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A spectroscopic (*H, 13C, and 1°Sn NMR) study of the reaction of chiral allylsilane 1 with SnCl, is described. We have found that the ligand
exchange between SnCl, and this allylsilane is instantaneous and quantitative at 25 °C as well as at —60 °C, affording the corresponding
allyltrichlorostannane.

The Lewis acid-mediated reaction of allylsilanes with alde-  To the best of our knowledge, the only spectroscopic
hydes is a well-known procedure for the preparation of information available on exchange reactions involving al-
homoallylic alcohols and is of current interest in the context lylsilanes and SnGlhas been reported by Denmark and
of acyclic stereoselection. In all of these reactions the Lewis Wilson in 1988’
acid is employed presumably to activate the aldehyde toward We wish to report here the first direct evidence for
nucleophilic attack by the allylsilane. However, the possibil- interaction between Sngand chiral allylic silanel bearing
ity that the Lewis acid first reacts with allylsilane generating an ether functionality generating a new species by means of
a new species prior to addition cannot be ruled’out. NMR spectroscopy (Scheme 1). This allylsilane offers an
There are a few studies in the literature about transmeta-
lation reactions between allyltrialkyltins and Lewis acids,
and the possibility of transmetalation process between Scheme 1
trialkyltin compounds and Lewis acids has been discussed
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All reactions were run at 0.15 M in CDgsolution with
1.1 equiv of SnCJ under an argon atmosphere, and all of
the studies involved direétC (75.5 MHz),'H (300 MHz),
and°Sn NMR (111,92 MHz) observations. Upon addition
of SnCl, to chiral allylsilanel at —60 °C and at 25°C, it

was immediately observed that the colorless solution became

a slightly yellow homogeneous solution (Scheme 1). At no
time did any precipitation of the new species occur at this
concentration. The resultingH NMR spectra at room
temperature and also at60 °C showed formation of Mg
SiCl and complete consumption of the allylsilahevithin
2 min (Figures 1—3§:1?

Significantly, the resonances for the methylenic hydrogens
a to silicon (H1, 1.46 ppm and H2, 1.52 ppm, Figure 1)
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Figure 1. H NMR spectrum of allylsiland..
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disappeared and two different signals appeared at 3.20 and

3.36 ppm (Figures 2 and 8}?2
Most diagnostics also are the deshielding of the hydrogens
H3, H4, H5, H6, H7, H8, and H9 (Table 1). The methylenic

(6) Naruta, Y.; Nishigaishi, Y.; Maruyama, Kletrahedron1989, 45,
1067.

(7) Denmark and Wilson have observed a ligand exchange reaction
between allyltrimethylsilane and Sn&lL.0 equiv of SnClat 0.5 M in 1:1
CD.CI,/CDCl). They observed that the metathesis is 22% complete3at
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Figure 2. 1H NMR spectrum of allyltrichlorostannargat 25°C.
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IH NMR spectrum of allyltrichlorostannar at

°C after 2 min and nearly complete a20 °C. Wilson, T. M. Master’'s
Thesis, University of lllinois, UrbanaChampaign (UIUC), 1988. They
found also that (E)- and (Z)-crotylsilanes are essentially unreactive toward
SnCly even at room temperature. See also ref 5c.

(8) The only detectable products in these reactions are the allyltrichlo-
rostannane and chlorotrimethylsilane. However, we have observed the
formation of small amounts of produ8t(Scheme 2), formed probably due
to the presence of HCl in Sngl

(9) (a) Almendras, P.; Gruttadauria, M.; Helliwell, M.; Thomas, E].J.
Chem. Soc., Perkin Trans.1997, 2549. (b) Almendras, P.; Thomas, E. J.
J. Chem. Soc., Perkin Trans. 1997 2561. (c) Thomas, E. Jhem.
Communl1997, 411.

(10) For papers dealing with coordination of heteroelements to electron-
defficient tin, see: (a) Vedejs, E.; Duncan, S. M.; Haight, A.JROrg.
Chem.1993,58, 3046. (b) Ochiai, M.; Iwaki, S.; Nagao, Y.; Kitagawa, S.;
Munakat, M.Tetrahedron Lett1991,32, 4945. (c) Brown, J. M.; Pearson,
M.; Jastrzebski, J. T. B. H.; Koten, G. \I. Chem. Soc., Chem. Commun.
1992,1440.

(11) The order of mixing of allylsilan& and SnCJ makes no difference
in the observed results. The use of 0.5 equiv of $E@Mpared to allylsilane
1 (1.0 equiv, 0.15 M solution) under the same conditions led to about 50%
conversion, and the resulting NMR spectrum did not change with time.
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hydrogens H6 and H7 as well as the benzylic hydrogens H8
and H9 are too far away from trichlorotin group to suffer
from inductive effects (Table 1).

We believe that the deshielding observed for these
hydrogens is due to the internal coordination of this oxygen
to tin, as proposed in Scheme 1. This intermediatis
analogous to a series of allyltrichlorostannanes internally
coordinated to the oxygen of a benzyloxy group as proposed
by Thomag:1°

The'H NMR spectrum revealed the same behavior &0
°C1~13 (Figure 3). Analysis of the'*C NMR spectrum
showed a deshielding for most carbongaethen compared
to that of allylsilanel. Most diagnostic is the chemical shift
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Table 1. 'H NMR Data for Allylsilanel and Complex2

Hy _H

4
HG H7 HB H9 Hg

Me;Si o ClaSn

1

7 Ph
Hi Hy Hy Me

1H chemical shift (6/ppm)

compd Hi H» Hs Hy Hs He Hy Hg Hg

1
2

146 152 454 457 220 3.18 3.46 4.43 4.48
3.20 3.36 505 518 248 356 3.69 4.72 4.77

Table 3. 1°%Sn NMR Chemical Shift and Coupling Constants

Sn—H coupling constants (Hz)

1195n chemical shift (6/ppm)2 Sn—Hi/H; Sn—Ha/Hy

-187 136 78

2 Relative to M@Sn (6 0.00 ppm).

ing the °Sn spectrum in the absence of broadbahkid
decoupling, we observed the splitting of the signal into a
triplet of triplets (broad signal) witds,  of 136 and 78 Hz
(Table 3)¢ Figure 4 shows thé®Sn NMR chemical shifts
and coupling constants between H and*5n.

of 39.95 ppm for carbon a in the new species, compared to

26.63 ppm for the same carbon in the allylsilane (Table
2).11,12

Table 2. 13C NMR Data for Allylsilanel and Complex2

Cl
Me3Si-_a of E"Sn‘g;’
Me | Me 2

13C chemical shift (6/ppm)

compd a b c d e f g
1 26.63 149.72 106.49 40.98 75.02 7295 17.12
2 39.95 144.03 114.67 42.68 73.02 74.48 15.66

The'3C NMR spectra proved less useful than theNMR
spectra in establishing complexation to the benzyl oxygen,
as there was no significant difference between the chemical
shifts for carbons e and f in both species. For this purpose
119850 NMR spectroscopy proved informative. TRESn
resonance signals appeared-ét56 ppm and as a single
line at —187 ppm. The former corresponds to free SnCl
and the latter corresponds to allyltrichlorostannaAequir-

(12) Allylsilane 1: *H NMR (CDCls, 300 MHz)d —0.04 (s, 9H), 1.04
(d, 3H,3J = 6.96 Hz), 1.46 (dd, 1H3J = 13.55—1.10 Hz), 1.56 (dd, 2H,
8J = 13.55—-1.10 Hz), 2.20 (m, 1H), 3.18 (dd, 1Rj, = 8.06—9.15 Hz),
3.46 (dd, 1H2J = 5.12—-9.15 Hz), 4.45 (d, 2HJ = 2.19 Hz), 4.50(dd,
1H, 3] = 2.19-1.09), 4.55 (t, 1H3J = 1.09), 7.23 (m, 5H)13C NMR
(CDClz, 75 MHz) 6 —1.33 (CH), 17.12 (CH), 26.63 (CH), 40.98 (CH),
72.95 (CH), 75.02 (CH), 106.49 (CH)), 127.41 (CH), 127.50 (CH), 128.28
(CH), 138.70 (@), 149.72 (G); IR (film) 3068, 3030, 2957, 2851, 1632,
1497, 1453, 1414, 1364, 1247, 1158, 1097, 1031. Mass spectra (CG-MS)
262 (1%), 181 (25%), 91 (62%), 73 (100%). TL®; 0.26, hexanes/ethyl
ether 99:1. [0§% = +12.6 (c1.3, CHC}). Allylstannane 2: H NMR
(CDCls, 300 MHz) 6 0.95 (d, 3H,%J = 6.96 Hz), 2.48 (m, 1H), 3.19 (d,
1H, 3] = 10.98 Hz), 3.36 (d, 1H3J = 11.35 Hz), 3, 53 (dd, 1HJ =
8.42-9.88 Hz), 3.70 (dd, 1HJ = 4.39-9.88 Hz), 4.71 (1H, 3J = 13.18
Hz), 4.77 (d, 1H3J = 5.86 Hz), 5.04 (s, 1H), 5.18 (s, 1H), 7.40 (s, 5H).
13C NMR (CDCk, 75 MHz) 6 15.66 (CH), 39.95 (CH), 42.68 (CH), 73.02
(CHy), 74.48 (CH), 114.64 (CH), 144.03 (G), 127.50 (CH), 128.28 (CH),
128.67 (CH), 138.70 (§. 11°Sn (CDC}, 111.92 MHz)) —186.87 (tt,2Jsn-n
= 136 Hz,*Jsn-n = 78 Hz).

(13) The low-resolution observed for thl NMR spectrum at-60 °C
is due to the fact that this experiment has been done in a 10 mm NM
resonance tube.
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Figure 4. 119Sn NMR data for comple®.

By comparison of théH, °C, and*°Sn NMR data with
those reported in the literature, it was possible to identifiy
the newly formed species. According to Naruta et an
allylthrichlorotin species characteristically has a chemical
shift for H1 of 3.1-3.7 ppm and a coupling constant between
H1 and Sn in the range of 104—122 Hz.

It is also interesting to observe that the chemical shift
described for a tin attached to carbon in an allyltrichlo-
rostannane is-28 ppmé In a very interesting experiment,
Keck demonstrated a chemical shift- 671 ppm for a tin
complexed with two aldehyde oxygeh# our experiment
we observed a tin chemical shift ef187 ppm, which lies
between that of an allyltrichlorotin intermediate and that
complexed with two oxygen atoms. We believe that tin
chemical shifts are highly sensitive to oxygen bonding, and
this is an observation in favor of the complexed intermediate
proposed.

In another very interesting experiment, addition of SnCl
to a solution of chiral allylsilane in C€l, at —78°C, stirring
for 5 min, and quenching with B, followed by saturated
NH,4CI, afforded alkené in 87% vyield (Scheme 2 These
results are nicely explained by a prior metathesis of allyl-
silanel with SnCl,.
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s the metathesis is faster, as expected for a 1,1-dissubstituted

Scheme 2 olefin, being 60% complete after 8 min and nearly complete
Me,Si i after 60 min. Our observations were also that the metathesis
;\j@ oot Me O/\© reaction of allylsilaned and6 is concentration dependent,
- PN }\) being faster at higher concentrations (0.5 M), in aggreement
Me | 87% | e 3 with the results described earlier by Denmark and Wilson.
We have observed the resonances for the methylenic
hydrogensa to silicon in allylsilanes4 and6 as a doublet
centered atd 1.43 and as a singlet ab 1.53 ppm,
respectively. In allyltrichlorostannanésand 7, these hy-
drogens appear as a doubletyaB.22 and as a singlet at
3.08 ppm, respectivell#.We have also found a tin chemical
shift of —27 ppm for allylstannanes and7, in accordance
with Naruta's observatiof.

_ We described here that the transmetalation reaction of

2

For purposes of comparison we have also carried out a
series of NMR experiments using allyltrimethylsilashand
1,1-dissubstituted allylsilan@ and SnCJ (1.1 equiv at 0.15
M in CDClz) at room temperature (Scheme?3).

Scheme 3. Metathesis of Allylsilaneg and6 allylsilanel is nearly instantaneous at60 °C as well as at
TMS SnCly ClySn room temperature. It appears that the oxygen functionality
4 ) oL % 5 j is responsible for the rapl_d Ilgar_1d exchange observed even
Z ¥ , 7 at low temperatures for this particular allylsilane and SnCl
140 min. The ligand exchange reaction is probably facilitated by
sl ClSn coordination. _of tin to this oxygen follpwe_d by c_Ieavage of
the carbor-silicon bond by a free chloride ion. This complex
)\/@ CDCI, 25°C 7 ;\Q was also found to be stable for more than 24 h at room
60 min. temperature.
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