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allenynes in the metal-catalyzed cycloisomerization is quite rare.
Recently, PtClcatalyzed cycloisomerizations of allenynes were
reported by Murakami's and Malacria’s group®Ve initially
studied the use of gold-catalyzed cycloisomerization of al-
lenynes. However, the expected reaction did not proceed in
many cases. This limitation prompted us to investigate an
alternative, more reactive catalytic system. Herein, we describe
a cycloisomerization of allenynes upon treatment with a catalytic
amount of GaGl Recently, the Chatani group reporietiat
GaCk is a highly active catalyst for the skeletal rearrangement
of 1,6-enynes and 1,7-enynes.

We initially screened various metal catalysts such as the
Grubbs catalyst Au(L)CI/AgX,4 FeCk,2 PtCh,> InCl;,° GaCh,®
and [Mn(CO}]BF41° for the cycloisomerization of allenynes
(Table 1).

Unfortunately, when PtGI[Mn(CO)s]BF4, or FeC} was used
as a catalyst, the reactant was recovered. The use of Grubbs
catalyst led to polymerization of the reactant. When s
used as a catalyst, 45% of the cycloisomerized product was
isolated with a recovery of 40% of the reactant. However, when
[Au(PPhy)]SbR; and GaCJ were used as a catalyst, the metath-
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TABLE 1. Allenyne Metathesis by Various Catalyst3 SCHEME 1
— catalyst /~  10mol% GaClz
Ts—N - e Ts- a/\% Ts—N Ts—N(] + Reactant
\/\ Toluene
solvent o 100°C 6 h yield= 22% yield=76%
1a 2a in H 3n
5 mol% AuCI(PPhs)
; 7 mol% AgSbhFg
OT t y'e'ﬁ' 1n No reaction
entry catalyst solvent (°C) (h) (%) CH.CI
2% 12
1 5 mol % RuCH(PCys).- CHCl, 15-20 6 N/A 15-20°C, 24 h
(benzylidene)
2 5mol % [Mn(CO}|BFs  DCE 60 24 NR TN 10 mol% GaCls )
3 5mol % Fed toluene 80 24 NR No reaction
4 5 mol % PtC} toluene 80 24 NR N Toluene
5 10 mol % InC} toluene 80 24 45(40) 10 100°C18 h
6  5mol % [Au(PPh3)]Sb§ CH.Cl, 15-20 0.5 75
7 10 mol % Gad toluene 1520 2 81

allene (eq 1). Murakami et at.also observed the formation of
20.2 g (0.691 mmol) ofain 5 mL of solvent was used.Isolated yield. the same deuterated reaction product.

¢ DCE = 1,2-dichloroethané? Yield in parentheses is reactant recovered.

D
esis product was isolated in 75% and 81% vyield, respectively. /—=—""D  10mol% GaCl, g
The obtained cycloisomerized produti) was the same type Ts—N e —— Ts—Nf% a1
as those obtained by the molybdenum alkylidene complex- Toluene, 15-20 °C
catalyzed ring-closing metathesis (RCM) of alleny#ésit quite \ yield= 76%
different from those obtained by Ptdtatalyzed cycloisomer- 1a-d (>90% D) 1A-d

ization of allenyne8.Encouraged by this result, several allenynes

were examined for Gagl and Au(l)-catalyzed metathesis

reactions (Table 2). 1j was carried out in the presence of GaGio crossover
Terminal allenyneda—1c having sulfonamide or sulfone in  products were obtained (eq 2). This observation was quite

a tether were found to serve as good substrates for bothzGaCl different from the results observed in the molybdenum-catalyzed

and Au(l)-catalyzed reactions (entries-3). This is in sharp reaction, where the crossover products were isolated.

contrast to previously reported results on the Mo-catalyzed RCM

of allenynesi! where no reaction occurred with allenynes

bearing the allenic terminus unsubstituted. Allenyies-1g Toluene, 60°C

having a substituent on the 3 position (entriesl®) or having

a substituent on the 5 position (entries 11 and 12) were also Ne_Me .

good substrates. Howe\f)er, aIIen§/nes with di-substit)uents at the TN \I\lll/e * Mts_N(j/\ N (ea2)

allenic terminal carbon showed a different behavior depending 64% 56%

upon the catalyst used. When Ga@las used as catalyst, an 2h 2j

allenyne (h) (entry 13) afforded the produ&h in 60% yield

and allenynedi and 1j bearing a cyclic group on the allenic A general mechanistic view has so far remained elusive.

terminal carbon (entries 14 and 15) were also good substratesHowever, our experimental observations suggest that the mech-

and led to the isolation of the produ@sand2j in 53% and anism will be different from that proposed by Murakahiut

83% yields, respectively. Thus, substantial structural variations will follow the general process depicted by Chafaf@cheme

can be accommodated. Interestingly, whg¢mvas reacted with 2).12

[Au(PPhy)]SbFs, a cycloisomerized producBj) was isolated In conclusion, we have shown that the unprecedented4sacCl

in low yield (38%). This transformation is similar to the PtClI and Au(l)-catalyzed cycloisomerization of allenyne systems is

catalyzed cycloisomerization of allenynes reported by Muraka- a highly versatile tool for obtaining products that cannot be

mi's group® Thus, Gad is a better catalyst for the cyclo-  easily attained with other metals. Both catalytic systems are quite

isomerization of allenynes with di-substituents at the allenic effective for terminal 1,6-allenynes. However, they showed

terminal carbon. Unfortunately, no reaction was observed for different reactivities toward allenynes with di-substituents at the

allenynes having a substituedk(and1l) on the alkyne terminal allenic terminal carbon.

position (entries 1#19) _a_nd a 1,7-§IIenynelm) (entries 20 Experimental Section

and 21) under the conditions described here.
When alleneneln) was reacted in the presence of GaCl General Procedure for GaCk-Catalyzed Metathesis of Al-

catalyst (Scheme 1), an RCM produh) was obtained in 22% lenyne.To a flame-dried 10 mL Schlenk containing 5 mL of toluene

yield with recovery of reactant in 76% yield. However, no ere added Gagi(10 mol %, 14 mg) and allenyne (0.7 mmol)

reaction was observed in the presence of Au(l) catalyst. iseq_uentlally. After the reactant disappeared, 1 mL of diisopropy-

Treatment of 1,6-dienel6) under the same reaction conditions amine was added. After the reaction mixture was quenched, the

. solvent was removed under reduced pressure. Flash column
gave no reaction product. Thus, the Ga@hnd Au(l)-catalyzed

. o . chromatography gave the product.
cycloisomerization were unique to allenyne substrates. General Procedure for AuCI(PPhs)/AgSbFs-Catalyzed Me-

When allenynéla-d with the alkyne terminus deuterated was  tathesis of Allenyne.To a flame-dried 10 mL Schlenk containing
used, the deuterium was labeled at the 1-position of the produced

Next, when a crossover reaction using a mixturellofand

10 mol% GaCly
1h + 1j

(12) One of the referees suggested an alternative, path “b”, as a possible

(11) Murakami, M.; Kadowaki, S.; Matsuda, Org. Lett 2005 7, 3953. reaction path.
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TABLE 2. GaCls and [Au(PPhg)]SbFe-Catalyzed Metathesis of Allenyné

Entry Reactant Product Catalyst TCC) t  Yield(%)®
I /= X=NTs (la) X(]A.\'H X=NTs (2a) GaCl, 20 2h 81
2 \—\ (1a) H'  (2a) [Au(PPh;)]SbFs 20 30 min 75
3 by X=NMts® (1b) X=NMts (2b) GaCl, 60 30 min 73
4 X=C(SO,Ph), (1¢) X=C(SO,Ph), (2¢) GaCl, 20 2h 73
5 (1c) (2¢) [Au(PPh;)]SbFg 20 30min 56

Ry
6 N —  R=Me(1d) roen( Ny Ri=Me (2d) GaCl, 60 1h 87
7 TN (1d) "a [Au(PPh;)]SbFs 20 30min 78
8 \, RiEt(le) R,=Et (2e) GaCl, 60 1h 65
9 WM R,=Ph (1f) R,=Ph (2f) GaCl, 60 1h 58
10 (1f) @2f [Au(PPh;)]SbFg 20 30min 62
11 TS—N>_\ (1g) Ts—N “H (2g) GaCl, 20 2h 77
12 M (1g) wd Qg) [Au(PPh;)]SbFg 20 30min 75
HH
13° = Ri=Me(lh) S_NOA,\ , RieMe @) GaCl, 20 15h 60
14\ R=(CHy:(1i) R\ R;=-(CH,);- (2i) GaCl, 20 15h 53
15 \ER R,=(CH,)s- (1) R,=-(CH,)s- (2j) GaCl, 20 15h 83
16 aj) TS‘NC/(/O 3j) [Au(PPh;)]SbFs 20 1h 38
17 1 Ry=Me (1K) N/A GaCl, 60 24h  NRY
18\ (K N/A [Au(PPh;)]SbF, 20 24h  NR
19 \;H R,=Ph (11) N/A GaCl, 60 24h  NR
20 Ts'N\_\\\ (1m) N/A GaCl, 60 24h  NR
21 Y, (1m) N/A [Au(PPhy)]SbF, 20 24h  NR

aCondition A: 0.2 g (0.691 mmol) of allenyne and 10 mol % Gai@15 mL of toluene were used. Condition B: 0.2 g (0.691 mmol) of allenyne, 5 mol
% AUCI(PPh), and 7 mol % AgSbkin 5 mL of CH,Cl, were used? Isolated yield.c 20 mol % GaC was used? No reaction.

SCHEME 2
©
— o ® GaCl,
 Gao, X ® G"C'3
—_—
.
R4

5 mL of CH,Cl, were added AuCI(PRh(5 mol %, 9 mg), AgSbE

— — X
Rz (GaCI ) R
| path b

path a

YR

_T

(-GaCl,)

® GaCI3

@g
N\-R,

R4

N-(Buta-2,3-dienyl)-2,4,6-trimethylN-(prop-2-ynyl)benzene-

(7 mol %, 10 mg), and allenyne (0.7 mmol) sequentially. After the sulfonamide (1b).*H NMR (CDClz, 300 MHz)¢ 2.19 (t,J = 2.2
reactant disappeared, the solvent was removed under reducediz, 1 H), 2.29 (s, 3 H), 2.57 (s, 6 H), 3.85 (m, 2 H), 4.01{d+

pressure. A flash column chromatography gave the product.
3-(Propa-1,2-dienyl)-1-tosyl-2,5-dihydro-H-pyrrole (2a). *H
NMR (CDClz, 300 MHz)¢d 2.35 (s, 3 H), 4.02 (m, 2 H), 4.09 (m,
2 H), 4.93 (m, 2 H), 5.42 (s, 1 H), 5.80 ¢,= 6.6 Hz, 1 H), 7.25
(d, J = 8.0 Hz, 2 H), 7.65 (dJ = 8.2 Hz, 2 H) ppm;}3C NMR

(CDCls, 75 MHz) 6 21.7, 54.8, 55.7, 78.5, 87.8, 120.7, 127.6, 130.0,

133.0, 134.2, 143.7, 211.0 ppm. Exact mass forHeN1S,0,,
El): (calcd) 261.0823, (found) 261.0825.

7122 J. Org. Chem.Vol. 71, No. 18, 2006

2.2 Hz, 2 H), 4.77 (m, 2 H), 5.02 (m, 1 H), 6.92 (s, 2 H) ppr¢
NMR (CDCls, 75 MHz) ¢ 21.0, 22.8, 34.6, 44.7, 73.0, 76.3, 85.3,
132.0, 132.3, 140.5, 142.8, 209.9 ppm. Exact mass feH(gN1S,0;,
El): (calcd) 289.1137, (found) 289.1133.
1-(Mesitylsulfonyl)-3-(propa-1,2-dienyl)-2,5-dihydro-H-pyr-
role (2b). 'TH NMR (CDCls, 300 MHz) 6 2.29 (s, 3 H), 2.63 (s, 6
H), 4.09 (m, 2 H), 4.13 (m, 2 H), 4.98 (m, 1 H), 5.59 (s, 1 H), 5.94
(m, 1 H), 6.96 (s, 3 H) ppm:3C NMR (CDCk, 75 MHz) 6 21.0,



JOCNote

22.9,53.3,54.3,78.3, 87.8, 120.6, 131.9, 132.6, 132.7, 140.2, 142.5, 4-Methyl-N-(penta-3,4-dien-2-yl)N-(prop-2-ynyl)benzene-

210.8. Exact mass for (@H10N1S:0,, El):
(found) 289.1140.

1c.™H NMR (CDClz, 300 MHz) 6 1.94 (t,J = 2.1 Hz, 1 H),
2.93 (m, 2 H), 3.03 (dJ = 2.1 Hz, 2 H), 4.63 (m, 2 H), 5.26 (m,
1H), 7.40 (m, 4 H), 7.53 (dJ = 7.4 Hz, 2 H), 7.95 (dJ = 8.0
Hz, 4 H) ppm;C NMR (CDCk, 75 MHz) 6 20.9, 29.2, 74.5,
75.7, 76.0, 83.0, 88.4, 128.7, 131.5, 135.0, 136.4, 210.5 ppm.
Exact mass for (&@H1sN1S,0,, El): (calcd) 386.0647, (found)
386.0651.

2c. 'H NMR (CDClz, 300 MHz) 6 3.36-3.37 (m, 4 H), 4.97
(m, 2 H), 5.11 (s, 1 H), 5.66 (m, 1 H), 7.54 (m, 4 H), 7.67 (m, 2
H), 7.97 (m, 4 H) ppm%3C NMR (CDCk, 75 MHz) 6 39.1, 39.5,

(calcd) 289.1137,

sulfonamide (1g).*H NMR (CDCls, 300 MHz)d 1.26 (d,J = 6.2
Hz, 3 H), 2.17 (tJ = 2.2 Hz, 1 H), 2.43 (s, 3 H), 3.96 (dd,=
18.5, 2.2 Hz, 1 H), 4.15 (dd,= 18.5, 2.2 Hz, 1 H), 4.60 (m, 1 H),
4.82 (m, 2 H), 5.07 () = 6.2 Hz, 1 H), 7.29 (dJ = 8.0 Hz, 2
H), 7.80 (d,J = 8.0 Hz, 2 H) ppm?3C NMR (CDCk, 75 MHz) 6
18.1, 21.7, 32.2,52.0, 72.4, 78.1, 80.4, 91.8, 127.7, 129.7, 137.8,
143.6, 208.9 ppm. Exact mass for8,/N:S,0,, El): (calcd)
275.0980, (found) 275.0982.
2-Methyl-4-(propa-1,2-dienyl)-1-tosyl-2,5-dihydro-H-pyr-
role (29). *H NMR (CDCls, 300 MHz) ¢ 1.41 (d,J = 6.2 Hz, 3
H), 2.42 (s, 3 H), 4.04 (m, 1 H), 4.16 (m, 1 H), 4.51 (m, 1 H), 4.99
(m, 2 H), 5.40 (m, 1 H), 5.88 (m, 1 H), 7.31 (@~ 8.0 Hz, 2 H),

78.4,89.3,91.3,122.8,129.0, 131.0, 134.9, 135.1, 137.0, 211.3 ppm7.72 (d,J = 8.0 Hz, 2 H) ppm;**C NMR (CDCk, 75 MHz) ¢

Exact mass for (&H1sN1S,0,, El): (calcd) 386.0647, (found)
386.0651.
N-(But-3-yn-2-yl)-N-(buta-2,3-dienyl)-4-methylbenzenesulfona-
mide (1d).*H NMR (CDCl;, 300 MHz)6 1.49 (d,J = 7.1 Hz, 3
H), 2.15 (d,J = 2.2 Hz, 1 H), 2.43 (s, 3 H), 3.78 (m, 1 H), 3.97
(m, 1 H), 4.78 (m, 2 H), 4.90 (ddJ = 7.1, 2.2 Hz, 1 H), 5.23 (m,
1 H), 7.30 (d,J = 8.0 Hz, 2 H), 7.74 (dJ = 7.9 Hz, 2 H) ppm;
13C NMR (CDCk, 75 MHz) 6 21.8, 22.8, 44.0, 46.0, 73.4, 76.6,

21.7,23.0,55.3,64.0, 78.5,87.7,127.1, 127.6, 129.9, 131.4, 135.0,

143.6, 211.1 ppm. Exact mass for18,;N:S,0,, El): (calcd)

275.0980, (found) 275.0982.
N-(3-Cyclobutylideneallyl)-4-methyl-N-(prop-2-ynyl)benzene-

sulfonamide (1i).'"H NMR (CDClz, 300 MHz) 6 1.93 (m, 2 H),

2.01 (t,J=2.2Hz, 1 H), 2.42 (s, 3 H), 2.812.87 (m, 4 H), 3.81

(s, 1 H), 3.83 (s, 1 H), 4.13 (d, = 2.2 Hz, 2 H), 4.98 (m, 1 H),

7.28 (d,J = 8.0 Hz, 2 H), 7.73 (dJ = 8.0 Hz, 2 H) ppm;13C

81.5, 89.3, 127.7, 129.7, 136.6, 143.6, 208.9 ppm. Exact mass forNMR (CDCls, 75 MHz)d 17.5, 21.6, 29.6, 35.6, 46.6, 73.4, 77.2,

(C15H16N1S,0,, El): (calcd) 275.0980, (found) 275.0982.
2-Methyl-3-(propa-1,2-dienyl)-1-tosyl-2,5-dihydro-H-pyr-
role (2d). 'H NMR (CDCl;, 300 MHz) ¢ 1.49 (d,J = 6.6 Hz, 3
H), 2.43 (s, 3 H), 4.074.24 (m, 2 H), 4.54 (m, 1 H), 5.01 (m, 2
H), 5.45 (s, 1 H), 5.82 (t) = 6.6 Hz, 1 H), 7.31 (dJ = 8.0 Hz,
2 H), 7.72 (d,J = 7.9 Hz, 2 H) ppm23C NMR (CDCk, 75 MHz)
0 21.6, 22.3, 54.5, 63.0, 78.5, 87.4, 120.3, 127.3, 129.8, 135.1,
143.5, 210.7 ppm. Exact mass for,68:6N;S,0,, El): (calcd)
275.0980, (found) 275.0982.
N-(Buta-2,3-dienyl)-4-methyIN-(pent-1-yn-3-yl)benzenesulfona-
mide (1e).'H NMR (CDCl;, 300 MHz) 6 1.02 (t,J = 7.7 Hz, 3
H), 1.77 (qdJ = 7.7, 3.3 Hz, 2 H), 2.13 (d] = 2.2 Hz, 1 H), 2.41
(s, 3H), 3.72 (m, 1 H), 3.91 (m, 1 H), 4.60 (td~= 7.6, 2.1 Hz,
1H),4.75(m, 2 H),5.26 (m, 1 H), 7.28 (= 7.9 Hz, 2 H), 7.73
(d, J = 7.9 Hz, 2 H) ppm;33C NMR (CDCk, 75 MHz) 6 10.7,

21.5, 29.0, 44.0, 52.2, 73.8, 76.2, 80.5, 88.9, 127.6, 129.4, 136.5,

143.4, 208.6 ppm. Exact mass for,8:19N;S,0,, El): (calcd)

289.1137 (found) 289.1135.
2-Ethyl-3-(propa-1,2-dienyl)-1-tosyl-2,5-dihydro-H-pyr-

role (2e).'H NMR (CDCls, 300 MHz)¢6 0.82 (t,J = 7.3 Hz, 3 H),

1.78 (m, 1 H), 1.98 (m, 1 H), 2.40 (s, 3 H), 4.11 (m, 2 H), 4.62 (m,

1H),4.99 (m, 1 H),5.48 (m, 1 H),5.78 (m, 1 H), 7.27 §= 7.8

Hz, 2 H), 7.69 (dJ = 7.8 Hz, 2 H) ppm;**C NMR (CDCk, 75

MHz) 6 7.1, 21.5, 26.4, 55.4, 67.5, 78.2, 82.2, 121.5, 127.2, 129.6,

135.1, 135.2, 143.3, 210.4 ppm. Exact mass foftiesN1S,0,,

HRFAB): (calcd) 290.1215, (found) 290.1213.
N-(Buta-2,3-dienyl)-4-methylN-(1-phenylprop-2-ynyl)benze-

nesulfonamide (1f).!H NMR (CDCls, 300 MHz) 6 2.40 (d,J =

2.2 Hz, 1 H), 2.44 (s, 3 H), 3.743.77 (m, 2 H), 4.42 (m, 1 H),

451 (m, 1 H), 477 (m, 1 H), 6.11 (d,= 2.2 Hz, 1 H), 7.33 (m,

5 H), 7.60 (d,J = 6.9 Hz, 2 H), 7.79 (dJ = 8.0 Hz, 2 H) ppm;

13C NMR (CDCk, 75 MHz) 6 21.8, 44.6, 53.3, 76.0, 78.4, 87.9,

128.0, 128.3, 128.6, 128.63, 128.7, 129.7, 136.0, 136.6, 143.8 ppm

Exact mass for (@H1oN:S,0,, El): (calcd) 337.1137, (found)

337.1137.
2-Phenyl-3-(propa-1,2-dienyl)-1-tosyl-2,5-dihydro-H-pyr-

role (2f). *H NMR (CDClz, 300 MHz)6 2.42 (s, 3 H), 4.34 (m, 1

H), 4.45 (m, 1 H), 4.61 (m, 1 H), 4.91 (m, 1 H), 5.59 (m, 1 H),

5.76 (m, 1 H), 5.81 (m, 1 H), 7.17 (d,= 8.0 Hz, 2 H), 7.27 (m,

5 H), 7.43 (d,J = 8.0 Hz, 2 H) ppm13C NMR (CDCk, 75 MHz)

0 ?21.6, 54.9, 55.0, 70.3, 78.7, 87.2, 121.2, 127.2, 127.9, 128.2

87.8, 103.0, 127.7, 129.5, 136.1, 143.5, 197.5 ppm. Exact mass

for (C17H19N1S,0,, El): (calcd) 301.1137, (found) 301.1134.
3-(2-Cyclobutylidenevinyl)-1-tosyl-2,5-dihydro-H-pyrrole (2i).

H NMR (CDCls, 300 MHz)d 1.91 (m, 2 H), 2.33 (s, 3 H), 2.80

(m, 4 H), 4.03 (m, 2 H), 4.06 (m, 2 H), 5.38 (s, 1 H), 5.73 (m, 1

H), 7.23 (d,J = 8.0 Hz, 2 H), 7.64 (dJ = 8.0 Hz, 2 H) ppmC

NMR (CDClz, 75 MHz)6 17.4, 21.5, 29.9, 54.8, 55.5, 89.8, 103.9,

120.1, 127.2, 129.7, 134.3, 135.2, 143.4, 197.4 ppm. Exact mass

for (C17H19N1S,0,, El): (calcd) 301.1137, (found) 301.1136.
(E)-3-(Cyclohexenylmethylene)-4-methylene-1-tosylpyrroli-

dine (3j). 'H NMR (CDCls, 300 MHz)d 1.61 (m, 4 H), 1.93 (m,

2 H), 2.06 (m, 2 H), 2.45 (s, 3 H), 3.81 (m, 2 H), 3.85 (m, 2 H),

5.01 (s, 1 H), 5.02 (s, 1 H), 5.4%5.46 (m, 2 H), 7.30 (dJ = 8.0

Hz, 2 H), 7.67 (dJ = 8.0 Hz, 2 H) ppm;**C NMR (CDCk, 75

MHz) 6 21.7, 22.3, 23.1, 25.4, 28.9, 45.8, 49.8, 113.3, 120.7, 126.6,

128.1, 129.7, 133.9, 136.3, 136.5, 141.4, 143.7 ppm. Exact mass

for (C1gH23N1S,0,, El): (calcd) 329.1449, (found) 329.1448.
N-(But-2-ynyl)-N-(buta-2,3-dienyl)-4-methylbenzenesulfon-

amide (1k). IH NMR (CDCls, 300 MHz) 6 1.49 (t,J = 2.6 Hz, 3

H), 2.35 (s, 3 H), 3.77 (m, 2 H), 4.00 (d,= 2.6 Hz, 2 H), 4.69

(m, 2 H),4.97 (m, 1 H), 7.21 (&= 8.0 Hz, 2 H), 7.65 (dJ = 8.0

Hz, 2 H) ppm;*3C NMR (CDChk, 75 MHz) 6 ?3.4, 21.7, 36.6,

45.7,71.8,81.7,85.8, 128.0, 129.5, 136.4, 143.5, 209.9 ppm. Exact

mass for (GsH17N1$:0,, El): (calcd) 275.0980, (found) 275.0981.
N-(But-3-ynyl)-N-(buta-2,3-dienyl)-4-methylbenzenesulfon-

amide (1m).H NMR (CDCls, 300 MHz) ¢ 1.87 (t,J = 2.3 Hz,

1 H), 2.29 (s, 3 H), 2.36 (td) = 7.6 Hz, 2.3 Hz, 2 H), 3.22 (1

= 7.6 Hz, 2 H), 3.77 (m, 2 H), 4.60 (m, 2 H), 4.83 (m, 1 H), 7.17

(d, J = 8.0 Hz, 2 H), 7.57 (dJ = 8.0 Hz, 2 H) ppm;}3C NMR

(CDCl;, 75 MHz) 6 ?19.4, 21.7, 46.0, 47.5, 70.3, 76.7, 81.2, 86.1,

128.5, 129.9, 137.2, 143.6, 209.7 ppm. Exact mass fgH(@N1S,0,,

El): (calcd) 275.0980, (found) 275.0977.
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