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Summary 

Mercuration of trans-1-phenyl-2-cyclohexylcyclopropane and stereoiso- 
merit 1,2di- and 1,2,3triphenylcyclopropanes has been studied. An increase in 
the number of substituents in the cyclopropane ring leads to an increase in the 
stability of the ring towards mercury acetate, and substitution in the aromatic 
ring is the main process with 1,2,3-tiphenylcyclopropane. 

Introduction 

The action of mercuric acetate in hydroxyl-containing solvents on alkyl 
cyclopropanes [l-5] or monoaryl cyclopropanes [ 6] is known to result in the 
opening of the smaller ring and the formation of ymercurated alcohols or their 
derivatives. Predominantly the bond between the least and the most substituted 
carbon atomsis broken. That the initial attack is electrophilic agrees with the 
fact that electron-donor substituents directly bonded to the cycle accelerate its. 
reaction -with mercury acetate whereas electron-acceptor substituents decelerate 
it [7,83. With substituted phenylcyclopropanes, it was found-that the mecha- 
nism involved donoracceptor complexation at the smaller cycle and the ring 
opening rate in the complex depended essentially on the aromatic substituent‘ 
[?,lO]. Stereoisomeric 1,2-diphenylcyclopropanes are stablo towards mercuri& 
acetate [ 11,121 at room. temperature regardless of the solvent employed. No 
mercuration is observed under more drastic conditions (64°C) either, in metha- 
nol. In acetic.acid at 75-80°C the.difference-m reactivity is-felt and the &s-. 

isomer undergoes opening of the smaller ring to an-extent of 20% while-the 
trans-isomer remains unaffe+ed [ 111 . l,l-Diphenylcyclopropane.~reacts even at. 
room_temper@ture-h methanol [ll J ._ r ’ . . j_. ‘: : .I 

Thus, the data suggest that .the presence and arrangement of. s&stitr&ts 



‘. 

m the three-membered ring significantly influence the reactivity toward Mercuric 
ac&ate*; 

.: 

Discussion-. 

I To study the spatial and electron factors in more detail, we have investigat- 
ed the action of mercuric acetate on trans-1-phenyl-2cyclohexylcyclopropane 
and stereoisomeric 1,2dii and 1;2,3&=iphenylcycloprop~es. 

trans-1-Phenyl-2-cyclohexylcyclopropane (I) does not react with mercuric 
acetate in glacial acetic acid at room temperature (under these conditions the 
cyclopropane ring in phenylcyclopropane is opened completely) but at 75-80” 
it undergoes substitution in the benzene ring to an extent of 7% (the product is 
trans-l-(p-chloromercuryphenyl)-2~cyclohexylpropane (ll))k* and opening of 
the smaller ring to an extent of 50% (the product is 1-phenyl-2-cyclohexyl-l- 
acetoxy-3chloromercurypropane (III)). The ring opening occurs at the bond of 
the unsubstituted carbon with the carbon to which the phenyl radical is attach- 
ed (Scheme 1). 
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The lower reactivity of I compared with phenylcyclopropane may be 
assigned to spatial hindrance created by the two bulky substituents. Conse- 
quently, along with electron factors mentioned earlier [ 9,101, spatial factors 
significantly affect the cyclopropanereactivity. 

We wanted to reinvestigate mercur~tion of cis- (V) and hns- (VI) -1,2- 
diphenylcyclopropanes. In these compounds stereochemical factors resemble. 
those operating in I whereas the three-membered ring may-conjugate with two 
phenyls. -. : 

Mercuration of V and VI in glacial acetic acid at 7540°C shows-that the. 
._ -. : 

l We iound L131 sim&aneously.with De PUY and‘M&Girk Cl41 tb& an increase in the number of 
. 

substituenti ti. the cycIo~rc$a& &g leads to’an increa& & the stability of the &I& t&&r&m&c& 
acetat%.Their PMR spectra r~evealed a benzene ring substituti’on pioduct in the reactor mixiure 
rfxulting from men&a - bon of anti-1-Phenyl-cis-2.3-dimethylcyclopropae with mercury t+~orot 
a&ate. No indivi;lual brociuC+ hciwever~‘Gas iiolated. ~. 

t* In this and other cas& chloromercury derivatives were isolated by &&ating theieact& mixture- 
* 

~~sa~&&e~~s~&&fde:_ ~..~T. I . . _- __- . . :- 
_.. 
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cyclopropane-ring in the hydrocarbons-is more stable against mercuric acetate 
that itis in I;.V undergoes 30% smaller ring opening, VI 21%. Also, the trans- 
isomer (VI) is markedly mercurated in the phenyl ring. (see Table. 1); Get us 
assume that spatial hindrance in I is close to that in VI, then,the greater stability 
of the cyclopropane ring in the latter compound may- be explained by conjuga- 
tion of the ring with the two phenyls. Note that VI undergoes the- benzene ring 
mercuration to no smaller extent than the cyclopropane ring opening, thus 
differring significantly from the relaM compound I in which the first reaction 
prevails (Table 1). _ : 

The reaction is affected strongly by the configuration of the reactants. 
(Scheme 2). For example, the trarzs-isomer (VI) undergoes mainly substitution 
in the aromatic ring whereas the smaller ring opening predominates in the 
&-isomer (Table 1). The ring opening also proceeds in different ways. Firstly, 
the bond (Cl-G?) between the most substituted atoms is broken in the cis- . 
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isomer (V) whereas the Cl-C3 bond is broken in VI. Secondly, the bond de- 
composition inV is due not only to mercuration but also to oxidation, by mer- 
curic acetate,and the adduct IX is accompanied with 1,3diphenyE1,3-diacetoxy- 
propane*- (IX). 

The spatial and substitution effects were further studied on cis- (XVI) and 
t&ns- (XVII)-1,2,3-triphenylcyclopropanes. _- 

The. smaller cycle in both compounds is stable against mercuric acetate 
(in acetic acid at 76-83°C) and mercuration of the phenyl ring. is, to all intents 
and purposes, the only direction observed (Scheme 3). 
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_ Mercuration of the &-isomer (XVI) gives syn-l-(o-chloromercuryphenyl)- 
cis-2,3-diphenylcyclopropane (XVIII, yield 7%) and syn-l-@-chloromercury- 
phenyl)-cis-2,3diphenylcyclopropane (XIX; yield 14%); the initial hydrocarbqn 
is recovered to an extent of 70%. The reaction mixture contains a compound 
revealing no cyclopropane protons (PMR) and exhibiting (IR) a band at 1735 
cm-l (C=O) and a band at 1235 cm? (C-O). These data prompt us that 
opening of the smaller ring, however insignificant, still has occurred. 

The trans-isomer (XVII) is substituted in the para-position of the trans- 
phenyl ring to an extent of 27% and gives anti-l-@-chloromercuryphenyl)-cis- 
2,3-diphenylcyclopropane (XX). 

In the triphenylcyclopropanes (XVI and XVII), where all the cyclopropane 
ring carbons are bonded with phenyls, the smaller cycle practically does not 
react with mercuric acetate. Consequently, the introduction of large substituents 
such as phenyl which conjugate with the smaller cycle and bar if from the 
reactants suppresses the mercuration and the accompanying opening of the 
smaller ring. 

Table 1 shows that the amount of the products arising from the opening of 
the smaller ring decreases across the series phenylcyclopropane, frans-1-phenyl-2- 
cyclohexylcyclopropane, cis-1,2diphenylcyclopropane, trans-1,2-diphenylcyclo- 
propane, cis-1,2,3triphenylcyclopropane and trans-1,2,3-triphenylcyclopropane. 
The amount of the substitution products rises in the same direction. 

These results show that mercuration may effect both the smaller and the 
aryl cycles in arylcyclopropanes. The reaction course depends, of course, on 
both accessibility and.reactivity of the sites mentioned. Introduction of phenyls 

. . 
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TABLE 1 

MERCURATION OF tram=l-PHENYL-2-CYCLOHEXYLCYCLOPR9PANE. 1.2-D&. AND 1.2.3-TRI- 

PHENYLCYCLOPROPANES IN GLACIAL ACETIC ACID AT 75-80°C 

Compound Composition of reaction mixture <%) 

I 

V 
VI 

XVI 
XVII 

Initial 

hydrocarbon 

40 

60 
51 

70 
72 

Ring Benzene ring substitution products 

opening 
products ortho para 

50 7 

30 2 6 
21 3.5 20.5 

traces 7 14 
27 

in the cyclopropane ring not only screens the ring but also’ stabilises it, owing to 
conjugation with the benzene ring. It is known that when alkylcyclopropanes 
are replaced by phenylcyclopropane the trimethylene ring stability toward 
electrophiles rises [ 18,191; the rate of mercuration decelerates but the reaction 
course is still the same, viz., the smaller cycle is opened to give y-mercurated 
alcohols or their derivatives. 

With 1,2diphenylcyclopropanes, mercuration goes in both possible direc- 
tions; the smaller ring opens and the benzene ring is substituted. 1,2,3_Triphenyl- 
cyclopropanes undergo only the benzene ring substitution. 

The contribution of conjugation in the stabilkation of the cyclopropane 
ring is also seen in comparing trans-1-phenyl-2-cyclohexyl- with trans-1,2-di- 
phenylcyclopropanes and, on the other hand, cis- (V) with trans- (VI) -1,2-di- 
phenylcyclopropanes, in their mercuration reactions. 

Isolation and structural assignment 
Hydrated silicic acid was used to separate all the chloromercury derivatives 

obtained, by column c’hromatography (eluent CCl,/CHCls 3/l). 
Chloromercury derivatives II, VII, VIII, XII, XIII, XVIII, XIX and XX as 

benzene ring substitution products were assigned by reducing them with sodium 
borohydride to the starting I, V, VI, XVI and XVII, and by PMR spectroscopy 
(Table 2). 

The c&assignment in VII, VIII and XIX was made on the basis of 13C NMR 
spectra; the cyclopropane carbon chemical shifts are greater in trans- than in 
cis-isomers [20] (Table 3). 

The chloromercury group assignment in the phenyl rings of VII, VIII, XII 
and XIII was based on the number of equivalent carbons. The integral intensity 
ratio is 1/2/3/l for thepara-isomers VIII, XII and XIX, and it is l/l/l/l/l/l for 
the ortho-isomers VII at&XII. The o&ho-assignment for the chloromercury 
group agrees also with significant alteration of the cyclopropane Cl chemical 
shift in VII and XII (Table .3). 

Structures of III, IX, X and XIV as cyclopropane ring opening products 
were proved spectrahy and chemically. The IR spectral .data given in Table 4, 
PMR spectral data in Table 2. 

Sodium borohydride reduction of III, IX and XIV gave the respective. 












