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o 2-Trimethylsilylvinylboranes: Highly Reactive and Selective
Digls-Alder Equivalents of 2-Trimethylzilylvinyl Alcohol and Acetylene

Darnigl A. Singleton* and Jose P. Martinez
Department of Ghemistry, Texas A&M University, College Station, Texas 77843

Summary: The readily available 2-trimethylsilylvinyl-9-BBN (1) is a highly reactive and selective dienophile.
The Niels-Alder preducts are easily converted info trimethylsilyloyclobexenols and 1,4-cyclohexadienes,

Due to the low reactivity of ucetylene in Diels-Alder reactions, many ingenious dienophilic acetylene
equivalents have been developed.l-3 However, several of these synthons are so unreactive that they are useless
with all hat the most reactive diznes, and an additional number would generally reguire prohibitively vigorous
reaction conditiens with complex acyclic dienes. Of the more reéactive acetylene equivalents, 1,2-
bis(phenylsulfonylethylenes and related conipounds have seen moslL common use in recent years,* but the final
elimingtion siep with these dienophiles iz aften inefficient, 2-Phenylsulfonylnitroethylene has shown
considerable promisc due to its higher reactivity and the gentle conditions (BusSnH) for the final elimination,2
but has seen little use, possibly owing to its more difficult availability. A number of efficient intramolecular
transition-metal catalyzed [442) cveloadditions of alkynes arc known 3 bt the corresponding intermolecular
reactions are subject to a number of problems and lack generality b

We have recently reported that vinyldialkylboranes are exceptionally reactive, regioselective, and endo-
sterenselective Diels-Alder dienophiles,® The special activating properties of a dialkylboron group and the
syntheiic versatility of the products should allow the development of a variety of new boron-activated
dienophiles which solve synthetic problems. We were interested in applying vinylborane chemistry in the
development of a dienophilic equivalent of acetylene. We report here the excellent utility of 2-trimethylsilyl-

Hydroboration of trimethylsilylacetylene with 9-BBN in the absence of solvent has recently been
reported to afford only a 9% vield of 2-trimethylsilylvinyl-9-BBN (1).7 In contrast, we have been able to obtain
pure 1 in 63% vield by reacting 9-BBN with 1.5 cquiv of trimethylsilylacerylene in a dilute (=01 M) solution in
THEF [or 4 d at 5 °C, followed by distillation of the reaction mixiure [bp 60 °C (1.005 mm)]. Compound 1 is
highly air-sensitive and pyrophoric but is considerably more stable than unsubstituted vinylboranes and can be
kept at room temperature for wecks without noticeable decomposition.

5°C, THF B
MeSi—=—H + o-BBN ——— r { |r3{
2

63% Me,5i
1
Surprisingly, 1 is only slightly less reactive than the parent vinyl-9.BBN (2). The rate constant for
reaction of 1 with cyclopentadiene was 3.5 x 103 M-15! at 25 C compared (o 4 rate constant of 6.5 x 10-5 M-
Is*1 gt 25 °C for the reaction of 2. In contrast, while nitroethylene has been reported to react with
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cyclopentadiene at -100 °C.8 2-mrimethylsilylnitroethylene utlizes refluxing benzene!? Acyelic dicnes react
especially fast with 1; 2-terr-butylbutadiene is more reactive (k = 8.2 x 105 M-Is? at 25 2C) than
eyvlopentadieng with 1, but is =40 times less reactive with maleic anhydride.!0 Reacrions of 1 with butadiens
and isoprene proceed to completion within a day at 40-50 °C. Amazingly, 1 appears 1o be considerably more
reactive than 2-phenylsulfonylnitroethylene with such simple acyclic dienes, based on reported reaction
conditions. In all of the reactions of 1, the formation of the Diels-Alder adduct appears 1o be quantitaiive Try
NMR before workup. Oxidation of the adducts with HpO2/NaOH afforded the silyl alcohols 3-10 in gooed yield
{Table 13.11.12

Steric effects apparently play a large role in determining the regiochemical outcome of these retetions.,
The regioselectivity observed in the reaction of isoprens with I was higher than had been observed with either
3-trimethylsilylacrylic acid (50:50%3 or 2-trimethylsilyInitroethylena (75:25),9 bur much greater selectivity still
{+28%) wus obigived in the reaction of 2-terr-butylbutadicne with 1. Models sugpesi that steric iateraction of
the rerr-butyl group with the bulky BBN group would occur in a transition state leading to the disfavored "meta”
isomer.

The regivselectivity and eado-stereoselectivity observed in the reaction of | with rrans-piperylene wers
most striking. The presence of the trimethylsilyl group resulis in increased ende-stereoselectivity: no exo
product could be observed by cither 13C NMR, 400 MHz I NMR, or GC. However, the major regioisomer is
reversed Trom that observed with 2, which had afforded only mesa substituted products® These surprising
results were carefully confirmed by 'H NMR decoupling experiments in both cases. The reaction of piperylene
is notably slower than the reaction of butadiene, so hoth the formation of 6 and 7 must be hindered, but a
detailed explanation of the preference for 6 1s lacking. Padwa has abserved a similar reversal of regiochemisiry
in 1,3-dipolar cycloadditions on adding a trimethylsilyl group to a dipolarophile.’3 As had been observed with
2, much lower endo-sterevselectivity is observed in the reaction of 1 with the cyclic diene cyclopentadiene.

Tecatment of neat samples of the purified silyl alcohols derived from 2-tert-hotylbutadiens, butadiens,
isopreng, and trans-piperylene with =1 mol % p-toluenesulfonic acid, followed by gentle warming to 55 °C for
3-6() min, afforded the 1,4-cyclohexadienes 11, 12, 13, and 14 respectively, quantitatively and cleanly by GC
and 1H and 13C NMR.14 Unfortunately, a complex mixture of products was produced when the mixture of
cyclopentadiene-derived alcohols 8 and 9 were reacted under these conditons. We are carrently searching for
satisfactory reaction conditions for the formation of norbornadiene.

CHq
r,ﬁ,@ i GH;;’O i f—BuOSEMe3 PBU@SiMES
11 12 13 i4 15 16

The utility of the Diels-Alder adducts of 1 is further demonstrated by their conversion to 5-
trimethylsilyl-1,3-cyelohexadienes. Treatment of the adduct of 1 and 2-ters-butylbutadiene with six equiv of
acetaldelyde at 57 °C overnight afforded alter chromatography a 78% yield of 18 contaminated by =10% 16,
In the presence of oxygen, the slow conversion of 15 to 16 was observed. 5-Trimethylsilyl-1,3-cyclohexadienes
should be versatile substrates for electrophilic substitutions,
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Table 1. Reaction Conditions, Products, and Yields for Diels-Alder Reactions with 1.

Diene Rxn Conditions Product(s) and Rauo % Yicld?

OH
22 h, 50 °C O: 85

. “SiMe
Z 241, 45 °C U U 73
"SJMGS “3i Mea
Hg

85:1
Ha
CH i
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“ “SiMey OH
6 88:12 7
SiMeq
@ 20h,25°C f o f OH 87
‘siMe,
OH
B 31 9
OH
e 11h,25°C ,Ej’ M
Bu “5iMe;
-Bu
10°

alsolated, nnoprimized. B>98% one reginisomer.

The ready availability of 1, its high reactivity with simplc acyclic dienes, and the simplicity and
efficiency of the mansformation of the adducts into 1,4-cyclohexadienes should make 1 widely attractive as an
seetylene equivalent in Diels-Alder teactions. The utility of 1 should be particularly useful in reactions of
complex acyclic dienes. Application of the versatility of crgancborane chemisiry {o the Diels-Alder adducts of
1 should make it an effective synthetic cquivalent of many other dienophiles, including unactivated
trimethylsilylalkenes and trimethylsilylkerene. We plan to continue developing diverse dicnophiles which
exploit the unique properties of vinylboranes in Diels-Alder reactions.
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