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Synthesis of Alkenes via the Peterson Reaction

David J. Ager

Department of Chemistry, University of Toledo, 2801 W. Bancroft St., Toledo, Ohio 43606, U.S.A.

The «-phenylthiosilanes (2) have been used to prepare the «-silyl anions (1) by reaction with lithium
naphthalenide; subsequent condensation with a carbonyl compound gave the alkene (8) via the
Peterson reaction. The «-phenylthiosilanes (2) were prepared from n,n-bis(phenylthio)acetals (4) by
reaction with lithium naphthalenide and chlorotimethylsilane. The n,n-bis(phenylthio)acetals (4) were
obtained, in turn, from 1,1-bis(phenylthio)acetals (5) by anion formation with butyl-lithium-NNN'N'-
tetramethylethylenediamine complex in hexane followed by reaction with an alkyl halide. The Peterson
reaction was also used to prepare vinyl sulphides (9) and vinyl sulphones (13).

The Peterson reaction !'2 has the following advantages over the
traditional Wittig reaction:? a volatile by-product (hexamethyl-
disiloxane) which is easily removed; rapid condensation
between the anion and carbonyl compound when a
functionalised alkene is required;* and control over the
stereochemical outcome of the elimination step.® In contrast,
the disadvantages of the Peterson reaction are that it is under
kinetic control® and that the diastereoisomeric B-hydroxy-
silanes usually formed have to be separated if just one isomer of
the alkene is required. Unlike anions stabilised by phosphorus,
a-silyl anions (1) are not generally available by direct
deprotonation’ and less direct methods have to be employed.
Although chloromethyltrimethylsilane is commercially avail-
able, other «-halogenosilanes are not readily accessible.

«-Silyl anions (1) have been prepared by the addition of an
alkyl-lithium to a vinylsilane.’-® The alternative methods have
been based on substitution of a heteroatom for a metal.
Heteroatoms used in this context have been selenium,’
silicon,'® and tin.'! This paper describes the use of sulphur 2
which has the advantage that the precursors are readily
available and the transmetallation step is less susceptible to
steric effects.

The required «-thiosilanes (2) are available by a variety of
routes which are summarised in Scheme 1.'3> The various
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Scheme 1. Reagents: i, BuLi; ii, R2X; iii, R?Li (R! = R3CH,); iv, Li
naphthalenide; v, Me,SiCl.

methods are: alkylation of an a-thiosilane—this is limited to the
cases where R? = H or an anion stabilising group,*'* and the
alkylating agent is a primary alkyl halide; addition of an alkyl-
lithium to 1-phenylthio-1-trimethylsilylethene (3), which by
necessity includes the methylene group in the compound and
limits the two alkyl substituents to being primary; while the last
method involves displacement of sulphur for silicon in a
bis(phenylthio)acetal (4) via the organolithium.!® These acetals
(4) can contain secondary or tertiary alkyl groups if they are
prepared by condensation of the corresponding carbonyl
compound with thiophenol. An alternative procedure for the
preparation of the acetals (4) is to alkylate a 1,1-bis(phenyl-
thio)alkane (5). This was the major approach used in this study;
the alternatives are discussed elsewhere.'*

Alkylations of Bis(phenylthio)acetals (5)—Unlike 1,3-di-
thianes,'¢'!7 bis(phenylthio)acetals (§) have not found wide-
spread use as acyl anion equivalents because of difficulties
encountered while attempting alkylation. Although little
success has been achieved by treating the lithium anion derived
from (5) with an alkyl halide,! '8 the required reaction has been
accomplished with the sodium anion prepared from (5) by
sodium in liquid ammonia.'®2° Despite this alkylation
problem, the lithium anions of bis(phenylthio)acetals have
found some synthetic usage. For example, bis(phenylthio)acetals
(5) have been deprotonated by butyl-lithium in tetrahydro-
furan(THF) and the resultant anion added in a conjugate
manner to o,B-unsaturated ketones after cuprate formation.2!
In a similar manner, the acetals (5) were deprotonated with
butyl-lithium-N,N,N’,N’-tetramethylethylenediamine
(TMEDA) in THF and condensed with aldehydes and ketones;
alkylations, in these studies, were not successful.22-24

The major problem with the alkylation of (5), therefore, seems
not to lie with anion formation but with reaction of the anion
with the alkylating agent. It was found that the conditions used
for anion formation in a related study 23-26 could also be utilised
for bis(phenylthio)acetals, and alkylation did occur.?”

The starting bis(phenylthio)acetals (5) were prepared by the
standard methods of condensation of thiophenol with the
appropriate aldehyde22-26 or by alkylation of bis(phenyl-
thio)methane (6) (see Scheme 2).

The alkylations of (§) were carried out by adding the acetal to
a butyl-lithium-TMEDA compYex in hexane at 0 °C and, after
1 h, the alkyl halide was added to give the ketone derivative (4)
in good yield (see Table 1). Under these conditions, very little
carbon-sulphur bond cleavage was detected,?® the major by-
product usually being recovered (5). This was not the case,
however, when the reaction temperature exceeded O °C;
reaction of thiophenoxide with the alkyl halide then became an
important side reaction. If the temperature was lowered (e.g.
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—23°C or —78 °C), anion formation became very slow and
yields were drastically decreased. In the case of bis(phenyl-
thio)phenylmethane (5; R = Ph), the alkylation was carried out
with THF as solvent because the acetal is solid. Attempts to
omit the THF resulted in a 10—20% decrease in the yields
through inefficient anion formation.

It seems, therefore, that for the technique described here to be
efficient, the acetal (5) and the alkyl halide have to be soluble in
hexane. In addition, as the anions derived from (5) were
invariably present as a precipitate, the solubility of this anion
in the reaction medium may also be a factor. If the alkyl halide
was added in THF solution to the suspension of the anion
derived from (5) in hexane, the yields were again decreased and
the amount of carbon-sulphur bond cleavage increased
significantly. Bis(phenylthio)phenylmethane (§; R = Ph), pre-
sumably, was a little different because of the presence of the
anion-stabilising phenyl group; bis(phenylthio)trimethylsilyl-
methane (5; R = Me;Si) has been alkylated in THF in a similar
manner.'?

Other shortcomings of this technique are apparent from
Table 1. The best yields were obtained with primary alkyl
halides. Secondary alkyl halides underwent almost exclusive
elimination to the alkene, while the starting acetal (5) was
recovered. The medium described above seems to be more basic
than when THF was used as a solvent. Although condensation
of the anions derived from (5) with aldehydes gave slightly lower
yields of the alcohols (7) than had been previously found in
THEF,?! the acetal anions acted as bases with enolisable ketones
(see Table 2 and Scheme 2) and the thioacetal (5) was recovered
(>90%). As THF had to be used as a co-solvent with
bis(phenylthio)phenylmethane (I; R = Ph), no adducts were
formed, in agreement with Blatcher and Warren.2!

Anion formation of bis(phenylthio)acetals (1) with butyl-
lithium—-TMEDA in hexane and subsequent alkylation has the
limitations of the acetal and alkyl halide being soluble in hexane
and, experimentally, strict temperature control. When a large
scale reaction (0.25 mol) was attempted with 1,1-bis(phenyl-
thio)ethane (5; R! = Me) and alkylation with iodomethane, the
yield of adduct (4; R! = R? = Me) was reduced to 35% and
significant amounts of thioanisole were produced.

In addition to spectroscopic data, representative examples of
the acetals (4) were hydrolysed to the corresponding ketones
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Table 1. Alkylations of bis(phenylthio)acetals (§) with butyl-lithium-
TMEDA in hexane.

Yield of (4) (%)
R 1

(4 A N
R Me Et Bu C,H,, Ph*
Mel 97 93 91 9% 95
EtBr 85 82 718 79 80
Etl 92 89 86 91 87
Prl 9 86 82 89 91
BuBr 78 74 70 77 64
Bul 88 84 79 87 86
C,,H,,Br 61 65 6l 72 69
CH,=CHCH,Br 91 84 85 85 82
PhCH,Br 63 58 6l 56 44

% With THF as solvent

Table 2. Reactions of lithium anions derived from acetals (5) with
carbonyl compounds.

Yield of (7) (%) R
R

f—“—A_'_ﬁ
R! R? Me Et
Et H 70 65
Ph H 50 45
~CH,)s~ 0 0
Me Me 0 0

(see Experimental Section) as further proof of the structure. This
alkylation method is, therefore, not general as it is limited to
thioacetals and alkylating agents which are soluble in hexane.
For our purposes, the method described above was adequate.

Preparation and Reactions of «-Silyl Anions (1).—The
bis(phenylthio)acetals (4) were converted into the required a-
silyl sulphides (2) by reaction with lithium naphthalenide
followed by quenching of the resultant anion with chloro-
trimethylsilane (see Scheme 1).

The «-silyl sulphides (2) were readily separated from the
reaction by-product, naphthalene, by simple procedures. This
was in contrast to reports by other workers.24-3! The majority
of silanes (2) employed in this study were liquid. Evaporation of
the solvent, after work-up, resulted in an oil, which, with time,
deposited naphthalene crystals. Filtration removed nearly all of
this by-product; the final traces were separated out by flash
chromatography. Lithium 1-(dimethylamino)naphthalene
(LDMAN)3? was tried with a few selected examples and gave
comparable yields to those obtained with naphthalene.

When the a-silyl sulphide (2) was not a liquid, the
naphthalene had to be removed by chromatography. The
silanes (2) were stable to the conditions of this technique 33 and
did not decompose.2°-3? In an attempt to eliminate this tedious
step, trial experiments were carried out with a catalytic amount
of naphthalene after the method of Screttas.3* This approach
resulted in only a slight decrease (5—10%,) in the yields of (2).
While bis-silylation was not a problem, the reaction time was
increased to about 17 h. If the silicon electrophile was, however,
introduced before all of the lithium had reacted, bis-silylation
was observed. The efficiency of the method was highly
dependent upon the size and quality of the lithium sand. The
small amount of naphthalene present in the product (2),
however, still had to be removed by chromatography.

This displacement of the phenylthio group was then repeated
with the silanes (2) to give the required «-silyl anions (1) (see
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Scheme 3). Since the «-thiosilanes (2) are also masked carbonyl
compounds,'3142¢ formation of the «-silyl anion (1) by this
method and subsequent condensation with a carbonyl
compound gives the retrosynthetic disconnection shown in
Scheme 4—the reverse of an oxidative alkene cleavage such as
ozonolysis.

R1 R3 R1 R3

>:< —— >:0 -+ 0:<

RZ Rlo RZ Rlo
Scheme 4.

The overall yields for the transformation shown in Scheme 3
are given in Table 3. It should be noted that when no anion
stabilising group is present on the «-carbon of the silyl anion (1)
then the B-hydroxysilane (9) may be isolated.2-> Rather than
isolate the intermediate (9), elimination to the alkene (8) was
achieved by the addition of (i) hydrochloric acid, (ii) an aqueous
solution of sodium acetate and acetic acid, (ii1) aqueous sodium
hydroxide, (iv) potassium hydride, or (v) sodium hydride.
Although one of the by-products, thiophenol, was easily
removed by base treatment, the acid method (i) gave the
cleanest elimination (the yields given in Table 3 are for this
method) and the by-product was removed by a subsequent base
wash. For the model compounds used in this study the removal
of naphthalene was not always trivial and various techniques
had to be employed (see Experimental section). It should be
noted, however, that this could be achieved with more
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functionalised products by chromatography. An alternative
method was to substitute 1-(dimethylamino)naphthalene for
naphthalene,32 which could then be removed by an acid wash;
lithium di-t-butylbiphenyl has also been advocated for forma-
tion of alkyl-lithiums from phenylthioalkanes.>* The LDMAN
method was used with selected examples and gave yields
comparable to the corresponding naphthalene cases; indeed this
substitution can also prove useful in the transformation of (4) to
(2) if the «-thiosilane and naphthalene are not easily separable.
These findings have also been published by other workers.?! In
this case, the use of a catalytic quantity of naphthalene resulted
in very low yields of the alkenes. The long reaction times and
relative instability of the «-silyl anion may have resulted in
proton abstraction from the solvent; certainly the parent silane
was detected as a major by-product, while enolisable carbonyl
compounds gave large amounts of aldol products.

As the yields in Table 3 of the alkenes (8) show, the
condensation proceeded smoothly when only one alkyl group
was present in the «-silyl anion [i.e. (I; R?> = H)]. In our hands,
the presence of a second alkyl group excluded condensations
with enolisable carbonyl compounds because the anion acted as
a base; even with a non-enolisable compound, such as
benzaldehyde, the yield was only moderate. «-Silyl anions are
more prone to proton abstraction than a phosphorus ylide; this
has been demonstrated by a failure to add trimethylsilyl-
methylmagnesium chloride to a hindered ketone.>® Some
success has been achieved in this area by other workers.?!

In this study, no attempt was made to isolate the -
hydroxysilane intermediate (vide supra) and the alkenes (8)
were, therefore, isolated as a ca. 1 : 1 mixture of E- and Z-isomers.

The Peterson reaction was also used to prepare sulphur-
substituted alkenes. When an anion-stabilising group is present
on the a-carbon atom, the elimination of the B-hydroxysilane is
usually so fast that it cannot be isolated. This means that a 1:1
mixture of the E- and Z-isomers is usually formed. Vinyl
sulphides (9) were prepared by the route shown in Scheme 5;
additional examples to those of Carey®’ for phenyl-
thiotrimethylsilylmethyl-lithium (10; R! = H) and alkyl-sub-
stituted anions are given in Table 4. The displacement of a
phenylthio group by lithium naphthalenide for preparation of
the anions of type (10) has already been discussed elsewhere '*
but some entries in Table 4 have been included for comparison.
In addition to this method, the required anions (10) were
generated by deprotonation of the parent silane (12) by
treatment with butyl-lithium in either THF or TMEDA '4-26.38
(when R! was either hydrogen or an anion stabilising group
such as phenyl)'43° or by addition of an alkyl-lithium to 1-
phenylthio-1-trimethylsilylethene (11).!4-26-40:4! Yields of the
vinyl sulphides (4) were good in most cases and condensation
even occurred with an enolisable ketone.

Table 3. Preparation of alkenes (8) from a-thiosilanes (2)

Yield (%) of (8)
RS, R4

(2) r —A N

R! R? HH MeH Pr,H Ph,H MeMe PhMe Ph,Ph —~CH,)s—
H H a 64 77 83 71 69
Me H 74 75 51 79 80 47
Bu H 58 82 78 86 61 76 74 52
Bu' H 32 <20® 0 0
Ph H 62 71 85 76 70 69 59 41
Me Me 0 47 0 0
~CH,)s- 0 0 38 0 0
Ph Me 0 <20° 0 0

“ Denotes that the reaction was not carried out ® A small amount of product was detected by n.m.r. and g.l.c. but was not isolated
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Table 4. Preparation of vinyl sulphides (9) from «-thiosilanes

Anion (10) Method of

R! preparation® R? R? Yield (%) of (9)
H A H H 65 (63%)
H A Me H 58
H A Bu H 67
H A CH, H 63 (71%)
H B CH,, H 75
H A C.H,s, H 64
H A Ph H 71 (74%)
H B Ph H 70'3
H A Me Me 62
H A Me Pri 68
H A Me Ph 63 (69%)
H A Et Et 71
H A ~(CH,), 60
H A ~(CH,)s~ 65 (68")
H B ~(CH,), 61"
H A Ph Ph 82 (78%)
H B Ph Ph 7318
Me B Bu H 63
Me B Ph H 64'3
Et C Bu H 60
Et C Ph H 65
Bu B H H 7113
Bu B Bu H 585
Bu B Ph H 66'°
Bu B Ph Ph 61'3
Bu B ~(CH,)s- 511
CH,, C Me H 47

H,, C Bu H 52
C.H,, C Ph H 61
C.H,, C Ph Me 4
CsH,, C ~CH,)s~- 50
Ph A H H 718
Ph A Bu H 63%
Ph A Ph H 538
Ph A ~(CH,)s- 47*
PhCH, C Bu H 49
PhCH, C Ph H 51
PhCH, C ~«CH,),- 38

¢ Method A: from (12) by treatment with BuLi B: from (4) by treatment
with lithium naphthalenide C: from (11) by addition of an alkyl-lithium
® Yield when hexane-TMEDA was the solvent

SiMe3
SPh
1
lRI'LI
1 Rl RZ
R
puli R Li r%r3co > i
—— —
PhS SiMe, PhS SiMe, phe RS
(12) (10) (9)
Scheme S.

Vinyl sulphoxides have been prepared by the Peterson
reaction 2-42:43 byt because of the problems invoked by the ease
of the sila-Pummerer rearrangement'® and the tendency for
alkyl-lithiums to attack the sulphur,** this approach was not
pursued vigorously.

Table 5. Preparation of vinyl sulphones (13) from a-sulphonylsilanes (15)
Yield (%) of

Carbonyl compound (13)-solvent
Anion (l‘) r A N s A —
R! R? R3 THF DME
H H H< 87 b
H Me H 81
H Bu H 85 89
H C,H,, H 73 79
H h H 79 83
H Me Me 75
H Et Et 60
H —~CH,)— 51
H ~CH,),~ 83 86(8247)
H Ph Me 68
H Ph Ph 71
Me H H 64
Me Me H 48
Me Bu H 35 44
Me Ph H 74 78
Me —~CH,)s- 32 39
CsH,, Bu H 40 42
CsH,, Ph H 66
sHy, Me Me 34
C,H,, —(CH,)s— 19 23
Ph H H 70
Ph Bu H 61
Ph Ph H 82
Ph —~CH,)s~ 23 25
Ph Ph Me 65

¢ As paraformaldehyde ® This reaction was not carried out

Although the Peterson reaction has been used to prepare
many classes of substituted olefin, little attention has been paid
to the preparation of vinyl sulphones (13). Until recently, the
only examples were 1-methoxyvinyl sulphones.** Formation of
the anion (14) was achieved by reaction of the a-silyl sulphone
(15) with butyl-lithium with THF as solvent at —78 or 0 °C.
Subsequent reaction with carbonyl compounds gave the vinyl
sulphones in good to moderate yields (see Scheme 6 and Table
5). The anion (14) tended to act as a base when an alkyl group

R! R
MCPBA
PhS  SiMe, CHyCl2 PhSO, SiMe;
(12) (1s)
Buli
1 2
R R 1 i
r2R%co R Li
- Ph SiM
PhSO, R’ 30; SiMes
(13) (14)
Scheme 6.

was present (R! # H), a contrast to the sulphide case. Since the
original study,*® it has been shown that this tendency may be
decreased by the use of 1,2-dimethoxyethane(DME) as the
solvent rather than THF,*” and low temperatures. Comparative
yields of the reaction with the different solvents are given in
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Table 5. The yields with the anion derived from phenyl-
sulphonyltrimethylsilylmethane (15; R' = H) were increased
by ca. 109 at best when DME was used; the alkyl substituted
cases (15; R! # H) showed little or no improvement in the yield
of the vinyl sulphone (13), the anion still tending to act as a base.

This route to vinyl sulphones, although limited by the
tendency of the anion (14) to act as a base, does provide a useful
alternative *3-3° for the preparation of these useful synthetic
intermediates.*®4%5! Indeed, the Peterson approach to vinyl
sulphones has proven useful to prepare a-silylvinyl sulphones.>2

In conclusion, the use of phenylthio as a masked anion
provides a general method for the preparation of a-silyl anions
which can then be treated with a carbonyl compound to give an
alkene via the Peterson reaction. Although the route to the «-
silyl anion is general, dialkyl substituted «-silyl anions tend to
act as bases and hence tetrasubstituted alkenes are not readily
accessible by this method.

Compounds with a sulphur and a silicon group attached to
the same carbon atom can be used to prepare vinyl sulphides
and vinyl sulphones, the best yields being obtained when the
anion moiety does not bear an alkyl group. Vinyl sulphides have
been hydrolysed to carbonyl compounds '”+3” which, in turn,
increases the scope and utility of «-silyl sulphides for the
preparation of these compounds.!3-14-26

Experimental
All melting points are uncorrected. Reactions involving
organometallic reagents were carried out under dry nitrogen.
Diethyl ether (ether), 1,2-dimethoxyethane (DME), and
tetrahydrofuran (THF) were freshly distilled from sodium
benzophenone. Light petroleum refers to that fraction with b.p.
60—380 °C.

G.l.c. analysis was carried out on a 109, Carbowax 20 M
column (6 ft x % in, 80-—100 mesh, Chromosorb G).

All n.m.r. spectra were recorded at 90 or 220 MHz in CDCl,
solution with SiMe, as internal standard, unless stated
otherwise.

Alkylations of the Bis(phenylthio)acetals (8).—The acetals (5,
R = H, Me, Bu, C;H,, and Ph) were prepared as previously
described.?8 1,1-Bis(phenylthio)propane (5; R!' = Et) was
obtained as described by Blatcher and Warren?2 [b.p. 150—
155 °C at 0.25 mmHg (lit.,2> 126—130 °C at 0.1 mm Hg)] and
had identical spectroscopic properties. The thioacetal (5) (10
mmol) was added to butyl-lithium (1.4M solution in hexane; 7.5
ml, 10 mmol) and TMEDA (1.5 ml, 1.16 g, 10 mmol) so that the
temperature of the reaction mixture did not exceed 0 °C. The
mixture was stirred for 0.5 h at 0 °C after which the alkyl halide
(11 mol) was added so that the reaction temperature was kept
between — 5 and 0 °C. After 1 h, the mixture was poured into
saturated aqueous ammonium chloride (25 ml) and extracted
with ether (2 x 25 ml). The extracts were washed with brine (25
ml), dried (Na,SO,) and evaporated under reduced pressure to
give, after column chromatography on silica (250 g; 600 x 30
mm, eluting with light petroleum), the acetals (4). Compounds *
prepared by this method were: 1,1-bis(phenylthio)-1,2-diphenyl-
ethane (4, R' = Ph, R?2 = PhCH,) (1.75 g, 44%) as an oil
(Found: C, 78.25; H, 5.8. C,4H,,S, requires C, 78.35; H, 5.55%,);
Vmax. (CHCI;3) 1 585cm™! (Ar C=C);, 8(CDCl,) 7.9—7.0 (20 H, m,
Ph’s)and 3.25 (2 H, s, CH,); m/z 398.1166 (1%, M *) (C,6H,,S,
requires 398.1163), 289 (100, M — PhS), and 110 (100, PhSH);
1,1-bis(phenylithio)-1-phenylbutane*®> (4, R' = Ph, R? = Pr)
(3.192,91%) as an oil (Found. C, 75.3; H, 6.1.C, ,H,,S, requires
C, 754; H, 6.35%); Vmax, (CHCl3) 1580 cm™ (Ar C=C);

* Several compounds have been cited in the literature but full
spectroscopic data were not included.
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8(CDCl,) 7.8—7.1 (15H, m, Ph’s), 1.9—1.4 (4 H, m, CH,’s), and
097 (3 H, t, J 7 Hz, Me); m/z 350.1161 (2%, M*) (C,,H,,S,
requires 350.116 29), 241 (100, M — PhS), and 110 (89, PhSH);
1,1-bis(phenylthio)-1-phenylbut-3-ene (4; R' = Ph, R? =
CH,CH=CH,) (2.85 g, 82%) as an oil (Found: C, 75.75; H, 5.9.
C,,H,0S, requires C, 75.8; H, 5.8); v... (CHCIl;) 1630 (C=C)
and 1 580 cm™! (Ar C=C); 8(CDCl,) 7.8—7.1 (15 H, m, Ph’s),
6.2—5.8 (1 H, m, CH=C), 5.2—4.8 (2 H,m, C=CH,), and 2.15 (2
H,d J8 Hz, CH,CH=CH,); m/z 348.100 4 (7%, M *) (C,,H .S,
requires 348.100 64), 239 (100, M — PhS), and 110 (83, PhSH),
1,1-bis(phenylthio)-1-phenylethane (4; R! = Ph, R? = Me)
(3.06 g, 95%) as rhomboids, m.p. 53—55°C (from light
petroleum) (lit.,2® m.p. 54—55 °C); v,,... (CHCl;) 1 580 cm™!
(Ar C=C); 8(CDCl;) 7.8—7.0 (15 H, m, Ph’s) and 1.82 3 H, s,
Me); m/z 322 (4%, M*), 109 (87, PhS™*), and 105 (100, M —
CgH,); 1,1-bis(phenylthio)-1-phenylpentane (4, R' = Ph, R? =
Bu) (2.33 g, 649, from BuBr; 3.13 g, 86% from Bul) as an oil
(Found: C, 75.65; H, 6.85. C,;H,,S, requires C, 75.8; H, 6.65%);
Vmax. (CHCl,) 1 580 cm™! (Ar C=C); §(CDCl;) 7.9—7.1 (15H, m,
Ph’s), 2.0—1.2 (8 H,m, CH,’s), and 0.97 (3 H, t, J 7 Hz, Me); m/z
255(100, M — PhS)and 110(100, PhSH); 1,1-bis(phenylthio)-1-
phenylpropane (4; R' = Ph, R? = Et) (2.69 g, 80%, from EtBr;
292 g, 87% from Etl) as an oil (Found: C, 74.85; H, 5.95.
C,,H,,S, requires C, 75.0; H, 6.0%); v,.... (CHCl;) 1 590 cm™!
(Ar C=C); §(CDCl;) 7.9—7.1 (15 H, m, Ph’s), 1.80 (2 H,q, J 7
Hz, CH,), and 1.01 3 H, t, J 7 Hz, Me); m/z 336.100 88 (2%,
M™*)(C,,H,,S, requires 336.100 64), 227 (100, M — PhS), and
109 (85, PhS™);, 1,1-bis(phenylthio)-1-phenyltridecane (4;
R! = Ph, R? = C,,H,,) (3.28 g, 69%) as an oil (Found: C,
77.95; H, 8.3. C3,H (S, requires C, 78.1; H, 8.5%); V... (CHCl;)
1585 cm™! (Ar C=C); §(CDCl,) 7.8—7.0 (15 H, m, Ph’s) and
2.0—0.8 (25 H, m, alkyls); m/z 367 (59%, M — PhS) and 110
(100, PhSH); 2,2-bis(phenylthio)butane (4; R' = Me, R? = Et)
(2.55 g, 939, with Mel; 2.33 g, 859 with EtBr; 2.52 g, 929 with
Etl) as an oil (Found: C, 69.85; H, 6.5. C,H, ¢S, requires C,
70.0; H, 6.6%); Vimax. (CHCI;) 1 585 cm™! (Ar C=C); 8(CDCl,)
7.7—7.0(10H, m, Ph), 1.86 (2 H,q,J 7THz, CH,Me), 1.35(3 H, s,
Me), and 1.07 (3 H, t,J 7 Hz, CH,Me), m/z 274.084 70 (4%,, M *)
(C,6H,5S, requires 274.084 99), 164 (99, M — PhSH), 121 (100,
C,H,S*), and 109 (100, PhS*); 2,2-bis(phenylthio)heptane (4;
R! = Me,R2 = C,H,,) (3.03 g, 96%) as an oil (Found: C, 72.3;
H, 7.55. C,gH,,S, requires C, 72.1; H, 7.65%); Vpmax. (CHCl;)
1580 cm™! (Ar C=C); (CDCl;) 7.8—7.1 (10 H, m, Ph’s), 1.9—
1.2 (8 H, m, CH,’s), 1.37 3 H, s, Me), and 094 (3 H, t, J 7 Hz,
CH,Me), m/z 316.13216 (5%, M*) (C,oH,,S, requires
316.131 94), 207 (100, M — PhS), and 110 (90, PhSH), 2,2-
bis(phenylthio)hexane (4, R' = Me, R? = Bu) (2.75 g, 91%, with
Mel; 2.36 g, 789, with BuBr; 2.66 g, 889, with Bul) as an oil
(Found: C, 71.5; H, 74. C,gH,,S, requires C, 71.5; H, 7.3%);
Vmax. (CHCl,) 1 580 cm~! (Ar C=C); §(CDCl,) 7.8—7.05 (10 H,
m, Ph’s), 2.0—1.2 (6 H, m, CH,’s), 1.35 (3 H, s, Me), and 0.97 (3
H, t, J 7 Hz, CH,Me); m/z 302.116 44 (6%, M*) (C,sH,,S,
requires 302.116 29), 192 (100, M — PhSH), and 109 (100,
PhS*); 2,2-bis(phenylthio)pentane (4; R' = Me, R? = Pr) (2.59
g,907%,) as an oil (Found: C, 70.65; H, 6.95. C, ,H,,S, requires C,
70.8; H, 7.0%); Viax. (CHCl;) 1 580 cm™! (Ar C=C); 8(CDCl,)
7.8—7.1 (10 H, m, Ph’s), 2.0—1.4 (4 H, m, CH,’), 1.36 3 H, s,
Me), and 092 3 H, t,J 7 Hz, CH, Me); m/z 288.100 91 (45, M *)
(C,,H S, requires 288.100 64), 179 (100, M — PhS), and 110
(92, PhSH); 2,2-bis(phenylthio)pent-4-ene [4; R' = Me,
R? = (CH,);] (2.60 g, 91%) as an oil (Found: C, 71.2; H, 6.45.
C,,H,S, requires C, 71.3; H, 6.3%); V... (CHCl,) 1 640 (C=C)
and 1575 cm™ (Ar C=C); 8(CDCl,) 7.8—7.1 (10 H, m, Ph’s),
6.2—5.8(1 H,m, CH=CH,), 52—4.8 (2 H,m, CH=CH,),2.09 (2
H, m, CH,), and 1.48 (3 H, s, Me); m/z 286.085 30 (8%, M ™)
(C,,H S, requires 286.084 99), 177 (100, M — PhS), and 110
(74, PhSH); 2,2-bis(phenylthio)-1-phenylbutane (4; R! = Et;
R? = PhCH,) (2.03 g, 58%) as an oil (Found: C, 75.3; H, 6.25;
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C,,H,,S,; requires C, 75.4; H, 6.3%); Vpax. (CHCIl;) 1 580 cm™!
(Ar C=C); 3(CDCl;) 7.9—7.0 (15 H, m, Ph’s), 20—1.3 (6 H, m,
CH,’s), and 0.93 3 H, t, J 7 Hz, Me); m/z 241 (100, M — PhS)
and 110 (81, PhSH); 2,2-bis(phenylithio)-1-phenylheptane (4;
R! = C4H,,, R? = PhCH,) (2.20 g, 56%,) as an oil (Found: C,
76.25; H, 7.35. C,5H,4S, requires C, 76.5; H, 7.2%); Vye.
(CHCI,;) 1580 cm™ (Ar C=C); 8(CDCl;) 7.8—7.1 (15 H, m,
Ph’s), 3.20 (2 H, s, PhCH,), 2.1—1.2 (8 H, m, alkyl CH,’s), and
0.89 3 H, t, J 7 Hz, Me); m/z 282 (65%, M — PhSH) and 109
(100, PhS*); 2,2-bis(phenylthio)-1-phenylhexane (4; R' = Bu;
R? = PhCH,) (2.31 g, 61%) as an oil (Found: C, 76.0; H, 6.95.
C,4H S, requires C, 76.15; H, 6.9%); V. (CHCl,) 1 580 cm™
(Ar C=C); 3(CDCl;) 79—7.0 (15 H, m, Ph’s), 3.21 2 H, s,
PhCH,), and 2.1—0.7 (9 H, m, alkyls); m/z 269 (51%,, M — PhS)
and 110 (100, PhSH); 2,2-bis(phenylthio)-1-phenylpropane >* (4;
R! = Me,R? = PhCH,) (2.12 g, 63%) as rhomboids, m.p. 99—
101 °C (from light petroleum) (Found: C, 74.9; H, 5.95.
C,,H,,S, requires C, 74.9; H, 5.95%); Vpnax. (CHCl;) 1 580 cm™!
(Ar C=C); 3(CDCl,) 7.8—7.1 (15 H, m, Ph’s), 3.18 (2 H, s,
PhCH,), and 1.29 (3 H, s, Me); m/z 227 (64%,, M — PhS), 149
[36, M — (PhSH + Ph)], 110 (100, PhSH), and 91 (45,
C.,H,*); 2,2-bis(phenylthio)propane* (4; R! = R? = Me)
(252 g, 97%), as rhomboids, m.p. 54—56 °C (from light
petroleum); v, (CHCI;) 1 585 cm™! (Ar C=C); §(CDCl;) 7.8—
7.1(10H, m, Ph’s) and 1.35 (6 H, s, Me’s); m/z 260 (2%, M *), 151
(100, M — PhS), and 110 (97, PhSHY); 2,2-bis(phenylthio)tetra-
decane (4, R' = Me, R? = C,,H,,) (2.53 g, 61%) as an oil
(Found: C, 75.05; H, 9.5. C,4H4S, requires C, 75.3; H, 9.25%);
Vmax. (CHCI;) 1 580 cm™! (Ar C=C); §(CDCl,) 7.8—7.1 (10H, m,
Ph’s), 2.0—1.1 (25 H, m, CH,’s overlaid with a singlet at 1.32,
Me)and 091 3 H, t,J 7 Hz, CH,Me), m/z 305 (719, M — PhS)
and 110 (100, PhSH); 3,3-bis(phenylithio)heptane (4; R! = Et,
R? = Bu) (247 g, 78% with EtBr; 2.72 g, 86%, with Etl; 2.34 g,
749, with BuBr; 2.65 g, 849, with Bul) as an oil (Found: C, 72.15;
H, 7.8. C,;H,,S, requires C, 72.1; H, 7.65%); V... (CHCl;)
1 580 cm™ (Ar C=C); 8(CDCl,) 7.8—7.1 (10 H, m, Ph’s) and
2.1—0.8 (14 H, m, alkyls); m/z 316.132 10 (4%, M*) (C,4H,,S,
requires 316.131 94), 206 (84, M — PhSH), and 109 (100,
PhS*); 3,3-bis(phenylthio)hexane (4; R' = Me, R? = Pr) (3.00
g, 86%,) as an oil (Found: C, 71.2; H, 7.55. C,3H,,S, requires C,
71.5; H, 7.3%); Vmax. (CHCI;) 1 580 cm™! (Ar C=C); 8(CDCl,)
7.8—7.1 (10 H, m, Ph’s), 2.1—1.4 (8 H, m, CH,’s),and 0.93 (6 H,
t, J 7 Hz, Me); m/z 302.116 41 (6%, M*) (C,3H,,S, requires
302.116 29), 193 (100, M — PhS), and 110 (98, PhSH); 3,3-
bis(phenylthio)hex-5-ene (4, R' = Et, R? = CH,CH = CH,)
(252 g, 84%) as an oil (Found: C, 72.0; H, 6.85 C,3sH,,S,
requires C, 71.95; H, 6.7%,); V,nax. (CHCl3) 1 645 (C=C) and 1 580
cm™ (Ar C=C); §(CDCl;) 7.8—7.1 (10 H, m, Ph’s), 6.2—5.8 (1
H, m, CH=CH,), 52—4.8 (2 H, m, CH=CH,), 203 2 H, m,
CH,CH=),1.58 (2H,q,J7Hz, CH,Me),and 095 (3 H, t,J 7 Hz,
CH Me); mjz 300.10040 (6%, M™) (C,gH,0S, requires
300.100 64), 190 (69, M — PhSH), and 109 (100, PhS™*); 3,3-
bis(phenylthio)octane (4, R' = C;H,; R? = Et) (261 g, 79%
with EtBr; 3.00 g, 919 with EtI) as an oil (Found: C, 72.5; H,
8.05. C,oH ¢S, requires C, 72.7; H, 7.95%); V,uax. (CHCl3) 1 575
cm! (Ar C=C); 8(CDCl,) 7.8—7.1 (10 H, m, Ph), 2.2—0.8 (16 H,
m, alkyls);, m/z 221 (62%,, M — PhS), and 109 (100, PhS *); 3,3-
bis(phenylthio)pentadecane (4, R' = Et, R? = C,,H,;) (278 g,
65%) as an oil (Found: C, 75.4; H, 9.65. C,,H,,S, requires C,
75.65; H, 9.4%); Vimax. (CHCl3) 1 585 cm~! (Ar C=C); §(CDCl,;)
7.9—7.1 (10 H, m, Ph’s) and 2.2—0.8 (30 H, m, alkyls); m/z 319
(51%, M — PhS) and 110 (100, PhSH); 3,3-bis(phenyithio)-
pentane (4; R! = R? = Et) (2.36 g, 82% with EtBr; 2.56 g, 89%,
with Etl) as an oil (Found: C, 70.75; H, 6.95. C,,H,,S, requires
C,70.8; H, 7.0%); Vmax. (CHCl3) 1 580 cm™! (Ar C=C); §(CDCl,)
7.8—7.0 (10 H, m, Ph’s), 1.54 (4 H, q, J 7.5 Hz, CH,’s), and 0.95
(6 H, t, J 7.5 Hz, Me’s); m/z 288.100 00 (10%, M*) (C,,H,,S,
requires 288.100 64), 179 (100, M — PhS), and 110 (44, PhSH);
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4,4-bis(phenylthio)nonane (4, R' = C;H,,, R? = Pr) (3.06 g,
89%) as an oil (Found: C, 73.0; H, 8.45. C,,H,S, requires C,
73.2; H, 8.2%); Vmax. (CHCIl;) 1 580 cm™* (Ar C=C); §(CDCl;)
78—7.1 (10 H, m, Ph’s) and 2.1—0.8 (18 H, m, alkyls); m/z
344.163 54 (2%, M*) C,,H,4S, requires 344.163 24), 235 (100,
M — PhS), and 110 (79, PhSH); 4,4-bis(phenylthio)non-1-ene (4
R!' = C,H,,, R? = CH,CH=CH,) (291 g, 85%) as an oil
(Found: C, 73.4; H, 7.4. C,,H ¢S, requires C, 73.6; H, 7.65%);
Vmax. (CHCIl,) 1 640 (C=C) and 1 575 cm~! (Ar C=C); §(CDCl,)
7.9—7.1 (10 H, m, Ph’s), 6.2—5.8 (1 H, m, CH=CH,), 5.2—4.8 (2
H, m, CH=CH,), and 2.3—0.7 (13 H, m, CH,’s and Me); m/z
342.147 97 (8%, M*) (C,,H,6S, requires 342.147 59), 233 (48,
M — PhS), and 110 (100, PhSH); 4,4-bis(phenylthio)octane (4;
R! = Bu; R2 = Pr) (2.71 g, 82%) as an oil (Found: C, 72.4; H,
8.2. C,oH ¢S, requires C, 72.65; H, 7.95%); Vmax. (CHCI,;) 1 580
cm™! (Ar C=C); 8(CDCl,;) 7.8—7.0 (10 H, m, Ph’s), 2.2—1.2 (12
H, m, CH,’s),and 0.91 (6 H, t,J 7 Hz, Me’s); m/z 330.147 91 (7%,
M™) (C,0H ¢S, requires 330.147 59), 221 (64, M — PhS), and
109 (100, PhS*); 4.4-bis(phenylthio)oct-1-ene (4, R!' = Buy;
R? = CH,CH=CH,) (2.79 g, 85%,) as an oil (Found: C, 72.95; H,
7.65. C,oHy4,S, requires C, 73.1; H, 7.35%); Vinax. (CHCI3) 1 635
(C=C) and 1 590 cm™* (Ar C=C); 8(CDCl,) 7.8—7.0 (10 H, m,
Ph’s), 6.2—5.8 (1 H, m, CH=CH,), 5.2—4.8 (2 H, m, CH=CH,),
and 2.5—0.7 (11 H,m, CH,’s and Me); m/z 328.132 59 (3%, M *)
(C20H,4S, requires 328.13194), 219 (50, M — PhS), and 110
(100, PhSH); 5,5-bis(phenylthio)decane (4; R' = C;H,,; R =
Bu) (2.76 g, 779, with BuBr; 3.12 g, 879, with Bul) as an oil
(Found: C, 73.55; H, 8.55. C,,H,,S, requires C, 73.7; H, 8.4%);
Vmax. (CHC1;3) 1 590 cm™! (Ar C=C); 3(CDCl,) 7.9—7.0 (10 H, m,
Ph’s) and 2.2—0.7 (20 H, m, alkyls); m/z 358.179 01 (4%, M™*)
(C;;H;,S, requires 358.178 89), 248 (67, M — PhSH), and 109
(100, PhSHY); 5,5-bis(phenylithio)heptadecane (4;R' = Bu;R? =
C,,H,s) as an oil (Found: C, 75.9; H, 10.0. C,,H,,S, requires
C, 76.25; H, 9.7%), Vmax. (CHCl;) 1580 cm™ (Ar C=C);
8(CDCl;) 79—7.0 (10 H, m, Ph) and 2.3—0.6'(34 H, m, alkyls),
mfz 347 (22%, M — PhS) and 110 (100, PhSH); 5,5-
bis(phenylthio)nonane 2° (4; R! = R2 = Bu) (2.41 g, 70%, with
BuBr; 2.72 g, 79% with Bul) as an oil, v,,,, (CHCl;) 1 580 cm™!
(Ar C=C); (CDCl;) 7.9—7.1 (10 H,m, Ph’s) and 2.1—0.7 (18 H,
m, alkyls); m/z 235 (61%, M — PhS) and 110 (100, PhSH);
and  6,6-bis(phenylthio)octadecane?® (4, R' = C,H,,;
R? = C,,H,;)(3.38 g, 72%) as an oil; v,,,,. (CHCl;) 1 590 cm™*
(Ar C=C); 5(CDCl,) 7.9—7.1 (10 H, m, Ph’s) and 2.2—0.6 (36 H,
m, alkyls); m/z 361 (93%, M — PhS) and 110 (100, PhSH).

Reaction of the Bis(phenylthio)acetals (5) with Aldehydes.—
The reaction was carried out as described above except that the
anion was quenched with the appropriate carbonyl compound.
Compounds prepared by this method were 2,2-bis(phenylthio)-
1-phenylbutan-1-0122 (7; R! = Et, R2 = Ph, R® = H) (1.65 g,
45%) as an oil; v,,,,,. (CHCIl,;) 3 500br (OH) and 1 580 cm™! (Ar
C=C); 8(CDCl;) 7.8—7.1 (15 H, m, Ph’s), 4.73 (1 H, br s,
CHOH), 3.25 (1 H, 5, exch. in D,0), 1.53 (2 H, m, CH,Me), and
1.08 3 H, t, J 8 Hz, CH, Me); m/z 259 (40%, M — PhCHOH),
256 (100, M — PhSH), and 110 (100, PhSH); 2,2-bis(phenyl-
thio)-1-phenylpropan-1-ol (7; R!' = Me, R2 = Ph, R? = H)
(1.76 g, 50%) as rhomboids, m.p. 135—137 °C (lit.,22 m.p. 137—
138 °C); Vpmax. (CHCl,) 3 500br (OH) and 1 580 cm™! (Ar C=C);
8(CDCl,) 7.8—7.1 (15 H, m, Ph’s), 4.71 (1 H, br s, CHOH), 3.5
(1 H,s,exch.in D,0),and 1.13 (3 H, s, Me); m/z 245 (90%, M —
PhCHOH), 243 (100, M — PhS), and 110 (100, PhSH); 2,2-
bis(phenylthio)pentan-3-0122 (7; R! = Me, R? = Et, R3> = H)
(2.13 g, 70%) as an oil; v,,,,  (CHCIl;) 3 500br (OH) and 1 580
cm! (Ar C=C); §(CDCl,;) 7.8—7.0 (10 H, m, Ph’s), 3.45 (1 H, dd,
J3.9Hz, CH,CHOH), 3.05 (1 H, brs, exch. in D,0),2.1—1.4 (2
H, m, CH,), 1.23 (3 H, s, CMe), and 1.04 3 H, t, J 7 Hz,
CH,Me); m/z 304 (4%, M *),245 (10, M — EtCHOH), 185 (100,
M — PhS), and 110 (44, PhSH); and 3,3-bis(phenylthio)hexan-
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4-0122 (7, R! = R? = Et,R® = H) (2.07 g, 65%) as an oil; v,
(CHCl;) 3 500br (OH) and 1580 cm™ (Ar C=C); 8(CDCl,)
7.8—7.0 (10 H, m, Ph’s), 3.55 (1 H, dd, J 3, 4 Hz, CH,CHOH),
2.80(1 H, br s, exch. in D,0),2.0—1.3 (4 H, m, CH,’s), and 1.02
(6 H, t, J 7 Hz, Me’s); m/z 318 (3%, M*) 259 (11, M —
EtCHOH), 209 (100, M — PhS), and 110 (40, PhSH).

Hydrolysis of the Acetals (4).—The thioacetals (4; R! = Et,
R? = Bu) and (4; R! = R? = Bu) (10 mmol) were hydrolysed
in the presence of mercury(i1) oxide and boron trifluoride (after
the method of Vedejs and Fuchs 3%) and copper(i1) chloride 36 to
give the ketones heptan-3-one [72% with mercury(i1), 78%; with
copper(i)], b.p. 143—150 °C (bath temperature, bulb-to-bulb,
lit.,37 146—149 °C); v,,,,. (film) 1740 cm™! (C=0); 3(CDCl,)
26—2.1 (4 H, m, COCH,’s) and 2.0—0.7 (10 H, m, Et’s) and
nonan-5-one [78% with mercury(ir), 799 with copper(in)], b.p.
183—190 °C (bath temperature, bulb-to-bulb, lit.,>” 186—
187 °C); V,uax. (film) 1 735 cm™! (C=0);, §(CDCl;) 240 (4 H,t,J 7
Hz, COCH,’s) and 2.0—0.7 (14 H, m, Pr’s). The 24-
dinitrophenylhydrazones were prepared by reaction of the
thioacetal with the hydrazone in acidic methanol.33-38
Thioacetals used for this procedure were (4; R! = R? = Me) to
give the hydrazone, m.p. 125—126 °C (lit.,>® 126 °C) and (4;
R! = R? = Et), hydrazone m.p. 156—157°C (lit.,’® m.p.
156 °C).

Preparation of the «-Thiosilanes (12).—Phenylthiotrimethyl-
silylmethane (12; R = H), 1-phenylthio-1-trimethylsilylethane
(12; R = Me), 1-phenylthio-1-trimethylsilylpentane (12; R =
Bu), and phenyl(phenylthio)(trimethylsilyl)methane (12; R =
Ph) were prepared as previously described.2® 2,2-Dimethyl-1-
phenylthio-1-trimethylsilylpropane (12, R = Bu') (Found: C,
66.4; H, 9.45. C, ,H, ,SSi requires C, 66.6; H, 9.6%,); Vmax. (CCl,)
1 590 (Ar C=C) and 1250 cm™' (SiMe,); 8(CCl,, CH,Cl, as
internal standard) 7.7—7.1 (5 H, m, Ph), 2.20 (1 H, 2, CH), 0.90
(9 H, s, CMe;), and 0.12 (9 H, s, SiMe,); m/z 252 (7%, M*), 109
(35, PhS*) and 73 (100, Me,Si*) was prepared as an oil (74%,
yield) by reaction of 1,1-bis(phenylthio)-2,2-dimethylpropane (5;
R! = Bu'), rhomboids, m.p. 67—69 °C (light petroleum)
(Found: C, 71.0; H, 6.65. C,,H,,S, requires C, 70.8; H, 7.0%);
Viax. (CHCl;) 1 585 cm™! (Ar C=C); 8(CDCl,) 7.23 (10 H, br s,
Ph), 4.26 (1 H, s, CH), and 1.21 (9 H, s, CMe;); m/z 179 (80%,
M — PhS) and 110 (100, PhSH), in turn prepared from 2,2-
dimethylpropanal and thiophenol in the presence of an acid
catalyst,2? with lithium naphthalenide and chlorotrimethyl-
silane,!2-26

Preparation of the «-Thiosilanes (2).—This last method was
also used for the the preparation of 1-phenylthio-1-trimethyl-
silylcyclohexane [2; R, R! = (CH,)s-] (80%) (Found: C, 67.9;
H, 9.35. C,5H,,SSi requires C, 68.1; H, 9.15%); V.. (CCly)
1590 (Ar C=C) and 1245 cm™! (SiMe,); 8(CCl,, CH,Cl, as
internal standard) 7.8—7.3 (5 H, m, Ph), 2.1—1.2 (10 H, m,
CH,’s), and 001 (9 H, s, SiMe;); m/z 264.1389 (4%, M™)
(C,sH,,SSi requires 264.1368), 155 (60, M — PhS), 110 (54,
PhSH), and 73 (100, Me;Si*) from 1,1-bis(phenylthio)cy-
clohexane (4; R, R! = «(CH,),—, m.p. 75—77°C (light
petroleum)*; v,... (CHCl3) 1585 cm™ (Ar C=C); 8(CDCl,,
SiMe, as internal standard) 7.9—7.3 (10 H, m, Ph) and 2.0—1.2
(10 H, m, CH;’s); m/z 300 (2%, M*), 191 (85, M — PhS), and
109 (100, PhS™*) in turn prepared from cyclohexanone; 2-
phenylthio-2-trimethylsilylpropane (2; R' = R? = Me) (76%)
(Found: C, 63.95; H, 8.95. C, ,H,,SSi requires C, 64.2; H, 9.0%);
Vmax. (CCly) 1590 (Ar C=C) and 1 250 cm™ (SiMe,;); 8(CCl,,
CH,Cl, as internal standard) 7.7—7.1 (S H,m, Ph), 1.07 (5 H, s,
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CMe’s), and 0.10 (9 H, s, SiMe;); m/z 224.106 13 (5%, M™)
(C,,H,,SSi requires 224.105 50), 115 (73, M — PhS), 109 (58,
PhS*), and 73 (100, Me;Si*) from 2,2-bis(phenylthio)propane
(4, R! = R? = Me) (vide supra) and 1-phenyl-1-phenylthio-1-
trimethylsilylethane (2; R' = Ph, R? = Me) (83%) (Found: C,
71.0; H, 79. C,,H,,SSi requires C, 71.3; H, 7.75%); Vmax.
(CHCl,) 1590 (Ar C=C) and 1250 cm™! (SiMe;); & (CDCl,,
CH,(l, as internal standard), 7.9—7.1 (10 H, m, Ph’s), 1.68 (3
H, s, CMe), and 0.12 (9 H, s, SiMe,); m/z 286.122 27 (8%, M™*)
(C,,H,,SSi requires 286.121 15), 177 (58, M — PhS), 109 (41,
PhS*), and 73 (100, Me,Si*) from 1,1-bis(phenylthio)-1-
phenylethane (4; R! = Ph, R2 = Me).

The bis(thioacetal) (4) (10 mmol), lithium sand %° (139 mg, 20
mmol), naphthalene (10 mg), and THF (25 ml) were stirred at
0 °C until all of the lithium had disappeared. Chlorotrimethyl-
silane (1.52 ml, 1.30 g, 12 mmol) was added and after 1 h,
saturated aqueous ammonium chloride (25 ml) was added. The
mixture was extracted with ether (3 x 25 ml), washed with 2m
sodium hydroxide (25 ml) and saturated aqueous sodium
chloride (25 ml), dried (Na,SO,), and evaporated under
reduced pressure to give, after chromatography, the «-
silyl sulphide (2). Compounds prepared by this method were: 1-
phenylthio-1-trimethylsilylcyclohexane[2;R!, R?2 = (CH,),-]
(187 g 71%), 2,2-dimethyl-1-phenylthio-1-trimethylsilyl-
propane (12; R = Bu') (1.59 g, 63%), and phenyl(phenylthio)-
trimethylsilylmethane (12; R = Ph)(1.81 g, 67%,) and were
identical with those prepared previously.

Synthesis of Alkenes (8) from «-Silyl Anions: General Pro-
cedure—The 1-phenylthio-1-trimethylsilylalkane (2) (0.01 mol)
in THF (10 ml) was added to a solution of lithium
naphthalenide [from lithium (0.14 g, 0.02 mol) and naphthalene
(2.56 g,0.02 mol) *+-¢!-62] jn THF (50 ml) at — 78 °C. After 0.5 h,
the carbonyl compound (0.01 mol) in THF (5 ml) was added
and allowed to warm slowly to room temperature. 2M-
Hydrochloric acid (50 ml) (or another reagent for carrying out
the elimination of the B-hydroxysilane—see text) was added and
the mixture stirred overnight. The mixture was poured into
saturated aqueous ammonium chloride (50 ml), extracted with
ether (3 x 50 ml), and the extract washed with 2M sodium
hydroxide (2 x 40 ml) and saturated sodium chloride (50 ml),
and dried (Na,SO,). Isolation depended upon the olefin being
prepared. Isomer ratios were determined by n.m.r. and gl.c.5
analysis.

Low Boiling Alkenes. The reaction was carried out as
described above but the work-up was carried out by adding 2m
sodium hydroxide (75 ml) stirring the mixture at room
temperature for 0.25 h warming the reaction flask; the product
was condensed with a solid CO,-acetone condenser. Attempts
to remove the THF by dilution with tetralin, copious washing
with water, and subsequent distillation resulted in the alkene
being contaminated with THF. The best general method of
purifying the alkenes was found to be by converting them into
their dibromides and then distilling, recrystallising, or washing
these; subsequent reaction with zinc in an alcoholic solvent
regenerated the olefin.®4 Although ethanol was the usual choice
of alcohol, the use of butanol was found to be advantageous for
the hexenes. Fractional redistillation with tetralin chaser
afforded the alkene. This method was used to prepare hex-1-ene
8;R! = By,R? = R? = R* = H)(0.49 g, 58%), b.p. 62—63 °C
(lit.,57 64 °C), n.m.r. and i.r. identical with literature;®3-%7 hex-2-
ene (8; R = Pr, R3 =Me, RZ=R*=HorR*=H, R*=
Me) (0.62 g, 74%,), b.p. 66—68 °C (lit.,>” 67—69 °C) as a 1:1
mixture of E- and Z-isomers (by n.m.r.t), i.r. and n.m.r. identical
with literature;®3-5¢ 2-methylbut-2-ene (8; R' = R3> = R* =

* Previously reported as a viscous oil.>®

+ These were obtained prior to purification
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Me, R? = H) (0.36 g, 51%), b.p. 34—39 °C (lit.,3” b.p. 35—
38 °C), i.r. and n.m.r. identical with literature;®*-°¢ and pent-1-
ene (8 R' = Pr, R? = R® = R* = H) (0.45 g, 64%), b.p. 28—
32 °C (lit.,37 29.9—30.1 °C), n.m.r. identical with literature.55-66
Other alkenes. The reaction was carried out as described
above and the alkene was isolated by fractional distillation
(yield was +89; of that determined by g.c. analysis of the crude
reaction mixture). Compounds prepared by this method were
benzylidenecyclohexane [8; R! = Ph, R? = H, R3, R* =
—(CH,)s-1[0.71 g,41% from (2, R' = Ph,R? = H) and 0.65 g,
38%, from (2; R!, R? = (CH,)s-], b.p. 110—115°C/3 mmHg
(lit.,5® 83 °C/1 mmHg), identical with a sample (t.1.c., n.m.r., ir.)
prepared by the literature procedure;®® 3,3-dimethyl-1-phenyl-
but-1-ene(8;R' = Bu',R? = H,R3orR* = Ph,R*orR? = H)
(0.51 g,32%) asan oil and a ca. 1:1 mixture of E- and Z-isomers,
identical with literature;’°® 1,1-diphenylethene (8; R!' = R? =
H, R® = R* = Ph) (1.28 g, 71%, 78% when isolated as the
dibromide), b.p. 138—146 °C (bath temperature)/15 mmHg
(it.,*” 270-—271 °C), i.r. and n.m.r. identical with literature;6%:¢>
1,2-diphenylethene (8; R! = R or R* = Ph;R? = R*orR? =
H) (1.37 g, 76%,; 84%;, when isolated as the dibromide) as a 1:1
mixture of the E- and Z- isomers which were separated by p.l.c.
(cyclohexane), and gave i.r. and n.m.r. spectra identical with the
literature;®%-% 1,1-diphenylhex-1-ene ! (8; R! = Bu, R? = H,
R3 = R* = Ph) as an oil (1.75 g, 74%); 1,1-diphenylprop-1-
ene’273 (8; R! = Me, R2 = H, R? = R* = Ph) as plates (1.55
g, 80%) b.p. 95—105 °C (bath temperature)/0.8 mmHg (lit.,*®
98—100 °C/1 mmHg), m.p. 50—51°C (EtOH) (lit.,*® m.p.
52 °C); 1,2-diphenylprop-1-ene (8; R* = Ph, R2 = H, R? or
R* = Ph, R* or R3 = Me), isolated as the E-isomer (1.34 g,
769%,), by treatment of the isomeric mixture with warm hydrogen
bromide in acetic acid, m.p. 79—80 °C (EtOH) (lit.,’* 81—
82 °C), which gave spectra identical with the literature;’®
ethylidenecyclohexane [8; R! = Me, R2 = H, R3 R* =
~(CH,)s-] as an oil (0.52 g, 47%), b.p. 85—95°C (bath
temperature)/15 mmHg (lit.,°® b.p. 79—81°C/10 mmHg)
identical with an authentic sample 7 (n.m.r., i.r.); hept-2-ene (8;
R! = Bu,R?2 = H,R3or R* = Me, R*or R®> = H)and a 1:1
mixture of E-and Z-isomers (0.80 g, 82%), b.p. 93—105 °C (bath
temperature) (lit.,>” 98 °C);%%-¢6-77 methylenecyclohexane [8;
R! = R? = H; R%, R* = {CH,),-] (0.66 g, 69%), b.p. 95—
105 °C (lit.,”® b.p. 100—102 °C), identical with a sample (n.m.r.,
ir., b.p.) prepared by a Wittig reaction;’® 2-methylhept-2-ene 8°
(8 R! = By, R? = H, R? = R* = Me) (0.68 g, 61%), b.p. 90—
100 °C (bath temperature) (lit.,*73' b.p. 94.4—94.6 °C); 1-
methyl-1-phenylethene (8; R' = R? = H,R® = Ph, R* = Me)
(0.88 g, 83%), b.p. 52—60°C/15 mmHg (lit.,>” 165—169 °C)
with spectra identical with the literature;5%:%¢ 2-methyl-1-
phenylprop-1-ene (8; R!' = Ph, R? = H, R3 = R* = Me),
[0.92 g, 70% from (12; R = Ph) and 0.62 g, 47%, from (2; R! =
R? = Me)], b.p. 64—72°C (bath temperature)/15 mmHg
(1it.,.*8 76—77°C/11 mmHg) with spectra identical to
literature;®? non-4-ene (8; R! = Bu, R2 = H, R® or R* = Pr,
R* or R® = H) as a 1:1 mixture of E- and Z-isomers (0.98 g,
78%), b.p. 42—50 °C (bath temperature)/15 mmHg, [lit.,°® 44—
46 °C/12 mmHg (E-isomer) and 124.7 °C/400 mmHg (Z-
isomer)] and gave spectra identical with the literature;®3
pentylidenecyclohexane [8; R! = Bu, RZ = H, R3 R*
—(CH,)s-] as an oil (0.78 g, 52%);%4 1-phenylbut-1-ene (8; R =
Ph,R? = H,R3orR* = Pr,R*orR? = H)asa 1:1 mixture of
E- and Z-isomers (1.24 g, 85%) and gave spectra identical with
the literature;®* 2-phenylbut-2-ene (8; R = Me,R? = H,R3or
R* = Ph,R*orR* = Me)asa 1:1 mixture of E- and Z-isomers
(1.04 g, 79%), separated by p.lc. (cyclohexane) which gave
spectra identical with the literature;®%-37 phenylethene (8; R! =
Ph,R? = R® = R* = H)[0.80g, 77% from (12;R = H);0.65g,
62% from (2; R! = Ph, R? = H)], b.p. 143—150°C (bath
temperature) (lit.,>” 145—146 °C), spectra identical with the
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literature;®5-5¢ 2-phenylhept-2-ene (8; R! = Bu, R? = H;R3 or
R* = Ph,R*or R?® = Me)asa 1:1 mixture of E- and Z-isomers
(132 g, 76%) spectra identical with an authentic sample
prepared by a Wittig reaction;”® 1-phenylhex-1-ene (8; R! =Bu,
R?2 = R3*or R* = H, R* or R? = Ph) (1.38 g, 86%) as a 1:1
mixture of E- and Z-isomers, spectra identical with the
literature;®® 1-phenylprop-1-ene (8; R! = Ph,R? = R3®orR* =
H,R*orR® = Me)asa 1:1 mixture of E- and Z-isomers [0.89 g,
75% from (12; R = Me) and 0.84 g, 719 from (12; R =
Ph)];37:¢%% and 1,1,2-triphenylethene (8; R! = R = R* =
Ph,R% = H) (1.51 g, 59%), m.p. 71—72 °C (EtOH) (lit.,® 72—
73 °C), identical (m.p., mixed m.p., n.m.r., i.r.) with an authentic
sample.®®

Preparations of Vinyl Sulphides (9).—Method A Butyl-lithium
(1.4M solution in hexane; 7.15 ml, 10 mmol) was added to
phenylthiotrimethylsilylmethane 2¢ (12; R = H) (1.96 g, 10
mmol) in THF (25 ml) at 0°C. After 0.5 h, the carbonyl
compound (10 mmol) was added. The mixture was allowed to
warm to room temperature overnight, poured into saturated
aqueous ammonium chloride (50 ml) and extracted with ether
(3 x 25 ml). The combined extracts were washed with 2m-
aqueous sodium hydroxide (30 ml), saturated aqueous sodium
chloride (30 ml), dried (Na,SO,), and evaporated under
reduced pressure to give, after column chromatography, the
vinyl sulphide (9). Compounds prepared by this method were:
2,3-dimethyl-1-phenylthiobut-1-ene (9;R' = H,R2or R?® = Me,
R3or R2 = Pr')(1.31 g, 68%) as an oil (Found: C, 75.1; H, 8.35.
C,,H S requires C, 74.9; H, 8.4%); Vpax. (CHCI;) 1 600 cm™!
(Ar C=C); 3(CDCl;) 7.15 (5 H, br s, Ph), 590 and 5.75 (1 H, 2 br
s, ratioca 1:1,CH=),2.5—2.0 (1 H,m, CHCO), 1.75 (3 H, br s,
COMe), and 1.0 (6 H, 2 overlapping d, /8 Hz, CHMe,); m/z 192
(16%, M*) and 109 (100, PhS*); 2,2-diphenyl-1-phenyl-
thioethene (9; R! = H, R?2 = R> = Ph) (2.36 g, 82%) as
rhomboids, m.p. 71—73 °C (light petroleum) (lit.,3” 71—73 °C),
Viax, (CHCI,) 1 595 cm™! (Ar C=C); §(CDCl,) 7.35 and 7.15 (15
H, 2 brs, Ph’s) and 6.74 (1 H, s, CH=C); 2-ethyl-1-phenylthiobut-
1-ene(9;R! = H,R? = R?® = Et)(1.36 g, 71%) asan oil (Found:
C, 75.1; H, 83. C,,H,(S requires C, 74.9; H, 8.4%); Viux.
(CHCl;) 1 595 cm™! (Ar C=C); 8(CDCl;) 7.1 (5 H, br s, Ph), 5.8
(1 H, brs, CH=C), 2.25 (4 H, q, J 8 Hz, CH,’s), and 1.0 (6 H, 2
overlapping t, J 8 Hz, Me’s); m/z 192 (15%, M*), 109 (100,
PhS*); 2-methyl-1-phenylthioprop-1-ene®® (9; R! = H,
R2 = R3 = Me) (1.02 g, 62%) as an oil, n.m.r. identical with the
literature;®! phenylthioethene (9; R! = R? = R? = H), iden-
tical with an authentic sample;2¢ 1-phenylthiohept-1-ene (9;
R! = H,R2orR?® = C;H,,,R3or R? = H)(1.30 g, 63%) as an
oil, spectra identical with the literature;?2-°3 1-phenylthiohex-1-
ene (9;R! = H,R2or R? = Bu,R3®orR? = H)(1.29 g, 67%,) as
an oil comprising a 1:1 mixture of isomers, identical with the
literature;°+°> (phenylthiomethylene)cyclohexane (9; R! =
H, R% R3 = (CH,)s-) (1.33 g, 65%) which gave spectra
identical with the literature;3” (phenylthiomethylene)cyclo-
pentane [9; R! = H, R?, R} = ((CH,),-] (1.14 g, 60%) which
gave spectra identical with the literature;2? 1-phenylthionon-1-
ene®® (9;R! = H,R2orR? = C,H,,; R or R? = H) as an oil
(Found: C, 76.6; H, 9.2. C, H,,S requires C, 76.9; H, 9.45%);
Vax. (CHCl3) 1 590 (Ar C=C) cm™!; (CDCl,) 7.4—7.0 (5 H, m,
Ph), 6.1—5.7 (2 H, m, CH=CH), and 2.3—0.7 (15 H, m, alkyl); 1-
phenylthio-2-phenylethene (9; R' = H, R% or R®> = Ph, R? or
R% = H) (1.51 g, 71%) identical with the literature;37-°7 1-
phenylthio-2-phenylprop-1-ene®®°% (9; R' = H, R2? or R? =
Ph, R? or R? = Me) (1.42 g, 63%) as an oil, v,,,, (CHCl;) 1 595
cm! (Ar C=C); 8(CDCl;) 7.9—6.9 (10 H, m, Ph’s), 6.55 and 6.17
(1 H, m’s, CH=C), and 2.08 (3 H, br s, C=CMe); and 1-
phenylthiopro-1-ene (9; R! = H, R2 or R® = Me, R3 or R2 =
H) (0.87 g, 58%) identical with the literature.®’

Alternative method. Butyl-lithium (1.4m solution in hexane;
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7.1 ml, 10 mmol) was added to the silane (12; R = H or Ph) (10
mmol) in TMEDA (1.89 ml, 1.45 g, 12.5 mmol) at 0 °C. After
being stirred for 1 h, the carbonyl compound (10 mmol) was
added. The mixture was stirred for a further 1 h, poured into
saturated aqueous ammonium chloride (50 ml), extracted with
ether (3 x 30 ml), and the combined extract washed with
saturated aqueous sodium chloride (50 ml), dried (Na,SO,),
and evaporated under reduced pressure to give, after column
chromatography, the vinyl sulphide (9). Compounds prepared
by this method were: 2,2-diphenyl-1-phenylthioethene (9; R! =
H, R? = R?® = Ph) (2.25 g, 78%); phenylthioethene (9; R! =
R? = R3 = H) (0.86 g, 63%); 1-phenylthiohept-1-ene (9; R' =
H, R? or R®*=CsH,,, R?® or RZ=H) (145 g, 71%);
(phenylthiomethylene)cyclohexane [9; R' = H, R2, R3 =
—CH,)s—] (1.31 g, 68%,); 1-phenylthio-2-phenylethene (9; R! =
H, R? or R®> = Ph, R?® or R? = H) (1.57 g, 74%) and 1-
phenylthlo 2-phenylprop-1-ene (9; R! = H,R2or R? = Ph,R?
or R? = Me) (1.99 g, 69%); all identical (n.m.r,, i.r., tlc.) with
the samples prepared above. Also prepared by this method
were: 1,2-diphenyl-1-phenylthioethene (9; R! = Ph,R2orR3 =
Ph, R? or RZ = H) (1.53 g, 53%), identical with an authentic
sample;'°° 1-phenyl-1-phenylthioethene (9; R' = Ph, R? =
R3 = H) (1.51 g, 71%), mp. 51—53°C (light petroleum)
(lit.,'°! 53—54 °C) which gave spectra identical with the
literature;'°2 1-phenyl-1-phenylithiohex-1-ene (9;R! = Ph,R?or
R? = Bu,R3orR? = H)(1.69 g, 63%) as an oil (Found: C, 80.8;
H, 7.3. C,3gH (S requires C, 80.55; H, 7.5%,; Vmax. (CHCI;) 1 680
(C=C) and 1 580 cm™* (Ar C=C); 8(CDCl,) 7.7—7.0 (10 H, m,
Ph’s), 6.8 (1 H, m, CH=C), and 2.4—0.8 (9 H, m, alkyls); m/z 268
(50%, M*) and 77 (100, Ph*); and phenyl(phenylithiomethyl-
ene)cyclohexane [9; R' = Ph, R%, R = (CH,)s-] (132 g,
479;) as a waxy solid (Found: C, 81.45; H, 6.9. C,,H, S requires
C,81.4; H, 7.2%); V. (CHCI3) 1 590 cm™! (Ar C=C); 8(CDCl,)
7.8—6.9 (10 H, m, Ph’s) and 2.6—1.2 (10 H, m, CH,’s); m/z 280
(6%, M*) and 77 (100, Ph*).

Method B. Formation of the required anions (10) and
subsequent condensation with a carbonyl compound was
carried out as previously described.!®> Compounds prepared by
this method were: 2,2-diphenyl-1-phenylthioethene (9; R! = H,
R? = R?® = Ph)(2.10 g, 73%'%) identical with the sample
prepared by method A; 1,1-diphenyl-2-phenyithiohex-1-ene (9,
R! = By, R? = R? = Ph) (2.10 g, 61%!%) as an oil (Found: C,
83.3; H, 7.25. C,,H, S requires C, 83.7; H, 7.0%); Vnax. (CHCl;)
1585 cm™ (Ar C=C); 8(CDCl;) 7.8—6.9 (15 H, m, Ph’s) and
2.6—0.9 (9 H, m, alkyls); m/z 344 (11%,, M*) and 77 (100, Ph *);
5-phenylthiodec-5-ene (9; R' = Bu,R?orR? = Bu,R30orR? =
H) (1.44 g, 58%'%) as an oil (Found: C, 77.6; H, 9.5. C,¢H,,S
requires C, 77.35; H, 9.7%); Voax. (CHCl;) 1 600 cm™! (Ar C=C);
8(CDCl;) 7.2 (SH, brs, Ph), 6.9—6.5 (1 H, m, CH=C), and 2.8—
0.8 (18 H, m, alkyls); m/z 248 (3%, M*) and 109 (31, PhS*); 1-
phenylthiohept-1-ene (9; R' = H, R? or R® = C;H,,, R® or
R? = H) (1.55 g, 75%), identical with the sample prepared by
method A; 2-phenylthiohept-2-ene (9, R' = Me, R2or R = Bu,
R3or R? = H) (1.30 g, 63%) as an oil (Found: C, 75.65; H, 8.65.
C,3H, ¢S requires C, 75.7; H, 8.8%); Vpnax. (CHCl,) 1 660 (C=C)
and 1 580 cm™! (Ar C=C); §(CDCl;) 7.1 (5 H, br s, Ph), 6.4—5.9
(1 H, m, CH=C), and 2.5—0.8 (12 H, m overlaid with a br s at
2.1, alkyls); m/z 206 (82%, M*) and 109 (100, PhS*); 2-
phenylthiohex-1-ene (9; R! = Bu, R? = R3 = H) (1.36 g,
71%'%) identical to an authentic sample;®” (phenylthiomethyl-
ene)cyclohexane [9; R! = H, R?, R® = -(CH,)s-] (1.24 g,
61%'%) identical to that prepared by method A; (1-phenyl-
thiopentylidene)cyclohexane [9; R! = Bu, R?, R?® = -(CH,),-]
(1.33 g, 51%'%) as an oil (Found: C, 78.2; H, 9.55. C,,H,,S
requires C, 78.4; H, 9.3%); Viax. (CHCl,) 1 580 cm™! (Ar C=C);
8(CDCl;) 7.6—7.0 (5 H, m, Ph) and 2.8—0.8 (19 H, m, alkyls);
mjz 260 (21%, M*) and 109 (100, PhS™*), 1-phenylthio-2-
phenylethene (9; R! = H, R? or R? = Ph, R® or R2 = H) (1.48
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g, 70%'%), identical with that prepared by method A and 2-
phenylthio-1-phenylhex-1-ene (9; R! = Bu, R? or R? or R? =
Ph, R3or R?2 = H)(1.77 g, 66%,'%) as an oil (Found: C, 80.2; H,
7.2. C,gH,(S requires C, 80.55; H, 7.5%); Vimax. (CHCI3) 1 590
cm™! (Ar C=C); 8(CDCl;) 7.7—7.0 (10 H, m, Ph’s) 6.9—6.7 (1 H,
m, CH=C), and 2.6—0.9 (9 H, m, alkyls); m/z 268 (16%, M*).
Method C. 1-Phenylthio-1-trimethylsilylethene 26 (11) (1.35 g,
10 mmol) in ether (50 ml) was added to the alkyl-lithium (12.5
mmol) and TMEDA (2.27 ml, 1.74 g, 15 mmol) in ether (10 ml)
at 0 °C over 2 h. The reaction mixture was stirred for 0.5 h at
0°C and the carbonyl compound (12.5 mmol) added. After
warming to room temperature, the reaction mixture was poured
into saturated aqueous ammonium chloride (50 ml), extracted
with ether (3 x 30 ml), washed with saturated aqueous sodium
chloride (50 ml), dried (Na,SO,), and evaporated under
reduced pressure to give, after column chromatography, the
vinyl sulphide (9). Compounds prepared by this method were:
1,3-diphenyl-2-phenylthioprop-1-ene (9; R! = PhCH,, R? or
R3 = Ph, R? or R? = H) (1.54 g, 51%) which gave spectra
identical with the literature;*® (1-phenylthiohexylidene)cyclo-
hexane [9; R' = C;H, |, R4, R? = (CH,)s-] (1.37 g, 50%) as
an oil (Found: C, 78.9; H, 9.3. C,gH,4S requires C, 78.8; H,
9.55%); Vmax. (CHCIl;) 1 590 cm™!(Ar C=C); (CDCl,;) 7.7—7.0
(5 H, m, Ph) and 2.9—0.8 (21 H, m, alkyls); 3-phenylthio-oct-3-
ene(9;R' = Et,RZorR? = By, R3or R? = H)(1.32 g, 60%) as
an oil (Found: C, 76.65; H, 8.9. C,,H,,S requires C, 76.3; H,
9.15%); Vmax. (CHCIl3) 1670 (C=C) and 1 590 cm™! (Ar C=C);
38(CDCl,) 7.4—7.0 (5 H, m, Ph), 6.2—5.8 (1 H, m, CH=C), and
2.8—0.7 (14 H, m, alkyls); m/z 220 (28%;,, M *); 3-phenyithio-oct-
2-ene (9; R' = CsH,,,R2or R3 = Me, R*or R2 = H) (1.03 g,
47%) as an oil (Found: C, 76.0; H, 9.3. C, ;H,,S requires C, 76.3;
H, 9.15%); Vinax. (CHCl;) 1 585 cm™! (Ar C=C); 8(CDCl;) 7.6—
7.1(5H, m, Ph), 6.1—5.9 (1 H,m, CH=C),and 2.8—0.8 (14 H,m
overlaid with a br s at 1.8, alkyls); m/z 220 (49%, M*) and 109
(100, PhS™*); 2-phenylthio-1-phenylbut-1-ene23-1°3 (9; R! =
Et,R? or R® = Ph, R? or R? = H) (1.56 g, 65%); (1-phenyithio-
2-phenylethylidene)cyclohexane [9; R' = PhCH,, R%, R3 =
—(CH,)s-] (1.12 g, 38%) as an oil (Found: C, 81.9; H, 7.7.
C,0H;,S requires C, 81.6; H, 7.5%); Vpax. (CHCI;) 1 580 cm™!
(Ar C=C); 3(CDCl;) 7.8—6.9 (10 H, m, Ph’s), 3.9—3.7(2H, 2 br
s, PhACH,C=), and 2.8—1.4 (10 H, m, CH,’s); m/z 294 (16, M *)
and 91 (100, C,H, *); 2-phenylthio-1-phenylhept-2-ene (9; R' =
PhCH,, R2 or R® = Bu, R? or R? = H) (1.38 g, 49%) as an oil
(Found: C, 80.9; H, 79. C,,H,,S requires C, 80.8; H 7.85%);
Vmax. 1 585 cm™! (Ar C=C); §(CDCl;) 7.7—7.1 (10 H, m, Ph’s),
7.1—6.9 (1 H, m, CH=C), 3.8—3.6 (2 H, 2s, PhCH,C=C), and
26—1.0 (9 H, m, alkyls); m/z 282 (21%, M") and 91 (100
C,H,*); 2-phenylthio-1-phenylhept-1-ene (9; R' = C,H,,,
or R® = Ph, R? or R? = H) (1.72 g, 61%) as an oil (Found: C
81.0; H, 7.6. C,,H,,S requires C, 80.8; H, 7.85%); Vpnax. (CHCl;)
1 590 cm™! (Ar C=C); 8(CDCl;) 7.6—7.1 (10 H, m, Ph’s), 6.9—
6.7 (1 H, m, CH=C), and 2.8—09 (11 H, m, alkyls) m/z 282
1%, M™), 3—phenylthto 2-phenyloct-2-ene (9; R' = CsH, |, R?
or R? = Ph, R? or R? = Me) (1.28 g, 43%) as an oil (Found: C,
81.15;H, 7.9. C,oH S requires C, 81.0; H, 8.15%); v,..,. (CHCl;)
1 580 cm‘1 (Ar C=C); 8(CDCl;) 7.8—7.0 (10 H, m, Ph’s) and
2.8—0.9 (14 H, m overlaid with a br s at 1.7, alkyls); m/z 296
(52%, M *) and 109 (100, PhS*) and 6-phenylthioundec-5-ene (9,
R! = C4H,,, R? or R® = By, R3 or R? = H) (1.36 g, 52%) as
an oil (Found: C, 77.7; H, 9.75. C,,H,¢S requires C, 77.8; H,
10.0%); Vinax. 1 650 (C=C) and 1 580 cm™! (Ar C=C); (CDCl,)
7.3 (5H, brs, Ph), 6.6—6.4 (1 H, m, CH=C), and 2.8—0.8 (20 H,
m, alkyls).

Preparations of Vinyl Sulphones (13)—Butyl-lithium (1.4m
solution in hexane; 7.15 ml, 10 mmol) was added to the «-silyl
sulphone (15) [prepared by oxidation of the corresponding
sulphide (12) with 2 equiv. of m-chloroperbenzoic
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acid '3-14-46] (10 mmol) in THF (or DME) (15 ml) at 0 °C. After
0.5 h, the carbonyl compound (10 mmol) was added and
mixture warmed to room temperature overnight. The reaction
mixture was poured into saturated aqueous ammonium
chloride (50 ml), extracted with ether (3 x 30 ml), and the
extract washed with saturated aqueous sodium chloride (30 ml),
dried (Na,SO,), and evaporated under reduced pressure to
give, after column chromatography, the vinyl sulphone (13).
Compounds prepared by this method were: 1,2-diphenyl-1-
phenylsulphonylethene (13; R! = Ph, R2 or R? = Ph, R? or
R2 = H) (2.62 g, 82%) which gave spectra identical with the
literature;'°41°5 2 2_diphenyl-1-phenylsulphonylethene (13;
R!' = H, R? = R? = Ph) (2.27 g, 71%) as rhomboids, m.p.
113—114°C (EtOH) (lit.'°® m.p. 114—115°C), spectra
identical to literature;'°* 1,2-diphenyl-1-phenylisulphonylprop-1-
ene (13; R!' = Ph, R? or R? = Ph, R? or R? = Me) (2.17 g,
65%,) as a waxy solid (Found: C, 75.25; H, 5.7. C,,H,;0,S
requires C, 75.4; H, 5.4%); Vmax. (CHCl;) 1 620 (C=C), 1 320, and
1160 cm™ (SO,); §(CDCl;) 8.3—6.9 (15 H, m, Ph’s) and 1.98 (3
H, 2 s, Me); m/z 77 (100%, Ph*); 2-ethyl-1-phenylsulphonylbut-1-
ene(13;R! = H,R? = R? = Et)(1.34 g, 60%) as an oil (Found:
C, 64.0; H, 7.5. C,,H,0,S requires C, 64.25; H, 7.2%), V.

(CHCl,) 1620 (C=C), 1320 and 1160 cm™' (SO,); 8(CDCl,)
8.2—6.9 (6 H, m, Ph and CH=C) and 1.7—0.8 (10 H, m, alkyls);
mfz 224 (4%, M*) and 77 (100, Ph*); 2-methyl-3-phenyi-
sulphonyloct-2-ene (13; R! = C4H,,, R2 = R* = Me) (0.90 g,
349;) as an oil (Found: C, 67.95; H, 8.5. C, sH,,0,S requires C,
67.6; H, 8.3%); Vpnax. (CHC;3) 1 625 (C=C), 1 320,and 1 160 cm™!
(S0,); 8(CDCl,) 8.2—6.9 (5 H, m, Ph), 2.8—0.8 (17, m, alkyls);
2-methyl-1-phenylsulphonylprop-1-ene (13; R! = H, R? =
R3 = Me) (1.47 g, 75%,) identical with an authentic sample;!°¢
2-phenylsulphonylbut-2-ene (13; R! = Me, R? or R® = Me, R?
or R? = H)(0.94 g, 48%,)identical properties to literature;! °5-1°7
phenylsulphonylethene (13; R!' = R? = R® =H) (146 g,
87%), m.p. 67—68 °C (EtOH) (lit.,'°® 66.5—68 °C), spectra
identical with the literature;'®® (1-phenylsulphonylethyl-
idene)cyclohexane [13; R' = Me, R?, R? = -(CH,)s-] (0.80 g,
329 0.98 g, 399 with DME as solvent) as an oil (Found: C,
67.6; H, 7.45. C,,H,30,S requires C, 67.2; H, 7.25%); Vpax.
(CHCl,) 1 620 (C=C), 1 320, and 1 160 cm™! (SO,); 8(CDCl,)
8.2—7.2 (5 H, m, Ph) and 2.8—1.2 (13 H, m overlaid with s at
1.75, alkyls), m/z 250 (8%, M*) and 77 (100, Ph*); 1-
phenylsulphonylhept-1-ene!'® (13; R! = H, R? or R3 =
CsH,,,R3or R? = H) (1.74 g, 73%; 1.88 g, 79% with DME as
solvent) as an oil; v,,,. (CHCl;) 1 620 (C=C), 1 320, and 1 160
em~2 (SO,) 8(CDCl,) 8.2—7.2 (5 H, m, Ph), 6.0—52 2 H, m,
CH=CH), and 2.5—0.8 (11 H, m, alkyls); m/z no M *, 125 (37%,),
84 (100, CcH,, ") and 77 (52, Ph*); 1-phenylsulphonylhex-1-ene
(13;R! = H,R2or R? = By, R¥or RZ = H) (1.90 g, 85%; 1.99
g, 899, with DME as solvent) as an oil (Found: C, 64.55; H, 7.2.
C,,H,0,S requires C, 64.25; H, 7.2%); Vmax. (CHCl;) 1625
(C=C) 1 320, and 1 160 cm™! (SO,); 3(CDCl,) 82—7.2 (SH, m,
Ph), 6.0—5.1 (2 H, m, CH-CH), and 2.5—0.8 (9 H, m, alkyls);
m/z, no M*, 77 (100, Ph*); (1-phenylsulphonylhexenyl)cyclo-
hexane [13; R! = C;H,,, R?, R® = «(CH,)s-] (0.58 g, 19%;
0.70 g, 239, with DME as solvent) as an oil (Found: C, 70.9; H,
8.6. C,gH,¢0,S requires C, 70.55; H, 8.55%); Vmax. (CHCl;)
1615 (C=C) 1320, and 1 160 cm™! (SO,); 3(CDCl;) 8.0—7.2 (5
H, m, Ph) and 29—0.8 (21 H, m, alkyls); (phenylsulphonyl-
methylene)cyclohexane*’ [13; R! = H, R?, R? = (CH,);-]
(1.96 g, 83%;;, 2.03 g, 86%, with DME as solvent) as an oil (Found:
C, 66.3; H, 6.5. Calc. for C,3H,40,S: C, 66.1; H, 6.8%); Vmax.
(CHCl;) 1625 (C=C) 1320 and 1 160 (SO;) cm™!; §(CDCl,)
8.1—7.3 (5H, m, Ph), 5.2 (1 H, br s, CH=C), and 2.5—1.3 (10 H,
m, CH,s), m/z 236 (1%, M*) and 77 (100, Ph*);
(phenylsulphonylmethylene)cyclopentane [13; R! = H; R%, R3=
—~(CH,),—] (1.13 g, 51%) as an oil (Found: C, 65.0; H, 6.5.
C,,H,,0,S requires C, 64.8; H, 6.35%); Vmax. (CHCI3) 1620
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(C=C), 1320, and 1 160 cm™* (SO,); 5(CDCl,) 8.2—7.3 (5 H, m,
Ph), 5.3 (1 H, s, CH=C), and 2.6—1.3 (8 H, m, CH,’s); m/z 222
(2%, M *)and 77 (100, Ph *); 1-phenylsulphonyl-1-phenylethene
(13; R! = Ph, R? = R? = H) (1.71 g, 70%) identical with an
authentic sample prepared by oxidation of the sulphide (9;R! =
Ph, R? = R? = H);!!! 1-phenylsulphonyl-2-phenylethene (13;
R!' = H,R2 or R® = Ph, R? or R? = H) (193 g, 79%; 2.03 g,
83% with DME as solvent), identical properties to litera-
ture;' 03112113 3_phenyisulphonyl-1-phenylhept-1-ene (13; R! =
CsH,,, R? or R?* = Ph, R? or R? = H) (2.07 g, 66%) as an oil
(Found: C, 72.65; H, 69. C,,H,,0,S requires C, 72.6; H,
7.05%); Vimax. (CHCl3) 1 620 (C=C), 1 320, and 1 160 cm™! (SO,);
8(CDCl,) 8.2—7.2 (10 H, m, Ph’s), 6.8—6.5 (1 H, m, CH=C),
and 2.6—0.9 (11 H, m, alkyls); m/z 77 (100%, Ph*); 1-
phenylsulphonyl-1-phenylhex-1-ene (13; R' = Ph, R? or R? =
Bu, R3 or R?2 = H) (1.83 g, 61%) as an oil (Found: C, 71.7; H,
6.9. C,3H,,0,S requires C, 72.0; H, 6.7%); Vmax. (CHCl;) 1 625
(C=C), 1 320, and 1 160 cm™* (SO,); 8(CDCl;), 8.3—7.2 (10 H,
m, Ph’s), 6.7—6.5 (1 H, m, CH=C), and 2.8—0.9 (9 H, m, alkyls),
m/z 300 (2%, M *) and 77 (100, Ph*); [(phenylsulphonyl)phenyi-
methylene]cyclohexane [13; R' = Ph, R2?, R3 = «(CH,)s-]
(0.72 g, 23%,; 0.68 g, 259 with DME as solvent) as a waxy solid
(Found: C, 73.3; H, 68. C,,H,,0,S requires C, 73.05; H,
6.45%); Vamax. 1615 (C=C), 1325, and 1160 cm™ (SO,),
8(CDCl,) 83—7.1 (10 H, m, Ph’s) and 2.7—1.4 (10 H, m,
CH,’s); 1-phenylsulphonyl-2-phenylprop-1-ene (13; R! = H,
R? or R? = Ph, R? or R? = Me) (1.75 g, 68%) which gave
spectra identical to the literature;'®S 2-phenylsulphonyl-1-
phenylprop-1-ene (13; R! = Me, R2 or R?® = Ph, R® or R? =
H) (1.91 g, 74%;; 2.01 g, 78%, with DME as solvent) which gave
spectra identical with the literature;!!4-!!5 1-phenylsulphonyl-
prop-1-ene (13; R! = H, R2 or R® = Me, R3 or R? = H) (1.47
g, 81%) which gave spectra identical with the litera-
ture;!0%:107.198 3_phenylsulphonylpropene (13; R! = Me,R? =
R3 = H) (1.16 g, 64%) identical with an authentic sample
prepared from the sulphide (9; R' = Me, R? = R3 = H);!!¢
and 6-phenylsulphonylundec-5-ene (13; R!' = C;H,,, R? or
R3 = Buy,R3or R? = H)(1.18 g,40%; 1.23 g, 42%, with DME as
solvent) as an oil (Found: C, 69.6; H, 8.6. C,;H,¢0,S requires
C, 69.35; H, 8.9%); Vpnar, (CHCI,) 1 620 (C=C), 1 320, and 1 160
em™! (SO,); 8(CDCl,) 8.2—7.0 (5 H, m, Ph), 6.4—6.2 (1 H, m,
CH=C), and 2.7—0.75 (20 H, m, alkyls).
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