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Abstract

Alkoxymethyl groups at the C-5 allylic position of 1,6-dienols have been found to accelerate RCM reaction significantly with the Grubbs’
catalyst PhCH=Ru(PCy3;),Cl, over those of 1,6-dienols containing alkyl or hydroxymethyl groups. This phenomenon has been used for direct
access to 4-silyloxymethyl and 4,6-bis(silyloxymethyl) cyclopentenols, potential intermediates to the synthesis of carbasugars and the carbocyclic

nucleosides carbovir, abacavir and BCA.
© 2006 Elsevier B.V. All rights reserved.
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1. Introduction

Ring closing metathesis [1] of acyclic dienes in the presence
of a metal alkylidine complex as catalyst has emerged as an
efficient method for the construction of cyclic alkenes. The
success of RCM is influenced to a great extent by the efficiency
of the catalyst, substituents present on the tether between
the alkene units and the nature and size of the rings to be
formed. As part of our continued interest [2] in the application
of RCM reaction for the synthesis of highly functionalised
carbo- and heterocyclic compounds, we required rapid access
to the substituted cyclopentenols 2. We envisioned that RCM
of 1,6-dienes 1 with Grubbs’ catalyst PnCH=Ru(PCy3),Cl, 3
would be the most straight forward way for achieving this goal.
The RCM of acyclic 1,7-dienols [3] generally proceeds without
any complication to form cyclohexene derivatives. However,
the success of RCM of acyclic 1,6-dienols with the catalyst 3 is
influenced to a great extent by the substituents. The 1,6-dienes
investigated so far either have a ring or geminal or vicinal sub-
stitutents. In these cases the alkene units are conformationally
predisposed for ring closure either by the pre-existing ring [4]
or by Thorpe—Ingold effect [5] of the geminal substituents or
by Gauche interaction [5-7] of the vicinal substituents and
RCM proceeds smoothly to form cyclopentenols. However
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there is no systematic investigation on the RCM of 1,6-dienes 1
where the above conformational preferences are absent. Hoye
and Zhao [8] has recently demonstrated that an alkyl or alkoxy
substituent at the allylic position that increases steric crowding
retards RCM while a tertiary hydroxyl group at the allylic
position accelerates RCM significantly. However, a secondary
hydroxyl group at the allylic position adversely affects [3b,8,9]
metathesis reducing the yields of RCM products through
reductive elimination of the enolyl ruthenium hydride arising
from tautomerization of the initially formed Ru-carbene. It has
also been reported [9,10] that secondary allylic alcohols when
treated with catalytic quantity of Ru catalyst undergo another
non-metathetic [11] redox isomerization to form ethyl ketones.
We now report [12] that the RCM of the acyclic 1,6-dienes of
the general structure 1 having a secondary OH at one allylic
center and a bulky alkoxy group at the other allylic center
both of which deter RCM can be made to undergo smooth ring
closure with the catalyst 3 leading to the facile synthesis of
the cyclopentenols.

The cyclopentenol 2a represent the carbocyclic moiety of
the carbocylic nucleosides [13] carbovir 4 [14] and abacavir
5 [6], while the cyclopentenol 2b has the carbocyclic moiety
present in bis(hydroxymethyl)cyclopentenyl adenine (BCA) 6
[15]. (—)-Abacavir has recently been introduced as a drug to
combat AIDS while (—)-carbovir and (—)-BCA are potential
inhibitors of HIV reverse transcriptase, the causative agent of
AIDS. In addition the cyclopentenol 2a may be considered as an
intermediate to carbasugars, e.g. 7 [16] incorporation of which
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in oligosaccharides makes them metabolically stable glycosyl
transferase substrates without loss of activity of the parent
oligosaccharides.

2. Results and discussion

The optically pure diene 1a was prepared from the unsat-
urated ester 10 which in turn was obtained along with the
diastereoisomeric ester 9 from 1,2:5,6-di-O-cyclohexylidine
D-mannitol 8 (Scheme 1) following the literature procedure
[2d]. The ester 10 was converted to the aldehyde 11 through
LiAIH4 reduction followed by Swern oxidation of the result-
ing alcohol. Addition of vinyl magnesium bromide to the
aldehyde 11 produced a 1:1 diastereomeric mixture of the
dienols 12. Regeneration of the vicinal diol from the ketal
12 followed by its periodate cleavage afforded the lactol 13.
LiAlH4 reduction of the lactol 13 provided the dienol 1la.
The results of the RCM reactions are summarized in Table 1
(Scheme 2).

Treatment of the dienol 1a with 6 mol% of the catalyst 3
either in CH,Cl, at rt for 24 h or in refluxing benzene produced
an intractable mixture in which none of the cyclized product 2a

¥ R
7
1 2

a, R' = H, R? = CH,0OH
b, R' = R? = CH,OH
¢, R'=H, RZ = -CHMe,

4 R'=0H R2=R®*=H

5,R'= -]  R2=NH,, R®=H
6, R' = NHy, R2= H, R® = CH,0H

Scheme 1.

Table 1

RCM of dienols

Entry Diene Reaction time (h)* Cyclopentenol (%)
1 1a 24 b

2 12 24 14 (83)

3 15 24 17 and 18 (93)

4 16 2 19 91)

5 1c 24 2¢¢

2 All reactions were carried out at rt with 6 mol% of the catalyst 3.

b An intractable mixture was obtained.

¢ A complex mixture of products were obtained in which 1c¢ and 2¢ (7:3) along
with a methyl ketone were detected by 'H NMR.
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Scheme 2. Reagents and conditions: (i) LiAlH4, Et2O, rt, 92%; (ii) oxalylchlo-
ride, DMSO, Et3N, 82%; (iii) CH, =CHMgBr, THFE, 70°C, 1h, 74%; (iv)
(a) 6M HCI, THEF, 1h, (b) NalO4, MeCN/H,0 (3:2), 1h (76% overall); (v)
(PCy3)2Cl,RuCHPh, DCM, rt, 24h 93% for 14, 17 and 18; 2h, 90%for 19;
(vi) TBSCI, DMAP, Imidazole, EtsN, DCM, rt, 36 h, 87%; (vii) Ac20O, Et3N,
pyridine, DCM, rt, 2 h, 43%; (viii) TBAF, THF, rt, 1 h, 83%.

could be detected (entry 1). Amazingly, RCM of the dienols 12
(entry 2) having a bulky ketal moiety proceeded smoothly to
produce a diastereoisomeric mixture of the cyclopentenols 14
in 83% yield. Even the dienol 15 having the much bulkier silyl
group, prepared from silylation of the dienols 1a, under identical
condition underwent smooth ring closure to produce a mixture
of the cyclopentenols 17 and 18 in 93% yield (entry 3). RCM
of the diacetate 16, prepared from acetylation of the dienol 1a,
was even faster and took only 2h for completion to produce
the cyclopentene derivative 19 (entry 4) in 91% yield [17]. The
inertness of the dienol 1a towards RCM is possibly due to strong
complexation of OH to Ru which retards RCM. Consequently
protection of OH diminishes chelation in the dienes and pro-
mote RCM. However certain amount of chelation of Ru by the
alkoxy oxygen [18] of the dienes 12, 15 and 16 as shown in the
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Scheme 3. Reagents and conditions: (i) (a) LiAlH4, EtO, rt, 71%, (b)
CH;3C(OEt)3, propionic acid, 140°C, 6 h, 64%; (ii) (a) LiAlHy, Et;O, 1t, 77%,
(b) oxalylchloride, DMSO, Et3N, (¢) CH,=CHMgBr, THF, 70°C, 1h (82%
overall).

structure 21 is obviously benificial. It may direct metathesis initi-
ation at the alkene nearest to the alkoxy group and thus overrides
the competitive non-metathetic fragmentation processes due to
allylic secondary OH group. The bulkier alkoxy groups in the
dienols 12 and 15 also facilitate dissociation of the oxygen atom
from the stabilized Ru-carbene 21 required for subsequent reac-
tion with the second alkene unit. Thus acetate being a better
leaving group than silyloxy dissociated at a faster rate from the
stabilzed complex 21 and the ring closure was complete in only
2h (entry 4).

To understand the role of alkoxy groups in facilitating RCM,
the dienol 1c¢ was chosen. The Cs-substituent in the dienol 1c
lacks oxygen and imposes steric effect comparable to the ketal
unitin 12 or the silyloxy group in 15. The dienol 1¢ was prepared
from isbutyraldehyde as depicted in Scheme 3. Wittig—Horner
reaction of isobutyraldehyde afforded the unsaturated ester 22
in 91% yield. The unsaturated ester 22 was converted to the
ester 23 in 64% yield through ortho-ester Claisen rearrange-
ment of the allyl alcohol derived from reduction of the ester
moiety. The dienol 1¢ was obtained from the ester 23 through
a three-step sequence involving reduction of the ester, Swern
oxidation of the resulting alcohol and reaction of the aldehyde
thus obtained with vinyl magnesium bromide. Reaction of the
dienol 1c¢ in CH,Cl; at rt for 24 h with 6 mol% of the catalyst
3 produced a complex mixture (entry 5). "H NMR spectrum
of this mixture showed a broad singlet at § 4.85 in addition
to a multiplet at § 4.08 attributed to the C3—H of the starting
dienol 1c. The broad singlet at § 4.85 is assigned to the C1-H
of the RCM product 2¢ on comparison with the chemical shifts
(6 4.86 and 4.83) of the C;{—H of the cyclopentenols 14 and
17. The integration of these two proton signals in the reaction
mixture revealed that the ratio of the unreacted dienol 1c¢ and
the RCM product 2¢ is 7:3. In addition a carbonyl absorption
at Vmax 1712cm~! and a COMe resonance at § 2.10 ppm in the
reaction mixture suggests a competitive (3-elimination process
during RCM in accord with the observation of Hoye and Zhao
[8]. Thus facile RCM of the dienols 12, 15 and 16 having bulky
alkoxy/acetoxy groups compared to the sluggish reactivity of the
dienol 1¢ lacking alkoxy group establishes that the alkoxy groups
have a definitive role in facilitating RCM reaction with the
Ru-catalyst 3.

The cyclopentenols 17 and 18 were separated by column
chromatography to produce the pure cyclopentenol 17, [a]p>
—153(c 0.1, CHCI3) [13c], [a]lp2® —134.8 (¢ 2.02, CHCl3) and
18, [a]p® —69 (c 0.1, CHCI3) in 42 and 38% yields, respec-
tively. The cyclopentenol 17 has already been converted [13c]
to (—)-carbovir 4. Desilylation of the cyclopentenol 18 provided

i 24, R =CO,Et 25,a,R=0- OH
26, R = CH,OH b,R=p-0CH
liv
SHERR OSTB
1]
ROH;Cree OH —>» ...
: 880" &OH
VAR
27, R=H 29
28, R=TBS

Scheme 4. Reagents and conditions: (i) LDA, acrolein, 74%; (ii)
(PCy3),Cl,RuCHPh, CgHg, rt, 5h, 85% for 25 and 83% for 29; (iii)
LiAlH4, Et;O, rt, 73%, (iv) (a) AcOH/H,0 (4:1), 4 h, (b) NalOy4, (c) LiAlHq4,
Et,O, 1h (68% overall); (v) TBSCl, DMAP, imidazole, Et3;N, DCM, rt, 4 h,
50%.

the cyclopentenol 20, [a]p? —45 (¢ 0.1, CH,Cl,) [13d], [a]p®
—44.3 (c 1.5, CH2Cl,) in 83% yield. The cyclopentenol 20 has
also been converted [13d] to (—)-carbovir 4.

The scope of this alkoxy facilitated RCM was extended for
the facile construction of the carbocyclic moiety present in BCA
(Scheme 4). Condensation of the lithium enolate of the ester 9
with acrolein afforded a 1:1 diastereoisomeric mixture of the
dienol 24. The assignment of anti relationship of the COOEt
group with the substituent bearing the ketal unit in the dienols
24 is based on Houk’s model [19] for electrophilic addition to
alkenes having an « chiral centre. RCM of the dienol 24 in ben-
zene at rt with 6 mol% of the catalyst 3 was complete within 5h
to produce the cyclopentenols 25 as a diastereoisomeric mix-
ture (ca. 1:1) in quantitative yield. Similarly the RCM of the
dienol 27, obtained from the ketal 24 as shown in Scheme 2,
was complete in less than 5 h with the catalyst 3 to produce the
cyclopentenol 29 in 79% yield. It is noteworthy that ring clo-
sure of the dienols 24 and 28 was faster compared to that of the
dienols 12 and 15. This is possibly due to a synergy of alkoxy
facilitation and gauche effect of the vicinally placed ketal and
carboethoxy groups. The dienols 29 with the anti disposition of
the silyloxymethyl groups represent the carbocyclic moiety of
BCA.

3. Conclusion

In conclusion, we have demonstrated the role of neighboring
alkoxy groups in facilitating RCM reaction of acyclic 1,6-dienes
with the catalyst 3 leading to the synthesis of enantiomerically
pure carbocyclic cores present in carbovir, abacavir and BCA.
This investigation has also accomplished a formal synthesis of
(—)-carbovir.
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4. Experimental section
4.1. General

All reactions were carried out under an atmosphere of N». A
usual work up involves extraction of the reaction mixture with
diethyl ether unless otherwise stated, washing of organic extracts
with brine, drying over anhydrous Na;SO4 and removal of
solvent at reduced pressure. Column chromatography was per-
formed on silica gel (60—120 mesh). Petrol refers to the fraction
of petroleum ether b.p. 60-80 °C. IR spectra were recorded in
thin film. 'Hand '3C NMR spectra were recorded in CDCl3 solu-
tion at 300 and 75 MHz, respectively. Elemental analyses were
carried out at the microanalytical laboratory of this department.

4.2. Procedures for synthesis

4.2.1. 3R-(1,4-dioxa-spiro[4.5]dec-2S-yl)-pent-4-enal (11)

To a cooled (0 °C) magnetically stirred suspension of LiAlH4
(0.2 g, 5.34 mol) in diethyl ether (8 mL) was added drop-wise a
solution of the unsaturated ester 10 (1.3 g, 4.85 mmol) in diethyl
ether (8§ mL). The reaction mixture was allowed to warm to rt
and stirred for additional 1h. It was again cooled to 0 °C and
quenched by sequential addition of water (0.2 mL), 15% aque-
ous NaOH (0.2 mL) and water (0.6 mL) and stirred for 15 min.
The white granular precipitate formed was filtered off. The
ether layer was dried and the solvent was evaporated to give
the corresponding alcohol (1g, 92%); IR: vpax (neat) 3416,
2935, 2862, 1638, 1450, 1365 cm™!; 'HNMR: § 1.37 (2H, brs),
1.51-1.80 (8H, m), 2.33-2.42 (1H, m), 3.59-3.78 (2H, m), 3.99
(1H, dd, J=6.4, 8.0 Hz), 4.08-4.14 (1H, m), 5.08-5.19 (2H, m),
5.67-5.80 (1H, m); '3C NMR: § 24.2 (CH,), 24.3 (CH»), 25.6
(CHy), 34.5 (CHy), 35.3 (CHy), 36.3 (CHy), 44.1 (CH), 60.9
(OCH,), 67.1 (OCH3), 78.1 (OCH), 109.9 (C), 118.0 (CHy),
137.9 (CH). Anal. calcd. for C;3H»,03: C, 68.99; H, 9.80.
Found: C, 68.67; H, 9.72. This alcohol was oxidised as follows.

To a magnetically stirred cooled (—78 °C) solution of oxa-
lyl chloride (0.3 mL, 3.82mmol) in dichloromethane (3 mL),
a solution of DMSO (0.6mL, 7.8 mmol) in dichloromethane
(3mL) was added drop-wise. After stirring the reaction mix-
ture at —78 °C for 15 min a solution of the alcohol (720 mg,
3.19 mmol) in dichloromethane (4 mL) was added and stirred
for 45 min. Triethylamine (1.8 mL) was added and the reaction
mixture was allowed to attain rt and stirred for 1 h. The reaction
mixture was quenched by addition of water (1 mL). The organic
phase was separated and washed with water (2 x 2 mL), brine
(2 x 3mL), dried and concentrated to provide the aldehyde 11
(580 mg, 82%) as a colourless liquid; IR: vy« (neat) 2936, 2862,
1724, 1448, 1365cm™!; 'TH NMR: § 1.38 (2H, br s), 1.38-1.66
(8H, m), 2.61 (1H, dd, J=1.7, 5.6 Hz), 2.67 (1H, dd, J=1.9,
5.8Hz), 2.90-2.98 (1H, m), 3.63 (1H, dd, J=7.3, 8.2Hz), 3.96
(1H,dd,J=9.2,10.8 Hz),4.15-4.21 (1H,m), 5.09-5.18 (2H, m),
5.68-5.80 (1H, m), 9.73 (1H, t, J=1.9 Hz); '3C NMR: § 24.2
(CH3), 24.3 (CH»), 25.5 (CHy), 35.0 (CH»), 36.2 (CHy), 40.7
(CH), 44.5 (CH,), 66.2 (OCH,), 77.0 (OCH), 110.2 (C), 118.4
(CH»), 136.3 (CH), 201.8 (CO). Anal. calcd. for C3H90O3: C,
69.61; H, 8.99. Found: C, 69.47; H, 8.76.

4.2.2. 5R-(1,4-dioxa-spiro[4.5]dec-2S-yl)-hepta-1,
6-dien-3-ol (12)

To a stirred solution of vinylmagnesium bromide [prepared
from vinyl bromide (2.9g, 27 mmol) in THF (40mL) and
magnesium (320 mg, 13.5mmol)] the aldehyde 11 (600 mg,
2.7mmol) in THF (5mL) was added and refluxed gently for
1 h. The reaction mixture was allowed to attain rt and cooled
to 0°C and quenched by water (4mL) and filtered. Organic
phase was washed with brine (3 x4mL), dried. Evapora-
tion of the solvent followed by column chromatography (18%
diethyl ether—petrol) furnished the alcohol 12 as a diastereoiso-
meric mixture (530mg, 74%); IR: vmax (neat) 3427, 2935,
2862, 1643, 1448, 1365cm™'; '"H NMR: § 1.31 (2H, br s),
1.40-1.64 (8H, m), 2.19-2.28 (1H, m), 2.39-2.50 (2H, m),
2.82 (1H, br s), 3.52-3.60 (1H, m), 3.88 (1H, t, J=7.6 Hz),
3.96-4.13 (2H, m), 4.96-5.17 (4H, m), 5.58-5.86 (2H, m);
13C NMR: § 24.1 (CH,), 24.3 (CH3), 25.5 (CH»), 35.2 (CHp),
35.2 (CH»), 36.2 (CH»), 38.7 (CH3), 43.6 (CH), 67.0 (OCH>),
70.3 (OCH), 78.4 (OCH), 109.7 (C), 114.2 (CHy), 118.2
(CHp), 137.8 (CH), 142.0 (CH); '3C NMR: § 24.1 (CH,),
24.3 (CH3), 25.5 (CH»), 35.2 (CH»), 36.2 (CH»), 38.8 (CH>),
43.6 (CH), 66.9 (OCHy), 71.2 (OCH), 77.8 (OCH), 109.8 (C),
114.2 (CHy), 117.8 (CH), 138.1 (CH), 141.0 (CH). Anal.
calcd. for Cy5Hp403: C, 71.39; H, 9.59. Found: C, 71.16; H,
9.38.

4.2.3. IR4S- and 18S,4S-(1,4-dioxa-spiro[4.5]dec-2S-yl)-
cyclopent-2-enols (14)

A solution of the alcohol mixture 12 (200 mg, 0.8 mmol) in
benzene (16 mL) was treated with Grubbs’ catalyst 3 (40 mg)
under argon atmosphere and stirred at rt for 24 h. The residual
mass obtained after removal of solvent was chromatographed to
afford the pure cyclopentenol 1R,45-14 (72 mg, 40%); Ry =0.49
(EtOAc/hexane 1:1); [a]p??=—161.75 (c, 2.85, CHCl3); 'H
NMR: § 1.36 (2H, br s), 1.49-1.59 (8H, m), 1.72-1.88 (2H, m),
2.06 (1H, brs), 3.02 (1H, m), 3.54 (1H, dd, /=6.4, 7.9 Hz), 3.82
(1H, dd, J=6.4, 12.6 Hz), 3.96 (1H, dd, J=6.2, 7.9 Hz), 4.84
(1H, m), 5.87-5.90 (1H, m), 6.02 (1H, dd, J=2.0, 5.8 Hz); '3C
NMR: § 23.7 (CH»), 23.9 (CH»), 25.0 (CH»), 34.8 (CH»), 35.9
(CH»), 36.3 (CH»), 48.2 (CH), 67.4 (OCH,), 76.7 (OCH), 78.8
(OCH), 109.6 (C), 134.6 (CH), 136.2 (CH) and the cyclopen-
tenol 1S5,45-14 (77 mg, 43%); R¢=0.54 (EtOAc/hexane 1:1);
[alp22=—190.5 (c, 5.05, CHCL3); '"H NMR: § 1.34 (2H, br
s), 1.52 (8H, m), 2.23-2.33 (2H, m), 2.27 (2H, dt, J=17.6,
14.6 Hz), 2.69-2.73 (1H, m), 3.66 (1H, t, J=7Hz), 4.60 (1H,
d, J=7Hz), 5.85 (1H, dd, J=1.9, 5.5Hz), 5.95-5.98 (1H,
m); 3C NMR: § 23.6 (CH»), 23.8 (CH»), 24.9 (CH»), 34.6
(CHy), 35.7 (CH»), 36.9 (CH»), 46.6 (CH), 66.9 (OCH,), 75.4
(OCH), 77.4 (OCH), 109.7 (C), 132.7 (CH), 136.2 (CH). Anal.
calcd. for Ci3Hp90O3: C, 69.61; H, 8.99. Found: C, 69.42; H,
9.01.

4.2.4. 38,5-divinyl-tetrahydro-furan-2-ol (13)

To a solution of the alcohol 12 (400mg, 1.6 mmol) in
THF (3 mL), HC1 (2 mL, 6N) was added drop-wise and stirred
for 1h. The reaction mixture was diluted with ether (5 mL)
and washed with water (2 x 3mL). The combined aqueous
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part was then stirred with NalO4 (0.75g) for 1h. Usual
work up of the reaction mixture followed by column chro-
matography provided the lactol 13 (98 mg, 76%) (based on
recovered starting alchol 12) as a diastereomeric mixture; IR:
vmax (neat) 3398, 3080, 2982, 2937, 1716, 1643, 1450, 1425,
1348 cm™!; 'H NMR: (of the mixture) § 1.52-2.37 (2H, m),
2.80-2.86 (1H, m), 3.10 (1H, br s), 4.40-4.89 (1H, m), 5.06-
5.35 (4H, m), 5.74-5.98 (2H, m); '3C NMR: (of the mix-
ture) § 34.2 (CHy), 35.0 (CH»), 35.5 (CHy), 37.7 (CHy), 47.1
(CH), 49.5 (CH), 49.8 (CH), 51.3 (CH), 78.6 (OCH), 79.3
(OCH), 80.5 (OCH), 81.3 (OCH), 98.7 (OCH), 99.0 (OCH),
102.3 (OCH), 102.7 (OCH), 114.8 (CH3), 115.8 (CH»), 115.9
(CHy), 115.9 (CHy), 116.1 (CH,), 116.3 (CH»), 116.9 (CH»),
116.9 (CHjy), 135.0 (CH), 135.2 (CH), 136.7 (CH), 137.6
(CH), 137.8 (CH), 138.7 (CH), 139.8 (CH), 139.9 (CH). Anal.
calcd. for CgH70,: C, 68.55; H, 8.63. Found: C, 68.39; H,
8.48.

4.2.5. Synthesis of the diene (1a)

To a cooled (0 °C) magnetically stirred suspension of LiAlHy
(34 mg, 0.9 mmol) in diethyl ether (1.5 mL) was added drop-
wise a solution of the lactol 13 (80 mg, 0.6 mmol) in diethyl
ether (1 mL). The reaction mixture was allowed to attain rt
and stirred for additional 1h. It was again cooled to 0 °C and
quenched by sequential addition of water (0.05 mL), 15% aque-
ous NaOH (0.05 mL) and water (0.15 mL). The organic phase
was separated and dried. Solvent was removed to afford the diol
1a (52 mg, 84%) as a 1:1 diastereoisomeric mixture; IR: vpax
(neat) 3348,3078,2926,2854, 1641, 1454,1421,1379 cm~!; 'H
NMR: (of the mixture) § 1.37-1.55 (2H, m), 2.23-2.37 (1H, m),
3.32-3.45(2H, m), 3.69 (2H, brs), 3.99-4.12 (1H, m), 4.92-5.11
(4H, m), 5.45-5.80 (2H, m); 13C NMR: (of the mixture) § 38.4
(CHy), 38.9 (CHy), 42.5 (CH), 43.6 (CH), 65.3 (OCH,), 65.7
(OCH,), 70.7 (OCH), 70.7 (OCH), 113.9 (CH3), 115.0 (CHy),
116.4 (CHy), 116.6 (CH»), 139.1 (CH), 139.3 (CH), 140.4 (CH),
141.2 (CH). Anal. calcd. for CgH40,: C, 67.57; H,9.22. Found:
C, 67.40; H, 8.97.

4.2.6. 5R-(tert-butyl dimethyl silanyloxy)-hepta-1,
6-dien-3-ol (15)

To a solution of the diol la (70mg, 0.5mmol) in
dichloromethane (2 mL) was added TBSCI (80 mg, 0.5 mmol),
triethyl amine (0.1 mL, 0.74 mmol), DMAP (5 mg) and imida-
zole (catalytic amount). The mixture was stirred under nitrogen
for 36 h at rt. Usual work up of the reaction mixture followed
by column chromatography (8% diethyl ether—petrol) afforded
the silyl ether 15 (110 mg, 87%) as a diastereoisomeric mixture;
IR: vmax (neat) 3331, 2928, 1715 cm~'; 'H NMR: (of the mix-
ture) § 0.0 (6H, s), 0.84 (9H, s), 1.48-1.74 (2H, m), 2.26-2.46
(1H, m), 3.45 (1H, dd, J=7.0, 9.7Hz), 3.56 (1H, dd, J=4.9,
9.9Hz), 4.07-4.20 (1H, m), 4.98-5.21 (4H, m), 5.57-5.89 (2H,
m); 13C NMR: (of the mixture) § —5.6 (CH3), —5.5 (CH3),
—5.5(CH3), 18.2 (C), 25.7 (CH3), 25.8 (CH3), 39.1 (CH3), 39.6
(CHy), 42.8 (CH), 43.7 (CH), 66.7 (OCH>), 67.0 (OCH>), 71.0
(OCH), 113.7 (CHy), 114.6 (CH»), 115.7 (CHy), 115.8 (CH»),
139.5 (CH), 139.6 (CH), 140.8 (CH), 141.5 (CH). Anal. calcd.
for C14H30,Si: C, 65.57; H, 11.00. Found: C, 65.38; H, 10.89.

4.2.7. IR 4R-(tert-butyl dimethyl silanyloxy)-cyclopent-
2-enol (17) and 1S,4R-(tert-butyl dimethyl silanyloxy)-
cyclopent-2-enol (18)

To a solution of the alcohol 1la (100 mg, 0.4 mmol) in
dichloromethane (7 mL), Grubbs’ catalyst 3 (20 mg) was added
and stirred under argon atmosphere for 24 h at rt. Solvent was
removed and the residual mass was chromatographed (10%
diethyl ether—petrol) to afford the cyclopentenols 17 (37 mg,
42%); [a]lp? = — 153 (¢ 0.1, CHCL3) [12¢], [a]p2? = — 134.8 (c
2.02, CHCI3); IR: vy (neat) 3334, 2957, 1713 cm ™' ; 'THNMR:
60.01 (6H, s), 0.86 (9H, s), 1.77 (1H, ddd, J=14.1, 7.8, 3.3 Hz),
1.91 (1H, ddd, J=14.1, 7.3, 4.6 Hz), 2.29 (1H, br s), 2.85-3.10
(1H, m), 3.46 (2H, ddd, J=24.3, 9.6, 6.5Hz), 4.78-4.92 (1H,
m), 5.85 (1H, dt, J=5.6,2.0Hz), 5.94 (1H, dd, J=5.6, 1.6 Hz);
I3CNMR: § —5.4 (CH3), 18.2(C), 25.8 (CH3), 36.8 (CH»), 47.3
(CH), 66.7 (OCHy), 76.9 (OCH), 134.2 (CH), 136.9 (CH) the
cyclopentenol 18 (34 mg, 38%); [a]p> = — 69 (c 0.1, CHCl3);
IR: vmax (neat) 3331, 2957, 1715cm™!; 'H NMR: § 0.01 (6H,
s), 0.84 (9H, s), 1.48 (2H, d, J=15.3Hz), 2.10-2.35 (1H, m),
2.60-2.85 (1H, m), 3.40-3.70 (1H, m), 4.40-4.65 (1H, m),
5.65-5.75 (1H, m), 5.85-5.95 (1H, m); 3C NMR: § —5.6 (CH3),
18.4 (C), 25.9 (CH3), 36.9 (CH»), 46.2 (CH), 64.3 (OCH»), 75.4
(OCH), 134.8 (CH), 135.2 (CH) and a fraction containing a mix-
ture of 17 and 18 (12 mg, 13%).

4.2.8. 1R 4S-hydroxymethyl-cyclopent-2-enol (20)

A solution of the silyl ether 18 (20 mg, 0.09 mmol) in THF
(0.5mL) was treated with TBAF (0.2mL, 1M solution in
THF) and stirred for 1h at rt. Solvent was removed and the
residue was chromatographed (20% diethyl ether—petrol) to fur-
nish the known diol 20 (7mg, 70%); IR: vpax (neat) 3410,
2932 cm™!; [a]p® —45 (¢ 0.1, CH2Cly) [12d], [a]p® —44.3 (¢
1.5,CH,Cl); "THNMR: § 1.70-1.88 (2H, m), 2.30-2.40 (2H, m),
2.84-2.88 (1H, m), 3.59-3.77 (2H, m), 4.68 (1H, d, J=7.2 Hz),
5.82-5.85 (1H, m), 5.98-6.01 (1H, m); '3C NMR: § 37.3 (CH»),
46.5 (CH), 63.7 (OCHy), 75.9 (OCH), 135.2 (CH), 135.9 (CH).

4.2.9. Synthesis of the diacetate (16)

To a cooled (0 °C) magnetically stirred solution of the diol
la (55mg, 0.4 mmol) in dichloromethane (2 mL) was added
drop-wise acetic anhydride (0.09 mL, 1 mmol), triethylamine
(0.07 mL, 0.5 mmol) and pyridine (0.04 mL, 0.5 mmol) succes-
sively. The reaction mixture was then allowed to stir under argon
atmosphere for 2 h at rt. Solvent was evaporated and the residual
mass was extracted with ether. The ether layer was then washed
with 10% hydrochloric acid (1 mL) followed by brine (1 mL)
and dried. The residual mass obtained after solvent removal
was chromatographed (10% diethyl ether—petrol) to afford a
diastereoisomeric mixture of the diacetates 16 (37 mg, 43%)
as a colourless liquid; 'H NMR: (of the mixture) § 2.04, 2.06
and 2.07 (all siglets accounting for 6H), 2.45-2.50 (1H, m),
3.97-4.06 (3H, m), 5.05-5.29 (4H, m), 5.62-5.78 (2H, m); 13C
NMR: (of the mixture) § 20.67 (CH3), 20.69 (CH3), 20.9 (CH3),
21.0 (CH3), 35.2 (CH3), 35.5 (CH»), 39.46 (CH), 39.56 (CH),
66.79 (OCH,), 66.82 (OCH3), 72.0 (OCH), 72.9 (OCH), 116.4
(CHy), 116.9 (CH3), 117.51 (CH»), 117.56 (CHy), 135.6 (CH),
136.3 (CH), 137.2 (CH), 137.6 (CH), 169.8 (CO), 169.9 (CO),
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170.75 (CO), 170.78 (CO); HRMS: 249.1130 (M* + Na) (calcd.
for C12H1304Na 249.1103).

4.2.10. RCM of the diacetates (16)

A solution of the diacetates 16 (25mg, 0.1106 mmol) in
dichloromethane (1.8 mL) was treated with Grubbs’ cata-
lyst (5mg, 0.0061 mmol) for 2h at rt. Solvent was removed
and the residual mass was chromatographed (9% diethyl
ether—petrol) to afford 6 mg of unreacted diacetate 16 and a
3:2 diastereoisomeric mixture of the cyclopentenes 19 (15 mg,
91% based on recovered starting material); 'H NMR: (of
the mixture) § 1.96-2.14 (8H, m, having three singlets at §
2.04, 2.06, 2.07 for OCOCH3), 2.44-2.54 (1H, m), 3.93-4.09
(3H, m), 5.63-6.04 (2H, m); '3C NMR: § (for the major iso-
mer from the mixture) 20.9 (CHj3), 21.2 (CHj3), 33.9 (CH,),
44.04 (CH), 66.9 (OCHy), 79.6 (OCH), 131.3 (CH), 137.9
(CH), 1709 (CO), 171.02 (CO); § (for the minor isomer
from the mixture) 21.23 (CHsz), 21.26 (CHj3), 33.5(CH»),
43.7 (CH), 67.4 (OCH,), 79.2 (OCH), 131.4 (CH), 136.9
(CH), 170.7 (CO), 170.9 (CO); HRMS: 221.0847 (M* +Na)
(caled. for CigH1404Na 221.0790). The '3C chemical shifts
observed for the minor diacetate was closely comparable to
those of the corresponding syn diacetate reported in literature
[12e].

4.2.11. 4-Methyl-pent-2-enoic acid ethyl ester (22)

Triethyl phosphonoacetate (21.8 g, 97.2 mmol) was added
drop-wise at 1t to a magnetically stirred suspension of sodium
hydride (4g, 83.3 mmol, 50% suspension in mineral oil) in
THF (20 mL). The resulting solution was stirred for 45 min. A
solution of isobutyraldehyde (5 g, 69.4 mmol) in THF (20 mL)
was added to it. After stirring for 14 h at rt, the reaction mixture
was quenched by adding saturated aqueous NH4Cl (4 mL).
Usual work up of the reaction mixture followed by distillation
afforded a mixture of the E- and Z-isomer of the ester 22 (9 g,
91%); b.p. 146148 °C; IR: vyax (neat) 2964, 2937, 2904, 2872,
1720, 1653, 1466, 1367, 1300, 1267 cm~!; 'H NMR: (of the
mixture) § 0.86-1.03 (6H, m), 1.07-1.26 (3H, m), 2.31-2.36
(1H, m), 4.02-4.11 (2H, m), 5.65 (1H, dd, J=2.2, 15.7Hz),
6.78-6.87 (1H, m); '3C NMR: (of the major isomer from the
mixture) § 14.0 (CHz), 20.9 (CH3), 30.6 (CH), 59.8 (OCH,),
118.4 (CH), 155.0 (CH), 166.6 (CO).

4.2.12. Synthesis of 3-isopropyl-pent-4-enoic acid ethyl
ester (23)

The unsaturated ester 22 (6.1 g, 48 mmol) in diethyl ether
(150mL) was reduced with LiAlH4 (1.8g, 47.2mmol) to
afford the corresponding allyl alcohol (3.05g, 71%). This
alcohol without characterisation was subjected to ortho ester
Claisen rearrangement by heating with triethyl orthoacetate
(20mL, 108.5 mmol) and propionic acid (cat) to provide the
ester 23 (3.7 g, 64%); b.p. 140-142°C, IR: vpax (neat) 2959,
2935, 2906, 2872, 1736, 1468, 1387, 1369cm~!; 'H NMR:
8 0.76-1.00 (6H, m), 1.09-1.20 (3H, m), 1.43-1.56 (2H, m),
2.19-2.36 (2H, m), 3.94-4.12 (2H, m), 4.91-4.97 (2H, m),
5.52-5.61 (1H, m); 13C NMR: § 14.0 (CH3), 22.2 (CH3), 27.5

(CH3), 31.1 (CH), 34.8 (CHy), 46.5 (CH), 59.8 (OCH3), 115.8
(CHp), 138.5 (CH), 172.7 (CO).

4.2.13. 5-Isopropyl-hepta-1,6-dien-3-ol (Ic)

The unsaturated ester 23 (0.4 g, 2.35 mmol) in diethyl ether
(7mL) was reduced with LiAlH4 (110 mg, 2.82 mmol) as
described above for reduction of the ester 10 to afford the
corresponding alcohol (230 mg, 77%); 'H NMR: 8§ 0.67-0.98
(6H, m), 1.16-1.23 (2H, m), 1.47-1.67 (2H, m), 2.28 (1H,
brs), 3.47-3.71 (2H, m), 4.93-5.07 (2H, m), 5.51-5.63 (1H,
m). 3C NMR: § 22.9 (CH3), 28.2 (CH3), 30.9 (CH), 35.1
(CHy), 47.8 (CH), 61.8 (OCH,), 116.2 (CH3), 140.8 (CH). The
aldehyde obtained by Swern oxidation of this alcohol (180 mg,
1.41 mmol), following the procedure described for preparation
of the aldehyde 11, was allowed to react with vinyl magnesium
bromide following the procedure described earlier to yield the
dienol 1c¢ (180 mg, 82%); IR: vmax (neat) 3384, 3311, 3076,
2957, 2932, 2872, 1686, 1637, 1466, 1421, 1385, 1367 cm™".
'"H NMR: 6 0.81-0.99 (6H, m), 1.07-2.23 (4H, m), 4.04—4.11
(1H, m), 4.93-5.22 (4H, m), 5.51-5.93 (2H, m), '3C NMR: §
19.0 (CH3), 19.3 (CH3), 20.7 (CH3), 20.8 (CH3), 32.2 (CH),
32.3(CH), 39.7 (CH2), 39.7 (CHy), 46.9 (CH), 47.8 (CH),
72.6 (OCH), 73.7 (OCH), 114.0 (CH»), 114.9 (OCH;), 115.6
(OCHy), 116.7 (OCH>), 140.6 (CH), 141 (CH), 141.7 (CH),
142.2 (CH).

4.2.14. Ethyl-(3S)-3-[(4S)-1,4-dioxaspiro[4.5 ]dec-2-yl]-2-
[(IR)-1-hydroxyprop-2-enyl]-pent-4-enoate (24)

A solution of the ester 9 (1.00 g, 3.73 mmol) in THF (4 mL)
was added drop-wise to a magnetically stirred solution of
LDA [prepared from diisopropylamine (0.77 mL, 5.52 mmol)
in anhydrous THF (2mL) and nBuLi (3.05mL, 4.88 mmol,
1.6 M in hexane)] at —78 °C under Ar atmosphere. The tem-
perature was then slowly raised to —30°C and sttirred at that
temperature for 1h. The reaction mixture was again cooled
to —78°C and to it HMPA (1 mL) followed by acrolein
(0.33mL, 4.85mmol) was added drop-wise and stirred at
—78°C for another 2h. After quenching with saturated aque-
ous ammonium chloride solution (1 mL), the reaction mix-
ture was worked up in the usual way to afford after chro-
matography (10% diethyl ether—petrol) a 1:1 diastereomeric
mixture of the alcohols 24 (900 mg, 74%); IR: vpax 1732.0,
3444.6cm~1; '"H NMR: (300MHz) & (of the mixture) 1.21
(6H, t, J=7.14Hz), 1.33 (4H, br s), 1.48-1.53 (16H, m),
2.44-2770 (3H, m), 2.83-2.97 (3H, m), 3.57-3.63 (4H, dd,
J=16.9, 7.8 Hz), 3.89—4.16 (6H, m), 4.31 (2H, m), 5.07-5.26
(8H, m), 5.80-5.87 (4H, m); 3C NMR: 14.5 (CH3), 14.6 (CH3),
24.07 (CHy), 24.13 (CHyp), 24.21 (CHy), 25.46 (CHy), 25.5
(CH»), 34.9 (CH»), 35.2 (CH»), 35.9 (CH»), 36.1 (CH»),.45.9
(CH), 46.1 (CH), 53.4 (CH), 54.0 (CH), 60.8 (OCH3), 60.9
(OCH3y), 66.8 (OCH>), 67.3 (OCH>), 72.0 (OCH), 72.3 (OCH),
75.9 (OCH), 76.0 (OCH), 109.9 (C), 110.1 (C), 117.0 (CH»),
117.3 (CHy), 119.6 (CHy), 120.3 (CH2), 134.6 (CH), 134.7
(CH), 136.9 (CH), 138.5 (CH), 172.4 (CO), 172.8 (CO). Anal.
calcd. for CigHpg05: C, 66.64; H,8.70. Found: C, 66.84; H,
8.65. HRMS: 347.1811 (M* +Na) (caled. for CigHp305Na
347.1836).
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4.2.15. Ethyl (IR,2S,55)-2-[(4S)-1,4-dioxaspiro[4.5]dec-2-
yl]-6-hydroxycyclopent-3-ene-1-carboxylate (25a) and
ethyl (IR,2S,55)-2-[(4S)-1,4-dioxaspiro[4.5 ]dec-2-yl]-6-
hydroxycyclopent-3-ene-1-carboxylate (25b)

The diene 24 (2g, 6.17mmol) in anhydrous benzene
(100 mL) was treated with Grubbs’ catalyst (101 mg, 0.12 mmol)
for S5h at rt to afford after chromatgraphy (15% diethyl
ether—petrol) cyclopentenols 25a and 25b as a diastereomeric
mixture (ca. 1:1) (1.56g, 85%); IR: vpax (of the mixture)
1732.0, 3446.6cm™'; HRMS: 319.1508 (M* +Na) (calcd. for
C16H2405Na 319.1521). The pure cyclopentenols 25a, [alp®
+5.7 (¢ 0.1, CHCl3); '"H NMR: 6 1.29 (3H, t, J=7.1 Hz), 1.38
(2H, m), 1.54-1.65 (8H, m), 3.00 (1H, t, J=6.9 Hz), 3.44 (1H,
m), 3.67 (1H, dd, /=6.8 Hz), 4.01 (1H, dd, J=6.3, 8 Hz), 4.10
(1H, dd, J=6.0, 12.0Hz), 4.20 (2H, q, J=6.9Hz), 4.97 (1H,
m), 5.90 (1H, m), 6.03 (1H, dd, J=1.6, 5.7Hz); 3C NMR: §
14.1 (CH3), 23.7 (CHy), 23.9 (CH»), 25.1 (CHy), 34.6 (CHy),
36.0 (CHy), 50.1 (CH), 50.4 (CH), 60.9 (OCH), 66.9 (OCH»),
76.6 (OCH), 76.9 (OCH), 109.7 (C), 132.5 (CH), 135.7 (CH),
172.0 (CO) and 25b, [a]p® +19.5 (¢ 0.1, CHCl3); 'H NMR:
8 1.28 3H, t, J=7.1Hz), 1.36 (2H, m), 1.48-1.62 (8H, m),
1.61 (1H, br s), 3.03 (1H, t, J=7.8Hz), 3.42 (1H, m), 3.55
(1H, dd, J=6.5, 8.0Hz), 3.94 (1H, dd, J=6.4, 8.1 Hz), 4.04
(1H, dd, J=6.1, 12.1Hz), 4.15 (2H, q, /=7.1Hz), 4.93 (1H,
m), 5.79 (1H, dd, J=1.7, 5.7Hz), 5.83 (1H, m); >C NMR: §
14.1 (CH3), 23.7 (CH»), 23.8 (CH>), 25.0 (CHy), 34.7 (CHa),
36.0 (CH»), 50.1 (CH), 50.3 (CH), 60.8 (OCH,), 66.7 (OCH>),
76.8 (OCH), 77.3 (OCH), 109.7 (C), 133.3 (CH), 135.0 (CH),
172.3 (CO) were obtained through preparative TLC of a por-
tion of the above product mixture. syn-Orientation of the 1,3-
substituents in the cyclopentenol 25a was determined from NOE
(2.65%).

4.2.16. (25)-2-[(1R)-1-[(4S)-1,4-dioxaspiro[4.5]dec-2-yl]-
prop-2-enyl Jpent-4-ene-1,3-diol (26)

A solution of the ester 24 (630 mg, 1.94 mol) in ether (4 mL)
was reduced with LiAlH4 (74 mg, 1.94 mmol) according to the
procedure described above to afford a 1:1 diastereomeric mix-
ture of the diols 26 (400 mg, 73%) as a colourless viscous liquid
after chromatography (25% diethyl ether—petrol); 'H NMR: (of
the mixture) § 1.34 (4H, br s), 1.55 (16H, m), 1.83 (2H, m), 2.50
(2H, m), 3.64 (6H, m), 3.76 (2H, br s), 3.83 (2H, brs), 3.94 (4H,
m), 4.31 (1H, m), 4.36 (1H, m), 5.01-5.29 (8H, m), 5.80-5.90
(4H, m); 3C NMR: § 24.0 (CH,), 24.0 (CH»), 25.1 (CH»),
25.2 (CHy), 34.0 (CHy), 34.6 (CH3), 34.9 (CH»), 35.7 (CHy),
36.0 (CHy), 43.7 (CH), 43.9 (CH), 45.4 (CH), 49.2 (CH), 60.3
(OCH,), 61.1 (OCH»), 66.8 (OCH»), 66.9 (OCH,), 73.0 (OCH),
73.8 (OCH), 74.2 (OCH), 74.8 (OCH), 109.8 (C), 114.8 (CH»),
116.4 (CHy), 117.7 (CH), 119.2 (CH»), 135.3 (CH), 136.0
(CH), 137.5 (CH), 138.9 (CH); HRMS: 305.1688 (M™* +Na)
(calcd. for C1gHp60O4Na 305.1729).

4.2.17. (4S,55)-4,5-bis(tert-butyl-
dimethylsilanyloxymethyl)hepta- 1,6-dien-3-ol (28)

A solution of the diol 26 (400 mg, 1.42 mmol) in aqueous
acetic acid (80%, 4 mL) was stirred at 80 °C for 4 h. On cooling
to 0°C, NalO4 (304 mg, 1.42 mmol) was added to it and stirred

for another 1 h. The reaction mixture was diluted with EtOAC
(20mL) and washed repeatedly with 5% aqueous NaOH
solution till it is alkaline. The organic layer was separated and
dried over Na;SQOy4. Evaporation of the solvent under vacuum
afforded a liquid (190 mg, 79%). A solution of this liquid in
ether (2mL) was added to a magnetically stirred suspension
of LiAlH4 (43mg, 1.12mmol) in ether (1 mL) at 0°C and
stirring was continued for 1 h. After quenching with 15% NaOH
solution (0.5mL), the reaction mixture was extracted with
ether (3 x 20mL) and dried over NaySO4 and concentrated
to afford the triol 27 as a colourless viscous liquid (130 mg,
68%); 'H NMR: (of the mixture) § 1.25 (2H, br s), 1.67 (2H,
br s), 1.92-2.08 (2H, m), 2.47-2.54 (2H, m), 2.62 (2H, br s),
3.42-3.89 (8H, m), 4.32 (1H, m), 4.40 (1H, m), 5.09-5.36 (8H,
m), 5.77-5.95 (4H, m); 3C NMR: § 44.9 (CH), 45.7 (CH), 46.9
(CH), 47.9 (CH), 61.5 (OCH3), 63.7 (OCH3), 64.7 (OCH>),
66.1 (OCHy), 73.1 (OCH), 74.4 (OCH), 116.2 (CH»), 116.4
(CHy), 117.9 (CH»), 118.2 (CHy), 138.4 (CH), 138.9 (CH),
138.5 (CH), 138.6 (CH).

A mixture of the triol 27 (138mg, 0.76 mmol), as
obtained above, dichloromethane (2mL), triethylamine
(0.42mL, 3.024mmol), DMAP (5mg), imidazole (5mg),
t-butyldimethylsilyl chloride (249 mg, 1.66 mmol) was stirred
for 4 h at room temperature. After evaporation of the solvent the
residual mass was chromatographed (5% diethyl ether—petrol)
to afford the silylether 28 (150 mg, 50%); 'H NMR: (of the
mixture) § —0.90 (36H, s), 0.07 (24H, s), 1.54 (2H, br s),
2.05-2.10 (2H, m), 2.31-2.36 (2H, m), 3.57-3.82 (8H, m), 4.24
(2H, m), 5.10-5.37 (8H, m), 5.74-5.97 (4H, m); '*°C NMR:
8 —5.31 (CH3), —5.28 (CH3), —5.25 (CH3), —5.22 (CH3),
—5.19 (CH3), —5.12 (CH3), —5.05 (CH3), 18.5 (C), 18.6 (O),
25.99 (CHa), 26.13 (CH3), 26.21 (CH3), 26.23 (CH3), 45.0
(CH), 45.5 (CH), 47.5 (CH), 63.0 (OCH,), 63.8 (OCHy), 65.3
(OCHy), 65.5 (OCH»), 73.1 (OCH), 74.3 (OCH), 115.5 (CH>),
115.7 (CHy), 116.6 (CHy), 116.8 (CH»), 139.3 (CH), 139.4
(CH) 139.5 (CH), 139.7 (CH). Anal. calcd. for C,1 H4403Si,: C,
62.94; H, 11.07; Found: C, 63.40; H, 11.31; HRMS: 423.2710
(M* +Na) (caled. for Cp1Hy403Si,Na 423.2727).

4.2.18. (48,55)-4,5-bis(tert-butyl-
dimethylsilanyloxymethyl)cyclopent-2-en-1-ol (29)

The diene 28 (130 mg, 0.325) in anhydrous benzene (2 mL)
was treated with Grubbs’ catalyst (6 mg, 0.0073 mmol) for 5h
at rt afforded after chromatagraphy (15% diethyl ether—petrol)
cyclopentenol 29 (100mg, 83%); [a]p> —15°C (¢ 0.1,
CHCI3); '"H NMR: (of the mixture) § —0.07 (12H, s), —0.04
(12H, s), 0.85 (9H, s), 0.86 (9H, s), 0.884 (9H, s), 2.05-2.13
(1H, m), 2.20 (1H, m), 2.65-2.69 (1H, m), 2.96-3.00 (1H, m),
3.05 (1H, d, J=5.3 Hz), 3.41-3.47 (1H, m), 4.39-4.43 (1H,
m), 3.46-3.65 (2H, m), 3.52-3.60 (1H, m), 3.73-3.85 (3H, m),
3.79 (1H, dd, J=7.0, 10.0Hz), 3.91-3.97 (1H, m), 3.92 (1H,
dd, /J=4.8Hz), 4.39-4.43 (1H, m), 4.86 (1H, m), 5.79-5.82
(1H, m), 5.83 (2H, br s), 6.04-6.06 (1H, m); 3C NMR: § —5.2
(CH3), —5.0 (CH3), 18.4 (C), 18.6 (C), 25.90 (CH3), 25.98
(CH3), 26.16 (CH3), 26.24 (CH3), 46.6 (CH), 47.2 (CH), 49.5
(CH), 50.3 (CH), 61.2 (OCHy), 64.9 (OCH;), 66.6 (OCH;),
66.8 (OCHy), 78.2 (OCH), 79.2 (OCH), 133.9 (CH), 134.2
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(CH), 135.5 (CH), 135.9 (CH); HRMS: 395.2390 (M* +Na)
(caled. for C19HaoSioO3Na 395.2414).

Acknowledgements

Financial support from the Department of Science and Tech-
nology, Government of India is gratefully acknowledged. AN,
SS and TB wish to thank CSIR, New Delhi for Research Fel-
lowship.

References

[1] For reviews on, RCM reaction see:

(a) M. Schuster, S. Blechert, Angew. Chem. Int. Ed. 36 (1997)
2036-2056;

(b) R.H. Grubbs, S. Chang, Tetrahedron 54 (1998) 4413-4450;

(c) C. Pariya, K.N. Jayaprakash, A. Sarkar, Coord. Chem. Rev. 168
(1998) 1-48;

(d) A. Furstner, Angew. Chem. Int. Ed. 39 (2000) 3012-3043;

(e) T.M. Trnka, R.H. Grubbs, Acc. Chem. Res. 34 (2001) 18-29;

(f) S. Kotha, N. Sreenivasachary, Indian J. Chem. 40B (2001) 763-780;
(g) R.H. Grubbs, Tetrahedron 60 (2004) 7117-7140;

(h) A. Dieters, S.F. Martin, Chem. Rev. 104 (2004) 2199-2238;

(i) K.C. Nicolaou, P.G. Bulger, D. Sarlah, Angew. Chem. Int. Ed. 44
(2005) 4490-4527.

[2] (a) D.J. Holt, W.D. Barker, P.R. Jenkins, D.L. Davies, S. Garratt, J.
Fawcett, D.R. Russell, S. Ghosh, Angew. Chem. Int. Ed. 104 (1998)
3298-3330;

(b) A. Haque, J. Panda, S. Ghosh, Indian J. Chem. 38B (1999) 8-9;
(c) DJ. Holt, W.D. Barker, PR. Jenkins, J. Panda, S. Ghosh, J. Org.
Chem. 65 (2000) 482-493;

(d) S.P. Banerjee, S. Ghosh, S. Sinha, S. Ghosh, J. Org. Chem. 70 (2005)
4199-4202.

[3] (a) P. Kapferer, F. Sarabia, A. Vasella, Helv. Chim. Acta 82 (1999)
645-656;

(b) L. Hyldtoft, R. Madsen, J. Am. Chem. Soc. 122 (2000) 8444-8452;
(c) R.J. Davoille, D.T. Rutherford, S.D.R. Christie, Tetrahedron Lett. 41
(2000) 1255-1259.

[4] (a) H. Ovaa, J.D.C. Codee, B. Lastdrager, H.S. Overkleft, G.A. Vander-
marel, J.H. Van Boom, Tetrahedron Lett. 39 (1998) 7987-7990;

(b) M.K. Gurjar, K. Maheshwar, J. Org. Chem. 66 (2001) 7552-7554.

[5] (a) A. Srikrishna, M.S. Rao, Tetrahedron Lett. 43 (2002) 151-154;

(b) A. Srikrishna, M.S. Rao, Synlett (2002) 340-342;
(c) A. Srikrishna, G. Satyanarayana, Tetrahedron Lett. 44 (2003)
1027-1030.

[6] M.T. Crimmins, B.W. King, J. Org. Chem. 61 (1996) 4192-4193.

[71 M.T. Crimmins, A.L. Choy, J. Org. Chem. 62 (1997) 7548-7549.

[8] T.R. Hoye, H. Zhao, Org. Lett. 1 (1999) 1123-1125.

[9] L.A. Paquette, I. Efremov, J. Am. Chem. Soc. 123 (2001) 4492-4501.

[10] (a) M.K. Gurjar, P. Yakambram, Tetrahedron Lett. 42 (2001) 3633-3636;
(b) E.S. Greenwood, PJ. Parsons, M.J. Young, Synth. Commun. 33
(2003) 223-228.

[11] For reviews on non-metathetic processes see:

(a) B. Alcaide, P. Almendros, Chem. Eur. J. 9 (2003) 1258-1262;
(b) B. Schmidt, Eur. J. Org. Chem. (2004) 1865-1880.

[12] A. Nayek, S. Banerjee, S. Sinha, S. Ghosh, Tetrahedron Lett. 45 (2004)
6457-6460 (a part of this work appeared as a preliminary communica-
tion).

[13] For recent reviews on the synthesis of carbocyclic nucleosides, see:

(a) M.T. Crimmins, Tetrahedron 54 (1998) 9229-9272;
(b) M. Ferrero, V. Gotor, Chem. Rev. 100 (2000) 4319-4347.

[14] For selected syntheses of (—)-carbovir see:

(a) B.M. Trost, L. Leping, S.D. Guile, J. Am. Chem. Soc. 114 (1992)
8745-8747,

(b) C.T. Evans, S.M. Roberts, K.A. Shoberu, A.G. Sutherland, J. Chem.
Soc. Perkin Trans. 1 (1992) 589-592;

(c) M. Asami, J. Takahashi, S. Inoue, Tetrahedron Asymmetry 5 (1994)
1649-1652;

(d) D.M. Hodgson, I. Witherington, B.A. Moloney, J. Chem. Soc. Perkin
Trans. 1 (1994) 3373-3378;

(e) D.M. Hodgson, J. Witherington, B.A. Moloney, J. Chem. Soc. Perkin
Trans. 1 (1993) 1543-1544;

(f) J. Nokami, H. Matsuura, K. Nakasima, S. Shibata, Chem. Lett. (1994)
1071-1074, and references cited therein;

(g) E. Roulland, C. Monneret, J.C. Florent, Tetrahedron Lett. 44 (2003)
4125-4128.

[15] (a) N. Katagiri, A. Toyota, T. Shiraishi, H. Sato, C. Kaneko, Tetrahedron
Lett. 33 (1992) 3507-3510;
(b) N. Katagiri, M. Nomura, H. Sato, C. Kaneko, K. Yusa, T. Tsuruo,
J. Med. Chem. 35 (1992) 1882-1886;
(c) M. Tanaka, Y. Norimine, T. Fujita, H. Suemune, K. Sakai, J. Org.
Chem. 61 (1996) 6952-6957.

[16] For a recent approach, see:
C.S. Callam, T.L. Lowary, Org. Lett. 2 (2000) 167-169.

[17] There is a single report demonstrating that RCM of a 1,6-acyclic diene
with acetoxymethyl group at the allylic carbon is faster compared to
that of a diene with a hydroxymethyl group;

T.K. Maishal, D.K. Sinha-Mahapatra, K. Paranjape, A. Sarkar, Tetrahe-
dron Lett. 43 (2002) 2263-2267.

[18] J.S. Kingsbury, J.P.A. Harrity, P.J. Bonitatebus Jr., A.-H. Hoveyda, J. Am.
Chem. Soc. 121 (1999) 791-799.

[19] A. Mengel, O. Reiser, Chem. Rev. 99 (1999) 1191-1223.



	Alkoxy group facilitated ring closing metathesis (RCM) of acyclic 1,6-dienes
	Introduction
	Results and discussion
	Conclusion
	Experimental section
	General
	Procedures for synthesis
	3R-(1,4-dioxa-spiro[4.5]dec-2S-yl)-pent-4-enal (11)
	5R-(1,4-dioxa-spiro[4.5]dec-2S-yl)-hepta-1,6-dien-3-ol (12)
	1R,4S- and 1S,4S-(1,4-dioxa-spiro[4.5]dec-2S-yl)-cyclopent-2-enols (14)
	3S,5-divinyl-tetrahydro-furan-2-ol (13)
	Synthesis of the diene (1a)
	5R-(tert-butyl dimethyl silanyloxy)-hepta-1,6-dien-3-ol (15)
	1R,4R-(tert-butyl dimethyl silanyloxy)-cyclopent-2-enol (17) and 1S,4R-(tert-butyl dimethyl silanyloxy)-cyclopent-2-enol (18)
	1R,4S-hydroxymethyl-cyclopent-2-enol (20)
	Synthesis of the diacetate (16)
	RCM of the diacetates (16)
	4-Methyl-pent-2-enoic acid ethyl ester (22)
	Synthesis of 3-isopropyl-pent-4-enoic acid ethyl ester (23)
	5-Isopropyl-hepta-1,6-dien-3-ol (1c)
	Ethyl-(3S)-3-[(4S)-1,4-dioxaspiro[4.5]dec-2-yl]-2-[(1R)-1-hydroxyprop-2-enyl]-pent-4-enoate (24)
	Ethyl (1R,2S,5S)-2-[(4S)-1,4-dioxaspiro[4.5]dec-2-yl]-6-hydroxycyclopent-3-ene-1-carboxylate (25a) and ethyl (1R,2S,5S)-2-[(4S)-1,4-dioxaspiro[4.5]dec-2-yl]-6-hydroxycyclopent-3-ene-1-carboxylate (25b)
	(2S)-2-[(1R)-1-[(4S)-1,4-dioxaspiro[4.5]dec-2-yl]-prop-2-enyl]pent-4-ene-1,3-diol (26)
	(4S,5S)-4,5-bis(tert-butyl-dimethylsilanyloxymethyl)hepta-1,6-dien-3-ol (28)
	(4S,5S)-4,5-bis(tert-butyl-dimethylsilanyloxymethyl)cyclopent-2-en-1-ol (29)


	Acknowledgements
	References


