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A Convenient Synthesis of Symmetrically Functionalized 1,3-
Dienes by Palladium(1I)-Catalyzed Homocoupling of 1-
Alkenylstannanes

(. A. Tolstikov, M. S. Miftakhov, N. A. Danilova,* Ya. L. Vel'der, L. V.
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Institute of Chemistry, Bashkirian Research Centre, USSR Akademy of
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A convenient stereospecific method based on Pd(II)-catalyzed homo-
coupling of 1-alkenylstannanes is reported to synthesize symmetrically
functionalized 1,3-dienes.

Effective stereospecific methods for the preparation of sym-
metric 1,3-dienes with organometallic reagents of lithium, sil-
ver, magnesium, aluminum and copper are well-known.' How-
ever, the described approaches are not suitable for the synthesis
of functionalized 1,3-dienes. The latter were prepared from
vinylmercury compounds effected by palladium(Il) chioride/
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Table 1. 1,3-Dienes 2, 4, 6 Prepared
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lithium chloride in nexamethylphosphoric triamide (HMPT).?
The synthesis of symmetric 1,3-dienes of simple structure has
been recently reported to proceed via oxidative homocoupling of
1-vinylstannanes in the presence of palladium(il) acetate.?

We have earlier reported a possible route to functionalized
isomeric 1-vinylstannanes through regio- and stereoselective
hydrostannylation of 3-hydroxy-4-aryloxy-1-butynes.* (E)-1-
Alkenylstannanes thus prepared have been applied to the
cuprate synthesis of w-aryloxyprostaglandins.™® The present
paper presented describes a novel way of using these reagents to
obtain functionalized symmetric 1,3-dienes.

Alkenylstannanes 1,3 and 5 have been found to couple at room
temperature in HMPT in the presence of catalytic amount of
bis(acetonitrile)dichloropalladium(IT) and to result in sym-

7

metric dienes 2, 4 and 6, respectively, in 80--95% yields.

The result summarized in Table 1 demonstrate the stereochemis-
try of double bond to effect appreciably the reactivity of
alkenylstannanes under study. Thus, comparable yields
(80-90%) of (Z,7)-, (E,E)- and a,x-dienes 2a, 4a and 6a have
been obtained within, 1, 2, and 30 hours, respectively (for 2b, 4a,
6a), (Z)-alkenylstannanes being the most active. (E)-Alkenyl
stannanes have been studied to illustrate the dependence of
homocoupling rate on the electronic and steric structure of
substituent at a double bond.
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The choice of solvent is of special importance for the catalytic
process described. When HMPT was replaced by less polar
solvents such as tetrahydrofuran and benzene, no traces of target
product could be observed even after 48 hours.

Reaction Yield®

R,? K'e Ratio of

( ; Molecular Formula®
Time (h)* (%) (Eluent") Diastercoisomers*

2a 1 90 Cy6H100, (254.4) 0.24 - -

2b 1 85 C1oH,50; (294.4) 0.24 2:1(A)
4a 2 80 C,6H300, (254.4) 0.23 2.23:2.24 (A) 2:3(A)
4b 2.5 80 C10H,,0, (326.4) 0.23 2.87;3.12 (B) 2:3(A)
dc 0.25 85 C16H,605 (250.4) 0.62 - - '
44 50 95 C,4H,3,0, (382.5) 0.2 1.94; 2.12 (B) 1:2(B)
4e 0.5 80 C16H,40, (282.4) 0.71 - -

6a 30 85 Cy6H300, (254.4) 0.27 3:2(A)
6b 38 80 Cy0H,,0, (326.4) 0.26 1.75; 2.1 (A) 3:2(A.B)

. Time required for complete conversion of 1-alkenylstannane.
" .For. pure products isolated by chromatography. ¢
Satisfactory microanalyses obtained: C +0.18, H +0.1.
4 Silufol UV-254 (CSSR), n-hexane/EtOAc, 1:1.

¢ K’-capacit'y factor Du-Pont-8800, Zorbax Sil (5 uc), UV-detector.
n-cha)}c,fEtOAc, 70: 30 (A) and n-hexane/i-PrOH, 95: 5 (B) as elucnts.
¢ Determined by HPLC (A) and 'H-NMR (B).
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Table 2. Spectral Data of Diencs 2, 4, 6°

SYNTHESHS

'H-NMR (CDCl,/TMS)"

Product
6, J(Hz)
2a 0.88 (t, 6H, J = 6.6, H-1, H-16); 1.14 1.9 (m, 16H. H-2-H-5, H-

12-H-15); 1.9% (br s, 2H. OH); 4.38-4.7 (m, 211, H-6, H-11); 5.35
5.62 (m, 2H, H-7, H-10); 6.2-6.5 (m, 2H, H-8, H-9)

2b 3.96 (d, 2H, J = 5.4, H-1, H-8); 397 (d, 2H, J = 6.1, H-1, H-8);
432(d, 2H, J = 4.2, OH); 5.04 (m, 2H, H-2, H-7); 5.63 (1d, 2H. J
= —1.9, 7.8, 8.2, H-3, H-6); 6.55 (m, 2H, H-4, H-5): 6.9-7.35 (m,
5H;‘arum)

da 0.8 (1, 6H, .J == 6.5, H-1, 11-16); 1.08-1.85 (m, 16H, H-2-H-5, H-
12-H-15); 2.12 (br s, 2H, OH); 4.1 (q, 2H, J = 7, H-6, H-11); 5.5
5.85 (m, 2H, H-7, H-10); 6.05-6.35 (m, 2H, H-8, H-9)

4b 3.83 (dd. 2H, J = 6.6, 9.6, H-1, H-8); 3.93 (dd. 2H.J = 4.6, 9.0, 11-
1, H-8): 4.29 (d, 211, J = 4.7, OH); 445 (m, 2H. H-2, H-7); 5.8 (m,
2H, H-3, H-0); 6.83 (m, 2H, H-4, H-5): 6.75 7.33 (m, SH,on)

4¢ 0.88 (t, 6H. /== 6.7, -1, H-16); 1.33 (m, 8 H, H-2, H-3, H-14, H-
15); 1.62 (m, 4H, H-4, H-13); 2.65 (t, 411, J = 7.2, H-5, H-12); 6.6
(m, 2H, H-7, H-10): 7.3 (m, 2H, H-8, H-9)

4d 2.04 (s, 6H. CH,); 2.41 (d, 41, J = 7.3, H-3, H-8): 2.54 (br s, 2H,
OH); 4.05 (d, 211, J = 7.05, H-1, H-10); 3.97 (d. 2H. J = 6.4, H-1,
H-10); 4.17 (d. 2H, J = 7.05, H-1, H-10); 4.08 (d. 2H. J = 6.4, H-1,
H-10); 5.63 (m. 2H, H-4, H-7); 6.07 (m. 2H. H-5, H-6); 6.81-7.34
("L SH;\wm)

4e 1.6 fm, 1211, CH,); 3.2-3.8 (m, 4H, CH,0): 3.8-4.3 (m. 411, H-1.
H-6); 5.35-5.9 (m, 4H, H-2, H-5); 6.08, 6.45 (m, 4H, H-3, H-4)
6a 0.9 (t, 6H, J = 6.5, H-1, H-16); 1.02-1.7 (m, 12H, H-2- 11-4, H-13-

H-15); 2.0-2.7 (m, 4H, H-5, H-12); 3.35 (br s. 2H, OH): 4.54, 4.72

PBC-NMR (CDCL/TMS)®
9

14.4 (g, C-1, C-16); 22.63 (t. C-2, C-15); 24.9 (1, C-4, C-
{3);21.75 (1, -3, C-14); 37.43 (1. C-5, C-12): 67.55 (d. C-
6. C-11): 124.64 (d. C-8, C9); 135.69 (d, C-7. C-10)
66.79 (d, C-2, C-7): 71.56 (1, C-1, C-8); 126.66 (d, C-4. (-
$), 1218 (d, C-3, C-6); 114.6, 121.19, 129.47, 158.3 (d. d,
d‘ s, € ;m,m)

14.04 (q. C-1, C-16); 22.63 (1, C-2, C-15); 251 (1. C-4, C-
13); 31.79 (t, C-3, C-14); 37.25 (t, C-5, C-12); 72.56 (d, C-
6, C-11); 129.64 (d, C-8, C-9); 136.42 (d, C-7. C-10)
70.69 (d, C-2, C-7): 73.17 (1, C-1, C-8); 131.2(d, C-4, C-
S); 124.11 (d, C-3, 2-6); 115.3, 121.19, 129.99, 160.11 (d,
d,d, s, C..)

“aron:/

23.84 (g, CH,); 42.12 (1, C-3, C-8); 71.9 (s, C-2. C-9n;
7447 (1, C-1, C-103; 127.27 (d. C-4, C-7); 133.72 (d, C-5,
C-6); 114.8, 121,18, 129.59, 159.4 (d, d, d, 5. C,pn)

19.42 (1), 25.44 (1), 30.6 (1), 62.11 (t); 97.74 (d); 67.1 (1. C-
1, C-6%; 131.85 (d. C-2, C-5); 129.73 (d, C-3, C-4)

14.03 (q, C-1, C-16); 22.59 (1, C-2. C-15). 25.41 (1, C-4,
C-13); 317 (t, C-2, C-14); 35.42, 36.08 (1, C-5, C-12x:

(m, 2H, -6, H-11); 4.88-5.07 (m, 4H, H-8. H-10)

6b 3.9{dd, 2H, J = — 9.8, 5.4, H-1, H-8): 4.06 (dd, 2H, J = ~9.8. 6.1,
H-1, H-8); 4.35, 4.56 (m, 2H, H-2, H-7); 5.89 (d, 2H, J = 10.4, H-4,
H-7); 6.1, 6,16 (dd, J = 2.1, 2.4, 10.4, 11-4, 11-7)

A pair of chemical shifts m place of one for a single proton or carbon

in compounds 2d, 6a and b in 'H- and "*C-NMR spectra, respecti-
I . . ' . J

vely, denotes diastereoisomeric pairs.

It occurs evidently due to high dissolution and ionization ability
of HMPT towards organotin compounds.” Another function of
HMPT consists probably in retaining the palladium catalyst in
its active state. Phosphine complexes of palladium(0), e.g.
tetrakistriphenylphosphine palladium, reveal no catalytic effect
in the reaction described. The hypothetical reaction mechanism
for homocoupling of virylstannanes involves double transme-
talation followed by reductive climination.

According to 'H- and *C-NMR spectral data (Table 2),
homocoupling of 1-vinylstannanes 1, 3, § proceeds exclusively
with retention of the configuration of the double bond in the
initial vinylstannane. The ratios of diastereomeric pairs of dienic
diols 2, 4, 6 have been successfully estimated. Onc of the
diastereoisomers has been found to prevail always (Table 1).
Those diastereoisomers can be differentiated in '*C- and 'H-
NMR spectra with 2,3-disubstituted butadienes 6a, b only
(Table 2).

In summary, the method presented here to synthesize symmetric
1.3-dienes has been considered useful owing to its stereospecifity.

high vields, and experimental simplicity. The availability of

starting vinylstannanes and the tolerance of their functional
groups for the reaction under study make it quite advantageous
for the preparation of symmetrically functionalized 1.3-diencs.

1-Alkenylstannanes 1, 3 and 5 were prepared by the standard proce-
dure.* Alkenylstannane 3¢ was prepared from the corresponding al-
cohol by oxidation with chromic acid.®

74.47,73.25 (d. C-6, C-11); 114.37, 112.91 (¢, C-8, C-10);
150.46, 150.89 (s, C-7, C-9)

72.36 (1, C-1, C-8); 72.45, 71.5% (d, C-2, C-7); 114.88,
113.8 (1, C-4, C-6): 148.26, 148.02 (s, C-3, C-5): 115.42,

121,39, 130.18, 159.88, 159.8 (d. d, d, 5. Carom)

b Recorded at 100 Mz on a BS-567 NMR spectromeier.
¢ Recorded at 22.5 MHz on a Jeol FX 90g NMR spectrometer.
4 Measured in acetone-dy.

1,3-Dicnes 2, 4 and 6; General Procedure:

A solution of the appropriaic vinylstannane 1, 3 or § (I mmol) in
anhydrous HMPT (4mL) containing Smol% of bis(acetonitrile)pal-
ladium dichloride is kept at room temperature in an argon atmosphere
until the complete conversion of initial vinylstannane as monitored by
TLC. The reaction mixture is then difuted with ether (30 mL), washed
with 5% HCl (2xSmL), brinc (2 x S mL), dried (MgSO,), and evapo-
rated. Dicnes 2, 4 and 6 are isolated subsequently to evaporation by
column chromatography of the residue on silica gel (n-hexane/EtOA,
1:1).
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