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Zirconium-promoted cyclizations of enynes, dienes, and O’i)zmpﬁz o Z’CD
diynes are useful in synthetic organic chemistgnd various 2N (SH-EBTHIZ/BINOL (1)
natural products have been synthesized using this procédure. H H
Zirconium-catalyzed carbomagnesation and cyclization in the Figure 1.
presence of Grignard reagent have recently been repb@ed.

the basis of these results, asymmetric carbomagnedation, Scheme 1

carboaluminatiori¢ and kinetic resolutioff have been reported 1. BuMg (8 eq.) <

using a chiral zirconium compléx.These studies prompted us \2 f/ (A)-1 (10 mol %) H [—{

to develop a zirconium-catalyzed asymmetric diene cyclization THF, reflux, 64 b N LAY

using chiral zirconium compleg, as shown in Figure 1. For ' 2.10% HCI B Bn

this purpose, the stereochemistry of the ring junction of the 2 3a 13%  3b 6%, 13% ee

zirconacycle generated from the diene must be controlled. In
general, when a stoichiometric amount of zirconium complex Scheme 2
is used for cyclization, a thermodynamic zirconacycle is formed,

and in a zirconium-catalyzed cyclization using Grignard reagent, [\‘ OF @NOE
a kinetic zirconacycle is formetd.Here we report an asymmetric 1. BuzMg (8 eq.) . ;/R‘ 4 ;/R
ggﬁkz]gign of heterocycles using zirconium-catalyzed diene 2\{ o e d . L—X
. _ _ N

When a THF solution o2 was refluxed with R)-(EBTHI)- ' 2. 2)0% "('ftL 10% HGL En Bn
ZrBINOL (1) (10 mol %) in the presence of BMg (8 equiv) or Dz and then 187
for 64 h, we obtained3a and 3b in yields of 13 and 6%, 5 R'=H
respectively, and the enantiomeric excess (ee) of the trans 7a R:=0H 8a H‘1=OH
isomer3b®® was only 13% (Scheme 19. Surprisingly, when 7b R =OBz 8b R'=0Bz
diallylamine 4, which has a methyl group on the alkene, was 9 R'=MgX

treated in a similar manner, it gave the cyclized prodifan x Cp*y
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Table 1. Reaction of4 with RMgX in the Presence of§-1
Followed by Treatment with ©

RMgX time __'2 8a
run (equiv) solvent temp (h) vyield ee vyield ee
1 BwMg(8) THF reflux 45 36 62 12 70
2  BuwMg (8) THF 1t 715 24 54 2 46
3  BwMg (8) EtO rt 88 18 44 27 46
4 BuMgCI(8) THF reflux 95 79 61
5 BuMgCl(4) THF reflux 24 54 71
6 BuMgCl(2) THF reflux 24 21 78
7 BuMgCI(2f THF reflux 14 72 71
8 BuMgCl(4) THP 80°C 36 16 86

a|n all other cases, a 0.082 M solution of the substrate was used;
however, in this case, a 0.33 M solution was ugetHP tetrahydro-
pyran.

Scheme 3
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Table 2. Zirconium-Catalyzed Asymmetric Cyclizatidn

Substrate Time E* Product
OH HO_ HON . :
/(/ 95h HO [ h
N N trans-179 L os1T
R R=CHPh, R 40%, 95%ee 23%, 46%ee
OMe MeO- ~ MeO. _ . .
95h H
N S N N
| 18 R . é R
R=CHPh, trans-19 cis-19 20
| 49%, 88%ee  29%, 36%ee 11%, 26%ee
HO H
X H
{5 45h 0, h
N™ 21
R R=GH,Ph N 22
| R __ 41%, 93%ee y
H
\) i /) NOE
Ng 6h  HO
23 N cis-24 N trans-24
R=CHPh, R 46% 87%ee R n400 g4%ee
| W ) NoE
O\/ 15h H0 HEE
N.
R 25 N 26
R=CHPh, R 47%, 94%ee

@ A THF solution of diene1 (10 mol %), and BuMgCl (4 equiv)
was refluxed, and then the reaction mixture was treated with electro-
philes. The determinations of the relative configurations are described
in the Supporting Information. The absolute configurations were
assigned by analogy toa.

stage at which enantioselection occurs is not yet dfear.
Subsequently, we attempted to synthesize various heterocycles
using the zirconium-catalyzed asymmetric cyclization. The
results are shown in Table 2. Magnesium complexes generated

temperature, the reaction gave good yields with higher ees (runsgrom dienes were treated withsB* or O, and we could obtain
1, 2, and 8), and with an excess of Grignard reagent, the reactiorype pyrrolidine and piperidine derivativdg, 198 and228 and

gave decreased ees of the product (run6¢ As a result, when
a THF solution o4 and BuMgCl (2 equiv) was refluxed in the
presence ofl (10 mol %) for 14 h, the cyclized produdia
with 71% ee was obtained in 72% vyield (run 7).

If the enantioselection occurs at the stage of the formation

spiro-compound®4%16 and 26° with high ees. The diphenyl-
methyl group on nitrogen improved the yield of the cyclized
product.

These results indicate that a catalytic asymmetric diene
cyclization using a chiral zirconium complex was realized. In

of zirconacycle, the same ee should be obtained when thethijs reaction, the substituent on the alkene carbon affects the

stoichiometric amount ofS)-(EBTHI)ZrBu, is used for this
reaction. Thus, when a THF solution of compou#dvas
refluxed in the presence of a stoichiometric amount $f (
(EBTHI)ZrBu, generated fronl (1.15 equiv) and BuLi (2.3
equiv)? for 4 h, the cyclized produds was obtained in 59%
yield, but5 is almost racemic (9% ee) (Schemé3)This result

reaction course and five- and six-membered cyclized products
were obtained with high ees. Further studies are in progress.
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On the basis of these results, the predicted reaction coursejagga462H

of 4 and BuMgCl in the presence dfis shown in Scheme 4.
The zirconacycled0 and ent10 are formed from4 and -
(EBTHI)ZrBu, generated fronil and BuMgCl, and the ring
junctions of zirconacycle$0 andent10 show cis stereochem-
istry.1* Notably, the ratio of the zirconacycld® andent10is
almost 1:1 because the ee of the hydrolysis pro&ustonly
9%. However, we obtained alcohda with 86% ee (Table 1,

run 8). Thus, enantioselection should occur at the subsequent
steps, ate-complexation (step b) or transmetalation (step c).

Presumably, the formation of ate-complEXfrom zirconacycle
10 (and/or the formation oi4 from ate-complex3) is faster
than that of ate-complex from diastereoneai10 (and/or that
of the magnesium complex of the diastereomer). However, the

(12) Negishi, E.; Cederbaum, F. E.; Takahashif@trahedron Lett1986
27, 2829.

(13) The enantioselection of obtained by a zirconium-promoted
asymmetric cyclization (a stoichiometric reaction) is same as th& of
obtained by a zirconium-catalyzed asymmetric cyclization.

(14) Compound!t was treated with a stoichiometric amount of,ZBu,
generated from CfZrCl, and BulLi, followed by successive treatment with
carbon monoxide and iodine. After acid hydrolysis, bicyclic compound
11 was obtained in 54% yield as a single isomer. To determine the
stereochemistry of the ring junctioft]l was reduced with NaBkto give
alcohol12in 66% yield. The NOE experiment with2 indicated that the

ring junction of 12 is cis.
H NOE
"
N

Bn
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" % }
N
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(15) One explanation for why magnesium complebwas formed from
the ate compleX 3 may involve steric release between the methyl group
and the Cp* group or the butyl group on ate-compl@& Presumably, the
reaction rate for the cyclization af is faster than that o2 for the same
reason; the zirconacycle or ate-complex formed fébim more stable than
that formed fromé.
(16) Aza-spiro compound 284, R = CHyPh) was synthesized by
zirconium-promoted cyclization. Negishi, E.; Maye, J. P.; Choueiry, D.
Tetrahedron1995 51, 4447.
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