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INTRODUCTIOH 

Research on the application of Baeyer's strain 

theory to alicyclic rings has revealed t.hat the stability 

of these cyclic structures depends not only upon the 

number of carbon atoms in the ring, as was originally 

postulated by Baeyer, but also on the kind, number, arr­

angement, relative to each other and to the plane of the 

ring, of the substituents, and on the experimental con­

ditions such as temperature and concentration. 

The ring opening reactions of cyclopropane deri­

vatives have been especially instructive in this field, 

and have been widely studied. ~he early studies on the 

unsa.turatlon of the cyclopopane ring, prompted by Baeyer's 

strain theory, were concerned almost exclusively with 

the stability of the ring, as measured by its resistance 

to pyrolysis. It was Kohler who first directad attention 

to the importance of the type of ring opening in eluci­

dating the nature of this unsaturation. With a highly 

substituted cyclopropane the relative effects of various 

substit·~ents may be compared,~and even some generaliza­

tions developed. Thus there are two factors to be deter­

mined in such a study, the ease of opening of the ring, 

and type of opening. 
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The resemblance of the unsaturation of the cyclo-

propane ring to that of the ethylenic double bond is 

striking. In fact, for the purpose of this discussion, 

the ethylenic double bond ma.y be considered a two-carbon 

ring. In many cases the chemistry of the two types of 

derivatives is completely analogous, the differences 

being (1) in a sufficiently substituted cyclopropane 

compound there are three possible modes of addition, 

corresponding to an opening of the ring on each of the 

three sides, whereas in an ethylenic compound there is 

only one; (2) a difference in reactivity, the ethylenic 

compound being in general more reactive than the cyclo-

propane compound. 

The nomneclature used throughout this thesis makes 

use of the new system of numbering the carbon atoms of 

the cyclopropane ~ing: 

The following conventions are also observed: that car-

boxyl groups are placed on carbon atom number 1, acy+ 

groups on number 2, and others on number 3. 
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Factors Affecti_ng, the __ Ring Opening of 
Cycl~o_pRl!~- Deri"!_~tives 

(1) Kind of Substituents 

In general, negative substituents, e.g. -Ar, -X, -CO-, 

-CO.O.R, -C02H, -CN, and unsaturated substituents, stabilize 

the ring, whereas positive substituents, e.g. -R, render 

it more reactive. 

Alkyl sub§tit~ted c~clopropanes usually undergo ring 

opening more readily than cyclopropane itself. An example 

is the reaction with sulfuric acid. Cyclopropane dissolves 

in concentrated sulfuric acid (1), and the solution on 

dilution contains propyl alcohol: 

__ H-,2~4___...,.~ Solution.,.,.___..H20 ~ CH3.CH2.CH2.0H 
cone. 

Whereas 3,3-dilnethyl cyclopropane will react with dilute 

(2 volumes acid to 1 volmae water) sulfuric acid at 0° C; (2) 

the final product is an olefin: 

(2:1) 

Unsymetrical addends add according to L.::arkownikoff' s 

rule: the negative fragment goes to the carbon atom carrying 

the largest number of alkyl groups or the smallest number 

of hydrogen atoms. 
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HBr, 1,3 • 
R, 
,C-cH-CH3 R • ' Br R 

Unsaturated substituents tend to conjugate with the 
• - - a 

unsaturation of the cyclopro~ane ring, in a manner com-

pletely analogous to the conjugation of the alpha-beta 

unsaturated carbonyl compounds. Following are a few "hand-

' pickedtt exarnples illustrating some reactions of alpha-

beta unsaturated carbonyl compounds and -the analogous 

reactions of the corresponding cyclopropane compounds: 

{a) The Grignard reagent 'wi11 react with alpha-beta 

u~saturated carbonyl compounds. ','i th the more reactive 

carbonyl groups the predominating reaction is 1,2 addition 

to the carbonyl group to give tertiary a1cohols (3); how-

ever, with certain compounds, 1,4 addition can be shown to 

occur: 

Ph.CH.CPh:C.OMgBr 
_Ph .Mg.Br I I 
------~----~~~ Ph O.Me 

Ph2CH. CPh:C &OH 
~.Me 

~ne case is known where a cyclopropanP derivative reacts 

1,4 with a Grignard reagent: 

Ph.CH CH.C0.Ph 

\I 
C(CO.O.Et) 2 

HX, ketonization 

Ph .Mg .Br ,.. 
1,4 addition 
1,3 ring fission 

CO.O.Bt 
Ph.CH.CH.~:C'O.Et 

Ph bo.Ph 'o.Mg.Br 

CO .. O.Et • Ph2CH.CH.CH.CO.O.Et 

' CO.Ph 
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(b) Hydrogen bromide, and all unsymmetrical addends of 

the H-A type aLmost always add 1,4, the hydrogen going to 

the carbonyl oxygen, and the A group going to the beta 

carbon. 

Ph.CH:CH.C:O 
I 
Ph 

. ketonization ... 

Ph.CH /CH.C:O 
\ ~h 

CH. COil ,, 
ketonizatio!1 

Ph.CH.CH:C.OH 
:HBr ..,. I I 

Br Ph 

Ph .Clffir .CH2 .CO.Ph 

HBr 
~ 

Ph.CH.CH.CH:C.OH 
2,3 fission 
1,4 addition 

Ph.CH.CH.CH2 .C:O 
• I I 
Br C02H Ph 

I 1-... I 
Br C0 2H Ph 

With the cyclopropane addition product, the enol often 

loses hydrogen bromide to form a lactone, as do most com-

pounds with a bromine atom gamma to a carbon carrying a 

hydroxyl with an active hydrogen. 

(c) Addition of water: 

Here an equilibrimn exists, but it is displaced far to the 

left, since the hydroxyl is adjacent to an "alpha hydrogen" 

activated by the carbonyl group, and water is easily lost. 
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There is one very reactive cyclopropane derivative 

that adds water 1,4 at 100°: 

ketonization 

Here, the hydroxyl group is separeated from the "alpha 

hydrogen .. by a methylene group, so interaction is not so 

easY,, 1 and the reactio~ goes to comp~etion. 

(d) Ammonia and Amines--

Me2C:CH.C:O 
Me 

R.NH rMe2C.CH:C.OHl 
---

2+-l NH.R Me J NH.R Me 

Ph.C~ ~CH.CO.Ph 

C(CO.O.Et) 2 

ketonization 

r ~O.Ph 0 Et 
Ph .CH. CH. C: 0~~ • 

li:H2 ' '"OH 
co.o.Et 

Ph.CH.CH(CO.Ph).CH.c:0 ·Et 
I I ,,o 
uH2 co.o.Et 

(e) Sodium methylate gives a reversible reaction 

similar to that with water: 

Ph.CH:CH.C:O 
t 
Ph 

Na .O.Me ~ 
< 

Ph • CH. CH: C • 0. N a 
I I 
0 .Me Ph 

Ph .CH.CH2 .c: 0 
I I 
O.Me Ph 

-------~•~ Ph.CH:CH.CO.Ph +- Me.OH 
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Here the methoxyl group is adjacent to an activatedhydrogen, 

and methyl alcohol is easily lost, so the equilibrium lies 

far to the left. 

Ph.CH CH.CO.Ph Na .O.Me 
Ph .CH. CH. CO .Ph 

Me.! ~: c.,..o .Ha 
1 'o.Et 
co.o.Et 

HX 

'\I 
C(CO.O.Et) 2 

-\Ph .CH. CH. CO.Phl 
i" 01 Cl • ,.,,.OH 
J.\.!.e. • v, J 
l I O.Et 

CO.O.Et 

1,3 

Ph.CH:C.CO.Ph 
I 

-=--~7* CH. CO. 0 .Et 
t co.o.Et 

+- Me .OH 

Here again the methoxyl group is adjacent to an acti-

vated hydrogen and methyl alcohol is lost; but it is not the 

same hydrogen that enolized and was replaced by the sodium, 

so the reaction goes to completion, and the product is a 

different compound than the starting material. 

(f) Phosphorus pentachloride could react in either of 

two ways with an alph-beta unsaturated carbonyl compound; 

both are likely, and both would give the observed product: 

Ph. CH :CH. C : 0 

' 
Ph.CH.CH:C.O.PC14 

I I 
Ph 1,4 Cl Ph 

I 
'f 

Ph.CH.CH:C.Cl 
I • i-POCl3 
Cl Ph 

A 

Ph.CH:CH.¥012 
Ph + POC13 

I 

allylic l 
rearrangement 



a. 

With the cyclopropane compound, the possibility of a 

1,3 shift seems rather remote, since the ring is more 

saturated than the double bond. This indicates that the 

1,4 addition mechanism is followed, and may be an indicRtion 

of the course of the reaction with the ethylenic compound. 

Ph.CH CH.C:O 

\I ~h 
C(CO.O.Et)2 

PC15 -= ~ 
2,3 fission 
1,4 additi:Jn 

-__,;~~ Ph .CHC1.C (CO. O.Et) 2 • CH: CCl.Ph + POCl3 

(g) The addition of malonic ester to alpha-beta unsa-

turated carbonyl compounds in the presence of strorgbases 

(the ~ichael reaction) has its counterpart in the cyclopro-

pane series: 

Ph.CH.CH:9.oH l 

ketonization Ph .CH. CH2. CO .Ph 
I 
CH(CO.O.Et) 2 

'I 

i Me ~ 
CH ( CO. 0. Et ) 2 ~ 

...... 

One case is know-a where a cyclopropane derivative gives 

the Michael reaction: 

CH2 .cH2 .c:c.,..OH 
1 1 'o.Et 
~ CO.O.Et 
CH(CO.O.Et) 2 

ketonization ______ ,_ _____ - : .... 
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(h) There are several reagents that react primarily 

with one only of the two functional groups of the unsatu-

rated carbonyl compound, and may be forced into reacting 

1,4. However, they can rarely be made to open the cyclopro-

pane ring. They include such reagents as hydrogen cyanide, 

and sodium bisulfite. 

In the succeeding portions of this thesis~ ring opening 

reactions of reagents of the type H-A will be indicated 

as 1 1 2 addition, though the actual mechanism is probably 

1,4 addition. 

(i) Hydrogen, and symmetrical reagents generally, 

probably add 1,2 (or 3,4). 

Reduction of alph-beta unsaturated carbonyl compounds 

can be made selective for either the double bond or the 

carbonyl group. With metal combinations a 1,4 type of di-

molecular reduction may occur: 

2 Ph.CH:CH.CO.Ph H Ph.CH. CH2 .CO.Ph 
I 

Ph .CH. CH2 .CO.Ph 

The mechanism here is probably addition of hydrogen to the 

carbonyl oxygen, followed by dimerization in the 4 position. 
,, 

This has not been observed with cyclopropane derivatives. 

Reduction of 1,2 dicarbonyl cyclopropanes by metal 

combinations probably proceeds through 1,6 addition followed 

by ketonization, shown by the fact that it invariably (one 

exception) ppens the ring 1,2. Catalytic hydrogenation 

may go 1,3; so it may be addition directly to the ring. 
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(j) One of the most marked differences between ethylenic 

and cyclopropane compounds lies in their beha.vior toward 

oxidizing agents. Ethylenic com:pounds almost without exce-

ption react with potassium permanganate instantaneously. The 

primary product is a 1,2 dihydroxy compound, but this is 

usually oxidized further, th~ end product often being an 
~-

acid. With ozone, ethylenic compounds form unstable ozonides 

which on hydrolysis yield aldehydes and hydrogen peroxide. 

In contrast, cyclopropane compounds are almost without 

exception stable to potassium permanganate and to ozone. 

One case of ring opening by oxidizing agents has been repor­

ted (electrolytic oxidation of cyclo:propa.ne monocarboxylic 

acid, see Historical Review), but here ring fission was a 

secondary reaction. 

(2) Number of Substituents 

For hydrocarbons, the effect of the number of substi­

tuents has already been described i~ connection with the 

discussion of the application of Marko~~ikoff's rule. 

Increase in the nwnber of unsaturated subs~ituents may 

either increase or decrease the stability of the ring, 

depending on their position. See the next section. 

(3) Position of Substituents 

The effect of unsaturated side chains on the stability 

of the ring depends on the re la t-.i ve positions of attachment. 

Again, close analogies can be drawn to corresponding 

ethylenic compounds. 
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(a) Substituents on Different Carbon Atoms -- 1,2 di-

substituted cyclopropanes correspond to a conjugated system 

of three double bonds: 

O:C.CH:CH.C:O 
R.b 6.R 

Ethy1enio 

o:y.c~ 7H.?:o 
R.O CH2 O.R 

Cyclopropane 

Here, the three centres of unsaturation for.m a con­

tinuous system, and the conjugation weakens the reactivity 

of the middle centre of unsaturation. Thus maleic ester will 

not add bromine readily; and the cyclic ester requires 

drastic condi ticr:.s to open the ring. When it does take 

p1a.ce, ring opening almost always occurs between the two 

substituted. carbon atoms. 

1,2,3-Trisubstituted derivatives obviously have no 

analogue in the ethylenic system. A careful examinatior:. shows 

that all three side chains are conjugated with the unsatu-

ration of the ring, and through it with each other. Hence 

this is the most stable type of cyclopropane derivative 

known; it is almost impossible to open the ring. 

I ' I 

O:C.CH {CH.C:O 
R.O 'c O.R 

• c.o.R 
11 
0 

(b) DerivHtives with Substituents on the Same Carbon 

Atom correspond to the "crossed" or "opposPd" system of 

double bonds, best exemplified by the fulvenes: 
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OH= CH 
CH~a( f 

"CH=CH 

Here there are two possible conjugated systems, eaCh 

including the semicyclic double bond, and eaCh excluding it 

from taking part in the otner conjugated system. T.hie "com­

petition" of the two possible conjugated systems for the 

semicyclic doUble bond results in its being extremely 

reactive. These compounds are colored, po~erize and 

auto-oxidize readi~, even take up oxygen from the air. 

In the corresponding cyclopropane structure the unsat­

uration of the ring corresponds to the semicyclic double 

CH2 Q.R 
\ ,

0
_,C=O 

CH/ 'C=O 
2 O.R 

bond of the fulvenes, with the two carbonyl groups competing 

for its participation in a conjugated system. This results 

in activation of the ring, so this type of structure is 

much more reactiv~ than the previous example, with substi­

tuents on different carbon atoms. Indeed, Allen and Cressman 

have characterized this type as "unsaturated," and the pre­

vious type as "saturated. 0 

Configuration may affect the type of ring opening ob­

tained, especially in the more complex derivatives; e.g. 

2-benzoyl-3-phenyl cyclopropane carboxylic aoid-l, whiCh 

exists in four stereoisomeric for.ms. Reduction with zinc 

and acetic acid cleaves the ethyl ester of the isomer 

melting at 174-5° 1,2; the ethyl ester of the isomer melting 

at 153-4° is cleaved 1,2 and 2,3 simultaneously. 
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Ring O»,enin& Reagen_te_ .. 

Kany reagents will give ring opening reactions with 

cyclopropane derivatives; in general they are the more ener­

getic reagents that add to the double bond. 

(1) Pyrolysis-- Stability of the ring to distillation, 

either in vacuo or at atmospheric pressure, was formerly the 

principal criterion of "stability" of the ring. Now that much 

of t~e emPhasis has shifted to type rather than ease of ring 

opening the reaction is of less interest. Cyclopropane der­

ivatives on pyrolysis rearrange to propylene or ethylene 

derivatives. With the more comp}ex molecules the reaction 

may be complicated by secondary reactions. 

(2) Hydrogenation-- Zinc and acetic acid, or zinc and 

ethanol, are very consistent reagents for compounds that 

react readily. With keto acids and ester they usually give 

1,2 ring opening. Sodium amalgam is a more energetic reagent, 

and often gives 1,3 ring opening. Catalytic hydrogen over 

platinum has been used, and gives 2,3 opening. Nickel cata­

lysts at elevated temperatures and pressures do not appear 

to have been heretofore tried, except for hydrocarbons. 

(3) Halogens-- Bromine usually reacts directly with the 

ring via a 1,2 cleavage to give a dibromo compound. With any 

but the very reactive compounds the reaction may require 

such drastic conditions as to be complicated by substitution, 

reduction of products by hydrogen halide, etc. 
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(4) Acids-- There are two acids that are important, 

hydrogen bromide and sulfuric acid. 

Hydrogen bromide usually adds as H- and B_r-; it may add 

either directly to the ring, when it follows Markownikoff's 

rule, or where unsaturated side chains are present it adds 

as H~A 1,4 to the ends of the conjugated system, giving ~ 

1,2, 1,3, and 2,3 ring openings with different compounds. 

In the case of esters the bromo compound is usually recover-

ed, while acids usually lose hydrogen bromide to form a 

lactone. In the case of ketones the bromo compound may 

enolize and form a lactone, or the bromo compound~ be 

recovered. 

Sulfuric acid is usually used in water or glacial 

acetic acid solution. It is uncertain whet~er the sulfuric 

acid itself adds, or whether it merely catalyzes the addition 

of the elements of water. In any case, the product obtained 

is that which addition of water would give. Addition is 

always of the H-A type. With cyclopropane acids·' the pro­

duct is often the same lactone obtained from treatment wi*h 

hydrogen bromide. 

(5) Bases-- Only the more reactive cyclopropanes are 

sensitive to bases. Water, ammonia and amines, potassium 

hydroxide in water or alcohol solution, and sodium methylate 

give varying degrees of reactivity. The base usually adds 1,4 

splitting to e.g. Na- and -O.Me, or H-and -NH.R. Bases give 

both 1,3 and 2,3 opening. 
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(6) Phospnorous halides-- These have the effect of 

adding two atoms of halogen to the ends of the conjugated 

system. The shifted double bond is retained, inatead of 

being returned to its original position as in H-A addition 

by ketonization. 

(?) Organo-Metallic compounds-- These react only with 

the most reactive cyclopropanes; they include Ph.Kg.Br and 

Na.CH(co.o.Et) 2 • 
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HISTORICAL 

The following review will be confined to cycloprop&ne 

acids and keto-acids and to their esters, and will include 

ring opening reactions only. It purports to cover all 

such reactions th~t have been reported in the literature 

to date. 

The compounds are classified as to structure anc are 

arranged in order of increasing complexity. ~ discussion 

of the salient points with regard to ring opening is fol-

lowed by a compendium of the compounds in each class. 

(a) Monocarboxy Cyclopropanes 

For cyclopropane monocarboxylic acid (I) dat~ is avail­

able for the action of bromine only (1): in carbon di-

sulfide solution there is no action in the cold; wa1~, some 

substitution takes place. In the presence of red phosphor­

ous, the acid bromide is formed, which splits 1,2: 

I 

Electrolysis of equivalent quantities of acid and sodium 

salt gives allyl alcohol which forms the ester: 

-- e 
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(b) Monoalkyl derivatives of cyclopropane monocarboxylic 

acid 

In 3-methyl cyclopropane carboxylic acid-1 (II) the 

substitution of a positive alkyl group increases the react­

ivity somewhat; bromine in the cold gives a product whose 

structure was not determined, melting at 55° (2) 

CH3 .c\/CH2 

CH. C0
2
H 

(II) 

Br2 -., 55° derivative 

3-Isopropyl cyclopropane carboxylic acid-1 (III) is 

stable to heat (both acid and ester); and is not oxidized 

by permanganate. (3) 

The molecule of 1-propionic acid cylopropane carboxy­

lic acid-i (IV) is decompose<i "Uy concentrated sulfuric acid 

(78) 

(IV) 

The ring of 3-styryl cyclopropane carboxylic acid-1 (V) 

is unaffected by permanganate, which does however oxidize 

the si de chain to c:-·_rboxyl ( 4): 
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0 

(V) 

' 

The(ester is stable to heat, distilling unchanged in 

vacuo. 

The cyclopropane (VI) is split 1,2 by hydrogen bromide, 

and then seco.:.-1dary reactions occur ( 5}: 

C~ /CH2 

c-co.u. Et 

' HO.C.CN 
I 

Me 

(VI) 

CH
2

• C,'II • Br 
1 ~ 
c. eo, 
l 0 
c. eo/ ,. 
Me 

(VII) 

CH2 • CHr .• Br 
, G 

HBr CI'H. CO 2H .... 

-HEr ) 

CII: CH 
\ 
c. eo, 
~ 0 
c. c 0/ 

I 
Me 

(VIII) 

The compounds (VII) and (VIII) were the actual products; the 

1,2 ring :fission is postulate to explain their formation. 

Another course of reaction was postulated (6) to ex­

plain the production of (IX): the first step is 1,2 ring 

fission: 
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(VI) HBr 

Pyrolysis of 3-phenyl cyclopropane carboxylic acid-1 

(X) gives styrene and 1-phenyl propene; a possible course 
~ 

' of reacti0n is through phenyl cyclopropane, which would 
J 
I 

give the usual pyrolysis type of reaction for cyclopropanes 

( 7) : 

Ph.CH;CH2 + Ph.CH=CH.CH3 

(c) 3,3-Dialkyl Monocarboxy Cyclopropanes 

Both 3,3-dimethyl cyclopropane dicarboxylic acid-1 

(XI) and its ester are stable to vaccuum distillation (3, 8) 

Me, 
C CH 

Me/"\/ 2 (XI) 
CH. CO~ 

Alpha tanacetone dicarboxylic acid (XII) is stable to 

dilute acids (10, 11). However, it is one of the few com­

paratively simple compounds that open with bases (12). 

Sodium methylate opens the ring 1,3: 
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Me2cH, 
C . CH 

Me.O.CO.CH{ ~ / 2 
CH.co.o.Me 

(XII) 

Me
2

CH 

~ Me.o.co.CH c.~H 

Na.O.Me 

Me
2

CH. C CH
2 \ I 2/ 1 2 

Me.O r -Me.OH 
CH CH.CO.O.Me 

C.O.Me -Me.O.Na '/ CO 
I 
O.Na 

(d) 2,3-Dialkyl Monocarboxy Cyclopropanes 

Cis-3-benzoxyl-2-phenyl cyclopropane carboxylic acid-1 

(XIII), isomer melting at 145-6°, is unstaL.1le to heat (13, 

14, 15, 16), forming a Lactone which then loses carbon 

dioxide, the ring opening 2,3: 

H H 
1 1 
c c 
1\ H/,1 

Ph.CH\:c Ph 
I I -

OH CO H 
2 

(XIII) 

Ph.CH CH.CH.Ph 

\/ I 
CH. CO-O 

(XIV) 

-CO 
2 

2,3 

"Norcaradiencarbonsaure" (XV) is converted by 50% 

Ph 
"1 

g~ 
CH 
D 
CH 
f 
Ph 

sulfuric aci6 into phenyl acetic acid (?2). A 1,2 fission 

with addi ton of water is postulated to explain the 1Jroduct; 

the primary product (XVI) loses water to "aromaticize" to 

phenyl acetic acid: 
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1,2 

(XV) 

H CH2 .co2H 

OH 

H 

(XVI) 
I 

I 

Homocaronic acid (XVII) adds water in the presence 

of concentrated hydrochloric acid at lOO~ to give an un­

identified product, a lactone CaH1204 melting at 101-2° 

which is stable to hydriodic acid and to sodium amalgam: 

(XVII_) 

Acids cleave 3,3-dimethyl cyclopropane propionic acid-2-

carboxylic acid-1, hydrobromic, hydrochloric, and sulfuric 

acids all cleaving 1,3 and giving the same lactone (XIX): 

(e) 1,1-Dicarboxy Cyclopropanes 

These belong to the type of cyclopropane compound 

corresponding to the crossed system of double bonds itl the 

ethylenic analogue. They are much more sensitive to ring 

opening t~an the monocarboxylic acids, or the 1,2-dicar-

boxy compounds. 
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Cyclopropane dicarboxylic acid-1,1 (XX) is unstac;le to 

pyrolysis {1?, 75). Listillation of the acid yields butyro-

lactone, a 1,2 fission: 

CH2 CH2 f f . + C0 2 CH 0 

~0/ 
{XX) 

The acid is st.::;_b1e to reduction by dilute sodium amal-

gam and water. 

Chromic acid oxidizes the acid sli~ntly; potassium 

permanganate and nitric acid are witho~t effect (20). 

Bromine in diffuse sunlig~t opens the ring 1,2 to 

give the bromo acid {XXII): 

Br 
> 

1,2 

CH2 CH2 .Br 
l 
CBr(C0~} 2 

(XXII) 

Hydrogen bromide opens the ring 1,2 at 0°. The pri-

mary product is a bromo acid, which loses hydrogen bromide 

to form a lactone (XXI): 

(XXI) 
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Sulfuric acid is used in 50f~ dilution. The ring is 

cleaved 1,2 as with hydrogen bromide, and the product is 

the same lactone (18, 19). The reaction probably goes 

through ad~li tion of water to the ring in the 1, 2 posit-

ion. 

The sodium compqund of malonic ester gives a re&cti__;n 

(21) similar to that with an alph-beta unsaturated csrbonyl 

compound (the Michael reaction), involving a 1,2 ring split: 

1,2 .a. 
Na.O.Et 

~2.CH2.CH(C02H) 2 

CH( C0
2

H) 
2 

3-Methyl cyclopropane dicarboxylic acid-1,1 (XXIII) 

distills in vacuo undecomposed, and is stable to reduction 

by sodium amalgam, and to potassium permanganate. 

Bromine opens tlle ring 1,3 to give a bromo acid (XXIV): 

Me.CH.CH
2 

' .I 
Br C(CO H) 

r 2 2 
Br 

(XXIII) (XXIV) 

Hydrogen bromicie gives a reaction similar to that of the 

unsubstituted cyclopropane 1,1-dicarboxylic acid, opening the 
0 ring 1,3 at 0 to give a bromo acid which loses hydrogen 

bromide to give a lactone (XXV): 
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HBr Me.CH CH 

r r 
2 

o""co,cH.co~ 
(XXV) 

Sulfuric acid (50%) gives the same lactone (22, 23, 24) 

On pyrolysis, 3-isopropyl cyclopropane dicarboxylic 

acid-1,1 yields the monocarboxylic acid (III) and carbon 

dioxide ( 25) : 

(g) 1,2-Dicarboxy Cyclopropanes 

Cyclopropane dicarboxylic acid-l,f as the subject of 

the present investigatiJn deserves special mention (26, 27, 

29' 31' 3f:) 

It belongs to the class of cyclofropanes corresponding 

to the conjugated system of double bonds, the ring corres­

ponding to the central double bond, and ~refore very in-

active. The ring is difficult to form, but once formed is 

very stable; dr~stic conditiJns are invariably required to 

open it. 

The acid exists in two stereoisomeric forms; the cis 

acid melts at 135° and forms an anhydride on vaccuum distil­

lation (81). The trans acid melts at 175° (55) and does not 

form an anhydride. At elev&ted temperatures in the preEence 

of a dehydrating agent it gives the anhydride of the cis acid. 

The trans form is the more stable of the two, as shown by the 

conversion of cis to trans by fusi0n with potassium hydroxide. 
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The ester of cyclopropane dicarboxylic acid-1,2 (XXVII) 

has been reported stable to distillation in vacuo (28, 77} 

The trans acid distills unchanged at reduced pressure; the 

cis acid forms the anhydride (81). 

Concentrated sodium amalgam (80) and potassium perman­

ganate at 100° (29) do not affect the ring. 

Bromine alone has no effect on the ring. In the presence af 
red phosphorous, heated in a bomb tube, two hydrogen atoms 

are replaced by bromine (30). 

Concentrated hydrochloric acid could not affectthe 

cis acid in six hours ( 28). Concenti·a ted sulfuric acid at 

1000 has no effect; at higher temperatures, the compound is 

destroyed (33). Hot dilute sulfuric acid converts the cis 

acid into the trans (34, 35). 

(h) 2-Alkyl-1,2-Dicarboxy Cyclopropanes 

The resemblance between 2-methyl cyclopropane dicarboxy­

lic acid.-1,2 and the previous example is apparent. Distil­

lation of the cis acid yields the anhydride. Heat in the 

presence of a dehydrating agent converts the tr§ns acid into 

the anhydride of the cis acid. 

The ring is sensitive to bases, being opened 1,3 by 

concentrated aqueous potassium hydroxide to form a lactone: 

KOH 
CH 

CH C" 3 
I 2 l'co~ 

1,3 0........._ .... /CH2 ,;0 . 

Hydrogen halides convert the cis acid to the trans; 

they do not affect the ring (36, 37). 
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Special interest att&ches to 2-phenyl cyclopropane 

dicarboxylic acid-1,2 (XXX) because its anhyd~ide (XXXI) 

offers the only reported case where reduction opens the 

ring of a 1,2-disubEtituted cyclopropane 2,3 (39, 40): 

,.Ph 
CH;z /C'Co 
~CH.CO~ 
{XXXI) 

The compound is stable to potassium permanganate ann 

to bromine. 

The ester of 2-acetic acid cyclopropane dicarboxylic 

acid-1,2 distil1 unchanged, but the acid is decomposed slowly 

( 41' 3'1) • 

(i) 1,2-Dialkyl-1,2-Dicarboxy Cyclopropanes 

Insufficient data are available to judge the activity of 

this class of compounds. 

1,2-Dimethyl cyclopropane dicarboxylic acid-1,2 ex­

hibits a generally saturated character. It is stable to 

oxidation by potassium permanganate (43, 44, 45). 

{j) 3,3-Lia1kyl-1,2-Dicarboxy Cyclopropanes 

These are characterized by ease of formation, and by 

greater re:__ctivity than the preceding group, the 1,2 dialkyl 

derivatives. 

Caronic acid, 3,3-dimethyl cyclopropane dicarboxylic acid 

1,2 (XXXIV) is converted by heat to terebic acid (XXXVI) via 

a 1,3 ring cleavage: 



2?. 

Me2c CH.C02H "/ CH.C02H 

(XXXIV) 

The action of sodium and ethanol on the ester gives 

a peculiar reaction (46) in which one of the ester groups 

is reduced to a primary alcohol group; the ring ~en 

splits 1,2; the final product is a lactone (XXXV): 

Me2c~ J'CH.CO,O.Et 

CH.CO.O.Et 
Na.O.Et 

1,2 

ue2.c.cH2-co 

J ' CH2 .CH2 .o 
(XXXV) 

The acid has been reportedstable to potassium per­

manganate (47). 

The lability of this type of compound is shown by the 

ease of cleavage and re-formation of the ring in the 

presence of acids: 

H Br 1,3 

Here terebic acid {XXXVI) is for.med by the 1,3 ring opening 

of the hydrogen bromide and subsequent lactone formation. 

Treatment wit~ thionyl chloride puts a chlorine on the 

Me2c carbon atom; and the c3 ring closes spontaneously 

wit~ loss of hydrogen chloride. 

Sulturic acid gives the same 1,3 cleavage. 
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Another example of the eKtreme lability of this ring 

is afforded by the following reaction (50): 

CjH 
Et2C--C. C02H 

"'-c{co2}t 
(XXXVII) 

T.he equilibrium is established in aqueous solution in the 

presence of hydroxyl ion. It is analogous to a keto-enol 

ta.utomerism, (XXXVII) corresponding to the enol, the ring 

corresponding to the double bond, and (XXXVIII) corres­

ponding to the ketone. The reac·tion is ea talyzed by hydro­

xyl ion; and t.he formation of the "enol" is promoted by 

strong bases in the formation of the compound from the 

open-chain halogen derivative,~$ -diethyl-"',~-dibromo 

glutaric acid. 

(k) Trica~boXY,,_eyc!_o~anes 

Cyclopropane tricarboxylic acid-1,1,2 (XXXIX) contains 

both the inactivating "conjugated" system of the 1,2-di­

carboxy derivatives, and the activating "opposed" system 

of the 1,1-dicarboxy derivatives. Insufficient data are 

available to say which predominates; it is probably the 

inactivating tendency. 

The ester distills unchanged, as does the 1,2-di­

carboxy compound. The free acid on heating, instead of 

opening 1,2 as does the 1,1-dicarboxy compound, loses carbon 

dioxide to give the more stable 1,2-dicarboxylic acid (XXVII): 



~ /CH.C02H 

C(C0~) 2 
(XXXIX) 

29. 

+ C02 

Potassium permanganate is without effect on the acid 

(51 J 52). 

Cyclopropane tricarboxylic acid-1,2,3 (XL) belongs to 

the most stable, most perfectly conjugated type of cyclo­

propane derivative {53). Cleavage of the ring has never 

been reported. 

(1} Tetracarboxy Cy~~opropanes 

Cyclopropane tetracarboxylic acid-l--;1,2.2 (XLI) -­

This again contains bot~ the "conjugated" and "opposed" 

systems; and the tendency to conjugation is probably the 

stronger. 

T.he ester is stable to heat, distilling unchanged. 

The acid undergoes no ring opening, merely losing two 

molecules of carbon dioxide to give the more stable dicarboxy 

compoun4 (XXVII) (54, 55, 56, 57, 58, 59)_. 

Keto Acids and Esters 
----~~----_. ____ __ 
These are the most reactive and the most versatile 

cyclopropane derivatives. T.hey are readily propared,and 

react smoothly and easily with a large variety of ring 

opening reagents. 

Kohler, who initiated the study of the unsaturation 

of the cyclopropane ring, used compounds of the type 

2-benzoyl-3-pnenyl cyclopropane dicarboxylic acid-1,1. His 

students, particularly c. F. H. Allen, have extended the 

field to include 2-benzoyl-3-phenyl cyclopropane carboxylic 
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acid-1, 2-benzoyl cyclopropane dicarboxylic acid-1,1, and 

2-benzoyl cyclopropane carboxylic acid-1. 

Ph.CH CH.CO.Ph 

"'~· 
Ph.CH CH.CO.Ph 

"'~· 
The symbols R and R' may represent -H, -C02H, or -co.o.Et. 
(m) 1-Acxl-1.-.cArP.<?..XL.czclopropf!'le.f!. 

These compounds belong to the class of cyclopropanes 

that correspond to the opposed system of double bonds, and 

are accordingly very reactive. 

1-Acetyl cyclopropane carboxylic acid-1 (XLII) fur-

nishes a good example of the great reactivity of this class-­

greater even than that of the 1,1-dicarboxy cyclopr~panes. 

Water at 10~1"0 is sufficient to cleave the ring. Loss 

ot carbon dioxide and 1,2 cleavage are simultaneous (60): 

1,2 
Me.CO.CH2 .cH2 .cH2 .0H 

-r 
C02 

The ester is more sensitive to cleavage by acidic 

reagents than the acid. Hydrogen bromide cleaves the ring 

of the ester 1,2 (60): 

HBr 

Phosphorous pentachloride gives a 1,2 cleavage ~h the 

ester. ( 60, 61): 



PC15 • 

Cl.CH2 .cH2 .yH.CC12 .Me 

co.o.R 

31. 

> 
L 

A • 

CH2-CH2 HCl "\:0?cc12.Me 
1.2 

' co.o.R 

-' 

•HCl Cl.CH2.CH2.C:CCl.Me 
I 
co.o.R 

Dilute sulfurio acid causes decarboxylation. but no 

cleavage ( 62). 

>= 

1-Benzoyl cyclopropane carboxylic acid-1 reacts simi­

larly to the preceding example; water at 100° gives 1,2 

cleavage followed by decarboxylation (63). 

The ring of 3-methyl-1-acetyl cyclopropane carboxylic 

acid-1 is cpit.e stable. Pyrolysis of the acid gives slight 

decarboxylation. Alcoholic potassium hydroxide has no 

effect on the ring (64). 

(c) 2-Acyl-lC~Fboxy Cycloprop~qe~ 

The acid 2-acetyl cyclopropane carboxylic acid-l 

(XLV) is unstable to heat. There are two courses of reaction, 

decarbosylation to give (XLVI), and a 1,2 ring split plus 

decarboxylation giving the anhydride of aceta-propyl 

alcohol. (XLVII) ( 60): 

CH2-CH.CO.Me 

"\/ 
CH.CO~ 

(XLV) 

Decarboxylation c~/ca.co.Me 

CH2 

(XLVI) 

1,2 

CHr- CH;: C. Me 
I I + C02 

CH2 0 

(XLVII) 
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2-Benzoyl cyclopropane carboxylic acid-1 (XLVIII) exists 

as two geometric isGmers. These will be designated as the 

low- and high-melting isomers; it 18 not known whiCh is the 

cis and which the trans (oS). 

The esters both distill under reduced pressure unchanged. 

The acids show a difference in behavior towards heat. The 

high-melting acid is stable; and the low-melting acid is 

slightly affected (oS), probably cleaving 1,2 to give gamma­

benzoyl butyrolactone (IL): 

C~ /CH.CO.Ph 

CH.C02H 

(XLVIII) 

1,2 
;)11' 

CH2 CH.CO.Ph 
I l 
c~ _/) 

CO 

(IL) 

Reduction with zinc and acetic acid (66) cleaves the 

ring 1,2 to give benzoyl b~tyric acid (L): 

CH2-CH.CO.Ph "/ CH.COi! 

(XLVIII) 

Zn HOAc 

1,2 

CH2 .CH2 .CO.Ph 

' cH2 .co~ 
(L) 

The compound is stable to bromine in Chloroform at 

room temperature, to potassium permanganate in acetone, and 

to concentrated sulfuric acid at room temperature (67). 

(p) 1-A1!YA~~-Carboez-~-~cyl Cyclopropanes 

The derivative 1-isopropyl-2-acetyl cyclopropane car­

boxylic acid-1 (LI) is not cleaved by heat (70, 71); how-

ever, pyrolysis gives an unsaturated lactone which on 

oxidation gives 1-isopropyl cyclopropane dicarboxylic 

acid-1,2 (LII): 



C~ ;ICH.CO.CH3 . • 

C'\_C02H 

CHMe2 

(LI) 

33. 

Lactone 

(LII) 

Reduction opens the ring 1,2 (69), and the final 

product is the saturated lactone {LIII): 

Na Me.OH 
CH2 • CH

2
• CH.Ph 

I I 
CH. C0-=0 

1,2 

' CHMe2 

(LIII) 

(q) 1,1-Dicarboxy-2-Acyl Cyclopropane 

On pyrolysis, 2-benzoyl cyclopropane dicarboxylic 

acid-1,1 (LIV) decarboxylates (66, 90) to yield both pos-

sible stereoisomers of 2-benzoyl cyclopropane carboxylic 

acid-1 (LV) : 

CH2 CH.CO.Ph 

'\:/ 
C(C0 2H) 2 

CH2-CR.CO.Ph 

"I CH. C0
2
H 

(LIV) (LV) 

1,2 Cleavage occurs simultaneously to yield gamma-carboxy 

butyrolactone (LVI): 
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1,2 
> 

i~CO.Ph 

CH co;o 
2 

(LVI) 

Reduction by zinc and acetic acid opens the ring 1,2: 

H 

Neither permanganate nor bromine in chloroform open 

the ring. 

Hydrogen bromide in glacial acetic acid solution re-

acts at room temperature, cleaving the ring 1,2. Viith 

the acid, the final product is the lactone (LVII), where-

as with the ester the reaction stops after the addition of 

HBr: 

C~2 /CH.CO&Ph 
'\ HBr 1,2 

CH2.CH.CO.Ph 

I 'o 
CH. CO/ 

r 
co

2
H 

(LVII) 

-HBr 
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Sulfuric acid, concentrated at room temperature, or 

20% at 100° has no effect on this acid. Concentrated, at 

1~0°, it decomposes the molecule. 

The ring i~ resistant to bases, dry sodium and mag-

nesium methylate having no effect. 

(r} 1-Carboxy-2-Acyl-3-Alkyl Cyolopropanes 

There are four possible stereoisomers of 2-benzoyl-

3-phenyl cyclopropane carboxylic acid-1 (LVIII), and all 

are known (89). They melt at (a) 174-5°, (b) 157-157.5°, 

(c) 153-4°, (d) 136-?0 • Stoermer and Schenk (13) rep-

resent the configuration of two of them as follows: 

Ph H Ph CO.Ph 
I I I I 
c c 

J\i/~O.Ph 
y 

c c 
J\1/J 

c 
I 

COil CO~ 

(a) {c) 

Reduction of this compound is an example of a reaction 

where the configuration affects the type of ring opening; 

the ethyl esters are used, and the reducing agent is zinc 

and acetic acid; the ethyl ester of isomer (a) cleaves 1,2: 

Ph. CH ---eH. CO • Ph 

V.co.o.Et 

(LVIII) (a) 

Zn HOAc 

1,2 

Ph.CH.CH2.CO.Ph 
. 4 . 

CH2.co.O.Et 
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The ethyl ester of the isomer (c) cleaves 1,2 and 2,3 

simultaneously: 

Ph.CH CH.CO.Ph 

\/ 
CH.CO.O.Et 

1,2 
Ph. <r.d. CH2 • CO. Ph 

t 
cH2.co.u.Et 

{c) 

Catalytic hydrogen cleaves the acids (b), (c), and (d) 

2,3. The mechanisfu of catalytic hydrogenation is not cer-

tain; but that for reduction by metal combinations is pro-

bably 1,6 addition to the ends of the conjugated system, 

followed by ketonization. 

Both the acid and the ester react with hydrogen bro-

mide as readily ES do alpha-beta unsaturated ketones. 

The ring is opened 2,3; in the case of the ester, the re-

action stops there, Qnd treatment with potassium acetate 

regenerates the ring. 

2,3 

Ph. CH. CH. CH= C. Ph 

t 1o~ JH 
Ph. CH -eH. CO. Ph 

\/· 
CH.C0~ 

HBr 

{LVIII) (LIX) 

Ph. CH= C. CH= C. Ph 

I l co_._o 
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It is interesting to follow the secondary reactions, 

the loss of water and of hydrogen bromide from the un­

stable bromoacid or ester :ftrst formed. The first step 

is 1,4 a~dition of hydrogen bromide to give an enol (LIX). 

The enol form will be partially stabilized by the con­

jugat~on of the phenyl group; so this gamma hydroxy acid 

forms the lactone. Since the ester group has a greater 

activating influence on the alpha hydrogen than the car­

boxyl group and since Ph-C=C- is also an activating group 

the hydrogen adjacent to tae bromine is now active enough 

that hydrogen bromide is lost spontaneously with for­

mation of a double bond. 

In the case of the ester, no lactone can be formed; 

so ketonization occurs. Then, when hydrogen bromide is 

eliminated, there are two active hydrogens that might re­

act. But the ketone group is a stronger activating 

group than the ester group, so its alpha hydrogen is 

lost, and the ring is re-formed. Since only one activat­

ing group is acting on the hydrogen, hydrogen bromine is 

not lost spontaneously, as it is with the acid (above); 

but the presence of the weakly basic potassium is suf­

ficient to remove it. 

Dry alcoholates have no reaction on the ring; 

aqueous alkalis give the usual very rapid hydrolysis of 

the ester group. 
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(s) 1,1-Dicarboxy-2-Acyl-3-Alkyl Cyclopropanes 

These are .:~ohler 's compounds. He and his students 

have worked out and verified mechanisms for many reactions, 
. 

both by choosing suitable derivatives to allow the inter-

mediates to be isolated, and by putting in blocking groups 

at appropriate places, thereby stopping the reaction. The 

compounds can be opened on any side, giving the most rigid 

proof or the existence of a three membered ring. 

The ester of 2-benzoyl-3-pheny1 cyclopropane dicar­

boxylic acid-1,1 {LX) is stable at high temperatures. The 
0 free acid decarboxylates at about 150 ; however, the ring 

becomes unstable at about this temperature, opening 1,3 

and 2,3, and little or the monocarboxy acid (LVIII) is 

recovered. 

Ph.CH CH.CO.Ph 

\I 
C(C0 2H) 2 

(LX) 

1,3 

Ph.CH CH.CO.Ph 

\c/.co:zH 
(LVIII) 

Ph. CH= C. CO. Ph l (LXII) 
CH2 .co2H 

+ 
P~,CH. r· CJ .Ph 

\o-CH2 (LXI) 
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2,3 
Ph.CH 

I 
,. CH2 • CO. Ph 

CO# (LXIV) 

+ 
Ph. CH= C. CH= C. Ph 

I I 
CO 0 (two isomers) 

(LXIII) 

These ring cleavages are the usual ring isomerizations 

to propene derivatives; lactone (LXI) formation in the case 

of the 1,3 cleavage may be considered to be the result of 

water ad<dir .. g to the double bond of (LXII) to give a gamma-

hydroxy acid, and subsequent lactone formation. Since 

this v..:ould require the addition of the water contrary to 

Markownik.off's rule, it seems more probable that at the 

high temperature of the reaction the carboxy group is able 

to add to the double bond, probably simultaneously with 

its formation. 

In the case of the 2,3 cleavage, the lactone (LXIII) 

is simply that of the enol form of (LXIV). 

Zinc and acetic &cid cleaves the compound 1,2 to 

give an open-chain compound: 

Ph.CH CH.CO.Ph 

\cfc'o:til2 

H, 1, 2 
Ph.CH.CH2.co.Ph 

\ 
CH {C0

2H) 
2 
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Phosphorous pentachoride cleaves the ring 2,3 at 

room temperature in chloroform solution. The mechanism 

is probably 1,4 addition: 

Ph.CH CH.CO.Ph 

"/ C(C0
2
H) 

-2HC1, -CO~ 
G 

PClh ..... 

Ph.CH=C.CH=C.Ph 
1 I 
CO 0 

Hydrogen bromide solution in glacial acetic acid re-

acts in two ways, opening the ring 1,3 and 2,3-

Ph.CH CH.CO.Ph Ph. CH. CH. CO. Ph 

\d~oi!l2 1,3 J l 
Br CH(C02H) 2 

HBr 

(LX) (LXV) 

-HEr, -C0 2 Ph.CH=C.CO.Ph 
f 

CH2• CO~ (LXVII) 

Ph.CH CH.CO.Ph 

\/ 
C(C0~) 2 

HBr 
2,3 

Ph. CH= C. CH=C.Ph 
l I 

CO 0 (LXVIII) 
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The bromo acid intermediates (LXV} -anQ (LXVI) are 

postulated to explain the production or the substances iso­

lated, (LXVII) and (LXVIII). Further evidence was that 

when the reaction was carried out in alcohol, some of the 

bromo acid was esterified, preventing the secondary re-

actions occurring. This oily bromo ester could then be 

treated with potassium acetate, hydrogen bromide abstrac­

ted, and the cyclopropane ester regenerated. Final proof 

was furnished by putting substituents on the phenyl 

groups, making the intermediates less soluble, whereby 

they could be isolated and identified. 

Sulf'uric acid opens the ring 1,3, giving the same 

product as the 1,3 reaction of hydrogen bromide; this 

suggests that the 1,3 reaction may be due t.) the cata­

lytic effect of strong acids causing the addition of 

water. 

Ph.CH=C.CO.Ph 
1 
CH2.co~ 

Ph. CH. CH. CO. Ph 
OH I 

CH{CO~) 2 

(LXVII) 

Th 1 s co:·;~pound differs from the previously described 

ones in being very sensitive toward bases. Dry alcohol­

ates, ammonia, or amines open the ring (of the ester) 1,3: 
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Ph.CH CH.CO.Ph 

\I 
C(CO.O.Et) 2 

NaOMe 

1,3 

-Me.OH 

... Ph. CH-oooo4CH. CO. Ph 
1 I 
o.Me c.co.o.Et 

to.Et 
I 
ON a 

Ph.CH=C.CO.Ph 
l 

HC(CO.O.Et) 2 

This mechanism has been verified by replacing the 

hydrogen on carbon atom-2 by a methyl group, thus block­

ing the loss of methyl alcohol. 

This compound is one of the few cyclopropane deriv­

atives that react with the Grignard reagent. The re­

action is analogous to the 1,4 addition of the Grignard 

reagent to alpha-beta unsaturated carbonyl compounds. 

Under normal conditions, the reagent gives the usual 

ester reactions, with resulting complex gums. However, 

it is possible to force the reaction, by using a large 

excess of Grignard reagent, to go by 1,4 addition. 

Ph.G.H CH.CO.Ph 

\I 
C(C02ff) 2 

Ph.CH.CH.CO.Ph 
Ph.Mg.Br, xs. 

\ 
J 

( I 
• I 

Ph c.co.o.Et 

Ph. CH. CH. CO • Ph 

l l 

u 
C.O.Et 
I 
O)Jg.Br 

Ph CH(CO.O.Et) 
2 
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This reaction is of ~ecial interest, because it 

affords a final proof that 1,4 addition does occur. 

To verify the mechanism proposed for the reaction of 

(LX) with hydrogen bromide, Yohler made use of various 

compounds with substituents on the phenyl groups which 

would make the intenmediates less soluble, and so separ­

able by precipitation from the reaction medium. The four 

compounds below were tried: 

X.C6H4.~ ;fCli.CO.Ph 

C(C0~) 2 
(LXIX) 

X.C6H4.c~ ;ICH.Co.c6H4Y 

C(CO.O.Et) 2 

(LXXIJ 

Ph.C~ CH.Co.c6H4 .Br 

""cfc'o # l 2 
(LXX) 

Br{Me0)C6H3.~ ;ICH.CO.Ph 

C{C02H) 2 

(LXXII) 

With (LXX) the products of both 1,3 and 2,3 addition 

of hydrogen bromide to the ring could be isolated. Apart 

from this, the substituents seem to have no effect on the 

ring opening reactions of the compounds. 

Hydrogen bromide in glacial acetic acid opens the ring 

of (LXX) both 1,3 (95%) and 2,3 (5%), and the bromo acids 

produced may be isolated. 

Ph.C~~.co.c6H4 .Br 

C{C0
2
H) 2 

(LXX) 

HBr, 1,3 
Ph.CH--CH.CO.C6H4 .Br 

~r I 
CH(C0

2
H)

2 

(LXXIII) 
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Ph. CH CH.CO. C H • Br \1 6 4 

C(C0
2
H)

2 

. 
HBr, 2, 3 

(LXX) (LXXIV) 

Both bromo acids are unstable, losing hydrogen bro­

mide spontaneously on standing: 

Ph. c=rr-CH. eo. c H • Br I I o 4 
glacial HOAc sol, 

Br CH( CO~) 2 
standing 

(LXXIII) 
Ph;.-CH- CH. CO. C'"H4 • Br 
o I o + HBr + eo 

2 'co-cH2 
{LXXV) 

MeOH sol. 

(LXXVI) 

(LXXIV) 

Ph.CH=CH---CH=C.CO.C6H4 .Br 1 ( ~HBr+ C0 2 
eo 0 

( LXXVI I ) 

In methyl alcoholic solution, the stable lactone­

ester (LXXVI) is formed. Removal of hydrogen bromide to 
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regenerate the cyclopropane ring takes place less readily 

than lactone formation. But in alcoholic hydrogen bromide, 

the bromo acid {LXXIII) yields a little of the cyclopro-

pane ester, suggesting the equilibrium: 

Ph.CH--CH.CO.C6H4.Br 

I I 
Br CH ( eo • o. Me ) 

2 

(LXXIII) 

HBr in 

Me OH 

Ph.CH CH.CO.C6H4 .Br 

\I 
C(CO.O.Et)

2 

(LX) 

In an attempt to verify the proposed mechanism for 

the reaction of alcoholates, the compound 2-methyl2-ben­

zoyl cyclopropane dicarboxylic acid-1,1 (LXXVII) was in­

vestigated. It does not react to any perceptible extent 

with alcoholates, indicating that the 2-methyl group 

blocks the splitting off of methyl alcohol, so the series 

of reactions cannot go to completion. Kohler suggests 

the existance of the equilibrium, which is displaced far 

to the left: 

Ph. CH C"CH3 

\ / 'co.Ph 
c 

(CO.O.Et) 
2 

(LXXVII) 

NaOMe 

1,3 

Ph • CH2-- C,.CH3 

,-.......CO.Ph 
C CO.O.Et 

n 
C O.Et 
I 
O.Na 
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While halogen and methoxyl groups on the phenyl 

groups do not appear to affect the chemical properties 

of the ring, hydroxy groups have the effect of render-

ing the ring more sensitive to bases. Dilute sodium 

hydroxide gives a 2,3 opening with (LX):VIII): 

HO. c6H4 • \ 

1
CH. CO.Ph 

C{CO.O.Et)
2 

(LXXVIII) 

A similar compound, (LI), gives 1,3 cleavage with 

dilute sodium hydroxide: 

CH~C--C.Ph 

11 n 
CH CH \2/ 2 

CO 

(LXXIX) 



TA.BILE I 

COMPOUND PYROLYSIS REDUCTION ACIDS 

''V 
CO~ Et) 

(I) 

CH3 ·7 
CO~ 

( Il) 

VCH(CH3)2 Stable 
(.A.cid and 

COO Et ester) 
( III) 

~\CH2CH2COOH 
CO~ 

Cone. H2S04 
decomp. 

(IV) 

7CH:.CH.Ph Stable 
(ester) COOMe 

(V) 

Ph ~,,;7 2,3 
C02H 

(X) 

BASES BBOMINE 

Cold, stable; 
warm. HBr 

evolved 
+red P -.1,2 

:Br2 in CHC13 __. 55. de-
riva.tive 

REFERENCES 
BD1ARKS 

(1) 
Electrolysis of 
acid + Na salt 

-+ CH2 "1: CH-CH20H 

-
: 

(2) 

(3) 
Stable to KMn01 

' 

(78) 

(4) CO~ 
KMn04 -+ C:l.co~ 

+ Ph.co~_ 

( 7) 

.,.ester 

-F 
~ 

I 



~ao~e I, continuea 

COMPOUND 

CH3)2 7 
COO Et 

(H) 
(XI) 

e2CH3' 
H.CH

2
/7 

M 

CO 
CO~ 

(XII) 

H H 

Ph 
}'\H/ l 

I ~ 
~CO H 

2 
(XIII) 

. 

OOEt \2: 
BO N 

) 

(j> ~ 1 co~ 
(XV) 

PYROLYSIS 

Unstable to 
vac. distilla-

tion 
(acid and ester) 

2,3 

REDUCTION ACIDS BASES 

Me ester NaOMe 
c.sz2-c =CH t ~CO 

, CH~H 
2 \ 

CO<Jde 

HBr, 1,2 
H2S04, 1,2 

Dilute H2so4 
cleaves 

1,2-+ Ph.CH2CO~ 

1 

BROMINE REFEREHCES 
REMARKS 

(3, 8) 

(10, 11, 12) 

(13,14,15,16) 

(5.6) 

( 72) 

~ . -- -

' 

.f=" 
~ 

t 



Table I , continued 

COMPOUND PYROLYSIS :REllJCTION 

Me2'VCH2CO~ 
CO~ 
(XVII) 

Me2 VCH2CH2COt 

CO~ 
(XVIII) 

V NalJ& 

(COzH)2 
1,2 Stabfe 

(XX) 

Me V Stable (ester) NaHgx 
1,2 (acid Stable 

(COOEt)
2 

(acid and 

(XXIII) ester) 

Me2CH V 
Loses C02 

(COt!)2 
(XXVI) 

vco~ Trans-stable Stable 
Cis ~ a.nhy- NaHg~ 

coil dride 

(XXVII) 

v·CH3 'I 
C is -"> anhy-

\ / dride .co2tt Trans - stable 
COil 

(XXVIII) 

£CIDS BASES 

Cone. HCl 
-+unidentified 

lactone 

HBr, 1,3 
HCl, 1,3 
H2s04, 1,3 

HBr, 1,2 NaCH( COOEt) 
2 H

6
so4, 1,2 1,2 

HN 
3

, stable 

HBr, 1,2 
H2S0450*,1,3 

Cis, stable Sta.~e0 to HCl aq. a Me 
to KOH H2so4-stable 

Cone. KOH 
1,3 

BROMINE 

) 

J 

1,2 

1,2 

Red P + Br2 substitution 
only 

REFERENCES 
DfARXS 
. 

(76) 

( 73. 74) 

-· 

(1],18,19,20,75) 
Stable t o KMn04, 
almost to cr03 

{22, 23, 24) 

(25) 

'· 

' 

(26, 27, 28, 29. 30. 
31, 32, 33. 34. 35. 79) 

Stable to KMn04 at 1000 

(36.37) 

-

I 

..fr 

"" I 



!able I, continued 

COMPOUND 

V. eo~ 
\'00:}1 
CHMe2 

(XXIX) 

VPn 'eo~ I 
CO~ 

(XXX) 

I 
V'CH~COOMe 

COOMe l 
COQite 

(XXXII) 

7Me 'eo H 
'l4e 2 
'eo~ 

(XXXIII) 

Me2'7co~ 
(XXXIV) CO 2H 

OH 
Et27co~ I 

CO~ 
(XXXVII) 

PYROLYSIS 

I 
Ac.-decomp. 
Ester - I 

stable 

1,3 

REDUCTION 

NaHgx 
2,3 

I 

I 

I 

I 

ACIDS 

Cone. HCl 
stable 

. 

BASES 

I 

I 

I 

l{Br - 2,3 
H~04. 1, 3( ?) 

I 1.2 
Reversible 

BBOMINE 

I Stable to 
Br2 

I 

I 

I 

t 

. 

I 

BDERENCES 
REMABKS 

(38) 

(39. 4o) 

(41, 42) 

(43, 44, 45) 
Generally saturated 

character 

(46, 47, 48, 49) 
Stable to KMn04 

(50) 

I 

\.Jl 
0 

t 



Table I, continued 

COMPOUND PYROLYSIS REDUCTION ACIDS 

700~ Ester - stable 
Acid- loses 

(00tf)2 C02 and H20 
(XXXIX) 

• 
~'\lco~ H2so~ dil. 150 

C02H 
~ un dentified 

product 
(XL) 

CO 

'V(COOR)2 Acid loses 
2002 (COOR) 2 

(XLI) 

'\7\COMe KBr, 1,2 
eo H H2so4,-co2 

(XLII) fEt) 

V'~; 
(XLIII) 

,• 

(XL 

\:?CH3 
\'CO~ -002 

~COMe 

vc~e -C02, 
Cleavage 

C02B c 

(XLV) 

BASES :BROMINE 
1 

. 
' 

H20, 1,2 

H20, 1,2 

Stable to 
ale. KOH 

. 

REFERENCES 
REliARKS 

(51. 52) 
' 

Stable to KMno4 

(53) 
Extremely stable 

(54, 55. 56, 57. 58, 
Stable to KMn04 

(6o, 61, 62) 
P CJs cleaves ester, 

acid 

:, 

(63) 

\ , 

(64) 

(6o) 

59) 

not 
' \J1 
...... 
I 



Table I, continued 

COMPOUND PYROLYSIS REDUCTION 

vco.Ph Zn +- HQA.c, 
Stable 1,2 

CO if 
(XLVIII) 

~COMe . unsat. Na + CH30H 

ti 
lactone ~ sat. lac-

tone Cln{e2 
(LI) 

vco.Ph -002 Zn + HOAc 
Also 1,2 1,2 

(COOMe) 2 
(LIV) 

Phvco.Ph 174• Et ester 
1,2 

COOR 15 3 ° :hlt ester 
(LVII I) 1,3 

Cat. H, 1,3 

Phyco.Ph .Acid Zn ..._ HOAc 
1,2; (2,3?) 1,2 

(COOMe) 2 
(LX) 

xcgt47co.Ph 1,3 
2,3 

(COOR) 2 
(LXIX) 
~-._._....._.-

Ph "J.COC6H4:sr 
"" .. 

(002H) 2 
(LXX) 

-----

ACIDS BASES 

H2S04, cone. 
Stable at 

I 

room temp. I 

H2so4. deco~. Stable to 
at 1~· Ne.OCH 

Hl3r, 1,2 Mg(OC~3)2 

H:Br, 1,3(?) Stable 

HBr, 1.3 NaOCH
3
) 

2,3 NHJH ) 1,3 
H2S04, 1,3 N 2 ) 

HBr, 1,3 
2,3 

HBr 
1,3 95~ 
2,3 5% 

BROMINE 

Stable to 
18r2 in CH013 

Stable to 
Br2 in CHCl't 

~ 

REH'ERENCES 
:REMARKS 

(66) 

( 69, 70, 71) 

(66, 90) 

(13,86,87,88,89,90 

(86,87.88,90,91,92 
PCl~, 2,3 
Gri lard, 1,3 

(86,87 ,88,89,94) 

(88) 

) 

) 

\J1 
N 



Table I 1 continued 

COMPM'TD PYROLYSIS REDUCTION 

XC6H4 7coc~ Y 
1,2 

(COOMe) 2 
---~-~-.. ....... -- ...,. __ _._.., ... ____ ~---

(LXXI) 

Br(CH3o)c6R3~oo.Ft 
CCQie)z 

(LXXII) 

Ph~~ue 
'co.Ph 

(COOR)
2 

(LXXVII) 

HOC6B49cO .. Ph 

(COOR) 
(LXXVIII) 2 

'L 

3/CO.Ph 

c:c:t~Q.!e 
c~ 

0 0 

(LXXIX) 

ACIDS BASES 

HBr NaOMe 
1-------! ... 3 ______ 

1,3; 2.3 ----f:~(i~-----
' 

HEr. 1,3 

1,3 
Reversible 
Imperceptible 

Hot dil. N'a.OH 
2,3 

. 

Hot dil. NaOH 
1,3 

,. 

BROMINE 

-stabi~-----

REFERENCES 
REMARKS 

----~i~~i~l-----

( 63, gg, 92) 
PC15 cleaves ac 

Ester stable 

(94) 

• 

(95) 

(95) 

id 2,3 

IJ1 
\.1.1 

I 
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Methods of Ring Formation Applied to 
Cyclopropane Derivatives 

There are six general methods for the synthesis of 

the three-membered carbocyclic ring. Some are open chain 

reactions for the for.mation of e carbon-carbon bond modi-

fied to give a ring structure; some are peculiar to ring 

formation. 

(l) The Wurtz reaction may be modified to give a 

ring by putting both the halogen atoms on the ends of 

one chain (96, ~7); removal of halogen by sodium, zinc, 

or "molecular" silver gives rir...g closure. This method 

has been usea principally for the preparation of hydro-

carbons, but will also yield derivatives. 

Ease of ring closure is the reverse of that pre-

dieted by Baeyer's strain theory-- the ethylenic d8uble 

bond is formed more readily than the three membered ring. 

The reaction does not give practical yields of the larger 

rings. This may be due to steric effects-- in the 1,2 

and 1,3 dibromo comr.uunds tne two bromine atoms are close 

enough to react readily, whereas with a larger separation 

side reactions predominate. 

The ac·cion of sodium iodide in promoting the reaction 

affords an example of the close resemblance between the 

chemistry of ethylenic compounds and of cyclopropane com-

pounds. 



R 
r 

~CH.Br 

CH 

~CH.Br 
I 
R 

55. 

Zn r-, 

R 
I 

<i CH 
I 
R 

(2) Removal of the elements of hydrogen bromide with 

bases is a general reaction for preparation of a variety 

of cyclopropane derivatives, especially ketones and esters. 

e.g. Ph.CH.CH.CO.Ph 
1 -HEr 
Br 

CH(CO.O.R) 2 

Ph.CH CH.CO.Ph 

\I 
C(CO.O.R) 

2 

The preference of ring formation to double bond for-

mation is due t~ the activating effect of the t~o ester 

groups on the hydrogen alpha to them. When only one acti-

vating group is pre~ent, alkaline reagents give hydrolysis 

and lactone formation. (100) 

The base used to extract the hydrogen halide may be 

alcoholic potassium acetate for substances that cyclicize 

readily, e.g. ketones; ~r alcoholic or aqueous potassium 

hydroxide, e.£. for est~rs. Organic bases may be used 

where it is desired to abstract hyurogen halide without 

hydrolyzing ester groups; dimethyl aniline and quinoline 

are used. 

The method is moEt useful for preparation of cyclopro­

panes with activating groups on both 1 and 2 carbon atoms. 
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This allows easy bromination of the open-chain compound 

and abstraction of hydrogen bromide. For example a syn­

thesis due to Kohler(86): 

Br 
2 

Ph. CH= CH. CO.Ph + CH2(CO.O.Et) 2 Ph.CR.CH2.CO.Ph 
---:;;.~ I 

CH(CO.O.Et)
2 

Ph.CH.CH.CO.Ph 
I 
Br 

CH(CO.O.Et) 
2 

{3) Use of metallo-organic derivatives can be modi-

fied in much the same manner as the Wurtz synthesis to 

give ring compounds. The di-Grignard reagent with an 

ester gives a cyclic alcohol, and the method could be 

adapted for cyclopropane derivatives. 

CH".Mg.X I ~ + R. CO. 0. Et -·--~~ 

CH •• Mg.X 
(:... 

Sodio derivatives of compounds with active methylene 

groups can be used in different ways. Where there are 

active methylene groups Ol.l. either end of the chain, the 

di-sodio compound may be made and the sodium abstracted 

with bromine (82): 



1.'/a 
CH .C(CO.O.Et) 

\ 2 

C(CO.O.Et) 2 l 
Na 

57. 

CH .C(CO.O.Et) 

\tco.o.Et) 
2 
2 

The reaction of malonic ester with 1,2 dibromo com­

pounds in the presence of sodium ethylate is a general 

method for 1,1 dicarboxylic acids (51): 

NaOEt 
H C(CO.O.Et) 

2 2 

Combining methods (1) and (3) (82): 

Br.C(CO.O.Et)
2

.CH
2

.c(CO.O.Et)
2

.Br 

+ 
Na.C(CO.O.Et) .CH .C(CO.O.Et) .Na 

2 2 2 

Even succinic ester forms a sodio compound and reacts 

(58) with methylene halides: 

+ 
/CH.CO.O.Et 

Nao-.;:t CH l 
~H.CO.O.Et 

(4) Synthesis via the Pyrazoline Ring deserves 
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special mention (28, 37, 4, 77, 41, 7~, 83) since it was 

used in the present research. It is useful for prepara­

tion of compounds where the open chain does not brominate 

readily or lose hydrogen bromide in a suitable way to 

form a ring, or form sodio compounds; and hence is speci­

ally valuable for acids. The general course of the re-

action is: 

An unsaturated compound reacts with am aliphatic diazo 

compound to give the pyrazoline derivative, which loses 

nitrogen on heating. Some of the ethylenic isomer is al­

ways produced in addition to the cyclopropane derivative. 

(R) may be co.u.R, or negative groups in general. 

The aliphatic diazo compounds th&t are most useful 

are diazo methane and ethyl diazo-acetata. Or hydrazine 

may be allowed to react with an alpha-beta unsaturated 

carbonyl compound to give the pyrazoline (98): 

R. CH-CH
2 

t f 
H.N C.R 'q N 

R. CH= CH. C. R 

11 
H N.N 

2 
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Kohler (89) used this method for preparing the com­

pound (LVIII). The al te·rna ti ve method of decarboxyla t­

ing the di-carboxylic acid (LX) gave ring fission at the 

temperature of decarboxylation. 

Ph.CH=CH.CO.Ph + N
2
CH.CJ.O.Et > 

Ph.i·r·CO.Ph -~• Ph.C\ 
1

CH.CO.Ph 
Et.O.CO.CH N CH.CO.O.Et 

'h 
N (LVIII) 

Ph.C\ /H.CO-Ph 

(LX) C(CO H) 
2 2 

ring fission + co2 

Various catalysts have been used to promote the pyro-

lysis of the pyrazoline. Kohler used polished platinum 

scrap (89); Simonsen used copper bronze (?6). 

(5) The Demjanow ring contraction method has a limit-

ed sp~)lichtion to cyclopropane syntheses. A good example 

is the degration of truxinic and truxillic acids to give 

(XIII) (13, 15): 

CO~.CH-r.Ph 

Ph. CH-CH. C0
2
H 

Truxillic acid 

co
2
H. CH-CH.Ph 

I 
Ph.CH---CH.CO.NH2 



Hoffman' s ~ 
degradation 
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C0
2
H. CH-CH. Ph 

I f 
HONO • 

Demjanow 
Ph.CH-CH.NH

2 

(XIII) 

(6} Special methods-- A few examples follow or re­

actions applicable only to one compound. 

2-Ethoxy Cyclopropane Carboxylic Ester--

Br.CH .CH=CH.CO.O.Et 
2 NaOEt 

Cyclopropane tetracarboxylic acid-1,1,2,2 (99) 

2 CH
3

.co.co
2
H-3 H

2
co 
~ 

KMn04 
~ 

Ring closure is apparently due to the removal of the 

two hydrogens alpha to the carbonyls by the oxidizing 

action of the Ag2o. 
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The reversal of ring fission and lactone formation 

seems to be possible when carbon atom-3 is alkyl substituted. 

Thus terebic acid gives caronic acid: 

SOC12 

and phenyl paraconic acid gives 3-phenyl cyclopropane 

dicarboxylic acid-1,2: 

CH2 CH.CO~ 

bo /~.Ph 
'-o/ 

SOC12 
in c6H6 , 
12 firs ,. 
at 100° 
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THEORETIC.i:..L 

Synthesis of Cyclopropane Dicarboxylic Ester-1,2 

Though this compound iE very stable, the ring is not very 

readily formed. Several synthetic methods are available and 

i1j_deed all the methods previously outlined (except per~naps ( 5) , 

ring contraction) may be adapted to produce this substance. 

Possible schemes are: 

ill Removal of hydrogen bromine from alpha bromo glutaric 

ester ( 26, 27) : 

Ph.l\TEt
2 

CH2 CH.CO.O.Et 

\/ 
CH.CO.O.Et 

~ Remov2l of bromine from ~~~ibromo glutaric ester: 

Et.O.CO.CH.CH .CH.CO.O.Et 

\ 2 ' Br Br 

Zn C~ /H.CO.O.Et 

CH. CO. OEt 

(3) Removal of sodium from the ends of 1,1,3,3-tetra-car­

boxy propane, and subsequent decarboxylation (82): 

(Et.u.C0) 2C.CH~ .C(CO.O.Et) 2 I ~ I 
Na Na 

CHn C(CO.O.Et)2 
y~ 
~(CO.O.Et) 2 
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J!l Synthesis via the pyrazoline compound (28): 

CH2=CH.CO.O.Et + N.-.CH. CO. 0. Et 
;:::., 

150° 
CH

2 
CH.CO.O.Et 

\I "'"N2 
CH.CO.O.Et 

The last method was the one finally decided upon. 

It has the advantage t~nat the ester is formed directly, and 

that no operations are necessary after the ring is formed. 

The principal dis~: dvantate is the simultaneous production of 

the ethylenic isomer glutaric ester. ·'-·The boiling points of the 

two lie within 5° of each other so sep~ration by fractional 

distillation was difficult. T~1e method finally used was to 

obtain b p2rtial separation by fractianal distillation, using 

a column of t.L1e ,.hi tmore type, ::,_nd to remove tl1e la Et traces 

of glut&ric ester by washing t~e product, in beLzene solut-

ion, v:i th aqueous potassium permanganate. This gave a pro-

duct that did not decolorize permanganate in two minutes. 

Conplete freedom from ethylenic co~:~pounds was essential, as 

these r.1ight well give reactions with the rin€ opening re-

agents similar to those of the :::-i ng compound, thus invalid-

a ting the results. 

Auwers and Kenig have made a study of tie effect of 

substituents on the pyrazoline ring on the production by 

pyrolysis of ethylenic or cyclopropane compounds. Their 

findings are that the more complex pyrazoline derivatives 
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give a larger proportion of cylic com.)ounds; that mono­

carboxy pyrazolines give principally ethylenic compounds, 

while dicarboxy pyrazolines give principally cyclopropane 

co~pounds, though mixtures may be obtaixied; and that 

pyrazolines tend to form ethylenic isomers, while pyrazo­

lines tend to form cyclic derivatives. 

Accordingly, a reasonable yield of the cyclopropane 

isomer should be obtained from t.:.le dicarboxy pyrazoline. 

The action of various catalysis on the pyrolysis of .. 
the pyrazoline was investigated in an effort to increase 

the amount of the cyclopropane compound formed at the ex-

pense of the ethylenic compound. Copper powder, nickel 

powder, and polished platinum were used. Copper alone 

had any effect, causing the reaction to t;o at a lo','.er tem-

perature; no effect on the relative yields was noticed. 

Both the condensation of t~e diazoacetic ester with 

the acrylic ester, and t~e pyrolysis of the resulting 

pyrazoline are exothermic reactions. A run must be made 

in small batches, and t:~1 e temperature closely con trolled, 

both heating and cooling. A modific~tion was introduced to 

allow large runs to be made in one batc~n, and to combine 

the two operations. It also had the effect of improving 

the yield. Instead of mixing the reactants in equimolecu­

lar quanti ties and allowing the reaction to t-;roceed, the 

diazoacetic ester was passed slowly, t~1rough a long hair­

capillary, into an excess of boiling ethyl acrylate. 
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Condensa. tion and elimination of ni tr:Jgen took place sircul­

taneously, giving a crude mixture of the cyclopropane ester 

and glutaconic ester, which was distilled directly. 

Cleavage of Cyclopropane Licarboxylic Ester-1,2 

Since the compound is so stable, drastic conditions 

were requirec to open the ring. Ever.r reaction was carried 

out in a bomb tube, and the ring still resisted some re­

actants. 

The reactiJns tried were pyrolysis on the ester; 

catalytic reduction on the free acid; bromine on the 

ester; hydrogen bromide both on the acid and on the ester; 

sulfuric ucid (50%), both on the acid and on the ester; 

and sodium ethylate in ethanol on the sodiu~ salt. 

Pyrolysis 

The ester wac reporteO. to be stable to vaccuum distil­

lation (28, 77). A Dicro boiling point determination at at­

mos.Jheric pres::~ure showed t~1e CJoiliEg point to be unchanged 

after boilinr for 15 minutes. This was taken to indicate 

that the ester was staLle to distillation at atmospheric 

pre ss:..1re. 

Reduction 

The ester was known to be stable to reduction by con-

centrated sodium amalgam (80). It was not felt necessary 

to repeat this reaction. 

Catalytic reductioL over colloidal platinum at one 
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atmospheric pressure and room temperature failed to affect 

the ring. With a view to obtaining more drastic con­

ditione, the acid was treated with hydrogen over Raney 

nickel at varying pressures and temperatures. 

The nickel catalyst was prepared by the method of 

Homer Adkine, and in a test run catalyzed the reduction 

of benzene to cyclohexane ir the usu~l manner. 

The run was made on the free acid in absolute ethanol 

solution. The pressure and temperature were gradually 

raised, until at 200° c. and 200 atmospheres an apparent 

inf'lectior- point was noted. After 20 minutes under these 

conditions the product was removed, but no reduction pro­

ducts could be isolated from the reaction mixture; the 

bulk of the original acid was recovered unchanged either 

as the acid or the ester. 

Bromine 

Previous reports indioate that bromine is without 

effect on our compound, but that in the presence of red 

phosphorus it gives substitution. (30) 

T.he ester was treated with bromine at elevated tem-

peratures. The best results were obtained with high tem­

peratures (200- 250° c.) for a short time (i- 1 hour). 

No derivatives containing all three of the carbon atoms 

of the original ring were obtained, but only C2 derivatives. 

These included succin1:c acid, more or less heavily brom­

inated succinic esters, and brominated ethanes. 
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Flow Sheet, Bromine fission 

Ester 
I 

Bromine 
I 

~-----Extraction~·------~~-----~---
1 H2o Soluble 

Fraction, 
I 

Succinic 
Acid 

Ether Soluble 
Fraction 

~FraCtional 

Fr&ction 1 
65°, ? mm. 

I 

Distillationl 

Frc:.ction 2 
(Residue) 

I 
Bromo Esters -r--Fract. List.-----

I Frast. la 
70 , 50 mm. 

J 
Br.CH2.cH2.Br 

Fr act. lb 
?0:) 100°, 50 mm. 

I 
Probably 
Br

2
CH. CH.-- • .Cr 

c:. 

Reduction 
Saponification 

·t 
Maleic 
Acid, 

Outline of a run: The reaction mixture was heated in 

a bomb tube under varying conditions of time and tempera-

ture. On opening the tube, much hydrogen bromide escaped. 

The reaction mixture was dissolved in ether and the solution 

extracted with an equal quantity of water, dividing the pro-

ducts into two fractions , ether soluble and water soluble. 
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The water solution was evaporated, and the residual 

solid identified by neutral equivalent and mixed melting 

point determinations aE succinic acid. 

The ether soluble fraction was fractionally distill­

ed. Early runs showed that it cor:.. tained bromina ted ethanes 

and brominated succinic esters, so the distillation was run 

so as to effect a rou~:h separation of these two classes, 

the distillate (Fraction 1) contair.~.ine:: the brominated hydro­

carbons, and the residue (Fraction 2) the brominated esters. 

Fractlon l was fractionally distilled again, and separated 

into two fractions, la and lb. Only very small amounts of 

these fractions were obtained, so a complete purification 

was not possible, making identification difficult. Element­

ary analysis, boilin6 point, melting point, and refractive 

inde~, showed that these fractions were probably 1,2-dibromo 

ethane and 1,1,2-tribromo ethane. 

Fraction 2, the bromo e~ters, was reduced with zinc­

copper couple and saponified. Tne product was identified 

by melting point and ~~rlixed melting point determinations as 

rr,alei c acid. 

The occurence of succinic anc~ maleic acids among the 

products of the reaction with bror::1ine seemed to indicate a 

1,3 ring fisciJn, going through the intermediate methyl 

succinic acid. This is a rather unexpected result, as ex­

perience shows that with 1,2-disubstituted cyclopropanes. 
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the ring is almost always open between the two substituted 

carbon atoms. This unusual result may be due tJ the un­

usually drastic conditions employed. Also, with this pro­

cedure, it is impossible to distinguish between effects 

of the bromine and of the hydrogen bromide which is 

precent as a result of substitution. 

To test the possiblity of methyl succinic ester as an 

intermediate, a run was made on methyl succinic ester under 

the same conditions as with the cyclopropane ester. Similar 

treatment of the reaction mixture gave the same products 

as v:ere obtained from the cyclopropane ester. The water­

soluble fraction consisted of succinic acid; of the ether 

soluble fraction, fraction 1 was brominated hydrocarbons, 

and was not further treated. Fraction 2 was brominated 

ester, and was reduced with zinc-copper couple, the pro­

duct being a mixture of maleic and succinic acids. 

The brominated hydroc0.rbons might have two scources. 

They might be the product of t~1e reactions of the methy­

lene residues, carbon atom number three of the ring 

which waE"' lost during the reactiJn or they might come 

from broxination and decarboxylation of succinic acid. 

To test the first possibility, a run was made using 

succinic ester under the same experimental conditions. 

Fraction 1 of the ether- soluble portion was obtained as 

bef~re, characterized by mode of separation, insolubil­

ity in concentrated sulfuric acid, density range, and 
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odor as a mixturE: of brominated hydr-'carbons. This in­

dicates that the ~source of the brominated ethanes is 

bromination and decarboxylation of succinic acid. 

From the evidence presented above, WE concluded 

that bromine opens the ring of cyclopropane dicarboxylic 

ester-1,2 between carbon atoms 1 and 3 (or 2 and 3}, the 

reaction going through the intermediate methyl succinic 

ester. The experimentsl cond.i tions necessary are so 

drastic that t~1e ring is broken up, carbon a tom number 

3 of the ring beir1g lost and not accounted for ii~ tr1e pro­

ducts. 

In a run at a lower temperature (150°) the ring was 

not broken. The water soluble fraction was cyclopropane 

dicarboxylic acid-1,2; the ether soluble fraction consist­

ed of brominated e~ters which on reduction and saponifi­

cation gave an aciJ which could not be identified, but 

which had some of the properties of an unsaturated cycle­

propene carboxylic acid. 

Hydrogen Bromide 

The reaction with hydrogen bromide was very sensitive 

to temperature, either little reaction occurrL:.:.g, or tar 

formation being the 11redowina ting reaction. The best 

temperature was found to be 1?0°. The time for all runs 

was six hours. Anhydrous acetic acid saturated with dry 

hydrogen bromide was the reagent. 
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At the temperature used, some tar was formed. Little 
gas was formed dur-ing the reaction. The reaction mixture 
was fractionally distilled directly. After removal of 
hydrogen bromide and acetic acid a bromine containing 
oil distilled, which solidified on standing. The solid 
was acidic, contained no bromine, melted at 80- 140°. 
Crystallization from benzene-acetone mixture gave a pre­
cipitate which after purification waE shown by melting 
point and mixed melting poir:.t determinations to be suc­
cinic acid. 

The mother liquor from the crystallization yielded 
an acid which melted in the range of glutaric acid, but 
which was shown by a mixed melting point not to be glu­
taric acid, and which could not be identified. 

Water extraction o~ tlJ.e tar gave an oil which 
solidified on standir1g. The solid was identified by 
melting point and mixed melting point determinatior:s as 
glutaric acid. 

From the evidence presented above we concluded that 
hydrogen bromide gives both 1,2 and 1,3 ring fission with 
cyclopropane dicarboxylic acid-1,2. 

Sulfuric Acid 

It was known from previous reports that the acid 

was stable to concentrated sulfuric acid at 100° and 
that above this temperature the compound was destroyed 

( 33, 34 J 35) • 
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Dilute acid (50%) at 150° was used in the Jresent in-... 

vesti~_ation, and runs were made both on the acid and the 

ester. The product from the reaction of the ester con­

sisted of an aqueous layer and an oily layer. The aque­

ous layer contained unchanged cyclopropane dicarboxylic 

acid-1,2. The oily layer was distilled, and two fractions 

were separated. The saponification equivalents were de­

termined, a~1d were slightlJ above the theoretical for 

cyclopropane dicarboxylic ester-1,2. The acids were re-

covered from the saponification reaction mixtures, and 

consisted principally of cyclopropane dicarboxylic acid-1,2. 

With the free acid, 5070 sulfuric c.~_cid at 150° for six 

hours gave a solid tar. Water extraction yielded only a 

small quantity of t~e starting material. 

Sodium Methylate 

It had been previously reported that aqueous bases 

were without effect on the ring (31). The present run 

was made with anhydrous alcoholic sodium methylate at 

150° for six hours. The sodium salt of the cyclopropane 

acid was used to avoid neutralization of part of the 

methylate by the acid or the products of saponification. 

After treatment, no change was observable in the 

appearance of the reaction mixture, and the bulk of the 

acid wa~ recovered unchanged. It was accordingly concluded 

that dry sodium methylate had no effect on the compound 

under the experimental conditions used. 
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EXPERIMENTAL 

The Preparation of Cyclopropane Dicarboxylic 
Ester-1,2 

fl The method employed was Buchner's pyrazoline method. 

Diazoacetic ester reacts with acrylic ester to give pyra­

zoline dicarboxylic ester-3,5, which loses nitrogen at 

150° to give a mixture of cyclopropane dicarboxylic 

ester-1,2 ana glutaconic ester: 

w 'eH • CO • 0 • Et 
N/ 

N N 

+ 

Et.o.co.ea b.H.co.o.Et 
'\_/ 

CH2 

CH2= CH. C:). 0. Et 

Et.CO.CO.CH CH.CO.O.Et 

\/ 
CH'"" 

1::, 

+ 
Et.O.CO.CH=CH.CH2.co.o.Et 

The diazoacetic ester was made by the directions of 

Gatterman, Laboratory Methods of Organic Chemistry, McMil-

lan, London, 193?. The acrylic ester was generously do­

nated by m&ma and Haas, Philadelphia, Pa. 

The first run was maae by the batch method {77). The 

quantity of reactiJn mixture must be kept down to 50 g., 

otherwise temperature control becomes difficult. Equi­

molecular quantities of the reactants { 2? g. diazo­

acetic ester and 23 g. ethyl acrylate) were mixed, and the 
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temperature allowed to rise spontaneously to a maximum of 
0 

50 , where it was held for 2 hours. Some nitrogen was 

evolved during this l:irocess. 

The pyrazoline co,-;:pound could be isolated by cool­

ing the reaction mixture, when partial solidification 

took place. Filtering and crystalization from water 

yielded pyrazoline dicarboxylic acid-3,5-diethyl ester, 

melting point 57° c. 

Since the separation gave a poor yield, it was not 

attempted in most case~, but the reaction mixture was 

subjectea to pyrolysis directly. 

By preference the reaction mixture from the conden-

sation was heated cautiously under a reflux condenser to 

150o C. A warm water bath was kept at hand to quench the 

reaction if necessary. Evolution of nitrogen continued 

for 3 hours. The products from several such reactions, 

using in all lOO g. of diazoacetic ester, were distilled 

in vacuo, the portion (about lOO cc.) passing over at 

100-150° c. at 14mm. being collected. It was dissolved 

in 300 cc. benzene, and shaken in a flask, while cooling, 

with 105o potassium permanganate solution until a perma­

nent excess was present (about 1500 cc. required). The 

benzene-water mixture was then filtered with suction, 

and the precipitated Mn0 2 washed with benzene and with 

water. The t\~,o layers of the filtrate were separated; 

the solvent was distilled from the benzene layer, and 
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the residual ester distilled in vacuo, the bulk (about 

45 cc.) passing over at 115 o. 5° C. at 14 mm. A sample 

was tested for ethylenic compounds by treatment with 

potassium permanganate in acetone. No change took place 

for 1 minute; the ester always ~ave decolorization on 

standing. 

An attempt wab rrade to prepare the cyclopropane di­

carboxylic ester-1,2 by diazotizing the glycine ester 

hydrochloride in solution in ethyl acrylate, using amyl 

nitrite as a scource of nitrous acid. At the boiling 

point (100°) nitrogen was evolved, but no cyclopropane 

dicarboxylic ester could be isoluted from the reaction 

mixture. At 0° a reaction occurred, the glycine ester 

hydrochloride, which is insoluble at that temperature, 

slowly dis£olving. But again no cyclopropane ester 

could be isolated. 

The di-ethyl ester has not been reported. So the 

compound was characterized by the physical constants of 

the acid. The ester boiled at 115° c. at 14 mm., 230° c. 
at 1 atmosphere with no apparent decomposition; saponi-

o 
fication equivalent 93.0 (theoretical 93.0); density 20 , 

20° 
1.070; the acid (crude, extr&cted from saponification re-

action mixture) melted at 174° c. (B~chner, 175° c.). 

On the second run, an innovation was introduced 

enabling the first two steps, condensation of the diazo­

acetic ester and acrylic ester and elimination of nitrogen, 
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to be combined. It also improved the yield. Instead of 

mixing the reactants in equimolecular proportions and 

allowing the reaction to proceed, diazoacetic ester was 

passed slowly through a long hair capillary into an ex­

cess of boiling ethyl acrylate (B. P. 100° C.) under re­

flux. Condensation and elimination or nitrogen took 

place simultaneously. The reaction mixture was then dis­

tilled directly in vacuo, using a column of the Whitmore 

type. The first fraction contained princi)ally cyclopro­

pane dicarboxylic ester-1,2 and some glutaconic ester. 

The secJnd fraction boiled about 4° higher, and consist­

ed principally of glutaconic ester with ahout 20% cyclo-

propane ester. 

The first fraction was washed with permanganate and 

distilled, boiling at 115° at 14 mm. Yield from 125 g. 

diazoacetic ester, 50 g. of the purified material (24%, 

based on diazoacetic ester). No attempt was made to re-

cover the cyclopropane ester contained in the second 

fraction, which would have raised the yield above that 

from the first run (28%). 

Pyrolysis 

Ring Opening Reactions of Cyclopropane 
Dicarboxylic Acid-1,2 and Ester 

A boiling point determination was made on the ester 

by the semi-micro method. After boiling for 30 minutes 

the boiling point was unchanged, so it was concluded that 
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the ester was stable to distillation at atmospheric pres-

sure. 

Reduction 

Catalytic reduction was attempted both over platinum 

at atmospheric ~ressure and room temperature, and over 

Raney nickel at elevated temperatures and pressure~. 

The platinum catalyst was prepared by the method of 

Adams (101), and on a test run catalysed the reduction of 

cinnamic acid. A run on the cyclopropane ester gave no 

absorption of hydrogen. The apparatus used was that des­

cribed by Shriner (102) for quantitative catalytic hydro-

genation. 

The nickel catalyst was prepared by the method of 

Adkins, and on a test run catalysed the reduction of ben­

zene to cyclohexane in the expected manner. The free 

cyclopropane acid was used instead of the ester, since 

the carboxyl group is more resistant t~ reduction than 

the ester group, an.-1 under the drastic conu.i ti~ns employ­

ed even Raney nickel, which is ordinarily inactive in the 

reduction of carbonyl groups, might have attacked the 

ester groups. The run was made on 3 g. of the acid, dis­

solved in 25 cc. absolute ethanol, using 1.5 g. catalyst. 

The bomb was :fillect with hydrogen at room temperature 

to a pressure of 1160 lbs./in.2, and heated to 100°, when 

the pressure had risen to 1390 lbs./in. 2 (95 atmos.) and 

held there for 30 minutes. Since no inflection point was 
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observed, the temperature was raised to 150° (109 atmos.) 

for 30 minutes, where no inflection point was observed. 

The bomb was allowed to cool to 100°, and more hydrogen 

added to 182 atmospheres pressure. It wa3 kept at 100° 

for 30 minutes, then raised to 150° ( 206 atmos.) for 30 

minutes, then to 200° (242 atmos.), when an apparent in­

flection point was observed. After 20 minutes the bomb 

was cooled and the reaction mixture removed. The sample 

was so small that absorption of the theoretical amount of 

hydrogen would have been barely perceptible on the pres­

sure guage. 

No reduction products coilld be recovered from the 

reaction mixture; the bulk of the starting material was 

recovered either as the acid or as the ester. Hence 

cyclopropane dicarboxylic acid-1,2 is stable to catalytic 

reduction under the conditions or the experiment. 

We wish gratefully to acknowledge the loan of the 

Adkins hi[h pressure hydrogenation apparatus by the Depart­

ment of Industrial and Cellulose Q1ennstry and the assis­

tance rendered by 1tt. L. Cooke. 

Bromine 

In all four runs were made, in order to determine 

the optimum conditions. The following outline describes 

the most successful one, the third. 

The reaction mixture consiEtcd of 4 cc. cyclopropane 

dicarboxylic ester-1,2, and 6 cc. bromine in a sealed tube. 
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The temperature of the bomb furnace rose to 250° for 30 

minutes, and was then reduced to 150° for 6 hours. We 

believe that most of the reaction occurred at the high 

temperature, and that this (purely fortuitous) temperat­

ure rise gave the clue to the best conditions. On open­

ing the tube, much gaseous products escaped, mostly hydro­

gen bromide. 

The reaction mixture was dissolved in ether, and 

washed with an equal quantity of water. The water soluble 

fraction after evaporation of the solvent, gave a solid 

residue and some oil, ~hich was removed by pressing on 

porous plate. The solid, amounting to about 0.2 g., was 

crystalized once from water, and melted at 186-8° C. A 

mixture with succinic acid (m. p. 188° C.) melted at 18?0 c.,; 

whereas a JLixture with cyclopropane dicarboxylic acid-1,2 

(m. p. 1?5° C.) melted at about 156° C. The neutral equi-

valent was determined as 60 (theoretical for succinic 

~Qid, 59). Thus the substance was identified as succinic 

acid. 

The ether soluble fraction after removal of solvent 

was distilled in vacuo, the distillate (Fraction 1) being 

taken off up to 65° c. at ? mm. The residue will be 

designated Fraction 2. 

Fraction 1 was separated from any esters by washing 

with concentrated sulfuric aciu, in which it was insoluble. 

It was separated into t~o fraction, la and lb, by fraction-
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al distillation at 50 mm. 

Fraction la, amounting to about 0.1 cc., distilled up 

to ?0° C. at 50 mm. It was identified as 1,2-aibromo ethane. 

The properties of the two follow: 

Boiling point, 

Melting point 

Density 

200 nn 
*Greater than 

Fraction la 

1 at. 126° c. 
about -100 

:>1.8* 

1.5348 

that of sulfuric cid 

Br. CH 2 • CH 2 • Br 

131° c. 

2.'2 

1.53?8 

Fraction 1b, amounting to about 0.1 cc., distilled at 

70-100° C. at 50 mm. It was identified as 1,1,2-tribromo 

ethane. The properties of the tv.o follow: 

Fraction lb 

Boiling point, 1 at. 1820 c. 
Melting point 

Density >1.8* 

nfiOO 1.5836 

*Greater than that of su1furic acid. 

Br2CH.CH2.Br 

1860 c. 
-260 

2•6 

1.5890 

Fraction 2 was dissolved in 40 cc. of 50~ ethanol, 

and refluxed tor 1 hour with 10 g. zinc-copper couple. The 

reaction mixture was filtered, the zinc ion precipitated 

from the filtrate with just sufficient sodium hydroxide, and 

the zinc hydroxide filtered oft. The filtrate was boiled 

tor a few minutes to insure complete saponification, made 

acid, and the acids extracted with ether. Evaporation gave 

a solid and some oil, from which it was freed by pressing on 
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porous plate. The solid, amounting to about 0.5 g., melted 

at 124-90 C. A mixture with maleic acid (m. p. 1300 C.) 

melted at 1270 C. Thus the substance was identified as 

maleic acid. 

It should be noted here that the products isolated 

accounted for only a small portion of the starting material. 

Another run at a lower temperaturen5oo for 6 hours) 

failed to open the ring. The water soluble fraction was 

shown to be cyclopropane dicarboxylic acid-1,2. The bulk 

of the ether soluble fraction distilled at 1450 at 8 mm. 

On reduction with zinc-copper couple ana saponification, a 

solid was obtained, acidic, bromine-free, very soluble in 

wat~r, unstable to permanganate, melting at 154-6°. It was 

felt that it might be cyclopropene dicarboxylic ~cid-1,2. 

Since this substonce has not been reported, and insufficient 

time was available to synthesize it, further identification 

was not attempted. 

Hyd~ogen Bromid~ 

Four runs were made to determine the optimum tem-

perature. This was found to be 1?0° c., at which temperature 

only a little tar was formed. 

The reaction mixture consisted of 4 g. cyclopropane 

dicarboxyiic acid-1,2, 10 cc. fuming hydrogen bromide in 

glacial acetic acid (0.36 g. hydrogen bromide per cc. of sol­

ution). It was heated at 170° c. for 6 hours. On opening the 

tube little gas escaped. The reaction mixture was distilled 

directly, first at atmospheric pressure until the solvent 
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was removed, then at 15 mm., when a bromine-containing oil 

distilled at 115-1600 c., the bulk at 1450 C. After standing 

over night the oil partially solidified; the solid was freed 

from adhering oil by pressing on porous plate. It contained 

no bromine; on attempting to determine the melting point, 

about half the sample melted around soo c., the rest around 

1400 c. 

Fractional crystalization from acetone-benzene gave a 

precipitate melting at 165o c. A mixture with cyclopropane 

dicarboxylic acid-1,2 melted at 1500 c. Recrystalization 

from acetone-benzene gave a product (about 0.02 g.) melting 

at 1?5° c. A mixture with succinic acid (m. p. 1850 c.) 

melted at 182-40 C. A neutral equivalent uetermination 

gave a value ot 64 (theoretical for cyclopropane dicarboxylic 

aoid-1,2, 65; for succinic acid, 59). The acid recovered from 

the neutral equivalent reuction mixture melted at 180-3° c. 

Thus the acid was identified as succinic acid. 

The mother liquors from the crystalization yielded an 

acid melting at 95° c. A mixture with glutaric acid melted at 

65-?50 c., proving the acid not to be glutaric. The acid 

could not be identified. 

Water extraction of the solid tar from the reuction 

mixture gave a small quantity of an oil which on long stand~ 

ing solidified. The solid was pres~ed on porous plate, 

melted at 93-40 C, A mixture with glutaric acid melted at 

94-50 c., proving the substance to be glutaric acid (m.p. 

990 c.). There was not enough recovered to determine the 
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neutral equivalent. 

From the evidence presented above we concluded that 

hydrogen bromiue cleaves the acid both 1,2 and 1,3. 

Sulfuric Acid 

Run 1 was made on the ester. The reaction mixture 

consisted of 5 cc. cyclopropane dicarboxylic ester-1,2, and 

5 cc, 50% sulfurio acid. It was heated at 1500 c. for 6 

hours. 

On opening the sealed tube, little gas escaped. The 

reaction mixture consisted of two layer~, slightly brown, 

otherwise unchanged in appearance. The contents of the 

tube were extracted with ether, the ether solution washed 

with sodium ccrbonate solution, evaporated, and the residual 

oil (about 0.4 cc.) distilled.by a micro method. Two fractions 

were collected. 

Fraction 1 came over below 170° (bath temperature) at 

45 mm. The boiling point at 1 at~;losphere was 2300 c.; the 

saponification equivalent was determined as 95; the acid 

recovered from the saponification equivalent reaction mixture 

melted at 165-700 c., and a mixture with cyclopropane di­

oarboxylic acid-1,2 geve no depression. So the pro0uct 

was i<~entified as cyclopropane dicarboxylic ester-1,2(b. p. 

2300 c., saponification e~uivalent 93, acid melts at 175° c.) 

Fraction 2 came over at 170-210° (bath temperature) 

at 45 mm. Its saponification equivalent was determineu as 

113. The acia extracted from the saponification reaction 

mixture melted at 160-650 C., and a mixture with cyclopro-
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pane dicarboxylic ao1d'!""l,2 gave no depression. So the product 

was cyclopropane dicarboxylic ester-1,2 containing impuri­

ties that could not be identified. 

Acidification and ether extraction of the sodium car­

bonate washings yielded no product. 

Run 2 was made on the free acid. After 6 hours at 

2000 c. a solid black tar resulted. On opening the sealed 

tube much gas escaped, with only a slight odor of so2 • 

Water extraction of the solid tar g<:.ve a small amount of an 

2ciG melting at 170° C. a mixture or which with cyclopro­

pane dicarboxylic ucid melted at 170-2° C. So the product 

v:as icentified as cyclopropane dicarboxylic acid-1,2. 

From the data presented above we concluded that 

cyclopropane dicarboxylic ester was stable msulfuric 

acid under the conditions of the experiment, and that the 

aci~~- v.as stable uncer conditions insufficiently drastic to 

form a tar. 

Sodium Methylate 

The cyclopropane dicurboxylic ester-1,2 (5 cc.) was 

s&ponified with 3 g. potassium hydroxide, the reaction mixture 

evaporated to dryness, and the potassium salt used directly. 

It was mixed intimately with Sec. of a suspension of sodium 

methylate in anhydrous methyl alcohol (15% sodium) and 

heated for 6 hours at 200° C. 

The reaction mixture was dissolved in water, made acid, 

some silica which precipitated was filtered off, and the 

solution was extracted with ether. The ether solution was 
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evaporated to about 10 cc., chloroform added until a pre­

cipitate appeared, warmed until the precipitate disEolved, 

and crystalized by cooling. Further crops were obtained 

by evaporating to smaller volumes and cooling. Each fraction 

containec_ 0.4-0.6 g. The melting points follow: 

Fraction 1 1?2-50 c. 

" 2 172-5 

" 3 173-4 

" 4 {Residue) 165-9 

Mixtures of these samples with cyclopropane dicarboxylic 

acid-1,2 gave no depre~sion of the melting poiLt. 

So it was concluded that the product consisted mainly 

of unqhanged cyclopropane dicarboxylic acid-1,2 {m. p. 

1750 C.), and that the acid was stable to sodium methylate 

under the conditions em~loyed. 



86. 

SUMM.t~RY 

(1) Cyclopropane dicarboxylic eoid-1,2-diethyl ester 

was prepared by Buchner's pyrazoline method. The method 

was examined, and innovations introduced which increased its 

usefulness and raised the yield slightly. 

(2) The behavior of the compound tow~rd ring opening 

re:.::..gents was investig~_ted. The reactions tried were pyrolysis 

on the ester, catalytic hydrogenation, both over platinum 

at atmospheric pressure and room temper~ture on the ester, 

and over Raney nickel at elevated temperatures and pressures 

on the acid, bromine on the ester, hydrogen bromide on the 

acid and the ester, sulfuric acid on the acid and the ester, 

and sodium methylate on the potassium salt. 

The compound was found to be very stable. All reactions 

were carried out in bomb tubes at high temperdtures, and the 

only reagents that succeeded in opening the ring were bromine, 

giving 1,3 cleavage, and hyQrogen bromide, giving both 1,2 

and 1,3 cle::...vage. 
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