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g, 60% yield) was obtained from the reaction between 0.50 g (2 
mmol) and 0.29 g (2.5 mmol) of methyl fluorosulfonate in 3 ml of 
methylene chloride under the same condition as the previous reac
tion: mp 149-152°; NMR (CDCl3) S 1.73 (s, 18 H), 1.42 (s, 9 H), 
4.50 (s, 3H), and 7.90 (s, 2 H). 

The reaction between 0.20 g (1 mol) of 4,5-dimethylacridine 
and 0.23 g (2 mmol) of methyl fluorosulfonate in 3 ml of methy
lene chloride yielded 0.19 g (60% yield) of the corresponding N-
methyl salt after the work-up: mp 165-167°; NMR (Me2SCW6) 5 
7.90 (m, 7 H), 2.90 (s, 6 H), and 4.60 (s, 3 H). 

Stabilities Studies. A mixture of 0.30 g (1.8 mmol) of potassium 
iodide and 0.20 g (0.6 mmol) of !,e-di-rerf-butyl-iV-methylpyridi-
nium fluorosulfonate (6) or 0.17 g (0.5 mmol) of 2,6-di-/err-butyl-
TV-methylpyridinium iodide (2) was introduced into a piece of U-
shaped tubing 15 cm long and plugged with glass wool at both 
ends. The glass tubing was heated to 300° in a silicone oil bath 
under a nitrogen atmosphere. After allowing the mixture to cool to 
room temperature, it was treated with chloroform. The solid recov
ered was found to be the original N-methylated salt, by NMR 
analysis. A mixture of 0.20 g (1 mmol) of iV-methyl-2,6-lutidi-
nium fluorosulfonate or 0.23' g (1 mmol) of 7V-methyl-2,6-lutidi-
nium iodide and 0.50 g (3 mmol) of potassium iodide was heated 
under the same conditions described in the cases of 2 or 6. Decom
position occurred at 170°. Only 2,6-lutidine was recovered; no TV-
methyl peak was observed in the NMR. 
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The aldol condensation continues to play a fundamental 
role in carbon-carbon bond forming reactions.3 Despite its 
widespread utility, a decided limitation arises when noni-
dentical carbonyl partners are condensed as a result of the 
ambiguity in the direction of the cross condensation as well 
as the self-condensation of the partners. To overcome this 
restriction, various modifications to the mixed aldol reac
tion have appeared. 

One modification makes use of the regiospecific genera
tion of lithium enolates and/or the addition of magnesium 
or zinc cations to trap the mixed aldol product as its che
late.4'5 Chemically differentiating one aldol partner prior to 
reaction also serves to direct the condensation. Reaction of 
a silyl enol ether with a carbonyl group6 or a ketal,7 or of an 
enol acetate with a ketal8 in the presence of titanium tetra
chloride results in the desired cross-condensation. Similar 
results have been noted in the reactions of enol ethers and 
acetals or aldehydes with boron trifluoride or zinc chloride.9 
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Other methods, which are restricted to the synthesis of 
aldehydes, also rely on the prior discrimination of the part
ners. The nucleophilic member of the condensation has 
been masked as the corresponding dihydro-l,3-oxazine10 

and as the metalated Schiffs base.11 Improvement in the 
dehydration portion of these sequences has been found by 
the use of diethyl 2-(cyclohexylamino)vinylphosphonate 
which leads directly to the a,/3-unsaturated imine.12'13 The 
anion of diethyl carboxaldehydomethylphosphonate14 and 
the Wittig reagent from /3-ketophosphonium salts15 con
dense well only with aldehydes. 

A quite different approach involves a two-carbon homol
ogation of carbonyl groups which relies upon the initial ad
dition of an allylic Grignard reagent,16 a vinyl Grignard re
agent,17 or an acetylide anion18 followed by further modifi
cation to the directed aldol product. These procedures espe
cially point out that the aldol condensation can be consid
ered to be an intermolecular 1,3-carbonyl transposition. 
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Abstract: Reaction of carbonyl compounds with vinyllithium reagents followed by quenching with benzenesulfenyl chloride 
produces the allylic sulfoxide resulting from [2,3]-sigmatropic rearrangement. Sulfenylation of the corresponding anion re
sults in a net isomerization of the allylic sulfoxide into a Y-hydroxy-a,/°-unsaturated thioether. Hydrolysis to the enone or 
enal accomplishes the equivalent of a directed aldol condensation. Application to carbonyl partners that are easily enolized 
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Table I. Intermolecular 1,3-Carbonyl Transposition12 
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Entry Carbonyl partner Vinyl organometallic Vinyl sulfide (%)" 
Overall 

Unsaturated carbonyl (%)c yield, %b 

n-Hexanal 

Norbornanone 

3 Pinacolone 

Estrone methyl ester 

CH2=CHMgBr 

CH3CH=CHMgBr 

CH3CH=CHMgBr 

CH, 

CH2=C—Li 

CH=CHMgBr 

n-CsH,: SPh 
(86) 

(57) 

(68) 

(60) 

"-C1H1. 
CHO 

s J A ^ S P h (59) 

(93) 

(87) 

80 

50 

(71) 48 

CHO 

(92) 55 

CHO 

(75) 44 

a No attempt has been made to optimize yields. b This represents overall yield from starting carbonyl compound. c For discussion of stereo
chemistry, see text. 

The intramolecular 1,3-carbonyl transposition of a,fi-
unsaturated systems has considerable synthetic value. On 
treatment with hydrazine, an a,/3-epoxy carbonyl system 
rearranges to the inverted allylic alcohol.19 The exchange of 
functionality can also be accomplished by the acid cata
lyzed allylic rearrangement of tertiary vinyl carbinols to the 
primary allylic acetates.20 Allylic interconversions of an 
oxygen with an amine oxide,21 sulfoxide,22 and selenoxide23 

are available via 2,3-sigmatropic rearrangements. Most re
cently, a sequence involving an isoxazole constructed from 
an a,/3-unsaturated ketone has been developed.24 We wish 
to report a single process that results either in an intermo
lecular 1,3-carbonyl transposition as an equivalent of a di
rected aldol condensation or in an alkylative intramolecular 
enone transposition which combines the direct sulfenylation 
of anions with the 2,3-sigmatropic rearrangement of allylic 
sulfoxides.25'26 

Results 

Scheme I and Table I illustrate the sequence for the in
termolecular process. Typically, an allylic alcohol, generat
ed by the addition of a vinyl organometallic to the carbonyl 
group, is treated with benzenesulfenyl chloride27 to produce 
the allylic sulfoxide via a [2,3]-sigmatropic rearrangement. 
Addition of the allylic sulfoxide to 2 equiv of lithium di
ethylamide (preferable base) or lithium diisopropylamide in 
T H F at —78° generates the anion which is inversely 
quenched by addition to 1 equiv of diphenyl disulfide in 
T H F at 0°. The initial product of sulfenylation suffers in 
situ rearrangement and desulfenylation to yield the hydroxy 
enol thioether directly. Thus, there is no net consumption of 
diphenyl disulfide. The overall effect of this sulfenylation 
reaction is a novel isomerization of the allylic sulfoxide into 
the 7-hydroxy-a,/3-unsaturated thioether. Hydrolysis of the 
vinyl sulfide with 1-3 equiv of mercuric chloride28 liberates 
the a,/3-unsaturated carbonyl compound in overall yields of 
44-80%. 

For the examples shown in entries 1 and 5, Table I, the 

Scheme I. Intermolecular 1,3-Carbonyl Transposition 
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hydroxy vinyl sulfide possesses only the E geometry as de
termined by the vinyl coupling constants in the N M R spec
trum (see Experimental Section). In the latter case, two sin
glets at 5 1.25 and 1.36 for the methyl group at C-20 and a 
pair of doublets at 8 6.41 and 6.33 ( / = 16 Hz) for the vinyl 
proton at C-23 indicate an approximately 55:45 ratio of di-
astereomers at C-20. In both cases, however, the (^-unsat
urated aldehyde28 has the E geometry (entry 1, >99% E; 
entry 5, 95:5 E:Z). In the pinacolone example (Table I, 
entry 3), the N M R spectrum of the vinyl sulfide shows the 
presence of a single isomer, tentatively assigned the E ge
ometry on comparison of the chemical shift of the vinyl pro
ton to the other related compounds. Stereohomogeneity of 
the hydrolysis product29 of this vinyl sulfide is indicated by 
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Table H. Intramolecular 1,3-Alkylative Carbonyl Transposition" 

Entry Enone Organometallic Vinyl sulfide (%)*> 
Overall 

Unsaturated carbonyl (%)* yield (%)c 

Carvone 

Ethyl vinyl ketone 

O 

M-C4H9Li 

/J-C4H9Li 

PhLi 

Cf 
CHO 

SPh 

OH SPh 

SPh SPh 
\ 
0 
1.3 

(68) 

(51) 

(77) 

(85) 

CHO 

(92) 

(65) 

(92) 

(68-71) 

63 

33 

71 

59 

a Optimization of yields has not been performed. b For a discussion of stereochemistry, where applicable, see text. c This represents overall 
yield from starting enone. 

the presence of only four clean absorptions in the N M R 
spectrum (see Experimental Section). The low-field absorp
tion for the vinyl methyl group in this spectrum suggests the 
geometry at the double bond to be E. 

The hydroxy vinyl sulfide from norbornanone appears to 
be a 1:5:13:13 mixture of all four stereoisomers as deter
mined by the relative intensities of the four broad singlets 
for the vinyl proton at 5 6.23, 6.14, 5.98, and 5.92. The vinyl 
methyl group curiously appears as one sharp singlet at 6 
2.04. Hydrolysis gave a 1:4 mixture of enones. The major 
isomer was assigned the stereochemistry depicted in la and 

la 

the minor isomer that in lb, based upon the fact that the 
bridgehead hydrogen, Ha , in the major isomer appears at 5 
2.79 and in the minor isomer at 5 3.95. Eu3+-induced shifts 
confirm this assignment. In the major isomer, addition of 
10% Eu(dpm)3 shifted the CH2CO from 5 2.48 to 3.71, 
while only shifting H a from 6 2.79 to 3.22. 

In the estrone example (Table I, entry 4), a single hy
droxy vinyl sulfide tentatively assigned the depicted stereo
chemistry was obtained after sulfenylation. The stereohom-
ogeneity is indicated by the sharp singlets at 5 0.97, 1.95, 
and 6.04 for the angular and vinyl methyl groups and the 
vinyl proton, respectively. Nevertheless, hydrolysis led to a 
1:1.2 E:Z mixture. The major isomer could be assigned the 
E stereochemistry based upon the higher field position (<5 
1.00) of its angular methyl group in the proton N M R spec
trum compared with that (5 1.11) for the minor isomer. 

The above results indicate that the stereochemistry of the 
final product is not determined by the stereochemistry of 
the hydroxy vinyl sulfide. The olefinic geometry can be ra
tionalized by considering the relative stabilities of the pre
sumed intermediates of hydrolysis, 2a and 2b. 

R1. 

R2. 

v ^ ^ x ^ S P h 

I + I 
R2 R 

2a 

+ I 
R1 R 

2b 

— 

— 

R2 R 

Vr0 
R1 R 

The availability of allylic alcohols by the organometallic 
addition or hydride reduction of enone systems allows the 
above method to be utilized as an intramolecular 1,3-car-
bonyl transposition. Scheme II and Table II summarize the 

Scheme II. Intramolecular 1,3-Carbonyl Transposition 

W SPh 

12^J-K 

R ^ O 

examples. In each case, the initial organometallic adduct 
was quenched with freshly prepared benzenesulfenyl chlo
ride to produce the allylic sulfoxide directly. Sulfenylation 
and hydrolysis was performed as described earlier. 3-Ethyl-
2-heptenal (Table II, entry 2) is produced as a nearly 1:1 
isomeric mixture as determined by NMR spectroscopy and 
VPC. On the other hand, 2-pentylidenecyclopentanone30 

(Table II, entry 4) appears to be stereohomogeneous as 
shown by the presence of only one vinyl proton absorption. 
The cyclopentene-1-carboxaldehyde series was the only case 
in which the allyl anion sulfenylated both a and y with re
spect to the sulfoxide group. As expected, the product of a-
sulfenylation undergoes normal rearrangement and desul-
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fenylation, but the product of -y-sulfenylation is isolated un
changed. While this ambident behavior becomes a problem 
in other applications of these substrates,22b_d this sequence 
is unaffected since both products hydrolyze to the same 
enone. However, for hydrolysis it is necessary to reduce the 
sulfoxide to the sulfide, which can be conveniently accom
plished with stannous chloride and acetyl chloride in aceto-
nitrile.31 

While the intermediates along the way have normally 
been isolated, a one pot transformation of the carbonyl 
compound into the hydroxy enol thioether has been per
formed in the case of ethyl vinyl ketone (Table II, entry 2). 
By comparison with the other examples, yields seem to be 
improved by purifying the sulfoxide immediately prior to 
sulfenylation. 

An interesting application of this method is the conver
sion of 3,4-dehydro-/3-ionone32 to megastigma-4,6,8-trien-
3-one, a key flavoring compound from Burley tobacco con
densate as well as Greek and Turkish tobaccos (see Scheme 
III).33-34 Initial studies were carried out with /3-ionol.35 SuI-

Scheme III. Synthesis of Megastigma, 4,6,8-trien-3-one 

O OH 

PhS 

such a condensation in which acetaldehyde, propional-
dehyde, and acetone would have served as the active methy
lene partner. The utilization of organolithiums rather than 
enolates or their equivalents has an advantage in terms of 
the higher reactivity of the former and the irreversibility of 
their addition. Thus, hindered ketone partners (Table I, 
entries 3 and 4) react well. The estrone example suggests 
this approach may be suitable for adding the side chain of 
fusidic acid (4) onto a steroid nucleus. 

This approach also complements the existing methods. It 
employs a different substrate, a vinyl bromide, as the "ac
tive methylene partner". Since the availability of the latter 
from olefins and ketones is well documented,37,38 it serves 
as an elaboration of such systems (eq 2). The latter is par-

(2) 

ticularly intriguing since it involves a novel reorientation 
(see eq 3) of the active methylene partner relative to the 
aldol condensation (see eq 4). 

fenate-sulfoxide rearrangement (eq 1) led mainly to un-

OH 
^ / I H-CH9Li 
/ V / ^ V ^ ^ PhSCl 

SPh 

Ph 

S-*0 

Oc^ a) 

rearranged /3-ionyl phenyl sulfoxide.36 On the other hand, 
3,4-dehydro-(3-ionol, available from 3,4-dehydro-ff-ionone 
by reduction with diisobutylaluminum hydride, undergoes 
[2,7]-sigmatropic rearrangement! While the course of this 
reaction remains unknown, a reasonable possibility is a se
ries of three [2,3]-sigmatropic rearrangements. Sulfenyla
tion results in an equally facile net [2,7] rearrangement to 
give 3 in 25% overall yield. The E stereochemistry is as
signed on the basis of the 16 Hz coupling constant between 
the vinyl protons. While 3 is stereohomogeneous, hydrolysis 
produces a geometric mixture whose spectral properties 
agree with the published data.34 

Discussion 

The intermolecular version of this carbonyl transposition 
sequence can be considered as a novel approach to cross 
aldol condensation. We have achieved the equivalent of 

(3) 

(4) 

Conceptually, the intramolecular version achieves a net 
inversion of an a,/3-unsaturated carbonyl system with the 
ability to form a new carbon-carbon or carbon-hydrogen 
bond at the former carbonyl group (eq 5). 

(5) 

Experimental Section 

Melting points were taken on a Thomas-Hoover melting point 
apparatus and are corrected. Infrared spectra were determined on 
a Perkin-Elmer 267 spectrophotometer, and ultraviolet spectra 
were recorded on Cary Model 11 and Model 15 spectrophotome
ters. NMR spectra were determined on a MHL-100 spectrometer 
fitted with a variable-temperature probe. Chemical shifts are given 
in parts per million relative to Me4Si as an internal standard. Mass 
spectra were taken on a MS-902 mass spectrometer at an ionizing 
current of 40 mA and ionizing voltage of 70 V. VPC analyses were 
performed on an Aerograph Model 9OP instrument. 
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Tetrahydrofuran was dried by distillation from sodium benzo-
phenone ketyl. Diethyl and diisopropylamines were freshly distilled 
from calcium hydride. 

All TLC and PLC operations were performed utilizing silica gel 
PF-254. Dry column chromatography used W. R. Grace silica gel 
grade 62 (60-200 mesh) with 0.5% by weight of Du Pont 609 
phosphor. 

Hexanal Series. A. Preparation of 3-Hydroxy-l-octene. Utiliz
ing the standard procedure of Normant,39 vinylmagnesium bro
mide was prepared from 27.8 g (0.26 mol) of vinyl bromide and 
5.84 g (0.24 g-atom) of magnesium in 90 ml of dry THF. In this 
way, 28.0 g (100%) of colorless oil, bp 30° (0.15 mm) [lit.40 bp 
81-82° (20 mm)] was obtained. 

B. Preparation of l-(£>2-Octenyl Phenyl Sulfoxide. Utilizing 
the procedure of Grieco et al.,22c the lithium alkoxide of 3-hy-
droxy-1-octene, prepared from 670 mg (5.23 mmol) of alcohol in 
15 ml of dry THF and 3.35 ml of 1.50 M (5.23 mmol) n-butyllith-
ium in hexane, was reacted with 755 mg (5.23 mmol) of benzene-
sulfenyl chloride.27 Purification by PLC utilizing ether (R/ 0.6) 
gave 1.24 g (100%) of pure colorless oil: ir (CCl4) 1655 and 1050 
cm"1 ; NMR (CDCl3) S 7.28-7.72 (5H, m), 5.4 (m, 2 H), 3.46 (d, 
J = 6 Hz, 2 H), 2.00 (m, 2 H), 1.24 (bs, 6 H), 0.87 (t, / = 5 Hz, 3 
H); MS m/e (rel %) 236 (0.2), 222 (4), 218 (2), 126 (100), 111 
(40), 110 (37), 78 (29), 77 (20), 69 (70), 55 (52); mol wt (calcd 
for Ci 4H 2 0OS, 236.1239) 236.1234. 

C. Preparation of (3-Hydroxy-l-octenyl) Phenyl Sulfide. To 640 
mg (6.35 mmol) of diisopropylamine in 15 ml of dry THF at —78° 
was added 4.23 ml of 1.50 M (6.35 mmol) «-butyllithium solution 
in hexane. After 15 min, 1.40 g (5.94 mmol) of sulfoxide was 
added in one portion. After stirring 1 hr at —78°, the anion solu
tion was added to a solution of 1.53 g (7.00 mmol) of diphenyl di
sulfide in 10 ml of dry THF at 0°. The reaction was stirred 1 hr at 
0°, poured into 75 ml of 10% aqueous hydrochloric acid, and ex
tracted with 4 X 50 ml of chloroform. The combined organic por
tions were washed with 30 ml of 10% aqueous sodium bicarbonate, 
dried (Na2SO4), and evaporated at 25° in vacuo to leave a yellow 
oil. Purification by PLC (ether, Rf 0.90) gave 1.20 g (86%) of pure 
colorless oil: ir (CCl4) 3610, 3430, 1600, and 1580 cm- ' ; N M R 
(CDCl3) S 7.31 (m, 5 H), 6.42 (d, / = 16 Hz, 1 H), 5.86 (dd, J = 
16, 7 Hz, 1 H), 4.17 (q, J = 7 Hz, 1 H), 2.15 (bs, 1 H), 1.1-1.8 
(m, 8 H), 0.88 (t, / = 7 Hz, 3 H); MS m/e (rel %) 236 (21), 218 
(29), 165 (67), 123 (42), 110 (100), 109 (77), 91 (27), 78 (21), 77 
(42), 65 (45), 57 (39), 55 (69), 51 (41), 45 (45); mol wt (calcd for 
C1 4H2 0OS, 236.1235) 236.1234. 

D. Preparation of (£)-2-Octenal. To 236 mg (1.00 mmol) of (3-
hydroxy-1-octenyl) phenyl sulfide in 10 ml of acetonitriie and 2 ml 
of water was added 286 mg (1.05 mmol) of mercuric chloride. The 
reaction was stirred at 50° for 17 hr, cooled to 25°, and filtered to 
remove precipitated mercury salts. The precipitate was washed 
with chloroform and the latter combined with the initial filtrate. 
The combined solution was washed with 25 ml of 10% aqueous so
dium bicarbonate and extracted with 3 X 25 ml of chloroform. 
After drying (Na2SO4) the organic layer, it was evaporated in 
vacuo at 0° (20 mm) to leave a yellow oil which was purified by 
PLC (CHCl3 , two elutions, Rf 0.2) to give 129 mg (93%) of pure 
(£)-2-octenal, whose spectral properties were identical with pub
lished data.41 

1-Cyclopentenecarboxaldehyde Series. A. Preparation of l-(2-
Pentylidenecyclopenryl) Phenyl Sulfoxide. To 1.00 g of 1-cyclopen-
tenecarboxaldehyde42 (10.4 mmol) in 10 ml of dry THF at - 7 8 ° 
was added 7.65 ml of 1.50 M (11.5 mmol) w-butyllithium solution 
in hexane. After 30 min, 1.67 g (11.5 mmol) of benzenesulfenyl 
chloride was added. After stirring 15 min at —78°, the reaction 
was stirred at 25° for 2 hr, poured into saturated aqueous sodium 
chloride, and washed with 3 X 50 ml of chloroform. The chloro
form extracts were dried (Na2SO4) and evaporated in vacuo at 25° 
to leave a yellow oil. PLC (chloroform, R/0.35) gave 2.68 g (99%) 
of pure product as a mixture of isomers: ir (CHCl3) 1576 and 1020 
cm"1 ; NMR (CDCl3) 5 7.38 (m, 5 H), 5.50 (m, 0,43 H), 5.08 (bt, 
J = 6 Hz, 0.57 H), 3.69 (m, 0.43 H), 3.48 (m, 0.57 H), 1.1-2.6 
(m, 12 H), 0.86 (m, 3 H). 

B. Sulfenylation of l-(2-PentylidenecyclopentyI) Phenyl Sulfox
ide. To 126 mg (1.73 mmol) of diethylamine in 8 ml of dry THF 
was added 1.24 ml of 1.39 M (1.73 mmol) n-butyllithium solution 
in hexane. After 20 min, 159 mg (0.61 mmol) of the sulfoxide dis
solved in 1 ml of dry THF was added in one portion. After 30 min 

at - 7 8 ° and 30 min at —25°, the anion solution was added via 
cannula to a solution of 146 mg (0.67 mmol) of diphenyl disulfide 
in 5 ml of THF at 0°. After 30 min at 0°, the reaction was worked 
up as before, PLC produced two fractions. The faster moving sub
stance (R/ 0.2) was identified as l-phenylthio-2-(l'-hydroxypen-
tyl) cyclopentene (85 mg, 35%); ir (CCl4) 3625, 3460, 1640, and 
1580 c m - ' ; NMR (CDCl3) S 7.29 (ps, 5 H), 4.81 (t, J = 6.5 Hz), 
2.45 (m, 4 H), 1.18-2.18 (m, 8 H), 0.90 (t, J = 6 Hz, 3 H); MS 
m/e (rel %) 262 (9), 244 (6), 205 (45), 187 (12), 154 (10), 123 
(10), 110 (19), 96 (100), 79 (24), 67 (37). The slower moving sub
stance (RfOA) was identified as [2-(l'-phenylthiopentyl)-l-cyclo-
pentenyl] phenyl sulfoxide (155 mg, 49%); ir (CCl4) 1635, 1610, 
1580, and 1042 cm"1 ; N M R (CDCl3) 5 7.38 (m, 9 H), 6.93 (m, 1 
H), 4.73 (t, J = 7 Hz, 1 H), 2.60 (m, 4 H), 1.2-2.1 (m, 8 H), 0.93 
(m, 3 H); MS m/e (rel %) 354 (16), 353 (57), 245 (28), 244 (27), 
243 (100), 110 (57), 109 (51), 91 (33), 77 (34), 67 (30), 66 (23), 
and 55 (18). 

C. Preparation of 2-Pentylidenecyclopentanone. From 1-Phenyl-
thio-2-(l'-hydroxypentyl)cyclopentene. To 110 mg (0.42 mmol) of 
the hydroxy enol thioether in 4 ml of acetonitriie and 1 ml of water 
at 23° was added 125 mg 0.46 mmol) of mercuric chloride. After 
reaction and work-up as in the previous example, the crude prod
uct was purified by PLC (Rf 0.25, chloroform) to give 43 mg 
(68%) of pure colorless oil:30 ir (CCl4) 1705 and 1640 Cm"1; NMR 
(CDCl3) S 6.55 (tt, J = 7, 2 Hz, 1 H), 2.58 (bt, J = 6 Hz, 2 H), 
1.7-2.4 (m, 6 H), 1.4 (m, 4 H), 0.90 (t, J = 7 Hz, 3 H); MS m/e 
(rel %) 152 (16), 123 (36), 107 (30), 81 (30), 67 (44), 55 (48), 43 
(45), 41 (100); mol wt (calcd for C 1 0Hi 6O, 152.1203) 152.1201. 

From [2-(r-Phenylthiopentyl)-l-cyclopentenyl] Phenyl Sulfox
ide. To 123 mg (0.33 mmol) of the vinyl sulfoxide in 8 ml of aceto
nitriie at 0° was added 131 mg (1.67 mmol) of acetyl chloride. 
After 5 min, 126 mg (0.67 mmol) of anhydrous stannous chloride 
was added in one portion. The reaction was stirred 1.5 hr at 0°, 
poured into 30 ml of 10% aqueous sodium bicarbonate, and ex
tracted with 3 X 40 ml of ether. After drying (MgSO4) and evapo
rating in vacuo, the combined ether extracts gave 110 mg (94%) of 
crude 1 -phenylthio-2-( 1 '-phenylthiopentyl)cyclopentene. Mercuric 
chloride (252 mg, 0.93 mmol) was added to the crude vinyl sulfide 
in 7 ml of acetonitriie and 3 ml of water. After reaction and work
up as in the previous examples of hydrolysis, purification by PLC 
(chloroform, Rf 0.25) gave 33 mg (71%) of pure product identical 
with the previous sample by ir and NMR spectroscopy. 

Norbornanone Series. A. Preparation of 2-(2'-Phenylsulfinylpro-
pylidene)norbornane. A solution of 1-propenylmagnesium bromide 
in 15 ml of dry THF was prepared by the method of Normant39 

from 0.96 g (40 mg-atoms) of magnesium turnings and 4.84 g (40 
mmol) of 1-bromopropene. To this solution at 0° was added 2.20 g 
(20 mmol) of norcamphor dissolved in 5 ml of dry THF. The reac
tion was stirred 1 hr at 25°, quenched by the addition of a saturat
ed aqueous solution of ammonium chloride, and worked up as 
usual to give 2.98 g (98%) of product. 

The crude product (2.60 g, 17.1 mmol) was converted to the al-
lylic sulfoxide in 25 ml of dry THF in the usual way by first form
ing the alkoxide with 13.5 ml of a 1.39 M solution (18.8 mmol) of 
H-butyllithium in hexane followed by 2.71 g (18.8 mmol) of ben
zenesulfenyl chloride. The product was purified utilizing dry col
umn chromatography (3% 2-propanol in hexane, Rf 0.25) to give 
3.86 g (88%): ir (CCl4) 1673 and 1047 cm"1 ; NMR (CCl4) S 7.47 
(ps, 5 H), 4.96 (m, 1 H), 3.24 (m, 1 H), 2.03 (m, 1 H), 2.24 (m, 2 
H), 0.9-2.1 (m, 10H). 

B. Preparation of 2-Hydroxy-2-(2'-phenylthio-l'-propenyl)nor-
bornane. Sulfenylation was performed as previously described util
izing lithium diethylamide, generated from 264 mg (3.62 mmol) of 
diethylamine and 2.5 ml of a 1.45 M solution (3.62 mmol) of n-
butyllithium in hexane, 471 mg (1.81 mmol) of sulfoxide, and 394 
mg (1.81 mmol) of diphenyl disulfide. After purification by PLC, 
302 mg (65%) of pure product was obtained as an oil: ir (CCl4) 
3610 and 3470 cm- ' ; NMR (CCl4) h 7.26 (m, 5 H), four broad 
singlets at 5 6.23, 6.14, 5.98, 5.92 (total 1 H), 2.04 (3 H), s super
imposed on multiplet at 1.64-2.44 (4 H), 0.9-1.6 (m, 6 H). 

C. Preparation of l-(2'-Norbornylidene)propan-2-one. Hydroly
sis of the vinyl sulfide alcohoi (207 mg, 0.79 mmol) was performed 
as usual with 238 mg (0.88 mmol) of mercuric chloride in 4 ml of 
acetonitriie and 1 ml of water. Purification by PLC (Rf 0.6, 1:1 
ether:hexane) gave 103 mg (87%) of pure product as a colorless oil: 
ir (CCl4) 1688 and 1617 cm"1 ; NMR (CCl4) two bs at 6 6.17 and 
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5.98 (total 1 H), 3.95 and 2.79 (two multiplets, total I H ) , 2.48 
(m, 2 H), 2.17 (s, 3 H), 1.2-1.9 (m, 7 H); MS m/e (rel %) 150 
(48), 135 (31), 122 (100), 107 (37), 79 (40); mol wt (calcd for 
Ci0Hi4O, 150.1045) 150.1044. 

Pinacolone Series. A. Preparation of 2-(4,5,5-Trimethylhex-3-
enyl) Phenyl Sulfoxide. Addition of l-propenylmagnesium bromide 
prepared from 4.84 g (40 mmol) of 1-bromopropene and 0.96 g (40 
mg-atoms) of magnesium turnings to 2.00 g (20 mmol) of pinaco
lone in 10 ml of dry THF gave 2.72 g (95%) of allylic alcohol. 
Quenching of the alkoxide, generated from 1.80 g (12.7 mmol) of 
alcohol and 10 ml of a 1.39 M solution (13.9 mmol) of H-butyllith-
ium in hexane, with 1.94 g (13.9 mmol) of benzenesulfenyl chlo
ride in the usual way gave 2.44 g (78%) of the allylic sulfoxide 
after purification by dry column chromatography (3% 2-propanol 
in hexane): ir (CCl4) 1643, 1586, and 1049 cm"1; NMR (CCl4) 5 
7.43 (m, 5 H), 4.86 (m, 1 H), 3.51 (m, 1 H), 1.1-1.5 (m, 5 H), 
0.97 and 1.00 (two singlets, 9 H); MS m/e (rel %) 250 (1), 234 (1), 
124 (87), 110 (62), 109 (47), 83 (28), 78 (38), 69 (100), 41 (47); 
mol wt (calcd for Ci5H22OS, 250.1391) 250.1391. 

B. Preparation of 2-Phenylthio-4,5,5-trimethylhex-2-en-4-ol. 
Sulfenylation of 151 mg (0.60 mmol) of allylic sulfoxide with 131 
mg (0.60 mmol) of diphenyl disulfide in 16 ml of dry THF utiliz
ing lithium diethylamide, generated from 88 mg (1.21 mmol) of 
diethylamine and 0.84 ml of 1.45 M solution (1.21 mmol) of n-
butyllithium in hexane, was performed as usual. Purification by 
PLC (R/0.65, 1:1 ethenhexane) gave 130 mg (81%) of pure oil: ir 
(CCl4) 3620, 3400, 1623, and 1585 cm"1; NMR (CCl4) 5 7.23 (m, 
5 H), 5.80 (s, 1 H), 2.16 (s, 3 H), 1.34 (bs, 1 H), 1.27 (s, 3 H), 
0.97 (s, 9 H); MS m/e (rel %) 250 (0.1), 232 (9), 218 (8), 155 
(26), 125 (48), 110 (22), 57 (100), 43 (61); mol wt (calcd for 
CisH22OS, 250.1391) 250.1392. 

C. Preparation of (£)-4,5,5-Trimethylhex-3-en-2-one. Hydrolysis 
of 62 mg (0.25 mmol) of the vinyl sulfide alcohol with 74 mg (0.27 
mmol) of mercuric chloride in 3 ml of acetonitrile and 1 ml of 
water as usual gave 24 mg (71%) of pure colorless oil29 after puri
fication by PLC (R/ 0.70, 1:1 ethenhexane): ir (CCl4) 1690 and 
1608 cm-1; NMR (CCl4) & 6.04 (s, 1 H), 2.10 (s, 3 H), 2.07 (d, J 
= 1 Hz, 3 H), 1.13 (s, 9 H); MS m/e (rel %) 140 (23), 125 (100), 
97 (36), 67 (25), 57 (41), 55 (77); mol wt (calcd for C9Hi6O, 
140.1201) 140.1198. 

Cyclohexenone Series. A. Preparation of l-Phenyl-3-cyclohexen-
yl Phenyl Sulfoxide. Following the procedure described for 1-cyclo-
pentenylcarboxaldehyde, 11.0 mmol of a commercial solution of 
phenyllithium in 70:30 benzene-ether was added to 0.96 g (10.0 
mmol) of cyclohexenone in dry THF and quenched with 1.59 g 
(11.0 mmol) of benzenesulfenyl chloride to give 2.67 g (93%) of 
the desired pure sulfoxide after dry column chromatography (Rf 
~0.2, CHCl3): ir (CCl4) 1600, 1585, and 1048 cm"1; NMR 
(CDCl3) S 7.2-7.8 (m, 10 H), 6.14 (dt, 7 = 4, 1.5 Hz), 3.62 (m, 1 
H), 2.43 (m, 2 H), 1.4-2.2 (m, 4 H). 

Preparation of l-Phenylthio-3-phenyl-l-cyclohexen-3-ol. Sul
fenylation of 340 mg (1.21 mmol) of the above sulfoxide was car
ried out as previously described utilizing lithium diethylamide, 
generated from 177 mg (2.42 mmol) of diethylamine and 1.67 ml 
of a 1.45 M solution (2.42 mmol) of fl-butyllithium in hexane, and 
264 mg (1.21 mmol) of diphenyl disulfide in 10 ml of dry THF. 
Purification by PLC (Rf 0.6, 1:1 ethenhexane) gave 391 mg (83%) 
of pure product: ir (CHCl3) 3610, 3360, and 1600 cm"1; NMR 
(CDCl3) .5 7.36 (m, 10 H), 5.78 (s, 1 H), 2.22 (m, 3 H), 1.5-2.1 
(m, 4H). 

Preparation of 3-Phenyl-2-cyclohexen-l-one. Hydrolysis of 190 
mg (0.487 mmol) of vinyl sulfide alcohol was achieved as previous
ly described utilizing 263 mg (0.97 mmol) of mercuric chloride in 
4 ml of acetonitrile and 1 ml of water to give 76 mg (92%) of enone 
after purification by PLC (/?/ 0.3, 1:1 etherhexane). Its spectral 
properties agreed with published data.43 

Carvone Series. A. Preparation of n-Butyl-5-isopropenyl-2-meth-
yl-3-cyclohexenyl Phenyl Sulfoxide. Following the procedure de
scribed for 1-cyclopentenylcarboxaldehyde, 7.33 mmol of a com
mercial 1.45 M solution of n-butyllithium in hexane was added to 
1.00 g (6.67 mmol) of carvone in 20 ml of dry THF and quenched 
with 1.06 g (7.33 mmol) of benzenesulfenyl chloride to give 1.80 g 
(85%) of product after purification by dry column chromatography 
(#/~0.4, 1:1 ether:hexane): ir (CCl4) 1642, 1580, and 1048 cm"1; 
NMR (CDCl3) 5 7.43 (m, 5 H), 4.72 (m, 2 H), 3.0-3.6 (m, 1 H), 
2.03 (m, 5 H), 1.1-1.8 (m, 12 H), 0.92 (t, J = 7 Hz, 3 H). 

B. Preparation of 3-n-Butyl-5-isopropenyl-2-methyl-l-phenyl-
thio-l-cyclohexen-3-ol. Sulfenylation of 343 mg (1.09 mmol) of 
the above sulfoxide was carried out as previously described utiliz
ing lithium diethylamide, generated from 160 mg (2.20 mmol) of 
diethylamine and 1.52 ml of a 1.45 M solution (2.20 mmol) of n-
butyllithium in hexane, and 240 mg (1.10 mmol) of diphenyl disul
fide in 8 ml of dry THF. Purification by PLC (%0.65, 1:1 ether: 
hexane; Rf 0.3, CHCl3) gave 274 mg (80%) of pure product: ir 
(CCl4) 3610, 3430, 1641, and 1580 cm"1; NMR (CDCl3) h 7.24 
(ps, 5 H), 4.70 (m, 2 H), 1.0-2.4 (m, 15 H), 0.92 (bt, J = 7 Hz, 3 
H). 

C. Preparation of 3-u-Butyl-5-isopropenyl-2-methyl-2-cyclo-
hexen-1-one. Hydrolysis of 173 mg (0.55 mmol) of vinyl sulfide 
was achieved as previously described utilizing 224 mg (0.826 
mmol) of mercuric chloride in 4 ml of acetonitrile and 1 ml of 
water to give 105 mg (92%) of product after purification by PLC 
(Rf ~0.9, CHCl3): ir (CCl4) 1661, 1640, and 895 cm-'; NMR 
(CDCl3) S 4.75 (m, 2 H), 2.0-2.7 (m, 7 H), 1.76 (bs, 6 H), 1.40 
(m, 4 H), 0.94 (t, J = 7 Hz, 3 H); MS m/e (rel %) 205 (27), 165 
(29), 149 (19), 121 (43), 106 (23), 105 (96), 96 (100), 93 (35), 91 
(23), 67 (28), 53 (27), 41 (47); mol wt (calcd for Ci4H22O, 
206.1671)206.1673. 

Estrone Methyl Ether Series. A. Preparation of 3-Methoxy-17-
phenylsulfinylisopropylidene-l,3,5(10)-estratriene. To 436 mg (3.60 
mmol) of 2-bromopropene in 8 ml of dry THF at —78° was added 
7.20 mmol of te/7-butyllithium (commercial solution in pen-
tane).44 After stirring 1 hr at -78°, 500 mg (1.76 mmol) of es
trone methyl ether was added. Stirring was continued for 4 hr at 
—78° and for an additional hour during which time it was allowed 
to warm to room temperature. Addition of 3 ml of 2 A' aqueous 
acetic acid solution quenched the reaction. The solution was made 
basic by addition of 50 ml of 10% aqueous sodium bicarbonate and 
extracted with 3 X 40 ml of ether. Drying (MgSO4) and evaporat
ing in vacuo left 561 mg of a foam. Purification by PLC (two elu-
tions with chloroform) led to 261 mg (52%) of recovered estrone 
methyl ether (Rf 0.5) and 253 mg (93% based upon recovered 
starting material) of adduct (Rf 0.4) as a colorless foam. 

The alkoxide generated from 252 mg (0.773 mmol) of alcohol 
and 0.78 mmol of commercial solution of «-butyllithium in hexane 
was converted to the sulfoxide with 113 mg (0.78 mmol) of ben
zenesulfenyl chloride in 20 ml of dry THF as previously described 
to give 268 mg (80%) of sulfoxide after PLC purification (Rf 0.25, 
CHCl3): ir (CCl4) 1625, 1580, 1048, and 1028 cm-'; NMR 
(CDCl3) b 7.28 (m, 6 H), 6.68 (m, 2 H), 3.77 (s, 3 H), 3.4-4.2 (m, 
2 H), 2.82 (m, 2 H), 0.7-2.6 (m, 13 H). 

B. Preparation of 17-Hydroxy-17-(l'-phenylthio-2'-isopropenyl)-
3-methoxy-l,3,5(10)-estratriene. Sulfenylation of 260 mg (0.60 
mmol) of the above sulfoxide was carried out as previously de
scribed utilizing lithium diethylamide, generated from 88 mg (1.20 
mmol) of ethylamine and 1.20 mmol of a commercial solution of 
«-butyllithium in hexane, and 144 mg (0.66 mmol) of diphenyl di
sulfide in 7 ml of dry THF. Purification by PLC (.R/0.4, 1:1 ether: 
hexane) gave 165 mg (81%) of colorless foam: ir (CCl4) 1621, 
1581, and 1500 cm"1; NMR (CDCl3) & 7.28 (m, 6 H), 6.68 (m, 2 
H), 6.04 (s, 1 H), 3.77 (s, 3 H), 2.82 (m, 2 H), 1.95 (s, 3 H super
imposed upon a multiplet from 1.0-2.3 (14 H), 0.97, s, 3 H. 

C. Preparation of 17-(l'-Formyl-l'-ethylidene)-3-methoxy-
l,3,5(10)-estratriene. Hydrolysis of 140 mg (0.323 mmol) of the 
vinyl sulfide alcohol was achieved as previously described utilizing 
176 mg (0.65 mmol) of mercuric chloride in 4:1 v/v acetonitrile-
water to give 95 mg (92%) of product after PLC purification (Rf 
0.4, 1:1 ether-hexane) as a mixture of isomers: ir (CCl4) 1665, 
1625, 1585, and 1500 Cm"1; NMR (CDCl3) 5 10.28 and 10.01 
(two s, 1 H), 7.20 (d, / = 8 Hz, 1 H), 6.72 (m, 2 H), 3.80 (s, 3 H), 
2.88 (m, 4 H), two narrow (J ~1 Hz) triplets at & 1.85 and 1.72 
for 3 H superimposed on multiplet at 1.2-2.6 for 11 H, 1.11 and 
1.00 (two s, 3 H); MS m/e (rel %) 324 (100), 226 (61), 199 (30), 
186 (45), 174 (85), 173 (74), 172 (37), 171 (71), 160 (44), 147 
(54), 110 (53), 91 (45); mol wt (calcd for C22H28O2, 324.2089) 
324.2088. 

Progesterone Ethylenedioxy Ketal Series. A. Preparation of 3,3-
Ethylenedioxy-23-phenylsulfinyl-24-norchola-5,20(22)-diene. In the 
usual manner, vinylmagnesium bromide prepared from 1.50 g 
(14.0 mmol) of vinyl bromide and 337 mg (14.0 mg-atoms) of 
magnesium turnings was added to 1.00 g (2.81 mmol) of the mo-
noketal of progesterone45 in 25 ml of dry THF to give 1.01 g (94%) 
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of adduct after PLC purification (R/0.2, CHCl3). 
The alkoxide generated from 1.00 g (2.60 mmol) of the above 

alcohol and 2.60 mmol of a commercial solution of n-butyllithium 
in hexane was converted to the allylic sulfoxide with 375 mg (2.60 
mmol) of benzenesulfenyl chloride in 25 ml of dry THF as pre
viously described to give 1.00 g (77%) of product, mp 154-157° 
after PLC purification (R/ 0.10, 1:1 ether-hexane): ir (CCl4) 
1640, 1585, and 1054 cm"1; NMRtCDCl3) S 7.52 (m, 5 H), 5.33 
(m, 1 H), 5.08 (t, J = 7 Hz, 1 H), 3.96 (s, 4 H), 3.64 (bd, J = I 
Hz, 2 H), 2.56 (m, 1 H), 1.65 (s, 3 H superimposed upon multiplet 
at 1.0-2.1 for 17 H), 1.03 (s, 3 H), 0.52 (s, 3 H). 

B. Preparation of 3,3-Ethylenedioxy-20-hydroxy-23-phenylthio-
24-norchola-5,22-diene. Sulfenylation of 500 mg (1.01 mmol) of 
the above sulfoxide was carried out as previously described utiliz
ing 3.03 mmol of lithium diethylamide generated in the usual way 
and 440 mg (2.02 mmol) of diphenyl disulfide in 6 ml of dry THF. 
Purification by PLC (R/ 0.5, 1:1 ether-hexane) gave 398 mg 
(80%) of pure product as a foam: ir (CHCl3) 3600, 3450, 1612, 
and 1585 cm"1; NMR (CDCl3) & 7.28 (m, 5 H), 6.41 and 6.33 
(two d, J = 16 Hz, 1 H), 6.00 (d, 7 = 1 6 Hz, 1 H), 5.31 (m, 1 H), 
3.95 (s, 4 H), 2.53 (m, 1 H), 0.9-2.1 (m, 20 H), 1.25 and 1.36 (two 
s, 3 H), 1.05 (s, 3 H), 0.81 and 0.84 (two s, 3 H). 

C. Preparation 3-Oxo-24-norchola-4,20(22)-dien-23-ol. Hydrol
ysis of 200 mg (0.405 mmol) of vinyl thioether alcohol with 220 
mg (0.81 mmol) of mercuric chloride in 6:1 v/v acetonitrile-water 
in the usual way gave 103 mg (75%) of crystalline product, mp 
162-165°, after PLC purification (R/0.5, ether): ir (CHCl3) 1668 
and 1630 cm"1; NMR (CDCl3) 10.03 (d, J = 7 Hz, 1 H), 5.90 (d, 
J = 7 Hz, 1 H), 5.71 (s, 1 H), 0.9-2.5 (m, 20 H), 2.20 (s, 3 H), 
1.20 (s, 3 H), 0.66 (s, 3 H); MS m/e (rel %) 340 (0.3), 272 (3), 
172 (30), 144 (12), 109 (6), 100 (100), 83 (14), 72 (79), 58 (75), 
44 (27); mol wt (calcd for C23H32O2, 340.2402) 340.2403. 

Dehydro-/5-ionone Series. A. Preparation of Metastigma-4,6,8-
trienyl Phenyl Sulfoxides. To 1.50 g (7.90 mmol) of 3,4-dehydro-
/?-ionone32 in 40 ml of benzene at 0° was added 2.25 g (15.8 
mmol) of diisobutylaluminum hydride as a solution in hexane. 
After stirring for 6 hr at 0°, the reaction was quenched by sequen
tial addition of 2 ml of methanol, 1 ml of water, and 5 g of anhy
drous sodium sulfate in 10-min intervals. Stirring continued an ad
ditional hour, and then the reaction was filtered. The solution was 
extracted with 10 X 30 ml of ether and the organic phase washed 
with 30 ml of saturated aqueous sodium chloride. Drying 
(MgSO4), evaporation in vacuo, and PLC purification (R/ 0.25, 
CHCl3) gave 890 mg (60%) of colorless oil. 

Conversion of 720 mg (3.74 mmol) to the sulfoxide in the usual 
manner utilizing 4.12 mmol of a commercial solution of «-butylli-
thium in hexane and 597 mg (4.12 mmol) of benzenesulfenyl chlo
ride in 20 ml of dry THF gave 730 mg (65%) of oil after PLC puri
fication (R/ 0.3, 1:1 ether-hexane) as a complex isomeric mixture: 
ir (CCl4) 1650, 1620, 1610, 1600, and 1050 cm"1; NMR (CDCl3) 
7.70 (m, 5 H), 5.38-6.95 (m, 4 H), 3.57 (m, 1 H), 0.8-2.7 (m, 14 
H). 

B. Preparation of 3,4-Dehydro-3-phenylthio-|8-ionol. Sulfenyla
tion of 336 mg (1.12 mmol) of the above sulfoxide was carried out 
as previously described utilizing 2.30 mmol of lithium diethylam
ide generated in the usual way and 268 mg (1,23 mmol) of diphe
nyl disulfide in 5 ml of dry THF. Purification by PLC («/0.4, 1:1 
ether-hexane) gave 210 mg (63%) of pure product: ir (CCl4) 3600, 
3415, 1650, 1635, and 1575 cm"1; NMR (CDCl3) & 7.28 (m, 5 H), 
6.00 (d, 7 = 1 6 Hz, 1 H), 5.82 (s, 1 H), 5.55 (dd, 7 = 16, 6 Hz, 1 
H), 4.28 (dq, 7 = 6, 6 Hz, 1 H), 2.30 (bs, 1 H), 2.06 (s, 2 H), 1.78 
(s, 3 H), 1.28 (d, 7 = 6 Hz, 3 H), 0.98 (s, 6 H); MS m/e (rel %) 
300 (11), 299 (22), 282 (12), 218 (65), 158 (36), 133 (32), 119 
(34), 110 (68), 109 (100), 105 (33), 91 (55), 77 (66), 65 (59), 51 
(41); mol wt (calcd for Ci9H24OS, 300.1548) 300.1548. 

C. Preparation of Metastigma-4,6,8-trienone. Hydrolysis of 89 
mg (0.30 mmol) of vinyl thioether alcohol in the usual way with 
105 mg (0.387 mmol) of mercuric chloride in 4:1 v/v acetonitrile-
water gave 21 mg (38%) of product after PLC purification (R/ 
0.75, CHCl3) as a mixture of isomers whose spectral (ir and 
NMR) properties agree with published data.34 

Ethyl Vinyl Ketone Series. A. Preparation of 3-Ethyl-3-hydroxy-
1-phenylthio-l-heptane. To 500 mg (5.96 mmol) of ethyl vinyl ke
tone in 8 ml of dry THF at -25° was added 4.51 ml of a 1.45 M 
solution (6.55 mmol) of H-butyllithium in hexane. After 30 min, 
950 mg (6.55 mmol) of benzenesulfenyl chloride was added and 

the resulting solution stirred 1 hr at -20°. The reaction was added 
to a solution of 13.1 mmol of lithium diethylamide prepared in the 
usual way in 10 ml of dry THF at -20°. This reaction was stirred 
1 hr to ensure complete anion generation and then added to 1.30 g 
(5.96 mmol) of diphenyl disulfide in 8 ml of dry THF at 0°. After 
1 hr, the reaction was poured into 32 ml of saturated aqueous sodi
um chloride containing 2 ml of 10% aqueous hydrochloric acid and 
extracted into 3 X 40 ml of ether. The combined ether portions 
were washed with 10 ml of 10% aqueous sodium bicarbonate, dried 
(MgSO4), and evaporated in vacuo to leave a brown oil. Purifica
tion by PLC (R/OA, 1:1 ether-hexane) gave 762 mg (51%) of col
orless oil: ir (CCl4) 3610, 3470, and 1583 cm"1; NMR (CCl4) 5 
7.4 (m, 5 H), 6.37 (d, 7 = 1 5 Hz, 1 H), 5.81 (d, 7 = 1 5 Hz, 1 H), 
1.87 (b, 1 H), 1.0-1.8 (m, 8 H), 0.91 (~t, 7 = 7 Hz, 6 H). 

B. Preparation of 3-Ethyl-2-heptenal. Hydrolysis of 276 mg 
(1.10 mmol) of the above vinyl thioether alcohol with 895 mg 
(3.30 mmol) of mercuric chloride under the usual conditions in 6:1 
v/v acetonitrile-water gave 101 mg (65%) of enal after PLC puri
fication (R/ 0.2, CHCl3) as an isomer mixture: ir (CCl4) 2730, 
1679, and 1628 cm"'; NMR (CCl4) S 9.87 (d, 7 = 8 Hz, 1 H), 
5.72 (d, 7 = 8 Hz, 0.55 H), 5.68 (d, 7 = 8 Hz, 0.45 H), 2.57 (q, 7 
= 7 Hz, 2 H), 2.22 (q, 7 = 7 Hz, 2 H), 0.7-1.7 (m, 10 H); MS m/e 
(rel %) 140 (5), 139 (55), 114(81), 111 (46), 110(49), 109(48), 
100 (32), 96 (51), 81 (62), 71 (48), 69 (65), 57 (62), 55 (100), 43 
(98); mol wt (calcd for C9H16O, 140.1201) 140.1174. 

Acknowledgment. We thank the National Institutes of 
Health and the National Science Foundation for their gen
erous support of our programs. Dr. J. Fried of Syntex Corp. 
provided a generous sample of estrone methyl ether, and 
Dr. V. van Rheenan of Upjohn provided a generous sample 
of progesterone. 

References and Notes 

(1) Camille and Henry Dreyfus Teacher-Scholar Grant Recipient. 
(2) National Institutes of Health Predoctoral Fellow. 
(3) For pertinent reviews, see H. Reiff, Newer Methods Prep. Org. Chem., 

6, 48 (1971); A. T. Nielson and W. J. Houlshan, Org. React., 16, 1 
(1968). 

(4) G. Stork, G. A. Kraus, and G. A. Garcia, J. Org. Chem., 39, 3459 
(1974); G. Stork and J. d'Angelo, J. Am. Chem. Soc, 96, 7114 (1974). 

(5) H. O. House, D. S. Crumrine, A. Y. Teranishi, and H. D. Olmstead, J. 
Am. Chem. Soc, 95, 3310 (1973). See also T. A. Spencer, R. W. Brit-
ton, and D. S. Watt, ibid, 89, 5727 (1967). 

(6) T. Mukaiyama, K. Banno, and K. Narasaka, J. Am. Chem. Soc, 96, 
7503 (1974); Chem. Lett., 1011 (1973). 

(7) T. Mukaiyama and M. Hayashi, Chem. Lett., 15 (1974). 
(8) T. Mukaiyama, T. Izawa, and K. Saigo, Chem. Lett., 323 (1974). 
(9) F, Effenberger, Angew. Chem., Int. Ed. Engl., 8, 295 (1969). 

(10) A. I. Meyers, A. Nabeya, H. W. Adickes, I. R. Politzer, G. R. Malone, A. 
C. Kovelesky, R. L. Nolen, and R. C. Portnoy, J. Org. Chem., 38, 36 
(1973). 

(11) G. Wittig and H. Reiff, Angew. Chem., Int. Ed. Engl., 7 7 (1968). 
(12) W. Nagata and Y. Hayase, Tetrahedron Lett., 4359 (1968). 
(13) For related work, see G. R. Malone and A. I. Meyers, J. Org. Chem., 39, 

623(1974). 
(14) H. Takahashi, K. Fujiwara, and M. Ohta, Bull. Chem. Soc. Jpn., 35, 

1498(1962). 
(15) S. Trippett and D. M. Walker, J. Chem. Soc, 1266 (1961). 
(16) J. B. Aldersley and G. N. Burkhardt, J. Chem. Soc, 545 (1938); E. A. 

Braude and O. H. Wheeler, ibid., 320 (1955). 
(17) M. C. Chaco and B. H. Iyer, J. Org. Chem., 25, 186 (1960); A. Marcow 

and H. Normant, Bull. Soc. ChIm. Fr., 1400 (1966). 
(18) M. Julia and J. M. Surzer, Bull. Soc. CNm. Fr., 1615 (1956); H. G. Viehe, 

Chem. Ber., 92, 1270 (1959); G. Saucy, R. Marbet, H. Lindlar, and O. 
Isler, HeIv. ChIm. Acta, 42, 1945 (1959). 

(19) P. S. Wharton and D. H. Bohler, J. Org. Chem., 26, 3615 (1961). 
(20) J. H. Babler, D. O. Olsen, and W. H. Arnold, J. Org. Chem., 39, 1656 

(1974). 
(21) J. Meisenheimer, Chem. Ber., 52, 1667 (1919); M. Moriwaki, S. Saw-

ada, and Y. Inouye, Chem. Commun., 419 (1970); V. Rautenstrauoh, 
HeIv. ChIm. Acta, 56, 2492 (1973). 

(22) (a) R. Tang and K. Mislow, J. Am. Chem. Soc, 92, 2100 (1970); (b) D. 
A. Evans, G. C. Andrews, T. T. Fujimoto, and D. Wells, Tetrahedron 
Lett., 1385, 1389 (1973); (c) P. A. Grieco and R. S. Finkelhor, J. Org. 
Chem., 38, 2245 (1973); (d) For a review, see D. A. Evans and G. C. 
Andrews, Ace Chem. Res., 6, 147 (1974). 

(23) K. B. Sharpless and R. F. Lauer, J. Am. Chem. Soc, 94, 7154 (1972). 
(24) G. Buchi and J. C. Vederas, J. Am. Chem. Soc, 94, 9128 (1972). 
(25) (a) R. A. Ellison, W. D. Woesner, and C. C. Williams, J. Org. Chem., 37, 

2757 (1972); (b) B. M. Trost and T. N. Salzmann. J. Am. Chem. Soc, 
95, 6840 (1973); (c) D. Seebach and H. Neumann, Chem. Ber., 107, 
847 (1974); (d) D. A. Evans, G. C. Andrews, and B. Buckwalter, J. Am. 
Chem. Soc. 96, 5560 (1974); (e) B. M. Trost and T. N. Salzmann, J. 
Org. Chem., in press; (f) B. M. Trost, K. Hiroi, and S. Kurozumi, J. Am. 
Chem. Soc, in press. 

Journal of the. American Chemical Society / 97:14 / July 9, 1975 



4025 

(26) For related independent work that appeared after submission of our 
original manuscript, see T. Nakai, H. Sriiono, and M. Okawara, Tetrahe
dron Lett., 3625 (1974). 

(27) E. Kuhle, Synthesis, 561 (1970); H. Lecher and F. Holschneider, Chem. 
Ber., 57, 755(1924). 

(28) E. J. Corey and J. I. Shulman, J. Org. Chem., 35, 777 (1970). 
(29) R. Y. Levina, V. N. Kostin, and P. A. Gembitskii, Zh. Obshch. KHm., 29, 

2456 (1959); Chem. Abstr., 54, 9796g (1960); D. Ploiun, R. Glenat, and 
R. Heilmann, Ann. ChIm. (Paris), 2, 191 (1967). 

(30) R. A. Smith and T. A. Spencer, J. Org. Chem., 35, 3220 (1970); G. Lar-
delli, V. Lamberti, W. T. Weller, and A. P. de Jonge, Reel. Trav. Chim. 
Pays-Bas, 86, 481 (1967). 

(31) G. V. Kaiser, R. D. Cooper, R. E. Koehler, C. F. Murphy, J. A. Webber, I. 
G. Wright, and E. van Heyningen, J. Org. Chem., 35, 2430 (1970). 

(32) J. A. Findlay and W. D. MacKay, Can. J. Chem., 49, 2369 (1971). 
(33) D. L. Roberts and W. A. Rhode, Tob. Sci., 16, 107 (1972); E. Demole 

and D. Berthet, HeIv. Chim. Acta, 55, 1866 (1972); J. N. Schumacher 
and L. Vestal, Tob. Sci., 18, 43 (1974). 

(34) A. J. Aasen, B. Kimland, S. Almquist, and C. R. Enzell, Acta Chem. 
Scand., 26, 2573 (1972); A. J. Aasen, B. Kinland, and C. R. Enzell, ibid., 
27, 2107 (1973); E. Demole and P. Enggist, HeIv. Chim. Acta, 57, 2087 
(1974). 

(35) W. Orieshnik and A. D. Mebane, J. Am. Chem. Soc, 71, 2062 (1949); 
M. Mousseron-Canet and J. C. Mani, Bull. Soc. Chim. Fr., 3285 (1966); 
M. Mousseron-Canet, M. Mousseron, and P. Legendre, ibid., 50 (1964). 

(36) For analogous results, see S. Braverman, Int. J. Sulfur Chem., Part C, 6, 
149 (1971); G. Biichi and R. M. Freidinger, J. Am. Chem. Soc, 96, 3332 
(1974). 

(37) U. Westphal, Y. L. Wang, and H. Heilmann, Chem. Ber., 72, 1233 
(1939); M. Mousseron and R. Jacquler, Bull. Soc. Chim. Fr., 648 (1950); 
K. B. Wiberg, B. R. Lowry, and T. H. Colby, J. Am. Chem. Soc, 83, 
3998 (1961); P. D. Readio and P. S. Skell, J. Org. Chem., 31, 753 
(1966). 

(38) W. H. Perkin and J. L. Simonsen, J. Chem. Soc, 87, 859 (1905); M. R. 
Lespiean, Bull. Soc. Chim. Fr., (4) 29, 530 (1921); S. Winstein, J. Am. 
Chem. Soc, 64, 2792 (1942); H. U. Goering, P. I. Abell, and B. F. Ay-
cock, ibid., 74, 3588 (1952); R. K. Boeckman, Jr., and D. M. Blum, J. 
Org. Chem., 39, 3307 (1974). 

(39) H. Normant, Bull. Soc. Chim. Fr., 728 (1957). 
(40) P. A. Levene and A. Walti, J. Biol. Chem., 94, 593 (1931). 
(41) J. J. Riehl and F. Jung, Tetrahedron Lett., 3139 (1969); E. J. Corey, B. 

W. Erickson, and R. Noyori, J. Am. Chem. Soc, 93, 1724 (1971). 
(42) J. B. Brown, H. B. Henbest, and E. R. H. Jones, J. Chem. Soc, 3634 

(1950). 
(43) O. G. Farnum, A. M. Mostashari, and A. A. Hagedorn, J. Org. Chem., 

36, 698 (1971); S. M. Abdullah, J. Indian Chem. Soc, 12, 62 (1935). 
(44) D. Seebach and H. Newmann, Chem. Ber., 107, 847 (1974). 
(45) A. Ercoli and P. de Rieggieri, Gazz. Chim. Hal., 84, 312 (1954). 
(46) K. E. Wilson, R. T. Seidner, and S. Masamune, Chem. Commun., 213 

(1970). 

A New Photochemical Rearrangement. 
A Cyclopropyl-7r-methane Rearrangement. 
Mechanistic and Exploratory Organic Photochemistry1'2 

Howard E. Zimmerman* and Christopher J. Samuel 

Contribution from the Chemistry Department of the University of Wisconsin, 
Madison, Wisconsin, 53706. Received November 16, 1974 

Abstract: The photochemistry of 3-(2,2-diphenylcyclopropyl)-3-methyl-l,l-diphenyl-l-butene was investigated in order to 
ascertain the reactivity of a system having one x moiety and one cyclopropyl ring attached to a saturated carbon. Only the 
singlet excited state proved reactive. As photochemical products there were obtained 1,1-diphenylethylene, 2-methyl-l,l-di-
phenyl-1-propene, 1,1-diphenylbutadiene, 4-methyl-l,l-diphenyl-l,3-pentadiene, and 3-(2,2-diphenylvinyl)-2,2-dimethyl-
1,1-diphenylcyclobutane. The cyclobutane product was considered as a potential reaction intermediate in the formation of 
the other products, and its photochemistry was investigated. Irradiation of the cyclobutane was found to afford 2-methyl-
1,1-diphenyl-l-propene and l,l-diphenyl-l,3-butadiene but no diphenylethylene or 4-methyl-l,l-diphenyl-l,3-pentadiene. 
This evidence required that the diphenylethylene and the 4-methyl-l,l-diphenyl-l,3-pentadiene be primary photolysis prod
ucts of the cyclopropylvinylmethane. Furthermore, extrapolation of the product distribution to zero time revealed an initial 
absence of 2-methyl-1,1 -diphenyl-1 -propene and diphenylbutadiene, thus showing these to be secondary photoproducts deriv
ing from reaction of the cyclobutane. One a priori mechanism for formation of diphenylethylene and 4-methyl-l,l-diphenyl-
1,3-pentadiene was carbene fragmentation followed by rearrangement. This was ruled out by independent study of the be
havior of the carbene generated thermally and photochemically. A mechanism is postulated accounting both for formation of 
these products and the cyclobutane. This mechanism parallels that of the ubiquitous di-7r-methane rearrangement but leads 
instead to the cyclobutane. Diversion of the reaction mechanism along the reaction coordinate leads to the fragmentation 
products. 

Organic photochemistry is at a stage of development 
where its repertoire of established reactions consists of less 
than a score. Of these one is the di-7r-methane rearrange
ment which has proved both extraordinarily general and 
synthetically useful.3 It thus seemed worthwhile to investi
gate the possibility of effecting a parallel rearrangement in 
which one ir moiety has been replaced by a three-membered 
ring, thus affording a cyclopropyl-7r-methane or homo-di-
7r-methane rearrangement. 

For this study, we selected 3-(2,2-diphenylcyclopropyl)-
3-methyl-1,1 -diphenyl- 1-butene (1) because of its close 

structural relationship to the well-studied3b-4 1,1,5,5-tetra-
phenyl-3,3-dimethyl-1,4-pentadiene (2). 

Results 
Synthesis of Reactant. The synthesis devised for cyclo

propylvinylmethane 1 is outlined in Chart I. This route 
began with 2,2-diphenylcyclopropyl methyl ketone5 (3) and 
its reaction with the conjugate base of triethyl phosphono-
acetate. The phosphonate reaction6 required somewhat 
more strenuous conditions than normal but proceeded in ex
cellent yield. Otherwise the synthesis was unexceptional. 

Exploratory Photochemistry of the Cyclopropylvinyl
methane. Exploratory photolyses were run on a Rayonet7 

type of reactor consisting of 32 15-W low-pressure mercury 
lamps arranged in a cylindrical array surrounding a quartz 
vessel. It was observed that direct irradiation (sensitization 
led to no reaction) under these conditions led to five prod-
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