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Abstract

Cyclopropanation of the title compounds is possible under certain conditions (CH,1,-Sm (Hg)) in special cases, but
epoxidation is apparently a general reaction which occurs readily in a stereospecific manner when they are treated with

m-chloroperbenzoic acid.
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1. Introduction

Palladium-catalysed addition reactions between hex-
amethylditin or trimethyl (trimethylsilyl) stannane lead
to the corresponding Z-distannylalkenes and Z-1-silyl-
2-stannylalkenes [1]:

Me,SnEMe, + R'C=CH —-°1; Z.Me,SnCR'=CHER ,
(where E = Si or Sn)

The presence of two functional groups with differ-
ent reactivities offers various possibilities for function-
alization by replacement of the stannyl and silyl groups
by organic residues. In addition, the double bond itself
can undergo modification, e.g. by hydrogenation with
diimine [2]. We felt that it would be of interest to look
at further typical reactions of double bonds in these
compounds, and this paper reports our initial results
on cyclopropanation and epoxidation.

2. Results and discussion
2.1. Cyclopropanation
While the Hine method of cyclopropanation (chlo-

roform plus a strong base) is not suitable for applica-
tion to vinyltins, a number of alternatives have been
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described in the literature. In our hands, the Seyferth
et al. [3] method using PhHgCBr,;, the diazoester
method (N,CHCO,Et-Cu) [4] and the Simmons-Smith
method (CH,1,-(Zn-Cu)) [5] did not lead to the for-
mation of cyclopropanes.

The Molander-Etter method [6] in which the zinc—
copper couple is replaced by amalgamated samarium is
only applicable to allylic alcohols, and has been used
by Lautens and Delanghe [7] for the cyclopropanation
of vinylsilanes and vinylstannanes; the diastereoselec-
tivity was found to be very high. We thus attempted to
apply this method to appropriate distannylalkenes and
silylstannylalkenes:

Z-Me;SnCH=C(SnMe,)CRR OH + CH,,-Sm(Hg)

la, R=R'=H
1b, R=H, R'=Me
Ic, R=R' =Me
H, He CcrRrROH
s , o
Me;Sn SnMe;,
2a
2b

Z-Me,SiCH=C(SnMe ;) CRR'OH + CH,I,-Sm(Hg)

3a, R=R'=H
3b, R=H, R =Me
3¢, R=R' =Me
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C

H,, 2 «CRR'OH
Me,Si SnMe,
4a
4b

While compounds 1la and 3a were completely con-
sumed and the novel cyclopropanes 2a and 4a thus
formed isolated with yields of 64% and 68% respec-
tively, the consumption of 1b and 3b was only 26% and
40% respectively (only one diastereomer was detected)
Compounds 1c¢ and 3¢ did not react under the condi-
tions used. The products 2a, 2b and 4a, 4b were
identified by multinuclear NMR spectroscopy, spectral
data are reported in Table 1. In 2a and 2b the tin—tin
coupling constants (the sum of three- and four-bond
components) were 281 Hz and 289 Hz respectively,
while in 4a and 4b the corresponding tin-silicon cou-
pling constants were 26 Hz and 28 Hz respectively. The
proton and carbon data were as expected for three-
membered rings; in the case of the tin—carbon coupling
constants we have labelled the long-range constants as
if there were only a single-path coupling present, al-
though this is not strictly correct.

2.2. Epoxidation

Since the use of m-chloroperbenzoic acid (m-CPBA)
for the epoxidation of vinyltins has already been de-
scribed [8], we attempted to extend its use to include
1,2-distannylalkenes and 1-silyl-2-stannylalkenes:

Z-Me;SnCH=C(SnMe;)R + m-CPBA

1a, R = CH,OH
1b, R = CHMeOH
1c, R = CMe,OH

1d, R=H
le, R=Ph
1f, R = CH,OMe

Table 1
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o)
H‘%, \.\-**‘R

Me;Sn SnMe,

Sa
5b
Sc
5d
Se
5f

Z-Me;SiCH=C(SnR ;)R + m-CPBA
3d, R=Me, R'=Ph
3e, R = Me, R'= CMe,OH

3f, R=Bu, R =Ph
3g, R = Bu, R"= CH,OMe

o) '
_— H Y, o R
Me,Si SnR,
6d
6e
6f
6g

Use of an excess (1.5-2.5 equivalents) of the peracid
led to a very clean reaction in all cases studied; KF was
used to remove excess peracid as well as the m-chloro-
benzoic acid formed. The presence of tributylstannyl
residues 3f rather than trimethylstannyl residues 3g
provided no problems. Only one isomer was formed in
each case (except for the reaction of 1b to give 5b,
which led to a 1:1 mixture of diastereomers because of
the chiral centre already present in the starting mate-
rial) and to check the stereochemistry of the reaction
three E-1,2-distannylalkenes (R=H (7a); Ph (7b);
CH,OMe (7e)) obtained by UV-catalysed isomeriza-
tion of the Z-alkenes [1] were also allowed to react.
Again the reaction was stereospecific, and multinuclear

Selected NMR data for distannylcyclopropanes 2a,2b and Silylstannylcyclopropanes 4a4b of the type Me3MC‘HXC2C(SnMe3)-

(C*HROH)C3H 4Hy (M = Sn (2a,2b) or Si (4a,4b))

Compound  8(Sn) 8(S1) 5(C(1) 8(C(2) 8(C(3)) 5(C4) 8(H,) 8(Hg) 6(Hy)
(ppm) (ppm) (ppm) (ppm) (ppm) (ppm) (ppm)
[JSn,Sn)  [JSiSn) [UMCWL) [USnCQ)» [(Sn,CB)  [2(Sn,C@) [*JH,Hp) [3J(H,Hy)
(Hz)) (Hz2)) (Hz); (Hz); (Hz), (Hz)) (H2)] (Hz);
25(Sn,C(1))  M,C2)  TM,C(3) JJ(HgHy)
(Hz)) (Hz)] (Hz)) (Hz))
2a 1.0, 12,6 7.6 175 113 76.4 0.53 0.61 -0.14
[281] {503; 14] [519; ND] [20; 10] [20] [3.6] [6.9; 9.8]
2b -1.0,63 8.3 23.1 11.1 80.7 0.50 0.68 —-0.08
[289] [498; 13] [519; ND] [20; 10] [22] [3.9] [6.9; 10.1]
4a 9.7 12 110 179 10.7 76.5 0.44 0.54 —-047
[26] [69; 13] [509; ND] {10; ND] (18] [3.6] [6.9; 10.2]
4b 3.1 1.2 8.3 23.1 104 76.8 0.39 0.70 -0.29
[28] [ND; 9] [ND; ND] [12; ND) (33] [3.6] [7.2; 10.2]

ND, not determined.
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NMR spectroscopy as well as mass spectra confirmed
the structure of all the epoxides prepared. NMR data
are reported in Table 2. The tin—tin coupling constant
was found to vary between 33 Hz (R = Ph) and 75 Hz
(R =H) in compounds Se-5f but was much lower in
the products 8a derived from 7a (25 Hz), 8b from 7b
(18 Hz) and 8¢ from 7c¢ (16 Hz) thus confirming the
stereospecificity of the epoxidation reaction and the
geometry of the products. The tin-silicon coupling is
as expected about an order of magnitude smaller. In
the case of the tin—carbon coupling constants we have
as above labelled the long-range constants as if there
were only a single-path coupling present. The “three-
bond” couplings appear to be extremely insensitive to
the dihedral angle (0° or 180°)

3. Experimental details

All manipulations involving organotin compounds
were carried out in an argon atmosphere. NMR mea-

Table 2

surements were carried out at room temperature in the
PFT mode using a Bruker AM-300 spectrometer oper-
ating at 300 MHz for 'H, 75.43 MHz for "*C, 59.60
MHz for *’Si and 111.93 MHz for '"*Sn. CDCI, was
used as solvent (solute concentration about 30% by
volume for heteronuclei; maximum 5% for 'H) and
internal lock (for C in addition as internal standard
set at 77.0 ppm) Me,Si and Me,Sn were employed as
external standards for 'H, *°Si and '"*Sn respectively.

3.1. Cyclopropanation

Samarium powder (3.0 g, 20 mmol) was dried using
the flame of a Bunsen burner and treated with HgCl,
(0.54 g, 2 mmol) and dry tetrahydrofuran (THF) (8.5
ml); the mixture was stirred for 10 min at room tem-
perature. The alkene (2 mmol) in THF (8.5 ml) was
added and the mixture cooled to —78°C. Methylene
iodide (5.3 g, 20 mmol) was added dropwise within 10
min, the solution turning deep blue—green (Sml,) Af-
ter 4 h the reaction mixture was allowed to warm to

Selected NMR data for distannyloxiranes 5a—5f, 7a—7c and silylstannyloxiranes 6d—6g of the type Me;MC'HOC2CR(SnMe ) (M=Sn (5a—5f,7a—

7c), Si (6d-6g))

Compound 5(Sn) 3(Si) s(C(y 3(0(2) 8(CR ?) 5(H)
(ppm) (ppm) (ppm) (ppm) (ppm) (ppm)
[J(Sn,Sn) [J(Si,Sn) [JM,CQ)) [L7(Sn,C(2)) [2/(Sn,CR) [27(Sn,H)
(H2)) (Hz)] (Hz); (Hz); (Hz)) (Hz);
27(Sn,C(1)) 27(M,C(2) 3J(Sn,H)
(Hz)] (Hz)] (Hz)]
5a —11.6, —20.6 55.1 62.7 713 2.74
[53] (483; 20) [509, ND) [64] [26.8; 103.6]
s5pTb —14.8, —21.4 552 68.2 79.6 2.42
[571 [483; 20] {512; ND] [46] [27.0; ND]
spllo -92, -20.7 52.8 64.5 69.9 2.86
[55] [484; 20] [502; ND] [76) [27; ND]
5¢ —115, —222 54.4 69.3 73.9 2.79
[61] [483; 23] [532; ND] [58] [28.0; ND]
5d —185 51.2 512 2.73
[75] [506; ND] [506; ND] [ND]
Se -39, —243 63.0 62.5 147.6 2.62
[33] [470; 22] [519; ND] [53] [24.2; 108.2]
sf —-10.6, —21.5 55.6 60.9 82.7 2.54
[49] [491; 20] [521; ND] [51] [24.2; 97.8]
7a —-8.0 487 487 2.58
[25] [477: 14] [477; 14] [34.0; 124.0)
7b 55, —18.5 58.8 61.1 145.1 2.96
[18] [473; ND] [481; 15] [51) [23.6; 117.4]
7c —-54, —17.1 52.4 60.9 79.6 2.64
[16] [465; ND] [491; 18] [53] [27.8; 109.0]
6d -74 -1.0 67.8 70.6 155.1 218
[4.4) [67; 15] [504] [50) [20.4]
6e —183 -1.0 527 70.2 73.8 2.40
[7.2] [69; 18] [521] [58] [23.6]
of -26.1 -1.1 60.3 64.0 148.8 2.11
[3.3) [69; 14] [409] [46) [19.0]
6 -29.7 -1.0 54.6 61.4 83.2 1.97
[4.41 [69; 13} [4171 [46] [17.8]

ND, not determined.
2 CR denotes the carbon atom of the group R which is closest to tin.
® 5b contains a chiral centre, so that two stereoisomers are formed.
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room temperature and poured onto 20 ml of a satu-
rated solution of potassium carbonate; it turned brown
and vigorous gas evolution was observed. After extrac-
tion with ether (3 X 20 ml) and separation the com-
bined organic phases were washed with saturated brine
and dried over MgSO,. Ether and THF were removed
at the water pump and the residue subjected to Kugel-
rohr distillation in vacuo.

Compound 2a (boiling point (b.p.) 100°C at 0.001
Torr) was obtained as a clear liquid with a 64% yield.
Mass spectroscopy (MS) (80 eV): m /e 383 (8%, M ™ —
Me); 345 (29%); 329 (7%, Me¢Sn3); 219 (10%); 203
(41%, C;H,SnMey); 165 (100%, SnMe3); 150 (47%,
SnMej); 135 (62%, SnMe *); 120 (7%, Sn™); 53 (11%,
C,H)

Compound 2b was present to the extent of 26% in
the distillate (b.p., 120°C at 0.001 Torr) together with
74% of the starting material 1b.

Compound 4a (b.p., 85°C at 0.001 Torr) was ob-
tained after two Kugelrohr distillations as a clear liquid
with a 68% yield.

Compound 4b was present to the extent of 40% in
the light-yellow distillate (b.p., 100°C at 0.01 Torr)
together with 60% of the starting material 3b.

3.2. Epoxidation

A solution of the alkene (7.5 mmol) in CHCI; (3 ml)
was cooled to —20°C and treated within 20 min with
an excess (1.5-2.5 equivalents) of m-CPBA dissolved
in CHCl, (15-25 ml) After 2 h the mixture was treated
with an excess (2.5-4.5 equivalents) of KF and stirred
for 2 h at room temperature. The KF complexes were
removed by filtration using a bed of MgSO,; the filter
cake was washed with a large amount of CHCl,. The
solvent was subsequently removed in vacuo, leaving the
products as colourless or light-yellow viscous oils which
were characterized by elemental analysis, multinuclear
NMR spectroscopy and additionally in the following
cases by mass spectrometry.

The relative amounts of alkene : m-CPBA: KF used
were as follows: 5a, 1:1.5:2.5; 5b, 1:2:3.5; Se,
1:15:2.5; 5d, 1:2:3.5; 5e, 1:2.5:4.5; 5f, 1:1.5:2.5;
6d,1:2:3.5;6e,1:2.5:4.5;6f,1:2.5:4.5; 6g,1:1.8:3.4;
7a,1:2:3.5;7b, 1:2.5:4.5; 7¢c, 1:2:3.5.

5a: MS: m/e 355 (11%, M*—Me);, 329 (7%,

MeSn3); 299 (17%, Me,Sn}); 191 (11%, C,H,-
SnMe3); 165 (100%, SnMe); 150 (23%, SnMe?); 135
(51%, SnMe™); 120 (12%, Sn™)

5b: MS: m/e 399 (1%, M*— Me); 369 (1%, M*—
Me); 369 (1%, M*— CHMeOH); 345 (29%); 329 (9%,
Me,Sn2*); 219 (10%); 203 (41%, C;H,SnMe?); 165
(100%, SnMey); 150 (34%, SnMe;); 135 (53%,
SnMe™*); 120 (15%, Sn*)

5¢: MS: m/e 397 (3%, M*—2 Me); 329 (9%,
Me Sn3); 165 (100%, SnMey); 150 (41%, SnMej);
135 (27%, SnMe*); 120 (4%, Sn™)

6d: MS: m /e 356 (11%, M™); 341 (12%, M* — Me);
239 (80%, Me¢SiSn™); 165 (75%, SnMe3 ); 135 (28%,
SnMe*); 120 (8%, Sn*); 91 (14%, C,H,); 84 (100%);
73 (711%, SiMe3); 59 (7%, SiMe> )

6e: MS: 323 (0.3%, M™); 305 (3%, M* — Me — H,0);
239 (46%, Me(SiSn*); 165 (86%, SnMe7 ); 135 (40%,
SnMe*); 73 (100%, SiMej); 59 (92%, SiMe;); 45
(60%, SiMe™*)
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