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Convénient synthesis of silyl substituted butadienes; a new route to -
=silicon tethered intramolecular Diels-Alder reaction precursors

Klaus Kahle, Patrick J. Murphy,*1 Jonathan Scott and Roberta Tamagni

Department of Chemistry, University of Wales, Bangor, Gwynedd LL57 2UW, UK

The preparation of a series of silyl substituted butadienes
is reported together with their application in the silicon-
tethered intramolecular Diels—Alder reaction (IMDA).

Silyl substituted butadienes are intermediates of considerable
potential as substrates for the Diels—Alder reaction.' We were
particu!arly interested in investigating and developing their use
in an intramolecular variant of this reaction, our goal being the
preparation of a range of substrates with the generalised struc-
ture 1 which we hoped would allow us to access a range of
bicyclic compounds 2 (Scheme 1).

X~-SiRy

% heat
I

Scheme1 R =Alkyl, aryl; X =0, (CH),

X—SiR,

This approach, in which the sificon is attached dJrectly to the
diene unit, has been the subject of only two previous reports,?
despite considerable interest in the area of silicon-tethered
reactions.®

We thus required a convenient and flexible synthesis of a
range of silylated butadienes 5 and 6 and hoped to access them
via the silylated allylic alcohols 4 which are conveniently pre-
pared by hydrosilylation of the prop-2-ynyl alcohols 3.* These
alcohols would then allow easy access to the required substrates
via a variety of methods, for example via dehydratmn (Bora
Wittig reaction (6) (Scheme 2).

As a preliminary investigation we took a range of substrate
alcohols 3a—e and effected hydrosilylation using conditions
previously described by Murphy et al* utilising the readily
prepared catalyst 7.° As can be seen (Table 1) the reaction

\_S,_

Bu'3P—Pl %
/

//—Si"\"—‘

7

proceeded, to give the alcohols 4a—g, with excellent regioselec-
tivity and in good yield in most cases.

Treatment of these alcohols with camphorsulfonic acid
{(CSA) under azeotropic conditions in either benzene, toluene
or xylene, led to the formation of the corresponding diene Sa-g
in acceptable yields (Table 1).

As is apparent, the best yields for the elimination step are
found, unsurprisingly, with the tertiary alcoholic substrates
(4a,b,e and f) and the elimination is effective for alkyl as well as
ary! substituted silanes. The yield for the secondary alcohol (4¢)
is somewhat lower (49%) but still acceptable. However, when we

+ E-mail: chs027@bangor.ac.uk

II 3a R'=R2=Me
b R!=Me, R2=

< RI:Me,RZ:H

RIZLOH g R'=Me, R2=Et
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li
SiR3,R*  4a R'=R?=Me,R¥=Rf=
b R'= Me RZ R3= R‘=Ph
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d R'= MeRz EL, R3=Ri=
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5a R2=Me, R3=R%=Ph 6
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; 45 OH ) h
m,ssf / 58
Me
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Scheme 2 i, HSIR%RY, [P1)’; ii, heat, H*/~H,0; iil, R’ = H; (2) PCC,
(b) ZCHPPhy; Z = H, R, Ar, CN, COR, COOR

consider the eliminations from the primary aicohols (4g and g')
the yields are now somewhat diminished, but despite this the
reaction is readily amenable to scaling up and is thus still of
synthetic use; indeed yields are generally better when the
reactions are performed on a medium scale (3-5 g). A final
example, using the unsymmetrical alcohol 3d, helps highlight
the limitations of this method.

With this preliminary work in hand we hoped to assess the
potential use of this methodology in the preparation of pre-
cursors for the silicon-tethered IMDA. Thus we prepared
diphenyl(but-3-enyl)silane 8 from commercially available
chlorodiphenylsilane by treatment with the Grignard of 4-
bromobut- {-ene; this was then reacted under our standard con-
ditions with 3a to give the diene precursor 9 in 68% yield for the
two steps. On heating 9 in toluene containing catalytic CSA the
diene 10 was produced in 78% yield, which on further heating

J Chem. Soc., Perkin Trans. 1, 1997 - 997



Table I

Product 4 Product 5§
Alcohol3  #/h° (% yield) Conditions® (Y yield)
3a 21 4a (80} PhMe, 3 h, Sa (84)
2% CSA
3b 6.5 45 (83) - PhH, 44, 5b (52)
5% CSA
3c 4 4c (88) CeHMe,, 2 h, 5¢{49)
5% CSA
3d 24 4d (67) PhMe, 2 h, S5d+5d(1:24)
11% CSA (total 69)
3a 3 de (85) PhMe, 2 &, Se (66)
5% CSA
3a 4 4f (69) PhMe, 1.5 1, 5f (54)
S% CSA
3e’ 55  4g(44) CHMe,, 1.5h, 5g(39)
19% CSA
+
4g' (50 CiHMe,, 3 h, Se’ (29)
17% CSA

“ Silane (1 equiv.) and alcohol (1.4 equiv.) were heated under reflux in
the presence of catalyst 7 for the stated times. ®Alcohol 4 and
camphorsulfonic acid (CSA) were heated in the solvent given with azeo-~
tropic removal of water, until TLC indicated the complete consumption
of starting material. ¢

My

s = m,s;ﬂm

£ 231

(xylene, sealed tube, 180-200°C) for 40 h gave the cyclised
products 11a and b as an inseparable 5:2 mixture of isomers
(90% conversion) (Scheme 3). ’

SiPhy
NN L AN SiPhH ii <] i
Me | "Me
8 OH
9
1 i
Si Ph; SEPhZ
iv _
H I
Me Me
1 10

Scheme 3 i, Mg-Et,0 then CIHSiPhy; i, 3a, catalytic 7, THF reflux 3
h {68% for 2 steps); iii, heat, toluene, CSA {10% wiw) 2 h, 78%; iv,
xylene 180-200 °C, sealed tube for 40 h (quantitative recovery, 90%
conversion)

Similarly hydrosilylation of prop-2-yayl alcohol using
diphenyl(but-3-enyl)silane 8 gave the alcohol 12 in 77% +yield.
Oxidation of this intermediate and immediate reaction of the
resultant aldehyde with ethoxycarbonylmethylenetriphenyl—
phosphorane led to the formation of 13 in excellent overall yield.
Heating of 13 in a sealed tube for 16 k (180-200 °C) led to the
formation of aseparable I : 1 mixture of the cyclised products14a
and b (quantitative conversion, 53% isolated yield) (Scheme 4).

In conclusion, we have demonstrated a convenient and rapid
method for the preparation of 2 range of potentially useful
silylated dienes and have applied the methed to an initial study
of the intramolecular Diels-Alder reaction of such substrates,
We are currently investigating the factors that affect the stereo-
selectivity of this IMDA reaction and its potential applications
in synthesis.

Experimental
Column chromatography was carried out on Kieselgel (230-400
mesh) with the eluent specified in each case; all substances are

998 J. Chem. Soc., Perkin Trans. 1, 1997

SiPh, SiPhy
i i, Iii :
3 ﬁ \ ﬁ AN
o

OH
12 13 COE
g
SiPh, SiPhy
H” H
COEL COzEt
14a 14b

Scheme 4 i, Prop-2-ynyl alcohol, catalytic 7, THF reflux 3 h (77%); i,
2 equiv. PCC, DCM, RT, 3 h; i, EtO,CCHPPh;, DCM, reflux (68%
for 2 steps); iv, xylene 180-200 °C, sealed tube, 16 h (14a:14b 1:1, 53%)

oils unless otherwise stated. TLC was conducted on precoated
Kieselgel 60 F,q, (Art, 5554; Merck) glass plates. All reactions
were conducted in oven-dried apparatus under a static atmos-
phere of argon. Light petroleum refers to the fraction boiling in
the range 35-60 °C. Diethyl ether and THF were dried and dis-
tilled using standard methods; all other reagents are used as
supplied. Chemical shifts are reported as & values relatjve to
tetramethylsilane as an internal standard; J values are given in
Hz. 'H and **C NMR spectra were recorded in deuteriochloro-
form on a Bruker AC250 spectrometer. IR Spectra were
recorded as thin films (oils) or in KBr on a Perkin-Elmer 1600
series instrument. Mass spectra were recorded on a VG Masslab
Model 12/253 spectrometer using CI (with ammonia as the
reagent gas) or El. .

General procedure for hydrosilylation

The silane (I equiv.)) and the acetylenic alcohol 3 (1.4 equiv.)
were dissolved in THF (5 ml per g of silane) and the catalyst 7
(5-10 mg per g of silane) added; the reaction mixture was then
refluxed for the stated period (Table 1). The reaction was then
cooled, evaporated and the crude product purified by flash
chromatography (10-20% diethyl ether in light petroleum).

Spectral data for the alcohols 4a—g
3-Hydroxy-3-methyl-1-triphenylsilylbut-1-ene 4a. Mp 98-
99°C; 0y 7.54-7.25(15H, m, ArH), 6.39 (1 H, d, J 18.7), 6.29(1
H, d, J 18.7), 1.60 (1 H, br s, OH), 1.33 (6 H, 5, 2 x CH,); J
159.09, 135.84, 129.59, 128.09, 127.91, 118.62, 72.47, 29.42;
Vmaxfem™ 3400 (OH), 3064, 2975 (CH), 1626 (C=C); miz (CI)
344 [(M + NH, — H,0)*, 25%], 362 (M + NH,)*, 2] {Found:
362.1940 [(M + NH,)*]. Calc. for C;sH,,NOS;i: 362.1940).
3-Hydroxy-3-pheny)-i-triphenylsilylbut-1-ene 4b. Oil; oy 7.6-
7.23 (20 H, m, ArH), 6.59 (1 H, d, 7 19.0), 6.52 (1 H, d, J19.0),
2.10(1 H,s, OH), 1.72 (3 H, s, CH;,); . 157.39, 146.15, 136.04,
134.44, 129.69, 128.38, 128.00, 127.16, 125.37, 120.21, 75.98,
29.33; vufom™ 3438 (OH), 3066, 2977 (CH), 1621 (C=C); mi=
406 (M*, 5%), 424 [(M + NH,)*, 2] {Found: 424.2097
[(M + NH,)*]. Cale. for C,4H,,NOSi: 424.2097}.
3-Hydroxy-1-triphenylsilylbut-1-ene 4c. Mp 128-129 °C; du
7.58-7.37 (15 H, m, ArH), 6.45 (1 H, dd, 7 18.6, 1.1),6.28 (1 H,
dd, J18.6,4.4),4.45 (1 H, m), 1.70 (1 H, brs, OH), 1.33 (1H,d,
J 6.5, Me); & 155.34, 135.88, 134.27, 129.52, 127.83, 121.54,
70.30, 22.92; v, Jem™' 3446 (OH), 3065, 2994 (CH), 1624
(C=C); miz 330 (M*, 10%), 348 [(M + NH,)*, 20] {Found:
348.1784 [(M + NH,)*). Calc. for C,;H,]NOSi: 348.1784}.
3-Hydroxy-3-methyl-1-triphenylsilylpent-1-ene 4d. Oil; Jy
7.56-7.29 (15 H, m, ArH), 6.40 (1 H,d, 7 18.7), 6.18 (1 H, d, J
18.7), 1.58 (3 H, m, CH,, OH), 1.28 3 H,5), 0.87 3 H, t, 7 7.7);
J¢ 158.19, 135.92, 134.57, 129.52, 127.86, 119.73, 74.80, 34.68,
27.40, 8.26; v, fem™" 3433 (OH), 3067, 2968 (CH), 1618 (C=C);
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miz (€358 (M — H,0 + NH,)*, 20%], 376 [(M + NHY), 3]
{Found: 376.2097 {(M + NH/)"L Calc. for CH;,NOSI:
376.2097}.

3-Hydroxy-3-methy]-]-phenyldimethyisilylbut—l-ene 4e. Oil;
8y 7.54-7.23 (5 H, m, ArH), 6.23 (1H,4d,718.7),593 (1 H,4,J
18.7), 1.52(1 H, brs, OH),1.27(6H,s,2X% CH;), 0.32(6 H, 5,
2 x CH,); dc 155.06, 138.66, 137.77, 128.93, 127.74, 12244,
72.05, 29.30, —2.5T; Vuadem™’ 3342 (OH), 3068, 2972 (CH),
1616 (C=C); miz 203 [(M + H - H,0)*, 45%), 220 [(M -
H,0 + NH,)", 100}, 221 [(M + H)*, 20], 238 [(M + NH)*, 12]
{Found: 238.1627 [(M + NHy)']. Calc. for C,3H,.NOSi:
238.1627}.

‘ 3-Hydroxy-3-methy}-1-triethylsilylbut-1-ene 4f, Qil; 6y 6.16 (1

- H.4,J18.7),572(1 H, d, J18.7), 1.53 (1 H, brs, OH), 1.33(6

H,s 2% CH,),093(0H,t,J7.7,3% CH,CH,Si),0.57 (6 H, g,
J71.1,3 x CH,CH.Si); o 154.76, 120.33,72.07,29.4,7.27, 3.38;
vodcm™! 3383 (OH), 2954 (CH), 1620 (C=C); miz 183
(M + H— H,0)", 35%), 200 [(M — H0 +NH,)", 50]
{Found: 200.1835 (M — H,O + NH,)*]. Calc. for C;;H;(NSi:
200.1835}.

1-Hydroxy-2-triphenylsilylbut-2-¢ne 4g. Mp 131-132°C; Jy
7.57-7.17 (15 H,m, ArH), 6.12 (! H,q,77.0), 443(2H,s),1.85
(3 H,d, J7.0), 1.07 (1 H, br s, OH); 5 144.46, 136.78, 126.22,
134.55, 129.52, 127.93, 60.79, 15.30; Vomdcm ™' 3054 (OH), 3049
(CH), 1608 (C=C); miz 348 [(M + NH,)*, 20%] {Found:
348.1784 [(M + NH,)']. Cale. for C,,H,NOSi: 348.1784}.

1-Hydroxy-3-triphenylsilylbut-2-ene 4g’. Mp 135-136°C; dy
7.57-7.12 (15 H, m, ArH), 6.01 (1 H, 19, J 1.0, 54),433(2H,J
54),1.84(3H,4,J1.0), 1.33 (1 H, br s, OH); ¢ 145.02, 136.24,
133.71, 133.50, 129.55, 127.88, 60.14, 16.50; Vosdem ™! 3278
(OH), 3064 (CH), 1618 (C=C); mi= 330 (M*, 8), 348 [(M +
NH,)* 15] {Found: 348.1784 {(M + NH,)*]. Cale. for
C,,HoNOSI: 348.1784}.

General procedure for dehydration :

The alcohol 4 was dissolved in the required solvent (Table 1; 20
ml per gram of substrate) and CSA (50-200 mg per gram of
substrate) was added. The reaction was then equipped with a
Dean-Stark apparatus and heated under reflux (with gradual
concentration of the reaction by removal of toluene) until TLC
indicated complete consumption of starting material. After
cooling to room temperature the reaction mixture was diluted
with diethyl ether (ca. 30~50 ml), washed with saturated aque-
ous sodium hydrogen carbonate {2 x 30 ml), dried and evapor-
ated. Column chromatography (0-2% diethyl ether in light
petroleum) gave the dienes 5.

Spectral data for the butadienes Sa—c and Se—g

3-Methyl-1-triphenylsilylbuta-f,3-diene 5a. Mp 112-115°C;
"8,y 7.68-7.23 (15 H, m, ArH), 6.76 (1 H, d, J 18.8), 635 (1 H,
d,J18.8),5.51 (1 H, brs), 5.16 (1 H, brs), 1.98 (3 H. s, CH;}. é¢
151.58, 143.21, 135.90, 134.30, 129.45, 127.79, 122.56, 118.70,
17.98; vy fom ™' 3065, 3000 (CH), 1603 (C=C); miz 334 [M +
NH,)*, 20%], 327 [(M + H)*, 15] {Found: 327.1569 {(M + H)*;
C, 84.42; H, 6.93%. Calc. for C,3H,,Si: 327.1569; C, 84.61; H,
6.7970}.

3-Phenyl-1-triphenylsilylbuta-1,3-diene 5b. Mp (glass) 80-
90 °C; 8,y 7.54-7.14 (20 H, m, ArH), 6.84 (1 H, d, 718.7), 6.35(1
H.d,J 18.7),5.27 (2 H, brs, 2 x CH); 5 145.48, 141.95, 136.07,
135.08, 134.93, 134.60, 129.21, 128.81, 127.90, 127.45, 124.81,
120.13; vy dem™' 3018 (CH), 1598 (C=C); miz 406 [(M +
NH,)*, 32%], 389 [(M + H)",30] {Found: 389.1726 (M + H)'].
Calc, for CpHasSi: 389.1726}.

1-Tripheaylsilylbuta-1,3-diene Sc. Mp 107-109 °C; 8y 7.56-
7.25 (15 H, m, ArH}, 6.67-6.29 (3 H, m), 5.19 (2 H, m); d¢
149,64, 139.56, 135.98, 135.80, 134.43, 129.59, 127.91, 119.34;
v fem™' 3013 (CH), 1583, 1565 (C=C); iz 330 (M + NHL)",
5%, 276 [(M + NH, — C;Hp"*, 80] {Found: 330.1678 {(M +
NH,)*]. Calc. for C;;Hy,NSi: 330.1678}.

3-Methy}-1-dimethylphenylsilylbuta-1,3-diene  Se. Off; dy
7.51-7.29 (5 H, m, ArH), 6.64 (1 H, d, J18.7),591 (1 H,4,F
18.7), 5.07 (1 H, brs), 5.01 (1 H, brs), 1.84 (3 H, s, CH;), 0.36 (6
H, s, 2 X SiCH,); 6 2.48, 18.00, 117.75, 126.97, 127.82, 129.01,
133.92, 138.81, 143.44, 148.20; Vaadem™' 3068, 2957 (CH), 1577
(C=C); miz 202 (M*, 20%); 187 [(M — CH,)*, 90] [Found:
202.1178 (M™). Calc. for C,3H (S0 202.1178].

3-Methyl-1-triethylsilylbuta-1,3-diene 5. Qil; 6, 6.61 (1 H, 4,
J19.0),576 (1 H,4d,J 19.0), 5.04 (1 H, brs), 491 {1 H, br s),
1.85 (3 H, s, CH;). 0.96 (9 H, t, /7.9, SiCH,CH;), 0.60 (6 H, q, J
7.9, SICH,CH,); 6 147.70, 143.60, 125.62, 116.80, 17.87, 7.35,
3.48; v, Jom™ 2953 (CH), 1572 (C=C); miz 200 (M + NH,)",
70%], 183 [(M + H)*, 90] {Found: 183.1569 [(M + H)*}. Calc. -
for C,,H,;Si, 183.1569).

2-Triphenylsilylbuta-1,3-diene 5g. Mp 70-77 °C; 8y 7.60-7.26
(15 H, m, ArH), 6.67 (1 H, dd, 718.0, 10.8), 6.15(1 H,d, 7 2.5),
547(1H,d,72.5),506(1 H,d, J18.0), 502(1H,4d,J10.8):4c
14442, 141.27, 136.26, 135.11, 134.10, 129.53, 127.85, 118.52;
v, dom™! 3066 (CH), 1614 (C=C}; miz 330 [(M + NH,)*, 80%],
276 {(M + NH, — CjHy*, 100] {Found: 330.1678 [(M +
NH,)*]. Calc. for C,,H,,NOSi: 330.1678}.
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