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0-Ethyl-N-substituted pyrrolidonium fluoroborate salts were condensed under basic conditions with active
methylene compounds to give vinylogous carbamates and cyanamides.
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Since the condensation of orthoamides [2] onto active
methylene compounds was first reported by Meerwin {3],
formamide orthoamides and vinylogous orthoamides have
found many uses in organic synthesis [4]. Orthoamides
larger than formamide, however have not been as widely
used. Meerwein [3] reported the orthoamide of N-methyl-
pyrrolidinone and its condensation with several com-
pounds. Smith and Shroff [5] recently reported the prepa-
ration of the O-ethyl fluoroborate salt of N-vinyl pyrrolid-
inone but all attempts to convert this salt to an orthoamide
gave abnormal products with no orthoamide being observ-
ed. Even less used in condensations are the O-alkyl amide
salt precursors of the orthoamides. Another uncommon
parameter for the Meerwein reaction process is the con-
densation of carbanions on the O-amide salt. For example
Severin, Briick, and Kullmer [6] have used sodium ethox-
ide to condense nitromethane onto an O-methyl salt of
DMF. This latter technique was seen as offering some ad-
vantages as a synthetic procedure in that (i) one could
prepare the salt in situ prior to carbanion addition, (ii) the
orthoamide need not be isolated and purified in a separate
step and (iii) those products that would require the con-
densation of thermally unstable orthoamide and/or nucleo-
philes could still be formed under ionic conditions. With
these possibilities in mind we have been exploring the
Meerwein condensation with pyrrolidinone derivatives.
The O-ethyl pyrrolidonium salts, which were easily prepar-
ed and highly stable, were found to condense smoothly
with various active methylene compounds under moderate
to strongly basic conditions.
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Salt Formation: The N-Substituted pyrrolidinones [7]
la-d, were added to triethyloxonium fluoroborate to give
the O-ethyl salts, 2a-d, (Table 1), in excellent yield. Such
salts are sometimes made in methylene chloride or chloro-
form since the reactants and products are all soluble in
these solvents [5,8]. It was found to be more convenient,

Table 1
O-Ethyl Pyrrolidonium Salts

IR
Salt Yield % N=C cm™ NMR ('H, ppm)
2b 95.4 1660 1.4 (1, 3H,-CH,CH,), 2.1.2.5 (m, 2H,
-CH,-CH,-CH,"), 3.15 (t, 2H, *N=C-
CH,), 3.7 (s, 4H, *N-CH,CH,0-), 3.9
(t, 2H, *N-CH,-CH,CH,), 4.45 (s,
2H, Ph-CH,-0), 4.5 (q, 2H, O-CH,-
CH,), 7.3 (s, SH, phenyl H’s)
1.5 (t, 3H, -CH,CH,), 2.1-2.5 (m, 2H,
-CH,-CH,-CH,?), 3.2 (t, 2H, N=C-
CH,), 3.4 (s, 6H, -CH(OCH,),), 3.6
(d, 2H, *N-CH,-CH(OCH,),), 3.9 (t,
2H, *N-CH,-CH,), 4.6 (t, 1H, -CH-
(OCH,),), 4.7 (g, 2H, OCH,0)
1.4 (1, 3H, -CH,CH,), 2.0-2.5 (m, 2H,
-CH,CH,CH,), 3.2 (1, 2H, N=C-
CH,), 3.7 (s, 3H, -CO,CH,), 3.9 (1,
2H, N-CH,CH,), 4.3 (s, 2H, N-CH,-
CO,CH,), 4.7 (q, 2H, OCH,CH,)

2c 95.7 1655

2d 97.2 1665

however, to effect this O-alkylation in anhydrous ether
with an excess of the amide. The Meerwein salt which is
not soluble in ether is slowly transformed to an oily pyr-
rolidinone salt and the ether is decanted. Several times an-
hydrous ether is added, stirred, and decanted to remove
the slight excess of pyrrolidinone starting material, and
the remaining ether is removed in vacuo.

Condensation: The pyrrolidonium salts, 2a-d, were con-
densed with either the sodium or lithium enolates of 3, 4,
and 5 to give the vinylogous carbamate and cyanamide
systems, 6a-b, 7a-d, 8a-c [9] in yields from 35-95% as
mixtures of the E and Z isomers (Table 2). The vinylogous
carbamates, 7a-d, were characterized in the ir spectra by a
carbonyl absorption of 1670-1680 cm™ and an enamine
band at 1555-1565 e¢m™. The vinylogous cyanides, 8a-c,
were characterized by a strong 2170-2180 cm™ nitrile
band and a 1580-1585 cm™ enamine absorption in the ir
spectra. In the 'H nmr spectra of 6a,b and 7a-d, the pyr-
rolidine ring was characterized by absorptions at 6
1.65-2.15 (m, -CH,-CH,-CH,), 2.9-3.2 (t, ] = 7 Hz, -CH,-
C=C), and 3.35-3.55 ppm (t, ] = 7 Hz, N-CH,-). The E and

Z isomers were clearly recognizable in the 'H nmr spectra
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of 8a-c. The E isomers at 8a-¢ where characterized by ab-
sorptions at 2.95-2.97 (t, -CH,-C=C) and 3.53-3.55 (t,
N-CH,-), while in the Z [10] isomers these absorptions ap-

peared at § 2.55-2.6 and 3.5-3.65 ppm respectively. 2b
COpt-Bu
1) NaOCHz, THF
COpt-By —— > CN 2c
2) 2a-d N
CN R
3 6a,b 2d
Y 1) ipa, 6a
o THF
ST e ST D —»<m
6b
4 Y = COpCHz Ta-d Y = -COoCH3
5 Y =-CN 8a-¢ Y = -CN
7a
Acid hydrolysis and decarboxylation converted com- h
pound 7a to the enamine 9a [11]} which is a condidate for
alkylation and acylation to provide a route to more com-
plex adducts. 7c
The reported procedure is an experimentally conve-
nient alternative to the orthoamide condensation. The am- 7d
ide salts used in this condensation are easily prepared in
high purity and can be stored with no apparent decompo-
sition unlike the corresponding orthoamides. Ba
General Procedure for the Condensation of active Methyl-
ene Compounds onto O-Ethylpyrrolidonium Salts. Ly
To a stirred solution of the base (1 and 1.1 equivalents)
in dry THF (— 78° for LDA, 0° for sodium methoxide) was LS
added the substrate, 3-5, (1 equivalent). After 15 minutes
the O-ethyl pyrrolidonium salt (1 to 1.25 equivalents) in 9a
THF was added quickly with vigorous stirring and the so-
lution was allowed to warm to room temperature. After 1
Table I1

Table III

C,;H;,NO,BF,

C,oH,,NO,-BF,/.1E1,0

C,H,,NO,BF,.03CDCl,

C12H18N202

C4oH,N,0,/.4H,0

C,H,,NO,.1CDCl,

Cy3HyNO,

C18H23N06

C11H29N06

C,H,,N,0,/.1H,0

C;,H,.N,0,/.1H,0

C,,H,,N,0,/.25Et0Ac

CISHISNOZ

Condensatin of O-Ethyl Pyrrolidonium Salts With Enolates

Substrate Salt Product Base Yield % tle
3 2a 6a NaOMe 95 0.55 [d]
3 2b 6b NaOMe 78 0.46 [d]
4 2a 7a LDA 91 0.52 [e]
4 2b 7b LDA 35 0.51 [e]
4 2¢ 7c LDA 75 0.55 [d]
4 2d 7d LDA 90 0.32 [f]
5 2a 8a LDA 92 0.30 [e]
5 2b 8b LDA 52 0.42 [e]
5 2c 8c LDA 78 0.49 [d)

IR cm™ [a]

CN C=0 N-C=C
2200 1690 1580
2200 1690 1565

— 1670 1555

— 1680 1565

— 1675 1560

— 1745, 1685 1575
2170 — 1585
2175 — 1580
2180 — 1585

ZEOZODOZOO0OZTIoZI0ZIOO0ZITI0ZII0oZIo0oZIo0ozZoozZ2nozZzno

OCH,0

1495
1500/1485
1500/1480
1500/1485
1490/1475
1495/1480
1500/1485

Vol. 22

Calcd. Found %

53.76 53.69
6.62 6.63
4.18 4.16

42.13 42.39
7.14 7.25
4.72 4.61

39.21 39.00
5.85 5.94
5.06 541

64.84 64.61
8.16 8.30

12.60 12.84

68.70 68.92
7.73 7.69
8.01 8.03

63.12 62.85
6.03 5.96
4.88 4.63

69.86 69.98
6.37 6.23
3.54 3.21

61.88 61.51
6.64 6.35
401 3.82

61.26 61.34
5.45 5.73
4.20 4.24

64.03 64.20
5.45 5.56

10.52 10.37

72.55 72.31
6.14 6.23
7.69 7.82

63.89 63.97
6.55 6.78
8.28 8.03

71.87 71.56
6.96 6.78
6.45 6.53

m/e

222 (11.65%) [b]
342 (40.75%) [b]
275 (100%) [c]
395 (60.4%) [b]
349 (29.08%) [c]
333 (100%) [c]
243 (100%) [b]
362 (0.89%) [c]
316 (100%) [b]

[a] Film. [b] 15 eV. [c] 70 eV. [d] 2:3 Ethyl acetate/hexane on silica. [e] 1:4 Ethyl acetate/hexane on silica. [f] 3:7 Ethyl acetate/hexane on silica.
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hour, (room temperature), the usual work up yielded the
crude product which was chromatographed on silica gel
using ethyl acetate/hexane as the eluent.
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