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Organic Chemistry

Cross-coupling of E,E-1,4-diiodobuta-1,3-diene with nucleophiles catalyzed
by Pd or Ni complexes: a new route to functionalized dienes
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E,E-1,4-Diiodobuta-1,3-diene can enter into cross-coupling reactions with carbon- or
other element-centered nucleophiles in the presence of Pd or Ni complexes as catalysts.
Convenient procedures were developed for the stereoselective synthesis of E,E-1,4-di-
alkenylbuta-1,3-dienes, dienyl-1,4-bisphosphonates, E, E-1,4-bis(diphenylphosphino)buta-1,3-
diene, E,E-1,4-diphenylbuta-1,3-diene, and F,E-1,4-bis(thiophenyl)buta-1,3-diene.
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Functionalized butadienes are of considerable inter-
est in the preparative chemistry because they are
widely used in important organic syntheses, such as
the Diels—Alder reactions,1=3 heteroannelation of
1,3-dienes,45 erc., for the regio- and stereoselective
preparation of various carbo- and heterocyclic systems,
including useful biologically active compounds and ana-
logs of natural substances.®—? 1,4-Dihalobutadienes have
a particularly high synthetic potential.10—14 These com-
pounds are precursors of 1,4-dienyl dianions generated
upon the halogen—metal exchange. These transforma-
tions of 1,4-dihalobutadienes and, in particular, 1,4-di-
iodobutadienes provide the basis for the synthesis of
most of metallacyclopentadiene derivatives (siloles,
germoles, stannoles, phospholes,15:16 ¢zc.) and 1,1’-di-
heteroferrocenes.17-18 At the same time, 1,4-dihalo-
butadienes can be used as synthetic equivalents of
1,4-dienyl dications in cross-coupling with various nu-
cleophilic reagents catalyzed by transition metal com-

plexes. However, this type of transformations of 1,4-di-
halobutadienes has not been adequately explored19:20
and only a few examples of the cross-coupling reactions
of monoiodobuta-1,3-dienes were reported.21—23

Recently, a procedure has been developed for the
synthesis of the previously unavailable F,E-1,4-diiodo-
buta-1,3-diene (1). This procedure is based on the
Pt!V_catalyzed reaction of acetylene with the iodide ion
in the presence of iodine.24:25

It should be noted that Z Z-1,4-diiodobuta-1,3-di-
ene has been prepared previously according to a three-
stage procedure from 1,4-dichloro-2-butynel® and has
been detected upon pyrolysis of 1,2-diiodocyclobutene
at 120 °C.26

In the present study, we examined cross-coupling of
1,4-diiodobuta-1,3-diene (1) with a series of carbon-
and other element-centered nucleophiles catalyzed by
Pd or Ni complexes, which gave rise to new Cg,,—C,
and Cgp-heteroatom bonds.
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Cross-coupling of F, F-1,4-diiodobuta-1,3-diene (1)
with terminal alkynes is of interest as a route to polyun-
saturated compounds, including biologically active sub-
stances (for example, pheromones2’:28), because these
reactions allow one to insert the four-carbon unsatur-
ated fragment into the molecule in one step.

The reactions of 1,4-diiodobuta-1,3-diene with
two equivalents of terminal alkynes according to
Sonogashira,29 unlike analogous reactions of 1,4-diiodo-
1,2,3,4-tetraethylbuta-1,3-diene with hex-1-yne,30 pro-
ceeded smoothly under mild conditions (~20 °C, 30 min)
to give the corresponding F,E-1,4-dialkynylbuta-1,3-
dienes (2a—c) in quantitative yields.

PdCL,(PPhy),, Cul, Et;N
CGHG

N\~ + 2 R—==
1

R

2a——c
R = Ph (a), Me3Si (b), CsH4¢-n (c)

R

The reaction of 1 with hept-1-yne can be performed
in several steps. Within 20 min after the addition of
4 mol.% of bis(triphenylphosphino)palladium chloride
and copper iodide to a mixture of equimolar amounts of
compound 1, hept-1-yne, and triecthylamine in benzene
at 20 °C, diene 3 was obtained in 80% yield as a result of
the replacement of one iodine atom in diene 1, whereas
heating of diiododiene 1 with 2 equivalents of heptyne at
70 °C for 3 h in the presence of the same catalytic
system afforded the corresponding dienediyne 2c¢ in
95% vyield.

PdCI,(PPhy),, Cul, Et,N
CGHG

3

1 + H,Cg——=

C5H11

Octa-3,5-diene-1,7-diynes 2a—c are heavy oils, which
are readily polymerized at room temperature but are
stable upon storage at low temperature or in solution.
Their compositions and structures were confirmed by
the data from elemental analysis and IR spectroscopy
and by the 'H and 13C NMR spectra. Cross-coupling of
1 with alkynes proceeded stereoselectively with com-
plete retention of the configurations of the double bonds.

The reaction of E,E-1,4-diiodobuta-1,3-diene (1)
with phenylmagnesium bromide in the presence of
bis(triphenylphosphino)nickel dichloride (5 mol.%) also
proceeded smoothly. At 20 °C, the reaction in ether was
completed in 1.5 h to produce diene 4 in 89% yield.

NiCI,(PPhy) Ph
1 + 2PhMgBr ———2  pp NN
Et,0, 20 °C
4

Previously, E,FE-1,4-diphenylbuta-1,3-diene (4) has
been prepared in ~60% yield by the Horner—Wittig
reaction of cinnamaldehyde with diethyl benzylphos-
phonate.31 This compound finds many applications, for
example, in cycloaddition reactions32-33 and as a com-
ponent of catalytic systems based on Zr or Ti, which are
used in polymerization of olefins.34:35

Dienylphosphonates are of considerable synthetic in-
terest as dienophiles or Michael acceptors and the possi-
bility of their application in the organic synthesis has
been examined extensively in recent years.36 Thus
1,3-dienylphosphonates proved to be useful intermedi-
ates in the Diels—Alder reactions for the preparation of
bi- and polycyclic systems3? and in the synthesis of
biologically active compounds.3® In addition, some of
these compounds possess biological activities by them-
selves.39 At the same time, dienylphosphonates are diffi-
cultly accessible compounds due to which they are of
limited synthetic usefulness and the syntheses of these
compounds are few in number.40—43

We found that tetraethyl E,E-buta-1,3-diene-1,4-
diyldiphosphonate (5) can be prepared in one step either
by the Arbuzov reaction of 1,4-diiodobuta-1,3-diene (1)
with triethyl phosphite catalyzed by a zero-valent nickel
complex#4—46 and or by cross-coupling of diethyl-
phosphorous acid with diiododiene 1 in the presence of
tetrakis(triphenylphosphino)palladium (10 mol.%).46—48

NiBry, i

1 + 2 (EtO),P
(EtO)s —2EtBr

Pd(0), EtzN
1 + 2 (EtO),P(O)H ———-

ii

EtO),(O)P
— )2(0) \N\P(O)(OEt)z
5
i. 110 °C, 15 min #i. 20 °C, 1.5 h.

Diene-1,4-diylbisphosphonate 5 occurs as a viscous
oil. After removal of the solvent and keeping in vacuo
with the use of an oil pump for the purpose of removing
low-boiling impurities, spectrally pure compound 5 was
obtained. Its 3P NMR spectrum has the only signal at
8, 17.68. The reaction proceeded stereoselectively with
retention of the configuration of the double bond to give
phosphonate 5 in quantitative yield. The structure of 5
was confirmed by the 3!P, 13C, and !'H spectroscopic
data. It should be noted that the procedure developed by
us allows one to substantially simplify the synthesis of
this compound, which has been prepared previously4? in
60% yield from 1,4-dibromobut-2-ene according to a
multistage procedure.

Previously, we have proposed3? the Pd-catalyzed
synthesis of alkenylphosphines from alkenyl halides and
secondary phosphines. In the present study, we exam-
ined the possibility of the application of this procedure
to the synthesis of new types of tertiary phosphines, in
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particular, of E,FE-1,4-bis(diphenylphosphino)buta-1,3-
diene (6).

PACI,(PPhy),, EtsN

1 + 2PhyPH
C6H6

Ph,P
— 2 \/\//\Pth
6

The addition of bis(triphenylphosphino)palladium
dichloride (5 mol.%) to a mixture of 1,4-diiodobuta-
1,3-diene (1), diphenylphosphine, and thriethylamine in
benzene was accompanied by the exothermic effect.
After 30 min, the 3!P NMR spectrum of the reaction
mixture had the only signal at 8p —12.88 correspond-
ing to 1,4-bis(diphenylphosphino)buta-1,3-diene (6),
whereas the signal at 8p —41.6 of the initial diphenyl-
phosphine disappeared. Diphosphine 6 was isolated in
high yield (Table 1). Its composition and structure were
confirmed by the data from elemental analysis and 'H,
13C, and 3P NMR spectroscopy. An analogous reaction
of 1 with trimethylsilyldiphenylphosphine in the pres-
ence of PdCl,(PPh;), proceeded under substantially
more drastic conditions and was completed in 9 h upon
heating at 90—100 °C.

PdCl,(PPhy),, 100 °C
1 + 2 Ph,PSiMe, »
C6H6

Ph,P
— 2 \N\Pth
6

The newly synthesized diphosphine 6 exists as pale-
yellow crystals, which are stable upon storage under an
inert atmosphere.

Buta-1,3-diene-1,4-dithiols are precursors in the syn-
thesis of an important class of analogs of natural biologi-
cally active compounds, viz., thiarubrines, belonging
to the class of 1,2-dithiynes (1,2-dithiacyclohexa-
dienes).51.52

1,4-Di- RS-substituted buta-1,3-dienes can be pre-
pared by the nucleophilic addition of thiols to 1,4-di-
substituted diynes.33.54

We devised a new procedure for the synthesis of
1,4-di(arylthio)butadienes based on E, E-diiodobuta-1,3-
dienes. The reaction of 1 with the lithium salt of
thiophenol in THF in the presence of tetrakis(tri-
phenylphosphino)palladium (4 mol.%) gave rise to
FE,E-1,4-bis(phenylthio)buta-1,3-diene (7) in 90% yield.

. Pd(0)
1 + 2 PhSLi — ]
THF, 20 °C PhS
Pd(0)
1 + 2PrSnSPh ——— 7
PhMe, 20 °C

The reaction of 1 with tripropylphenylthiostannane
catalyzed by the tetrakis(triphenylphosphino)palladium
complex (at room temperature) afforded 1,4-bis(phenyl-
thio)buta-1,3-diene (7) in somewhat lower yield (82%).
In both cases, the nucleophilic substitution and cross-
coupling proceeded with complete retention of the con-
figuration of the double bond.

To summarize, we developed a procedure for the
synthesis both of the known and new types of 1,4-di-
functionalized butadienes based on cross-coupling of
FE,F-1,4-diiodobutadiene with various nucleophiles,
which gave rise to Cg2—Cy/Cg, and Cgpo—heteroatom
bonds. Investigations on the use of the catalytic reac-
tions of 1,4-diiodobutadienes with nucleophiles with the
aim of introducing other functional groups (—NRj,
—OR, efc.) are being continued.

Experimental

All reactions and operations associated with the synthesis,
isolation, and generation of trivalent phosphorus compounds,
organometallic compounds, or their complexes in the reaction
mixtures were carried out under an atmosphere of dry argon.
The solvents were dried according to standard procedures:
benzene, toluene, THF, diethyl ether, and light petroleum
ether were refluxed over sodium in the presence of benzophe-

Table 1. Reaction conditions and products of cross-coupling of E,E-1,4-diiodobuta-1,3-diene with nucleophilic reagents

Reagent Catalyst Base Solvent T/°C t/h Product Yield (%)
Ph—= PdCl,(Ph3P),, Cul Et;N PhH 20 0.5 2a 98
Me;Si—— PdCl,(Ph3P),, Cul Et;N PhH 20 0.5 2b 98
HCs——= PdCl,(Ph3P),, Cul Et;N PhH 70 3 2c 95
H,,Cs—= PdCl,(Ph5P),, Cul Et;N PhH 70 0.3 3 80
PhMgBr NiCl,(Ph;P), Et,O PhH 20 1.5 4 89
(EtO),P(O)H [(EtO)5;P]4Pd Et;N PhMe 60 1.5 5 94
(EtO);P [(EtO)3P]4Ni Et;N PhMe 110 0.25 5 95
Ph,PH PdCl,(Ph;P), PhH Et;N 20 0.5 6 93
Ph,PSiMe; PdCl,(Ph;P), PhH Et;N 90—100 9 6 95
Pr;SnSPh (Ph3P)4Pd PhH Et;N 20 24 7 82
PhSH (Ph;P)4Pd THF Et;N 20 2 7 90
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none. The course of the reactions was monitored and the
resulting compounds were identified by IR spectroscopy (NaCl,
in a thin layer), 'H, 13C, and 3!P NMR spectroscopy, and
thin-layer chromatography (Silufol).

The IR spectra were recorded on an IKS-22 spectrometer.
The 'H NMR spectra were measured on a Varian VXR-400
instrument (400 MHz). The 3'P NMR spectra were recorded
on Varian FT-80 (32.4 MHz) and Varian VXR-400 (162 MHz)
instruments with 85%H;PO, as the external standard. The
I3C NMR spectra were measured on a Varian VXR-400
instrument (100.6 MHz). The chemical shifts are given in the
3 scale relative to Me,Si ('H and 13C) or 85% H;PO4 (3!P).
Bis(triphenylphosphino)palladium dichloride,55 tetrakis(tri-
phenylphosphino)palladium,36 and bis(triphenylphosphi-
no)nickel dichloride3? were synthesized according to known
procedures. E,E-1,4-Diiodobuta-1,3-diene,24 phenylace-
tylene,38 trimethylsilylacetylene,3® hept-1-yne%?, diphenyl-
phosphine,8! triethyl phosphite,52 diethyl phosphite,%3 and
tripropylphenylthiostannane® were prepared according to pro-
cedures developed previously.

Reactions of E,E-1,4-diiodobuta-1,3-diene (1) with termi-
nal alkynes (general procedure). Copper(i) iodide (8 mol.%)
was added to a solution of diene 1 (1 mmol), the correspond-
ing terminal alkyne (2 mmol), triethylamine (2 mmol), and
bis(triphenylphosphino)palladium dichloride (4 mol.%) in ben-
zene (2 mL). The reaction mixture was stored at 20—80 °C for
0.5—3 h until precipitation of triethylamine hydroiodide ceased.
After completion of the reaction (TLC control, benzene—light
petroleum ether, 1 : 2), the salt was filtered off and washed
with light petroleum ether. The solvent was distilled off in
vacuo, the residue was dissolved in benzene, and light petro-
leum ether was added until the solution became turbid. Then
the reaction mixture was stored at 0 °C to achieve more
complete precipitation of the amine salt. The precipitate of the
salt was filtered off and the solvent was distilled off in vacuo.
The residue was kept in vacuo with the use of an oil pump
for 2 h.

1,8-Diphenylocta-3,5-diene-1,7-diyne (2a) was prepared
from phenylacetylene at 20 °C (30 min) in quantitative yield as
an oil. Found (%): C, 94.70; H, 5.50. CyyH,4. Calculated (%):
C, 94.49; H, 5.51. IR, v/cm™1: 2250 (C=C); 1600 (C=C).
IH NMR (CDCly), &: 5.87 (m, 2 H, =CH—C=), 6.68 (m,
2 H, =HC—CH=); 7.37 (m, 10 H, C¢Hs). 13C NMR (CDCl3),
8: 87.14, 92.33 (—C=C—); 111.58 (=C—C=); 138.63 (=C—C=);
121.28, 126.45, 129.62, 130.58 (C¢Hs).

1,8-Bis(trimethylsilyl)octa-3,5-diene-1,7-diyne (2b). From
trimethylsilylacetylene, 20 °C, 30 min, quantitative yield, oil.
IR, v/em™!: 2150 (C=C); 1590 (C=C). 'H NMR (CDCly), &:
0.18 (s, 18 H, MesSi); 5.67 (m, 2 H, =CH—C=); 6.58 (m,
2 H, =CH—CH=). 13C NMR (CDCl;), & —0.20 (H;C—Si);
99.36 (=C—Si); 103.99 (=C—C=); 113.70 (=C—C=);
141.19 (=C—C=).

Octadeca-8,10-diene-6,12-diyne (2c). From hept-1-yne,
70 °C, 3 h, 95% yield, oil. IR, v/cm™!: 2250 (C=C), 1580
(C=C). 'H NMR (CDCl,), &: 0.87 (t, 1.36 m, 1.53 m, 2.27 m
(11 H, Me(CHj)4); 6.50 (m, 2 H, =CH—C=); 6.96 (m, 2 H,
=CH—CH=). 13C NMR (CDCly), & 12.08 (Me); 17.29,
20.61, 26.16, 27.82 (CHy)y; 77.97, 92.92 (C=C); 111.17
(=C—Cs=); 142.71 (=C—C=).

1-Iodoundeca-1,3-dien-5-yne (3). From hept-1-yne, 20 °C,
20 min, 80% vyield, oil. 'TH NMR (CDCl;), &: 0.89 (t, 3 H,
Me); 1.29, 1.51, and 2.28 (all m, 8 H, CHy); 6.39 (m, 1 H,
=CH—C=); 6.47 (m, 1 H, HC=C—C=); 693 (m, 1 H,
=CHI); 7.01 (m, 1 H, —CH=CI). 13C NMR (CDCly), &:
13.93 (Me); 19.63, 22.17, 28.25, 31.04 (CH,)y4; 77.25 (=C—C=);

79.28 (IC=); 9342 (=C—CH,); 111.17 (=C—C=s); 137.51
(—C=CI); 137.68 (=C—C=).

The reaction of E,FE-1,4-diiodobuta-1,3-diene (1) with
phenylmagnesium bromide. An ethereal solution containing
phenylmagnesium bromide (0.4 g, 2.2 mmol) was added with
intense stirring to a solution of compound 1 (0.306 g, 1 mmol)
and bis(triphenylphosphino)nickel dichloride (0.037 g, 5 mol.%)
in ether (2 mL). The reaction mixture was stirred at ~20 °C for
1.5 h and then pyridine (0.16 g, 2 mmol) was added. The
precipitate that formed was filtered off and the solvent was
distilled off from the filtrate in vacuo. The residue was dis-
solved in ether (10 mL), and light petroleum ether (5 mL) was
added. The precipitate that formed was filtered off and the
solvents were distilled off in vacuo. E,E-1,4-Diphenylbuta-1,3-
diene (1)%5 was obtained in a yield of 0.183 g (89%), m.p.
150—151 °C. 'H NMR (CDCly), &: 6.69 and 6.98 (both m,
4 H, —CH=CH—CH=CH—); 7.45 (m, 10 H, C¢Hs).
13C NMR (CDCly), &: 102.67 (=C—C4Hs); 137.33 (=C—C=),
126.36, 127.15, 128.73, 132.80 (C¢Hs).

The reaction of E, E-1,4-diiodobuta-1,3-diene (1) with tri-
ethyl phosphite. Compound 1 (0.459 g, 1.5 mmol) and triethyl
phosphite (0.498 g, 3 mmol) were added to the tetrakis(triethyl
phosphite)nickel complex (0.072 g, 6.7 mol.%), which was
prepared from triethyl phosphite (0.082 g, 0.5 mmol) and
nickel bromide (0.022 g, 0.1 mmol). The mixture was rapidly
heated to 110 °C until distillation of ethyl iodide started. After
15 min, Etl was distilled off in quantitative yield (0.468 g,
0.24 mL). The 3'P NMR spectrum of the reaction mixture had
the only signal at dp. The residue was treated with a mixture of
benzene and light petroleum ether (1 : 1) and the solvent was
distilled off in vacuo. Tetraethyl E,E-buta-1,3-diene-1,4-
diyldiphosphonate (5)7® was obtained in a yield of 0.465 g
(95%), b.p. 162 °C (4.5-1072 Torr), n*p 1.4664. 'H NMR
(CDCly), &: 1.33 (t, 12 H, Me); 4.10 (dq, 8 H, CH,0); 6.10
(m, 2 H, =CH—P); 7.11 (m, 2 H, =CH—C). 13C NMR
(CDCly), &: 14.42 (Me); 60.10 (CH,0); 123.00 (d, =CH—P,
1jep = 189.13 Hz); 143.52 (m, P—C=C—C=C—P).

The reaction of E,E-1,4-diiodobuta-1,3-diene (1) with
diethylphosphorous acid. Triethylamine (0.292 g, 2.88 mmol,
0.4 mL) was added to a solution of compound 1 (0.391 g,
1.27 mmol), diethylphosphorous acid (0.397 g, 2.88 mmol, a
20% excess), and tetrakis(triphenylphosphino)palladium
(0.138 g, 10 mol.%) in toluene (2 mL). The reaction mixture
warmed up spontaneously to 60 °C and a precipitate formed.
The reaction was completed in 1.5 h. The 3!P NMR spectrum
had the only signal at 8p 17.68 corresponding to diphosphonate
5. The precipitate was filtered off, the solvent was distilled off
from the filtrate in vacuo, and the residue was stored at
40—50 °C (2 Torr) for 1 h. Tetraethyl E, E-buta-1,3-diene-1,4-
diyldiphosphonate (5) was obtained in a yield of 0.395 g
(94%), b.p. 162 °C (4.5 1072 Torr), n20 1.4664.

The reaction of E,FE-1,4-diiodobuta-1,3-diene (1) with
diphenylphosphine. A solution of compound 1 (0.341 g,
1.1 mmol), triethylamine (0.225 g, 2.2 mmol), and diphenyl-
phosphine (0.415 g, 2.2 mmol) in benzene (3 mL) was placed
in a tube. Then bis(triphenylphosphino)palladium dichloride
(0.031 g, 4.4 mol.%) was added and the tube was sealed. The
reaction mixture spontaneously warmed up and the reaction
was completed in 30 min. 3'P NMR: §p —12.88. After comple-
tion of the reaction, the precipitate was filtered off and washed
with a 1 : 1 benzene—light petroleum ether mixture (5 mL).
The solvent was distilled off from the filtrate in vacuo. The
solid crystalline precipitate was stored at 40—45 °C (1 Torr)
for 1 h. E E-1,4-Bis(diphenylphosphino)buta-1,3-diene (6)
was obtained in a yield of 0.394 g (93%), m.p. 142—142.5 °C.
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Found (%): C, 78.75; H, 5.74. CygH,4P,. Calculated (%):
C, 79.61; H, 5.76. 'H NMR (CDCly), &: 6.40 (m, 2 H,
=CH—CH=); 7.31 (m, 20 H, C¢Hs); 7.65 (m, 2 H, =CHP).
13C NMR (CDCly), & 128.45 (d, 4Jpc = 4.0 Hz); 128.60 (d,
3Jpc = 23.1 Hz); 133.15 (d, 2Jpc = 18.1 Hz); 137.29 (d,
C¢HsP, 'Jep = 9.1 Hz); 133.50 (dd, P—C=C—C=C—P,
2Jep = 18.11 Hz, 3Jpc = 3.5 Hz); 142.75 (dd,
P—QZC—CZQ—P, 1Jcp =24.14 HZ, 4Jpc =12.0 HZ)

The reaction of E,E-1,4-diiodobuta-1,3-diene (1) with
diphenyl(trimethylsilyl)phosphine. A solution of compound 1
(0.306 g, 1 mmol) in benzene (2.5 mL) was placed in a tube.
Then diphenyl(trimethylsilyl)phosphine (0.516 g, 2 mmol) and
bis(triphenylphosphino)palladium dichloride (0.028 g, 4 mol.%)
were added and the tube was sealed. The reaction mixture was
heated at 90—100 °C for 9 h. After completion of the reaction,
the solvent was distilled off in vacuo. The target product was
extracted from the crystalline precipitate with a 1 : 1 ben-
zene—light petroleum ether mixture. E,FE-1,4-Bis(diphenyl-
phosphino)buta-1,3-diene (6) was obtained in a yield of 0.398 g
(95%), m.p. 142—142.5 °C.

The reaction of E,E-1,4-diiodobuta-1,3-diene (1) with
thiophenol. Lithium thiophenoxide (0.26 g, 2.13 mmol), which
was prepared from thiophenol (0.23 g, 2.13 mmol) in THF
(2 mL) and butyllithium in hexane (0.138 g, 1.2 mL,
1.78 mol L1, 2.16 mmol), was added to a solution of com-
pound 1 (0.306 g, 1 mmol) and tetrakis(triphenylphos-
phino)palladium (0.046 g, 4 mol.%) in benzene (5 mL). The
reaction mixture was stored at 20 °C for 2 h. After completion
of the reaction (TLC control, ethanol—dichloromethane, 1 : 1),
the solvent was distilled off in vacuo and the residue was
recrystallized from light petroleum ether. E, E-1,4-Bis(phenyl-
thio)buta-1,3-diene (7) was obtained in a yield of 0.24 g
(90%), m.p. 56.3—57.2 °C. Found (%): C, 70.95; H, 5.23;
S, 23.82. CcH 4S, Calculated (%): C, 71.11; H, 5.19; S, 23.70.
IH NMR (CDCly), & 6.29 (m, 2 H, =CHS); 7.22 (m, 2 H,
=CH—CH=); 7.30 (m, 10 H, C¢Hs). 13C NMR (CDCl,), &:
125.67 (=CS); 130.44 (=C—C=); 127.04, 127.36, 128.96,
136.90 (C¢Hs).

The reaction of E,E-1,4-diiodobuta-1,3-diene (1) with
tripropyl(phenylthio)stannane. A solution of compound 1 (0.3 g,
1 mmol), tripropyl(phenylthio)stannane (0.7 g, 1.96 mmol),
and tetrakis(triphenylphosphino)palladium (0.057 g, 5 mol.%)
in toluene (2 mL) was kept at 20 °C for 24 h (the completion
of the reaction was determined by TLC). Then the reaction
mixture was intensively washed three times with a solution of
potassium fluoride. The precipitate that formed was filtered
off, the solvent was evaporated from the filtrate, and
the crystalline precipitate was recrystallized from hexane.
E, FE-1,4-Bis(phenylthio)buta-1,3-diene (7) was obtained in a
yield of 0.22 g (82%), m.p. 56—57 °C.
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