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Communication 

REACTIONOFCYCLOPROPYLBENZENEAND 
CYCLOPROPYL PHENYL KETONE WITH 

SULFUR TRIOXIDE1-3 

HAROLD R. W. ANSINK and HANS CERFONTAIN* 
Laboratory of Organic Chemistry, University of Amsterdam, 

Nieuwe Achtergrucht 129, 1018 WS Amsterdam, The Netherlands 

(Received November I I ,  1994) 

The sulfonation of cyclopropylbenzene (la) and cyclopropyl phenyl ketone (5) with sulfur trioxide in 
both nitromethane and 1.4-dioxane as solvent has been studied. Sulfonation of cyclopropylbenzene (la) 
with up to 2.0 mol-equiv. of SO, in dioxane leads to the initial formation of 3-phenyl-l,3-propanesultone 
(2a) which product subsequently slowly isomerizes to 3-phenyl-2-propene-1-sulfonic acid (4a). Sulfo- 
nation of la with 4.0 mol-equiv. of SO, in nitromethane gives the corresponding 4-sulfo derivatives 2b 
and 4b, of which the former product also slowly isomerizes to give the latter. Reaction of cyclopropyl 
phenyl ketone (5) with SO3 in nitromethane yields quantitatively l-benzoyl-l,3-propanesultone (6). 
Upon aqueous alkaline work-up of the reaction mixtures, the y-sultones 2a and 6 are quantitatively 
converted into the corresponding potassium hydroxypropanesulfonates 3 and 7, respectively. Mecha- 
nisms for the formation of the various products from the starting cyclopropyl substrates are proposed. 

Kcy words: Sulfur trioxide sulfonation, cyclopropylbenzene, cyclopropyl phenyl ketone, y-sultone. 1.2- 
oxathiolane dioxide. y-hydroxypropanesulfonic acid, potassium y-hydroxypropanesulfonate. 

INTRODUCTION 

Recently we have shown that the type of product formed on sulfonation of alkyl- 
idenecyclopropanes with sulfur trioxide depends on the substituents at the meth- 
ylene carbon .2.4 The products resulting from methylene- and cyclopropylidene- 
cyclopropane are the corresponding 2-methylene-l,3-propanesultones, whereas 
diphenylmethylidene- and  adamantylidene-cyclopropane afforded 1- 
(diphenylmethy1idene)- and l-adamantylidene-l,3-propanesultone, respectively. 
These observations, in combination with our general interest in aliphatic and ar- 
omatic sulfonation, prompted us to study the reaction of cyclopropylbenzene (la) 
and cyclopropyl phenyl ketone (5) with SO, in the complex forming solvents 1,4- 
dioxane and nitromethane. 

that the SO, sulfonation of mixed aliphatic-aromatic 
ketones, typically aceto- and propiophenone, initially leads exclusively to aliphatic 
sulfonation at the a-carbon of the alkyl group, and only subsequently to sulfonation 
of the phenyl moiety. We have confirmed these observations for aceto-, propio-. 
and butyrophenone, for cyclopentyl and cyclohexyl phenyl ketone, for the 1-0x0 
derivatives of indane and 1,2,3,4-tetrahydronaphthalene,’ and for 1,3-dioxo-in- 
dane .7.H 

It has been 
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Levina and Shabarov have reported that reaction of cyclopropylbenzene (la) 
with SO,-pyridine, followed by aqueous alkaline work-up, gave 3-phenyl-2-pro- 
pene-1-sulfonate in a yield of 65%.' Extensive studies on the reaction of cyclo- 
propylbenzene with various electrophiles have shown that in general mainly ortho 
and para substitution of the phenyl group takes place, in addition to  reactions in 
which the cyclopropyl moiety is involved."' 

RESULTS AND DISCUSSION 

The sulfonation of cyclopropylbenzene (la) and cyclopropyl phenyl ketone ( 5 )  has 
been studied, using SO, in either nitromethane or 1,Cdioxane as solvent. The 
results are collected in Table I. 

Reaction of cyclopropylbenzene (la) with 1.0 mol-equiv. of SO, in dioxane-d, 
gives 3-phenyl-1,3-propanesultone (2a) as the only product in a yield of 75%. 
Aqueous alkaline work-up of the reaction mixture containing the y-sultone 2a led 
to the quantitative conversion of 2a into potassium 3-hydroxy-3-phenylpropane-l- 
sulfonate (3). On using 2.0 mol-equiv. of SO,, l a  is fully converted into the y- 
sultone 2a, which subsequently slowly isomerizes to give 3-phenyl-2-propene-l- 
sulfonic acid (4a). i.e. the product observed by Levina and Shabarov.' 

Upon performing the sulfonation of l a  with 4.0 mol-equiv. of SO3 in nitrometh- 
ane-d, as solvent, the products are 3-(4-sulfophenyl)-l,3-propanesultone (2b) and 
3-(4-sulfophenyl)-2-propene-l-sulfonic acid (4b), the latter resulting from the for- 
mer by isomerization. The formation of 3-(4-sulfophenyl)-l,3-propanesultone (2b) 
from cyclopropylbenzene (la) may proceed in two ways. First by initial sulfonation 
of cyclopropylbenzene at the para position to give cyclopropylbenzene-4-sulfonic 
acid (lb), followed by conversion o f  the cyclopropyl into the 1,3-propanesultone 
moiety, and second by initial conversion of l a  into 3-phenyl-l,3-propanesuitone 
(2a) and subsequent sulfonation of the phenyl at the para position. The observations 
of direct electrophilic phenyl substitution of cyclopropylbenzene on using various 
other electrophiles"' indicate that the first sequence is at least of some importance. 

3' 

la X = H  
l b  X=S@H 

0- OH $032 SO, K' 

3 n -  
3 

2a X = H  
2b X = S Q H  

3 
3 

4a X = H  
4b X=S03H 

Ph 
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The absence of ortho sulfonation beyond the limit of detection, which is 2-3%, 
may be ascribed to steric hindrance between the cyclopropyl and sulfo groups in 
the a-complex for ortho sulfonation. The conjugative stabilization of the c+-com- 
plexes leading to ortho and para substitution will be maximal when the cyclopropyl 
substituent is in the bisected c~nformat ion . '~  For the ortho sulfonation, because 
of steric hindrance with the incoming bulky sulfo group, tordation of the cyclopropyl 
group from the bisected orientation will occur. This will very significantly reduce 
the mesomeric conjugation between the cyclopropyl substituent and the cationic 
cyclohexadienyl structure in the transition state that leads to ortho sulfonation, and 
thus to a substantial reduction in the degree of ortho sulfonation. 

The formation of 3-phenyl-l,3-propanesuItone (2a) from cyclopropylbenzene 
(la) may proceed (see Scheme I) by electrophilic attackIY of the SO, sulfur at  the 
cyclopropyl C(2') or C(3'), with the ingrowing positive charge at the benzylic carbon 
being conjugatively stabilized by the adjacent phenyl group (step l), followed by 
ring closure to give the y-sultone 2a (step 2). The subsequent slow conversion of 
2a into the isomeric unsaturated sulfonic acid 4a may be explained in terms of SO, 
addition at the oxygen in the y-sultone ring (step 3), followed by a synchronous 
rearrangement via a six-membered cyclic transition state, in which the O--C(3) 
and C(2)-H bonds are broken and the C(3)-C(2) 7r bond and the terminal 0-H 
u bond are formed (step 4). The alternative route for the isomerization of 2a via 
the steps -2 and 5 is considered less likely, since the proton transfer then has to 
proceed via a five-membered ring type of transition state which generally is con- 
sidered to be less attractive than via a six-membered cyclic transition state. 

Sulfonation of cyclopropyl phenyl ketone (5) with 1.0 and 2.0 mol-equiv. of SO3 
in nitromethane-d, gives l-benzoyl-1,3-propanesultone (6) in a yield of 50 and 
>98%, respectively.20 These two observations may suggest that two moles of SO3 
are involved in the formation of the y-sultone 6. Upon aqueous alkaline work-up 
of the reaction mixture, the y-sultone 6 was quantitatively converted into potassium 

rn: 1 
4. 

0 2  
0-s 0-s 

2a 

4a n = l . 2  

SCHEME I 
(pyro)sulfonic acid (4a. n = 1 ,  2 )  upon reaction of cyclopropylbenzene (la) with SO; in dioxace. 

Mechanism of formation of 3-phenyl- 1.3-propanesultone (2a) and 3-phenyI-2-propene-l- 
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5 A B 

( I 5  

E D C 
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F G 6, 6 

SCHEME I1  
propyl phenyl ketone (5) and SO, in nitromethane. 

Mechanism of formation of I-benzoyl-l,3-propanesultone (6) upon reaction of cyclo- 

1-benzoyl-3-hydroxypropane-1-sulfonate (7) .*' The formation of the y-sultone 6 
from the cyclopropyl ketone 5 may be explained in two ways, as shown in Scheme 
11. The initial step in both cases is addition of SO3 to the carbonyl oxygen with 
formation of complex A (step 1). Because of the positive charge of its carbonyl 
carbon, any direct addition of SO, to the cyclopropyl moiety of A will occur at 
C( 1') (step 2).*' Ring closure of the resulting intermediate B (step 3) and subsequent 
Loss of SO3 (step 4) then afford the y-sultone 6.  Alternatively, intramolecular proton 
transfer of the C(1') hydrogen to one of the three sulfonate oxygens of A via a six- 
membered cyclic transition state may occur to give the (phenylmethy1idene)cy- 
clopropane hydrogen sulfate D (step 5 ) .  Electrophilic addition of another molecule 
of SO, to the carbon carbon double bond of D then will afford the dipolar species 
F, presumably via p-sultone E as intermediate (steps 6 and 7)4323 rather than by a 
one step monodentate type of addition (step 8). Subsequent intramolecular rear- 
rangement of the species F may furnish the y-sultone type of species G .  Intra- 
molecular proton transfer of G via a six-membered cyclic transition state (step 
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10) gives the dipolar complex C, which, upon loss of SO3 (step 4), gives the actually 
observed product 6. 

EXPERIMENTAL 

The applied chemicals were obtained commercially and used as such. The NMR spectra were recorded 
on Varian XL-100, and Bruker AC-200 and WM-250 spectrometers. 

Sdfonation Procedures and Analysis 

Me/hod A .  0.5 ml of a solution of the substrate in the desired concentration in 1,4-dioxane-d, was 
added at 15°C under argon to a heterogeneous mixture of 0.5 ml of dioxane-d, and the appropriate 
amount of SO,. A sample of the resulting homogeneous solution was then transferred into an NMR 
tube and 'H  NMR spectra were recorded after selected time intervals. 
Method B .  A solution of the desired amount of SO, in 0.5 ml of nitromethane-d, was added to a 
solution of 0.25 mmol of the substrate in 0.5 ml of nitromethane-d, at 25°C under an atmosphere of 
argon. A sample of the resulting homogeneous reaction mixture was then transferred into an NMR 
tube and 'H and 'X NMR spectra were recorded after selected time intervals, as appropriate. 

Some of the sulfonation reaction mixtures were subjected to alkaline aqueous work-up. After the 
appropriate reaction time, 1.0 ml of H 2 0  or DZO was added to the reaction mixture and the resulting 
mixture heated to 50°C for 30 min to hydrolyze the sultones. The aqueous layer was separated and 
extracted at room temperature three times with 1-2 ml of CH2Cl2 to remove any unconverted substrate 
and remaining solvent. Residual CH,CI, was removed by bubbling nitrogen through the aqueous solution 
for 30 min, which was then neutralized with dilute aqueous potassium hydroxide and the water removed 
by freeze drying. Subsequently, a 'H  NMR spectrum of the resulting potassium sulfonate mixture, 
dissolved in DMSO-d,,, was recorded for product analysis. 

The structural assignments of the products of the SO, sulfonations were made on the basis of the 
observed NMR chemical shifts, absorption area ratios and coupling constants. The assignments are 
collected in Table 11. The compositions of the sulfonation reaction mixtures and of the isolated sulfo 
product mixtures were determined by multicomponent 'H NMR analysis on the basis of specific ab- 
sorptions of the various components.'' 
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