyl alcohol 1n 11sht yellow rosettes that melted 

when pure at 174°0. 

Anal. Calcd. tor C17H1406K4 : H, 15.1. Pound: N, 14.7. 

Reduction.- A solution ot 1 gram of 'f .. benzoylbutyro

lactone 1n ~0 cc. eo ~ acetic acid was boiled with an 

excess of zinc dust tor 1 hour. On pouring into water, 

a crystalline substance separated that was 1dent1f1ed 

as ~ -benzoylbutyr1c acid by a melting point and mixed 

melting point determination. The yield was 90 -· 

B. A'l'TEKPTED SYNTHESES OF THE CYCLOPROPANE ACIDS 

( LXXXY) .A.RD ES'l'ERS ( 0 IX) • 
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I. Attempted Preparation of o.t -Bromo-'( .. benzoylbutyric 

Acid and Elimination of Hydrogen Bromide. 

(a) Bromination.- Two grams of y -benzoylbutyr1c 

acid were dissolved 1n 10 cc. phosphorous tribromide in 

a 250 cc. flask fitted through 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 trom 

a dropping funnel inserted 1n the top of the condenser 

and the whole gently warmed on the steam bath for an 

hour. After cooling, the contents ot the flask were de

composed on ice. The o11 that separated was taken up in 

ether; the etheral solution was washed w1 th water a.nd 

dried 1n the usual way. On evaporation or the solvent, 

an oil remained that did not crystallize from any of 

the usual organic solvents. 

(b) The oil obtained in the preceding experiment 

was dissolved in 3~ cc. methyl alcohol and refluxed 

with 6 grams or potassium acetate tor 2 hours. The mix

ture was then poured into water and the oil that aepa

ra~ed 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 ~ -Benzoylbutyrate (CXVI).- The methyl ester 

was obtained 1n 80 % yield by saturating a solution of 

10 grams of ~ -benzoylbutyr1c acid in 100 cc. ~bsolute 

methyl alcohol with dry hydrogen chloride; the solution 

was allowed to stand at room temperature for 12 hours. 

Uost 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 Claiseen flask and distilled in vacuo. 

The ester boils at 147-148° at 8 mm; freezing point -2°0. 

Anal. Calcd tor C12H1.03 : 0, 70.0; H, 6.8. Found; 

C, 69.7; H, 6.8. 

The 2,4-dinitrophenylhydrazone, prepared in the usual 

manner (77), crystallized from a 1:1 chloroform methyl 

alcohol mixture in red leaflets that melted at 149° c. 

Anal. Calcd. ror C1aH1a06N4 : N, 14.5. Found: N, 14.9. 

Brominat1on of the Methyl Ester.- The ester was bro

minated in carbon tetrachloride by the usual procedure. 

It was not necessary to start the reaction with heat; 

the brom1nation started and proceeded smooth~y at room 

temperature. The bromoeeter was an oil. 
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Methyl ~-Acetoxy~ ~ ~Benzoylbutyrate (CXII).- A 

mixture of 14 grams of the oily bromoester, an equiva

lent equal weight of fused potassium acetate and 35 cc. 

or 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 solid was recrystallized from methyl 

alcohol. The yield was ~ grams or 70 ~ ot the theoreti-

cal. 

Methyl ~ -acetoxy- ~ -benzoylbutyrate is very soluble 

1n 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. tor C14H16o5 : c, 63.6; H, 6.1; CH3coo, 

22.4. Pound: C, 63.1, 63.4; H, 5.5, 5.9; CH3COO, 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 ot the ester, and 50 cc or methyl alcohol was aci

dified with 2 to 3 drops of concentrated hydrochloric 

acid and the whole retluxed tor an hour. The unused 

hydraz1ne was filtered ott and the solution allowed to 

cool. The hydrazone separated and was recrystallized 
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trom methyl alcohol; it formed pale yellow needles that 

melted at 158°C. 

Anal. Ca1cd. for c20H20oaN4 : N, 12.6. Found: N, 11.8. 

Elimination of HBr with Sodium Methylate.- A solution 

of 1 gram or oily ~ -bromoester, a slight excess of so

dium methylate, and 15 cc. or absolute methyl alcohol 

was refluxed for 1 hour and poured into water. The pre-

c1pitated oil was immediately extracted with ether; the 

etheral solution was washed and dried in the usual way. 

The oil that remained on evaporation of the solvent was 

dissolved in methyl alcohol from which it again separated 

as an oil. It slowly so1idified in the course of 4 to 5 

weeks and was ident1f1ed 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 'f•benzoyl- 'f -bromobutyrate. 

III. Reactions of the Acetate Ester (CXII). 

Reduction.- A solution of 0.5 gram of methyl ~-acet

oxy- ~ -benzoylbutyrate in 15 cc. ~0 % acetic acid was 

boiled with an excess ot 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 ~0 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

mination as ~-benzoylbutyric acid. The oily reduction 

product was methyl ~-benzoylbutyrate. 

Hydrolysis with Moist Alkaline Reagents. 

(a).- A solution of 5 grams of methyl ~-acetoxy- ~ -
30 min. 

benzoylbutyrate in 30 cc. methyl alcohol was refluxed fo~ 

with a alight excess of 2:3 aqueous potassium hydroxide • 

The curdy precipitate that separated on acidification 

of the mixture with mineral acid was filtered and dis-

solved 1n 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 solid remained that was identified by a mixed melting 

point determination as ~-benzoylbutyrolactone (C). The 

sodium carbonate extract was boiled a few minutes with 

animal charcoal, filtered, and acidified with hydrochlo

ric acid. The precipitated oil was taken up in ether; 

the etheral solution on evaporation left an oil that 

did not crystallize from any of the usual solvents. The 

oil slowly became crystalline in the course ot 4 to 5 

weeks and it was identified as ~he saturated 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, a small 

amount of solid butyrolactone and oil was obtained. The 

oil 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. 

(c).- A solution or 0.5 gram of acetate ester. 15 cc. 

ot methyl alcohol, and an excess of dilute 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 or dilute ammoniu~ hydroxide was allowed 

to stand at ordinary temperature for 28 hours. On work

ing up as above, an oil was obtained that eventually so

lidified. The solid was identified as ~-benzoylbutyro

lactona by a mixed melting point determination. 

(e).-To a solution of 2 grams of acetate ester in 

25 cc. ordinary ether was slowly added a slight excess 

or sodium methylate and the whole thoroughly shaken (oc

casionally over a period of 20 minutes). The oily, yellow 

precipitate wee extracted with water and the aqueous so

lution boiled a few minutes with animal charcoal, filter

ed, and acidified with hydrochloric acid. On working up 
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as above, an oil was obtained that slowly solidified ; 

it was identified as Y-benzoylbutyrolactone by a melt

ing point and mixed melting point determination. A small 

amount of ester was reclaimed unchanged from the etheral 

solution. 

(a) 
Hydrolysis with Sulfuric Acid.- A solution of 1 gram 

of acetate ester in 10 cc. concentrated eulfuric acid 

was allowed to stand at ordinary temoerature for 35 

minutes and then poured into iced water • The crystalline 

product that immediately separated we.e identified by a 

mixed melting point determination as the sAturated lac

tone (C). 

(b),- Five grams of the acetate ester were refluxed 

with 50 cc. or a 5 % sulfuric acid solution for 3 hours. 

On cooling, ) -benzoylbutyrolactone separated quantita

tively. 

Reaction with Halogen Acid.- A solution of 1 gram 

of acetate ester in 15 cc. glacial acetic acid was 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 Methyla.te.- To a 

solution 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 ordinary 

temperature for 5 hours. The red, w1ne-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. 

1. A new apparatus has been devised and a procedure 

developed for the preparation of r-chloropropiophenone 

by the Friedel-Crafts reaction from benzoyl chloride 

and ethylene. 

2. Methyl malonate has been added to vinyl phenyl 

ketone to form a ~ -ketonic 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 

certain 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 is in agreement with the previous 

ketonic cyclonropanes of this type, but different from 

those having a phenyl group in the 3 position. 

5. The structure of ~ -benzoylbutyrolactone, obtain

ed in the pyrolysis and hydrogen bromide treatment of 

2-benzoylcyclopropane-1,1-dicarboxylic acid, has been 

established by synthesis. 

6. Methyl ~ -acetoxy- ~ -benzoylbutyrate was obtain

ed in the attempted synthesis of methyl 2-benzoylcyclo

propane-1-carboxylate by treating met.hyl 'f -bromo- 't -ben

zoylbutyrate with alcoholic potassium acetate. Sodium 

methylate converted the 'f -bromoester into "( -benzoyl

butyrol8.ctone. 
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