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S i I icon - Directed D iene Synthesis 

Paul A. Brown, Roger V. Bonnert, Paul R. Jenkins,* Nicholas J. Lawrence 
and Mohammed R.  Selim 
Department of Chemistry, The University, Leicester, L E7 7RH, UK 

A synthesis of 2-substituted-I ,3-dienes is reported which uses silicon as a control element: Eight 
aldehydes were converted into a-silyl ketones by treatment with trimethylsilylmethylmagnesium 
chloride and rapid Collins oxidation. Addition of vinylmagnesium bromide to the resulting a-silyl 
ketones, followed by Peterson elimination, gave a series of dienes. The route was used to make 
(4s) -3-methylene-t- [ (phenylmethoxy) methoxy] pent-1 -ene from (-)-ethyl lactate; low asymmetric 
induction was observed in the Diels-Alder reactions of this diene with diethyl fumarate and N- 
phenylmaleimide. 

Our synthetic programme on the taxane natural products' 
required a reliable method for the conversion of an aldehyde 
into a 2-substituted-1,3-diene. Initial studies were based on a 
sequence in which the aldehyde 1 (Scheme 1) was treated with 
methylmagnesium bromide and the resulting alcohol was then 
oxidised to the ketone 2. Subsequent reaction with vinyl- 
magnesium bromide produced the tertiary allylic alcohol 3, 
treatment of which with acid leads to the initial formation of a 
tertiary allylic carbocation which loses one of three possible 
protons to give the three dienes 4-6. The elegant studies of 
Fleming2 have shown that silicon acts as an effective control 
element in this situation since nucleophilic attack at silicon is 
much faster than attack at a proton. Hence modification of the 
route outlined in Scheme 1 to introduce a strategic silyl group 
would be expected to lead to the regiocontrolled synthesis of a 
single diene instead of a mixture. Previous work in this area has 
shown that the Peterson elimination may be used to synthesize 
1-trimethylsilylbuta-1,3-diene3 and other 1,3-diene~;~ however, 
to the best of our knowledge, this is the first time that a 
trimethylsilyl group causes double-bond formation in one arm 
of a branching carbon framework leading to a single diene. We 
now report in full an effective route for the conversion of a range 
of aldehydes into 2-substituted- 1,3-dienes. 
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Scheme 1 

Results and Discussion 
The route outlined in Scheme 2 is described in detail for example 
a where R = Ph (the yields for all six examples are shown in 
Table 1). Benzaldehyde 7a combined with trimethylsilylmethyl- 
magnesium chloride to produce the silyl alcohol 8a in 97% yield. 
Rapid Collins oxidation5 with a reaction time of 1 min gave the 
silyl ketone 9a (94%). The length of reaction was important as 
longer reaction times resulted in desilylation of the product. We 
attempted to use a shorter procedure which has previously been 
reported by Akiba and co-workers6 and which involves reaction 
of the Grignard reagent with an acyl chloride to produce an 
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Scheme 2 Reagents: i, Me,SiCH,MgCI; ii, Cr0,Opyridine; iii, 
CH,=CHMgBr; iv, AcOH, AcONa; v, 4-Ph-1,2,4-triazole-3,5-dione; vi, 
maleic anhydride 

Table 1 Percentage yields of products %13 

Aldehyde 
7 RCHO 8 9 10 11 12(or 13) 

a; PhCHO 97 94 95 65 70(13) 
b PhCH,CHO 90 86 88 50 
c; Ph(CH,),CHO 91 97 78 73 72(12) 
d; C6Hl,CH0 90 95 94 70 77(12) 
e; C-C,jH, ICHO 85 93 84 60 76(12) 

C,H19CH0 88 98 74 84 

a-silyl ketone, but in our hands it was less efficient than the 
procedure described above (Oertle7 has used this method in 
conjunction with our diene synthesis to make the aggregation 
pheromone ipsenol). Ketone 9a was next treated with vinyl- 
magnesium bromide to give the tertiary allylic alcohol 10a 
(95%) which has the silyl group in the correct position for 
elimination to a 1,3-diene. In some cases the allylic alcohol was 
contaminated with traces of the starting ketone, but this did not 
affect the consequent reactions. The Peterson elimination* went 
according to plan; treatment of the alcohol 10a with acetic acid 
and sodium acetate gave a single diene lla. Maleic anhydride 
reacted with diene lla to produce a crystalline Diels-Alder 
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derivative 13a (70%). In three other cases crystalline products 
were obtained from the Diels-Alder reaction with 4-phenyl- 
1,2,4-triazole-3,5-dione (Cookson's dieneophile).' That the 
route is simple and clean was shown by the synthesis of the diene 
l l f ,  obtained from the aldehyde 7f in 52% yield without 
purification of any intermediate. 

We next investigated the preparation of a chiral substituted 
diene, in racemic form, and its subsequent Diels-Alder 
reactions. 2-Phenylpropionaldehyde 14 (Scheme 3) reacted 
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Scheme 3 Reagents: as for Scheme 2 

with trimethylsilylmethylmagnesium chloride to give a single 
diastereoisomer of the alcohol 15 (96%). It was not possible to 
obtain a crystalline derivative of this compound so the relative 
configurations of the two chiral centres were assigned using 
Cram's rule," which holds well for a number of examples of 
stereoselective addition to compound 14.' ' It is worthy of note 
that the diastereoselectivity observed here with the silylated 
nucleophile is remarkedly high when compared with the 
Cram : anti-Cram ratios observed in the addition of MeMgBr 
(66:34),"" MeZnX (60:40),"f MeCdX (60:40),'lf MeLi 
(75:25),"" PhMgBr (>80:20),"" MeTiCl, (90: 10)"" and 
'BuMgC1 (very high)'Ig to the same aldehyde 14. Oxidation 
of the alcohol 15 by the Collins procedure (to the ketone 16) 
and reaction with vinylmagnesium bromide furnished the 
tertiary allylic alcohol 17 as a single diastereoisomer which 
once again was assigned on the basis of Cram's rule. This 
assignment is in agreement with the observed stereoselectivity 
of additions to similar phenylethyl ketones.' The stereochemi- 
cal assignment of alcohols 15 and 17 is, of course, of little 
importance here since one of the stereogenic centres in each 
case is destroyed, as in the Peterson elimination from the silyl 
alcohol 17 which gave the racemic diene 18 (7373, which in 
turn reacted with Cookson's dieneophile to give the Diels- 
Alder adduct 19. 

Finally, the methodology was applied to the synthesis of a 
homochiral 1,3-diene derived from the aldehyde 22 (Scheme 4). 
(-)-Ethyl lactate 20 was converted into aldehyde 22 in a 
standard series of  reaction^'^ consisting of protection, as the 
benzyloxymethyl ether, reduction (lithium aluminium hydride) 
to give the alcohol 21 (we were unable to determine the optical 
purity at this stage since the Mosher ester 23 and that derived 
from racemic ethyl lactate gave no NMR signals that were 
suitably resolved), and finally oxidation to furnish the aldehyde 
22. The aldehyde 22 was of high optical purity (86%) by 
comparison with the known [a],-value.* Addition of trimethyl- 
silylmethylmagnesium chloride to the aldehyde 22 gave a single 
diastereoisomer of the alcohol 24 from which we were unable 
to obtain a suitable crystalline derivative for X-ray analysis; 
hence the configuration was assigned, yet again, by applying 
Cram's rule; a 4 : l  selectivity in this sense was observed, by 

* Optical rotation for compound 2 2  [a];' -22.7" (c 2.3 in THF) 
Calk5 -26.5" (c 1.5 in THF)). 
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Scheme 4 Reagents: i, PhCH,OCH,Cl, Pr',NEt; ii, LiAlH,; iii, 
Cr0,-pyridine; iv, 1,3-dicyclohexylcarbodiirnide (DCC), 2-methoxy-2- 
phenyl-3,3,3-trifluoropropionic acid, DMAP; v, Me,SiCH,MgCI; vi, 
vinylmagnesium bromide; vii, AcOH, AcONa 

Burke et a1.,I4 in the addition of prop-2-enylmagnesium 
bromide to the same aldehyde 22. Oxidation of the alcohol 24 
to the ketone 25, followed by addition of vinylmagnesium 
bromide, gave the alcohols 26a and 26b, this time as 2: 1 mixture 
of diastereoisomers. The Peterson elimination of this mixture of 
compounds 26a and 26b afforded the homochiral 1,3-diene 27 
(71%), which gave a Diels-Alder adduct 28 (94%) with 
Cookson's dieneophile. We are confident that the optical purity 
of the diene 27 is high, since when a (menthoxy)methoxy 
group" was used in place of the (benzy1oxy)methoxy group a 
diene of 91% diastereoisomeric esters (d.e.) was obtained. l6 
Reaction of the diene 27 with N-phenylmaleimide gave an 
adduct 29a and 29b (56%) which was a 1 : 1.28 mixture of 
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Scheme 5 Reagents and conditions: i, 4-phenyl- 1,2,4-triazole-3,5-dione, 
25 "C; ii, N-phenylmaleimide, toluene, reflux, 4 h; iii, diethyl fumarate, 
toluene, reflux, 4 h 
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stereoisomers, whereas diethyl fumarate gave adducts 30a and 
30b (61%) as a 1 : 1.3 mixture (Scheme 5) .  

Many examples of Diels-Alder reactions of dienes bearing 
chiral substituents are known but in all cases the chiral group is 
positioned at the terminal carbon of the diene. l7  In some cases a 
high degree of diastereoselectivity was observed. The results 
described above are markedly less selective than the reported 
examples for l-substituted-l,3-dienes. Although we have only a 
small number of examples, the lack of selectivity may be 
ascribed to the fact that the chiral group is not directly attached 
to the carbon undergoing bond formation, hence it's 
stereochemical influence is reduced. 

In conclusion we have developed a reliable method for the 
synthesis of dienes, which is based on the use of silicon as a 
control element. 

Experiment a1 
90 MHz 'H NMR spectra were recorded on a Varian EM-390 
spectrometer. High-field 'H NMR (400 MHz) and 13C NMR 
(100 MHz) spectra were recorded on a Bucker AM-400 
spectrometer in the highfield NMR service at the University of 
Warwick. NMR J-values are in Hz. Mass spectra were recorded 
on a V.G. micromass 16B spectrometer. Elemental analysis was 
carried out by CHN Analysis, Wigston, Leicester. IR spectra 
were recorded on a Perkin-Elmer 298 spectrometer. M.p.s were 
determined on a Kofler hot-stage and are uncorrected. 

Flash chromatography was carried out according to the 
method of Still et a1.18 by using silica gel manufactured by Merck 
and Co., Kiesel60,230400 mesh (ASTM). TLC was conducted 
on precoated aluminium sheets (60-254) with a 0.2 mm silica gel 
layer thickness, manufactured by Merck and Co. 

Light petroleum refers to the 40-60°C fraction; both light 
petroleum and ethyl acetate were distilled prior to use. 
Tetrahydrofuran (THF) and toluene were distilled from sodium 
metal in the presence of benzophenone. Ether refers to diethyl 
ether, which was distilled from LiA1H4. 

Unless specified as otherwise, standard aq. work-up involved 
addition of aq. ammonium chloride and extraction with ether 
( x 3). The extracts were dried (Na2S04), and evaporated under 
reduced pressure. 

1 -Phenyl-2-(trimethylsilyl)ethanol 8a.-To a solution of 
benzaldehyde (1.5 g, 14.1 mmol) in ether (15 cm3) was added 
trimethylsilylmethylmagnesium chloride (14.1 cm3 of a 1.3 mol 
dm-, solution in ether, 18.3 mmol) at room temperature under 
nitrogen. The mixture was heated under reflux for 1.5 h and, 
after cooling, standard aq. work-up and distillation gave the 
alcohol 8a19 (2.56 g, 97%) as an oil, b.p. 100-103 "C/2 mmHg 
(lit.,19 103-104 "C/3 mmHg); R, 0.20 [ether-light petroleum 
(1 : 9, v/v)]; v,a,(film)/cm-l 3300-3500s (br, OH), 2940s, 1250s, 
lOOOs and 855s; dH(300 MHz; CDCl,, pyrazine as standard) 
-0.06 (9 H, s, Me,Si), 1.21 (1 H, dd, J 14 and 7, CHaHbSi), 1.30 
(lH,dd,J14and7,CHaHbSi),1.59(1H,brs,OH),4.85(1H,t, 
J 7, CHOH) and 7.27-7.38 (5 H, m, ArH); 6,(75 MHz; 
CDCl,) 0.00 (4, Me,Si), 28.54 (t), 72.9 (d), 125.78 (d), 127.51 (d), 
128.46 (d) and 146.59 (s); m/z 193 (6%, M +  - 1) and 73 (100, 
SiMe,). 

l-Phenyl-3-(trimethylsilyl)propan-2-0/ 8b.-In the same way 
phenylacetaldehyde 7b (2.5 g, 20.8 mmol) and trimethylsilyl- 
methylmagnesium chloride (20.8 cm3 of a 1.3 mol dm-, solution 
in ether, 27.0 mmol) gave the alcohol 8b19 (3.90 g, 90%) as an oil; 
R, 0.40 [ether-light petroleum (1 : 9, v/v)]; b.p. 160-163 "C/0.5 
mmHg (lit.,19 62 "C/0.17 mmHg) (Found: C, 69.0; H, 9.5. Calc. 
for C,,H,,OSi: C, 69.16; H, 9.67%); v,,,(filrn)/cm-' 3550- 
3200m (br, OH), 2975s, 1250s, 1080s and 860; 6H(300 MHz; 
CDCI,, pyrazine standard) 0.084 (9 H, s, Me,Si), 0.91 (1 H, d, J 

6.1, CHaHbSi), 0.94 (1 H, d, J 7.7, CHaHbSi), 1.48 (1 H, br s, 
OH), 2.65 (1 H, dd, J 15.5 and 8.5, PhCHaHb), 2.87 (1 H, dd, J 
15.50 and 3.70, PhCHaHb), 3.954.04 (1 H, m, CHOH) and 
7.20-7.36 ( 5  H, m, ArH); dC (75 MHz; CDCI,) -0.69 (q), 
25.95 (t), 47.60 (t), 70.84 (d), 128.39 (d), 129.0 (d), 129.39 (d) and 
138.85 (s); m/z 208 (7%, M+), 117 (90, M - H 2 0  - SiMe,) and 
73 (100, SiMe,). 

4-Phenyl- 1 -(trimethylsily/)butan-2-01 &.-In the same way 
hydrocinnamaldehyde 7c (2.7 g, 20.14 mmol) and trimethyl- 
silylmethylmagnesium chloride (21.7 cm3 of a 1.3 mol dm-, 
solution in ether, 28.19 mmol) gave the alcohol8c (4.06 g, 91%) 
as an oil, b.p. 12Cb123 "C/0.4 mmHg (Found: C, 70.3; H, 9.85. 
C, ,H,,OSi requires C, 70.21; H, 9.97%); R, 0.26 [ether-light 
petroleum (1 : 9, v/v)]; v,,,(film)/cm-' 3500-3250m (br, OH), 
1250s, 1030s, 840s and 700s; 6,(300 MHz; CDCl,, pyrazine 
standard) 0.05 (9 H, s, Me3Si), 0.92 (1 H, d, J7.5, CHaHbSi), 0.95 
(1 H, d, J7.5, CHaHbSi), 1.37 (1 H, br s, OH), 1.70-1.94 (2 H, m, 
PhCH,CH,), 2.63-2.97 (2 H, m, PhCH,), 3.84 (1 H, m, CHOH) 
and 7.16-7.33 (5 H, m, ArH); 6,(75 MHz; CDCl,) -0.70 (9, 
Me,%), 26.81 (t), 32.22 (t), 42.40 (t), 69.54 (d), 125.50 (d), 128.33 
(d) and 142.18 (s); m/z 222 (5%, M f )  and 91 (100, PhCH,). 

1- Trimethylsilyloctan-2-01 8d.-In the same way hept- 
aldehyde 7d (3 g, 26.3 mmol) and trimethylsilylmethyl- 
magnesium chloride (26.3 cm3 of a 1.3 mol dm-, solution in 
ether, 34.1 mmol) gave the alcohol 8d" (4.7 g, 90%) as an oil, 
b.p. 105-108 "C/0.5 mmHg (lit.,19 156-168 "C); R, 0.58 [ether- 
light petroleum (1 : 5, v/v)]; v,ax(film)/cm-l 3600-3200s (br, 
OH), 2850s, 1465s, 1250s and 840; 6,(300 MHz; CDCI,, 
pyrazine standard) 0.03 (9 H, s, Me,Si), 0.81-0.89 ( 5  H, m, 
CH2Si and Me), 1.27-1.48 (11 H, m, 5 x CH, and OH) and 
3.73-3.79 (1 H, m, CHOH); 6,(75 MHz; CDCI,) -0.68 (q), 
14.02 (q), 22.60 (t), 25.75 (t), 26.76 (t), 29.30 (t), 31.88 (t), 40.90 (t) 
and 70.13 (d); m/z 202 (0.1%, M'), 184 (6, M - H 2 0 )  and 73 
(100, SiMe,). 

l-Cyclohexyl-2-( trimethylsily1)ethanol 8e.-In the same way 
cyclohexanecarbaldehyde 7e (2.5 g ,  22.3 mmol) and tri- 
methylsilylmethylmagnesium chloride (22.3 cm3 of a 1.3 mol 
dm-3 solution in ether, 28.99 mmol) gave the alcohol 8e5 (4.20 g, 
85%) as an oil, R, 0.61 [ether-light petroleum (1 : 5, v/v)]; b.p. 
95-98 "C/2 mmHg (lit.,' 120 "C/0.5 mmHg) (Found: C, 66.0; 
H, 11.9. C,,H,,OSi requires C, 65.92; H, 12.07%); vmaX- 
(film)/cm-' 3600-3300m (br, OH), 1250s and 860s; 6,(300 
MHz; CDCl,, pyrazine standard) 0.03 (9 H, s, Me,%), 0.72 (1 H, 
dd, J 14.6 and 9.45, CHaHbSi), 0.83 (1 H, dd, J 14.6 and 4.6, 
CHaHbSi), 0.88-1.88 (12 H, m, C,H,, and OH) and 3.54 (1 H, 
quint, J 4.6, CHOH); 6,(75 MHz, CDCl,) -0.73 (q), 22.78 
(t), 26.24 (t), 26.43 (t), 26.63 (t), 27.45 (t), 29.45 (t), 46.32 (d) and 
74.25 (d); m/z 182 (3%, M - H 2 0 )  and 73 (100, SiMe,). 

1 -( Trimethylsilyl)undecan-2-0/ 8f.-In the same way un- 
decanal 7f (1 g, 6.3 mmol) and trimethylsilylmethylmagnesium 
chloride (4.8 cm3 of a 1.6 mol dm-, solution in ether, 7.7 mmol) 
gave the alcohol 8f (1.35 g, 88%) as an oil, b.p. 100-104 O C / l  
mmHg; v,,,(film)/cm-' 3460br (OH), 2960s, 2940s, 2860s, 
1255s and 865s; 6,(90 MHz; CDCI,) 0.06 (9 H, s, SiMe,), 
0.84-1.00 (5 H, m, SiCH, and CH2Me), 1.30-1.86 (17 H, m, 
[CH,], and OH) and 3.60-3.93 (1 H, m, CHOH). 

1 - Phenyl-2-(trimethylsilyl)ethanone 9a.-To a stirred solution 
of pyridine (7.7 g, 91.6 mmol) in dry dichloromethane (100 cm3) 
was added chromium(v1) oxide (7.56 g, 76.4 mmol). An 
exothermic reaction occurred and the mixture became deep red 
during 30 min. A solution of the alcohol 8a (2.2 g, 11.3 mmol) in 
dichloromethane (10 cm3) was added in one portion. The 
solution became brown immediately and TLC showed no 
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starting material. The mixture was then filtered through a short 
silica column and the residues were washed with ether (3 x 100 
cm3). Removal of the solvent, under reduced pressure, and 
distillation gave the ketone 9a2' (2.05 g, 94%) as a yellow oil, 
b.p. 110-112 "C/8 mmHg (lit.,,' 47-50 "C/O.lS mmHg); R, 0.33 
[ether-light petroleum (1 : 9, v/v)] (Found: C, 68.9; H, 8.3. Calc. 
for C,,H,,OSi: C, 68.69; H, 8.31%); v,,,(film)/cm-' 1660s 
(CO), 1595m, 1580m, 1270s and 850s; 6H(300 MHz; CDCI,, 
pyrazine standard) 0.08 (9 H, s, Me$), 2.76 (2 H, s, CH,Si) and 
7.42-7.92 (5  H, m, ArH); 6,(75 MHz; CDCl,) -0.99 (q), 
33.57 (t), 128.19 (d), 128.32 (d), 132.40 (d), 138.33 (s) and 199.32 
(s, CO); m/z 192 (50%, M'), 177 (57, M - Me), 77 (50, Ph) and 
73 (100, Me,Si). 

1 - Phenyl-3-(trimethylsilyl)propan-2-one 9b.-In the same 
way the alcohol 8b (3.2 g, 15 mmol) gave the ketone 9b21 (2.65 g, 
86%) as a yellow oil, b.p. 130-133 "C/0.5 mmHg; R, 0.25 [ether- 
light petroleum (1 : 9, v/v)] v,,,(film)/cm-' 1690s (CO), 1450s, 
1250s, 1100s and 850s; 6,(90 MHz; CDCl,, pyrazine 
standard) 0.13 (9 H, s, Me,Si), 2.27 (2 H, s, CH,Si), 3.65 (2 H, s, 
PhCH,) and 7.13-7.50 (5 H, m, ArH); m/z 206 (loo%, M+), 115 
(46, M - H,O - SiMe,) and 73 (54, SiMe,). 

4- Phenyl-l-(trimethylsilyl)butan-2-0ne 9c.-In the same way 
the alcohol 8c (3.5 g, 15.76 mmol) gave the ketone 9c (3.36 g, 
97%) as a yellow oil, b.p. 160-162 "C/0.4 mmHg; (Found: C, 
70.85; H, 9.1. C,,H,,OSi requires C, 70.80 H, 9.14%); R, 0.58 
[ether-light petroleum (1 : 9, v/v)]; v,,,(film)/cm-' 1690m 

CDCl,, pyrazine standard) 0.08 (9 H, s, Me,Si), 2.22 (2 H, s, 
CH,Si), 2.67 (2 H, t, J 7.9, PhCH,CH,), 2.88 (2 H, t, J 7.9 
PhCH,) and 7.15-7.31 (6 H, should be 5 H, ArH); 6475 

128.35 (d), 141.36 (s) and 207.96 (s, GO); m/z 220 (loo%, M + )  
and 91 (95, PhCH,). 

(CO), 1580~, 1430~, 1250~, 1030~, 850s and 700s; dH(300 MHz; 

MHz; CDCl,) - 1.13 (q), 29.99 (t), 38.28 (t), 46.00 (t), 125.93 (d), 

1-( Trimethylsilyl)octan-2-one 9d.-In the same way the 
alcohol 8d (4 g, 19.8 mmol) gave the ketone 9d (3.7 g, 95%) as a 
purple oil, b.p. 125-127 "C/0.8 mmHg; Rf 0.72 [ether-light 
petroleum (1 : 5, v/v)]; v,,,(film)/cm-' 1690s (CO); 6,(300 
MHz; CDCl,, pyrazine standard) 0.05 (9 H, s, Me,Si), 0.81 (3 H, 
t, J 6, Me), 1.19-1.53 (8 H, m, 4 x CH,), 2.15 (2 H, s, CH,Si) 
and 2.28 (2 H, t, J 7.2, CH,COCH,Si); 6,(75 MHz; CDCI,) 

(t), 44.38 (t) and 209.19 (s, CO); m/z 200 (52%, M'), 185 (55,  
M - Me), 143 (89, M - C,H,), 115 (100, M - CH,SiMe,) 
and 73 (100, SiMe,). 

- 1.15 (q), 13.87 (q), 22.40 (t), 23.96 (t), 28.92 (t), 31.57 (t), 37.95 

1 -Cyclohexyl-2-(trimethylsilyl)ethanone 9e.-In the same 
way the alcohol 8e (4 g, 20 mmol) gave the ketone 9e5 (3.75 g, 
93%) as a purple oil, b.p. 100-105 "C/0.5 mmHg (lit.,5 
120 "C/0.5 mmHg); R, 0.70 [ether-light petroleum (1 : 5,  v/v)]; 
v,,,(film)/cm-' 1685m- (CO) and 850s; 6,(300 MHz; 
CDCl,, pyrazine standard) 0.06 (9 H, s, Me,Si), 1.1C1.84 (12 H, 
should be 10 H, m, 5 x CH,), 2.18 (2 H, s, CH,Si) and 2.19-2.24 
(1 H, m, CH); 6,(75 MHz; CDCl,) -0.93 (q), 25.77 (t), 25.89 
(t), 28.43 (t), 28.57 (t), 28.61 (t), 36.00 (t), 51.99 (d) and 212.49 (s, 
CO); m/z 198 (15%, M+), 115 (97, M - C,H,,) and 73 100, 
Si Me ,). 

1-( Trimethylsilyl)undecan-2-one 9f.-In the same way the 
alcohol 8f (1.35 g, 5.5 mmol) gave the crude ketone 9f (1.3 g) as 
an oil; v,,,(film)/cm-' 2960s, 2860s, 1695s (C=O), 1255s and 
860s; SH(9O MHz; CDCl,) 0.09 (9 H, s, SiMe,), 0.85 (3 H, m, 
Me), 1.25-1.76 (14 H, m, [CH,],), 2.16 (2 H, s, SiCH,) and 2.30 
(2 H, t, J 7, COCH,CH,) and was used crude in the next 
reaction. 

2-Phenyl-l-(trimethylsilyl)but-3-en-2-ol 10a.-To a solution 
of the ketone 9a (1.9 g, 9.8 mmol) in THF (80 cm3) at 0 "C was 
added vinylmagnesium bromide (11.3 cm3 of a 1 mol dm-, 
solution in THF, 11.3 mmol) under nitrogen. The mixture was 
stirred at 0 "C for 30 min. Standard aq. work-up and chromato- 
graphy gave the allyl alcohol 10a (1.69 g, 95%) as an oil, R, 0.42 
[ether-light petroleum (1 : 9, v/v)]; v,,,(film)/cm-' 3600-3300m 
(br, OH), 2900s, 2895s, 1490s, 1300s, 920s and 770s; 6,(90 MHz; 
CDCl,, pyrazine standard) 0.03 (9 H, s, Me,%), 1.29-1.99 (2 H, 
m, CH,Si), 2.00 (1 H, s, OH), 5.08-5.57 (2 H, m, CH=CH2), 6.40 
(1 H, dd, J 17 and 11, CH=CH,) and 7.30-7.82 (5 H, m, ArH), 
which was used crude in the next reaction. 

2-Benzyl- 1 -(trimethylsilyl)but-3-en-2-ol 10b.-In the same 
way the ketone 9b (2 g, 9.7 mmol) and vinylmagnesium bromide 
(14.5 cm3 of a 1 mol dm-, solution in THF, 14.5 mmol) gave the 
crude allyl alcohol 10b (2.02 g) as a yellow oil, R, 0.52 [ether- 
light petroleum (1 : 9, v/v)]; v,,,(film)/cm-' 35W3300m (br, 
OH), 1690m (CO, P-keto silane 9b), 1250s, 845s and 700s; 6,- 
(90 MHz; CDCl,, pyrazine) 0.13 (s, starting material 9b) 0.15 (9 
H, s, Me,Si), 1.3 (2 H, s, CH,Si), 2.3 (s, starting material 9b), 2.85 
(2 H, s, PhCH,), 3.63 (s, starting material), 4.98-5.27 (2 H, m, 
CH=CH,), 6.00 (1 H, dd, J 17, 10, CH=CH,) and 7.1-7.5 (9 H, 
should be 5 H, m, ArH); O H  was not observed. This mixture of 
starting material 9b and product 10b was used without further 
purification. 

5-Phenyl-3-(trimethylsilylmethyl)pent-l-en-3-01 10c.-In the 
same way the ketone 9c (3 g, 13.63 mmol) and vinylmagnesium 
bromide (19.08 cm3 of a 1 mol dm-, solution in THF, 19.08 
mmol) gave the allyl alcohol 1Oc (2.59 g, 78%) as an oil, b.p. 165- 
167 "C/0.4 mmHg (Found: C, 72.8; H, 9.7. C15H240Si requires 
C, 72.51, H, 9.73%); R, 0.57 [ether-light petroleum (4: 1, v/v)]; 
v,,,(film)/cm-' 3580-3400s (br, OH), 1450s, 1250s, 1030s, 
840s and 740; 6,(300 MHz; CDCl,, pyrazine standard) 0.07 
(9 H, s, Me,%), 1.1 1 (2 H, s, CH,Si), 1.46 (1 H, s, OH), 1.82 (1 H, 
ddd, J 13.6,9.9 and 6.3, PhCH,CHaHb), 1.92 (1 H, ddd, J 13.6, 
9.9 and 6.3, PhCH,CHaHb), 2.55-2.72 (2 H, m, PhCH,), 5.11 
(1 H, dd, J 10.7 and 1.3, CHSHtransHcis), 5.26 (1 H, dd, J 
17.29 and 1.30, CH=CHtransHcis), 5.94 (1 H, dd, J 17.2 and 10.7, 
C H S H , )  and 7.14-7.31 (5 H, m, ArH); 6,(75 Mz; CDC1,) 
0.55 (q), 30.43 (t), 31.54 (t), 45.89 (t), 75.80 (s), 111.41 (t), 128.31 
(d), 128.35 (d), 142.50 (s) and 145.58 (d); m/z 230 (16, M - 
H,O) and 91 (100, PhCH,); M +  peak (m/z 248) was not 
observed. 

34  Trimethylsilylmethyl)non- 1-en-3-01 10d.-In the same way 
ketone 9d (3.2 g, 16 mmol), and vinylmagnesium bromide (20.8 
cm' of a 1 rnol dm-, solution in THF, 20.8 mmol) gave a 
mixture of the allyl alcohol 10d and starting material 9d (crude 
yield 3.42 g) as a yellow oil, Rf 0.84 [ether-light petroleum 
(1 5 : 85, v/v)]; v,,,(film)/cm-' 3600-3400m (br, OH) and 
1680m (CO, 0-keto silane 9d); 6,(90 MHz; CDCl,, pyrazine) 
0.12 (9 H, s, Me,Si), 0.73-2.48 (20 H, should be 16 H, m, 
5 x CH,, SiCH,, Me and OH), 4.93-5.28 (2 H, m, C H S H , )  
and 5.90 (1 H, dd, J 17 and 11, CHSH, ) ;  this mixture was used 
in the next stage without further purification. 

2-Cyclohexyl-l-(trimethylsilyl)but-3-en-2-ol 10e.-In the 
same way the ketone 9e (3.5 g, 17.6 mmol) and vinylmagnesium 
bromide (22.9 cm3 of a 1 mol dm-, solution in THF, 22.9 mmol) 
gave a mixture of the allyl alcohol 10e and P-keto silane 9e (crude 
yield 3.33 g) as a yellow oil, R, 0.60 [ether-light petroleum (1 : 10, 
v/v)]; v,,,(film)/cm-' 3600-3300m (br, CH), 1680m (CO, P-keto 
silane) and 860s; 6,(90 MHz; CDCl,, pyrazine) 0.03 (9 H, s, 
Me,Si), 0.7-1.94 (13 H, m, 6 x CH, and OH), 3.7 (1 H, br s, 
CH,CHCH,), 4.93-5.23 (2 H, m, CH=CH,) and 5.83 (1 H, dd, J 
17.5 and 10, CHSH, ) ,  which was used crude in the next reaction. 
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3-(TrirnethyIsiZylmethyl)dodec-l-en-3-01 10f.-In the same 
way crude keto silane 9f (1.3 g, 5.3 mmol) and vinylmagnesium 
bromide (8 cm3 of a 1 mol dm-, solution in THF, 8 mmol) gave 
the crude allyl alcohol 10f (1.06 g) as an oil, v,,,(film)/cm-' 
3480br s, 2960s, 164Ow, 1255s, 865s and 845s; 6,(90 MHz; 
CDCI,) 0.05 (9 H, s, SiMe,), 0.84 (3 H, m, Me), 1.02 (2 H, s, 
SiCH,), 1.25 (16 H, m, [CH2l8), 1.86 (1 H, s, OH), 4.98 (1 H, dd, 
J 10 and 1, CHSHcisHtrans), 5.13 (1 H, dd, J 17 and 1, 
CH-CHcisHtrans) and 5.87 (1 H, dd, J 17 and 10, CH=CH,), 
and was used crude in the next reaction. 

2- Phenylbuta- 1,3-diene 1la.-A saturated solution of sodium 
acetate in glacial acetic acid (6 an3) was added to the allyl 
alcohol 1Oa (1.6 g, 7.2 mmol) and the mixture was stirred at 
60 "C for 30 min before being poured into water (200 cm3) and 
neutralised to pH 7 (Universal Indicator) with aq. sodium 
hydrogen carbonate. Standard aq. work-up and flash chroma- 
tography gave the diene l la2 ,  (0.65 g, 65%) as an oil, b.p. 
105-107 "C/lOmmHg (lit.,,, 55-60 "C/l5 mmHg); R, 0.74 (light 
petroleum); vmax(film)/cm-l 3080s, 1490m and 775s; dH(300 MHz; 
CDCl,) 5.15-5.29 (4 H, m, 2 x CH,), 6.61 (1 H, dd with further 
splitting, J 17.1 and 11.2, C H S H , )  and 7.20-7.39 (5 H, m, ArH); 

128.20 (d), 138.18 (d), 139.82 (s) and 148.33 (s); m/z 130 (loo%, 
M+), 103 (11, M -C,H3) and 77 (28, Ph). 

6c(75 MHz; CDCl,) 116.58 (t), 117.02 (t), 127.41 (d), 128.08 (d), 

2-Benzylbuta- 1,3-diene 11 b.-In the same way the crude allyl 
alcohol 10b (2 g) gave the diene l lb2,  (0.46 g, 50%) as an oil 
which decomposed 3 days after preparation, R, 0.67 (light 
petroleum) (Found: C, 91.3; H, 8.7. Calc. for CllH12: C, 91.6; H, 
8.39%); v,,,(film)/cm-' 2960s, 1595s, 1450s, 990s and 785s; 
6,(90 MHz; CDCl,) 3.52 (2 H, s, PhCH,), 4.87 (1 H, br s, 
W H a H b ) ,  5.01 (1 H, d, J 10, CH=CHcisHtrans), 5.10 (1 H, br s, 
M H a H b ) ,  5.20 (1 H, d, J 17, CH=CHcisHtrans), 6.37 (1 H, dd, 
J 18 and 11, 3-H) and 7.08-7.36 (5  H, m, ArH); m/z 144 (93%, 
M +) and 9 1 (100, PhCH,). 

2-(2-PhenyZethyZ)buta- 1,3-diene 1lc.-In the same way the 
allyl alcohol 1Oc (1.6 g, 6.4 mmol) gave the diene l l c  (0.72 g, 
73%) as an oil, R, 0.63 (light petroleum) (Found: C, 90.9; H, 9.0. 
C12H14 requires C, 91.08; H, 8.92%); v,,,(filrn)/cm-' 1595s, 
900s and 750s; 6H(300 MHz; CDC1,) 2.50 (2 H, t, J 9 with 
further splitting, PhCH,CH,), 2.80 (2 H, t, J 9 with further 
splitting, PhCH,), 4.99 (1 H, br s, CCHaCHb), 5.03 (1 H, br s, 
CCHaCHb), 5.07 (1 H, d, J 11, CH=CHtransHcis), 5.27 (1 H, d, J 
18, CHSHtransHcis), 6.10 (1 H, dd, J 18 and 11, CH=CH) and 
7.10-7.35 (5  H, m, ArH); 6, (75 MHz; CDCl,) 33.38 (t), 34.66 
(t), 113.16 (t), 115.89 (t), 125.82 (d), 128.28 (d), 128.32 (d), 138.79 
(d), 142.76 (s) and 145.76 (s); m/z 158 (50%, M + )  and 91 (100, 
PhCH,). 

2-HexyZbuta-1,3-diene 1ld.-In the same way the crude allyl 
alcohol 1Od (3.2 g) gave 2-hexylbuta-1,3-diene l ld2,  (1.36 g, 
70%) as an oil, b.p. 80-83 "C/0.5 mmHg (lit.,,, 190-200 "C); 
v,,,(film)/cm-' 2960s, 2 9 2 0 ~ ~  2 8 4 0 ~ ~  1720s, 1595s and 895s; 
6,(90 MHz; CDCl,) 0.83-2.48 (13 H, m, 5 x CH, and Me), 
4.98 (3 H, br s, CCH,, and CHSHtransHcis), 5.23 (1 H, d, J 18, 
CHXHtransHcis) and 6.36 (1 H, dd, J 18 and 10, CHSH,) ;  
m/z 138 (9%, M+), 109 (10, M - C2H,), 81 (21, M - C4H9), 68 
(100, C5H8) and 67 (33, M - C5H1 I). 

2-Cyclohexylbuta-l,3-diene 1le.-In the same way the crude 
allyl alcohol 1Oe (3 g) gave 2-cyclohexylbuta-1,3-diene l l e  (1.09 
g, 60%) as an oil, b.p. 96-98 "C/0.5 mmHg; R, 0.68 [ 10% ether- 
light petroleum (1 : 9, v/v)]; v,,,(film)/cm-' 1595s, 1580s, 

5 x CH,), 2.21 (1 H, m, cyclohexyl 1-H), 4.93 (1 H, s with 
further splitting, CCHaHb), 5.01 (1 H, dd, J 10.8 and 1, 

1450s and 895; SH(300 MHz; CDCl,) 0.85-1.84 (10 H, m, 

CHSHtransHcis), 5.26 (1 H, dd, J 17.6 and 1, CHSHtrans- 
Hcis) and 6.31 (1 H, dd, J 17.6 and 10.8, CHSH,); 6475 

112.29 (t), 112.48 (t), 138.88 (d) and 152.21 (s); m/z 136 (52%, 
M'), 121 (100, M - Me), 107 (82, M - C,H,), 93 (75, M - 
C3H7) and 53 (33, C4H5). 

MHz; CDCI,) 26.58 (t), 26.97 (t), 29.73 (t), 32.99 (t), 39.51 (d), 

2-Nonylbuta-1,3-diene 1lf.-In the same way the crude allyl 
alcohol 10f (LO6 g) gave the diene l l f  (0.59 g, 52% from 7f) as an 
oil, Rf 0.95 (light petroleum) (Found: C, 86.5; H, 13.4. C13H24 
requires C, 86.58; H, 13.42%); v,,,(film)/cm-' 2960s, 2860s, 
1640w, 1600m, 905s and 895s; 6,(90 MHz; CDCl,) 0.86 (3 H, t, J 
6, Me), 1.26 (14 H, m, [CH,],), 2.15 (2 H, t, J8 ,  CH,CH,C), 4.92 
(2 H, s, CCH,), 5.01 (1 H, d, J 10, CH=CHcisHtrans), 5.17 (1 H, 
d, J 18, CH=CHcisHtrans) and 6.34 (1 H, dd, J 10 and 18, 
CHXH2). 

8-Phenyl-3-(2-phenylethyZ)- 1,6,8-triazabicyclo[4.3.0]non-3- 
ene-7,9-dione 12c.-A solution of 4-phenyl- 1,2,4-triazole- 
3,5(4H)-dione (0.11 g, 0.62 mmol) in dry acetone (1 cm3) was 
added dropwise to a solution of the diene l l c  (0.09 g, 0.56 
mmol) in dry dichloromethane (1 cm3) until a red colour 
appeared, using the reaction mixture was stirred for 0.5 h at 
room temperature. Removal of the solvent under reduced 
pressure and recrystallisation of the residue from methanol gave 
the triaza dione 12c (0.14 g, 72%) as crystals, m.p. 136-137 "C 
(from MeOH) (Found: C, 72.1; H, 5.7; N, 12.6. C,,H1,N3O2 
requires C, 72.05; H, 5.74; N, 12.60%); v,,,(Nujol)/cm-l 2850s, 

(2 H, t, J7.5, PhCH,CH,), 2.81 (2 H, t, J7.5, PhCH,), 4.08 (2 H, 
br s, W C H , ) ,  4.12 (2 H, br s, M C H , ) ,  5.62 (1 H, br s, CH=C) 
and 7.167.54 (11 H, should be 10 H, m, ArH); 6,(300 MHz; 
CDCl,) 33.97 (t), 35.92 (t), 43.23 (t), 45.67 (t), 115.41 (d), 125.31, 
126.26 (d), 127.94 (d), 128.20 (d), 128.50 (d), 129.03 (d), 131.39 
(s), 132.35 (s), 140.57 (s), 152.22 (s) and 152.34 (s); m/z 333 (75%, 
M'), 242 (100, M - PhCH,), 91 (54, PhCH,) and 77 (6, Ph). 

1770s ( c o ) ,  1690s ( c o )  and 735s; 6H(300 MHz; CDCl,) 2.44 

3- Hexyl-8-phenyl- 1,6,8-triazabicyclo[4.3.O]non-3-ene-7,9- 
dione. 12d.-In the same way 2-hexylbuta-1,3-diene l l d  (0.07 g, 
0.5 mmol) and 4-phenyl- 172,4-triazole-3,5(4H)-dione (0.09 g, 
0.51 mmol) gave the triaza dione 12d (0.12 g, 77%) as a solid, 
m.p. 119-120 "C (from MeOH) (Found: C, 68.9; H, 7.4; N, 13.4. 
C18H,,N@, requires C, 68.98; H, 7.36; N, 13.40%); 
vmax(Nujol)/cm-l 1780m and 1686m (CO); 6H(400 MHz; 
CDCl,) 0.88 (3 H, J7 ,  Me), 1.25-1.50 (8 H, m, 4 x CH,), 2.12 (2 
H, t, J 7.1, CCH,CH,), 4.04 (2 H, s with further splitting, 
CH,C=C), 4.13 (2 H, s with further splitting, CH,C=C), 5.60 (1 
H, m, CH=C) and 7.24-7.52 (5 H, m, ArH); 6,(100 MHz; 

43.06 (t), 45.41 (t), 114.25 (d), 125.23 (d), 127.84 (d), 128.94 (d), 
131.22 (s), 133.04 (s), 152.13 (s) and 152.24 (s); m/z 313 (loo%, 
M +), 228 (9, M - C6Hl ,) and 77 (6, Ph). 

CDCl,) 13.86 (q), 22.37 (t), 27.22 (t), 28.64 (t), 31.40 (t), 34.16 (t), 

3-Cyclohexyl-8-phenyl- 1,6,8-triazabicycl0[4.3.O]non-3-ene- 
7,9-dione 12e.-In the same way 2-cyclohexylbuta- 1,3-diene 1 l e  
(0.08 g, 0.5 mmol) and 4-phenyl- 1,2,4-triazole-3,5(4H)-dione 
(0.12 g, 0.6 mmol) gave the triaza dione 12e (0.137 g, 76%) as 
crystals, m.p. 145-146 "C (from MeOH) (Found: C, 69.2; H, 6.8; 
N, 13.45. C18H21N,0, requires C, 69.42; H, 6.79; N, 13.49%); 
vmaX(Nujol)/cm-' 2870s, 1775m, 1700s (CO) and 770s; 6"- 
(300 MHz; CDCl,) 1.14-2.01 (11 H, m, C6HI1), 4.10-4.15 (4 H, 
m, CH,C==CCH,), 5.62 (1 H, br s, CH=C) and 7.33-7.60 (5 H, m, 
ArH); &(75 MHz; CDCl,) 26.04 (t), 26.39 (t), 31.80 (t), 42.99 
(t), 43.33 (d), 44.48 (t), 112.96 (d), 125.34 (d), 127.90 (d), 129.01 
(d), 131.46 (s), 138.20 (s), 152.31 (s) and 152.36 (s); m/z 311 (lo%, 

and 77 (10, Ph). 
M'), 228 (27, M - CsHII), 119 (52, PhNCO), 91 (21, PhN) 
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4- Phenylcyclohex-4-ene- 1,2-carboxylic Anhydride 13a.-To a 
solution of the diene l l a  (0.25 g ,  1.9 mmol) in xylene (2 cm3) was 
added maleic anhydride (0.18 g, 1.9 mmol). After 1 h the crystals 
were filtered off and washed with light petroleum to give the 
anhydride 13a (0.31 g, 70%) as crystals Rf 0.33 (light petroleum); 
m.p. 104 "C (from EtOH) (Found: C, 73.4; H, 5.3. C14H1203 
requires C, 73.66; H, 5.30%); v,,,(Nujol)/cm-' 1770s (CO), 
1235s, 940s and 825s; 6,(90 MHz; CDCl,, SiMe,) 2.16-3.84 
(6 H, m, 2 x CH, and 2 x CH), 6.01-6.30 (1 H, m, CH=C) and 
7.1-7.41 (5 H, m, ArH); 6,(75 MHz; CDCl,) 24.85 (t), 27.00 
(t), 39.68 (d), 40.60 (d), 122.74 (d), 125.44 (d), 127.84 (d), 128.59 
(d), 139.72 (s), 140.01 (s) and 173.92 (s); m/z 228 (48%, M'), 200 
(44, M - CO) and 156 (100, M - C203).  

(2RS,3SR)-3-Phenyl-l-(trimethylsilyZ,)butan-2-01 15.-By use 
of the same procedure as for the preparation of compound 8a, 
except that the reaction was carried out at -78 "C, 2- 
phenylpropionaldehyde 14 (2.5 g, 18.6 mmol) and trimethyl- 
silylmethylmagnesium chloride (18.16 cm3 of a 1.3 mol dm-, 
solution in ether, 24.19 mmol) in ether (200 cm3) gave the silyl 
alcohol 15 (4 g, 96%) as an oil, b.p. 130-133 "C/0.7 mmHg; R, 
0.40 (10% ether-light petroleum) (Found: C, 70.1; H, 9.8. 
C, ,H,,OSi requires C, 70.20; H, 9.97%); v,,,(film)/cm-' 
35W3200m (br, OH), 2960s, 1250s and 860s; 6,(300 MHz; 
CDCl,, pyrazine) 0.04 (9 H, s, Me,%), 0.71 (1 H, s with further 
splitting, SiCHaHb), 0.75 (1 H, s, SiCHaHb), 1.32 (3 H, d, J 7, 
Me), 2.76-2.80 (1 H, m, PhCH), 3.86-3.93 (1 H, m, CHOH) and 
7.20-7.36 (6 H, should be 5 H, m, ArH); OH was not observed; 
6,(75 MHz; CDCl,) 0.05 (q, Me$), 15.67 (q), 23.97 (t), 48.98 
(d), 75.04 (d), 127.13 (d), 128.66 (d), 129.20 (d) and 145.49 (s); 
m/z 222 (0.1%, M') 204 (12, M - H20),  189 (5, M - Me - 
H,O) and 73 (100, SiMe,). 

3-Phenyl-l-(trimethylsilyl)butan-2-one 16.-By use of the 
same procedure as for the preparation of compound 9a, silyl 
alcohol 15 (3.8 g, 17.1 mmol) and a preformed solution of 
chromium(v1) oxide (1 1.34 g, 114.6 mmol) and pyridine (1 1.93 g, 
142.2 mmol) in dichloromethane (300 cm3) gave the silyl ketone 
16 (3.35 g, 89%) as an oil, b.p. 100-103 "ClO.7 mmHg; R, 0.66 
[ether-light petroleum (1 : 4, v/v)]; v,,,(film)/cm-' 3080m, 
3060m, 3020m, 2960s, 2900m, 2870m, 1685s (CO), 1450s, 1250s, 
11 lOs, 1030s, 850s and 750s; 6H(300 MHz; CDCl,, pyrazine) 0.07 
(9 H, s, Me,Si), 1.36 (3 H, d, J 7 ,  Me), 2.03 (1 H, d with further 
splitting, J 10, SiCHaCHb), 2.30 (1 H, d, J 10, SiCHaCHb), 3.66 
(1 H, q, J 7, PhCH) and 7.19-7.38 (5 H, m, Ph); 6,(75 MHz; 

127.73 (d), 127.88 (d), 140.87 (s) and 209.03 (s); m/z 220 (62%, 
M'), 205 (51, M - Me), 115 (62,OCCH,SiMe,) and 73 (100, 
SiMe,). 

CDCl,) - 1.04 (q), 17.73 (q), 36.60 (t), 54.08 (d), 126.90 (d), 

(1RS)-1-[(lSR)-1-Phenylethyll- 1-(trimethylsily1methyl)prop- 
2-en01 17.-Following the same procedure as for the 
preparation of compound 10a, except that the reaction was 
carried out at -78 "C, ketone 16 (3.5 g, 15.9 mmol), and 
vinylmagnesium bromide (20.6 cm3 of a 1 mol dm-, solution in 
THF) in THF (100 cm3) gave the allyl alcohol 17 (1.53 g, 38%) 
as an oil, b.p. 120-122 "C/1 mmHg; Rf 0.73 [ether-light 
petroleum (1 : 9, v/v)]; v,,,(film)/cm-' 3600-3300m (br, OH), 
1600m, 1250s and 850s; 6&00 MHz; CDCl,, pyrazine) 0.01 (9 
H, s, Me,Si), 0.94 (1 H, d, J 14.7, SiCHaCHb), 1.03 (1 H, d, with 
further splitting, J 14.7, SiCHaCHb), 1.28 (3 H, d, J 7.2, Me), 
1.59 (1 H, s, with further splitting, OH), 3.81 (1 H, q, J 7.2, 
PhCH), 5.09 (1 H, dd, J 17.60 and 1.4, CHSHtransHcis), 5.12 
(1 H, dd, J 10.30 and 1.4, CHSHtransHcis), 5.89 (1 H, dd, J 
17.60 and 10.3, CH=CH,) and 7.19-7.33 ( 5  H, m, ArH); 6,(75 
MHz; CDC1,) 0.61 (q), 16.38 (q), 28.84 (t), 52.00 (d), 77.66 (s), 
112.48 (t), 126.54 (d), 127.83 (d), 129.37 (d), 142.42 (s) and 143.48 

(d); m/z 230 (92, M - H20) ,  215 (24, M - H 2 0  - Me) and 73 
(100, SiMe,). 

2 4  1-Phenylethy1)buta- 1,3-diene 18.-Following the same 
procedure as for the preparation of compound l l a ,  allyl alcohol 
17 (1.3 g, 5.2 mmol) and a saturated solution of sodium acetate 
in glacial acetic acid (2 cm3) gave the diene 18 (0.606 g, 73%) as 
an oil, b.p. 90 "C/0.5 mmHg; R, 0.73 (light petroleum); 
v,,,(film)/cm-' 2970s, 2890m, 1595m, 1490m and 900s; 6,- 
(300 MHz; CDCl,) 1.40 (3 H, d, J 7, Me), 3.77 (1 H, q, J 7, 
PhCH), 4.95 (1 H, d with further splitting, J 10.9, 
CH=CHcisHtrans), 5.14 (2 H, s with further splitting, CCH,), 
5.20 (1 H, d with further splitting, J 17.6, CHSHcisHtrans) ,  
6.30 (1 H, dd, J 17.60 and 10.9, CH=CH2) and 7.13-7.29 (5 H, m, 
ArH); 6,(75 MHz; CDC1,) 21.64 (q), 40.96 (d), 114.31 (t), 
115.30 (t), 126.04 (d), 127.29 (d), 128.38 (d), 138.49 (d), 145.56 (s) 
and 149.68 (s); m/z 158 (loo%, M'), 143 (98, M - Me), 129 (81, 
M - C2H5) and 77 (40, Ph). 

8-Phenyl-3-( 1-phenylethy1)- 1,6,8-triazabicyclo[4.3.0]non-3- 
ene-7,9-dione l9.-Following the same procedure as for the 
preparation of compound 12c, reaction of diene 18 (0.85 g, 0.5 
mmol) in dichloromethane (1 cm3) with 4-phenyl-1,2,4-triazole- 
3,5(4H)-dione (0.098 g, 6 mmol) in acetone (1 cm3) gave the 
triaza dione 19 (0.165 g, 92%) as a thick oil, v,,,(film)/cm-' 
1770s, 1710s (CO), 1600m, 1400s, 1295s, 1145s and 790s; 6,- 
(300 MHz; CDCl,) 1.51 (3 H, d, J 7, Me), 3.56 (1 H, q, J 7, 
PhCH), 3.92-3.94 (2 H, m, CH,), 4.22-4.25 (2 H, m, CH,), 5.88- 
5.90 (1 H, m, C S H )  and 7.25-7.52 (12 H, should be 10 H, m, 
ArH); 6,(75 MHz; CDC1,) 15.05 (q), 43.18 (t), 43.69 (d), 44.75 
(t), 114.19 (d), 125.32 (d), 125.39 (d), 126.87 (d), 127.12 (d), 
127.99 (d), 128.69 (d), 129.01 (d), 131.01 (s), 136.63 (s), 152.10 (s) 
and 152.24 (s); m/z 333 (loo%, M'), 228 (18, M - C2H5), 119 
(25, PhNCO), 91 (14, PhN) and 77 (12, Ph) (Found: M + ,  
333.1472. C2,H,,N30, requires M, 333.1477). 

(2S,2'S)-2'-( Benzy1oxymethoxy)propyl 3,3,3- TriJuoro-2- 
methoxy-2-phenylpropionate 23.-To a solution of (2S)-2- 
(benzy1oxymethoxy)propan-1-01' 21 (0.1 g, 0.5 mmol) in 
dichloromethane (2 cm3) were added 1,3-dicyclohexylcarbodi- 
imide (DCC) (0.157 g, 0.7 mmol), 3,3,3-trifluoro-2-methoxy-2- 
phenylpropionic acid (0.179 g, 0.7 mmol) and 4-(dimethyl- 
amino)pyridine (DMAP) (0.062 g, 0.5 mmol) in dichloro- 
methane (3 cm3) under nitrogen. The reaction mixture was 
stirred for 4 h at room temperature, after which a solid formed. 
After removal of the solvent under reduced pressure, light 
petroleum (10 cm3) was added to the well stirred residue. The 
solid was filtered off and the filtrate was washed successively 
with dil. hydrochloric acid (3 x 5 cm3) and water (3 x 10 cm3) 
and then dried (MgS04). Flash chromatography gave the ester 
23 (0.156 g, 74%) as an oil, b.p. 185-188 "C/0.7 mmHg; R, 0.7 
(20% ether-light petroleum) (Found: C, 61.2; H, 5.7. 
C2,H2,F,0, requires C, 61.15; H, 5.62%); v,,,(film)/cm-' 
1750s (CO, ester), 1280s, 1170s and 1040s; 6,(300 MHz; 
CDCl,) 1.21 (3 H, d, J 6.5, CHMe), 3.55 (3 H, s with further 
splitting, OMe), 3.98-4.08 (1 H, m, MeCH), 4.27 (1 H, dd, J 11.4 
and 6.5, CHCHaHbO), 4.32 (1 H, dd, J 11.4 and 6.5, 
CHCHaHbO), 4.52 (1 H, d, J 11.8, PhCHaHb), 4.58 (1 H, d, J 
11.8, PhCHaHb), 4.72 (1 H, d, J 7.1, OCHaHbO), 4.76 (1 H, d, J 
7.1, OCHaHbO) and 7.25-7.54 (10 H, m, ArH); &(lo0 MHz; 
CDC1,) 65.32 (s) (crude). 

(2R,3S)-3-( Benzy1oxymethoxy)- 1 -(trimethylsilyl)butan-2-ol 
24.-Following the same procedure as for the preparation of 
compound 8a, except that the reaction was carried out at 
- 78 "C, (2S)-2-(benzyloxymethoxy)propana11 22 (0.5 g, 2.5 
mmol) and trimethylsilylmagnesium chloride (2.5 cm3 of a 1.3 
mol dm-, solution in ether, 3.27 mmol) in ether (50 cm3) gave 
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the sifyf alcohol 24 (0.65 g, 89%) as an oil, b.p. 140-143 "C/0.8 
mmHg; Rf 0.57 [ether-light petroleum (1 : 4, v/v)]; [@I;' 
-27.44' (c 0.84 in EtOH) (Found: C, 63.7; H, 9.2. C,,H,,O,Si 
requires C, 63.78; H, 9.27%); v,,,(film)/cm-' 3600-2900m (br, 

CDCl,, pyrazine) 0.07 (9 H, s, Me,Si), 0.72 (1 H, s, CHaHbSi), 
0.75 (1 H, s, with further splitting, CHaHbSi), 1.19 (3 H, d, J6.1, 
MeCH), 1.63 (1 H,s, OH), 3.50(1 H, quint, J6.1, MeCH), 3.56- 
3.64 (1 H, m, CHOH), 4.65 (2 H, s, with further splitting, 
PhCH,), 4.82 (1 H, d, J 6.7, OCHaHbO), 4.87 (1 Hb of AB 
system, d, J 6.7, OCHaHbO) and 7.27-7.47 (5 H, m, ArH); 6,- 

(d), 80.74 (d), 93.99 (t), 127.70 (d), 127.80 (d), 128.38 (d) and 

HOCHCH,SiMe,) and 73 (100, SiMe,). 

OH), 1250~,  1150~,  1030~,  860s and 700s; 6,(300 MHz; 

(75 MHz; CDCl,) -0.67 (q), 16.83 (q), 21.0 (t), 69.71 (t), 73.19 

137.56 (s); m/z 145 (16, M - PhCH,OCH,O), 117 (70, 

(3 S)-3 -( Benzyfoxymethoxy)- 1 -( trimethyfsifyf )butan-2-one 
25.-Following the same procedure as for the preparation of 
compound 9a, the silyl alcohol 24 (3.4 g, 12 mmol) and a 
preformed solution of chromium(v1) oxide (7.99 g, 80 mmol) 
and pyridine (8.40 g, 100 mmol) in dichloromethane (300 cm3) 
gave a mixture of silyl ketone 25 and silyl alcohol 24 (3.26 g) as a 
yellow oil, R, 0.44 [ether-light petroleum (1 : 4, v/v)]; 
v,,,(film)/cm-' 36W3300br (OH), 2950s, 2890s, 1690s (CO), 
1250s, 11 70s, 1120-980s (br), 850s and 740s; 6,(90 MHz; 
CDCl,, pyrazine) 0.15 (9 H, s, Me,Si), 1.34 (3 H, d, J 6.5, 
MeCH), 2.162.50 (2 H, m, CH,Si), 4.13 (1 H, q, J 6.5, MeCH), 
4.6G5.00 (4 H, m, PhCH,OCH,) and 7.31 (5 H,  br s, ArH), and 
was used crude in the next reaction. 

(3S,4S)- and (3R,4S)-4-(Benzyfoxymethoxy)-3-( trimethyfsifyf- 
methyf)pent- 1 -en-3-of 26a/b.-Following the same procedure as 
for the preparation of compound lOa, except that the reaction 
was carried out at - 78 "C, crude silyl ketone 25 (3 g), from the 
previous preparation, and vinylmagnesium bromide (1 3.9 cm3, 
13.9 mmol, 1 mol dm-, solution in THF) in T H F  (100 cm3) gave 
the silyl alcohols 26a/b (0.706 g, 20% from 24) as an oil, which 
was a 2: I mixture of diastereoisomers, b.p. 130-134 "C/0.7 
mmHg; R, 0.3 1 [ether-light petroleum (1 : 9, v/v)]; v,,,- 
(film)/cm-' 3680-3450m (br, OH), 1250s, 1040s, 860s and 700s; 
6,(400 MHz; CDCl,, pyrazine) diastereoisomer 26a: 0.04 (9 
H, s, Me,Si), 1.18 (3 H, d, J 3 7, MeCH), 3.53 (1 H, q, J 7, 
MeCH), 5.13 (1 H, dd, J 10.7 and 1.6, CH=CHcisHtrans), 5.30 (1 
H, dd, J 17.2 and 1.6, CHSHcisHtrans) and 5.84 (1 H, dd, J 
17.2 and 10.7, CH=CH,); Diastereoisomer 26b: 0.057 (9 H, s, 
Me,Si), 1.20 (3 H, d, J 7 ,  MeCH), 3.60 (1 H, q, J 7 ,  MeCH), 5.17 
(1 H, dd, J 10.7 and 1.6, CH=CHcisHtrans), 5.35 (1 H, dd, J 17.2 
and 1.6, CHXHcisHtrans) and 5.93 (1 H, dd, J 17.2 and 10.7, 
CH=CH,); common peaks for both diastereoisomers 26a and 
26b: 0.89-1.1 1 (2 H, m, SiCH,), 1.63 (1 H, br s, OH), 4.62 (1 H, d, 
J 12, PhCHaHb), 4.67 (1 H, d, J 12, PhCHaHb),4.784.90 (2 H, 
m, OCH,O) and 7.24-7.38 ( 5  H, m, ArH); 6,(100 MHz; 
CDCl,) 0.47 and 0.53 (2 q), 15.01 and 15.37 (2 q), 24.04 and 
26.36 (2 t), 69.69 and 69.83 (2 t), 77.21 and 77.34 (2 s), 81.82 and 
82.71 (2 d), 94.09 and 94.32 (2 t), 1 13.27 and 11 3.36 (2 t), 127.58 
(d), 127.61 (d), 127.64 (d), 127.66 (d), 128.30 (d), 137.56 (s), 
141.50 (d) and 143.14 (d); [z]F +21.81" (c 0.48 in CH,Cl,); 
m/z 91 (100, PhCH,) and 77 (1 1, Ph). 

( 1 'S)-2-[ 1 '-( Benzyfoxymethoxy)ethyf] buta- 1,3-diene 27.- 
Following the same procedure as for the preparation of 
compound l l a ,  the alcohols 26a/b (0.5 g, 1.6 mmol) and a 
saturated solution of sodium acetate in glacial acetic acid (2 
cm3) gave the diene 27 (0.35 g, 71%) as an oil, R, 0.75 [ether- 
light petroleum (1:9, v/v)] (Found: C, 76.7; H, 8.4. CI4Hl8O2 
requires C ,  77.02; H, 8.31%); [a]ho - 115.05' ( c  0.25 in 
CH ,CI2); ~~,,,dx(film)/cm-l 3080m, 3030m, 2980s, 2880s, 1590m, 
1500m, 1450m, 1370m, 1260w, 1180m, 1105s, 1040s and 1025; 

6,(400 MHz; CDCl,, pyrazine) 1.37 (3 H, d, J 6.5, MeCH), 
4.534.59 (2 H, m, PhCH,), 4.684.76 (3 H, m, OCH,O and 
MeCH), 5.11 (1 H, d, J 11 CH=CHcisHtrans), 5.18 (1 H, s, 
C==CHaHb), 5.22 (1 H,  s, W H a H b ) ,  5.38 (1 H, d with further 
splitting, J 17, CH=CHcisHtrans), 6.34 (1 H, dd with further 
splitting, J 17 and 11, CH=CH2) and 7.25-7.37 ( 5  H, m, ArH); 

114.50 (t), 114.62 (t), 127.50 (d), 127.76 (d), 128.27 (d), 135.77 (d), 
137.98 (s) and 147.42 (s); m/z 91 (90, PhCH,) and 77 (19, 
Ph). 

6,(100 MHz; CDCl,) 21.30 (q), 69.46 (t), 72.08 (d), 92.21 (t), 

(1 'S)-3-[ 1 '-(Benzyloxymethoxy)ethyf]-8-phenyf- 1,6,8-triaza- 
bicyclo[4.3 .O] non-3 -ene-7,9-dione 28.-Following the same 
procedure as for the preparation of compound 12c, reaction of 
the diene 27 (0.09 g, 0.4 mmol) in dichloromethane (1 cm3) with 
4-phenyl-l,2,4-triazole-3,5(4H)-dione (0.089 g, 0.5 mmol) in 
acetone (1 cm3) gave the triaza dione 28 (0.1 53 g, 94%) as a thick 
oil; v,,,(film)/cm-l 1770s, 1700s (CO), 1490s, 1290s, 1 135s, 
800s and 700s; dH(400 MHz; CDCl,) 1.38 (3 H, d, J 6.6, 
MeCH), 4.14-4.21 (4 H, m, 2 x CH,), 4.45 (1 H, q, J 6.6, 
MeCH), 4.59 (1 H, d, J 11.7, PhCHaHb), 4.70 (1 H, d, J 11.7, 
PhCHaHb), 4.764.85 (2 H, br s, OCH,O), 5.92-5.94 (1 H, m, 
C==CH) and 7.31-7.54 (10 H, m, ArH); m/z 393 (M', 373,137 (6, 
PhCH,OCH,O), 121 (6, PhCH,0CH2), 107 (7, PhCH,O), 91 
(100, PhCH,) and 77 (19, Ph) (Found: M + ,  393.1665. 
C22H,3N,04 requires M, 393.1688). 

(l'S,l R,2S) and (l'S,lS,2R)-4-[l'-(Benzyfoxymethoxy)- 
ethyl ] -N-phenyl-cycfohex-4-ene- 1,2-dicarboximide 29a/b.-N- 
Phenylmaleimide (0.039 g, 0.2 mmol) was added to a mixture of 
the diene 27 (0.05 g, 0.2 mmol) in dry toluene (3 cm3) under 
nitrogen. The reaction mixture was heated under reflux for 4 h. 
Removal of the solvent under reduced pressure, and purification 
on preparative silica gel plates, gave the imides 29a/b (0.050 g, 
56%) as an oily 1: 1.28 mixture of diastereoisomers, R, 0.18 
[ether-light petroleum (1 : 1, v/v)]; v,,,(film)/cm-' 1710s 
(CO); 6,(300 MHz; CDCl,) 1.20 (3 H, d, J 6.5, MeCH, 27a), 
1.22 (3 H, d, J6.5, MeCH, 27b), 2.23-2.33 (2 H, m, CH,), 2.69- 
2.80(2H,m,CH2),3.19-3.32(2H,m,2 x CH),4.24(1 H,quint, 
J6.5,CHMe),4.454.69(4H,m,PhCH2OCH,),5.865.89(1 H, 
m, C=CH) and 7.18-7.48 (1 1 H, should be 10 H, m, ArH); 6,(75 
MHz; CDCl,) 10.72 (q), 23.49 and 23.63 (2 t), 23.93 (t), 69.44 (t), 
73.85 (d), 74.71 (d), 91.78 and 91.91 (2 t), 122.42 (d), 123.21 (d), 
126.16 (d), 126.20 (d), 127.58 (d), 127.74 (d), 128.32 (d), 128.45 
(d), 129.02 (d), 130.11 (s), 140.86 (s), and 178.61 and 178.88 (2 s). 

(l'S,lR,2R) and (l'S,lS,2S)-4-[1'-(Benzyfoxymethoxy)ethyf]- 
cycfohex-4-ene- 1,2-dicarboxylate 30a/b.-Following the same 
procedure as for the preparation of compounds 29a/b the diene 
27 (0.05 g, 0.2 mmol) and diethyl fumarate (0.039 g, 0.2 mmol) 
in toluene (3 cm3) gave the diesters 30/b (0.055 g, 61%) as an 
oily 1 : 1.3 mixture of diastereoisomers, R, 0.48 [ether- 
light petroleum (3: 7, v/v)]; vmax(film)/cm-l 1730s (CO), 1440s, 
1180s, 1100s and 735s; 6,(300 MHz; CDCl,) 1.21-1.37 (9 H, 
m, 3 x Me), 2.08-2.87 (6 H,  m, 2 x CH,, and 2 x CH), 4.10- 
4.26 (4 H, m, 2 x OCH,Me), 4.51-4.68 ( 5  H, m, PhCH,OCH,- 
OCH), 5.66 (1 H, br s, C=CH) and 7.267.35 ( 5  H, m, ArH); 
6,-(75 MHz; CDCl,) 14.11, 19.41, 19.82, 25.79, 25.92, 27.45, 
27.77, 41.22, 41.30, 41.44, 41.48, 60.52, 60.57, 69.44, 75.01, 75.11, 
91.58, 91.70, 121.60, 122.44, 127.56, 127.70, 128.30, 136.35, 
137.89, 174.51 and 174.66. 
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