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Dimethylsulfonium 2-oxo0-3,4-diphenyl-cis-3-butenylide derivatives (IVa—e) were
prepared from dimethyl 3-phenyl-2-propynylsulfonium bromide (III) and benzaldehyde
derivatives and its addition mechanism were considered.

In the preceding paper,V we reported the intramolecular rearrangements of acetylenic
sulfonium salts by base and proposed an existence of the equilibration of ylid, as an inter-
mediate, between I and II as shown in Chart 1.

+ CH, _ B - . CH, . CH,
R—CEC—CH2—8< Br —> R—CEC-CH——S< — R—CEC—CH2—8<
CH CH, CH,
I IT
Chart 1

We have thought that the firstly formed ylid, I, should reasonably behave as a nucleophile.
Then we turned our attention into the intermolecular reaction of the acetylenic sulfonium
salts with some electrophiles such as aldehydes, ketones or acid halides to examine the afore-
mentioned possibility.

Many workers® have revealed that the reaction of simple sulfonium ylid with aldehyde
yields an epoxide. For example, Johnson, ¢f al.9 have reported that the reaction of benzyl-
idendiphenylsulfurane with benzaldehyde gives stilbene oxide (Chart 2).

- 0
+ /N
Ph,S-CH-Ph + Ph-CHO ———»  Ph-CH-CH-Ph + Ph,S

Chart 2

This paper deals with the reactions of the acetylenic sulfonium salts with substituted
benzaldehydes in the presence of base whose results differ from the general pattern of the
reported cases.®

Reaction of dimethyl 3-phenyl-2-propynylsufonium bromide (III) with benzaldehyde
in the presence of sodium hydride in anhydrous tetrahydrofuran, followed by treatment with

1) Part XLIX: Y. Kishida, T. Hiraoka and M. Yoshimoto, Chem. Pharm. Bull. (Tokyo), 17, 2126 (1969).

2) Location: Hivomachi, Shinagawa-ku, Tokyo.
3) A.W. Johnson, “Ylid Chemistry,” Academic Press, New York and London, 1966. p. 304

4) AW. Johnson, V.]J. Hruby and J.L. Williams, J. Am. Chem. Soc., 86, 918 {1964).
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water gave dimethylsulfonium 2-0x0-3,4-diphenyl-cis-3-butenylide (IV) in 64.3%, yield.® The
yellow crystalline stable ylid, IV, melted at 162—164° with slight degree of decomposition.

0
- NaH « 3 | CH,
Ph-C=C-CH —s< .Br + Ph-CHO —> Ph-CH=C-C-CH-$
CH, | 21 CH,
111 Ph IV
Chart 3
9 S /CH3
Tase I. @—CH:—C—C—CH:
X | \CHa
Ph
Vv X mp Yield (%) UV (e)
a  H 162—164 64.3 284 (12800) 296 (13200) 318 (14900)
b p-Br 191—193 75.0 289 (17800) 299 (18050) 322 (19350)
c »-CH, 172—174 20.0 298 (15300) 319 (20130) .
da) m-MeO 110—111 trace 289 324
en) $-NO, 117—119 27.5 280.5 (12690) 356 (15800)

a) hydrate form

Likewise, several benzaldehyde derivatives reacted with the sulfonium bromide, III,
in a similar way to afford a novel series of stable sulfonium ylids (IVa—e) and the results
are summarized in Table I. The infrared (IR) spectrum of IV in chloroform showed an
intense carbonyl band at 1512 cm~1 and hydroxyl absorption at 3305 cm~1, but in nujol only
carbonyl band at 1537 cm~. The low frequency carbonyl absorption band is consistent
with the observations on the related system.® The ultraviolet (UV) spectrum showed absorp-
tion maxima at 284 (¢=12800), 296 (e=13200) (shoulder) and 318 mu (¢=14900). The
behavior of the hydroxyl band in the IR spectrum and the UV maxima which red-shifted
indicate a resonance contribution between ylid and ylene structures as shown in Chart 4.

5) Among ‘the stable ylids, 2-(a-cyanotriphenylphosphonium)-1,2-dimethoxycarbonylethylene® and di-
methylsulfoxonium 3-ethoxycarbonyl-2-phenylallylide” have been typical examples for the formation
of stable ylids, starting from an acetylenic compound and an unstable ylid.

CO,CH,

Ph,P-CH-CN + CH,0,C-C=C-CO,CH, ——>  NC-C-C=CH-CO,CH,

I
PPh,
Ph-C=CH-CO,Et

., CH, -CH
CH2—-S< + Ph-C=C-CO,-Et —— N
| CH CH,- ?—CHa

0

6) S. Trippett, J. Chem. Soc., 4733 (1962) :

"a) C. Kaiser, B.M. Trost J. Beeson and J. Beinstock, J. Org. Chem 30 3927 (1960) b) J. Ide and
Y. Kishida, Tetrahedron Letters, 1966, 1787. ’ o

a) A.J. Speziale, C.C. Tung, K.W. Ratts:and A.N. Yao, J. Am. Ckem. Soc., 87, 3460 (1965); b) K.W.
Ratts and A.N. Yao, J. Org. Chem., 31 1185, 1689 (1966); c) A.W. Johnson and R.T. Amel, Teirahedron
Letters, 1966, 819; d) B.M. Trost, J. Am. Chem. Soc., 89 138 (1967); ¢) K.W. Ratts, Tetrahedron.
Letters 1966, 4707; f) H. Nozaki, M. Takaku and K. Kondo, Tetrahedron, 22, 2145 (1966); g) A. Konig,
H. Metzger and K. Seelert, Chem. Ber., 98, 3712, 3724, 3733 (1965); #) H. Nozaki, D. Tunemoto, S.
Matubara and K. Kondo, Tetrahedron, 23 545 (1967); i) H. Nozaki, K. Kondo and M. Takaku, Tetra-
hedron Letters, 1965, 251. : ' :
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l - + CH; | CH,
Ph-CH=C-C —CH—S< «— Ph-CH=C-C-CH= s< ——
CH, CH,
Ph Ph
o- OH OH }
| . cH, | ., cH, |, CH,
Ph-CH=C-C =CH—S< «— Ph-CH=C-C=C-$ or Ph-CH=C-C=CH-$
CH, | CH, | H,
Ph Ph Ph

Chart 4

The nuclear magnetic resonance (NMR) spectrum in deuteriochloroform exhibited the
signals at 2.90 (6H, singlet) due to the dimethylsulfonium groups, 3.49 (1H, slightly broader
singlet) assignable to C-1 proton, 7.08 (5H, approximately singlet) and 7.32 (5H, approximately
singlet) for two phenyl groups, and 7.65 ppm (1H, singlet) assignable to C-4 vinyl proton.
Addition of deuterium oxide to a solution of IV in deuteriochloroform caused the disappearance
of the signal at 3.49 ppm, whereas none of the change was observed at other signals. From
these results, the signal at 8.49 ppm was assigned to the ylid proton at C-1. The absorption
due to the ylid portion of IV is in good agreement with the values reported for other stabilized
sulfonium ylids.® The mass spectrum of IV, suggesting the structure of dimethylsulfonium
2-0x0-3,4-diphenyl-cis-3-butenylide, showed an intense molecular ion at m/e 282 and the other
most intense peaks at mfe 220 (base peak, M-S(CH,),) and at m/e 179 [(Ph-CH=C-Ph)+].

log €
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Fig. 1. Mass Spectrum of IV

| | 1 ! !
260 280 300 320 340 mu
Fig. 2

—_ IV : trans-stilbene

The configuration of two phenyl groups at the olefinic bond were tentatively assigned to
be trans in comparison with frans-stilbene in the UV spectra.

Although the structure of IV was evident from its spectral properties, IV was unambigu-
ously identified by converting it to the known ketone, 1,2-diphenyl-3-butanone (V), which
was identical in all respects with an authentic sample® prepared from benzyl chloride and
phenyl-2-propanone, using zinc dust in acetic acid. The IR spectrum of V showed a carbonyl
band at 1705 cm~?, and the NMR spectrum exhibited a singlet at 2.30 ppm (3H) due to the
methyl protons, a ABC pattern [Ha=2.90 ppm (quartet), Hb=3.55 ppm (quartet), Hc=3.95
ppm (triplet), Jab=14cps, Jac=7cps, Jbc=7cps]and a multiplet centered at 7.28 ppm
due to two phenyl groups.

9) S. Ishiwata and K. Suzuki, Yakugaku Zasshi, 71, 1274 (1951).
10) H.O. House, “Modern Synthetic Reactions,” W.A. Benjamin, Inc., N.Y., 1965, p. 51.
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0
Zn Il
—— Ph-CH,—CH-C-CH,
in AcOH
Ph V
0o 1
| - . CH, Ph-CH,~Cl + Ph-CH,~C-CH,
Ph-CH:C-C—CH—S< —
CH, OCOPh 0 COPh
Ph VI PhCOCI | I
— . Ph-CH=C-C=CH-S-CH, Ph—CH:((:—C—CH—S—CHs
Ph VI Ph  VII
0
AcOH I
— . Ph-CH=C-C-CH,~OCOCH,
in CgHgq |
Ph  VIII
Chart 5

One could assume that this reduction would proceed through an anion radical'® with
two stage reactions as shown in Chart 6.

It is noteworthy that there have been only few examples for the reduction of S-ylid com-
pounds with zinc dust in acetic acid.1V)

Zn *Zn
o & Q/ Zn

0

Ph—CH=C—C —CH’;S(gg“——- Ph- CH=C—C—CH, ';'sggﬁa—— ph_cgjﬁ_f‘c_cua___
Ph H* $ Ph H* : Hr h
:Zn
0./ 0- . OH

Ph—CH,~C=C—CH, Ph—CH, —C=C—CH, Ph—CH, —q=é—CH3 v

h h Ph

Chart 6

The product, IV was further characterized by the following reactions. Treatment of
IV with benzoyl chloride at 90—100° gave the corresponding benzoate of bp 190—195° (0.0001
mmHg)(bath temp.) in 479, yield. The UV spectrum showed the absorption maxima at 231
(6=26200), 307.5 (e=20400) and 319 my (e=22270) and the NMR spectrum exhibited a singlet
at 2.19 (3H) due to the methyl group, two singlets at 5.68 (1H) and 6.67 (1H) assignable to
the vinyl protons and a multiplet at 6.90—8.40 (15H) due to the three phenyl groups. On
the basis of these results, the structure of this benzoate would be either VI or VII (Chart 5).
The IR spectrum showed only one carbonyl band at 1735 cm~! and C-O stretching band at
1240 cm~?, which excludes the possibility of the structure, VII. Thus, the benzoate was con-
cluded to be methyl 2-benzoxy-3,4-diphenyl-1,3-butadienyl sulfide (VI). The two singlets
at 5.68 and 6.67 ppm in the NMR spectrum are assignable to vinyl protons adjacent to sulfur
and phenyl groups, but which is which could not be assigned. The fate of methyl group at-
tached to sulfur was not pursued. This O-acylation is characteristic of a sulfonium ylid having
f-carbonyl group.!?

11) @) E.J. Corey and M. Chaykovsky, J. Am. Chem. Soc., 86, 1640 (1964); b) J. Ide and Y. Kishida,
Tetrahedvon Letters, 1966, 1787.

12) a) A.W. Johnson and R.T. Amel, Tetrahedron Letters, 1966, 819; b) E. Winterfeldt and H.]J. Dillinger,
Chem. Ber., 99, 1558 (1966).
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Reaction of IV with acetic acid in benzene solution caused a substitution reaction to give
light red prisms of mp 93—93.5° in 309, yield. On the basis of the following evidence, this
was assigned to be 2-oxo-3,4-diphenyl-3-butenyl acetate (VIII). The IR spectrum showed
bands at 1700 cm~! («,f-unsaturated ketone) and 1750 cm—! (-OCOCH,), and the UV spectrum
exhibited the absorption maxima at 223 (¢=18600) and 297 myu (e=24400). The NMR
spectrum exhibited the signals at 2.15 (3H, singlet) due to a methyl group, 4.83 (2H, singlet)
assignable to the methylene protons attached to the acetoxy group, 7.73 (1H, singlet) assigned
to the vinyl proton and 7.00—7.56 ppm (10H, multiplet) due to two phenyl groups. Recently,
DeGraw and Cory'® have reported this substitution reaction using dimethylsulfoxonium ylid.

The compound, IV, was subjected to the reaction with benzaldehyde in anhydrous tetra-
hydrofuran in an expect to yield the epoxide derivative by the method of Johnson® and others,?
but a 709, recovery of unchanged starting material was the result. This lack of reactivity
parallels that the ylid, IV, is quite stable.

A mechanistic assumption for the formation of the new stable ylid (IV) from III and
benzaldehyde would be expressed as following.

= __+/CH3 - B_ ~ ¢CH
Ph=C=C—CH, =5 { B [Ph—CEC—CH—S\’CHz By Ph—CEC:CH—S*:ggS
I IX X ’
v o CH ! ,‘
PhocHo  Ph—C=CECH-S Ph—cjchH—szgg° _
l/ — 7] :
Ph—CL0 Ph—CL0
] H
, XI X1
((:H—S*/CHS
Ph—C=CLCH—5 0 ! ~CH.
e AR G I ] “%0
Ph— i I)h—‘(:\[/\\ — -
H H H
- XIV
0- 0
] ..CH , -
Ph—CH=C-C=CH-5" Ph—CH=C—C—cH-g b
Ph ’ ' CHs
Ph oy
XV
Chart 7

The ylid (IX), formed from the parent sulfonium bromide (III) by base, was converted into
an unstable allenic betaine (X). Then the attack of the resulting anion to one or two molar
benzaldehyde followed by the attack to the allenic center carbon at C-2 give a four- or six—
membered ring intermediate (XIIT or XIV). The ylid anion would be functioning as a driving
force to the C-O bond fission to give the product (IV). In this assumption, we considered two
structures as the intermediates (XIIT and XIV). Although it is very difficult to determine
which is the real intermediate, in the absence of the kinetic information, the six-membered
ring intermediate (XIV) would be favorable rather than the four-membered ring one (XIII)
by the following reasons. The yield of IV was only 21.8% in a reaction of 1:1 molar ratio
©of benzaldehyde to dimethyl 3-phenyl-2-propynylsulfonium bromide (III). The yield,
however, increased to 64.3%, when two molar aldehyde was used in the reaction. Moreover,

13) J.I. DeGraw and M. Cory, Tetrahedron Letters, 1968, 2501.
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the intermediacy of the six-membered ring compound X1V, woudl be evident by an unequivo-
‘cal synthesis of a 1,3-dioxin having six-membered ring, but not ylid, from dimethyl 2-butynyl-
sulfonium bromide and betizaldehyde, which will be described in the followmg paper.

Experimental!4)

Dimethylsulfonium 2-Oxo-3,4-diphenyl-cig-3-butenylide (IVa)——To a suspension of dimethyl, 3-phenyl-
2-propynylsulfonium bromide (2 57 g, 0.01 mole) and benzaldehyde (2.12 g, 0.02 mole) in 20 ml of anhyd.
tetrahydrofuran was added sodium hydride (0.75 g, 0.015 mole) (509, oily mixture) at 3—5° under N,.
An exothermic reaction took place after 30 min and the stirring was continued for 1 hr at the same tem-
perature and further for 24 hr at 25-—30°. The reaction mixture was poured into 200 ml of ice~water and
the precipitate was collected to give 1.803 g of almost pure ylid. Recrystallization from AcOEt gave pale
yellow needles, mp 162—164° Anal. Caled. for C;gH,40S: C, 76.55; H, 6.42; S, 11.35. Found: C, 76.38;
H, 6.04; S, 11.02. . o

Dlmethylsulfomum 2-0xo-3-phenyl 4-( p-bromophenyl)-3-butenylide (IVb) To a. suspension of - di-
methyl 3-phenyl-2-propynylsulfonium bromide (2.6 g, 0.01 mole) and p-bromobenzaldehyde (3.7 g, 0.02
mole) in 30 ml of anhyd. tetrahydrofuran was added sodium hydride (0.75 g, 0.015 mole) (50%, oily mixture)
at 8—9° under N, atmosphere. The stirring was continued for 30 min at 8—10° and then at room tem-
perature for 5 hr. The reaction mixture was poured into 200 ml of ice~water and the precipitate was collected
to give 2.7 g of almost pure ylid. Recrystallization from EtOH gave pale yellow prisms, mp 191—193°,
Anal. Caled. for C,;H,,0SBr: C, 59.83; H, 4.74; Br, 22.11; S, 8.87. Found: C, 60.05; H, 4.94; Br, 21.91;
S, 8.61.

Dimethylsulfonium 2-Oxo-3-phenyl-4-( p-methylphenyl)-3-butenylide (IVc)——To a suspension of di-
methyl 3-phenyl-2-propynylsulfonium bromide (2.6 g, 0.01 mole) and p-methylbenzaldehyde (2.4 g, 0.02
mole) in 30 ml of anhyd. tetrahydrofuran was added sodium hydride (0.75 g, 0.015 mole) (509, oily mixture)
at 5—6° under N, atmosphere. The stirring was continued for 30 min at the same temperature and then
at room temperature for 5 hr. The reaction mixture was poured into 300 ml of ice~water and the precipitate
was collected by filtration to give 0.6 g of almost pure ylid. Recrystallization from AcOEt gave colorless
needles, mp 172—174°. Anal. Calcd. for C;yH,,0S: C, 76.98; H, 6.80; S, 10.81. Found: C, 76.84; H, 6.81;
S, 10.74.

Dimethylsulfonium 2-Oxo-3-phenyl-4-(m-methoxyphenyl)-3-butenylide (IVd) To a suspension of
dimethyl 3-phenyl-2-propynylsulfonium bromide (2.6 g, 0.01 mole) and m-methoxybenzaldehyde (2.7 g, 0.02
mole) in 30 ml of anhyd. tetrahydrofuran was added sodium hydride (0.75 g, 0.015 mole) (509, oily mixture)
at 5—8° under N, atmosphere. The stirring was continued for 30 min at the same temperature and then
at room temperature for 5 hr. The reaction mixture was poured into ice-water and the precipitate was
collected to give pale green solid (0.01 g). Recrystallization from AcOEt-hexane gave pale green needles,
mp 110—111°.  A4nal. Caled. for C,iH,,0,S-H,0: C, 69.06; H, 6.70. Found: C, 69.64; H, 6.47.

Dimethylsulfonium 2-0Oxo-3-phenyl-4-( p-nitrophenyl)-3-butenylide (IVe) To a suspension of dimethyl
3-phenyl-2-propynylsulfonium bromide (2.6 g, 0.01 mole) and p-nitrobenzaldehyde (3.0 g, 0.02 mole) in 30 ml
of anhyd. tetrahydrofuran was added sodium hydride (0.7 g, 0.014 mole) (509, oily mixture) at 0—3° under
N, atmosphere. An exothermic reaction took place after 2 min and the color of the reaction mixture develo-
ped to red-brown. The reaction mixture was stirred for 30 min at 5—10° and poured into 300 ml of ice-
water to give pale yellow solid (0.9 g). Recrystallization from AcOEt gave pale yellow needles, mp 117—
119°. Amnal. Calcd. for C;gH,,0,NS-H,0: C, 62.59; H, 5.54; N, 4.06; S, 9.25. Found: C, 62.93; H, 5.72;
N, 4.12; S, 9.20.

1,2-Diphenyl-3-butanone (V) from Dimethylsulfonium 2-Oxo-3,4-diphenyl-cis,3-butenylide To a sol-
ution of dimethylsulfonium 2-oxo-3,4-diphenyl-¢is,3-butenylide (0.282 g) in 5 ml of AcOH was added zinc-dust
(0.327 g) at 18—20° with stirring. Stirring was continued for 48 hr at room temperature. The reaction
mixture was poured into ice-water and extracted with AcOEt. The combined extracts were washed with
H,0, satd. aq. solution of NaHCO;, H,0 and dried over Na,SO,. The solvent was evaporated under
reduced pressure and residual oily substance (0.2 g) was chromatographed on silica gel (4 g) and eluted
with hexane-benzene (5:1) to afford 0.115 g of the title compound. 2,4-dinitrophenylhydrazone of 1,2-
diphenyl-3-butanone melted at 115—117° after recrystallization from EtOH. Anal. Calcd. for CyH,O,N,
C, 65.33; H, 4.99; N, 13.86. Found: C, 65.03; H, 5.00; N, 13.85.

Methyl 2-benzoxy-3,4-diphenyl-1,3-butadienyl Sulfide (VI) A mixture of dimethylsulfonium 2-oxo-
3,4-diphenyl-cis,3-butenylide (0.564 g) and benzoyl chloride (10 ml) was heated at 90-—100° for 3 hr. The
reaction mixture was poured into ice-water and extracted with ether. The combined extracts were washed
with H,O and dried over Na,SO,. The solvent was evaporated under reduced pressure to give an oily

14) All melting and boiling points are uncorrected. The NMR spectra were taken on Varian A-60 and
HA-100 spectrometer with tetramethylsilane as an internal standard.
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substance. This oil was chromatographed on alumina (Woelm, grade I, 30 g) and eluted with hexane~
benzene (1:1) to afford 0.421 g of gummy oil. Distillation of this oil iz vacuo gave a pale yellow oil, bp
190—195° (0.0001 mmHg) (bath temp.). Amnal. Calcd. for C,,H,,0,S: C, 77.15; H, 5.38; S, 8.89. Found:
C, 76.76; H, 5.44; S, 8.85.

1-Acetoxy-3,4-diphenyl-3-buten-2-one (VIII)——A mixture of dimethylsulfonium 2-oxo-3,4-diphenyl-
cis,3-butenylide (0.42 g), AcOH (0.1 g) and 5 ml of anhyd. benzene was refluxed for 3 hr. After cooling,
the reaction mixture was poured into ice-water. The organic layer was separated and the aqueous layer
was extracted with benzene. The combined extracts were washed with satd. aq. solution of NaHCO,, H,0
and dried over Na,SO,. The solvent was evaporated under diminished pressure to give an oil (0.4 g).
This oil was chromatographed on silica gel (12 g) and eluted with hexane-benzene (1:3) to give a solid (0.14 g).
Recrystallization from benzene-hexane (1:10) afforded pale red prisms of mp 93—93.5°. Anal. Calcd.
for C;sH,;405: C, 77.12; H, 5.75. Found: C, 76.90; H, 5.78.
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