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ABSTRACT
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A novel and versatile strategy for the synthesis of highly functionalized substituted 3-sulfolenes based on [CpRu(CH 3CN)3]PF¢-catalyzed hydrative
cyclization has been developed. A marked ketone directing effect in ruthenium-catalyzed cyclization was observed for the first time. This
provides complementary chemoselectivity for the synthesis of 3-sulfolenes and other cyclic enones. The utility of this method has been
demonstrated by SO , extrusion of 3-sulfolenes to afford 1,3-dienes and the subsequent inter- and intramolecular Diels —Alder reaction.

The ruthenium-catalyzed hydrative cyclization of diynes group has established that the hydrative diyne cyclization
holds promise as a versatile ring-forming processnong catalyzed by [CpRu(CECN);]PFs (1) is an excellent method
heterocycles, 3-sulfolenes have a special significance asto prepare cyclic systemslthough its chemoselectivity with
conjugated diene synthons, since they generate 1,3-dienesespect to potential leaving groups such as sulfonyl in the
readily by thermal desulfonylation and have been employed propargylic position remains to be tested. Further, the
for Diels—Alder reactions in a number of complex synthe- synthetic flexibility for preparation of substrates arising from
ses?® Several methods for the synthesis of substituted the acetylenic functionality facilitates their synthesis. In this
3-sulfolenes have been described in the literature. Onecommunication, we describe a novel and versatile strategy
approach involves the construction of the corresponding for the synthesis of highly functionalized substituted 3-sul-
cyclic sulfides from functionalized precursors that usually folenes based on the catalyzed hydrative cyclization of
require multistep manipulations, followed by oxidation of dipropargylic sulfones (eq 1). During these studies, a marked
the sulfide to sulfoné One of the most common approaches ketone directing effect in ruthenium-catalyzed cyclizations
involves the addition of S©to functionalized diene%a was observed for the first time.

method demanding availability of the type of functionality

that is being made but useful to convert simple 1,3-dienes X SAc o)
to more substituted ones. Most recently, substituted 3-sul- o/~—"R | o iR
inQ- i i + - S - ;:S | , (1)
folenes have been prepared by ring-closing metatfi€3is. (I N — g R
R R 2 3
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(~11 equiv, 2 vol %) was important to secure high yields

of 3-sulfolene3a (Table 1). Table 2. Representative Examples of Hydrative Cyclization
entry substrate conditions* product yield”
| o= ) 7 .
Table 1. Optimization of Hydrative Cyclization l o I 1%/; ' st(jLEt e
entry substrate H50 (equiv) yield (8a)»b O\\S _ 3a ;r
1 2a 55 80% 2 e 10% 1 76%
2 2a 11 97% 2 2h Zisil:q
3 2a 5 90% 3b
4 2a 2 91% o0/ Q
. . . 3 o’ _— ph 10% 1 [oN
~2Allreactions at 0.1 M in acetone at 8C with 10%1 for 6 h. bsolated 2¢ 20h )/s@éh 81%
yields after chromatography. o e
o /—— Q
4 OZS%)\OH 10% 1 o, 55%
Table 2 illustrates the scope of the method. The substrates u I5h S OH
are easHy accgssmle from a p.ropargyhc th|oa_cetate and a 0 /—=— OTBDPS 3"0
propargylic halid€. Unsymmetrical dipropargylic sulfone 5 OLS\ _ A\ 10%1 o 84%
substrates displayed very good chemoselectivity, and the add- 2e 24h Ois\/jé\/
ition of water usually takes place at the more sterically access- se Lenes
sible side (entry 27).! A variety of functional groups can O/ 9
be tolerated in this transformation, including a free hydroxyl 6 o\ ——~~  10%1 o | a 6%
(entry 4), a silyl ether (entry 5), and a chloride (entry 6). o cl 45h e
The desilylation produc3g was obtained when an alkynyl- o * N
silane was used as the starting diyne (entry 7). Most inter- S 11%
estingly, a carbonyl group was found to direct the addition ar
of water to the more sterically hindered side to form 3-sul- o0 0
folene3h in excellent yield and with excellent chemoselec- 7 & \—=—1us 1;)0%111 O/ 5%
tivity (entry 8). Carbonyl-group-directed prodwitwas still ® o
predominant when the carbonyl group was in dkhposition o —— o * o
with respect to the alkyne function (entry 9). The carbonyl 8 & __  ~__ 10% 1 OZSU;;\)\ 82%
group directing effect was also observed when the tether was 2 0 18h 3 G
changed from sulfone to nitrogen (entry 10). A synthetic o/ o X A/ .
application of this ketone-directed addition is demonstrated (g e— 1%/1‘; ! o A 63%
2in=2) M o O

by the formation of furarb from diketone3h (eq 2)8
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A plausible mechanistic rationalization for the ketone
directing effect is depicted in Scheme 1. The carbonyl oxygen
coordinates with ruthenium in the ruthenacydg).° This
facilitates the hydration of the ketone to generate intermediate
C, and subsequent rearrangemef@s—¢ D — E) give the
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a8 Reactions were carried out at 0.1 M (in substrate) in 2 vol % water/
acetone at 60C. P Isolated yields after chromatograptfyPerformed with
5 vol % water/acetone.

observed carbonyl directing product. This mechanism ex-
plains the results of entries 8 and 9 in Table 2. In entry 8,
the six-membered ruthenacycle in intermediBtgives a
completely carbonyl-directed diketon&hj. In entry 9, there
is a seven-membered ruthenacycle in intermedsaté&his
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allows water to add to the less hindered side to f@ihas
the minor product.

To demonstrate the synthetic utility of substituted 3-sul-
folenes, compoun@a was transformed into 1,3-diergein

(10) Smith Synthesizer from Personal Chemistry was used for the
microwave studies.
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MacKinnon, C. H.; Hiscock, S. D.; McLaughlin, E. ©rg. Lett.2003 5,
1805. (b) Yang, T.-K.; Chu, H.-Y.; Lee, D.-S.; Jiang, Y.-Z.; Chou, T.-S.
Tetrahedron Lett1996 37, 4537.
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Scheme 1. A Mechanistic Rationale for the Carbonyl-Directed
Hydrative Cyclization
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good yield under thermal conditions at 16@ in a
microwave (eq 3}%' Such substituted 3-sulfolenes can be
directly used in intermolecular DietsAlder reactions. The
Diels—Alder adducts were isolated in high yields by heating
a mixture of the sulfolenes with DMAD at 168C in a
microwave apparatus (Table 3).

Table 3. Selected Examples of Diel#Alder Reactions Using

Substituted 3-Sulfolenes as 1,3-Diene

conditions?

1.5 equiv

DMAD¢
2h

entry  substrate product yield?

1 3a

79%

3 equiv
DMAD
2h

81%

>

2 equiv
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2h

82%

2.9 equiv
DMAD,
2h

83%

1 equiv
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45 min
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a Reactions were carried out at 0.5 M (in substrate) in PhMe at*C60

microwave, E= CO,Me. P Isolated yields after chromatograpfyDMAD
= dimethyl acetylenedicarboxylate.

The utility of this method was further showcased in the
preparation of bicyclic enon&0 (Scheme 2). Under our
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o) , o)
160 °C microwave,
O\\ Et PhMe, 90 min Et
S| @
Y Pr 74% Pr
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standard ruthenium-catalyzed cyclization conditions, 3-sul-
folene8 was formed in 50% yield from dipropargylic sulfone
7. Treatment of8 with methyl acrylate in the presence of
Grubbs 1l catalyst afforded enoa'? Exposure of9 to
microwaves at 160C in PhMe gave bicyclic enon&0 in
good yield (86%) as a single diastereorfer.

Scheme 2. Formation of Bicyclic Enond0 by an
Intramolecular Diels-Alder Reaction
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In conclusion, a general and efficient synthesis of substi-
tuted 3-sulfolenes has been developed. Their synthetic utility
has been demonstrated by S@trusion to afford 1,3-dienes,
which can be trapped by either inter- or intramolecular
Diels—Alder reactions. A marked ketone directing effect in
ruthenium-catalyzed cyclizations was observed for the first
time. This phenomenon provides complementary chemose-
lectivity for the synthesis of substituted 3-sulfolenes and other
cyclic enones by this method.
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