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Abstract: Platinum chloride catalyzed cycloisomerization of
alkyne allyl alcohols and alkyne allyl sulfonamides gave new cy-
cloisomerization products, diaza-, azaoxa-, and dioxatricyclo-
[3.3.1.0*%]nonanes, in reasonable to high yields.
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Transition-metal-catalyzed cycloisomerization reactions
can provide a variety of cyclic scaffolds from readily
available starting materials that cannot be easily obtained
by conventional synthetic methods.! In particular, bicy-
clo[4.1.0]hept-2-ene derivatives (A in Scheme 1) are a
class of the products which can be easily obtained by tran-
sition-metal-catalyzed cycloisomerization of enynes.? Al-
though the unique structure of bicyclo[4.1.0]hept-2-ene
derivatives can give rise to an array of very interesting
characteristic transformations, their use in the organic
synthesis of more complex compounds is still quite rare.

ref. 3b,c

ref. 3e

X,Y=NTsorO

Scheme 1 Metal-catalyzed cycloisomerization and consecutive
thermal reactions
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We envisioned that if an enyne bearing a pendent hydroxy
group was used as a substrate, we would obtain a bicyclo-
[4.1.0]heptene having a pendent hydroxy group, which
might undergo a nucleophilic attack to give bicyclic com-
pounds. Enynes bearing a hydroxyallyl group have been
used as substrates in rhodium-,* iridium-,’ nickel-,® and
palladium-,” and gold-catalyzed cycloisomerization reac-
tions.® In all cases, Alder—ene-type reaction products were
isolated and used in a subsequent reaction. However, very
recently, we reported’ a gold-catalyzed cycloisomeriza-
tion of alkynyl hydroxyallyl tosylamides to 4-oxa-6-aza-
tricyclo[3.3.0.0*®]octane. Although platinum chloride has
been widely used as a catalyst in the transformation of
enynes to bicyclo[4.1.0]heptenes,'? there has been no re-
port on the use of platinum chloride in the cycloisomeriza-
tion of enynes bearing a hydroxyallyl group. Encouraged
by the above, we closely examined the platinum chloride
catalyzed cycloisomerization reaction of alkyne allyl al-
cohols in the hope of finding new bicyclic skeletons. We
herein communicate a facile method for the stereoselec-
tive construction of heterotricyclo[3.3.1.0?>#]-nonanes
from alkyne allyl alcohols through bicyclo[4.1.0]heptene
intermediates based on the platinum chloride catalyzed
cycloisomerization and nucleophilic addition reactions.

Using an alkyne allyl alcohol 1 as the model substrate, the
platinum-catalyzed cycloisomerization was studied
(Equation 1 and Table 1).

/S o
TsN PICl, (5 mol%) j
N\ toluene, 90 °C,20h TSN

59%

OH
1 1B

Equation 1 PtCl,-catalyzed cycloisomerization of 1

When 1 was reacted with 5 mol% PtCl, in toluene at 90
°C for 20 hours, 1B was isolated in 59% yield (entry 1).
No other products were found. Formation of 1B was con-
firmed by 'H NMR and '*C NMR spectroscopic investiga-
tions, and high resolution mass spectrometry.'!
Tricyclo[3.3.1.0?>%]nonane, 1B, was derived from a cyclo-
propanation followed by a nucleophilic addition of a pen-
dent hydroxy group. The skeleton of 1B was first exposed
in this study. Encouraged by the above result, we initially
screened the reaction parameters such as the reaction sol-
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Table 1 Reaction of 1 under Various Conditions*

Entry Catalyst Solvent  Temp Time Yield
(QORNCIEENCOL
1 5 mol% PtCl, toluene 90 20 59¢

2 10 mol% PtCl, dioxane 90 24 74
3 5 mol% PtCl,—~CO(latm) dioxane 90 24 18
4 10 mol% PtCl, dioxane 90 16 80

5 10 mol% PtCl, dioxane 25 5 69

6 10 mol% PtCl, THF 70 24 25
7 10 mol% PtCl, DCE 80 17 25
8 10 mol% PtCl, toluene 100 17 23

9 10 mol% IrCl, dioxane 90 24 0

10 5 mol% [Ir(cod)Cl], toluene 90 22 23 [1C}¢

11 10 mol% RuCl, dioxane 90 24 15 [1C]4

* Compound 1 (44 mg, 0.15 mmol) in solvent (2 mL) was used.
® Isolated yields.

¢ Compound 1 (90 mg, 0.3 mmol) in solvent (3 mL) was used.
9 The structure of 1C is shown below:

TsN

=0

vent, the reaction temperature, and the reaction time.
When 10 mol% PtCl, was used in dioxane at 90 °C for 24
hours, the yield of 1B increased to 74% (entry 2). When
the same reaction was carried out in the presence of car-
bon monoxide, 1B was isolated in 18% (entry 3). Use of
PtCl, instead of PtCl, afforded the 80% yield of 1B and
the reaction time was shortened to 16 hours (entry 4). Us-
ing PtCl, as a catalyst, the same reaction could be carried
out to give 1B in 69% yield even at room temperature (en-
try 5). Thus, reaction media, including THF (25%), DCE
(25%), and toluene (23%), were screened using PtCl, as a
catalyst (entries 6-8). The reaction was highly sensitive to
the reaction solvent. Different metal complexes such as
IrCl;, [Ir(cod)Cl],, and RuCl; were screened as catalyst
(entries 9-11). Interestingly, when [Ir(cod)Cl], or RuCl,
were used, a cyclopentane derivative, 1C, bearing an exo-
cyclic double bond and an aldehyde, was isolated in low
yields (23% and 15%, respectively). Formation of cyclo-
pentane derivatives, having an exocyclic double bond and
an aldehyde, C, in the rhodium-catalyzed asymmetric cy-
cloisomerization of terminal enynes bearing a hydroxy
group, was recently reported by Nicolaou.** In case of
IrCl,, no reaction was observed. Thus the formation of 1B
was a unique reaction of PtCl, or PtCl,.

Using PtCl, as a catalyst, we investigated the Pt-catalyzed
cycloisomerization of various alkyne allyl alcohols
(Table 2).'>!3 The cycloisomerization reaction works well
with cis-allyl alcohols. However, the corresponding
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trans-allylic alcohol gave the cyclopropanated compound
in rather low yield (23%; Equation 2).

Table2 PtCl,-Catalyzed Cycloisomerization of Alkyne Allyl Alco-
hols*

Entry Substrate Time (h) Product (%)®
/%R
TsN
@
\ R
TsN
OH
1-5 1B-5B
1 R=Me 16 80
2 H 14 42
3 Et 17 50
4 cyclopropyl 24 88
5 cyclohexenyl 17 49
—— -
TsN g
6 I\ TsN
OH
6 24 6B 44
/%
TsN
7 N\
OH
7 0
8-12 8B-12B
8 R=Ph 19 45
9 4-CIC4H, 4 42
10 4-MeOC4H, 2 87
11 3,5-Me,C¢H; 17 53
12 4-MeC¢H, 6 48
/%Ph
0]
O
N\
13 O Ph
OH
13 3 13B 60

2 Reaction conditions: substrate (0.15 mmol) and PtCl, (10 mol%)
were reacted in dioxane (2 mL) at 90 °C.
® Isolated yield.

When an enyne with a terminal alkyne was used as a sub-
strate (entry 2), the yield was 42%. An introduction of an
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/T —
TsN PtCl, (10 mol%) TsN
\_\\_\ dioxane, 90°C, 16 h
OH OH

23%

Equation 2 PtCl,-catalyzed cycloisomerization of trans-allylic al-
cohol

ethyl group instead of a methyl group to the terminal
alkyne diminished the yield from 80% to 50% (entry 3).
However, the introduction of a cyclopropyl group to the
alkyne terminal (entry 4) enhanced the yield to 88%. The
introduction of a cyclohexenyl group to the terminal
alkyne (entry 5, 49%) or an introduction of a methyl group
to the 3-position of 1,6-enyne (entry 6, 44%) led to rather
low yields. However, the introduction of two methyl
groups to the alkene moiety (compound 7, entry 7) was
detrimental to the reaction: all of the reactant decomposed
and no separable compounds were formed. When an aryl
group was introduced to the terminal alkyne (entries 8-
12), the yield ranged from 42% to 87%. Thus the yield
was highly sensitive to the substituent on the aromatic
system. Among them, the methoxy substituent on the aro-
matic system exerts the most profound influence on the
yield of the reaction (entry 10, 87%). Introducing a halo
or methyl group had a small impact on the yield. It seems
that the introduction of an electron-donating group in-
creases the yield of the reaction. When an oxygen-teth-
ered enyne with a phenyl substituent on the aromatic ring
was used as a substrate (entry 13), the corresponding di-
oxatricyclic compound 13B was isolated in 60% yield.
Thus the process tolerates an oxygen-tethered substrate.
The structure of B was confirmed by X-ray diffraction
analysis of 8B (Figure 1).!!

Next we investigated the platinum-catalyzed cyclo-
isomerization of enynes bearing a sulfonamide (Table 3).'4
We envisioned that the sulfonamide nitrogen atom may
undergo a nucleophilic attack to give bicyclic compounds
like a pendent hydroxy group. As we expected, enynes

Figure 1 X-ray structure of 8B. C, N, O, and S atoms are shown in
gray, violet, red, and yellow, respectively. Hydrogen atoms are omit-
ted for clarity.
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with an internal alkyne (entries 1-6) in the presence of
PtCl, at 90 °C produced a diazatricyclo[3.3.1.0>®]nonane
derivative in reasonable yields (51-70%). The reaction
was rather fast compared to that of the enyne alcohols. In-
terestingly, in contrast to the case of entry 7 in Table 2, the
introduction of two methyl groups to the alkene (entry 7
in Table 3) led to isolation of a stable product with a good
yield (68% vs. 0%). When an oxygen-tethered enyne 21
was used as a substrate (entry 8), another kind of azaoxa-
tricyclo[3.3.1.0>®]nonane derivative, 21B, was isolated in
60% yield. Thus, the platinum-catalyzed cycloisomeriza-
tion of enynes followed by a nucleophilic attack of a pen-
dent functional group is quite general.

Table 3 PtCl,-Catalyzed Cycloisomerization of Alkyne Allyl Sul-
fonamides®

Entry Substrate Time (h) Product (%)®
/%R
TsN
TsN
A\ J— R
TsN—_
NHTS 14B-19B
14-19
1 R = Me 1 54
2 Et 1 57
3 Pr 4 55
4 Ph 1 70
5 4-CIC(H, 4 51
6 3,5-Me,CeH, 1 64
/%
TsN
TsN
1
7 \ TsN
NHTs 20B 68
20
/%Ph
(0]
TsN
8 \ 3 Ph
(0]
TS 21B 60
21

* Reaction conditions: substrate (0.15 mmol) and PtCl, (10 mol%)
were reacted in dioxane (2 mL) at 90 °C.
® Isolated yield.

To get some insight into the reaction mechanism, a bicy-
clo[4.1.0]hept-2-ene bearing a hydroxy group prepared
from an enyne having a protecting group TBS was reacted
(Scheme 2).
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/——Fh PtCl, (5 mol%) —\ _Ph
TsN ——F > TsN
dioxane, 25 °C, 1 h OTBS
A\
50%
oTBS

TBAF (1.1 equiv)
THF, 25 °C, 4 h

(0] - Ph
j ~ TN
Ph  method A: 0% OH
TsN method B: 77%

method C: 70% o
method D: 91% 90%

8B 8A

Scheme 2 Synthetic outline for the formation of 8B. The yields
were isolated. Reagents and conditions: method A: dioxane, 25 °C, 24
h; method B: dioxane, 90 °C, 24 h; method C: PtCl, (10 mol%), 25
°C, 2 h; method D: PtCl, (10 mol%), 90 °C, 30 min.

When an enyne having protecting group TBS was treated
with PtCl,, a cyclopropanated compound was isolated in
50% yield. Treatment of the cyclopropanated compound
having TBS with TBAF afforded 8A in 90% yield. When
8A was heated at 90 °C in dioxane for 24 hours (method
B in Scheme 2), 8B was formed quantitatively when
judged by 'H NMR. This observation indicated that the fi-
nal cyclization via an attack of the hydroxy group could be
done without the aid of a catalyst. However, the longer re-
action time (24 h) suggested that there might be some
PtCl,-assisted portion in the reaction. To know whether
the cycloisomerization was assisted by PtCl, or not, 8A
was reacted in the presence of PtCl, at room temperature
for two hours (method C in Scheme 2). Compound 8B
was isolated in 70% yield. However, no reaction was ob-
served when the same reaction was carried out in the ab-
sence of PtCl, at room temperature for 24 hours. These
observations suggested that the platinum catalyst may co-
ordinate to the alkene moiety to enhance a nucleophilic at-
tack of the pendent hydroxy group;!® the thermal
contribution being marginal under our reaction condi-
tions.

Based on the above experimental results and previous
studies,>!% a plausible reaction mechanism has been pro-
posed (Scheme 3). The first step entails a metal-based
alkyne activation, which is followed by intramolecular cy-
clopropanation to give an intermediate metal carbene 1.
Carbene I can resonate with an intermediate II. The inter-
mediate IT is expected to undergo a facile [1,2]-hydride
shift to afford intermediate III. The presence of a hetero-
atom in the tether (X = O or NR) is expected to favor this
process due to the stabilization of an intermediate cation
III by the heteroatom lone pair. A hydroxy group may act
as a nucleophile to attack at the site where the developing
positive charge is best stabilized. Thus the nucleophilic
interception of the intermediate III by the hydroxy group
leads to form an intermediate IV. Proton transfer followed
by protodemetalation afforded B and regenerated the Pt
catalyst, which enters the next catalytic cycle. The thermal
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Scheme 3 A plausible mechanism

reaction of A to B is a feasible route at high temperatures
even though its contribution to the overall reaction is not
great.

In conclusion, we have demonstrated that judicious choice
of metal catalyst enables different cycloisomerization
pathways to be exploited and unique products to be ob-
tained. Using platinum-catalyzed cycloisomerization and
nucleophilic attack, an efficient strategy for the synthesis
of heterotricyclo[3.3.1.0>%|nonanes from readily avail-
able starting materials has been developed. The skeleton
of the tricyclo[3.3.1.0>®|nonane has been exposed for the
first time in this study. Since bicyclo[4.1.0]hept-2-enes
are easily accessible by different catalysts, this method
should find useful applications for the stereoselective
preparation of a  variety of heterotricyclo-
[3.3.1.0>®]nonanes.

Supporting Information for this article is available online at
http://www.thieme-connect.com/ejournals/toc/synlett.
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