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

The TiCly-catalyzed reaction of octachlorocyclotetraphos-
phazene and epichlorohydrin was attempted by adding TiCly slow-
ly to a mixture of the other reactants at 85°, followed by heating
and work-up similar to that described above.

Octakis(2-chloroethoxy)cyclotetraphosphazene, 3, by reac-
tion 1.3 A 2.1, 3-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% HCL, 5%
NazCO0s, and water, dried (MgS0y), 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-methyleyclopropanol and their methyl
ethers, cis- and trans- 2-methyl-1-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-methyleyclopropanol by FeCl; 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.! In previous studies we
have reported that trans-2-phenyl-1-methylcyclopropanol
undergoes electrophilic ring opening with retention of con-
figuration when treated with D+ 2 and that the various cis-
trans isomers of 2,3-dimethyl-1-phenylcyclopropanol ring
open with inversion of configuration upon reaction with
mercuric acetate® or various brominating agents.* In the
course of these and other studies! 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-
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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.2 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 isomer? was not applicable to

the cis isomer, and we had to prepare and separate a cis—

trans mixture of cyclopropyl acetates (Ia and Ila) prepared
by a modification of Freeman’s method® (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 Ia 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
CH,
C6H5 \ Pb{OAC)A
CH;:CH=CHCOCH, + H,N—NH, —> CH,Cl
H 1? gLl
H
OA
CeHs ¢ H CH, CeH; CH,
CH; A
N S +
o N C.H, OR H OR
Ia, R = Ac Ila, 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
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* X, (H,CH,CH,CCH, @
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0 0
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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-

lier? for the trans isomer by heating at 90-95° in 50:50 (v/v) .

2 N HCl-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 CDCl; 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).* Thus the change in
stereochemistry at C-2 has no effect on the direction of ring
opening. . _

2-Phenyl-1-methyleyclopropanol Methyl Ether
(III). 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 ¢is- and trans- 2-phenyl-1-methylcy-
clopropanol in ether was treated with diazomethane and
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aluminum chloride.® 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 (III) 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-2-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 (III) 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 (III) 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 alcohol.?

H,
CH; + He(OAO), €DL00D
C¢H, CH;
il
HgOAc O CH,HgOAc

HC—CH,~—CCH, + HC——CCH; (5)

CoH; CH, O
2% 5%

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 (III) 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 at 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 simple 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 ¢rans- 2-Phenyl-
1-methyleyclopropanol (IV). We have previously shown
that 2,3-dimethyl-1-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.# To account for the lack of stereospecificity upon chlo-
rination, we proposed an oxidative attack on the OH bond
leading to ring opening vie 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 oxidation* (eq
6), a process which has been shown to occur by way of radi-
cal intermediates.” 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 O-H bond. To test
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EXPERIMENTAL SECTION

ALl boiling and melting points are uncorrected. Melting
points were taken on a Fischer-Johns melting point apparatus. Glo
analyses were performed on an Aerograph Model 202 Or an F&M scien-
tific Hodel 700 gas The columns used
are listed as follows and are referred to by letter with the tem-
perature used specified for each individual analysis: A4 10' x 3/8"
aluminum column containing 5% SE-30 on §0:80 Chromosorb Wj
B 5' x 1/4* stainless steel column containing 20% Carbowax 20M on
60:60 Chromosorh #; C 5' % 1/4" stainless steel column containing
15% Apiezon L on 60:90 Chromosorb W; D 5' x 1/4" stainless steel
colunn containing 10% Apiezon L on 60:80 Chromosorb W.

Infrared spectra were obtained on a Beckman IR-10 or a Perkin-
Elmer Model 457 spactrophotometer calibrated with the 1604 om™l
band of polystyrene. Solution spectra were obtained using solvent-
matched sodium chloride cells of 0,05 mm or 0,10 rm thickness.

Nmr spactra were cbtained on Varian Associates A-60 or A-60-A
spectrometers at 60 megacycles and the symbols s, d, 4d, t, and m
refer to singlet, doublet, doublet of doublets, triplet, and
multiplet. Spin decoupling experiments were done oh a Varian
hsacclutes HA-100 spectrometer at 100 megacycles. All mass spectra
were obtained using a Varian M-66, varian MAT CH-7, or Consolidated
Electrodynamics Corporation Type 21-103C {wodified) spsctrometer.

synthesis of 2-Phenyl-l-methyloyclopropyl Acetates (la and

_I%a),~-The acetate mixturs was prepaved according to the following
procedura patterned after that of PreemanS with some modifications.

Benzalacetone’5 (50 g, 0.34 mole) and 200 ml of absolute
ethancl were placed in a 500-mi three-neck round-bottom flask.
Hydrazine (15 g, 0.45 mole) was added to the stirred solution over
a paricd of 5--10 nmin with some evolution of heat. The reactlon
mixture was heated at reflux for 3 hr, then cooled, and the
ethanol-water vemoved on a rotary evaporator at 70-75° to yield
55 g (100%) of a yellow oil which had properties consistent with
those expected for 3-methyl-S-phenyl-2-pyrazoline: amr [(CRC1,)

4

1 ml of CDC1, were placed in an aluminum foil-coverad 50-ml
crlenmeyex flask. The system was flushed with nitrogen and cooled
in an ice bath., With stirring, 0.08 g {0.0006 mole) of the-cls
alcohol (IB) in 1 nl of CDCly was added in porticns. After
stirring 5 min, a sample of the reaction mixture was transferred
to an nmr tube and nmr spectrinm was recorded. In addition to

= 7.07) and succinimide

singlets due to N-bromesuccinimide (

(1 = 7,27), the nmr spectrum was consistent with 4-bromo=d~phanyl~
2-butanone as the sole product: T = 7,93 (s, 3, CH3), 6.61 (¢, 2,
CHy), 4.54 (a4, 1, G, 2.63 (m, 5, CgHs).

B. with Basa.--The procedure used was patterned after that of
pepuy et al.? The cis alechol (Ib) (0.1 g, 0,0007 mole) was added

in portions to a 25-ml round-bottom flask containing 8 mi of
0.2 M agueous NaOH and & ml of spectral grade dioxane (MCB). The

system was flushed witi argon, sealed, and heated at 85-30° for

61 nr. After cocling, the contents of the flask were neutralized
with 3 M HCl and extracted 6 times with 20 ml of ether. The
dioxane-ether was dried and removed by dlstillation to yield a
brown oil. Analysis of the oil by gpe (Column B at 96°) indicated
the presence of a single companent, Comparison of the rmr spectrum
of the 0il with the nmr spectrum of an authentic sample proved

the compound to be 4-phenyl-2-butanane,

ux_th acid,~~The procedure used was patterned after that of
DePuy et al.? A sample of the cis aleohol (Ib) (0.15 g, 0.001
mole), 6 ml of 2 M HC1, snd 6 ml of dioxane were placed in a 25-ml
round-bottom flask. Tha system was flushed with argen, sealsd,
and heated to 90-95° for 72 hr. The solution was cooled and
neutralized with 1 N NaOH and worked up as above. Analysis of
the resulting oil by nmi spectroscopy and gpe indicated the
presence of 44% d-phenyl-2-butanone and 56% 3-phenyl-2-butanone.

synthesis of 2-Phenyl-l-methyloyclopropancl Methyl Ether (ITI),

Crude 2-phenyl-lemethylcyclopropanol [from 13 g (0,07 mole) of
2-phenyl-lenethylcyclopropyl-acetate, cis:trans v 1:3) wag
aissolved in 200 ml of anhydrous ether in a one~liter suction

Reaction of trans-2-Phenyl-l-Nethyloyclopropanol (IIb) with
ride, A. Racemic Alcohol (IIb).-~The alcohol (IIk)
was made hy methyl lithium reduction of rang-2-phenyl<limethyl~

A sample of the alcchol (I1k) (0.1 g,

cyclopropylacetate (LIa)
0.0008 mole) and 10 ml of anhydrous ether were placed in a 25-ml
three-neck round-bottom flask. The solution was cooled to 0.5°,
and with stirring 0.18 g (D,0011 mole) of anhydrous ferrie
chiloride (MCB reagent) in 15 ml Of ether was slowly added.
Stirring was continued at 5° for 0,5 hr. The mixture was then
warmed to robm » filterea, twice with 10 nl
of water, and dried (MgsO4). Removal of the solvent followed by
nme analysis indicated the presence of some unreacted alcohol.

The reaction was rerun in the same manner as above using an
additional 0,14 g (0.0009 mole) of ferric chloride. The sole
product was 4-chloro-dwphenyl-z-butsnona: nmz (CDCl3) T = 7.82
(s, 3, CHy), 6.78 (5, 2, =CHCO-), 4,56 (dd, 1, CH), 2.60 (s,
Cgis) ir (CECly) 1725 em™% (c=0).4

B. ( oL (IV).~-The (+)-alcohol (IV) was provided by

D. Gibson and was made according to the procedure of DePuy et al.?
A Rudelph Model 70 No. 709 Polarimeter with a sodium light source
was used to determine optical rotations. The (+)=alcochol ( J
gave optical rotations, lalp, ©f +39.11 = 1° in ethanol and
+39.44 * 3,5° in CHClz. The maximum reading given foxr the

{+) =aleohol (_._'[_\L) is +41,9° (EtOR), indicating the optical purity
of this alcohol was $3%. The (4)-alcohol g_‘f_) {0,026 g, 0.0018
mole) was tremted with 0.6 g (0.004 mole) of ferric chloride as
described in part A. An nmr spectrum of the resulting oil
indicated the presence of the chlorcketone along with a small
amount (v 10%) of benzalacetone. & solution of 0.12 g of this oil
in 1 nl of CHCl3 gave an observed retation of -0.25° or [olp =
«1.87 ¢ 0.6%. An lr spectrum was taken of the soluticn fxom the
polarimeter tube. A 1725 =L [C=0) band indicated the chloro-
ketone was still present, This solution was stirred with 1 N KOH
in ethanel for L hr. Woxk=-up gave a yellow oil, the rmr and ir of
which, were identical to those of an authentic sample of benzai-
acetone.

2

T = .05 (s, 3, CHy), 7.21 (m, 2, CHp), 5.3G (t, 1, CH), 5.07
(broad &, 1, B~H), 2.71 {8, 5, Cgils); ir (CCly) 3370 (N-H) and
1630 em™l (C=N), This crude 2-pyrazoiine was ussd in the next

step without further purification.

A flame-dried two-liter three-neck round-bottom flask was
charged with 216 g (0.49 role) of lead tetraacetate and 600 ml of
dry CHpClp while nitrogen was passed through the flask. . The
pyrazoline (55 g) in 200 ml of dry CHzCl was added to the well-
stirred slurry over a period of 1--5 hr, maintaining the tempera-
ture at 10-20°. The mixture was then heated at reflux for 1 hr,
stirred for 6.5 hr at room temperature and 400 nl of water was
added to the reaction mixture, After the aqueous leyer was
extracted with 250 ml of CHCly, the combined CHpClp extracts were
extracted rapeatedly with saturated NaHCO3 sclution and water aver
a period of at least ! hr or until the solution vemained neutral
after standing for a period of 30 min, After drying (MgS04), the
solvent was removed on a rotary svaporator to yield 74.8 g of a
brown oil which had properties consistent with those expected for
the 3-acetoxypyrazoline: nmr (CDCL3) < = 8.22 (s, CH), 7.84

(5, acetate CH3), 8.37, 7.45 (m, CHp), 4.03 (a4, CH), 2.65 (m,
CgHg), ir (cCly) 1755 (C=6), 1567 am™l (cis azo).

The brown oil was heated in a distillation apparatus. At
136-140° a vigorous evolution of nitrogen occurred, After the
initial reaction had subsided, heating at 170~190° for 20 min
regulted in no further evolution of nitrogen. The brown oil was
distilled and a fraction (bp 80-83°/0.5 vm, lit. bp 70°/0.35 mn)
was the expected acetates (27.15 g or 42%, cisitrans v 1:3).

separation of cis~ and trang-2-Phenyl~l-nothyloyelopropyl
Agetates (Ia and IIa).--A sample of the acetate mixture (10,5 g}
was separated on a 38 mm x 90 om silica gel column (260 g Baker

powdar) eluting with Skellysolve B-benzene mixtures, After
combining mppropriate fractions 6 g of the trans scetate (IIa),
3,6 g of a mixture of acetates, and 0.3 g of the cis acetate @
was obtained. cle-Enriched acetate mixtures from several of the

s

flask equipped with a drying tube, The solution was coolad with
ah ice bath and two spatulas of aluminum chloride (anhydrous
reagent) were added. The Giazomethane solution was added drop-
wise (from a burette equipped with a drying tube} with stirring.
Whenever the reaction of the diazomethane subsided am svidenced
by a lack of nitrogen evolution, a spatula of fresh aluminum
chloride was agded. After the addition of diazomethane was
complete, the solution was allowed to stir overnight while warming
to room tempsratura. To decompose any remaining diazomethans,

50 ml of 3 N HCL was added slowly to the reaction mixtuxe, The
layers were separated and the sther layer was extracted with water
wntil the pH of the water extxact was about 5, The sclution was
dried {MgSO,) and the ether removed with a rotary svaporator to
yield a yellow 6il which mmr and ir spectra indicated was cyclo-
propanel methyl ether (ITI} with little starting alcohol present,
Distillation gave 8.5 g (76%) of a colorless nil (bp 51-65°/1,5
rml. The oil was chromatographed (150 g of Bakex powdered silica
gel) with Skellyselve-E as the eluting solvent. In general, all
attempts to separate the rixture of cis and trans ethers by gpc
with variocus columns, falled. The column chromatography, early
fractions collected were always enriched in the cis ether and late
fractions were enriched in the trans ether. Analysis of the ether
mixture from column chromatography by gpc (Coluwmn A at 116°)
yielded a single peak. The 2-phenyl-l-methyloyclopropanal methyl
ether mixkure {III) had the following properties: bp 46-49°/0.6 mm;
ir' (CHCLy) 2838 (C~H of OCHy), 1060-1080, 1230 am™! (C-0-C)y nmr
(cDclz) 7 = 8.89 (trans CHy and cyclopropane CHp), 8.52 (ois CHz),
8,08 {cis cyclopropane CH), 7.66 {trans cyelopropane CH), 6,94
(cis OCHy), 6.63 (trans OCHy), 2.76 (CgHs); mass spectrum /e

(rel intensity) 162(15.7), 147(46.4), 130(10.2), 128(14.4},
115(27,1), 91(21.3), 77(12.1), 51{10.7), 43(100).

Reactions of 2-Phenyl-1-msthyloyclopropanel Methyl Ether (1I1)
with Acld at 95-105°,--A sample of the ather mixture (III)
(0.4 g, 0.0025 mole) was dissolved in 40 ml of §0:40 dioxane-=8.3
N aqueous EpS04 in & round-bottom flask., The system was flushed

Preparation and Separation of cis- and trans-1,2-Diphenyl~
syclopropyl Acetates.~~The acetate mixture was prepared according
to tha procedure of FreemanS and DePuy® with the modifications
already described for the synthesis of 2-phenyl-l-methylcyclo=
propylacetates, Chalcone {75 g, 0.360 mole), prepare@ from conden-
sation of acetophenone and benzaldshyde,l® and 12,5 g {0.39 mols)
©% 97%. hydrazine were condensed to give 3,5-diphenyl-2-pyrazaline
in nearly guantitative yield, The 2-pyrazoline was tredted with
230 g (0.5 mole) of lead tetraacetate to yield 58 g of the 3-
agetoxypyrazoline which upon pyrolysis gave a mixture of 73% trans
and 27% cis acetates. The acetates were separated and purified by
a corbination of spinning band distillation and recrystallization.?
cig~1,2-Diphenyleyclopropyl acetate: mp 73,5-75° (Lit. mp
74.5-75%) .9

Synthesis of trans-1,2-Diphenylcyclopropanol (Vb).--A sample
of the trans acetate {3 g, 0.0l mole} was cleaved with 13 ml
{0.03 riole) of methyllithium in ethex. Vork-up yielded 2.6 g of a
white solid, Recrysetallization from Skellysolve B-ether gave
1.4 g (538} of the pure alcohol (Vb): mp 9§,5-99° (the value of
the melting point varied considerably with various fractions,
lit. mp 75—76.5“);9 nmr (CDCLly) ¢ = 2.B2, 2.97 (s + m, 10,
C5H5's), 7.23 (a4, 1, cyclopropane CH), 7.47 (s, 1, OH), B.35 {(m,
2, cyclopropane CHy): ir (CHCl3) 3610, 3430 cm~l (OH).

synthesis of cia-),2-Diphenyloyclopropanol (Va),=-A sample of
the ols moatate (3.5 §, 0.014 mole) was cleaved with 14 ml (0.03
nole) of 2.3 M methyllithium to yield 3.3 g of a white solia
which was reczystallized from hesane-ether mixtures at freeser or
Dry Ice tempevatures. The slcohol (Va) had the following
properties: mp 79-82.5° (lit. mp 67-69°);% ir (CHC3;) 3600, 3450
cn-l (oH); nmr (ERCLy) T = 2.67 (4, 10, Cglig's), 7.51 (dd, 1,
cyclopropane CH), 7.7% (s, 1, Oi- which disappeared on shaking
with Dz0), 8.35 (m, 2, cyclopropane Cliz).

Reactions of trans-1,2-Diphenylcyclopropanol (Vb),=-a. with
N-Bromosuceinimide: The trans aleohol '(Vb) {0417 g, 0.0008 role)
Torb iy Sl 2)

in 2 ml of CDCly was added to a stirred slurry of 0.16 g (0.0009
mole) of Nebromosuccinmimide (MCB) in 2 ml of CDClj in a 50-mi

DePuy and Van Lanen
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above chromatographiss were combined to yield 7 g of the acetates
(61% cis, 39% trans}. Separation of this mixture on & large silica
gel column (38 mm x 90 om =250 g of Baker powdered silica gell with
Skellysolve B-benzene mixtures as eluents yielded 1.4 g of the
trans acetate (IIa), 2.10 g of a mixture of acetates, and 2.3 g of
the cis acetate (Ia). Spactral data svpported the assignment of
the cis and trans acdtates: trans acetate (Ila): nmr (CDC1z)

T = 8.82 (m, 5, CHy and cyclopropane CHp), 8,02 (s, 3, acetate
CHy), 7.68 (dd, 1, cyclopropane CH), 2.77 (s, 5, CgHg); ir {cucls)
1745 em=l (C=0); cis acetats (Ia): nmr (CDCl3) © = 8.83 (m, 2,
cyclopropane CHp) 8.38 (s, 6, CHy and acetate CH3), 7.93 (dd, 1,
cyclopropane CH), 2.89 (s, 5, CgHg); ir (CCly) 1755 em~l (=0},

8ynthesis of gis-2-Phenyl-lsmethylcyclopropancl (Ib).--The

procedure was patterned after that of DePuy et al.l® 1In a dry
250-ml three-neck round-bottom flask was placed 50 ml of anhydrous
ether and 2 g (0.01 mole) of the cis acetate (-I-E!‘ To the stirred

solution, under nitrogen, 12 ml of 2.1 M methyllithium in ether was
added dropwise ovex a period of 10 min. The resulting mixture was
stirved for 2 hr, and rapidly added to a suspension of 25 g of
boric acid in 50 nl of distilled water. Beyond this point, all
glassware, atc., coming into contact with the oyclopropanol was
washed with a 5% HF solution, tap water, distilled water, and then
Gried. The mixture was filtered, the solid washed with ether, the
layers asparated, and the ether layer washed with three 50-ml
portions of distilled water. Pentane (100 ml) was added to the
ether and a final extraction was made with 50 ml of water. After
drying, the ether-pentans was removed on a rotary evaporator to
vield 1.7 g of a yellow oil, Recrystallization of the crude
aleohol several times from p at Dry Ice

yielded 0.6 g (42%) of a white crystalline solid which was driad
under vacuum: mmr (GDCL3) * & 8.85 (m, 2, cyclopropane CHp), 8.44
(s, 4, CH3 and OH), 8.01 (dd, 1, cyclopropane Ci); 2.74 (s, 5,
CgHs): mass spactrum mje (xel irtensity) 148(46.6), 133(17.3),
205(83), B1(40), 77(22.9}, 43(100}; mp 61-63°.

Reactions of gie-2-Phenyl-l-methyloyclopropanol (Ib). A, with
imide: N nimige (0,13 g, 0,0006 mole) and

3

with nitrogen, sealed, and heated at 95-105°. The reaction was
nonitored by gpe analysis (Column A at 125°), After 24 hr, the
reaction was complete and the ether peak in the gas chromatogram
was replaced by two peaks with relative areas of 40% and 60%. The
reaction mixture was neutralized and worked up in the usual manner.
The resulting brown oil was a mixture of 62% 3-phenyleZ-butanone
and 38% 4-phenyl-2-butanone identified by ir and mmr spectroscopy
as well as gpc.

B, with Mercuric Agetats.—-The ether mixture (ILI) (0.2 g,
0,001 mole) was placed in an nmr tube with 0,25 ml of CDLCOCD.
An nor spectrum indicated the ether was stabls in this solvent.
To the solution, 0.4 ¢ (0.0013 mole) of mexcuric acetate (MCB
reagent) in €,5 ml of CD3CO0D was added as a slurry.. The reaction
was monitored by nmr spectroscopy. All of the ether had raacted
within 10 minutes. The solvant was removed on a rotary evaperator,
the residue taken up in CHClj and filtered to remove unreacted
mercuric acetate. After removing the solvent, the reanlting oil
(0.367 g) gave an nmx spectrum identical to that obtalned by
A. DeBoer for the products of the reaction of trans-2-phepyl-l-
mathyleyclopropanol {IIR) with mercuric acetate.? On this basis
the products of the reaction were assigned as 75% 3~phenyl-4-

acetoxymercuri
butancne.

~butanone and 25% 4-phenyl-4-acetoxymercuris 2=

utylhypochlorite,—-3 sample of the ether mixture
(ILIL) (0.06 g, 0.0004 mole) was placed in an aluminum foil-covered
50=ml erlemmeyer flask with 1.5 ml of CCl;. Tha system was flushed
with nitrogen and, with cooling (ice bath}, 0.08 g (0,0008 mole)

of S:_e_r_t—buty!k hlorita pre red acs d ta the method of
Walling? was introduced. After 1.5 hr of stirring, a sample was

removed and an mmr spectrum recorded, The only resonance in the
nme spectrunm in addition to starting ether was at T = 8,69 (tert-
butylhypochlorite), After 24 hr at room temperature, thers was
still no evidence of reaction. The reaction was also carried cut
in CDCL3 with no evidence of reaction after 2 days.
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erlemmeyer flask covered with aluminum foil, Immediately an
aliquot was removed and nmr analysis within 5 min of mixing
indicated the reaction was complete. The nmz sample was transe
ferred back to the reaction mixture and the solvent was removed.
The residual solid-oil was taken up in CDCl3. In addition to
singlets at 1 7.08 and 7.28 for E—bromosuccinimide and
succinimide, the nmr spectrum was consistent with f-bromo-g-phenyl-

propiophenone as the sole reaction product: 1 = 2,12, 2,43 (m, 10,
Cglg's), 4.30 {t, 1, Br-C-ii); 6.05,% Passage of the reaction
mixture through a small silica gel column with CHpCly removed the
bromosuceinimide and succinimide. An ir spectrum of the result=
"1, The u-bromo-

ing oil showed a carbonyl absorption at 1690 em’
suceinimide reaction product (0,2 g) was taken up in 4 ml of
dioxane, 3 ml of 1 B KpC03 in diosane-water was added, and the
resulting yellow solution was stirred for 40 hr at room tempera-
ture. Methylene chloride {20 ml) was added and the solution was
extracted twice with 10 ml of 5% NalicO3, and several times with
water, Drying (MgSO4) and removal of solvent on a rotary evapora—
tor, yielded 0.0726 g of an 0il, An nmr spectrum indicated the
prasence of chalcone (compared to en authentic sample)l® and
dicsane, Purther water extraction removed the dioxane and yielded
0.03 g of a yellow oll which had properties identical to an

authentic sample of chalcane,l8

B. with tert-utylnypochlorite; A 50-ml aluminum foil-covered
erlenmeyer flask was oharged with 0,14 g (0.0007 mole) of the
trans alochol (vb) and 1.5 ml of CDCly. tert-Butylhypochloritel?
(5.1 g, 0,001 mole) im 0.5 ml COCly was added to the stirred soiu-
tion. An nmr spectrun chtained within 5 min of mixing indicated
that the alcohol had been completely consumed, The reaction
mixture was taken up in CHaClz and extracted several times with
water to remove the tert-butanol. After drying (MgSO4) and
removal of solvent, 0.1133 g of a solid was obtalned. An nmr
spectrun (CDCly) indicated the product was exclusively B-chloxo-
3-phenylpropiophenone. The chlorcketone was treated with 1 N
R2C03 as described in part A. The resulting product was
exclusively chalcone as identified by nmr and ir spestroscopy, and
gpc analysis. Resction of the alcohol {(¥p) with tert-butylhypo-
chlorite in carbon tetrachlorids was also rapid yielding the
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ohlorokstone. Elimination with DABCO (Aldrich), gave greater than
95¢ chalcone identified by nmr and ir spectroscopy, and gpe

analysis versus an authentic sanple.l®

C. with Mercuric Acetate; The trans alcohol (o) (0.4 g
3.002 mote) was diswolved in 15 ril of glesial acetic acid in 2

50-nl orlemmeyer flask, Mercuric acetate (0.6 g, 0.002 mole,

MCB reagent) was added tc the stirred solution in portions. After
stirring 1 hr, the solvent was removed on a rotary evaporator at
45%. The resulting cloudy oil was taken up in CHpClp and filtered
to remove some of the unreacted mercuric acetate, Removal of the
solvent yialded 1.0 g of an orange semi-solid: nmr (CDCl3) T = 2.10,
2,78 (m's, Cglig's), 6.22 (m, CHy and possibly CHgoAe), 8.02 (s,
acetate Cifg). Further rotary evaporation removed traces of CHpCly
and HoAe to yield 0.9344 g of an orange semi-solid.

The crudle organomercurial acetate from above was placed in a
125-ml erlemmeyer flask with 50 @l of MeOH to form a slurry.
Sodium norohydride (0.3 g, 0.008 mole) was added in portions with
cooling (ice bath] and stirring. The zeaction was exothermic and
mercury precipitated. After 0.5 Ar of stirring, 25 rl of saturated
NH4CL molution was added to the reaction nmixture. This solution
was extracted 5 times with 30 ml Of CH,Cly. The combined CHpCly
was extracted with saturated NHsCl and water. After drying (MgSOg)
and removing the solvent on a rotary evaporator, 0.3 g of an oil
was obtained. An ir spectrun indicated bath alcohol and ketone to
be present. Oxidation of the mixture with a dickromate solution,
vielded 0.0563 g of an oil: ir (CHCly) 1685 cml (C=0). Analysis
by gpe (Column D at 181°) yielded two peaks of §7.5% and 12.5%
which had the same zetertion times as authentic samples cf
h respectively.

§-pheny Lpropi ard e-phenyl

These two peaks accounted for greater than 80% of the gas chromato~

gren. There was a small amount of material (% 108) with a
retention time identical to chalcone. These results were supported
by nmr and ir data.
Reactions of cis-l,2-Diphenyloyclopropanol (Val. k. With N~
Reactions of cis-1,2-Dipheny cyc opropano. Wal & W&
Bromosuccinimide: The cis alcohol (Va) was allowed to react with

[eiioinidiatiig
imide in CHC1 ding to the given for
3

the trans alcohol (¥p) ahove, The reaction wes repid yielding
g-bromo-g-phenylpropiophenone as the sole product identified by
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predominating, 2n ir spectrun showed a carboryl absorption at
1665 co~l. Analysis by gpe (Column A at 167°) indicated the
presence of two COmponents in the amounts of 86% and Ld% with
retention times corresponding to authentic samples of isopropenyl
phenyl ketone (VI11) and propenyl phenyl ketone (JII) respectively.
B. with Ferric Chloride: The alvohol (Y1) (0.2 g, 0.002 nole)
was allowed to react with 0.6 g (0,004 mole) of ferric chloride

(MCB reagent} according to previously described procedures. After
stirring for 30 min at 0-3°, the nixture was stirred for 2 hr at
room tempsrature. Work-up yielded 0,2 g of a yellow oil: ir
(cHCly) 1630 o™l (€=0). 2n nmr spectsum (CDCLy) was onsistent
with @-chloro-3-methylpropiophenone as the sole product: T =

8.36 (&, 3, CH3), 6.58 (AB portion of ABX spectrum 2, CHp). 3.32
{sextet, 1, CH}, 2.0, 2,42 (m, 5, Cgil5}. These nmr assignments
were confirmed by mmr spin decoupling experiments. The chloro-
ketone was treated with 1 N KpC03 as described in part A. The
resulting oil had nmr, ir, snd gpc properties consistent with
those of an authentic sample of propanyl phenyl ketone (VII).

only a trace of the other isomer, isopropenyl phenyl keteme (VILT},
was present as indicated by gpe (Column A at 167°).

G yith text-Butylhypochlorite No Inbibltors The alcohol

(YL} (0.2 g, 0.002 mole) was allowed to react with 0,2 g (0,002
mole) of E_!_t—butylhypuchlcri.te in CHCl3 accerding to previcusly
described procedures. After stirring 45 min, the solvent was
removed on A rotary evaporator yielding 0.3 g of a colorless oil,
The oil was taken up in CHyCip and extracted sevexal times with
water, After drying {(MgS04) and solvent removal, another mur
spectrum indicated the presence of f-chloro-g-methylpropiophenore.
In addition 2 doublet at © = 8,73 and a complex multiplet in

the region f = 5.8 to €.5 indicated the presence of g-chloro-o-
methylpropiophenone in lesser amount. An ir spectrum (CHCljz)
showad a carbonyl absorption at 1690 cm~l. The chlorcketones were
treated with 1 N K,C0; as described in part A, After work-up, an
nmr spectrum indicated the presence of 35% isoprepenyl phenyl
ketone (VIII) and €5% propenyl phenyl ketone (VII). An ir spectrum
{CHC13) showed carbonyl absorptions at 1655 and 1629 anl,
Analysis by gpc (Column A at i67°) indicated the presence of 42%
. isopropenyl phenyl ketone and 58% propenyl phenyl ketone compared
with retention times of authentic samples.
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ame and ir spectroscopy. Elimination of the bromoketons yielded
exclusively chalcone identified by mmr and ir spectroscopy as well
as gpc analysis.

B, with tert-Butylhypochlorite: The cis alcohol (Va) was
allowed o reacs with iert-butylrypochloritel? in CHCl according
to the procedure given for the trans alaohol (VR) above. The
reaction was rapid, yielding s-chlora-g-phenylpropiophenone
identified by nmr and ir spectra.

C. with Mercuric Acstate; The cis alcohol (Ya) was allowed
to react with mercuric acetate in HOAc according to the procedure
given for the trans alochel (Vh). Reduction of the orxgancmercurial
with sodium borohydride and oxidation with dichromate solutien
yielded ap oll. The absence of a~phenylpropiophenone was indicated

by gpe analysis (Column D at 185°), There were two major peaks
with retention times identical to G-phenylpropi (68%) and
chalcone (328). Spectral data {nmr and ir) indicsted the presence

of these two components.

f-Bhenylpropiophencne: An authentic sample showed: mp 70-71°
(lit, mp 72-73p).20

-Phenylpropiophenone: Phenylmagnesiun bromide was prepared
in the usual manner from 4 ¢ (0.16 g at.) of magnesium turnings
(CB) and 16,5 mL (25 g or 0.16 mole) of phenyl bromide, 2~Phenyl~
propionaldehyde (20 g, 0.150 mole, Aldrich) in 25'ml of ether was
added to the Grignard over a 25-min period. After stirring for
2 hr, saturated NHyCl was added to the mixtuge until salts precipi-
tated, The sther was decanted and the sollds were washed several
times with ether, The combined ether extracts were extracted
twice with 100 nl of water., After drying (MqsOy), the ether was
removed on 2 rotary evaporator to yield 15 g (50%) of a yellow
oils ix (CHCL3) 3620, 3480 cm™l (o-H); nmr (CDCl3) © = 2.64,

2.73 im, 10, CgHs's}, 5.18 (&, 1, H~C-OH), 6,88 (m, 1, CH), 8,06
(s, 1, OHY, 8.69, 8.91 {d, 3, CHz's}.

The alcohol (12 g, 0.06 mole) was oxidized with a dichromate
solution according to the procedure used for the synthesis of
isobutyrophenone, Work-up yislded 11 g of a yellow oil. Recrys=
tallization from ethanol-gkellysolve B gave a pure sample: mp 48.5-
50° (lit. mp 49-51°).21

Preparation of Propenyl Phenyl Ketone (VII).--The Ketone was
prepared by Friedel-Crafts acylation of benzene with crotonyl
chioride (Rldzich) ané AlCl3 to published
The propenyl phenyl ketone had the following properties: bp 69-73¢
/0.8 mm (lit. bp 135-140°/20 mm) ;23 ir (CHCI3) 1660 (Ce0), 1627
el (Cc=C); nmr (CDClz} 7 = 8.10 {4, 3, CHz), 2.14, 2.34, 3,04 (n,
7, CgHs, CH=CH); mass spectrum m/e (rel intensity) 146(54.4),
105(100), 77(82.1), 68(56.1), 51(45.8). Analysis by gpc (Column &
at 167°) indicated the olefin was greater than 90% pure.

Breparation of Isopropenyl Fhenyl Ketons (o Methamrylophenone)
(VI11). 7. Preparation Of Isopropylhonylcarbinoli Fhenyl magne-
slun bromide was praparsd in the usual manmer from 34 g (1.4 g at.)
of magnesium turnings (MCB) and 218 g (1.4 mole) of bromobenzene
(MCB). Tsobutyraldehyde (100 g, 1.4 mole, MCB),in 250 nl .of -
anhydrous ather was added dropwise to the Grignard over a period
of 2 hr. The mixturs was then stirred under reflux for 0.5 hr.
saturated agusous NH4CL was then added until a precipitate formed.
The ether was decanted and the precipitate washed with ether.
The combined ether was extracted with water and dried. Removal
of the ether by distillation yielded a liguid which upen distilla-
tion gave 174.2 g (91%) of isopropylphenylcarbinol: bp 61-67°/-0.7
~lm {lit, bp 101-104°/7 mm).2

s n 5% I ZIn a 500-ml three-neck
round-bottom flask was placed 30 g (0.3 mole) of the above alcohol
and 100 nl of ether. To this stirred solution was added 150 ml of
aichromate solution (prepared from 55 g of sodium dichromate
aihydrate and 41.5 nl of concentrated H;S04 diluted to 225 ml with
water) ovar s 70-min period st room temperature. Some cooling
with an ice bath was necessary. The mixture was then stirred for

16 hr. The ether and green chromate layers were separated and the
chromate layer was extracted with ether. The combined ether was
extracted with 50 ml of 5% NaiC03, 50 nl of water, and dried
(Mg804) . Removal of the ether and distillation yielded 47.0 g
(942) of isobutyrophenone: bp 60-65°/1.6 mm (lit. bp 120°/20 mm).24

on of piophenong:, The proce-

x . 2TBromo-ertie thy lpx
dure followed vas patterned after that for the preparation of
£rom 25 A 250-ml
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Synthesis of Z-Methyl-1-Phenylcycl 1 (VD) -=A mixture
of cis- and trans-2-methyl-l-phenyloyclopropyl acetates was pre-
pared by the nethod of Freemsn® (cisstrans » 1.8:1}. The acetate
mixture (10 g, 0.05 mole) wag cleaved with 56 ml of 2.3 M methyl-
Lithivwe:8 and worked up to give a yellow oil. The material was
distilled and 7 g (88%) of a colorless oil (YI) was collected,
Pp 65-75°/0.8 mm): ir (CHCl3) 3600, 3430 (OH); nmr (CDCl3) T =
8.7-9.4 (m, 6, cyclopropane CHy, CH, and GHi), 7.52 (s, 1, OH),
7,64, 7.73 (s, 5, CgHs).

Reactions of 2-Methyl-l-Phenyloyclopropanol (VI) with Halo
i de

Agenss. A with §-bromeswcoininie ¥
3 g, 0.002'mole, MCB) and 5 ml of CHClj were placed in an
aluminum foil-covered 50-ml erlenmeyer flask to form a slurry.

The alcohol (m (0.2 g, 0,001 mole) in 5 ml of CHCl3 was added to
the stiyring slurry over a few moments. The solution initizlly
turned orange and it was stirred forx 30 min. The solvent was

removed on a rotary evaporator to yield 0.5 g of a solid-oil
mixture which was taken up in CCl4 and filtered to remove some of
the succinimide. Removal of the CCly yielded 0,3 g of an oil. An
nnr spectrum (CDCl3) showed phenyl absorptions at T = 2.12 and

2.43 in the ratic of 1:1.7 assigned the priho and meta-para protons;
a series of complex absorptions in the region T = 5.9 to 6.9
assigned to BrCHy, CH-GHj, and CHpCO-; a weak absorption at 1 =

5.29 assigned to CH~Br; ané doublets at T = 8,20 and 8.73 in the
ratio of & 1:8 assigned to the Cify of f~bromo-p-methylpropio-
phenone and to the Cily of f-bromo-a-methylpropiophencne

cinimide were

respeatively. Traces of N- inimide and
rénoved by silica gel chromatography with CHpClp as the eluting
solvent. An ir spectrum (CHCl3) showed a carbonyl absorption at
1685 cn~l, The oil was treated with KycO3 for 24 br as previously
described. Pentane {50 ml) was added to the reaction mixture,

The layers were separated and the pentane was extracted with 20 ml
of 10 HCl, twice with 20 ml of 5% NakCO3, and twice with 20 nl of
water. The pentane solution was dried (MgSO4) and the solveht
removed on a rotary evaporator to yield 0,0535 g of an oil. Based
on comparison with mmr spectra of authentic samples, an nmr
spectrum (CDCLl3) indicated the presence of iscpropenyl phenyl
ketone (VIII) ard propenyl phenyl ketone (VI1I} with the former
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round-bottom flask was charged with 10 g (0.07 mole) of isobutyro-
‘phenone and 50 ml of anhydrous éther. This mixture was cooled with
an ice bath and about 0.1 g of sluminun chloride [MCB reagent) was
aaded., promine (3.3 ml, 10.3 g, 0.07 mole, MCB reagent) was added
dropwise to the cold solution with stirring over a S-min pericd,
¥o reaction seemed to oceur, 5o two spatulas of aluminum chloride
were added and the ice bath was removed, After stirring 30 min
the remction was complete as evidenced by the disappearance of the
bromine color. The solvent was removed on & rotary evaporator to
leave an orange oil which was taken up in ether and extracted
twice with 25 ml of water. The water layer was extracted with
ether. The ether solutions were combined and dried (MgSOgl. The
ether was removed on a rotary evaporator to yield 14 g (89%) of a
yellow oil. Treatment of a few drops of the oil with silver
nitrate~ethanol produced a yellow precipitate (AgBr). Spectral
properties were consistent wikh those expected for u~bromo-o-
methylpropicphenones nmr (CDCly) T = 1.93 (m, 2, ortho protons),
2.48 (m, 3, meta and pera protons), 7.86 (s, 6, CH3's); ir (CHCly)
1680 em-l (c=0}.

D, Preparation of Isopropenyl Phenyl Xetone (ox Methaczrylo~
phenone VIII): Heating of a-bromo-a-methylpropiophenone with an
equivalent of DABCO (Air Products or Aldrich) in dioXane at
100-100° for 12 br resulted in the formation of a precipitate
(DABCC+HBr) which was filtered and washed with CHpCl2.  The
dioxane-CHpCly was extrxacted with water several times. The solu-
tion was dried (MgSDa) and the solvent removed on a rotary evapo-
rator to yleld an o3 which an mor spectrum indicated was fairly
pure isopropenyl phenyl ketone {VIiI). The oil was taken up in
pentane and extracted with 20 ml of 2 N HCl, 20 ml of 5% NallCOj,
and twice with 20 ml of water, Aftex drying (MgSO4) and removal
of solvent, the resulting oil was distilled and a fraction (bp
49-51%/1 mm, lit. bp 60°/3 mm)26 was collected., It had spectral
properties consistent with those expected for isopropenyl phenyl
ketone (w: ir {CHCly) 1660 (C=0), 1630 em=d (c=C): nmr
(€DCLly) T = 2,31 im, 2, ortho protons), 2.45 (m, 3, meta and para
protons), 4.10, 4.38 (m's, 2, CHp=C), 7.80 (s, 3, CH3); mass
spectrum m/e (rel intensity) 146(40), 105(100), 77(65.8), 5B(16.3),
51(28.6), 43(57.3), 41{12.1), 39(16.1), 32(16,4), Analysis by
gpc (Column A at 167°) indicatad the olefin was pure.

this hypothesis optically active trans-2-phenyl-1-methyl-
cyclopropanol (IV)2 was allowed to react with NBS, tert-
butyl hypochlorite, and FeCl;. Cleavage with NBS and
tert-butyl hypochlorite in CDCl; proceeds with predomi-
nant or exclusive inversion at 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 trans- 1,2-Diphenylcyclopropanol (Va and
Vb). A mixture of cis- and trans-1,2-diphenylcyclopro-
pylacetates was prepared and separated according to the
method of Freeman® and DePuy.? 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 CCly solution to yield a single halo
ketone whose nmr spectrum is consistent with the struc-

CH,

CH3 CsHs t-BuOCl
or FeCl,
H OH

CH, CH

HO H + uX+” — \

CH,

“X*” = NBS, t-Bul0Cl
X = Br, Cl
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CeH, i E OH
gt
\

H C.H, CoH,CHCH,COC,H,

Va ) >|( 8
| - ) ®)
H OH 1}1{200
cH, CH, C,H,CH==CHCOCH,

Vb

“X*” = NBS, +-BuOCl

ture of §-halo-8-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

CH,HgOAc CH,
HCCOC:H, H(':cocsH5
He(OAC), CoHly 1. NaBH, Cets
Vb “oae > * provois "
C,H,CHCH,COC,H, CoH;CH,CH,C0CH,
HgOAc ©)

of C1-Co compared to C;-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 §-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 C;-C; cleavage;
from the former no o-phenylpropiophenone was formed,
the ketone fraction being 68% S3-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.!® In any event it could only have arisen from the
products of C;-C5 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% C;-Cq
cleavage.® 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°. Lal.onde!? also found exclusive C;-Cs
cleavage of the 1,2-diphenylcyclopropanes with bromine in

CCly at —20°. Young!3 has noted a similar direction of"

cleavage for 1,2-diphenyleyclopropanes with ceric ammo-
nium nitrate.

2-Methyl-1-phenylcyclopropanol (VI). In previous
work we had determined that this compound undergoes
99% C;-C3 cleavage with mercuric acetate, 53% C;-Cs
cleavage with H*, and 83% C,-Cj3 cleavage with OH~.2 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 L.

DePuy and Van Lanen

Tablel
Product Distributions from Cleavage of
2-Methyl-1-phenylcyclopropanol (VI) with

Halogenating Agents®
Reagent/solvent % C1—Cp cleavage % C1—Cy cleavage
NBS/CHCl, 14 86
t-BuOC1l/CHCl, 58 42
FeCls/ether 100 0

@ Based on elimination of the 8-halo ketones to isopropenyl-
phenyl ketone ( VIII) and propenylphenyl ketone (VII).

OH
+ uX‘+m .
CH, CeH;
VI
CH
AN
_CH  "COCH, CH;CH = CHCOCH,
CHa)I( VI
+ — + (10)
i I
CH;CHCOC:H, CH;CCOCeH,
VI

“X*” = NBS, +-BuOCl

These results for NBS and FeCl; are those expected on
the basis of earlier studies. For example, bromination .of
1,2,2-trimethylcyclopropanol gives 1009% C;-C3 bond cleav-
age, by attack of the electrophile on the least substituted
carbon, while FeCls oxidation gives 100% C;-Cs opening
with the generation of the most stable radical.# 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 earlierl:342 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-
bon.4 2-Phenyl-1-methylcyclopropanols reacts equally rap-
idly, but exclusively at the benzylic carbon, and complete-
ly, or nearly so, with inversion of configuration at Co. This
high stereospecificity would seem to rule out any radical-
chain mechanism, especially so since FeCl; 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 acetates.* 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 coworkersi4 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.

QIO - =~ OO =

The independence of product composition with cyclopro-
pane stereochemistry is also clearly shown by the reactions
of cis- and trans-2-phenyl-1-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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Activation of Dimethyl Sulfoxide by Electrophiles and Use of the Reactive
Intermediates in the Preparation of Iminosulfuranes!?2
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Dimethyl sulfoxide (DMSO) reacts at oxygen with 8O3, P4O10, BF3, and HyS0, 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 (60-909%). 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-0O bond of DMSQ. Acetic
anhydride does not form significant quantities of “activated” intermediate with DMSO at room temperature but
does at elevated temperatures and, if sulfonamides or carboxamides are present, iminosulfuranes are obtained.
The activation of DMSO with 803 has received detailed study; SO 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 SOj3 and, for comparison, P,O10, 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 (RoS*-N--R’); (c)
certain mechanistic aspects of the iminosulfurane prepara-
tive reaction; and (d) some spectral and other miscellane-
ous charactexjistics of iminosulfuranes. As a corollary of (a),



