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view of facile 0 - N rearrangement, the oils may contain small 
amounts of N-alkylphosphazanes. 

The TiC14-catalyzed reaction of octachlorocyclotetraphos- 
phazene and epichlorohydrin was attempted by adding Tic14 slow- 
ly to a mixture of the other reactants a t  85', followed by heating 
and work-up similar to that described above. 
Octakis(2-chloroethoxy)cyclotetraphosphazene, 3, by reac-  

t i o n  L3 A 2 4  %neck round-bottom flask containing 700 ml of an- 
hydrous pyridine and 87 g (1.5 equiv) of 2 was cooled to 15', and 
121 g (1.5 equiv) of 2-chloroethanol was added dropwise over 1 hr. 
After the mixture was stirred at  room temperature for 20 hr, sol- 
vent was removed under vacuum below 50'. The residue was then 
poured into 600 g of ice-water, and the oil layer taken up with 
chloroform. The chloroform extract was washed with 5% HC1, 5% 
NazC03, and water, dried (MgS04), and concentrated on a rotary 
evaporator. The residual oil was concentrated further at room tem- 
perature and 0.1 Torr for 16 hr. The product was a viscous yellow 
oil, weight 145.2 g, 95% of theoretical yield, characterized by ir 
spectrum (see following paragraph on supplementary material). 
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A study has been made of the reactions of cis- and trans-2-phenyl-1-methylcyclopropanol and their methyl 
ethers, cis- and trans- 2-methyl-l-phenylcyclopropanol, and cis- and trans- 1,2-diphenylcyclopropanol with vari- 
ous electrophiles, including mercuric acetate, acid, and various sources of positive halogen. The direction of ring 
opening is found not to depend upon the stereochemistry of the starting material. The free-radical opening of op- 
tically active trans- 2-phenyl-1-methylcyclopropanol by FeC13 is shown to give racemic chloro ketone. The results 
are compared with those from related systems. 

For some time we have been interested in the mechanism 
and stereochemistry by which cyclopropanols and their de- 
rivatives react with electrophiles.1 In previous studies we 
have reported that t rans -  2-phenyl-1-methylcyclopropanol 
undergoes electrophilic ring opening with retention of con- 
figuration when treated with D+ and that the various cis- 
trans isomers of 2,3-dimethyl-l-phenylcyclopropanol ring 
open with inversion of configuration upon reaction with 
mercuric acetate3 or various brominating  agent^.^ In the 
course of these and other studied we have also had occa- 
sion to measure the effect of a ring substituent on the di- 
rection of ring opening upon attack by an electrophilic re- 
agent (eq 1). In the work reported in this paper we have at- 
tempted to make a more systematic study of cyclopropanol 
ring openings as a function of the nature and stereochemis- 

try of the substituents R and R', particularly as they apply 
to halogenation, but also for protonation and mercuration. 

Results 
cis -2-Phenyl-1-methylcyclopropanol (Ib). The first 

system chosen for study in this investigation was cis-2- 
phenylcyclopropanol (Ib) since we had previously deter- 
mined the product composition on ring opening of the 
trans isomer.* We were interested in determining if simple 
cis-trans isomerization would have any effect on the direc- 
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tion of opening. Unfortunately the method we had used for 
the preparation of the trans isomer2 was not applicable to 
the cis isomer, and we had to prepare and separate a cis- 
trans mixture of cyclopropyl acetates (Ia and IIa) prepared 
by a modification of Freeman's method5 (Scheme I). The 
isomers were difficult to separate, but we were finally able 
to obtain small quantities of pure Ia by careful column 
chromatography. The pure crystalline cis alcohol, Ib, was 
obtained from la by reaction with methyllithium and work- 
up under carefully controlled pH conditions. Once pure, it, 
like the trans isomer, was indefinitely stable when stored in 
a polyethylene bottle in the cold. Its spectral properties 
were in full accord with its assigned structure. 

Scheme I 
I _ _  CH, 

H 

Ia, R = Ac IIa, R = Ac 
b, R = H  b , R = H  

Base-catalyzed cleavage of Ib (eq 2) at  85-90' in 50:50 
(v/v) 0.2 N NaOH-dioxane yielded a single product which 

0 

0 0 

43 % 5 7  % 

0 

CHCHCHzCCH3 (4) 
KBSJCDCI, II 

d l  
Br CsH5 OH 

lor) % 
was identified as 4-phenyl-2-butanone by comparison of its 
nmr spectrum and gpc retention time with those of an au- 
thentic sample. Acid-catalyzed cleavage of Ib (eq 3) was 
carried out under conditions similar to those reported ear- 
lier2 for the trans isomer by heating at  90-95' in 50:50 (v/v) 
2 N HC1-dioxane. Ring opening occurred in >97% yield to 
give 4-phenyl-2-butanone (43%) and 3-phenyl-2-butanone 
(57%) in essentially the same ratio as that found for the 
trans isomer (40%:60%).2 Finally, Ib was treated with N- 
bromosuccinimide in CDCls in the dark. Reaction occurred 
immediately. The nmr spectrum of the product was consis- 
tent with the formation of 4-bromo-4-phenyl-2-butanone 
as the sole product (eq 4), just as was found previously to 
be the case for the trans isomer (IIb>.4 Thus the change in 
stereochemistry a t  C-2 has no effect on the direction of ring 
opening. 
2-Phenyl-1-methylcyclopropanol Methyl Ether  

(111). To determine if the direction of ring opening would 
change if the free hydroxyl group were masked, the methyl 
ether was prepared. This was accomplished in 76% yield 
when a 1:3 mixture of cis- and trans- 2-phenyl-1-methylcy- 
clopropanol in ether was treated with diazomethane and 

aluminum chloride.6 This method proved much superior to 
several others tried, including alkylation with methyl io- 
dide, trimethyloxonium tetrafluoroborate, or diazomethane 
and boron trifluoride. 

These cyclopropanol methyl ethers (111) are significantly 
less reactive toward cleavage with acid than the corre- 
sponding alcohols. However, upon heating at  95-105' in 
60:40 dioxane-sulfuric acid (8.3 N ) ,  ring opening is com- 
plete within 26 hr. The products are 62% 3-phenyl-2-buta- 
none and 38% 4-phenyl-a-butanone, a mixture which is not 
significantly different from that found for the correspond- 
ing alcohols. The reaction was monitored by gpc from the 
beginning, and at  no time were there more than three com- 
ponents present, the starting ether mixture (111) and the 
two ketonic products. Moreover the ratio of ketones did not 
change during the course of the reaction. It thus seems very 
unlikely that any rearrangement of products or incursion of 
alternate methods of ring opening (for instance carbon- 
oxygen cleavage followed by rearrangement to an allylic 
cation) could be occurring. 

Reaction of the ether mixture (111) with an equivalent of 
mercuric acetate was carried out in acetic acid-d4 and the 
results monitored by nmr spectroscopy. The reaction was 
complete within less than 10 min at  room temperature and 
the product mixture (eq 5) was identical with that found 
for the corresponding alcoh01.~ 

111 
HgOAc 0 CH,HgOAc 
I II I 
I 

HC-CH,-CCH, + HC-CCH, ( 5 )  
I I1 

C6H5 0 C6H5 
25% 75% 

In contrast to the results for protonation and mercura- 
tion, where ring opening occurred identically for the ether 
and the alcohol, although somewhat more slowly on the for- 
mer, the cyclopropanol methyl ethers (111) could not be in- 
duced to react with tert- butyl hypochlorite even after sev- 
eral days. Yet the alcohols react immediately, almost ex- 
plosively, even a t  ice-bath temperatures. The ether mixture 
does react slowly with N- bromosuccinimide, as compared 
to an almost instantaneous reaction of the alcohols, but a 
complex mixture of reaction products is obtained and the 
products anticipated for simpie brominative ring opening 
could not be detected. These results are in accord with pre- 
vious observations that cyclopropanols are almost unique 
in their ability to react readily with halogenating agents.4 

Stereochemistry of Halogenation of trans- 2-Phenyl- 
1-methylcyclopropamol (IV). We have previously shown 
that 2,3-dimethyl-l-phenylcyclopropanols and their ace- 
tates brominate stereospecifically with inversion of config- 
uration, while the alcohols react with chlorinating agents in 
a nonstereospecific manner and the acetates do not react at  
all.4 To account for the lack of stereospecificity upon chlo- 
rination, we proposed an oxidative attack on the OH bond 
leading to ring opening via a radical mechanism since cy- 
clopropanols are known to be easily oxidized. Indeed the 
threo:erythro product ratio obtained upon chlorination is' 
the same as that obtained by ferric chloride oxidation4 (eq 
6), a process which has been shown to occur by way of radi- 
cal intermediates.7 One reasonable explanation for our re- 
sults with the 2-phenyl compounds might be that the phe- 
nyl group greatly accelerates this oxidative pathway so that 
the reaction occurs exclusively on the 0-H bond. To test 
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this hypothesis optically active t rans-  2-phenyl-1-methyl- 
cyclopropanol (IV)2 was allowed to react with NBS, t e r t -  
butyl hypochlorite, and FeC1.7. Cleavage with NBS and 
ter t -  butyl hypochlorite in CDClR proceeds with predomi- 
nant or exclusive inversion a t  the benzylic carbon yielding 
optically active 4-halo-4-phenyl-2-butanone (eq 7).8 In 
contrast, cleavage with FeCl:% in ether yields racemic 4- 
chloro-4-phenyl-2-butanone. 

cis- and t rans-  1,2-Diphenylcyclopropanol (Va and 
Vb). A mixture of cis- and t rans-  1,2-diphenylcyclopro- 
pylacetates was prepared and separated according to the 
method of Freeman5 and DePuy.9 Cleavage with methylli- 
thium produces the corresponding alcohols Va and Vb. 
These alcohols melt over a relatively wide range even after 
numerous recrystallizations even when it appeared by nmr 
and ir spectroscopy that they were pure. Perhaps they melt 
with some ring opening induced by air or glass. 

Both of these alcohols react rapidly with NBS or tert-  
butyl hypochlorite in CC14 solution to yield a single halo 
ketone whose nmr spectrum is consistent with the struc- 

50% 50% 

"X"' NBS, t-B@l 
X = Br,C1 
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Table I 
Product Distributions from Cleavage of 

2-Methyl- 1 -phenylcyclopropanol (VI) with 
Halogenating Agentsa Va 

Vb 
“X”’ NBiS, t-BuOC1 

ture of @-halo-P-phenylpropiophenone (eq 8). This struc- 
ture was confirmed when it was found that stirring with 1 
N potassium carbonate solution converted the product ex- 
clusively to chalcone. 

When either Va or Vb is stirred with an equivalent of 
mercuric acetate in acetic acid at room temperature, ring 
cleavage occurs within an hour, giving rise to a mixture of 
organomercurials (eq 9). To determine the relative amount 

Hg(OAc), 
HOAF- 

CH,HgOAc CH3 
I I 

I I 
HCCclc6H, HCCOC6H5 

HgOAc (9) 

of C1-Cz compared to C1-C3 bond cleavage, the carbon- 
mercury bond was reduced with sodium borohydride and 
the resulting mixture of alcohols was reoxidized to a mix- 
ture of a- and P-phenylpropiophenone. Analysis of the mix- 
ture of ketones was made by gpc and comparison was made 
with authentic samples which were synthesized by stan- 
dard methods (see Experimental Section). Both the cis and 
trans isomers gave mainly or exclusively C1-C2 cleavage; 
from the former no a-phenylpropiophenone was formed, 
the ketone fraction being 68% 0-phenylpropiophenone and 
32% chalcone while the latter gave 88% ,&phenyl- and 12% 
a-phenylpropiophenone together with chalcone. The chal- 
cone must have arisen by elimination of the highly reactive 
benzylic organomercurial either by solvolysis or during re- 
duction.’O In any event it could only have arisen from the 
products of c1-C~ cleavage so that cleavage in this direc- 
tion occurs to the extent of 90-100%. We have also shown 
that cleavage of these isomers by H+ leads to 93-95% C1-Cp 
~leavage .~  These results confirm scattered literature results 
which indicate that in a 1,2-diphenylcyclopropane the ring 
bond between two phenyl groups is cleaved preferentially. 
Levinall reported that cleavage of 1,2-diphenylcyclopro- 
panes occurs between the two phenyls upon reaction with 
bromine at  -7’. LaLonde12 also found exclusive C1-C2 
cleavage of the 1,2-diphenylcyclopropanes with bromine in 
CC14 at  -20’. Young13 has noted a similar direction of 
cleavage for 1,2-diphenylcyclopropanes with ceric ammo- 
nium nitrate. 

2-Methyl- 1-phenylcyclopropanol (VI). In previous 
work we had determined that this compound undergoes 
99% C1-C3 cleavage with mercuric acetate, 53% C1-C3 
cleavage with H+, and 83% c1-C~ cleavage with OH-.3 To 
complete our comparison with the 1,2-diphenyl and 2-phe- 
nyl-1-methyl systems, we wished to determine the product 
composition upon ring opening with halogenating com- 
pounds (eq 10). Brominations were carried out with NBS in 
chloroform and chlorinations with tert- butyl hypochlorite 
in chloroform and ferric chloride in ether. The results are 
given in Table I. 

% Cl-CQ cleavage Reagentlsolvent % c 1 - C ~  cleavage 
- 

NBS /C HC 1, 14 86 
t -BUOC~ / C H C ~ ,  58 42 
FeC1,/ether 100 0 

a Based on elimination of the 6-halo ketones to isopropenyl- 
phenyl ketone (VIII) and propenylphenyl ketone (VII ) .  

VI 

+ 

CH,CH=CHCOC,H, 

VI1 

+ 
CH, 
II 

CH~CICOC~H~ 
VI11 

“X”’ = NBS, t-BuOC1 
These results for NBS and FeC13 are those expected on 

the basis of earlier studies. For example, bromination of 
1,2,2-trimethylcyclopropanol gives 100% C1-C3 bond cleav- 
age, by attack of the electrophile on the least substituted 
carbon, while FeCb oxidation gives 100% CI-CZ opening 
with the generation of the most stable r a d i ~ a l . ~  The reac- 
tion products with tert- butyl hypochlorite are difficult to 
account for. When the reaction was carried out in the pres- 
ence of hydroquinone or p -  cresol, the product mixture did 
not change. These inhibitors did not interrupt any radical 
chain reaction. 

Discussion 
The results reported in this paper complement and rein- 

force those reported earlier1~3~4,9 without affording final an- 
swers to several striking aspects of the reactions of cyclo- 
propanols with electrophiles. The most puzzling anomalies 
lie in ring opening with various halogenating agents. We 
might take 1,2,2-trimethylcyclopropanol as a “well be- 
haved” compound. This molecule reacts rapidly with NBS 
or tert- butyl hypochlorite giving quantitative yields of 
products resulting from attack on the methylene ring car- 
b o ~ ~ . ~  2-Phenyl-1-methylcyclopropanols reacts equally rap- 
idly, but exclusively at  the benzylic carbon, and complete- 
ly, or nearly so, with inversion of configuration a t  Cz. This 
high stereospecificity would seem to rule out any radical- 
chain mechanism, especially so since FeC13 oxidation leads 
to nearly racemic chloride, and, while ionic chain mecha- 
nisms are conceivable, they do not give any clear-cut expla- 
nation for the differences found on halogenation of 2- 
methyl-1-phenylcyclopropanols nor for the differing stere- 
ochemical results reported earlier for the 2,3-dimethyl-1- 
phenylcyclopropanols and cyclopropyl  acetate^.^ Further 
work will be needed to clear up these differences in behav- 
ior which are especially interesting because cyclopropanes 
in general are not reactive toward halogenating agents, cy- 
clopropanols being a notable exception. 

Our results also confirm that 1,2-diphenylcyclopropanes 
are especially susceptible to cleavage of the ring bond be- 
tween the phenyl groups, no matter what the electrophile. 
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The effect is observed whether the two aromatic rings are 
cis to one another or trans, and thus cannot be due to a ste- 
ric relief of strain. We do not have any stereochemical re- 
sults in a diphenyl system, so we cannot say whether the 
electrophile is entering with retention or inversion, but in 
the system studied by Cristol and coworkers14 ring opening 
always occurred on the bond between the aromatic rings 
and with retention (eq 11). It will be interesting to see if 
this stereochemistry will hold for simple cyclopropanes. 

The independence of product composition with cyclopro- 
pane stereochemistry is also clearly shown by the reactions 
of cis- and trans- 2-phenyl-l-methylcyclopropanols, and 
the product composition is also unchanged when the much 
less reactive methyl ethers are used in place of the alcohols. 
Additional work is now in progress which may shed light on 
some of these puzzling observations. 
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Dimethyl sulfoxide (DMSO) reacts a t  oxygen with so3, P4010,  BF3, and HzS04 at or below room temperature. 
With the first two electrophiles, intermediates are obtained that generally react readily with sulfonamides, am- 
ides, and aromatic amines to give iminosulfuranes in good to excellent yields (60-90%). Although intermediate 
complex formation is necessary for the formation of iminosulfuranes, it is not a sufficient condition for successful 
reaction, as a good leaving species must also be provided to facilitate cleavage of the S-0 bond of DMSO. Acetic 
anhydride does not form significant quantities of “activated” intermediate with DMSO a t  room temperature but 
does at elevated temperatures and, if sulfonamides or carboxamides are present, iminosulfuranes are obtained. 
The activation of DMSO with so3 has received detailed study; SO3 is especially useful in the preparation of imi- 
nosulfuranes from DMSO and aromatic amines; and it can also be used with the other nitrogen compounds. Salts 
have been prepared from selected iminosulfuranes and hydrogen chloride. Mechanistic considerations are also 
discussed. 

In this paper we are reporting (a) the “activation” of 
DMSO by liquid SO3 and, for comparison, P4010, acetic an- 
hydride, concentrated sulfuric acid, and boron trifluoride; 
(b) the scope and limitations of the reaction of “activated” 
DMSO with a variety of nitrogen compounds (sulfon- 

amides, amides, and aryl amines) to prepare iminosulfu- 
ranes with a wide range of structures (R,S+-N--R’); (c) 
certain mechanistic aspects of the iminosulfurane prepara- 
tive reaction; and (d) some spectral and other miscellane- 
ous characteristics of iminosulfuranes. As a corollary of (a), 


