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7-Methyl-1,3,5-triphenyl-2,4,9-trithia-1,3,5-tristannaadamantane (1-CHj) was synthesized to test the
possibility that a carbon-methyl bond activated by three antiperiplanar carbon-tin bonds might be a reactive
donor of methyl. MNDO calculations suggest that the strength of the carbon-methyl bond in compound
1-CH; should be about 40 kcal/mol. Nevertheless, the reactivity of this bond is not conspicuously high.
This is presumably because the methyl group is neopentylic and sterically hindered and because other
weak bonds in compound 1-CHj, are even more reactive and obscure the intrinsic activation of the car-
bon-methyl bond by making reactions occur elsewhere.

Carbon-hydrogen bonds adjacent to properly oriented
lone pairs or carbon—-metal bonds are unusually weak and
reactive, and compounds containing these activated car-
bon-hydrogen bonds are effective donors of hydrogen in
redox reactions.2* For example, stannaadamantane 1-H
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incorporates a carbon—hydrogen bond activated by three
antiperiplanar carbon-tin bonds.? Its strength, calculated
to be 61 keal/mol,% is much lower than that of the methine
carbon-hydrogen bonds in isobutane (95 kcal/mol)® or
adamantane (99 kcal/mol)® and appears to be even lower
than that of a typical tin—hydrogen bond (72 kecal/mol in
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Table I. Average Bond Lengths (A) and Bond Angles (deg)
Observed for Stannaadamantane 1-H* and Calculated for
Stannaadamantanes 2-H and 2-CH; Using MNDO?%®

parameter 1-H 2-H 2-CH,4
Sn-8 2.408 2.279 2.277
Sn-C 2.153 2.096 2.099
CH,-C 1.529 1.546 1.558
CH;-C 1.570
S-Sn-8 108.7 109.1 109.2
S-Sn-C 108.8 108.2 108.7
Sn-CH,-C 119.3 118.2 120.4
CH,-C-CH, 114.1 113.9 1117
Sn-S-Sn 94.3 98.1 97.2

trimethylstannane).” As a result, abstraction of hydrogen
from stannaadamantane 1-H by alkyl radicals is generally
quite exothermic, allowing compound 1-H to act like a tin
hydride and reduce activated halides to the corresponding
hydrocarbons.?®

The use of properly oriented lone pairs or carbon-metal
bonds to produce highly reactive carbon-hydrogen bonds
is a general strategy that can be exploited to create other
weak bonds as well. To test the possibility that a car-
bon—methyl bond activated by three antiperiplanar car-
bon—metal bonds might be a reactive donor of methyl, we
decided to prepare methylstannaadamantane 1-CH; and
study its structure and reactions.?

To help accommodate the characteristically long tin—
sulfur bonds, the bridgehead carbon of stannaadamantane
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Synthesis of a 1,3,5-Tristannaadamantane

1-H is known to be dramatically flattened, and the C-
H,-CH-CH, angles open to an average value of 114.1°.%
Other measured bond lengths and angles are listed in
Table I, along with values calculated by the MNDO pro-
cedure®® for the simplified derivative 2-H. We expected
flattening of the bridgehead of methylstannaadamantane
1-CHj to be less impressive, since it is opposed by increased
interactions of the methyl group with the three geminal
methylenes. This was confirmed by using MNDO to
calculate the optimized geometry of simplified methyl-
stannaadamantane 2-CH,. The parameters listed in Table
I reveal that deformation of the bridgehead should be
significantly smaller (widening of the CH,~C~CH, angles
to only 111.7°) at the expense of increased Sn—-CH,-C
angles, decreased Sn-S—-Sn angles, and somewhat longer
carbon-carbon bonds.

Since the activated carbon-hydrogen bond in stannaa-
damantane 1-H is much weaker than normal carbon-hy-
drogen bonds and even weaker than typical tin-hydrogen
bonds, we expected the activated carbon-methyl bond in
methylstannaadamantane 1-CHj, to be much weaker than
the carbon-methy! bonds in neopentane (82 kcal/mol)!!
or 1-methyladamantane (90 kcal/mol)®'? and even weaker
than the tin—methyl bonds in tetramethylstannane (65
kcal/mol).” The heats of formation of simplified me-
thylstannaadamantane 2-CH; and radical 3, calculated by
MNDO to be 41.9 and 46.8 kcal/mol, respectively, can be
combined with the measured heat of formation of methyl
(35.1 keal/mol)?? to yield an estimate of 40 kcal/mol for
the strength of the carbon-methyl bond in methyl-
stannaadamantane 2-CH;. This remarkably low value
presumably reflects the great stability of radical 8 and the
inescapably large strain energy of compound 2-CH,.
Methylstannaadamantane 1-CH; was therefore expected
to show high homolytic reactivity. It is also thermody-
namically well-designed to transfer methyl heterolytically,
since loss of methyl anion would produce a bridgehead
cation strongly stabilized by the inductive and hypercon-
jugative effects of the three adjacent carbon—tin bonds.

Despite its anticipated instability, methyl-
stannaadamantane 1-CH, was relatively easy to synthesize
and isolate. Reaction of the methanesulfonate 4 of 2-
(hydroxymethyl)-2-methyl-1,3-propanediol with (tri-
phenylstannyl)lithium produced [2-methyl-2-[(triphenyl-
stannyl)methyl]-1,3-propanediyl]bis[triphenylstannane]
(5) in 64% yield.'* Addition of 6 equiv of iodine to com-
pound 5 cleanly yielded intermediate hexaiodide 6. Sub-
sequent treatment of iodide 6 with 3 equiv of bis(tri-
phenyltin) sulfide!® produced methylstannaadamantane
1-CH; in 85% overall yield from compound 5.

The final product had the simple 'H and *C NMR
spectra expected for a compound of C3, symmetry. The
'H and *C chemical shifts of the methyl group (5 1.46 and
45.2, respectively) proved to be significantly downfield of
those of 1,3,5,7-tetramethyladamantane (5 0.81'¢ and 30.3,
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respectively). This deshielding, which is also observed for
the methine hydrogen of stannaadamantane 1-H, is pre-
sumably due to an anisotropic effect involving the atoms
of tin and sulfur. The remarkably large coupling constant
(average 3J(}171188n,C) = 88.4 Hz) between tin and the
carbon of the methyl group confirmed that all three car-
bon—tin bonds are antiperiplanar to the carbon-methyl
bond.!8

Surprisingly, the reactivity of the carbon—-methyl bond
in methylstannaadamantane 1-CHj is not conspicuously
high under any conditions. For example, compound 1-CH,
could be recovered in 98% yield after it had been heated
in benzene at 120 °C for 72 h,'® and neither irradiation (360
nm)® nor ultrasonic irradiation (65 kHz, 100 W)2! of
compound 1-CHj in toluene-d yielded detectible amounts
of methane-d.

Since the carbon-methyl bond in methyl-
stannaadamantane 1-CH; was expected to be even more
reactive than the tin—methyl bonds in tetramethyl-
stannane, we treated compound 1-CH,; with reagents
known to react with tetramethylstannane. For example,
homolytic or heterolytic iodinolysis of tetramethylstannane
produces iodotrimethylstannane and iodomethane.?? In
contrast, treatment of compound 1-CHj with 3 equiv of
iodine in chloroform-d; yielded only hexaiodide 6 and
elemental sulfur. No iodomethane or iodobenzene could
be detected by 'H NMR, indicating that electrophilic
iodinolysis of the tin-sulfur bonds of compound 1-CH; is
much faster than cleavage of the carbon-methyl or tin—
carbon bonds. Attempts to promote homolytic iodinolysis
of compound 1-CH; by adding iodine in carbon tetra-
chloride at low temperature (-10 °C)? also failed to pro-
duce iodomethane and again yielded only hexaiodide 6.
We demonstrated that tin—sulfur bonds are generally more
reactive than tin-carbon bonds toward iodinolysis by ob-
serving that treatment of equimolar amounts of bis(tri-
phenyltin) sulfide'® and tetramethylstannane with 1 equiv
of iodine yielded iodotriphenylstannane (73%) and sulfur
(66%) and left the tetramethylstannane unchanged.
Failure of the carbon-methyl bond of methyl-
stannaadamantane 1-CHj to react with iodine is therefore
not surprising.
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A similar cleavage of tin-sulfur bonds also occurred
when compound 1-CH; was heated with excess carbon
tetrabromide in benzene (120 °C, 120 h). This reaction
cleanly produced hexabromide 7, which was identical by
'H NMR to an authentic sample prepared by bromination
of compound 5. Under similar conditions, the reaction of
bis(triphenyltin) sulfide!® with carbon tetrabromide pro-
duced bromotriphenylstannane in 63% yield. Both reac-
tions appear to involve a radical chain process in which
a key step is selective attack by tribromomethyl radicals
at sulfur.®? Failure of the weak carbon-methyl bond of
methylstannaadamantane 1-CHj to react with tribromo-
methyl radicals is therefore understandable.

Tetramethylstannane is known to react with tetra-
cyanoethylene (TCNE) by an electron-transfer process that
leads to insertion of TCNE into the tin-methyl bond.%# In
contrast, methylstannaadamantane 1-CHj could be re-
covered in 53% yield after long exposure to TCNE in hot
benzene (100 °C, 48 h). Decomposition of compound 1-
CHj; in the presence of excess neat TCNE at higher tem-
peratures (170 °C, 24 h) yielded only insoluble, unchar-
acterized solids.

In the presence of catalytic amounts of Pd(0), tetra-
methylstannane can convert acid chlorides to methyl ke-
tones,” so we tried a similar reaction with methyl-
stannaadamantane 1-CH;. Unfortunately, treatment of
4-nitrobenzoyl chloride with an equimolar amount of
compound 1-CH; and 1 mol % chloro(phenylmethyl)bis-
(triphenylphosphine)palladium did not produce detectible
amounts of 4-nitroacetophenone, whereas a similar reaction
with tetramethylstannane provided 4-nitroacetophenone
in 81% yield.

All of these experiments demonstrate that the reactivity
of the carbon-methy! bond of methylstannaadamantane
1-CHj is not conspicuously high, even though it must be
exceptionally weak. This is partly because the methyl
group is neopentylic and sterically hindered. As a result,
even significant weakening of the carbon-methy! bond is
not enough to overcome the intrinsic reluctance of satu-
rated carbon atoms to undergo homolytic substitution
reactions. Other weak bonds in compound 1-CHj, therefore
show greater reactivity and obscure the intrinsic activation
of the carbon—methyl bond by making reactions occur
elsewhere.

To demonstrate experimentally that carbon-carbon
bonds can be activated by properly oriented adjacent
carbon-metal bonds, we need a compound similar to me-
thylstannaadamantane 1-CHj; but with an even more ac-
cessible and reactive carbon-carbon bond. Allyl-
stannaadamantane 8 should satisfy these requirements,

ph—SN~ —s—8n_
S—Sn—_ Ph
Va S
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g

since allylic resonance (11 keal/mol)? will further reduce
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the strength of the central carbon—carbon bond to ap-
proximately 30 kcal/mol, and initial attack by radicals or
electrophiles can occur easily at the terminal carbon of the
allyl group. The synthesis and isolation of allyl-
stannaadamantane 8 will therefore present a rewarding and
difficult challenge.

Experimental Section

Infrared (IR) spectra were recorded on a Perkin-Elmer Model
783 spectrometer. Bruker WH-90 and WH-400 spectrometers
were used to obtain 'H and *C nuclear magnetic resonance (NMR)
spectra. Chemical shifts are reported in parts per million
downfield from internal tetramethylsilane (§). Low-resolution
mass spectra were recorded on a V.G. Micromass 12-12 quadrupole
spectrometer using chemical ionization (CI) mass spectrometry
or on a Kratos MS-50 TA spectrometer using fast atom bom-
bardment (FAB) mass spectrometry. Characteristic isotopic
distributions were observed for all ions containing tin, but the
only peaks reported are those that correspond to ions containing
uniquely ®Sn. Galbraith Laboratories, Knoxville, TN, performed
all elemental analyses. Melting points were recorded on a
Thomas-Hoover capillary apparatus and are not corrected.
Pyridine and diisopropylamine were dried by distillation from
calcium hydride, and tetrahydrofuran was dried by distillation
from the sodium ketyl of benzophenone. Methanesulfonyl chloride
and triphenylstannane were purified by distillation before use.
All other common reagents were commercial products of the
highest purity available.

2-Methyl-2-[[ (methylsulfonyl)oxy]methyl]-1,3-propanediol
Dimethanesulfonate (4). Methanesulfonyl chloride (22.6 g, 197
mmol) was added dropwise at 0 °C under N, to a stirred solution
of 2-(hydroxymethyl)-2-methyl-1,3-propanediol (7.81 g, 65.0 mmol)
in pyridine (16 mL). The viscous mixture was kept at 0 °C for
15 h and then poured into ice water (250 mL). The crystalline
precipitate was separated by filtration and washed thoroughly
with water. Recrystallization from 95% ethanol yielded fine
colorless needles of analytically pure 2-methyl-2-[[(methyl-
sulfonyl)oxy]methyl]-1,3-propanediol dimethanesulfonate (4; 11.6
g, 32.7 mmol, 50.3%): mp 79.5-80.5 °C; IR (KBr) 3030, 1350, 1175,
975, 850 cm™'; 'H NMR (90 MHz, CDCl,) 6 1.18 (s, 3 H), 3.08 (s,
9 H), 4.16 (s, 6 H); mass spectrum (CI, isobutane), m/e 355, 259,
163. Anal. Caled for CgH.304Ss: C, 27.11; H, 5.13. Found: C,
27.33; H, 5.18.

[2-Methyl-2-[(triphenylstannyl)methyl]-1,3-
propanediyl]bis[triphenylstannane] (5). Butyllithium (5.0
mL, 1.4 M in hexane, 7.0 mmol) was added dropwise at 0 °C under
N; to a stirred solution of diisopropylamine (0.72 g, 7.1 mmol)
in tetrahydrofuran (15 mL). After 15 min, triphenylstannane (2.5
g, 7.1 mmol) was added dropwise, and the resulting solution was
stirred at 0 °C for 30 min. A solution of 2-methyl-2-[[(methyl-
sulfonyl)oxy]methyl]-1,3-propanediol dimethanesulfonate (4; 0.517
g, 1.46 mmol) in tetrahydrofuran (15 mL) was then added
dropwise, and the mixture was kept at 0 °C for 2 h and at 25 °C
for 18 h. Water (30 mL) was added, and the mixture was extracted
with dichloromethane. The organic extracts were washed with
brine and dried, and solvent was removed by evaporation under
reduced pressure. Flash chromatography? of the residue (silica,
hexane (80%)/dichloromethane (20%)) provided pure [2-
methyl-2-[(triphenylstannyl)methyl]-1,3-propanediyl]bis[tri-
phenylstannane] (5; 1.04 g, 0.929 mmol, 63.6%). Recrystallization
from hexane/ethyl acetate provided analytically pure, colorless
plates: mp 168-169 °C; IR (KBr) 3070, 1465, 1425, 1070, 720, 695
cem™; TH NMR (90 MHz, CDCly) 6 1.20 (s, 3 H), 2.02 (s, 6 H), 7.3
(m, 45 H); mass spectrum (FAB, 18-crown-6), m/e 1045, 351. Anal.
Caled for CspHySny: C, 63.31; H, 4.87. Found: 63.33; H, 5.63.

[2-Methyl-2-[(diiodophenylstannyl)methyl]-1,3-
propanediyl]bis[diiodophenylstannane] (6). Iodine (118 mg,
0.465 mmol) was added to a solution of [2-methyl-2-[(tri-
phenylstannyl)methyl]-1,3-propanediyl]bis[triphenylstannane]
(5; 80.3 mg, 0.0717 mmol) in dichloromethane (6 mL), and the
mixture was stirred at 25 °C for 24 h. Volatiles were then removed
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by evaporation under reduced pressure, and the residue was dried
in vacuo. This yielded a sample of [2-methyl-2-[(diiodophenyl-
stannyl)methyl]-1,3-propanediyl]bis[diiodophenylstannane] (6)
that was sufficiently pure for immediate use in the following
reaction: 'H NMR (90 MHz, CDCl,) 6 1.47 (s, 3 H), 2.71 (s, 6 H),
7.4-7.7 (m, 15 H).
7-Methyl-1,3,5-triphenyl-1,3,5-tristanna-2,4,9-trithiatri-
cyclo[3.3.1.1%7}decane (1-CH;). A sample of [2-methyl-2-[(di-
iodophenylstannyl)methyl]-1,3-propanediyl]bis[diiodophenyl-
stannane] (6) derived from [2-methyl-2-[(triphenylstannyl)-
methyl]-1,3-propanediyl]bis[triphenylstannane] (5; 80.3 mg, 0.0717
mmol) was treated with a solution of hexaphenyldistannathiane
(317 mg, 0.433 mmol)!® in dichloromethane (10 mL), and the
mixture was stirred at 25 °C for 2 h. Solvent was then removed
by evaporation under reduced pressure. Flash chromatography?®
of the residue (silica, hexane (60%)/dichloromethane (40%))
provided an analytically pure sample of 7-methyl-1,3,5-tri-
phenyl-1,3,5-tristanna-2,4,9-trithiatricyclo[3.3.1.1%"]decane (1-CHg;
45.9 mg, 0.0610 mmol, 85.1%) as a white solid: mp 240-243 °C;
IR (KBr) 1480, 1430, 1070, 725, 695 cm™; *H NMR (400.13 MHz,
CDCly) 6 1.46 (s, average *J(1171198n,1H) = 26.1 Hz, 3 H), 1.79 (s,
average 2J(11"11%Gn 'H) = 42.4 Hz, 6 H), 7.5 (m, 9 H), 7.7 (m, 6
H); 1*C NMR (100.62 MHz, 5% CD,Cl, in CH,Cl,, gated proton
decoupling) 5 34.5 (s, 1J(11"Sn,'*C) = 381 Hz, !J(}!°Sn,13C) = 398
Hz), 45.2 (s, average 3J(11"1198n 13C) = 88.4 Hz), 45.8 (s, average
2J (1171189 13C) = 26.7 Hz), 128.9 (s), 130.2 (8), 134.7 (), 139.5 (s);
mass spectrum (FAB, 18-crown-6), m/e 756, 679, 265. Anal. Caled
for Cy3H,,SsSn;: C, 36.70; H, 3.22. Found: C, 36.85; H, 3.58.
Reaction of Hexaphenyldistannathiane and Tetra-
methylstannane with Iodine. A solution of hexaphenyl-
distannathiane (107 mg, 0.146 mmol)'® and tetramethylstannane
(25.8 mg, 0.144 mmol) in chloroform (15 mL) was treated with
a solution of iodine (37.2 mg, 0.147 mmol) in chloroform (10 mL),
and the mixture was stirred at 25 °C in the dark for 13 h. Volatiles
were then removed by evaporation under reduced pressure, and

the residue was extracted with acetonitrile. The insoluble fraction,
a pale yellow solid, was further washed with ether, dried, and
identified by its characteristic solubility and chromatographic
properties as elemental sulfur (3.1 mg, 0.097 mmol, 66%).
Concentration of the acetonitrile solution of the soluble fraction
produced colorless crystals of iodotriphenylstannane (101 mg, 0.212
mmol, 72.6%): mp 119-120 °C (1it.2® mp 121 °C).
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Base-assisted trimethylgermylation of ethyl acetate gave high yields of ethyl (trimethylgermyl)acetate
(2), bis(trimethylgermyl)acetate (5), and tris(trimethylgermyl)acetate (6). The Peterson reaction of
(trimethylgermyl) (trimethylsilyl)acetate (4), prepared from ethyl (trimethylsilyl)acetate (1), with aldehydes
selectively yielded a-(trimethylgermyl)-a,8-unsaturated alkenoates (15). The addition of fluoride anion
to 4 successfully induced selective desilylation. Some chemical properties of 6 were also examined.

Although the synthetic utility of a-trimethylsilyl esters
has been amply demonstrated,’? there is no direct method
to prepare them from the corresponding esters. All reports
to date on the direct trimethylsilylation of esters have
shown that the predominant product is that due to O-si-
lylation and not C-silylation.!® One exception to this

(1) Before 1981, see: (a) Colvin, E. W. Silicon in Organic Synthesis;
Butterworths: London, 1981, (b) Weber, W. P. Silicon Reagents for
Organic Synthesis; Springer-Verlag: Berlin, 1983.

(2) (a) Larson, G. L.; Hernandez, D. Tetrahedron Lett. 1982, 23, 1035.
(b) Larson, G. L.; Kaifer, C. F.; Seda, R.; Torres, L. E.; Ramirez, J. R. J.
Org. Chem. 1984, 49, 3385. (c) Larson, G. L.; L.-Cepero, I. M.; Torres,
L. E. Tetrahedron Lett. 1984, 25, 1673, (d) Hernandez, D.; Larson, G.
L. J. Org. Chem. 1984, 49, 4285. (e) Larson, G. L.; Hernandez, D.; Cepero,
I M. L,; Torres, L. E. J. Org. Chem. 1985, 50, 5260. (f) Sato, Y.; Takeuchi,
S. Synthesis, 1988, 734. (g) Zapata, A.; Ferrer, F. Synth. Commun. 1986,
16, 1611.

general observation is that of tert-butyl acetate, which can
be attributed to a larger steric effect in the O-silylated
material than in the C-silylated isomer.* However, the
trimethylsilylation of tert-butyl (trimethylsilyl)acetate gave
a mixture of both the C-silylated and O-silylated products.®
Larson reported that methyldiphenylsilylation of esters
favors the formation of the C-silylation product.® Pre-
viously we reported that the trimethylgermyl group tended
to be introduced on the a-carbon rather than the carbonyl
oxygen of ketones, whereas the trimethylsilyl group was
usually introduced on the oxygen.” This paper describes

(3) Brownbridge, P. Synthesis 1983, 1 and references cited therein.
(4) Rathke, M. W,; Sullivan, D. F. Synth. Commun. 1973, 3, 67.
(5) Hartzell, S. L.; Rathke, M. W. Tetrahedron Lett. 1976, 2737.
(6) Larson, G. L.; Fuentes, L. M. J. Am. Chem. Soc. 1981, 103, 2418.
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