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Metal-catalyzed cycloisomerization of enynes often leads to Scheme 1

skeletal rearrangement because “nonclassical” cations participate (eq1) 1,2-shift
as reaction intermediatésAmong literature reports, migration of n R
a 1,2- and 1,3-alkylidene fragment is very interesting in mechanistic a\ °

and synthetic aspects (eqs 1 and 2 in Schem&:3lhn such
processes, the olefin double bond of the enyne substrate is cleaved
and migrated to the alkyne carbon (egs3lin Scheme 1). Reports O\)‘R . XT
of a 1,3-alkylidene migration are limited strictly to formation of

metathesis-type produdt;? little is known for other processés. n
Echavarren recently proposed a 1,3-alkylidene migration in the (eq 3)apr°p°sed135h'ﬁ

(eq 2) 1,3-shift for speC|es 1)

cycloisomerization of 1,6-enynes using AuRPhcatalyst as , / p \"

depicted in eq 3¢4Unfortunately, this cyclization is only extensible N [3 0 A“ b ¢

to only two instanceslV andV (yields > 50%, eq 3), whereas N “Gendodi d’g O\
° Vv

most 1,6-enynes are catalyzed by this gold catalyst to give 1,3-
dienell, cyclopropane derivativéll , and other byproducf§:45 X=NTs, R =Me (IV) 96%; X'C<°°2Me)2 R=H (V) 70%
Here we report a new metal-catalyzed cycloisomerizationisf
4,6-dien-1-yn-3-ols, for which the 1,3-alkylidene migration is . .
unambiguously established by bdfiC-labeling experiments and Y — ‘O ‘@ R
product structures. This new cycloisomerization is applicable to a = O H
wide range of substrates. HoO 1 2 3

As shown in Scheme 2, treatment @f-4,6-dien-1-yn-3-oll
with PtCh (5 mol %) in hot toluene (80C, 30 min) produced

Scheme 2

catalyst®  condition® yieldsb| catalyst ~ condition yields

o 0 %
styrene derivative in 92% isolated yield. The ease and reliability (Pl foluene  2(92%) | (4 AuCl - CELCL, 20°C Zg% )
with this catalytic reaction are manifested by the high efficiencies Sl bl (S AuCl  CHyCly 20°C

. .. uf 25 0,
of other catalysts at optimum conditions: Zn(OM)S 4 A (10 (2) Zn(OT, ;g%‘g”‘fh 2(60%) | +Ms4h 1 N 2@81%)
mol %, 78%2) and AuCI/MS 4 A (5 mol %, 819®). In the absence ' 6 CH,CL, 20°C 3 (83%)
0 . (3) Zn(OTH), toluene (6) AuCl, 2Cly, 3%

of MS 4 A, AuCl alone (5 mol %) gave tertiary alcoh®l(CH,- “MS4A  80°C, 1h 2(78%) 1h 2 (6%)

Cly, 20°C) in 75% vyield in addition to species(6%). AuCk was
equally active in catalytic activity at 2T (entry 6). The structures
of compound<2 and 3 were identified by*H NOE effect, which
reveals that the vinyl and tertiary alcohols of compouidsd 3

are located at the C(2) rather than the expected C(4) carbon, clearly )
indicative of a 1,3-isopropylidene migratién. AuCIz/MS 4 A gave desire®5 in low yield (25%) at 60°C in

We prepared variousis-4,6-dien-1-yn-3-olg—17to generalize ~ DCE. In the presence of MS 4 A, Zn(O%@nd AuCl gave product
this catalytic cyclization, and all these substrates gave a single 221N respective yields of 81 and 70% (see Table S-1 in Supporting
product efficiently, except alcohdl7. For alcohols4—10, PtCh Information). Accordingly, Zn(OT§MS 4 A was selected as the
was used as the catalyst because of its better chemoselectivity andatalyst because of its best cyclization efficiency. Cyclization of
cyclization efficiency. Entries 43 provide additional examples for ~ these alcohols with Zn(OTf)in hot toluene (90°C, 3 h) yielded
cyclization ofcis-4,6-dien-1-yn-3-olg—6, which afforded styrene ~ naphthalene derivative26—30 in 81-86% yields. We usedH
derivatives18—20 in 78—82% vyields.lH NOE effects confirmed ~ NOE effects to elucidate the structures2yf 28, and30,° which
the structures of compounds® and 20. This cyclization works reveal that their alkenyl substituents are located at the C(2) carbon
efficiently with alcohols7 and 8 via alternation of their alkenyl ~ rather than the original C(4) carbon, consistent with a 1,3-shift.

2 5 mol% for PtCl,, AuCl and AuCls, 10 mol% for Zn(OTf),, [substrate] =
0.80-1.0 M. ? Yields of products are given after separation from silica
column

substituents, giving desired styrene derivati2és 22 in 86—87% The cyclization of alcoholl7 bearing a disubstituted alkene,
yields. This catalytic reaction is extensible to acyclic substrites however, gave expected naphthal@iein low yield (33%).

and 10, producing specie23 and 24 in 86 and 75% yields, We prepared®C-enriched samples C@)and C(3)1 with 10%
respectively. The value of this catalytic reaction is again demon- *C content at the C(6) and C(3) carbons of alcdhatespectively
strated by its applicability to 2-alkenylbenzylic alcohdl§—16. (see Supporting Information). Treatment of GG)with PtChL
We examined the catalytic cyclization of alcohdl with PtCh, produced styrene C(4) with the 13C content at the C(4) carbon

AuClI, AuCls, and Zn(OTf); PtCL/MS 4 A gave isopropylidene according tdC—H HMQC and HMBC spectra. Similarly, alcohol
product25in 64% yield in addition to a byproduct (6%), whereas C(3)1 gave product C(12 with the3C content at the C(1) carbon.
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Table 1. Metal-Catalyzed Cyclization of Various
4,6-Dien-1-yn-3-ols

alcohols? catalysts (yields)® alcohols? catalysts (yields)®
3
R3
R R?
HO HO
- 0,
(1)X=CH, (4)  PtCly (18, 78%) @R =RE=H, n
@)X=0(8)  PClp(19,78%) R®= Me (11) Zn(OT)2 (25, 81%)
(3) X=CH(t-Bu) PICl, (20, 82%) ©R'=R2=H, )
6 Ph R®= Ph (12) Zn(OTf), (26, 84%)
= Q0 | ow-ome
@ = RZ=H R3=Me (13) ZN(OTNz (27,81%)
HO (7) PtCI, (21, 86%)
(11) R = OMe,
7 ‘O R'=H,R%=Me (14) zn(OT), (28, 84%)
) o ‘ (12) R",R?= OCH,0,
HO (g PACI, (22, 87%) R'=H,R3=Me (15) Zn(OTh; (29, 86%)
R = R 1
| (19R=F Zn(OTH), (30, 83%)
RZN\—= g2 R2=H, R®= Me (16)
HO __"CaHo
(6) R! = Me, o (14)
RZ=pn(g) PCl2 (23 86%) Pty
(7)R'= PICI, (24, 75%) HO (17) Zn(OTH), (31, 33%)
R2 = Ph (10)

2 5 mol% PtCl,, toluene, 80 °C, 30 min, [substrate] = 0.80 M. ® 10 mol% Zn(OTf),, MS 4A
toluene, 90 °C, 2.5-3.5 h, [substrate] = 0.80 M. ° Yields were reported after separation from
a silica column.

Scheme 3
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These labeling results reconfirm the occurrence of a 1,3-isopropy-
lidene shift for alcoholl.

The lack of byproducts, such as spedieandlll (Scheme 1),
leads us to believe that this new cycloisomerization proceeds

through an unprecedented mechanistic pathway. The low cyclization

efficiency of alcohol17 suggests the participation of a tertiary
carbocationic intermediate generated from other alcohels. As
shown in Scheme 4, the mechanism involves an intiahdo-dig
cyclization of Pt(ll)-s-alkyneA to give specie8, which forms a
nonclassical carbocatio@ via a through-space overlap of the
tertiary cation with the electron-rich P€E=CH double bond:8
The participation of platinum carbenoi@l proposed by Echavarren
in the gold examplé¢ is not evident here, but cyclohexenoHe
was obtained for an internal alkyne analogue using the ,PtClI

catalyst~1° The key factor to accelerate the 1,3-isopropylidene shift
is the formation of an allylic catio®, which causes the cleavage
of the C(4) isopropyb-carbon bond of speciés. Further cleavage
of the cyclopropane ring of specié€® via dissociation of PtGl
regenerates cyclohexadienyl alcohol intermedi&tevhich in the
presence of PtGlgives tertiary benzylic catiok and ultimately
leads to observed produ@sand3. In the case of benzylic alcohol
substratel 1, we envisage that the nonclassical carbocafibforms

a stable benzylic catiod, and ultimately afforded observed
naphthalen&5 through formation of intermediate'.

In summary, we report the metal-catalyzed cycloisomerization
of cis-4,6-dien-1-yn-3-ols with an unusual skeletal rearrangement;
this catalytic reaction is applicable to a wide range of substrates.
Its 1,3-migration pathway is clearly established by suitable experi-
mental evidences. Application of this new catalysis of a complex
molecule is under current investigation.
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