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Note

SCHEME 1
PhSe, CH Ph H.
1-CqHo CHs _ 3 Sey [t
PhSeCl (2.0 equiv) C.H - COOEt —
e e . .
H COOEt CH3CN 479 n-C4Hg™ g0
1a 2a 3a

(55 %) (17 %)

PhSeCl (2.0 equiv)
CH3CN/H0 =10:1
100 %

ref. 7\

PhSe, CH;

n-C4Hg™ g0
3a

be very useful intermediates in organic synthésbm the other
hand, preparing different products from same starting material
under different reaction conditions is of current interest in
organic synthesi%.Herein, we report a highly stereoselective
synthesis of 3-phenylseleno-4-oxde2{alkenoates from 2,3-
allenoates by tuning the reaction parameters.

We tried to optimize the reaction conditions to get a useful
selectivity for 3-phenylseleno-4-oxoB¥falkenoates by studying
the temperature and concentration effect. It should be noted that
room temperature is the best and most convenient: when the

We have previously reported an efficient synthesis of temperature is higher or lower, the yield or selectivity is worse
B-phenylselenium-substituted butenolides via electrophilic (compare entries 43, Table 1). When the reaction was
cyclization of 2,3-allenoates with PhSeCl in aqueous MeCN.

However, when 2,3-allenoates were treated with PhSeCl in

MeCN, 3-phenylseleno-4-oxo-2)-alkenoates were formed
unexpectedly. The addition of 4C€O; improved the vyield

(3) For some of the most recent reports from other groups, see: (a)
Wegner, H. A.; de Meijere, A.; Wender, P. 8. Am. Chem. SoQ005
127, 6530. (b) Trost, B. M.; Fandrick, D. R.; Dinh, D. @. Am. Chem.
Soc.2005 127, 14186. (c) Ng, S.-S.; Jamison, T. F. Am. Chem. Soc.

and the selectivity of the reaction. A possible mechanism 2005 127, 7320. (d) Chang, K.-J.; Rayabarapu, D. K.; Yang, F.-Y.; Cheng,
involving a decomposition of selenate esters was proposed.C.-H.J. Am. Chem. So2005 127, 126. (€) Ohno, H.; Mizutani, T.; Kadoh,

Y.; Miyamura, K.; Tanaka, TAngew. Chem., Int. EQ005 44, 5113. (f)
Narhi, K.; FranZe, J.; Bakvall, J. E.Chem. Eur. J2005 11, 6937. (g)
hno, H.; Kadoh, Y.; Fujii, N.; Tanaka, TOrg. Lett. 2006 8, 947. (h)
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During the course of our systematic study on the chemistry gelos Santos, D. B.; Banaag, A. R.; Tius, M. ®@tg. Lett. 2006 8, 2579.

of allenes! =2 interaction of allenes with electrophiles has also

been recently exploret Basically, we have demonstrated the
electrophilic cyclization of 2,3-allenoatesand the halohy-
droxylation of sulfur- or selenium-substituted alleftds.was

also observed in this group that the electrophilic cyclization of

2,3-allenoates with PhSeCl afford@dselenobutenolidesin

(i) Barluenga, J.; Vicente, R.; Lopez, L. A.; Tomas, 8.Am. Chem. Soc.
2006 128 7050. (j) Nishina, N.; Yamamoto, YAngew. Chem., Int. Ed.
2006 45, 3314. (k) Wender, P. A.; Croatt, M. P.; Deschamps, NAxigew.
Chem., Int. Ed2006 45, 2459. () Alcaide, B.; Aimendros, P.; del Campo,
T. M. Angew. Chem., Int. E@006 45, 4501. (m) Takahashi, G.; Shirakawa,
E.; Tsuchimoto, T.; Kawakami, YAdv. Synth. Catal2006 348, 837.

(4) (a) Ma, S.; Wu, STetrahedron Lett2001, 42, 4075. (b) Fu, C.; Ma,
S. Eur. J. Org. Chem2005 3942.

most cases, the reaction was conducted in agueous MeCN t0 (5) (a) Ma, S.; Wei, Q.; Wang, HOrg. Lett.200Q 2, 3893. (b) Ma, S.;
afford the butenolides in very high yields, especially for some Hao, X.; Huang, XOrg. Lett.2003 5, 1217. (c) Ma, S.; Hao, X.; Huang,

2,4-disubstituted 2,3-allenoates. However, it is interesting to
observe that when the reaction was conducted in MeCN, an

unexpected product, i.e., 3-phenylseleno-4-oxXey2(kenoate
2a, was formed together with the butenoli@a (Scheme 1).

These products containing important functional groups would

T Zhejiang University.
* Shanghai Institute of Organic Chemistry.
(1) (a) Krause, N.; Hashmi, A. S. Kodern Allene Chemistrywiley-

VCH: Weinheim, 2004. (b) Zimmer, R.; Dinesh, C. U.; Nandanan, E.; Khan,

F. A. Chem. Re. 200Q 100, 3067. (c) Sydnes, L. KChem. Re. 2003
103 1133. (d) Ma, SChem. Re. 2005 105 2829. (e) Lu, X.; Zhang, C.;
Xu, Z. Acc. Chem. Re001, 34, 535. (f) Ma, S.Acc. Chem. Re003
36, 701. (g) Tius, M. A.Acc. Chem. Re003 36, 284. (h) Barbero, A;
Pulido, F. J. Acc. Chem. Re004 37, 817.

(2) For some of the most recent reports from this group, see: (a) Ma,

S.; Lu, P,; Lu, L.; Hou, H.; Wei, J.; He, Q.; Gu, Z.; Jiang, X.; Jin, X.
Angew. Chem., Int. EQ005 44, 5275. (b) Ma, S.; Gu, ZJ. Am. Chem.
S0c.2005 127, 6182. (c) Fu, C.; Ma, Srg. Lett.2005 7, 1605. (d) Ma,
S.; Gu, Z.; Yu, Z.J. Org. Chem2005 70, 6291. (e) Fu, C.; Li, J.; Ma, S.
Chem. Commur2005 4119. (f) Ma, S.; Gu, Z.; Deng, YChem. Commun
2006 94. (g9) Ma, S.; Gu, ZJ. Am. Chem. SoQ006 128 4942.

10.1021/jo061680c CCC: $33.50 © 2006 American Chemical Society
Published on Web 12/02/2006

X. Chem. Commur2003 1082. (d) Ma, S.; Hao, X.; Meng, X.; Huang, X.
J. Org. Chem2004 69, 5720. (e) Fu, C.; Huang, X.; Ma, Setrahedron
Lett. 2004 45, 6063. (f) Fu, C.; Chen, G.; Deng, Y.; Huang, X.; Ma, S.
Chin. J. Chem.2004 22, 990. (g) Fu, C.; Chen, G.; Liu, X.; Ma, S.
Tetrahedron2005 61, 7768.

(6) (@) Lambert, T. H.; MacMillan, D. W. CJ. Am. Chem. So2002
124, 13646. (b) Zhu, X.-F.; Schaffner, A.-P.; Li, R. C.; Kwon, Org.
Lett. 2005 7, 2977. (c) Zhu, X.-F.; Henry, C. E.; Wang, J.; Dudding, T.;
Kwon, O. Org. Lett.2005 7, 1387. (d) Zhao, G.; Shi, MJ. Org. Chem.
2005 70, 9975.

(7) Chen, G.; Fu, C.; Ma, Sletrahedron2006 62, 4444.

(8) Wirth, T. Topics in Current Chemistry Vol. 208: Organoselenium
Chemistry-Modern Deelopments in Organic SynthesiSpringer: Berlin,
Heidelberg, 2000.

(9) (a) Luna, A. P.; Bonin, M.; Micouin, L.; Husson, H. Am. Chem.
So0c.2002 124, 12098. (b) Ma, S.; Jiao, N.; Zhao, S.; Hou, #.Org.
Chem.2002 67, 2837. (c) Ma, S.; Gao, WOrg. Lett.2002 4, 2989. (d)
Brummond, K. M.; Chen, H.; Fisher, K. D.; Kerekes, A. D.; Rickards, B.;
Sill, P. C.; Geib, S. JOrg. Lett.2002 4, 1931. (e) Du, Y.; Lu, X.; Yu, Y.

J. Org. Chem2002 67, 8901. (f) Ma, S.; Yu, F.; Gao, WI. Org. Chem.
2003 68, 5943. (g) Evans, C. A.; Miller, S. J. Am. Chem. SoQ003
125 12394. (h) Vitale, M.; Lecourt, T.; Sheldon, C. G.; Aggarwal, V. K.
J. Am. Chem. So2006 128 2524. (i) Beck, E. M.; Grimster, N. P.; Hatley,
R.; Gaunt, M. JJ. Am. Chem. So2006 128, 2528.

J. Org. Chem2006 71, 98779879 9877



JOCNote

TABLE 1. Temperature and Concentration Effect on the Reaction
of 2,3-Allenoate 1la with PhSeCl

n-CaHe CHs  phsecl Phi2_<CHa . PhSe M
/
H COOEt gt';?gs,;h;rz n-Cy4Hg S COOEt  n-CiHy g0
1a 2a 3a
isolated
PhSeCl concofla Yields (%)
entry (equiv) atm T(°C) (mmol/mL) 2a 3a 2d3a
1 25 air 45 0.2/4 29 5 85:15
2 2.5 air rt 0.2/4 64 15 81:19
3 2.5 air -35 0.2/4 61 36 63:37
4 2.5 NP rt 0.2/4 31 17 65:35
5¢ 25 NP rt 0.2/4 54 15 78:22
64 25 NP rt 0.2/4 62 16 7921
7 2.5 QP rt 0.2/4 42 5 89:11
8 2.0 air rt 0.2/4 55 17 76:24
9 3.0 air rt 0.2/4 61 4 946
10 35 air rt 0.2/4 62 4 946
11 2.5 air rt 0.8/4 15 19  44:56
12 3.0 air rt 0.2/6 71 4¢ 955
13 3.0 air rt 0.2/16 i 3* 964

aThe reaction was carried out using 0.2 mmollafand PhSeCl in 4
mL of CH3CN in open air unless otherwise stated. {CNl used in the
study in Table 1 was distilled once from CaH Air has been carefully
removed from the starting reaction mixtufe.5 equiv of HO was added.
d1.0 equiv of HO was added Yield determined by*H NMR analysis
using mesitylene as the internal standard.

conducted in Matmosphere, both the yield and selectivity were
poorer (compare entry 4 with entry 2, Table 1). In the presence
of water, the reaction under,Mitmosphere affordela and3a

in much higher yields and better selectivities (compare entries
5 and 6 with entry 4, Table 1). The reaction in purg O
atmosphere afforded the products in slightly better selectivity,
but the yield was low (compare entry 7 with entry 2, Table 1).
When 3.0 or 3.5 equiv of PhSeCl were used, the reaction was
much more selective and higher yielding (compare entries 2, 8,

9, and 10, Table 1). The concentration for the substrates is also

important: with 3.0 equiv of PhSeCl and a concentration of
0.0125 M ofla, 2a was formed in 72% yield while the yield
of 3awas only 3% (compare entries 13, Table 1).

However, at such a low concentration the procedure is
synthetically unattractive. According to the report by Sharpless
et al.1% selenate esters may decompose at room temperature t

TABLE 2. Optimization of the Reaction Conditions of the
Reaction of 1a with PhSeCt

PhS CH
n-CaHy  CHs  ppseci, additive Froe s, h ’
H coogt CHCN.tt Th  p.gyHg Y COOEt  n-CuHg g~ ~O
1a 2a 3a
PhSeCl additive

entry (equiv) (3.0 equiv)  2a (%) 3ab (%) 2al3a

1 3.0 NaCOs 80 5 94:6
2 3.0 KoCOs 80 11 88:12

3 3.0 CsCOs 79 5 94:6

4 3.0 LiOH 84 6 93:7

5 3.0 LiOAC 87 4 95:5

6 3.0 LkCOs 87 3 97:3

7 2.0 Li,CO3 84 3 97:3

8 15 LibCOs 67 3 94:6

9° 2.0 Li,COs 82 5 94:6

2 The reaction was carried out using 0.2 mmollef PhSeCl, and 3.0
equiv of additive in 6 mL of CHCN in open air? Yield determined byH
NMR analysis using mesitylene as the internal standa2db equiv of
Lio,COs were added.

TABLE 3. Reaction of PhSeCl with Different 2,3-Allenoate®

1 2 2
R R PhSeCl 2.0equv) L oR R PhSe  R?
o COOEt LixCO; (3.0 equiv) R1~g_< CooEt © _,
CHCN, 1t, 1h o) R™ ™70
1 2 3
entry R R2 2/3¢ yield® of 2 (%)
1 n-CaHo CHs (1a) 97:3 77 @a)
2d n-C4Hg n-CsHy (lb) f 68 (Zb)
3d n-C4Hg Bn (10 97:3 67 @0
4 n-CrHis CHs (1d) f 67 (2d)
5 n-C/His n-CsH7 (18) f 63 (26)
6 Ph CH (1f) 97:3 77 f)
7 Ph n-CaHs (19  >99:1 82 Q)
8 Ph Bn Lh) >90:1 77 eh)
9 p-BrCsHa CHs (ll) 97:3 63 el)
10 p-BrCsH, n-CsHz (1)) 99:1 85 @j)
118 a-naphthyl CH (1k) 98:2 93 @k)
12 a-naphthyl n-CzH7 (11) 97:3 89 @l)

aThe reaction was carried out using 0.2 mmol of 2,3-allenoate, 2.0 equiv
of PhSeCl, and 3.0 equiv of }€0O; in 6 mL of CHCN in open air.
bIsolated yield.c Determined by'H NMR analysis using mesitylene as the
internal standarcf Reaction time: 48 h¢ 3.0 equiv of PhSeCl were used.
fDue to the overlap of théH NMR signals, it was difficult to determine

Ahe ratio of2:3 in this case.

form ketones; thus, we thought that a base may help to facilitate
the formation of selenates by its reacting with the in situ
generated HCI to improve the selectivity 2&3a. Some of
representative results are listed in Table 2. It was obvious that
the yield and selectivity were improved meaningfully by using
different bases with LCO; being the best (entries-6, Table

2). In fact, with 3.0 equiv of LiCOs, only 2.0 equiv of PhSeCl
were required to produce produ2t in 87% vyield and the
product3a in only 3% yield (compare entry 7 with entry 6,
Table 2).

With the standard reaction conditions in hand, the scope of
the reaction was explored with some typical results summarized
in Table 3. The substituent'Rnay be an alkyl or aryl group
and the substituent?Rmay be an alkyl or benzyl group. As
determined byH NMR analysis of the crude reaction mixture,
the corresponding butenolides were formed in less than 4%.
The structure o2 was further confirmed by the X-ray diffraction
study of2i (Figure 1, Supprting Informatiori}.

As expected, when 2,4,4-trisubstituted 2,3-allendatevas
applied, only butenolid8m was isolated in 88% vyield indicating
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HEME 2
PhSe,
/ PhSeCl (2.0 equiv) _
\ A -
COOEt Li;CO;3 (3.0 equiv) oS0
CH4CN, 1t, 1h
1m 88% 3m

the importance of the proton at 4-position of 2,3-allenoates for
the formation of 3-phenylseleno-4-oxoE}{enoate® (Scheme

The possibility of producing?a from butenolide3a was
excluded on the basis of the following three control experi-

(10) Sharpless, K. B.; Lauer, R. B. Am. Chem. S0d.972 94, 7154.

(11) Crystal data for compoundi: Ci9H17013BrSe, My, = 452.20,
monoclinic, space group2(1)/h, Mo Ka, final Rindices | > 20(1)], R1
=0.0548, wR2= 0.1186,a= 10.775(13) Ab = 6.0652(19) Ac = 28.906-
(9) A, oo =900, B = 99.145(6Y, y = 90°, V = 1865.0(10)A3, T = 293(2)
K, Z = 4, number of reflections collected/unique: 10370/408%: (=
0.0984), number of observations: 14%420(1)], parameters 219. CCDC
615052.



TABLE 4. Water Effect on the Reaction of 2,3-Allenoate 1a with

PhSeCt
PhS CH
1-C4Hg CHs  PhSeCl 25equiv) S8 _ CHs . oS
H coogt CHeCN: N2: 1t 11 1. H, \, COOE G NS0
1a 2a 3a

isolated yields (%)

entry HO (equiv) 2a 3a

1 0 22 7

2 1.0 61 11

3 15 59 20

4 2.5 60 25

> 10 44 44

aThe reaction was carried out using 0.2 mmollafand PhSeCl in 4

mL of CH3CN (double distilled from Cab) under N atmosphere.

SCHEME 3
Phse, R?
R-‘/Z}O
3
R2
Phé’e)?:S/_ Phse, R’
1 OEt = H,
i H>-0 R! O+ @
I 2 g
R RZ PhSeCl + R base PhSe R?
——— = PhSe—— —_— e
H COOEt Rr! COOEt water  g! COOEt
H oH
1 4 5
JPhSeCI
water base
PhSe R? ref. 10 PhSe R?
e e ——
R’~\2_<c00Et R142_<COOEI
o} 0SePh
2 6

ments: Compounda is stable in the CBCN solution of

PhSeCl, even if 1.5 equiv of EtOH were added; there was also

no reaction wherBawas treated in the CH¥N solution in the
presence of 1.0 equiv each of EtOH and HCI.

In order to study the effect of water on the reaction,sCN

distilled twice from CaHwas used with the addition of different

amount of HO. The results were summarized in Table 4. From gramme, is appreciated. S.M. is jointly appointed by Zhejiang

the results, it is quite obvious that the reaction in the presence pjyersity and Shanghai Institute of Organic Chemistry. This
of a large amount of kD afforded lacton8&a, while with 1.0—

2.5 equiv of HO the reaction favored the formation of

ketoenoate?a. The presence of a large amount ofGHmay
stabilize the charged intermediaté& and facilitate the lac-

tonization process to afford the lactone products (Scheme 3). ¢ : r
Thus, a rationale for this reaction is depicted in Scheme 3. procedure and analytical data for all products not listed in the text.

The electrophile PhSeCl reacted with the relatively electron-

rich C=C bond in 2,3-allenoate& forming intermediatesl,
which may be followed by the attack of,B. This process may
be faciliated by the presence of,00; to form intermediates

5.12 Subsequently, another molecule of PhSeCl reacted with

intermediates in the presence of kCO; to produce HO and
intermediate6, which may decompose to form the ketone 1973 95, 6137.
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functionality in 3-phenylseleno-4-oxo2)-alkenoate®.1° This
elimination reaction may be promoted by oxydénThe
remaining water in CkCN used and the water in open air may
responsible for the water effect on this reacton. The stereo-
selectivity observed may be explained by the favordtdes
arrangement of the phenylseleno group and the ester group.
In conclusion, we have developed an electrophilic interaction
of 2,3-allenoates with PhSeCl affording 3-phenylseleno-4-oxo-
2(E)-alkenoates in good yields and excellent regio- and stereo-
selectivity. Although the amount of water in air and commer-
cially available MeCN may be very different, the recation may
be easily reproduced by using anhydrous MeCN ungwith
the addition of a specified amount of water. As a result of the
easy availability of starting materials, the convenient operation,
and the usefulness of the products, the reaction may have
potential utility in organic synthesis. Further studies in this area
including the real role of kD in these reactions are being carried
out in our laboratory.

Experimental Section

Experimental Preparation of 2-Methyl-4-oxo-3-phenyl-
selanyloct-2€)-enoic Acid Ethyl Ester (2a). Typical Procedure.
To a solution of PhSeCl (79.3 mg, 0.41 mmol) in 5 mL of MeCN
was added LiCO; (45.0 mg, 0.61 mmol). Theha (35.6 mg, 0.20
mmol) and 1 mL of MeCN were subsequently added. After being
stirred at room temperature for 1 h, the reaction was complete as
monitored by TLC and the mixture was filtered through a short
column of silica gel to afford the crude product, which was analyzed
by 400 MHz'H NMR measurement. The crude product was then
purified by column chromatography on silica gel (petroleum ether/
ethyl acetate= 40:1) to afford2a (53.1 mg, 77%)2a: liquid; H
NMR (400 MHz, CDC}) 6 7.53 (d,J = 8.0 Hz, 2 H), 7.39-7.27
(m, 3H),4.13 (qJ=7.0Hz, 2 H), 2.32 (t) = 7.4 Hz, 2 H), 2.06
(s,3H),1.22 (tJ=7.0Hz, 3H), 1.221.13 (m, 2 H), 1.16-0.99
(m, 2 H), 0.73 (tJ = 7.4 Hz, 3 H);13C NMR (100 MHz, CDC})
0 201.9, 164.7, 150.1, 136.6, 129.33, 129.30, 125.3, 124.2, 61.3,
42.0, 24.6, 21.9, 17.2, 13.9, 13.8; MS (70 eV, HWjz 356
(M*(82Se), 5.72), 355 (M(8°Se)+ 1, 7.13), 354 (M (8°Se), 28.85),
352 (M*("8Se), 16.29), 351 (M(""Se), 9.26), 350 (M("6Se), 7.31),
41 (100); IRy (cm™1) 2958, 2932, 1704, 1591, 1477, 1465, 1439,
1366, 1270, 1156, 1133, 1022; HRMS calcd fark,0:8°SeNa
(M* + Na) 377.0638, found 377.0620.
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