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Tributyl- and triphenyltin hydrides are important
reagents in preparative free radical chemistry! but
product isolation is sometimes difficult because tin-
containing materials formed in these reactions are non-
polar and cannot easily be separated from nonpolar
organic products. Although a number of workup proce-
dures have been proposed in order to deal with these
isolation problems,? further effort is clearly warranted.
The water-soluble stannane 13 should be of general use
in these situations, although it does not seem to have
been fully evaluated in this respect. More recently,
stannane 2 was reported.* Its most characteristic prop-
erty appears to be high reactivity in both ionic and radical
reductions,’ and its polarity does indeed facilitate product
isolation.
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We report that stannane 6 is a useful reagent for
typical radical chemistry, because both 6 and the derived
bromide and phenyl selenide are much more polar than
corresponding tributyl- or triphenyltin species. Com-
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pound 6 was prepared as shown in Scheme 1. It is stable
in CDyCl, for at least one day (\H NMR), and both CD,-
Cl; and CDCI; can be used as NMR solvents. Compound
6 should be stored in a refrigerator as a neat liquid or,
better, as a frozen benzene solution. We have always
used the material within two weeks of its prepara-
tion. The compound is not fully extracted from ether
solutions by 6 N HCl; consequently, when 6 is used,
chromatographic separation is required, but the separa-
tion is easy because of the high polarity of 6 and its
derivatives.

Compound 6 may be used in radical chemigtry in the
same way as tributyl- and triphenyltin hydrides, and
typical examples are shown in Table 1 for a number of
bromides and selenides. We generally use refluxing
benzene or toluene, being guided by the choice of solvent
made for the corresponding conventional stannane re-
ductions reported in the literature. Yields and conditions
are comparable to those for the traditional reagents (Bus-
SnH and Ph3;SnH), but chromatographic separation is
simplified in those cases where the desired product is
nonpolar. For example, in the case of entries 2, 3, and
7, product isolation by flash chromatography (silica gel,
1:3 ethyl acetate—hexane) was much easier for reductions
done with 6 than those accomplished with triphenyltin
hydride. This was due to the fact that the R~values of
the desired products and the contaminating tin species
from triphenyltin hydride were all in the range 0.4 to
0.5. However, tin species derived from 6 were chromato-
graphically much less mobile (Rf ca. 0). Compound 6
itself has an Ry of ca. 0.2 on silica gel, with 1:3 ethyl
acetate—hexane, while the value for triphenyltin hydride
is ca. 0.9.

In two experiments (entries 1 and 6) we have also
examined the triethylborane—air method of initiation,
and found that it too works well, at room temperature.
Consequently, our results indicate that the nitrogen-
containing stannane 6 should be considered for use in
stannane reductions leading to nonpolar compounds,
where separation problems have been experienced with
tributyl- or triphenyltin hydrides. Stannane 6 can also
be used for hydrostannylation (entry 9).

Experimental Section

General. The same general techniques were used as re-
ported previously.!® The symbols s’, d’, t’, and q” used for 13C
NMR signadls indicate 0, 1, 2, or 3 attached hydrogens, respec-
tively. Where 1198n and 17Sn couplings are resolved both values
are given.

Triphenyl[2-(4-pyridyl)ethylltin (4). The general litera-
ture procedure!4 was followed. 4-Vinylpyridine (Aldrich, used
as received, 1.55 mL, 14.4 mmol) was added to PhsSnH (Aldrich,
used as received, 2.52 g, 7.18 mmol), and AIBN (1 mg) was added
to the mixture. The mixture was lowered into a preheated oil
bath (80 °C) and stirred for 4 h under a slow stream of dry Ar.
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At this stage the excess of 4-vinylpyridine was evaporated (rotary
evaporator, ca. 80 °C). Flash chromatography of the residue over
silica gel (4 x 40 cm), using 1:1 EtOAc—hexane, gave 4 (2.78 g,
85%) as a pure (‘H NMR, 200 MHz), white solid: mp 112—-112.5
°C (lit.}* 112—-118 °C); tH NMR (200 MHz, CDCl3) 4 1.68-2.06
(m, 2anc}1 =53 HZ, 2 H), 2.85-3.22 (m, 3anccﬂ =47 Hz, 2 H),
7.12 (dd, J = 6.0, 1.5 Hz, 2 H), 7.35—7.76 (m, 15 H), 8.49 (dd, J
= 6.0, 1.5 Hz, 2 H); 13C NMR (75.496 MHz, CgDg) 0 11.4 (1),
31.9 (1), 123.3 (d"), 129.0 (d’, 3Jsncoc = 48 Hz), 129.3 (&', *Jsnccee
= 10.5 Hz), 137.3 (d’, 2Jsncc = 35 Hz), 138.5 (8", 150.3 (d"), 152.8
(8"); broadband proton-decoupled 11%Sn NMR (149.213 MHz,
CDCl3, MesSn as internal standard) 6 ~100.53; exact mass m/z
caled for CosH2sN20Sn 457.08524, found 457.08471, Anal. Caled
for CosH2sNSn: C 65.83, H 5.08, N 3.07. Found: C 65.51, H
5.05, N 3.03.

Diphenyl[2-(4-pyridyl)ethylltin Iodide (5). I>(1.51g, 5.94
mmol) was added over ca. 30 min from a solid addition sidearm
tube to a stirred solution of 4 (2.52 g, 5.51 mmol) in bench MeOH
(40 mL) (Ar atmosphere). After 4 h (TLC control, silica, 1:3
EtOAc—hexane) the solvent was evaporated, and flash chroma-
tography of the residue over silica gel (4 x 12 c¢m), using first
1:3 EtOAc—hexane, and then MeOH, gave 5 (1.12 g, 40%) as a
pure (\H NMR, 200 MHz), white solid: mp 180181 °C; 'H NMR
(200 MHz, CDCl;) 6 1.80—2.20 (m, 2Jsncu = 51 Hz, 2 H), 2.82—
3.28 (m, 3Jsncon = 68 Hz, 2 H), 7.12 (dd, J = 6.0, 1.5 Hz, 2 H),
7.35—17.78 (m, 10 H), 8.42 (dd, J = 6.0, 1.5 Hz, 2 H); 13C NMR
(CDCls, 100.614 MHz) ¢ 18.0 (t), 32.3 ("), 123.8 (d), 129.3 (d’,
8Jsncce = 60 Hz!5), 130.4 (d"), 136.4 (d’, 2Jsncc = 47 Hz15), 137.7
(8", 150.1(d"), 152.8 (s"); broadband proton-decoupled 11*Sn NMR
(149.213 MHz, CDCl3, MeSn as internal standard) 6 — 61.59;
exact mass m/z caled for CigH;sIN2°Sn 506.95078, found
506.96477.

Diphenyl[2-(4-pyridyl)ethylltin Hydride (6). A solution
of 5 (183.6 mg, 0.36 mmol) in dry THF (10 mL) was added
dropwise over ca. 15 min to a stirred and cooled (0 °C) suspension
of LiAlH, (13.7 mg, 0.36 mmol) in dry Et20 (10 mL) (Ar
atmosphere). Stirring was continued for 15 min at 0 °C. The
mixture was then quenched by slow addition of ice~water (ca.
5 mL) and extracted with Et;0 (3 x 15 mL). The extract was
dried (MgS0O,) and evaporated at rt. Flash chromatography of
the residue over silica gel (4 x 40 ¢m), using 1:1 EtOAc—hexane,
gave 6 (110 mg, 80%) as a pure (*H NMR, 200 MHz) liquid which
can be stored under Ar in the refrigerator for several weeks:
FTIR (cast from CHCl;) 1836 cmt; 'H NMR (400 MHz, CgDg) 6
1.12—1.32 (m, 2Jsncu = 53 Hz, 2 H), 2.40—-2.61 (m, 3dsnccn = 54
Hz, 2 H), 6.19 (t, J = 1.75 Hz, *Ja19)snu = 1851 Hz, WJainsey =
1776 Hz, 1 H), 6.55 (dd, J = 6.0, 1.5 Hz, 2 H), 7.05—7.20 (m, 6
H), 7.27—7.44 (m, 4 H), 8.45 (dd, J = 6.0, 1.5 Hz, 2 H); 13C NMR
(560.323 MHZ, CGDG) d 10.6 (t', 1J(119)SnC = 382 HZ, 1J(117)snc =
366 Hz), 32.3 (t', 2Ja19sacc = 38 Hz, 2Juansacc = 17 Hz), 123.3
(d), 128.9 (&, 3Jsncce = 49 Hz18), 129.3 (d’, “Jsnccec = 16 Hz18),
137.4 (&', 2Jsncc = 37 Hz!8), 137.6 (8/, WJsnc = 490 Hz!6), 150.4
(d"), 152.6 (8"); broadband proton-decoupled 11°Sn NMR (149.212
MHz, C¢Ds, MesSn as internal standard) 6 —137.006; exact mass
m/z caled for C19gH19N120Sn 381.05396, found 381.05319. Anal.
Caled for C19H1sNSn: C 60.05, H 5.04, N 3.69. Found: C 60.27,
H 5.02, N 3.70.

Typical Radical Reaction Conditions. (a) Thermal
Method. The substrate (1 mmol) was placed in a round-

Notes
Table 1. Reductions Using Stannane 6
Bath Yield
Br temp. with6  Lit.
. 125 <’c‘I 75%* 78
) 77%°  85%°
CHO CHO
Br i
2 —_— 70%°  69%°°
OMe OMe
Br
o o 0
3 OO J ﬂ. O 76%2 <71%'
2
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%Thermal reaction. A bath temperature of 85 °C was used for
reactions run in PhH, and 125 °C for those done in PhMe.
bTriethylborane method. ‘Use of Ph3SnH and Et3B at 80 °C gave
85% yield (ref 6). Use of Ph3SnH in refluxing PhH (thermal
method) gave 78% yield (present work). 4Stannane reduction of
the starting material does not seem to have been reported
previously. *We used KF workup (cf. ref 2¢). /Use of PhgSnH in
refluxing PhH gave <71% yield (ref 7). £Use of PhsSnH in refluxing
PhMe (ref 8).*Use of PhsSnH in refluxing PhH (ref 9). Cf. -
Reference 10 for preparation of the starting material, and ref 11
for 13C NMR data of the product. /Using Ph3SnH (ref 12).

bottomed flask carrying a reflux condenser closed by a septum.
The flask was flushed with Ar, and the contents were kept
under a slight positive pressure of Ar. PhH or PhMe (5.0 mL)
was injected, and the flask was lowered into a preheated oil
bath set at 85 °C, or at 125 °C in the case of PhMe. A solution
of both 6 (1.4 mmol) and AIBN (2.0 mg) in the same solvent (3
mL plus 1 mL as a rinse) was injected in one portion (except for
the cyclization reaction, in which case the addition was made
over 28 h). Refluxing was continued for 2—10 h after the addi-
tion. The mixture was cooled and evaporated. Flash chroma-
tography of the residue over silica gel then gave the product.

(b) Room Temperature Method. The stannane 6 (1.4
mmol) in hexane (4 mL) and Et3B (1 M solution in hexane, 1.1
mL) were added to a stirred solution of the substrate (1.0 mmol})
in hexane (5 mL) contained in a flask fitted with a calcium
sulfate guard tube. Stirring with exposure to air was continued
for 11 h, and the solution was then evaporated. Flash chroma-
tography of the residue then gave the product.
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3-[Diphenyl[2-(4-pyridyl)ethyllstannyl]lpropanol by Hy-
drostannylation of Allyl Alcohol. Stannane 6 (140.0 mg, 0.37
mmol), allyl alcohol (0.3 mL, 4.4 mmol), and AIBN (2.5 mg) were
dissolved in dry Etz0 (4.0 mL), and the solution was evaporated
at rt under water-pump vacuum. The residual oil was stirred
at 80 °C for 4 h in a preheated oil bath (Ar atmosphere). Flash
chromatography of the residue over silica gel (4 x 30 cm), using
1:1 EtOAc—hexane, gave the product (104.7 mg, 65%) as a pure
(*H NMR, 200 MHz) oil: H NMR (200 MHz, CDCl3) 6 1.08—
2.10 (m, 6 H), 2.46 (br s, 1 H), 2.72—3.10 (m, 3Jsncon = 46 Hz,
2 H), 3.61 (t, J = 6.0 Hz, 2 H), 7.08 (dd, J = 6.0, 1.5 Hz, 2 H),

7.30—7.63 (m, 10 H), 8.39 (dd, J = 6.0, 1.5 Hz, 2 H); }*C NMR .

(50.323 MHz, CDCl3) 6 6.4 (¢, LJ119snc = 378 Hz, Waimsne =
361 HZ), 11.0 (t', 1J(119)snc = 354 HZ, 1J(117)SnC = 339 HZ), 29.4
(t', 2imencc = 21 Hz), 32.00 (t'), 65.4 (t', 3Juigsucee = 62 Hz),
123.4 (d), 128.5 (d’, 3Jsncec = 46 Hz), 128.8(d’, *“Jsnocec = 18
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Hz), 136.7 (d’, 2Jsncc = 34 Hz), 139.5 (s"), 149.5 (d'), 154.1 (s");
exact mass m/z caled for CooHpsON20Sn 439.09583, found
439.09639.
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