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ABSTRACT
o} TBSO 10 mol%
1. Me,S, TBSOTf _W(CO)s, hv
2.In, CHyC=CCH,Br & TH0.THF

Indium-mediated allenylation of a,f-unsaturated ketones in the presence of tert-butyldimethylsilyl triflate and dimethyl sulfide gives 6-siloxy-
1,2,5-trienes, which undergo W(CO)s(L)-catalyzed 5-endo cyclization to give the corresponding cyclopentene derivatives in good yield. Furthermore,
this novel W(CO)s(L)-catalyzed cyclization of allenyl silyl enol ethers proceeds in a 6-endo manner when 5-siloxy-1,2,5-trienes are employed
as a substrate. In these reactions, effective electrophilic activation of allenyl compounds for attack by silyl enol ethers is achieved using a

catalytic amount of W(CO)s.

Allenyl compounds play an important role in synthetic
reactions due to their unigue structure and high reactivity.
Although s-allyl palladium(ll) complex formation by the
carbopalladation of allenyl compounds with palladium(ll)
compounds, followed by attack on the complex by nucleo-
philes, has been studied extensively (e¢*8imple transition
metal-catalyzed electrophilic activation of allenyl compounds
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for attack by carbon nucleophiles has remained relatively
unexplored despite its high potential as a method for the
construction of carbon frameworks (eq??8
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We recently reported a concise method for cyclopentene

annulation onton,S-unsaturated ketones utilizing indium-
mediated propargylation in the presence teft-butyldi-
methylsilyl triflate and dimethyl sulfide, followed by
W(CO)(thf)-catalyzed 5-endo-dig cyclization of the silyl
enol ether generated onto the terminal alky@ne specific

feature of this reaction is that cyclopentene derivatives having

a double bond at thg,y-position of the carbonyl group are
obtained selectively. We expected that by finding an ap-
propriate method for 1,4-allenylsilylation of3-unsaturated
ketones, followed by transition metal-catalyzed 5-endo
cyclization of the silyl enol ether generated onto the transition
metal-activated allenyl moiety, another useful cyclopentene

annulation could be achieved where the double bond of the

product is situated at thed-position of the carbonyl group.

Thus, these two procedures would constitute complementary

methods for cyclopentene annulation with control of double
bond position (Figure 1).

10 mol%

TBSO
1. Me,S, TBSOTf W(CO)s(thf) M
H,0, THF
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Figure 1. Cyclopentene Annulation onto Cyclic,5-Unsaturated
Ketones.

In the first place, allenylation in the presence of silyl triflate
and dimethyl sulfide was examinédAs it is known that

Table 1. Indium-Mediated 1,4-Allenylsilylation of Cyclic
a,B-Unsaturated Ketones
0 Me,S, TBSO
( TBSOTf ( oTf
-78 °C, +
R THF R SMe,
1 A
In, TBSO
R'C=CCH,Br
-78 °C~rt, Z
THF R
2 R
substrate  propargyl bromide product yield/%
(e} TBSO
(
( 7
R
1a: n=1 R'= Me 2a 77
1b: n=0 R'= Me 2b 61
(e} TBSO
1c R'=Me 2c 86
1d R'=n-Bu 2d 49
1e R'=Ph 2e 44

ketones when propargyl bromides having a substituent on
the terminal alkyne were employed.

We next examined the cyclization reaction using the
6-siloxy-1,2,5-trienes generated as a substrate. deen
was treated with an equimolar amount of preformed
W(CO)(thf) in the presence of 3 molar equiv o8, 2a
was completely consumed at room temperature within 3 days
to give the 5-endo-cyclized ketoida as a single product in
71% vyield. Furthermore, the reaction time was greatly
diminished (4 h) by carrying out the reaction with an
equimolar amount of W(CQ)under direct photoirradiation
at 40°C to give the same produ@a in 94% yield1® This
reaction could be carried out successfully even with a

indium reagents prepared from propargyl bromides having catalytic amount (as little as 10 mol %) of W(GQ)nder
a substituent on the terminal alkyne react with aldehydes or : — :
(6) For recent examples of 5-endo-selective cyclization by nitrogen

ketones to give a”enyl Comp_ound_s as the major _proerCt' nucleophiles, see: (a) Ohno, H.; Toda, A.; Miwa, Y.; Taga, T.; Osawa, E.;
we expected that 1,4-allenylsilylation could be achieved by Yamaoka, Y.; Fujii, N.; Ibuka, TJ. Org. Chem1999 64, 2992-2993. (b)

employing indium reagents prepared from substituted pro-
pargyl bromides and indium metal.

Thus, to a THF solution of 2-methylcyclohex-2-en-1-one
lawere added in successitert-butyldimethylsilyl triflate
and dimethyl sulfide to afford in situ &rt-butyldimethyl-
siloxycyclohex-2-enylsulfonium sal, which was treated
at —78 °C with the indium reagent prepared from 1-bromo-
2-butyne and indium metal. The mixture was slowly warmed
to room temperature overnight to give the desired allenylated
silyl enol ether2ain 77% yield. As summarized in Table 1,
the present preparative method was found to be generall
applicable to 1,4-allenylsilylation of cyclia,S-unsaturated
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photoirradiation to give3a in 69% vyield. Other metal
complexes such as Pd(OAcPdCL, and PtCj, failed to give
better resultd! When 2c was reacted in the presence of 3
molar equiv of DO instead of HO, the degree of deuterium
incorporation at the olefinic proton dc was more than

cyclized ketone3b in good yield. Varying the substituent
on the allene moiety2c—e) did not lower the yield. Thus,
this 5-endo-trig cyclization of 6-siloxy-1,2,5-trienes consti-
tutes another useful method for cyclopentene annulation onto
o,f-unsaturated ketones utilizing a novel W(GQ)-

90%12 On the basis of these results, the reaction is assumedcatalyzed electrophilic activation of the allene moiety toward

to proceed as follows: treatment ®& with W(CO)s under
photoirradiation would give the aller&V(CO) 7> complex

B. Next, intramolecular attack of the silyl enol ether occurs
on the distal carbon of the allene moiety to give the
vinylmetallic intermediateC. Finally, the carborrtungsten
bond is protonated to give the 5-endo-cyclized ket8ag
with regeneration of the W(C@}hf) (Scheme 1).

Scheme 1
TBSO o]
X mol% W(CO)q
hv,H,0, THF, 40 °C
2a 94% (X=100) 3a
69% (X=10)
W(CO)(thf) l o T “WEOK(H
. N
TBSO)/\ TBSO
2 W(CO)s
W(CO)s

B (nz—complex) C (vinyl metallic intermediate)

We then examined the generality of this reaction employ-
ing a variety of 6-siloxy-1,2,5-trienes as summarized in Table
2. The five-membered substra?®é also gave the 5-endo

Table 2. Stoichiometric and Catalytic Endo-Selective
Cyclization of 6-Siloxy-1,2,5-trienés

yield(%)
substrate product W(CO)s
100 mol% 10 mol%
TBSO e} !
2b 3b 83 74
TBSO (¢}
R
2¢ R'=Me 3c 93 74
2d R'=n-Bu 3d 80 51
2e R'=Ph 3e 99 86

aGeneral procedure: a THF solution of the substrate, WCand 3
molar equiv of HO was irradiated at ambient temperature foer20 hours.
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attack by neutral carbon nucleophiles.

The following two reactions clearly demonstrate the
synthetic utility of these protocols. Thus, starting from
isomeric propargyl bromides, that is, 1-bromo-2-butyne and
3-bromo-1-butyne, either 6-siloxy-1,2,5-triek@or 6-siloxy-
5-en-1-yned could be synthesized selectively, and subsequent
W(CO)(L)-catalyzed reaction gave either regioisomer of the
cyclopentene annulated produgtsor 5 with good to perfect
control of the position of the double bond (Schemé32).

Scheme 2
10 mol%
TB W(CO)s 0
1. Me,S, TBSOTF H,0
2.1n, 7 hv, THF
o H,CC=CCH,Br 40°C
ﬁ/ | 2a 77% 3a 69%
5 mol%
1a TBSO W(CO)s(thf), O
1. Me,S, TBSOTf HO
2.In, A THF.it
HC=CCH(CH)Br
4 86% 5 89%
(5:3a=10:1)

We next applied this novel reaction to other types of
allenyl silyl enol ethers. Thus, the reaction of 5-siloxy-1,2,5-
triene 6a with 10 mol % W(CO} under photoirradiation in
toluene proceeded smoothly to give the 6-endo cyclized
ketone7ain good yield. The same type of 6-endo cyclization
reaction was found to proceed similarly with acyclic
substratestb and 6¢, although an equimolar amount of
W(CO)s was required to obtain a good yield of the products
7b and7c (Scheme 3).

In conclusion, we have developed a novel method for the
cyclization of allenyl silyl enol ethers in an endo manner

Scheme 3

T 10 mol% W(CO)g

&LOTBS hv,H,0, THF, 40°C 0
6a 7a 84%
OTES o

R, = 100 mal% W(CO), R

hv, H,0, THF, 40°C
P Ph Ph

6b R=H 7b 74%
6c R=Me 7c 78%
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using a catalytic amount of W(C@and realized an efficient
method for cyclopentene annulation onig3-unsaturated
ketones. In this reaction, effective activation of the allene
moiety is achieved by complexation with W(GQallowing
attack by neutral carbon nucleophiles. Further studies to
expand the utility of this reaction are in progress in our
laboratory.
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(11) Use of Pd(OAg)or PdC} did not give3a at all. When PtCGlwas
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