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Cyanuric chloride is shown to be an extremely édfit catalyst for the synthesis @pfenaminoesters frorfrketoesters under
solvent-free conditions by grinding in a mortartwjgestle at 25 °C. A short reaction time, an inespe and easily available
catalyst, mild reaction conditions and excellerids of the products are attractive features af tieéthodology.
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INTRODUCTION

B-Enamino acid derivatives, particulapfenaminoesters
are important and versatile building blocks in aiga
synthesis [1] for example in the synthesis of bjidally
active compounds such #isamino acids [2a]y-aminols (3-
hydroxy amines) [2b], alkaloids [3], peptides [4]nda
heterocycles [5]. In particular, cyclig-enamino esters have
been used for the synthesis of many natural predsith as
pyrrolizidines, indolizidines, quinolizidines and ther
alkaloids [1c-d].

Various methods have been reported for the préparaf
B-enaminoesters, including addition of an ester oiide
enolate to a nitrile [6], tosyl imines [7] and iroig halides [8]
and via addition of enamines [9], or ketimines [11@]
activated carboxylic acid derivatives. These conmgsucan
also be successfully obtained by direct condensabib -
ketoesters with amines [11]. However, long reactiiones,
low chemical yields, drastic reaction conditionsl anlack of
general applicability are the limitations assomiatwith most
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of the reported methods. Recently Zr(Q¥BH,O has been
reported to convefi-ketoesters int@-enaminoesters within 3-
30 h. However, this methodology required Mgg80 mol%)
as an additive to obtain the best results [12]. Sequently,
there is a scope for the development of general @ind
efficient methodology for the synthesisfp&naminoesters.
Organic chemists continue to explore novel symthet
methods involving new reagents and catalysts torycar
chemical transformations. One of these novel syitthe
methods is to carry out reactions on the surfacsotifls or
solid supported reagents. Organic reactions wetmdoto
occur efficiently and selectively in solid stat8]1Since solid
surfaces have properties different than that ofsthl@tion or
gas phase, totally new chemistry may occur. Everthi
absence of new chemistry, a surface reaction maynbe
desirable than a solution counterpart, becausedaetion is
more convenient to run, or a high yield of prodiscattained.
Solid state synthetic organic chemistry has somarmtdges
such as (i) easy isolation of products (ii) higrelgs of
products and suppression of by-product formatioi) (i
improved selectivity of catalyst. For these reascodid state
synthetic organic chemistry is a rapidly growingidi of study.
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EXPERIMENTAL

The'H NMR spectra were recorded in CR@k 300 MHz
using TMS as internal standard. IR spectra wererded
using KBr pellets for solids and neat for liquidngaes.
Column chromatography was performed using silidg(1@0-
200 Mesh). Chemical shifts are given in pprith respect to
internal TMS and values are quoted in Hz.

General Procedure

The amine (1.5 mmol)p-ketoester (1 mmol) and a
cyanuric chloride (2 mol%) were ground togetheaimortar
with a pestle for the specified time. After compet of the

3H), 4.06 (qJ = 6.9 Hz, 2H), 4.49 (s, 1H), 7.10 @z 7.1 Hz,
2H), 7.35 (dJ = 7.0 Hz, 2H), 9.10 (br, s, 1H); Magslz: 235
(M%).

3g. IR: v = 1110, 1325, 1575, 1607, 3020 tmMH NMR:
§ =1.22 (tJ = 7.0 Hz, 3H), 1.89 (s, 3H), 4.10 (&= 7.0 Hz,
2H), 4.51 (s, 1H), 7.21 (d,= 7.2 Hz, 2H), 7.25 (d] = 7.0 Hz,
2H), 9.10 (br, s, 1H); Massvz: 239 (M+).

3h. IR: v = 1125, 1330, 1570, 1625, 3010 tmMH NMR:
§ = 1.25 (t,J = 7.0 Hz, 3H), 1.92 (s, 3H), 4.12 (&= 7.0 Hz,
2H), 4.55 (s, 1H), 7.21-7.55 (m, 4H), 9.15 (br1si); Mass:
m'z: 239 (M.

3i. IR: v = 1120, 1350, 1595, 1609, 2995 tmH NMR:
§=1.25 (tJ = 7.1 Hz, 3H), 1.90 (s, 3H), 4.50 (s, 1H), 4.10 (q,

reaction (TLC), water was added and the product was= 7.2 Hz, 2H), 7.22 (d) = 7.1 Hz, 2H), 7.24 (d] = 7.0 Hz,

extracted with diethyl ether. The organic layer wdrsed

2H), 8.75 (br, s, 1H); Masswz: 250 (M").

(Na,SQ,) and concentrated under reduced pressure. The crud 3j. IR: v = 1150, 1745, 3315, cln'H NMR: 1.25 (t,J =

product was purified by column chromatography ¢siligel
100-120 mesh, petroleum ether:ethyl acetate = 9:1).

Spectroscopic Data of Compounds

3a. IR: v = 1115, 1370, 1609, 1654, 3320 tmMH NMR:
8 =1.21 (d,J = 6.5 Hz, 6H), 1.24 (tJ = 7.0 Hz, 3H), 1.94 (s,
3H), 3.6 (m, 1H), 4.08 (g] = 7.0 Hz, 2H), 4.39 (s, 1H), 8.49
(br, s, 1H); Massm/z 171 (M.

3b. IR: v = 1249, 1577, 1606, 3312 &m'H NMR: § =
1.18 (t,J = 6.9 Hz, 3H), 1.27 (m, 10H), 1.35 (m, 1H), 1.95 (s
3H), 4.02 (q,J = 6.9 Hz, 2H), 4.91 (s, 1H), 11.0 (br, s, 1H);
Mass:m/z: 211 (M).

3c. IR: v = 1492, 1599, 1655, 2926, 3264 tmMH NMR:
8 =1.26 (t,J = 7.1 Hz, 3H), 1.96 (s, 3H), 3.70 @ 7.1 Hz,
2H), 4.67 (s, 1H), 6.85-7.21 (m, 5H), 10.33 (br1H); Mass:
m'z: 205 (M.

3d. IR: v = 1150, 1720, 3300 ch'H NMR: & = 1.28 (t,
J=7.2 Hz, 3H), 2.00 (s, 3H), 3.94 @ 7.2 Hz, 2H), 4.41 (d,
J=6.6 Hz, 2H), 5.14 (s, 1H), 7.30-7.42 (m, 5H),6B1(t,J =
6.6 Hz, 1H); Massm/z: 219 (M.

3e. IR: v = 1135, 1320, 1480, 1580, 1615, 2950, 3210;cm
M NMR: & = 1.25 (t,J = 7.2 Hz, 3H), 1.91 (s, 3H), 2.36 (s,
3H), 4.08 (gJ = 7.2 Hz, 2H), 4.50 (s, 1H), 7.20 (@= 7.0 Hz,
2H), 7.25 (dJ = 7.0 Hz, 2H), 8.95 (br, s, 1H); Mass/z. 219
(M).

3f. IR: v = 1105, 1321, 1470, 1585, 1605, 3045"c¢m
"HNMR: 8§=1.24 (t,J=6.9 Hz, 3H), 1.90 (s, 3H), 3.75 (s,

7.1 Hz, 3H), 2.52 (m, 4H), 3.15 (,= 7.3 Hz, 2H), 4.01 (q,
J = 6.6 Hz, 2H), 6.90-7.15 (m, 5H), 11.05 (br, s, 1Mgss:
m'z: 231 (M.

3k. IR: v = 1115, 1645, 3295 ch *H NMR: 1.98 (t,J =
7.0 Hz, 3H), 4.03 (g, 2H), 4.50 (s, 1H), 6.90-7(6% 10H),
11.02 (br, s, 1H); Massw/z 255 (M).

3l. IR: v = 1152, 1740, 3310, cin'H NMR: 0.94 (t,J =
7.2 Hz, 3H), 1.28 (t) = 7.1 Hz, 3H), 1.30 (m, 2H), 1.52 (m,
2H), 1.82 (m, 2H), 2.50 (m, 4H), 3.20 {t= 7.3 Hz, 2H), 3.94
(q, J = 6.6 Hz, 2H), 11.24 (br, s, 1H), Mass/z (%) = 211
(M%).

RESULTSAND DISCUSSION

Over the last few years, there has been a considera
growth in interest in the use of cyanuric chloride its
derivatives in organic synthesis [14]. In this coumitation,
we wish to report cyanuric chloride as a highlyiciét
catalyst for the synthesis @ enaminoesters under solvent-
free and mild conditions (Scheme 1).

Initially, a systematic study was carried out ftre
evaluation of cyanuric chloride as a promoter for teaction
of aniline and ethylacetoacetate under various itiomd
(Table 1). Reaction between ethyl acetoacetateaaiiohe, in
the absence of a catalyst produced only a traceuaimof
product after 20 h (entry 1) and inferior resultsrevobtained
in the presence of solvents (Table 1, enfiB% Next we
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Scheme 1

o O

cynuric chloride (2 mol%)

p—MeOCHsNH O

MeMOtBu + p—MeOCgHsNH,

grinding r.t., 10 min.

Me/w\onau

98%

Scheme 2

Table 1. Reaction between Aniline and Ethyl
Acetoacetates under Magi€onditions

Entry  Solvent Catalyst Time Yield
(mol%) min/[h] (%)
1 neat [20] 15
2 CHyClI, 2.0 45 65
3 THF 2.0 60 70
4 CHsCN 2.0 45 60
5 CHCh 2.0 45 65
6 neat 0.5 [1] 50
7 neat 1.0 [1] 65
8 neat 15 [1] 85
9 neat 2 10 98
10 neat 25 10 98
11 neat 35 10 98

optimized the quantity of cyanuric chloride at
temperature under solvent-free conditions for thgaction
(Table 1, entries 6-11) and it was observed thah st 2
mol% of cyanuric chloride, the reaction was complit 10
min and an almost quantitative yield of the coroespng -
enaminoester (98%) was obtained (entry 9). It isdrtant to
note that when the amount of cyanuric chloride inaseased,
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there was no improvement in the yield or decreageaction
time (entries 10-11). With less than 2 mol% of ayan
chloride, the reaction was incomplete and resuiited low
yield of the product (50-85%) even after grindihg reaction
mixture for 1 h.

The results presented in Table 2 showed that the
methodology is successful for primary, benzylic andmatic
amines.p-Ketoesters such as methyl and ethyl acetoacetates
were efficiently transformed into the correspondiifig
enaminoesters. Excellent yields and short readiioes are
noteworthy advantages of the present method over th
reported ones. More important is the requiremeht 2mol%
of cyanuric chloride for all the examples selecfed the
present study. It was reported [12] that this rieacsuffers
from steric hindrance in the case [pketoesters carrying a
substituent different from hydrogen in thgosition, or with a
bulky amine, therefore requiring long reaction témand
drastic reaction conditions.

However the present methodology (Scheme 2 andnsehe

room3) was found much superior in terms of reactionesm

compared to the reported method [12] (48 h and)2@ligh
yields of products were obtained even in the cdsgdic and
aromaticp-ketoesters (Table 2, entries, j, k and 1). We also
assessed our methodology witf-diketone (Scheme 4).

The condensation of pentane-2,4-dione with aniline
proceeded smoothly in an almost quantitative yigld10 min



Table 2. Cyanuric Chloride Catalyzed Synthesig3eiEnaminoesters frofd-Ketoesters and
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Amines
- —
; B-Ketoester Time |Yield™
Entry Amine R=Me/Et Product (min) | (%)
HaC_ o O HsC
a CH—NH, MOR CH-NH O R=Et | 10 | 98
HoC HaC o o REMe | 10| 97
(o] (o]
b QNHZ ' NOR <:>*NH o R=Et | 10 | 98
R=Me 10 97
~ OR
o o H-N—Ph O
c Ph—NH, | R=Et 10 | 98
o o PhH,CNH

K PhNH,

| n_BuNH,

:
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M
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:

HN-Ph O

OEt

HNPh

©/\)k

nBu.HN

\
“NOEt

R=Et 15 96
R=Me 15 97

45 91
50 94
60 90
60 91
R=Et 30 90

R=Me 30 91

40 89
35 88

MORR Et| 45| 80

R=Me| 50 81

10 90
10 96
10 98

Yields of pure isolated product®roducts were characterized by {R,NMR and Mass

spectroscopy.

(e} O

PN
NOIBU + Ph

NH,

cyanuric chloride (2 mol%)
grinding, r.t., 60 min. .

Scheme 3

CH,Ph

\
NH (6]

N OBu

87%
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o o H_ o Ph
i i o N
M + PhNH, cyanuric chloride (2 mol%) . o
grinding, r.t., 10 min. M

Scheme 4

whereas the reported method [12] took a longerti@atime
(4 h) for the same conversion. [4]
In conclusion we have developed a novel, mild kighly
efficient protocol for the synthesis @fenaminoesters under [5]
solvent-free conditions. The use of an inexpensive easily
available catalyst, experimental simplicity, a siengvork-up
procedure, and rapid reaction are the importanmacitve
features of this method.
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