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Thermal and photoinduced silylallylation reactions of organic halides with 3-stannyl-2-(silylmethyl)propene
arc explored. Silylallylations occur in moderate to high yiclds, producing various (unctionalized allylsilane
products in which halide carbon is bonded to the terminal alkenic carbon of allylsilanc with the removal ol
tributyltin group. The reactions. which tolerate functional groups such as carbonyl, ester, nitrile. acetal, and ket-
al, hold synthetic potential for the construction of functionalized allylsilanes.

Introduction

Allylsilanes have been used extensively for inter- and
intramolecular carbon-carbon bond formations.! Although
various processes for allylsilane synthesis have been
explored,” simpler and more direct synthetic methods for
allylsilanes carrying reactive functionalities are still in
demand. One of the most promising methods is to introduce
a new substituent or to manipulate substituents on an allylsi-
lane system. We have found that oreanostannanes having an
allylsilane group 2-stannyl-3-silylpropene 1 and 3-stannyl-2-
(silylmethyl)propene 2 are very useful for the synthesis of
variously functionalized allylsilanes. Palladium catalyzed
cross-coupling reactions of 1 with acid chlorides and aryl
halides afforded variously substituted allylsilanes, such as o~
(silylmethyl)divinyl ketones 3 in good yields.” The obtained
allylsilanes 3 were observed to undergo selective silicon-
direct Nazarov reactions to afford o-methylenecyclopen-
tanones 4.}
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We also found that reactions of the bismetallic reagent 2
with acid chlorides or aldehydes proceed smoathly without
any catalytic activation to afford ketoallylsilanes 5 or
hydroxyallylsilanes 6.* Such a high reactivity of reagent 2 is
ascribed to the increased activation provided by f-effect of
allylic silyl substituent.®

Recently we observed that the reactions of 2 with Lewis
acid activated aldimines and then with aldehydes afforded
various 2,6-disubstituted 4-methylenepiperidines 7 in one-
pot procedure.’

The radical chain allylation of organic halides by allylstan-
nane reagents is well known as a powerful and selective
method to introduce allyl groups into organic molecules.®
As part of our continuing efforts to develop new syntheti-
cally useful reactions utilizing the bismetallic reagent 2, we
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investigated the thermal and photochemical reactions of 2
with organic halides, finding that the reactions afford an effi-
cient and facile method for the synthesis of funtionalized
allylsilanes through radical processes.” The following is a
detailed description of the results obtained from the investi-
gations.

Results and discussion

Preparation of the bismetallic reagent, 3-stannyl-2-
(silylmethyl)propene 2. Reagent 2 was prepared in large
scale from the reaction of 3-chloro-2-[(trimethylsilyl}
methyl]-1-propene (8) with (tributylstannyDlithium (9).""
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The chloride 8 could be obtained in large scale from a
mixture of the chlorination products 11 and 12 of methallyl
chloride 10 as shown in Scheme 1.'"° When the mixture of 11

and 12 was treated with trichlorosilane and triethylamine in
the presence of a catalytic amount of cuprous chloride, 11
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gave monosilyl product 13 while 12 remained intact under
the reaction condition. For the large scale preparation of the
chloride 8 this method is proven to be more convenient than
using 2-(trimethylsilylmethyl}prop-2-en-1-ol.%-!!

Thermal and photochmical allylation reactions of
organic halides with bismetallic reagent 2. Thermal
reaction of the bismetallic reagent 2 (2.0 molar equiv.) with
1.0 equiv. of bromoacetonitrile 14a in degassed benzene
solution containing catalytic amount of azobis(isobutyvroni-
trile} (AIBN) affords allylsilane 15a in 90% vield.
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In addition thermal reactions of 2 with the bromides such
as o-bromoester {14b), o-bromolactone (14¢), a-bromoke-
tone (14d), alky] bromide (14e). bromoacetals {141-14h). -
bromoketone (14i). and jpchloroketone (14j) resulted in the
production of the corresponding allylsilanes 15 in good to
moderate vields (see Table |, Method A).

Quite similar results were obtained from irradiations of 2
and organic bromides in benzene with Pyrex glass filtered
light (A:>290 nm) (Table 1, Method B). Dependence of
yields on the structure of bromides roughly resembled those
in the AIBN induced thermal reactions. Electrophilic radi-
cals derived from the bromides 14a-14d gave allylsilanes
15a-15d in good yiclds in both of the thermal and photoin-
duced reactions.

When the photochemical reaction of bromoacctophenone
(14d) with 2 was performed in the presence of AIBN (Table
1. Method C}, yield of allylsilanc 15d incrcased by up to
74% compared with the yicld (46%) without AIBN. How-
ever, the yield of 15h in the photochemical reaction of 14h
with 2 did not improved. even in the presence of AIBN.

The photochemical reactions ol 2 with S-bromoketone 14i
and with pchloroketone 14j in a Pyrex tube did not occur at
all even aler prolonged irradiations and the starting materi-
als were recovered essentially unchanged. However, when
the photochemical reactions of 2 with 14i and 14 were per-
formed using Vycor liltered light (220 nm), 15i and 15j
were obtained. though the yiclds were low {Table [. Mcthod
D}. We found that the photochemical method is not always
more clficient than thermal reaction, and this contrasts with
the result by Clive.”
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Table 1. Thermal and Photochemical Reactions of 2 with Organic
Talides
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“Reactions were performed along the procedures A-D deseribed in the
experimental sections unless othenwise stated. Isolated yields. ‘Reaction
was carried out at room lemperalure.

14i

The observed reactivity of 14i-j yiclding products 15i-j in
the srradiation with Vycor-filtered light instead of Pyrex-fil-
tered light seems to be related to their increased light absorp-
tions. 1t is worthy 1o note that the photochemical reactions of
o-bromo compounds 14a-d and 14f-g provided high yicld-
ing silylallylation products with Pyrex-liltered light.

The above results may be accomodated by a free radical
chain mechanism® (Scheme 2). The stannyl radical formed
by the AIBN-initiated or photolytic reactions abstracts bro-
mine atom from the bromide to afford a carbon centered rad-
ical, which adds to the allylstannane moicty of 2. Followed
by fscission of the tributylstannyl radical. it gives the
obscrved allylsilancs 15.

Fleming showed that allylsilane with an acctal teeminator
15h cyclized 1o give the methylenceyclohexane 16 as an
exclusive product when treated with SnCl,. and that the site
of the double bond is determined by the allylsilanc moicty.
Although the Lewis acid-catalyzed cyclization reactions of
allylsilanc-acetals hold synthetic potential for the construc-
tion of methylenecycloalkanes. the starting allylsilanc-acctal



Thermal and Photoinduced Silylallylation Reactions

BU3SD\)J\/SiM63

2
l AIBN or hv

BuzSn « RBr

R Bu3SnBr

\/—\ Buasn\)]\/SiMeg

Scheme 2

compounds have been difficult to prepare and then only via
very tedious routes.'2!3 In light of the ditficulty obtaining
such acetal-allylsilane, it is observed that thermal and photo-
chemical reactions of bromoacetone acetals 14f-14h with
the bismetallic reagent 2 provide the acetal-allylsilane prod-
ucts 15f-h in good to moderate yields.
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Bismetallic reagent 2 was shown to be a promising agent
for the preparation of variously functionalized allylsilanes
through thermal and photoinduced reactions, with the radical
process tolerating the presence of various functional groups,
such as nitrile, ester, lactone, ketone, acetal, and ketal 3

Experimental

Photochemical intiation was achieved by using a conven-
tional 450 W Tanovia medium-pressure mercury  lamp
cquipped with a Pyrex or Vycor filter. 'Hl NMR and '*C
NMR speetra were recorded on a Varian Gemini-200 (200
Mz} spectrometer using CDCl; as solvent and an internal
standard. GC-MS were taken on a Kratos Profile 11V-3
instrument with a 70 ¢V ionization potential. An 1[P-3 ms
(30 m x 0.25 mm, 25 gm) column was uscd at 100-280 *C
(10 °C / min).

3-(Tributylstannyl)-2-(trimethylsilylmethyl)propene (2)

To a THF (100 mL} solution of diisopropylamine (9.8 g.
97 mmol) #-butyllithium (96 mmol. 60 mL of 1.6 M hexanc
solution) was added at 0 °C. Stirring at 0 °C was continucd
for 20 min, and Bu;SnH (27.6 g, 95 mmol) was added. Aficr
30 min stirring. the chloride 8 {15.0 g. 92 mmol) was added
1o the resulting solution containing {tributylstannyl)lithium
at 0 °C, and then stirred at room temperature for 24h. The
reaction mixture was poured into ice water and extracted
with ether. The combined organic extracts were dried
(Na:SOy). filtered. and concentrated to a residuc under
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reduced pressure. Vacuum distillation of residue (bp [31-
135 °C/ 0.4 mmHg) afforded 33.0 g (86%) of 2.

Reactions of Bismetallic Reagent 2 with Organic Halides

AIBN-Induced Thermal Reactions (Method A).  The bis-
metallic reagent 2 (2.0 mmol) and organic halide 14a-k (1.0
mmol) were dissolved in sodium dried benzene (2 mL). The
solution was degassed with a vigorous stream of Ar for 15
min. Azobis(isobutyronitrile) (AIBN. 0.15 mmol) was
added and the mixture heated at reflux under Ar for the
period shown in Table 1. The mixture was cooled to room
temperature and the solvent removed in vacuo. The residue
was subjected to column chromatography (silica gel,
hexane : ether — 5: 1) to give allylsilane 15.

15a'% : TH NMR 80.03 (s, 9H). 1.53 (s, 2H), 2.32 (t. 2H. J
= 6.4 Hz), 2.44 (t. 2H, J — 6.4 Hz2). 4.67 (5. 2H); "C NMR §
1.54. 15.85, 26.52, 33.39, 108.79, 119.36, 143.58; MS m/z
167 (M', 91), 152 (100), 126 (55). 113 (30), 98 (98), 84 (50),
73 (84%).

15b'% : 'TH NMR & 0.02 (s, 9H). 1.25 (1. 3H..J — 7.2 Hz),
1.53 (s. 2H). 2.27 (1. 2H. ./ — 8.4 Hz). 2.46 {t. 2H. ./ — 8.4
Hz), 4.13 (g, 2H, .7~ 7.2 Hz). 4.54 (s, IH), 4.58 (s. IH); °C
NMR & -1.39, 14.22, 27.06, 32.85, 35.03. 60.26, 107.11,
145.97. 173.30.

15¢ : 'TH NMR 8 0.03 (s, 9H), 1.50 (s, 2H), 1.88-2.08 (m,
2H). 2.34-2.47 (m. LH), 2.55-2.75 {m, 2H). 4.14-4.31 (m,
2H), 4.62 (s, 2H); “C NMR & -1.43, 23.36, 26.23, 28.53,
39.06, 66.47, 109.15, 144.20, 179.21: MS miz 211 (M', 75),
197 (70), 169 (46), 157 (91), 122 (53), 95 (69). 73 {100%).

15d : "H NMR 80.06 (s, 9H), 1.56 (s, 2H), 2.40 (t.2H, ./ —
8.6 Hz), 3.14 (t. 2H. .7 — 8.6 Hz), 4.58 (s, 1H), 4.63 (s. 1H).
7.43-8.01 (m, 5H); '*C NMR & -1.35, 27.26., 32.37. 37.10,
107.03, 128.02. 128.57, 132.95. 137.01, 146.57. 199.76: MS
miz 246 (M. 41). 231 (50), 217 (38). 156 (48). 141 (26),
105 (47), 77 (77). 73 (100%).

15e'7 : 'TH NMR 6 0.03 (s. 9H),
(s.2H). 4.67 (s, IH). 4.90 (s, 1H)

1513 TH NMR 80.02 (s, 9H), 1.53 (s, 2H). 1.76 (m. 2H).
200 (t,2H. .7 — 7.2 Hz). 3.23 (s. 6H), 4.38 (t, IH. J — 5.6
tHz). 4.33 (s. 1), 4.60 (s. 111): '*C NMR & -1.35. 2691,
30.63, 52.94. 52.62, 104.10, 106.97, 146.82; MS m/z 216
(M, 5). 1534 (21). 151 (52). 75 (88). 73 (100%).

15g : 11 NMR 8§ 0.03 (s, 911). 1.53 (s. 211). 2.16 (s, 311),
223 (L2, 7 - 5.4 1z), 2.58 (L. 211 J — 54 H2), 3.24 (s,
610). 4.534 (s, 211); '*C NMR & -1.38. 20.73, 27.13, 29.91,
31.96,42.08. 99.86. 106.99, 146.26.

15h : "TINMR $0.01 (s. 9H), 1.52 (s, 21D). 1.50-1.62 {m,
410). 1.99 (1, 211, J = 7.2 112). 5.953 (s. 4H1). 4.51 {s, LF[). 4.59
(s. TH). 4.86 (s. 111, J — 4.3 T1z); "C NMR & -1.34, 22.10,
26.63,33.51.37.95. 64.83. 104.56, 107.15. 147.10.

15i : 11 NMR 80.01 (s. 9H), 1.50 (s, 2H), 1.61-1.76 (m.
210, 1.96 (L 211 J = 7.7 1lz). 2.14 (5. 311). 2.43 (1, 211, J -
7.7 1lz). 4.54 (s, 1H). 4.59 (s. 1H]); "*C NMR §-1.36. 26.48,
29.91, 32.14., 34.39, 43.05. 107.56. 146.70. 183.49; MS m/z
198 (M'. 8). 125 (38). 88 (100), 82 (90). 73 {79%).

15j : I NMR §0.01 (s, 91)., 1.51 (s, 210), 1.34-1.62 {m.
4110), 1.96 (. 2117 = 7.2 1lz). 2.14 (5. 311). 2.44 (1, 211, J -
7.2 Hz). 4.51 (s, 111}, 4.56 (s. 111); C NMR 6-1.34, 14.11,

1.54-1.73 (m. I3H). 1.6l
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23.536. 26.70, 27.29, 37.90. 43.66. 107.05. 14722, 184.35:
MS m/z 212 (M*. 7). 169 (42). 156 (70). 73 (100%).

15k : '"HNMR & .05 (s. 9H). 1.57 (s. 2H). 1.61 (1. 2H.J =
4.6 Hz). 235 (1. 2H. ./ = 4.6 Hz). 4.76 (s. 1H). 4.79 (s. 1H).
7.26-7.38 (m. SH). MS m/z 218 (M*. 5). 145 (96). 131 (66).
113 (52). 77 (33). 73 (100%).

Photochemical  Reactions in o Pyrex Tube (Method
B}, Organic halide (1.0 mmol) and 2 (2.0 mmol) in ben-
zene (2 mL) contained in a Pyvrex test tube closed by a sep-
tum was degassed with a vigorous strecam of Ar for 10 min,
The tube was immersed in an icc-waicr bath and irradiated
with a medium pressure mercury lamp (430 W) for the
period described in Table 1. The mixture was cvaporated and
then the residuc was chromatographed on silica gel o give
allylsilancs 15,

Photochemical  Reactions in the Presence of AIBN
fMethod C). A DME (2 mL) solution of 2 (2.0 mmol).
organic halide (1.0 mmol). and AIBN (0.15 mmol) in a
Pyrex tube was irradiated. All of the other procedurcs were
followed as in Mcthod B.

Photochemical Reactions in a Vicor Tube (Method
D). A DME (2 mL) solution of 2 (2.0 mmol) and organic
halide (1.2 mmol) in a Vvcor tube was irradiated. All of the
other procedures were followed as in Mcthod B.

2-(4-Trimetylsilylmethyl-4-pentenyl)-1,3-dioxolane (15h)

To a THF (3.3 mL) solution of 2 (430 mg. 1.0 mmol) was
added 1.0 mL (1.6 mmol) of a 1.6 M solution of methyllith-
ium m hexane at -78 “C. Alter stirring 30 min. 226 mg (1.0
mmol) of 2-(2-iodocthy1)-1.3-dioxolane was added vicr a
microsyringe. The reaction mixture was stirred for 30 min
and warmed (o room tcmperature. The mixture was pourcd
into a saturated solution of sodium bicarbonalc and cxtracted
with cther (20 mL x 2). The combined organic lavers were
dricd over Na-SQy and the solvent was removed. The crude
product was chromatographcd on silica gel (hexanc : cther =
12 1) tovield 150 mg (66%) of 15h,

3-(2-Hydroxyethoxy)-1-mcthylenceyclohexane (16)

Anhvdrous tin (IV) chloride (30 pL. 67 mg. 0.23 mmol)
and 15h (155 mg. 0.68 mmol) in drv carbon (cirachloride
(20 mL) were stirred under Ar at 0 °C for 2h, The reaction
mixturc was warmcd (o room (emperature and stirced for
24h. The mixture was pourcd into saturated aqucous sodium
bicarbonatc and cxtracted with carbon tctrachloride (10
mL x2). The combincd orgamic cxtracls were dricd
(Na:SO,). filtcred. and concentrated. The residue was chro-
matographed on silica gcl (cther) o give 48 mg (44%) of 16.

16 : 'THNMR §1.21-2.22 (8H. m). 2.34 (IH. dd..7= 129,
3.7 Hz). 3.31-3.43 (IH. m). 3.56-3.62 (2H. m). 3.68-3.76
(2H. m). +.68 (1H. 5). 4.71 (1H. 5): "C NMR §23.96. 31.63.
3435, 4094 62.06. 68.97. 78.09. 10935, 146.26. Ms m/z
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156 (M~ tracc). 101 (100). 94 (95).91 (31). 79 (91). 67 (G3).
57 (84). 45 (72). 41 (55%).
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