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Synopsis Titanium oxide-supported carbonylmolyb-
denum catalyst was applied to selective monoallylation of
methyl p-tolylsulfonylacetate using allylic acetates or
carbonates in refluxing dioxane. This reaction required
both 2,2’-bipyridyl as a ligand and sodium hydride as a base
for preparation of the salt of methyl p-tolylsulfonylacetate.

We have applied metal oxide-supported carbonyl-
molybdenum [Mo(CO)s-metal oxide] catalyst to al-
lylic alkylation of carbon nucleophiles using allylic
acetates.? The Mo(CO)s-TiO2 catalytic system is
superior to others, and exhibits desirable character-
istics as regards 1) long life and easy separation of the
catalyst and 2) regio- and stereochemistry. Applica-
tion of sulfones which stabilize an adjacent carbanion
as carbon nucleophiles, instead of diethyl malonate or
ethyl 2-oxocyclopentanecarboxylate, should further
enhance the desirability of the Mo(CO)3-TiOz catalyst
in the allylic alkylation.? Homogeneous Mo(CO)s
catalyst did not catalyze any reactions of allylic
acetates with sulfones, whereas allylic carbonates did
serve as allylating agents.? Here, we report the
selective monoallylation of methyl p-tolylsulfonyl-
acetate with several allylic acetates or carbonates by
means of the Mo(CO)s-TiOz catalytic system.

The reactions of 2-butenyl acetate (1a) or 2-butenyl
methyl carbonate (2b) with the salt 3, derived from
methyl p-tolylsulfonylacetate and sodium hydride,
were investigated under various conditions. The
reaction proceeded in the presence of both the
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Mo(CO)3-TiO2 catalyst and 2,2’-bipyridyl (bpy) in
refluxing dioxane. Some examples are shown in the
Table 1. Neither 1a nor 2b reacted with 3 in refluxing
toluene, which is a common solvent.l:¥ Allylic
acetates could be utilized in this reaction, which was
not the case with the homogeneous Mo(CO)s system
(Entries 1—3).9 However, the reactivity of the allylic
acetates was less than that of the corresponding allylic
carbonates. = Monoallylation occurred selectively
without diallylation.  p-Tolylsulfonylacetonitrile,
which was a good nucleophile in the homogeneous
system, did not react under these conditions.?

The reaction of 3 with 9, containing both an allylic
acetate moiety and an allylic carbonate moiety,
occurred chemoselectively at the carbonate moiety and
regioselectively at the less substituted end of the allyl

unit (Eq. 1).
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In order to extend this allylic alkylation to a
cyclization, several intramolecular reactions were
investigated under the same conditions.® The sodium
salts of carbonates 11a and 11b reacted regioselectively
to afford five- and six-membered ring compounds 14a
and 14b respectively. No cyclizations occurred in the
case of sodium salts of acetates 12 and 13 under the
same conditions (Scheme 1).
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Entry Allylic compd. Time Product Yield Ratio®
h R! 2 R3 % a b
1 S~~~ la 15 CH, H H 4 33 42 58
2 "1::’\/ 1b 31 H H n-C,Hy, 5 36 11 89
3 ("/Yom 1c 24 H -(CH,),- 6 40 81 19
4 M 2a 19 H H H 7 67 —
5 W°§°“° 2b 17 CH, H H 4 72 40 60
6 Ph W0§0Me 2¢ 15 Ph H H 8 76 33 67

a) Isolated yields.
(71/29), and 8b (58/42).

b) The ratio was determined by 'H NMR. Diastereomer ratios:

4a (60/40), 5a (60/40), 6a
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Scheme 1.

As mentioned above, the heterogeneous Mo(CO)s-
TiO2z catalyst enabled us to use allylic acetates as
allylating agents, and was found to show higher
selectivity of monoallylation of 3 than that for
homogeneous Mo(CO)s catalyst and higher chemo-
selectivity to allylic carbonates than acetates.

Experimental

Reaction of Allylic Acetates 1 or Carbonates 2 with Methyl
p-Tolylsulfonylacetate. 4: To a solution of salt 3 derived
from methyl p-tolylsulfonylacetate (0.23 g, 1.0 mmol) with
sodium hydride (27 mg, 1.1 mmol) in dioxane (10 ml) were
added 2-butenyl acetate (la) (0.11g, 1.0 mmol) and bpy
(8.0 mg, 0.05 mmol) under argon atmosphere. The solution
was added to a vessel, in which Mo(CO)s-TiO: catalyst,
prepared from TiOz (0.50g) and Mo(CO)¢ (13 mg, 0.05
mmol),Y had been placed. This mixture was refluxed for
15h under argon atmosphere. The reaction mixture was
diluted with ether (50 ml) and the catalyst was removed by
filtration. Evaporation of solvents followed by purification
of the residue by column chromatography (silica gel,
hexane-ethyl acetate=3/1) gave the monoallylated product 4
as colorless oil in 33% yield (93 mg). The structure was
confirmed by IR and H NMR spectral comparison with an
authentic sample.?

5: IR (neat) 1735 (C=0), 1320 and 1140 cm™! (SOz)
1H NMR (CDCls) 6=0.85 (t, J=7.0 Hz, 3H), 1.12—1.36 (m,
6.2H), 1.87—2.00 (m, 1.8H), 2.46 (s, 3H), 2.50—2.77 (m,
1.8H), 2.80—2.94 (m, 0.1H), 3.51 (s, 0.12H), 3.64 (s, 0.18H),
3.66 (s, 2.7H), 3.96 (dd, J=4.0, 11.4 Hz, 0.9H), 3.98, 4.01 (2d,
J=2.6 Hz, 0.1H), 5.02—5.10 (m, 0.2H), 5.12—5.31 (m, 0.9H),
5.44—5.57 (m, 0.9H), 5.58—5.66 (m, 0.1H), 7.30—7.40 (m,
2H), and 7.71—7.81 (m, 2H); MS (70 ev) m/z (rel intensity)
338 (M+, 1), 183 (100), 182 (39), 123 (34), 111 (30), 91 (46), 81
(39), and 67 (33). Found: m/z 338.1546. Calcd for
Ci1s8H2604S: M, 338.1550.

6: IR (neat) 1735 (C=0), 1320 and 1140 cm™! (SO2); 'H
NMR (CDCl3) 6=1.34—1.97 (m, 5.6H), 2.02—2.17 (m,
1.8H), 2.23—2.35 (m, 0.6H), 2.44(s, 3H), 2.60 (br, 0.4H),
3.06—3.17 (m, 0.8H), 3.43 (s, 1.7H), 3.63 (s, 0.7H), 3.65 (s,
0.6H), 4.11 (dd, J=4.6, 10.8 Hz, 0.2H), 4.43 (d, J=11.7 Hg,
0.56H), 4.49 (d, J=9.8 Hz, 0.24H), 4.61 (s, 0.56H), 4.68 (s,
0.56H), 4.82 (s, 0.24H), 4.84 (s, 0.24H), 5.41 (br, 0.2H), 7.29—
7.40 (m, 2H), and 7.72—7.82 (m, 2H); MS (70 ev) m/z (rel
intensity) 322 (M+, 0.7), 167 (82), 166 (100), 138 (26), 135 (50),
107 (46), 94 (40), 91 (58), and 79 (35). Found: m/z 322.1229.
Calcd for C17H2204S: M, 322.1238.

7: The structure was confirmed by IR and 'H NMR
spectral comparison with an authentic sample.?

8: IR (neat) 1735 (C=0), 1320 and 1140cm=! (SOg);
!H NMR (CDCls) 6=2.41 (s, 3H), 2.75—2.98 (m, 0.66H), 3.62
(s, 1H), 3.68 (s, 0.8H), 3.70 (s, 1.2H), 4.07 (dd, J=8.5, 12.1 Hz,
0.4H), 4.08 (dd, j=4.3, 10.7 Hz,0.33H), 4.18 (dd, J=8.5,
10.1 Hz, 0.27H), 4.50 (d, J=8.5 Hz, 0.4H), 4.54 (d, J=8.5 Hz,
0.27H), 4.99—5.20 (m, 1.34H), 5.80—6.04 (m, 0.67H), 6.23
(dt, J=6.9, 159 Hz, 0.33H), 6.47 (d, J=15.9 Hz, 0.33H),
7.02—7.36 (m, 7TH), and 7.71—7.82 (m, 2H); MS (70 eV) m/z
(rel intensity) 344 (M+, 0.3), 189 (100), 188 (33), 157 (38), 130
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(35), 129 (99), 128 (32), 117 (42), and 91 (41). Found: m/z
344.1080. Calcd for CisH2004S: M, 344.1081.

10: IR (neat) 1740 (C=0), 1320 and 1140 cm™! (SOq);
1H NMR (CCly) 6=1.93 (s, 3H), 2.40 (s, 3H), 2.58—2.82 (m,
2H), 3.56 (s, 3H), 3, 88 (dd, J=7,9 Hz,1H), 4.38—4.60 (m,
2H), 5.22—5.71 (m, 2H), 7.29 (d, J=17.5 Hz, 2H), and 7.67 (d,
J=1.5 Hz, 2H); MS (70 eV) m/z (rel intensity) 340 (M+, 0.3),
185 (72), 184 (100), 141 (36), 125 (22), and 91 (23). Found:
m/z 340.0976. Calcd for Ci16H2006S: M, 340.0979.

Intramolecular Cyclization of 11. 14a: A solution of
11a (0.19 g, 0.5 mmol) in dioxane (5 ml) was added to the
suspension of sodium hydride (17 mg, 0.7 mmol) in dioxane
(5 ml) at room temperature under argon atmosphere. The
solution followed by bpy (8.0 mg, 0.05 mmol) were added to
a vessel, in which Mo(CO)3-TiO catalyst, prepared from
TiO2 (0.50 g) and Mo (CO)s (13 mg, 0.05 mmol),? had been
placed. After refluxing for 15h under argon atmosphere,
the mixture was diluted with ether (50 ml) and the catalyst
was removed by filtration. Evaporation of solvents followed
by purification of the residue by column chromatography
(silica gel, hexane-ethyl acetate=2:1) gave the cyclic
product 14a as colorless oil in 59% yield (91 mg). IR (neat)
1735 (C=0), 1310, and 1140 cm~! (SOgz); 'H NMR (CCl,)
6=1.44—2.73 (m, 6H), 2.41 (s, 3H), 3.09—3.44 (m, 1H), 3.51
(s, >2.85H), 3.59 (s, <0.15H), 4.84 (d, J=10 Hz, 1H), 4.87 (d,
J=16Hz, 1H), 5.53 (ddd, J=7,10, 16 Hz, 1H), 7.21 (d,
J=8Hz, 2H), and 7.71 (d, J=8 Hz, 2H); MS (70 ev) m/z (rel
intensity) 308 (M+, 0.3), 153 (57), 152 (50), 121 (31), 93 (100),
and 91 (39). Found: m/z 308.1082. Calcd for Ci6Hz2004S:
M, 308.1081.

14b: IR (neat) 1735 (C=0), 1320, and 1140 cm~! (SOg);
!H NMR (CCly) 6=0.91—2.36 (m, 8H), 2.40 (s, 3H), 2.60—
2.93 (m, 0.6H), 3.04—3.31 (m, 0.4H), 3.51 (s, 1.2H), 3.62 (s,
1.8H), 4.84—5.20 (m, 2H), 6.02—6.51 (m, 1H), 7.07—7.28
(m, 2H), and 7.42—7.64 (m, 2H); MS (70ev) m/z (rel
intensity) 322 (M+, 0.3), 167 (58), 121 (32), 119 (97), 117 (100),
107 (78), and 91 (23). Found: m/z 322.1236. Calcd for
C17H2204S: M, 322.1237.
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6) Preparation of 11 was carried out in the following
manner:

pcC (Et0) 2gcn 2COOEL
Br(CH,),,j0H ————3 Br(CH,) CHO
CH,CL NaH, THF
22 :

40%

/‘;)\, THF
—_—
ClgOMe

MeOgOCHZCH=CH(CH2)nCH\

Br(CHz) CH=CHCOOEt —> Br(CHz) CH=: CHCHZOH
hexane
77-80% 52-76%

SCHyE
Br(CH, ), CH=CHCH,OLOMe
Z'n 2% NaH, DMF

S:S0,Tol
E:CosMe

73-86% 11; 51-73%





