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Abs t rac t :  Tri- and tetrasubstimted 1,4-dien-3-oues 1 were treated with Lewis acid in the presence of 
tdethylsilane, furnishing either silyl euol ethers 4 or cyclopentanunes 5 in goud yields, depending upon 
wt~k-up conditions. This reaction is l~resumed to occur through oxyallyl intea'mndiate 3, which 
undergoes intermolecular hydride transfer and O-silylation to give 4. In most cases, only 2 expaiv, of 
silane was required, and catalytic amounts of Lewis acid could be used. Trieaone substrate 7 was found to 
undergo clean conversion to tricyclic ether 8, indicating fast capture of the oxyallyl intermediate by the 
pendant olefln. © 1998 Elsevier Science Ltd. All rights reserved. 
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The Nazarov cyclization has enjoyed widespread use in synthetic organic chemistry as a vehicle for the 
selective introduction of cyclopentene rings. 1 The initial observation of the protic acid-mediated eyclization of 
cross-conjugated dienones and related systems 2 was followed by several important innovations, such as the use 
of Lewis acids under aprotie conditions, 3 and various forms of "directed Nazarov cyclizations" employing silyl- 
or stannyl-substituted dienones. 4 In fact, these two improvements are interconnected, as the use of Lewis acid to 
initiate the electrocyclization demands the availability of a facile termination event. While loss of R3Si ÷ or R3Sn ÷ 
satisfies this requirement, the more common deprotonation pathway can be inefficient and unselective. For 
example, 2,4-dimethyl-l,5-diphenyl-l,4-pentadien-3-one l a  underwent clean conversion to cyclopentenone 2 
upon reflux in ethanolic HCI (eq 1). 5 However, we found that attempted cyclization with Lewis acids under a 
variety of conditions led to low yields and complex mixtures. 
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We have recently shown that the oxyallyl intermediate formed upon electrocyclization of dienones can be 
efficiently intercepted by pendant alkenes, a process termed the interrupted Nazarov reaction. ~ This suggested 
that the intervention of an effective trapping process might render substrates such as l a  more tractable. In 
particular, interrnolecular trapping of the oxyallyl intermediate 3 with a Lewis acid-tolerant hydride source could 
provide a general method for the direct conversion of dienones to cyclopentanones (Scheme 1). An important 
advantage of such a "reductive Nazarov cyclization" would be the preservation of both newly formed 
stereocenters at carbons 3 and 4 of the cyclopentanone. In contrast, eliminative termination usually leads to the 
loss of some of this stereochemical information (e.g., l a  ~ 2). 7 
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Dienones l a - e  8 were lreated with Lewis acid in the presence of 2-10 equiv, of triethylsilane (Table 1). 9 
Initial studies with l a  and either Et2AIC1 or BF3.OEt 2 led to mixtures of silyl enol ether 4a and cyclopentanones 
5a in excellent combined yield (entries 1 and 2). To simplify the reaction mixture, the aqueous quench was 
mplac~l by treatment with IN HCI (entry 3), which provided 5a in 98% yield (ca. 9:1 ratio). 1° It is also notable 
that this process could be effected with catalytic amounts of Lewis add (entry 4), albeit in somewhat lower 
overall yield.ll Dicyclopentenyl ketone lb  could be convcll:ed to the triquinane 5b in good yield, along with a 
small amount of the simple conjugate reduction product 6b (entry 5). Catalytic amounts of BF3.OEt2 in this case 
led to incomplete consumption of the starting dienone, while SnC14 gave reduction product 6b only (entry 6). 

In analogy to l a ,  dienone l c  gave a mixture of silyl enol ether 4c and cyclopentanones 5c with a simple 
aqueous work-up, and 5c only with a 1N HC1 quench (entries 7 and 8). Trisubstituted dienone l d  led to a 
3.3:1 mixture of Sd in good yield (entry 9). Notably, when its (Z)-isomer, l e ,  was subjected to the same 
conditions, an identical ratio of products was obtained in comparable yield (entry 10). Orbital symmetry 
considerations require that an (E,Z)-dienone such as le  should lead to a cis relationship between the phenyl and 
methyl groups at C-3 and (2-4. The isolation of the same trans-disuhstituted products obtained with l d  suggests 
a prior isomerization of the (Z)-alkene. n This was confh'med by analysis of unreacted starting materi~ in an 

Table 1. Reductive Nazarov Cyclization of Dienones la-e. 

entry substrate conditions" products (yield) b 
OSiEts O 

O M e.,,.~.~ Me Me,,. ,~ Me Me.Me 1 1.1 equiv. EhAICl, 10 equiv. EhSiH; H20 ~4'~".~ Ph I ~'l:'n 

I~ I:~ 4a (49%) 5a (44%; 
la 4.5:1 ~Me/a-Me) 

2 l a  1.1 equiv. BF3.OEh, 10 equiv. EhSiH; H20 4a (44%), Sa (54%; 3.5:1 [~-Me/a-Me) 

3 l a  1.1 equiv. BF3.OEh, 2 equiv. EhSiH; 1N HCI Sa (98%; 8.8:1 ~-Me/~-Me) 
4 l a  0.1 equiv. BF3.OEh, 2 equiv. EhSiH; 1N HC1 5a (80%; 7.0:1 [3-Me/a-Me) 

o 
5 ~ 1.1 equiv. BF3"OEt2, 2 equiv. EhSiH; 1N HCI 

H H 
lb 5b (71%) 6b (14%) 

6 lb  0.1 equiv. SnCI,, 2 equiv. EhSiH; IN HCI 6b (61%) 
)SiEb 0 

Me~,,,., Me M O ~  Me 
~Pr "/-Pr J;Pr d %~Pr 

4c (24%; .f,c (69%; 

o 

lc 

8 l c  

1.1 equiv. BF3-OEt2, 10 equiv. EhSiH; H20 

1.1 equiv. BF3.OEh, 2 equiv. EhSiH; 1N HCI 

5.7:1 Me epimers ) 2.6:1 Me epimen) 

Sc (84%; 1.2:2.8:1 ratio of 3 diast.) 
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Table 1. (continued) 

entry ~ 

10 

O 

Ph Me 

ld 
0 

le 

ll le 

conditions = 

1.1 equiv. BF3,OEt~. 10 equiv. EtsSiH; H20 

1.1 equiv. BF3.OEt ~ 10 equiv. EtsSiH; I-IaO 

M e ~ M  e 

Sd CT7~,; 
33:t IE~v~/a-~) 

M (81%; 3.3:1 ~-Me/wMe) 

0.1 equiv. SnCI4, 2 equiv. EtsSiH; H20 

Me Me 

Me Ph Me 
5d (63%; 6d  (12%) 

=All reactions were carried out at -78 °C in CH2CI2, See reference 9 for a representative expedreental pmc~lm~. ~ yields 
chromatography. All new compounds were characterized by IR, IH NMR, 13C NMR and combustion analysis or HRMS. 

incomplete reaction, which indicated that significant isomeriz~on had occurred prior to Nazarov cyclizafion. 
Careful u'eatraent of le  with a catalytic amount of TiCI 4 at low temperature furnished ld  in high yield (eq 2). As 
in the case of l b  (entry 6) treatment of le  with SnCI 4 resulted in the formation of some conjugate reduction 
product 6d along with 5d (entry 11). Silyl enol ethers were not isolated with ld-e ,  even with bicafoonate 
work-up. This presumably results from their greater lability due to lighter substitution. 13 

o o 

"l'iC~ (cat.) = 92% ( 2 )  

-78 °C, CH2C ~ Ph Me 

le  ld 

Finally, trienone 7 was subjected to the reductive NAT~rOV conditions (Scheme 2). This substrate had 
previously been shown to undergo efficient conversion to the tricyclic hemiketal 9 6 but the efficiency of the 
hydride trapping seen with la-e  suggested that reductive cyclization to give Sh might compete effectively with 
the interrupted NgTorov pathway. In lhe event, u'icyclic ether 8 was obtained in high yield, suggesting rapid 
capture of the oxyallyl intermediate by the alkene, and a short lifetime for the resulting tertiary carbocation. Ionic 
hydrogenation 14 o f  the intermediate enol ether would  then lead to 8. 

Scheme 2 
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These results demonstrate that the intermediate oxyaUyl cation formed from the ¢lectrocyclization step of  the 
Nazarov reaction can be efficiently intercepted by an intermolecular hydride source with no competing 

elimination to cyclopentenone. This reductive Nazarov cyclization complements existing methodology for 

directed cyclopentenone formation, and may expand the potential of  the previously reported olefm trapping 

reactions. Further  examples of  synthetically useful intermolecular trapping of  Nazarov intermediates will be 

reported elsewhere. 
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