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ABSTRACT

Reaction of a dialkyl phosphite with a 2-nitrostyrene
in the presence of triethylamine, trimethylsilyl chlo-
ride, and hexamethyldisilazane provides a one-pot
procedure for the synthesis of an N-hydroxy-indole-
3-phosphonate and an indole-2-one-3-phosphonate
besides the normal addition product, a 1-aryl-2-ni-
troalkylphosphonate. Such new indole derivatives are
difficult to prepare by conventional methods. The ra-
tios of reactant to silylating agent and base were found
to have significant influence on the product com-
position. The mechanism of formation of these het-
erocyclic products is discussed.

INTRODUCTION

During the last 20 years, considerable effort has
been devoted to the synthesis [1] and biological
studies [2,3] of functionally substituted indole de-
rivatives. Nevertheless, there are only a few papers
describing the synthesis of indoles bearing a phos-
phoryl moiety [4,5]. We therefore wanted to de-
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velop a new method for the synthesis of indole
phosphonates.

Nitroolefins, which may be regarded as the
heteroatom analogues of a,B-unsaturated carbonyl
compounds, are powerful synthetic intermediates
in organic synthesis [6,7]. Michael-type additions
of various kinds of nucleophiles to nitroolefins pro-
vide a versatile synthetic method for the prepa-
ration of many types of organic compounds [8].
Nitroolefins are also used for the synthesis of var-
ious heterocycles [9-13].

Investigations of the reactions of trivalent
phosphorus compounds with nitroolefines showed
that they have a very complex character involving
addition, substitution, and deoxygenation reac-
tions. These result from the various sites of attack
of trivalent phosphorus on nitroolefins. [14,15] This
reaction is therefore a useful method for the syn-
thesis of a variety of organophosphorus com-
pounds and of a,B-unsaturated phosphoryl com-
pounds, in particular [14,16,17].

As a part of a program involving the synthesis
of potentially bioactive organophosphorus com-
pounds [18], we reinvestigated the reaction of var-
ious dialkyl phosphites la—e with 2-nitrostyrene
derivatives 2a—d with the intention of developing
this approach into a mild selective synthetic route
to 2-nitroalkylphosphonates 3. The nitro group of
3 can be converted into various other functionali-
ties [6]. The preparation of 3 by the addition re-
actions of trimethylsilyl esters of trivalent phos-
phorous acids with 2 has been reported [19]. These
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hydrolytically sensitive silylated phosphites 6 are
isolated only in moderate yield.
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1b: R'=Et 2b: R2=Me, R’=H
lc: R'=Pr" 2c: R’=MeO, R’=H
1d: R'=Pr’ 2d: R’>=H, R3’=Me
le: R'=Bu"

3a: R'=Me, R’=H, R’=H
4a: R'=FEt, R*=H, R’=H
5a: R'=FEt, R*=H

3b: R'=Et, R>=H, R*=H
4b: R'=Et, R>=Me0O, R*>=H
5b: R'=Et, R>=Me0Q

3c: R'=Et, R*=H, R’*=H
4c: R!'=Pr", R'=Me0O, R*=H
5¢: R'=Et, R*=Me

3d: R'=Et, R>=Me0, R*=H
4d: R'=Pr’, R*=MeO, R’=H
5d: R'=Pr/, R>=H

3e: R'=Pr", R2Z=MeO, R3>=H
4e: R'=Bu", R2Z=MeO, R*=H
3f: R'=Pr/, R*=MeO, R*=H
4f: R'=FEt, R*=H, R’>=Me

We therefore prepared 6 in situ {20], which
provides a more convenient and efficient route. As
expected, the treatment of 1 and 2 with trimeth-
ylsilyl chloride (TMS-CI) and Et;N affords 3 in high
yield [21]. When Et;N is used alone, only poor yields
of 3 are obtained [22].

Surprisingly, when the reaction was carried out
with an excess of TMS-CI and Et;N in benzene at
reflux temperature, two new types of compounds
were obtained: N-hydroxyindole-3-phosphonates 4
[23] and indole-2-one-3-phosphonates 5. (Equation
1). In contrast to Cadogan'’s reaction [15] which in-
volves a nitrene intermediate, this cyclization seems
to proceed via a different pathway. A tentative
mechanism is proposed in Scheme 1. By control of
the reaction conditions, each of the products 3, 4
or 5 can be formed selectively (Table 1). Further-
more, X-ray crystallographic analysis of 3¢ and 4e
have been reported by us [21,23]. The X-ray crys-
tal structure of 5a will be published elsewhere.

X X

NO P
Meo——Q/J\/ 2 ____,J\)Lﬂ
=N

MeO [

o

4b(37%)
18(0%)

3d;, X=(Et0),P=0
17, X=H

(2)

RESULTS AND DISCUSSION

Me(;:hanism of Formation of Cyclic Products 4
and 5

The formation of heterocyclic products 4 and 5 by
a one-pot procedure involves the reaction of 1 and
2 in the presence of a silylating agent and base.
This previously unknown reaction occurs by a Mi-
chael addition of 1 to 2, followed by deoxygenation
of the nitro group and subsequent formation of the
indole ring. Based on the results of our studies and
reactions of 2 with other nucleophiles [13], we can
propose mechanistic pathways for the formation of
4 and 5 as outlined in Scheme 1.

The active nucleophile, a tricoordinate sily-
lated phosphite 6, is formed by reaction of phos-
phite 1 with TMS-CI/Et;N. This species attacks the
B-carbon of the 2-nitrostyrene 2 to give a dipolar
intermediate 7 which undergoes fast 1,6-silyl mi-
gration to form the intermediate 8. a-Proton ab-
straction by Et;N from 8 gives 9. Nucleophilic at-
tack of an ortho-carbanionic center of 9 on the
nitrogen atom with loss of TMSO™ followed by a
1,3-shift of hydrogen from carbon to oxygen yields
4. An alternative pathway for the formation of 4
involves attack of the alpha carbanionic center of
9 on nitrogen with loss of TMSO™ and formation
of aziridine 11a which receives a resonance con-
tribution from 11b. The formation of 5 is consid-
ered to proceed via a different mechanism. Inter-
mediate 8 is converted to a disilylated cationic
species 12. A 1,2-bridging of one of trimethylsily-
loxy group converts 12 into an oxonium interme-
diate 13 [13b]. Elimination of TMSOH in the pres-
ence of Et;N affords 14 as a nitrenium species.
Electrophilic attack of the nitrenium on the ben-
zene ring establishes the indole skeleton 15. A 1.3-
proton shift gives 16 which can be hydrolyzed to
5.

The proposed mechanism was supported by the
following facts.

1. Stoichiometry has a substantial effect on
product composition. More than 2 equiv of
TMS-CI and Et;N are necessary for this cy-
clization reaction.

The course of this reaction is determined
by the nature of substituents either on the
benzene ring or on the double bond of the
nitroalkene as well as by the reaction con-
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ditions [21,23]. We have found that the re-
action rate and selectivity can be increased
by addition of hexmethyldisilazane
(HMDSA). In most cases, compounds 3, 4 and
5 are formed sequentially as shown by 'H
and *'P NMR spectra. Compounds 1b and
2a were employed as model substrates, and
the results are listed in Table 2.

Data in Tables 1 and 2 indicate that, un-
der favorable reaction conditions, product
3, 4 or 5 can be isolated as the major prod-
uct. When the reaction was carried out at
room temperature with a variety of ratios
of 1 and 2 to TMS-CI and Et;N, the normal
addition product 3 was formed predomi-

TABLE 1 Preparation of Compounds 3, 4, and 5

Molar Ratio Yield mp (C)

1

2 TMS-Cl HMDSA Et;N (%) (Literature mp)

3a
3b
3c
3d
3e
4a
4b
4c
4d
4e
5a
5b

5¢c
5d

1

1
1

1.1 1

1

11 1 1 71 106-108
(104-105) [21]
67-69
(65-66) [21]
126-127
(121-123) [21]
54-57
(51-52) [21]
86 53-56
(48-49) [21]
94-96
126-127
103-105
(98-99) [23]
132-136
(134-136) [23]
105-107
(104-105) [23]
137-139
126-128
131-133
67-69

1 1 1 84

1 1.5 1.5 76

92

o O O o o
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-
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57
71
51

- a
N

1 1.5 65

1.2 1.2 68
1.2

2

2 48
23
3 37
8 3
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-

2
2
2
1.

1.2

Reaction conditions are as follows: for 3, refiux in CH.Cl,; for 4,
reflux in benzene for 4-8 hour; and for 5, reflux in benzene for 18

hour.

nately. In some cases, neither 4 nor 5 could
be detected (entries 5, 7, and 11 in Table 2).
When the reaction was carried out with
heating and an excess of both TMS-Cl and
Et;N, the product ratio of 4 or 5 to 3 was
increased. Excellent yield of 4 or 5 resulted
when the ratio of TMS-Cl and Et;N to 1 was
at least 2 (entries 7, 8, 11, and 12 in Table
2).

. The important role of both TMS-CI and Et;N

in the cyclization process is well supported
by the following experimental evidence. Re-
action of 1b and 2c in the presence of N,O-
bis(trimethylsilyl)acetamide (BSA) gave only
addition product 3d in quantitative yield,
but addition of TMS-Cl and Et;N to this re-
action system provided the cyclization
product 4b in 41% yield together with 59%
of 3d. Analogously, reaction of diethyl tri-
methylsilylphosphite 6 with 2¢ in benzene,
even at reflux temperature, afforded 3d
quantitatively. However, with the aid of
TMS-Cl and Et;N, the cyclization process
occurred forming 4b (38%) and 3d (62%). It
is therefore reasonable to conclude that cy-
clization takes place only in the presence of
TMS-Cl and Et;N.

. Compound 3d can be converted to the cyclic

product 4b in the presence of TMS-Cl and
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TABLE 2 The Composition of Products from Dialkylphosphite and 2-Nitrostyrenes®

Reaction Conditions

Yields (%)°

Molar Ratio

1b 2a TMSCI  HMDSA  ELN Solvent 3b 4a 5a by-product
1 1 1 1 0 0 CeHs No Reaction
2 1 1 0 0 2 C,HsOH Minor
3 1 1 0 1.5 0 CH,Cl, High mp Polymer
4 1 1 1 0 1 CsHs 64 13 — 23
5 1 1 1 1 0 CH.CIi, (RT) 100 — — —
6 1 1 1 1 1 CH,Cl, 51 15 15
7a 1 1 2 1 1 CH,CI, 20 48 12 20
7b 1 1 2 1 1 CeHs 10 54 15 21
7c 1 1 2 1 1 DMF (RT) 100 — — —
8 1.2 1 3 1 1.5 CsHs 7 72 18 —
9 1 1 3 1 1 CH,CN 47 38 7 8
10 1 1 3 1 2 CsHs (18 hours) 8 18 57 19
11a 1 1 2 1.5 2 CH,CI, (24 hours) 8 16 67 9
11b 1 1 2 1.5 2 CH.CI, (r.t) 100 — —_ —
12 1.1 1 3 2 1.5 CeHs (24 hours) 6 21 70 8

*The mixture of 1b, TMSCI, HMDSA, or Et;N as refluxed for 2 h, then 2a was added. The reactions were carried out under refiux for 6
hours and worked up.

"The composition of reaction products was determined by 'H and *'P NMR.

Et;N. However, the formation of 1-hydrox-
yindole (18) by the reaction of 1-(p-meth-
oxyphenyl)-2-nitroethane (17) under similar
reaction conditions is not observed (Equa-
tion 2). These data support our proposal that
the presence of the electron-withdrawing
phosphoryl moiety is critical to the forma-
tion of carbanion 9. Unfortunately, replace-
ment of the phosphoryl group by a cyano
group in 3 resulted in the formation of a
complex product mixture under analogous
conditions.

As demonstrated by us, although 3 can be
converted into 4 by use of TMS-Cl and Et;N,
it is impossible to transform 4 into 5 under
similar conditions. However, use of excess
TMS-Cl and Et;N initially leads to an in-
crease in the ratios of 5 to 4. It seems likely
that the formation of 5 proceeds via a sim-
ilar mechanism to that proposed for the re-
action of 2 with acetyl chloride under FeCl;-
catalysis [13b]. Our one-pot reaction prob-
ably proceeds in a stepwise manner, with
the formation of 3, 4, and 5 controlled by
the reaction conditions.

. The catalytic effects of various bases, such

as Et3N, CsHsN, K2CO3, N32C03, NaH, and
sodium alkoxides, on the reaction of 1 and
2 were reported by us earlier [21,23]. Based
on our observations, Zhang [24] reported a
similar method for the synthesis of 4, but
this is not applicable to unsubstituted 2-ni-

trostyrenes. For example, treatment of 2d
and 1b in the presence of K,CO; in ethanol
at reflux temperature afforded 4f in 54%
yield. However, a polymeric substance was
obtained as the major product when 2a was
used as starting material. The failure of this
reaction is due to the different sensitivities
of 2a and 2b in alkaline media (Equation 3).

O

3

K,CO./ LtoH 4a,R3=4 ( < 5%)

4F, RO=Me (54%)

(3)

o
2 _@/\\/“)2 . —
— NELt ~

25a, R2=

b, R2=Me

C, RZ=M€0
4)
It should be emphasized that, in the ab-
sence of silylating agent, in addition to the
polymerization of 2, the B-elimination re-
action of the nitro species in the interme-
diate stage of the reaction of trivalent phos-
phorus compounds with 2 will easily take
place in alkaline media [14]. Treatment of
1-hydroxy-2-nitroalkylphosphonates 19 with
Et:N, for example, does not afford the cyclic
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product 22, although carbanion 20 [25] is
involved. The vinyl phosphate 21 formed by
B-elimination of the nitro group is obtained
as the major product. The formation of vi-
nylphosphonates 24 via 8 elimination of the
nitro group of 23 serves as additional evi-
dence (Scheme 2) [26].

On the other hand, reaction of acetylace-
tone with 2 in the presence of Et;N at room
temperature gave a new type of cyclic ox-
ime 25. Formation of both 4 and 25 pro-
ceeds via similar intermediates 26 derived
from the initial Michael addition (Scheme
3). Compound 25 was formed by the nu-
cleophilic attack of the hydroxyl group on
the a-position of the acidic nitro group [27].
The °C NMR spectrum of 25b is shown in
Figure 1.

CONCLUSION

A one-pot procedure for the convenient synthesis
of two new types of indole derivatives bearing the
3-phosphory! moiety has been developed. The syn-
thesis involves the reaction of substituted 2-ni-
trostyrenes with dialkyl phosphites in the presence
of trimethylsilyl chloride, hexamethyldisilazane,

CH 2 [

Nu —— 5
)\/ / WO—RT QO The 2
p N
e 0
26 Y 27
a, Nu=Gi(Cone), (rlo) yP=0
b, Ku=(R'0),p=0 _
y —_ 4
r2 A
& Do
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CH 128,79

128,02

46.87 118.27

FIGURE 1 '3C NMR data (FX-90MHz) of 25b. Chemical
shifts are given in parts per million relative reference to CDCl,
(77.00).

and triethylamine. Various mechanisms can be
proposed for the cyclization steps, all involving
deoxygenation of the nitro group by trivalent
phosphorus compounds. Trimethylsilyl chloride and
triethylamine were found to be necessary for the
cyclization process, and the ratio of these two re-
agents determined the composition of the reaction
products. Meanwhile, the nature of the ring sub-
stituent has definite but smaller effects. Polymers
are sometimes formed, particularly when starting
materials or products are unstable in the basic me-
dium.

EXPERIMENTAL

Melting points are uncorrected. 'H, *'P NMR, and
B3C spectra were recorded in CDCl; on a FX-90MHz
spectrometer. TMS was used as an internal stan-
dard for 'H NMR and 85% H;PO, as an external
standard for *'P NMR. 1-(p-Methoxyphenyl)-2-ni-
troethane [28] and 0,0-dialkyl O-trimethylsilyl
phosphite (6) [29] were prepared by literature
methods.

N-Hydroxy-Indole Phosphonates 4; Typical
Procedure for the Synthesis of Compound 4b

Diethyl phosphite (0.5 g, 3.6 mmol) and TMS-CI (1.1
g, 10 mmol) were added to a solution of HMDSA
(0.8 g, 5 mmol), Et;N (0.5 g, 5 mmol), and benzene
(15 mL). The mixture was stirred and refluxed for
2 hours and 2-nitro-p-methoxy-styrene (0.7 g, 4
mmol) was added. The reaction mixture was stirred
for 4-6 hours until no more starting material was
detected by TLC. After removal of volatile sub-
stances under reduced pressure, the residue was
extracted with ethyl acetate. The organic layer was
washed with water, dried with MgS0O,, and con-
centrated to afford 4b (0.86 g, 85%), mp 125-126°C
(from ethyl acetate/petroleum). vm., (KBr)/cm™'
3400 (NOH), 1225 (P==0), 1020 (POC); A ., (MeOH,
loge)/nm 289.4 (0.321), 220.0 (1.469), 195.4 (0.814)
8y 1.20 (6H, t, J 7.2), 3.80-4.20(4H, m), 3.90(3H, s),
6.70~7.60 (4H, m), 9.60 (1H, brs); 8. 157.17 (C—6),
135.24 (Jpe 12, C—8), 131.49 (Jpc3, C—2), 120.78
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(C—4), 117.75 (Jpc 109, C—9), 112.38 (C—5), 92.13
(C—7) 91.74 (Jpc 223.9, C—3), 62.24 (Jpc 5.5, C—11),
55.23 (C—10), 16.11 (Jpc 6.5, C—12); 65 19.38 ppm;
m/z 299 (M™, 39.07), 282 (9.87), 162 (23.88), 146
(100). Found: C, 51.82; H, 5.99; N, 4.84. Calc for
Ci3H sNOsP (299.3); C, 52.17; H, 6.02; N, 4.86.

4a, 4c—e were obtained in a similar manner.

4a: v,,./cm~' 3100, 1650, 1500, 1225, 1020 &
1.20 (3H, t), 3.80-4.20 (4H, m), 6.65-7.50 (4H, m),
9.80 (1H, b, NOH). 8, 18.98 ppm. Found: C, 53.67,
H, 594, N, 5.37. Calc for C;;H(NO,P (269.2): C,
53.53; H, 5.94; N, 5.37. The spectral data of com-
pounds of 4c—e were consistent with the data re-
ported previously by us [23].

Preparation of Compound 5; Typical Procedure
for the Synthesis of 5a

Diethyl phosphite (2.0 g, 14 mmol) and TMS-Cl (2.2
g, 20 mmol) were added to a solution of HMDSA
(3,3 g, 20 mmol), Et;N (2.2 g, 20 mmol), and ben-
zene (25 mL). The mixture was stirred and re-
fluxed for 2 hours, then 2-nitrostyrene (1.5 g, 10
mmol) was added. The reaction was continued for
18 hours. After workup and purification by cen-
trifugal thin-layer chromatography using ethyl
acetate/petroleum ether (1:2) as eluent, 5a was
obtained in 48% yield. v, (KBr)/cm™') 3400 (NH),
1700 (C=0), 1220 (P==0), 1020 (POC); A ., (MeOH,
log €)/nm 285.0 (0.403), 255.2 (0.807), 212.0(0.949);
6y 1.15 (6H, t, J 7.0), 3.80-4.15 (4H, m), 6.02 (2H,
b), 7.00-7.40 (4H, m); 5. 167.16 (Jpc 4.4, C—2) 149.52
(Jpc 15.4, C—18), 126.42 (Jpc 9.9, C—9), 12346 (C—4),
120.73 (C—6), 117.41 (C—5), 109, 26 (C—7), 72.15
(Jpc 223.3, C—3), 61.73 (Jpc 4.4, C—10), 16.34 (Joc
6.6, C—11); & 17.70 ppm; m/z 269 (M, 100),
52(12.26), 241(30.57), 213(37.12), 195(47.14),
133(81.08), 117(31.13). Found: C, 53.49; H, 597; N,
5.18. Calc for C;;H,NO,P (269.2): C, 53.53; H, 5.94;
N, 5.20.

5b: v/~ ' 3450, 1700, 1225, 1010; &y 1.20 (6H,
t), 3.60-4.20 (4H, m), 5.60 (2H, b), 3.70 (3H, s), 6.60—
7.40 (3H, m). Found: P, 10.71. Calc for C,;HsNO,P
(283.2): P, 10.91.

5¢: v, /cm”! 3400, 1700, 1220, 1020; &, 1.10
(6H, m), 2.30 (3H, s), 3.70-4.20 (4H, m), 5.70 (2H,
b), 6.80-7.40 (3H, m). Found: P, 9.94. Calc for
C,sH sNOsP (299.2): P, 10.36.

5d: v, /cm™! 3400, 1700, 1200, 995; 8y 1.25 (12
H, dd), 4.40-4.60 (2H, m), 5.80 (2H, b), 7.00-7.40
(4H, m). Found: C, 56.57; H, 6.72; N, 4.70. Calc for
C,H;0NO,P (297.24): C, 56.31; H, 6.41; N, 4.76.

3a—e were Synthesized by the following
General Procedure

The reaction was run by treatment of 1, 2, TMS-
Cl and HMDSA (molar ratio 1:1:1:1) in CH,Cl, un-
der reflux until no more starting materal was de-
tectable by TLC. Workup and purification by col-

umn chromatography on silica gel using ethyl
acetate/petroleum ether (1:2) as eluents gave 3a—
e [21]. The spectra of compounds 3a—e are consis-
tent with the data reported by us previously [21].

Reaction of 1-Nitro-2-(p-Methoxyphenyl)ethane
with TMS-Cl and Et;N

TMS-CI (20 mmol) and Et;N (20 mmol) was added
to a solution of 17 (1.8 g, 10 mmol) and benzene
(10 mL). The mixture was stirred 12 hours under
reflux. No reaction had taken place, as shown by
TLC and 'H NMR. After workup and purification,
the starting materials were recovered.

Reaction of O,0-Diethyl O-Trimethylsilyl
Phosphite (6) with 2-Nitro-p-Methoxystyrene

The reaction was carried out with the same reac-
tion conditions used in the preparation of 4. Both
the use of large amounts of 6 and prolonged re-
action time afforded the normal addition product
3d. mp 67-68°C; Ref. [30] mp 65-66°C.

Reaction of 3d with TMS-Cl and Et;N

To a solution of 3d (5 mmol) and benzene (10 mL)
was added TMS-C] (10 mmol) and Et;N (10 mmol).
The mixture was stirred for 8h under reflux. After
workup and purification, 4b was obtained in 37%
yield. mp 125~127°C.

Reactions of 1b and 2a with Various Amounts
of TMS-Cl and Et;N and HMDSA

These reactions were carried out in a manner sim-
ilar to the preparation of 4. Reaction mixtures were
analyzed by 'H and *'P NMR, and the results are
listed in Table 2.

Cyclic Oximes 25: Typical Procedure for the
Synthesis of 25b

Et;N (3 mL) was added to a solution of 2¢ (1 g, 6
mmol) and acetylacetone (2.0 g, 20 mmol) in meth-
anol (10 mL). The resulting mixture was stirred for
4 hours at ambient temperature, and then water
(20 mL) was added. The solid 25b was isolated by
filtration (1.4 g, 57%). mp 154-156°C (from CCl,).
Vmax/Cm 3278, 1661, 1660; 84 2.0 (3H, s), 2.25 (3H,
s), 2.40 (3H, s), 5.20 (1H, br), 7.50 (4H, s); '*C NMR
is shown in Figure 1. Found: C, 68.55; H, 6.18; N,
5.70. Calc for C{,H,sNO; (245.28): C, 68.57%; H, 6.12;
N, 5.71.

25a: 47%, mp 152—154°C (from CCLy); ¥par/cm™’
3300, 1670, 1615; 64 2.83 (3H, s), 2.45 (3H, s), 5.05
(1H, m), 7.24 (5H, s); m/z 232 (M*, 100), 214
(M—OH", 64.46), 200 (54.46), 188 (67.47), 172
(27.47), 158 (14.65), 144 (25.69), 125 (22.65), 115
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(8.21). Found: C, 67.10; H, 5.94; N, 5.58. Calc for
C3H3NO; (231.24): C, 67.50; H, 5.67; N, 6.06.

25¢: 46%, mp 147-148°C (from ethyl acetate/
hexane); Vma (KBr)/cm™ 3335, 1665, 1605; &y 1.80
(3H, s), 2.45 (3H, s), 3.80 (3H, s), 5.05-5.20 (1H, m),
6.80-7.40 (4H, m). Found: C, 64.47; H, 5.96; N, 5.12.
Calc for C,HsNO, (261.28): C, 64.35; H, 5.74; N,
5.34.

Reaction of Diethyl 1-Hydroxy-1-Phenyl-2-
Nitroethyl Phosphonate (19) with Et;N

Et;N (0.5 mL) was added to a solution of 23 (0.7
g, 2.3 mmol) in CH,Cl, (5 mL). The resulting mix-
ture was stirred for 4 hours at room temperature.
Volatiles were removed under reduced pressure, and
the residue was purified by chromatography to give
21 (65%). 8, 1.30 (6H, t), 4.10 (4H, m), 5.20 (2H, d),
7.00-7.60 (5H, m); ¥ /cm™' 1645, 1250, 1025; m/
2257 (M + 17, 100%); 155 (57.62), 130 (51.65), 105
(56.85). These data are consistent with the litera-
ture {26].
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