TETRAHEDRON

Bart Kesteleyn,' Erick Rosas Alonso,' Christian Stevens,' Yves Dejaegher,' Maria Peristeropoulou,'
Tuyen Nguyen Van,' Oleg Kulinkovich > and Norbert De Kimpe*''

'Department of Organic Chemistry, Faculty of Agricultural and Applied Biological Sciences,
University of Gent, Coupure Links 653, B-9000 Gent, Belgium
*Department of Organic Chemistry, Belarussian State University, Fr. Skaryny Avenue 4, 220050 Minsk, Belarus
Received 3 November 1998; revised 14 January 1999; accepted 28 January 1999

Abstract. Reaction of 2-chloro-2-acetimidoylbutyrolactones with sodium methoxide or sodium ethoxide
in the corresponding alcohol provides a facile one-step synthesis of methyl or ethyl 1-alkyl-2-
methylpyrrole-3-carboxylates from readily available starting materials. © 1999 Elsevier Science Ltd. All rights reserved.

Dedicated to Prof. Dr. Henk van der Plas on the occasion of his 70" birthday

INTRODUCTION

Pyrrole syntheses have always attracted considerable attention in organic chemistry due to the importance of
the pyrrole skeleton as a characteristic subunit in natural products and physiologically active compounds.'”
Several pyrroles show interesting physiological activities in agrochemistry® ranging from fungicidal activity (e.g.
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synthesis of natural products, while these pyrroles are not easily
accessible.”’ Only a few methods allow the synthesis of 3-(methoxycarbonyl)pyrroles, e.g. 1,3-dipolar
cycloadditions of acetylenes to azomethine ylides’ or to miinchnones,® addition of 2-cyanoaziridines to alkynes,9
reaction of ethyl acetoacetate with 1,2-dibromoethyl acetate and benzylamine in the presence of excess sodium
hydride’ and haloform reaction of 3-acetyl-1-tosylpyrrole using bromine and aqueous sodium hydroxide
followed by N-deprotection.'’ In this paper, a new straighforward synthetic strategy towards the synthesis of
methyl and ethyl 1-alkyl-2-methylpyrrole-3-carboxylates is presented.

A series of methyl 1-alkyl-2-methylpyrrole-3-carboxylates 4 was synthesized from the corresponding 2-
chloro-2-acetimidoylbutyrolactones 3 upon treatment with 3 equivalents of 2 M sodium methoxide in methanol
under reflux for 2 h. The reaction produced a lot of tar-like products but the pyrroles 4 were obtained in pure
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available starting materials are converted in essentially one step to the title pyrroles. The ease by which this
process occurs competes very well with the known procedures for the synthesis of pyrrole-3-carboxylic acid
derivatives. As outlined in Scheme 1, 2-chloro-2-acetimidoylbutyrolactones 3 are readily accessible from the
commercially available 2-acetylbutyrolactone 1. Condensation of 2-acetylbutyrolactone 1 with a primary amine
under reflux in benzene, using a catalytic amount of p-toluenesulfonic acid and water removal by azeotropic
distillation, resulted in the 2-acetimidoylbutyrolactones 2, which occurred entirely as the enamino ester tautomer.

The enamino comnounds 2 were then reacted with 1 anvalenf of N-chlorosuccinimide in carbon tetrachloride at
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room temperature to give the 2-chloro-2-acetimidoylbutyrolactones 3 in mostly excellent yields.
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Za.R= propyl (98%) 3a (96%)
2b: R = n-propyl (93%) 3b (97%)
2¢: R = sec-butyl (98%) 3¢ (95%)
2d: R = cyclohexyl (97%) 3d (98%)
2e: R =benzyl (70%) 3e (95%)
2f: R = phenyl (76%) 3f (96%)
2g: R = phenylethyl (90%) 3g (71%)
2h: R = 2-(4-chlorophenyl)ethyl (84%) 3h (94%)
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4a: R = isopropyl (23%)

4b: R = cyclohexyl (25%)

4c: R = phenyiethyi (23%)
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de: R = 2-(3,4-dimethoxyphenylethyl (20%)

Scheme 1

O

The mechanism of the pyrrole synthesis is presumed to start via opening of the lactone moiety of compound
n
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3 by nucleophilic attack of methoxide anion followed by dehydrochlorination of the intermediate iminoester 5 (or
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Intramolecular condensation of the tautomeric aldehyde 8 and subsequent dehydration of the intermediate

hemiaminal 9 would then result in pyrroles 4.
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As could be predicted from this reaction mechanism, N-benzyl-2-chloro-2-acetimidoylbutyrolactone 3e
could not be transformed into the corresponding pyrrole, probably as a result of competitive deprotonation at the
benzylic position. 2-Chloro-2-acetimidoylbutyrolactone 3f (R = phenyl) as well gave only a complex reaction
mixture upon reaction with sodium methoxide in methanol under reflux. Surprisingly, in the case of N-alkyl-2-
chloro-2-acetimidoylbutyrolactones 3b (R = n-propyl) and 3¢ (R = sec-butyl), and in contrast to the isopropyl
derivative 3a, reaction with 3 equivalents of 2 M sodium methoxide in methanol, again gave only complex

reaction mixturee
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When 2-chloro-2-{N-[2-(3,4-dimethoxyphenyl)ethyl]acetimidoyl } butyrolactone 3i was reacted with 3
equivalents of 2 M sodium methoxide in methanol, a substantial side-product appeared in the reaction mixture.
After isolation by flash chromatography, it was identified as the enaminolactone dimethyl acetal 10 (yield 14%).
The same type of acetals 12 were also formed as substantial side-products of the present pyrrole synthesis from
the reaction of 2-chloro-2-acetimidoylbutyrolactones 3 with 3 equivalents of 2 M sodium ethoxide in ethanol
under reflux for 2h. These side-products 12 were separated from the ethyl 1-alkyl-2-methylpyrrole-3-
carboxylates 11 by means of flash chromatography (Scheme 3).
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3 11a: R = isopropyl (18%) 12a (5%)
11b; R = cyclohexyl (29%) 12b (18%)
11c: R = phenylethyl (21%) 12¢ (12%)

11d: R = 2-(3 4-dimethoxyphenyDethyl (23%)  12d (28%)

Scheme 3

It was first believed that these 2-acetimidoylbutyrolactone acetals 12 would be formed as a result of double
nucleophilic substitution by ethoxide of dichlorinated acetimidoylbutyrolactones present in the reaction mixture
as side-products from the chlorination reaction. Therefore, such a dichlorinated 2-acetimidoylbutyrolactone 13
(Scheme 4) was prepared by reaction of 2-acetimidoylbutyrolactone 2h with 2 equivalents of N-
chlorosuccinimide in carbon tetrachloride but the lactone, upon treatment with 3 equivalents of 2 M sodium
ethoxide in ethanol under reflux, gave only a complex reaction mixture in which no trace of compound 14 was

detected. No suitable mechanistic e)mlanahnn could be e given for this double
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electropositive nature of the chlorine situated between the lactone and the imidoyl moieties.
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In conclusion, a series of methyl and ethyl 1-alkyl-2-methylpyrrole-3-carboxylates 4 and 11 was synthesized
from the corresponding 2-chloro-2-acetimidoylbutyrolactones 3 in a one-step procedure by treatment with
sodium methoxide or sodium ethoxide in the corresponding alcohol. The yields of alkyl pyrrole-3-carboxylates 4
and 11 are rather low but the pyrroles were isolated in pure form. The advantage of the present pyrrole synthesis
stems from its simplicity, utilising only three steps from commercially available 2-acetylbutyrolactone.
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General. '"H NMR spectra (270 MHz) and “C NMR spectra (68 MHz) were run with a Jeol JNM-EX 270
NMR spectrometer. Peak assignments were performed by the aid of the DEPT technique, 2D-COSY spectra and
HETCOR spectra. IR spectra were obtained from a Perkin Elmer model 1310 Spectrometer while mass spectra
were measured with a Varian MAT 112 spectrometer (70 eV). Melting points were measured with a Biichi 535
apparatus. Flash chromatography was carried out on a glass column with ACROS silica gel (particle size 0.035-
0.07 mm, pore diameter ca. 6 nm). TLC was performed on silica gel plates Kieselgel 60F,s4 (layer thickness
0.25 mm). All solvents and reagents were obtained from commercial suppliers and were used without
purification. Stock solunons of 2 M sodmm methoxxde in methanol and 2 M sodium ethoxide in ethanol were
.-.-.4 hes rnnaﬁom Py
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General procedure for the synthesis of 2-[1-(/V-alkylamino)ethylidene]butyrolactones (2). To a solution of
2-acetylbutyrolactone 1 and 1 equivalent of a primary amine (in the case of isopropylamine, n-propylamine and
sec-butylamine, 5 equivalents were used) in benzene (10% w/v), a catalytic amount of p-toluenesulfonic acid was
added and the mixture was heated under reflux for 4-5 h with azeotropic distillation of water by means of a
Dean-Stark apparatus. Then the solvent was evaporated under reduced pressure. The crude 2-

acetimidoylbutyrolactones 2 were used as such in the next step. Most of the enaminoesters 2 were purified by

allicatinn whila sanmnniind Ya wae dictillad 11indar vanmin Camnanind Y9h and ¥a Aan nnooad e van -
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distillation.

2-[1-(N-Isopropylamino)ethylidene]butyrolactone (2a)

Yield 98% (crude product). Distillation (bp 90°C / 0.15 mmHg) gave 2a as a colourless oil, yield 49%. '"H NMR
(CDCL) : 8 1.22 (6H, d, J=6.3 Hz, CH(CHs),), 1.96 (3H, s, C=CCH:), 2.82 (2H, t, J=7.9 Hz, OCH,CH.), 3.68
(1H, septet, J=6.3 Hz, CH(CH,),), 4.26 (2H, t, }=7.9 Hz, OCH,), 8.13 (1H, broad s, NH). >C NMR (CDCL) : &
16.28 (C=CCH;), 24.06 (CH(CH:;),), 26.58 (OCH,CH,), 44.49 (CH(CHs),), 65.03 (OCH;), 84.37 (C=CN),
156.15 (C=CN), 173.98 (C=0). TR (NaCl) Vus : 3240 (NH), 1690 (C=0), 1615 (C=C) cm™. MS m/z (%) :

169M" 61) 1 69(27 or CaH::NQ, :
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2-[1-(N-Propylamino)ethylideneJbutyrolactone (2b)

Yield 93% (crude product). This compound decomposed upon distillation. '"H NMR (CDCl) : § 0.96 (3H, t,
J=7.3 Hz, CH.CH:), 1.56 (2H, sextet, J=7.3 Hz, CH,CH3), 1.94 (3H, s, C=CCH:), 2.83 (2H, t, J=7.9 Hz,
OCH,CH,) 3.18 (2H, t, J=7.3 Hz, NCH,), 4.25 (2H, t, J=7.9 Hz, OCH,), 8.25 (1H, broad s, NH). °C NMR
(CDCLy) : & 10.89 (CH,.CH:), 15.92 (C=CCH;), 23.39 (CH,CH;), 26.14 (OCH,CH,), 44.39 (NCH,), 64.73
(OCH,), 83.99 (C=CN), 156.93 (C=CN), 173.73 (C=0). IR (NaCl) Vmx : 3272 (NH), 1683 (C=0), 1607 (C=C)
cm™. MS m/z (%) : 169(M', 41), 141(8), 140(100), 122(17), 112(14), 111(10), 110(12), 96(16), 94(9), 82(16),

69714 SR(11Y £7(12). 532 14) AA4(Q) A’XII‘7\ A2(ANN 411‘zm
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J=7.3 Hz, CH,CHs), 1.17 (3H, d, }=6.8 Hz, CHCH:), 1.52 (2H, quintet, J=6.8 Hz, CH,CH;), 1.95 (3H, s,
C=CCH:), 2.83 (2H, t, J=7.9 Hz, OCH,CH,), 3.45 (1H, sextet, J=6.8 Hz, CHCH;), 4.25 (2H, t, J=7.9 Hz,
OCHy), 8.14 (1H, s, NH). C NMR (CDCl;) : & 9.49 (CH,CHs), 15.58 (C=CCHs), 21.01 (CHCH), 25.75
(OCH,CHy), 29.98 (CH,CHs), 49.15 (NCH), 64.21 (OCHy), 83.43 (C=CN), 155.90 (C=CN), 173.15 (C=0). IR
(NaCl) Vaax : 3297 (NH), 1683 (C=0), 1615 (C=C) cm™. MS m/z (%) : 183(M", 23), 168(11), 155(9),

154(100), 110(11), 69(18), 68(11), 44(11), 42(29), 41(29).

4

2-[1-(N-Cyclohexylamino)ethylidene]butyrolactone (2d

Viald Q70/ famrda men~ds N\ Danructalliontinn Ham dinhlarnomathona cae Pl o a spdeida svmsrdae s 79 £ L0050
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yield 50%. H N (CDClL) © 0 1.15-1.92 UU , m, (CHy)s), 1.95 3H, s, C=CCHs), 2.82 (2H, t, J=7.9 Hz,
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OCH,CH,), 3.25-3.35 (1H, m, CHN), 4.25 (2H, t, ]=7.9 Hz, OCH,), 8.27 (1H, d, J=7.6 Hz, NH). °C NMR

(CDCl;) : § 16.30 (C=CCH), 24.69 (2C) and 25,37 and 34.30 (2C) ((CHa)s), 26.61 (OCH;CH>), 51.50 (CHN),
65.05 (OCH,), 84.28 (C=CN), 156.13 (C=CN), 173.98 (C=0). IR (KBr) vae : 3420 (NH), 1675 (C=0), 1605
(C=C) cm™. MS m/z (%) : 209(M’, 44), 166(50), 128(100), 98(21), 84(23), 69%(23), 67(19), 55(27), 44(22),
41(33). Anal. Caled. for C;HisNO; : C 68.87%, H 9.15%, N 6.69%. Found C 68.69%, H 8.89%, N 6.85%.

(CDClg) 5 1.89 3H, s, C=CCHa), 2.83 (2H, t, J—79Hz, ocnzcﬂz) 42 ( H, t,

o Ty o x

d, j=6.6 Hz, NCHy), 7.23-7.36 (5H, m, CsHs), 8.66 (1H, broad s, NH‘) NMR (CDCls) : 6 16.39 (C=CCHa),
26.49 (OCHCH), 46.70 (NCHy), 65.21 (OCH;), 86.05 (C=CN), 126.59 and 127.31 and 128.77 and 138.88
(CsHs), 156.98 (C=CN), 174.12 (C=0). IR (KBr) Vpe : 3300 (NH), 1680 (C=0), 1620 (C=C) cm”. MS m/z
(%) : 217(M", 51), 202(6), 172(8), 158(13), 131(9), 106(28), 104(12), 92(14); 91(100), 65(23), 40(17). Anal.

Calcd. for C;3H;sNO, : C 71.87%, H 6.96%, N 6.45%. Found C 72.15%, H 6.98%, N 6.55%.
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(L‘LLH;), 26.45 (OLHA,,H;), 65.34 (O(,Hz) 89.27 (L=LN), 124.22 and 124.85 and 129.13 and 139.15
(CsHs), 153.53 (C=CN), 173.89 (C=0). IR (KBr) Vaux : 1680 (C=0), 1635 (C=C) cm™". MS m/z (%) : 203(M,
100), 202(26), 188(12), 184(10), 175(33), 158(22), 157(16), 156(15), 144(57), 130(33), 118(46), 117(18),
93(50), 65(20), 51(36), 42(21), 41(19), 40(15). Anal. Caled. for C12Hi;sNO; : C 70.92%, H 6.45%, N 6.89%.
Found C 70.77%, H 6.68%, N 6.81%.

2-{1-[N-(2-Phenylethyl)amino]ethylidene} butyrolactone (2g)

Danerotallicatinn frnm hansons oave Ya ac a vallaw nawdar mn TR_70° wvield 7A lﬂ NRR (C 1Y-83 12
WU YOLGHHDALIVEL LI ULH UiLoLLy VU e G a YVUIUYY vvuul, LY TOT T T Ny YiWiM FV/W AL LNIVARN \W A/ I3 L U UL
INTX . AN OVOTET Y AT N OT AT o NNIT OIT o 3 RTOLT MNIT Y 2 AA ALY ~ Y= £ 0 LY. AIIMNIT \ A NL IHLT
(Jn, S, L,=&.,bn3), L. 1 1-24.01 (4 IH, UCIHUTD alll INUIIUIDD J, 3.9 (400, ™, J— 7O 114, INTILTTD ), <4.40 (41,
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(2x) and 128.68 (5x =L' 7
(C=0), 1612 (C=C) cm™. MS m/z (%) : 231(M', 24), 140(100), 122(17), 112(10), 69(7), 53(8), 42(10). Anal.
Calcd. for Ci4H17NO; : C 72.70%, H 7.41%, N 6.06%. Found C 72.54%, H 7.65%, N 6.01%.

2-{ 1-[N-(2-(4-Chlorophenyl)ethyl)amino]- 1 -ethylidene } butyrolactone (2h)
Recrystallisation from benzene gave 2h as a yellow powder, mp 88-89°C, vield 84%. 'H NMR (CDCl3) : 6 1.81
(3H. s, (”z("(‘Hﬂ 2.75-2.83 (4H m, NCH-,CH, and ()(‘Ha(‘H»\ 342 (2H. a. 6.9 H (‘H«;\ 426 (2H t,
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J=79 Hz, OCH,), 7.12 (2H, d, J=8.6 Hz, C¢H,), 7.28 (2H, d, J=8.6 Hz, C¢H,), 8.31 (1H, broad s, NH). °C
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NMR (CDClL) : 8 16.16 (C=CCHs), 26.42 (OCH,CH,), 36.64 (NCH,CH,), 44.55 (NHCH_), 65.10 (OCH>),

nrhﬂ 1m0 1 1ANn 1L £ EW-A

27 {(C=CN), 128.71 and 130.15 (4x =CH), 132.45 and 136.93 (2x =Cqua), 156.49 (C=CN), 174.05 (C=0). IR
(KBT) Vinax : 3288 (NH), 1678 (C=0), 1614 (C=C) cm™. MS m/z (%) : 265(M’, 8), 164(12), 151(36), 140(100),
122(13), 112(4), 94(5), 77(5), 69(7), 42(8), 40(33). Anal. Calcd. for C;sH;eNO;Cl : C 63.28%, H 6.07%, N

5.27%. Found C 63.02%, H 5.88%, N 5,33%.

2-{ 1-IN-(2-(3.4-Dimethoxyphenyl)ethyl)amino]ethylidene } butyrolactone (2i)
Recrystallisation from benzene gave 2i as a white powder, mp 112-113°C, yxeld 91%. 'H NMR (CDC};) :

S’
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q, :
7 3H, m, C~“
95 (NCH:CH,), 45.05 (NH
55.92 (OCH3), 65.12 (OCH_), 84. 87 (C“CN), 111.41 and 112.25 and 120.75 (3x =CH), 131.19 (=Cq_) 147.78
and 148.96 (2x =C-OCH;), 156.87 (C=CN), 174.07 (C=0). IR (KBr) v : 3280 (NH), 1683 (C=0), 1610
(C=C) cm™. MS m/z (%) : 291(M", 10), 164(14), 140(100), 122(11), 112(5), 53(7), 42(9), 41(9), 40(8). Anal.

Calcd. for C,¢HNO, : C 65.96%, H 7.27%, N 4.81%. Found C 65.88%, H 7.05%, N 4.68%.

General procedure for the synthesis of 2-chloro-2-[1-(N-alkylimino)ethyl]butyrolactones (3). A mixture of
2-acetimidovlbutyrolactone 2 and 1.05 equivalents of N-chlorosuccinimide in carbon tetrachloride (10% w/v)

was stirred at room temperature for 1-24 h. The progress of the reaction was followed by TLC. Then the

PESRPR.JI- S P preci 1ot o.—. rsran onsmarntad Blrntine nmd tha anlirnnt vinn asrnmsasadad o and e n Tl
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crude 2-chioro-2-acetimidoylbutyrolaciones 3 (purity > 95%) were used as such in the next step

2-Chloro-2-[1-(N-isopropylimino {Jbutyrolactone (3a

Yield 96% (crude product). Distillation (bp 50-56°C / 0.01 mmHg) gave 3a as a colourless oil, yield 66%. 'H
NMR (CDCL) : 8 1.09 (3H, d, J=6.3 Hz, CH(CH:),), 1.11 (3H, d, J=6.3 Hz, CH(CHs),), 2.14 (3L, s,
CH;C=N), 2.45-2.58 and 3.34-3.44 (each 1H, each m, OCH,CH.), 3.70 (1H, septet, J=6.3 Hz, CH(CHz),),
4.22-4.30 and 4.37-4.45 (each 1H, each m, OCH,). ‘3C NMR (CDCL) : & 13.42 (CH;C=N), 22.98 and 23.04
(CH(CH3),), 36.39 (OCH,CH,), 51.36 (CH(CH:),), 65.97 (OCH,), 69.13 (CCl), 159.06 (C=N), 172.32 (C=0)

EENZFERISL)y TS Sl ETLyy T SEEIFL)> WERELYy W RN Ay AV S & A Sl |
R (Nal™"N « 1770 (C=0) 16580 (C=) om™l MQ iy (04 - na MT 202/AMMT_1 10) 128/ N 1AR1)
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2-Chloro-2-[1-(N-propylimino)ethyl Jbutyrolactone (3b)

Yield 97% (crude product). This compound decomposed upon distillation. 'H NMR (CDCk) : 6 0.94 (3H, t,
J=7.0 Hz, CH,CHs), 1.65 (2H, sextet, J=7.0 Hz, CH,CH3), 2.14 (3H, s, CH;C=N), 2.47-2.59 and 3.18-3.40
(each 1H, each m, OCH,CH>), 3.29 (2H, t, J=7.0 Hz, NCH,), 4.24-4.32 and 4.40-4.46 (each 1H, each m,
OCH,). C NMR (CDCh) : 8 11.47 (CH>CHz), 13.49 (CH;C=N), 23.09 (CH,CH), 35.99 (OCH,CH,), 53.01
(NCHy), 65.34 (OCH,), 68.89 (CCl), 161.55(C=N), 171.77 (C=0). IR (NaCl) vng : 1778 (C=0), 1656 (C=N)

VLSRR 22 gy WSS \RANA 2Dy, W07 ARy, 2RLLAIR TN LA N SR

S m/z (%) : no M msM-cn 140(2), 120(2), 102(2), 98(2), 94(4), 89(2), 85(5), 84(51), 82(2), 75(2),

1 "ll"l\ LLELN x: r AL AN T NN

2-Chloro-2-[1-(N-sec-butylimino)ethyl]butyrolactone (3¢)

Yield 95% (crude product). This compound decomposed upon distillation. 'H NMR (CDCL) : & 1.05 (3H, t,
J=6.0 Hz, CH,CH), 1.17 (2H, d, J=6.6 Hz, CHCH:), 1.45-1.57 (2H, m, CH,CH;), 2.14 (3H, s, CH;C=N),
2.47-2.54 and 3.34-3.45 (each 1H, each m, OCH,CH,), 3.40-3.49 (1H, m, NCH), 4.22-4.31 and 4.45-4.55
(each 1H, each m, OCH;). ®C NMR (CDCL) : § 10.44 (CHCHs), 13.26 (CH;C=N), 20.24 (CHCH;), 30.32
(OCH,CH,), 36.34 (CH,CH;), 57.02 (NCH), 65.63 (OCH,), 69.11 (CCl), 159.48 (C=N), 173.76 (C=0). IR

ALY, e =l A ] WaSfy W W hadiha Y aded¥ BRSSOV B

alCN v - 1778 I(‘ n\ 1655 (("——N\ r-ml MS m/z IOA\ no W 1R‘7M.{‘I 2\ 144(‘7\ IAAII\ 1’)6{')\

\‘LJ‘I&\/I Vmax - 17179 1 QY

122(4), 120(9), 118(2), 109(1), 108(5), 102(2), 98(37), 94(2), 82(3), 68(4), 67(7), 65(4), 57(27), 56(3), 55(5),

aAm s

53(6), 43(5), 42(100).

2-Chloro-2-[1-(N-cyclohexylimino)ethylJbutyrolactone (3d)
Yield 98% (crude product). This compound decomposed upon distillation. '"H NMR (CDCls) : § 1.21-1.40 (6H,

m) and 1.42-1.66 (2H, m) and 1.69-1.79 (2H, m) ((CHy)s), 2.14 (3H, s, CHsC=N), 2.45-2.58 (1H, m,
OCH,CH,), 3.32-3.42 (2H, m, OCH,CH, and NCH), 4.21-4.28 and 4.32-4.44 (each 1H, each m, OCHy). °C

NMR (CDCl;) § : 13.46 (CHsC=N), 24.22 (2x) and 25.66 and 32.92 (2x), ((CH,)s), 36.46 (OCH,CH,), 59.39
(CF N) 6595 (OCH,). 6924 (FFI\ 159.15 (‘—N\ 172.36 (C=0). IR ('Na(“l\ v - 1780 (("=ﬂ\ 1650 ((‘—N'\

(WRALT gy M -m MR RL)s TR T ET Y ~ A\~ Mg Dy A
ol ANQ ma/y 10/) - nn N INKNAT_CL 22 1207 1724020) 190418) QRIAY RAIOY RICINDNY KTIRY K§5740)
il AV FrE/ \ /U, 11\ 1va 3 b\lu\l'l \_/l’ JJ]’ K "-D\ f }, 1 ‘i_'\J“]’ 1 h\l\ E J” IU\"’, “"\II’ UJ\ £ W” I \Ul, J-’\ﬁh”

2-Chloro-2-[1-(N-benzylimino)ethylJbutyrolactone (3¢)

Recrystallisation from ether gave 3° as a white powder, mp 35.5-36°C, yield 95%. 'H NMR (CDCl) : § 2.27
(3H, s, CH;C=N), 2.50-2.61 and 3.40-3.50 (each 1H, each m, OCH,CH.), 4.26-4.34 and 4.39-4.47 (each 1H,
each m, OCHy), 4.56 (2H, s, NCHy), 7.32-7.35 (5H, m, CsHs). °C NMR (CDCL) : & 14.88 (CH:C=N), 36.23
(OCH,CH,), 55.38 (NCHy), 65.89 (OCH,), 68.89 (CCl), 126.92 and 127.46 (2x) and 128.50 (2x) and 139.15
(CeHs), 163.50 (C=N), 171.95 (C=0). IR (KBr) vma : 1770 (C=0), 1650 (C=N) cm’. MS m/z (%) : no M,

28001 216(23). 187(1). 170(1Y. 157(1). 132(2). 106(2). 91/100), 65(12). Anal Caled. for Ci:H,.NO,Cl : C
LIUNLJ, LiO LD ), AOTh)y LIV L)y LI\ 1), 2J&R&yy AV Ly, FiR2VV ), V(14 AAGL bR, U0 324V L
£ N0/ LT £ £10/ N § ££0/ Toaxind N £1 T£0L LT & AS0L N & AA0/
QL. VD70, 11 D. V170, IN J,00/0. F'UUNU LU V1./7U/0, 1X J.7J7/0, IN J.7777 /0.
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2-Chlora-2-I1-{ N-phenvlimino)ethvilbutvrolacton

wiidY A

Vq.n'fl QLOL Faerda mendiat Thictillntinn (he

1 NE e o 2 an a anbneielane ail wiald £40/ lu
VI U /e \uuus yiww; AFIdLIIIALIULY \UP 1 AV Uu, ym VR /0.
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NMR (CDCh) : 8 2.17 (3H, s, CH,C=N), 2.58-2.69 and 3.45-3.56 (each 1H, each m, OCH,CH,), 4.40-4.55
(2H, m, OCH,), 6.70 (2H, d, J=7.6 Hz) and 7.11 (1H, t, J=7.6 Hz) and 7.34 (2H, t, J=7.6 Hz) (CsHs). °C NMR
(CDCh) : 8 16.28 (CH;C=N), 36.44 (OCH,CH,), 65.97 (OCHy,), 68.32 (CCl), 118.76 (2x) and 124.33 and
129.11 (2x) and 149.22 (CeHs), 164.92 (C=N), 171.50 (C=0). IR (KBr) Vau : 1775 (C=0), 1650 (C=N) cm™.
MS m/z (%) : 237/9(M’, 16), 202(8), 158(6), 143(8), 119(24), 118(100), 91(1), 77(47), 51(18). Anal. Calcd. for

Ci2H12NOCl : C 60.64%, H 5.09%, N 5.89%. Found C 60.55%, H 5.29%, N 5.87%.

2-Chlorg-2-{1-[N-(2-phenylethyl)imino]ethyl rolactone (3
jald 7184 (ormda neadnety Thie eomnannd dacamnacad nnon dictillatinn | NAR (CTYLY - 8 201 {2 e
LICIU /7176 \(Wduul piouuLy). i CURIPUULIG GUOULKIPUSUU UPULL QISUILIALIURL. 13 INIvRIs (Whsvai) - O 2.V (I, 5,
TT N N AE N EN A NA NN ~ TY mnale e MNOLY LY \ LY ) P EX.. NWIFYVEY LY N\ O y g
, L. 49=4.0TF AIIQ J.4¥4-3. 3 >V

(CH3C—-N) 36.28 and 36.66 (NCH;L(;HZ and OCH,CH,), 53.32 (NCH;CH,), 65.64 (OCHy), 68.95 (CCI)
126.18, 128.32 (2x), 128.86 (2x) (5 x =CH), 139.91 (=Cqua), 162.75 (C=N), 172.00 (C=0). IR (NaCl) Vi :
1775 (C=0), 1657 (C=N) cm’. MS m/z (%) : 265(M", 1), 230(8), 208(5), 182(23), 174(38), 146(13), 140(11),
105(100), 91(18), 77(13), 53(12), 43(12), 39(11).

2-Chlora-2-{ 1-[N-(2-(4-chlorophenvlethyl)iminolethyl }butyrolactone (3h)

Yield 94% (crude product). This compound decomposed upon distillation. 'H NMR (CDCk) : 3 2.04 (3H, s,

M AN\ D AL D EE and 291 2121 fan 1LY nanh e NOLT N OA MY _e T 6 Q@ Ll \Jr‘U T il & Y '1 L& 4
I3 ), ~&. 2V Alll J.4L1"0.J1 \Gd. ll 1X1, Cauvit ii, Vel 12\/I lzl .7 \Ll i, T, 97T V.0 1ML, 1VGE z\fwl, IS
1S & 3 s aryY ATVET YT N A 1n ‘ A1 1 A AN a4 AN f 1 IET _ ST Y N 7 1 rr

(2H, ~i, J= ~6.8Hz, NCH.CH,), 4.10-4.21 and 4.40-4.49 (each 1H, each m, OCH,CH,), 7.11-7.30 (
CsH,). BC NMR (CDCly) : § 14.25 (CH5C=N), 36.07 and 36.48 (NCH.CH, and OCH,CH,), 53.01 (N Ll—lz),
65.68 (OCHy), 69.24 (CCl), 128.45 (2x) and 130.39 (2x) (4x =CH), 131.95 and 138.62 (2x =Cqua), 163.23
(C=N), 172.04 (C=0). IR (NaCl) Vms: 1778 (C=0), 1655 (C=N) cm’. MS m/z (%) : 299/301(M", 2), 264(9),
180(10), 176(31), 174(97), 141(33), 139(100), 130(5), 125(15), 111(14), 103(34), 94(12), 89(23), 77(18),
53(14), 43(26), 39(10).

2-Chloro-2-{ 1-IN-(2-(3.4-dimethoxyphenyl)ethvl)iminolethvl Y butvrolactone (3i)

4- Sszzatta 200k i O L 28 22228

Viald Q704 (neda nenduiint)y Thie nnmnmiind dasamnnacad ninnn r“nﬁ“nf;nn IH Nm (CTYLY - 870 (1T ¢
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CH;C=N), 2.51-2.60 and 3.24-3.31 (each 1H, each m, OCH,CH.), 2.92 (2H, ~, J= ~7.0 Hz, NCH;CH;), 3.59

- oww ~ a0 IATT PaVatd

(2H, ~t, J= ~7.0 Hz, NCH,CH,), 3.88 (3H, s, OCH3), 3.89 (3H, s, Ut,ug), 4.03-4.29 and 4.36-4.44 (each iH,
each m, OCH.CH.), 6.72-6.83 (3H, m, 3x =CH). >C NMR (CDCL) : 3 13.89 (CH;C=N), 36.10 and 36.36
(NCH:CH, and OCH,CH3), 53.40 (NCH,CH,), 55.70 (OCHs), 55.74 (OCH;), 65.39 (OCHy), 69.07 (CC),
111.07 and 112.17 and 120.56 (3x =CH), 132.49 (=Cqua), 147.28 and 148.59 (2x =C-OCHs), 162.71 (C=N),
171.12 (C=0). IR (NaCl) Vaa : 1780 (C=0), 1655 (C=N) em™. MS m/z (%) : 325/27(M", 1), 122(19), 120(58),

99(10), 91(8), 86(22), 84(35), 75(6), 56(8), 51(15), 49(46), 43(100), 41(13).
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Synthesis of 2-chlore-2-{ 1-[N-(2-(4-chlorophenyljethyl)imins]-2-chloroethy!} butyrolactone 13. A mixiure
of 3-{1-[N-(2-{(4-chiorophenyl)ethyl)amino]ethylidene}butyrolactone 2h (1.5 mmol, 040 g) and N-

chlorosuccinimide (3.075 mmol, 0.42 g) in carbon tetrachloride (10 ml) was stirred at room temperature for 34
h. Then the succinimide precipitate was separated by filtration and the solvent was evaporated under reduced
pressure to afford the crude 2-chloro-2-{ 1-[N-(2-(4-chlorophenyl)ethyl)amino}-2-chloroethyl } butyrolactone 13
(0.50 g, 100%) which was used as such in the next step. 'H NMR (CDCL) : § 2.98 (2H, t, }=6.9 Hz, NCH,CH,),
3.21-3.38 and 3.72-3.94 (each 1H, each m, OCH,CHy), 3.79 (2H, t, J=6.9 Hz, NCH_), 4.11 (1H, d, J=12.2 Hz,
CHHCI), 4.31 (1H, d, J=12.2 Hz, CHHCI), 4.19-4.31 and 4.39-4.49 (each 1H, each m, OCH,), 7.12-7.29 (4H,
m, C¢H). C NMR (CDCl) : & 32.37 (CH.CI), 35.40 and 36.17 (OCH,CH, and NCH,CH;), 53.01 (NCH,)

et dL. 08 LLE L allya Ju w2822 &8 w2 2252227, S22 SRR 227,

65.27 (OCHy), 67.78 (CCl), 128.03 (2x =CH), 130.00 (2x =CH), 131.56 (=Cou), 137.75 (=Coua)), 159.32
(C=N), 170.98 (C=0). Anal. Caled. for C,JH1NO,Cl; : € 50.25%, H 4.22%, N 4.19%. Found Cs 50 13%, H
4.05%, N 4.22%

General procedure for the synthesis of methyl and ethyl 1-alkyl-2-methylpyrrole-3-carboxylates 4 and 11
and 2-[1-(N-alkylamino)-2,2-dialkoxyethylidene]butyrolactones 10 and 12. At 0°C, 3 equivalents of a 2 M
solution of sodium methoxide in methanol or a 2 M solution of sodium ethoxide in ethanol was added dropwise
to a 2-chloro-2-acetimidoylbutyrolactone 5. The resulting suspension was heated under reflux for 2 h, the
reaction was quenched by the addition of water, extracted with dichloromethane, dried (MgSO.,) and evaporated

under reduced pressure. The pyrroles 4 and 11 and the acetals 10 and 12 were isolated by flash chromatography.

Methyl 1-isopropyl-2-methylpyrrole-3-carboxylate (4a)

Flash chromatography (Rf = 0.35, ethyi acetate/hexane 20/80) gave 4a as a yellow oii, yieid 23%. 'H NMR
(CDCl;) : 8 1.40 (6H, d, J=6.6 Hz, CH(CHs),), 2.54 (3H, s, CH;C=C), 3.78 (3H, s, CH;0), 4.33 (1H, septet,
J=6.6 Hz, CH(CH:),), 6.54 (1H, d, J=3.3 Hz, CH=CHN), 6.61 (1H, d, J=3.3 Hz, CH=CHN). '*C NMR (CDCl)
: 8 10.66 (CH;C=C), 23.17 (CH(CHs:),), 46.94 (CH(CH;),), 50.55 (CH;0), 109.51 (CH=CHN) 111.32
(=CCHs), 115.08 (CH=CHN), 134.86 (=CCO,CHj3), 166.09 (C=0). IR (NaCl) Veax : 1700 (C=0) cm™. MS m/z
(%) : 181(M', 100), 166(36), 150(61), 138(8), 124(38), 122(24), 108(92), 107(39), 80(20), 79(17), 5(11),
53(23), 43(20), 41(20). Anal. Caled. for CioHisNOQ; : C 66.27%, H 8.34%, N 7.73%. Found C 66.25%, H
8.45%, N 7.76%.

AL oL 1 PRGN, (i Rt a1 [o JEPP PR, R Py L ann

Methyl 1 -cvuon_ngl—z.—g;ﬂnxlpmmga-Caroogylate (4D}

Flash chromatography (Rf = 0.40, ethyl acetate/hexane 20/80) gave 4b as yellow needles, yield 25%, mp 57.6°C
(ether/pentane). 1.18-1.98 (10H, m, (CH>)s), 2.54 (3H, s, CH3C=C), 3.78 (3H, s, CH;0), 3.84 (1H, m, CHN).
6.53 (1H, d, J=3.3 Hz, CH=CHN), 6.60 (1H, d, J=3.3 Hz, CH=CHN). “C NMR (CDCk) : & 10.84 (CH;C=C),
2537 and 25.84 (2x) and 33.93 (2x) ((CH:)s) 50.62 (CHN), 55.20 (CH;0), 109.34 (CH=CHN), 111.30
(=CCH;), 115.96 (CH=CHN), 135.00 (=CCO,CH3), 166.09 (C=0). IR (KBf) Ve : 1700 (C=0) cm™. MS m/z
(%)  221(M", 98), 206(33), 190(27), 178(14), 174(12), 166(22), 162(26), 140(85), 139(55), 124(30),
108(100), 107(58), 94(17), 80(26), 67(20), 55(53), 53(23), 41(41). Anal. Calcd. for C;sH;gNO, : C 70.56%, H

........... 7y Ikt UREY Bl LIS ., A0 A3 R19AN2

8.65%, N 6.33%. Found C 70.39%, H 8.76%, N 6.45%.
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Flash chromatography (Rf = 0.20, ethyl acet “t""rxaﬁe 20/80) gave 4¢ as a brown oil, yield 23%. 'H NMR
(CDCls) : 8235 (3H, s, CHa), 2.97 (2H, t, J=7.3 Hz, NCH,CH,), 3.78 (3H, s, OCH;), 4.03 (2H, t, J=7.3 Hz,

NCHy), 6.41 (1H, d, J=3.3 Hz, NCH=CH), 6.50 (IH d, J=3.3 Hz, NCH=CH), 7.03-7.05 and 7.20-7.23 (5H, m,
CsHs). ®C NMR (CDCs) : 3 11.13 (CH:C=C), 38.06 (NCH,CH;), 48.69 (NCH,CH), 51.07 (OCHs), 109.92
(NCH=CH), 112.04 (=<CCHj), 120.16 (NCH=CH), 129.16 (5x =CH), 136.20 (=<CCO;CHj), 138.19 (=Cp),
167.0 (C=0). IR (NaCl) vau : 1693 (C=0) cm”. MS m/z (%) : 243(M", 37), 200(14), 178(12), 171(95),
169(100), 166(27), 152(48), 127(27), 125(81), 110(82), 104(25), 90(33), 86(45), 77(12), 70(15), 58 (31),
54(95), 45(30), 41(41). Anal. Calcd. for CysHy;;NO, : C 74.05%, H 7.04%, N 5.76%. Found C 73.66% H
7.12%, N 5.88%.

Al 1 ffl A ....I...I..___._L___l payry L 1
Metl 11 1 -} £={ 4=-CIMOTOPNENYI memvmvrrme-a-carnoxwate {4d)

Flash chromatography (Rf = 0.30, ethyl acetate/hexane 20/80) gave 4d as a brown oil, yield 22%. 'H NMR
(CDCL;) : 6 2.35 3H, 5, CH3), 2.94 (2H, t , J=7.4 Hz, NCH,CH,), 3.78 (3H, s, OCH;), 4.03 (2H, t , J=7.4 Hz,
NCH.CHy), 6.37 (1H, d , J=2.7 Hz, NCH=CH), 6.49 (1H, d , J=2.7 Hz, NCH=CH), 6.92-6.96 and 7.20-7.31
(each 2H, each m, C¢Hy). *C NMR (CDCl) : & 10.71 (CH3C=C), 36.89 (NCH,CH,), 47.96 (NCH,CH,), 50.66
(OCHs), 109.58 (NCH=CH), 111.90 (=CCO,CH3;), 119.71 (NCH=CH), 128.79 (2x) and 130.06 (2x) (4x =CH),
132.78 (=Cqua), 135.44 (=CCH), 136.14 (=Cguu), 165.91 (C=0). IR (NaCl) Vesx : 1694 (C=0) cm™. MS m/z

(%) : 277M 75), 246(16), 168(6), 152(100), 140(16), 138(35), 125(10), 108(17), 103(14) 92(R) 85(8)
\ hY Vel AN Iy EYIRE Ty SE\ VIOV

77{1m <Q{I7\ <7{17‘\ 415 40 (1. Anal Cale nr O NOCl-C6487% HS581% N 5 04% Found
\NEVJy w7\ 27} T AWJy TV (AT . SMIGL. QIS UL bl)lllol‘\ll\/ N NPTy AR J.O1/0, 1N JUTY /9. TUULRL

C 64.99%, H 5.89%, N 5.07%.

Methyi 1-[2-(3,4-dimet} henyl)ethyl]-2-methylpyrrole-3-carboxylate (4e

Flash chromatography (Rf = 0.21 ethyl acetate/hexane 20/80) gave 4e as brown crystals, yield 20%, mp 76-
79°C. 'H NMR (CDCL) : § 2.33 (3H, s, CHz), 2.90 (2H, t, J=6.9 Hz, NCH,CH,), 3.76 (3H, s, OCH), 3.78
(3H, s, OCHs), 3.86 (3H, s, CO,CH;3), 4.01 (2H, t, J=6.9 Hz, NCH,CH,), 6.37 (1H, d, J=1.9 Hz, C¢H;), 6.41
(1H, d, J=2.9 Hz, NCH=CH), 6.50 (1H, d, J=2.9 Hz, NCH=CH), 6.60 (1H, dd, J,=7.2 Hz, J,=1.9 Hz, C¢Hs),
6.78 (1H, d, J=7.2 Hz, CeHs). C NMR (CDCL) : 8 10.65 (CH;C=C), 37.02 (NCH,CH,), 48.30 (NCH,CH>),

50.91 (CO,CHy), 55.67 and 55.76 (2x OCH:), 109.40 (CH=CHN), 111.20 and 111.86 and 12061 (3x =CH)

. SANT2NIR 23] \&isn SARSRAZJ. = s 2 NJr 2AA.LT QEru 122UV WU 1&V.VE VA Noilj,
111 &0 (=CCH.Y 11071 {CH=CTII\D 12N 17 /(=C' Y 128 &N (=CCNOITY 147 Q2 and 14Q Q1 Ve = NLT N
LUV T ARVERG), L1701 (Wl AN, 10V T quat), 1350V (T LULILS ), 1997.00 U 190.01 (LA T -ULIL3),
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102.02 (L—U) IR (NAUL) Vi - 1079 (L=U) 0N . VD M/Z (7o) © DUI(M , D), £ b4 ), DI(iv), 10/72),

2-{ 1-[N~(2+(3.4-Dimethoxyphenyl l)amino]-2.2-dimethoxyethylidene } butyrolactone

Flash chromatography (RF = 0.26, ethyl acetate/hexane 20/80) gave 10 as a brown oil, yield 14%. '"H NMR
(CDCl;) : 6 2.16-2.23 and 2.36-2.51 (each 1H, each m, OCH,CHs), 2.77-2.85 (2H, m, NCH,CH,), 3.28-3.54
(2H, m, NCH_), 3.45 (3H, s, OCH:), 3.66 (3H, s, OCH;), 3.70-3.98 (2H, m, OCH,), 3.87 (3H, s, OCH3), 3.89
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(3H, s, OCH3), 4.91 (1H, s, CH(OCHzs),), 6.75-6.84 (3H, m, C¢H;), 8.54 (1H, broad s, NH). *C NMR (CDCl;)
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§770 (OCH.CHLY 22 71 (C=C'NY Q2 4§ {(CHIOCLLLY 11124 and 11712 and 170 §4 {1y =CIN 121 18
ME. 7 XNIRREINARK l, B .4 1 W'—\/J"], 3T \211\Ub‘13,2}’ 111.7%7 Aiiu 114,17 Gl 1LV . J°7 ‘Jﬂ _\.vll", 1471.90
£ M X 1A AN 4 MNAE.\ TAO DN /0N MARA_\ 1EA DO SO YANTY 1710 AN 7y T AT VLEM N
Tlquat), 147.4U (TL-UMVIE), 140.52 (TL-UME), 152.95 (L=UN), 1/0.40 (U=U). IR (IN8UI) Vg - 1057 (L=U),

1606 (C=C) cm™. MS m/z (%) : 351(M", 15), 321(5), 289(4), 200(37), 169(12), 168(100), 164(18), 152(13),
108(8), 80(4), 40(5). Anal. Caled. for C,sH,sNOg : C 62.52%, H 7.17%, N 3.99%. Found C 62.34%, H 7.08%,
N 3.66%.

N

Ethyl 11 opyl-2- i) le-3-carboxylate (11a
Flash chromatography (Rf = 0.11, ethyl acetate/hexane 5/95) gave 11a as a yellow oil, yield 18%. 'H NMR
(CDCL:): 8133 (3H, t, 7.3 Hz, OCHo(‘Ha\ 1.40 (6H, d, J=6.6 Hz, CH(CH:),;), 2.54 3H, s ("H:("‘=(‘1 425

~SE A Sbabes B 4 e a0 AF== =5 HEANTRRI S el === " eSS

(2H, q, J=7.3 Hz, OCH-CHzs), 4.33 (1H, septet, J=6.6 Hz, CH(CHs),), 6.54 (1H, d, J=3.3 Hz, CH=CHN), 6.58

1T 4 1=2 12 Wy CH—CINN BOANMD (ODCLY & - 10 76 (CLL.O= 14 € (O MLy 92 96 (CH(CH,))
i NZ, CITEULIN . U INIVIN (LA O 0 1V /0 (LI, 14,00 \qus‘na}, &3.49 (LRI 2 ),

V7o) 4 Vol & 3 2 4-\ 2 -

C 3)2), 39.15 (OCH,CH;), 109.59 gn=um), 111.75 (=CCHs), 115.06 (CH=CHN), 134.75
(=CCO,EY), 165.75 (C=0). IR (NaCl) Vms : 1690 (C=0) cm™. MS m/z (%) : 195(M", 75), 180(12), 166(75),
150(71), 125(23), 124(100), 108(91), 107(28), 106(32), 80(35), 67(16), 65(16), 53(38), 43(37), 41(33). Anal.

Calcd. for C1;Hy7NO, : C 67.66%, H 8.78%, N 7.17%. Found C 67.89%, H 8.66%, N 7.02%.

Ethyl 1-cyclohexyl-2-methylpyrrole-3-carboxylate (11b]

Flash chromatography (Rf = 0.19, ethyl acetate/hexane 5/95) gave 11b as a yellow powder, vield 29%, mp 56.7-
57.7°C. '"H NMR (CDCly) : 8 1.33 (3H, t, J=7.3 Hz, OCH,CHz), 1.20-1.98 (10H, m, (CH;)s), 2.54 (3H, s,
CH;C=C), 3.75-3.85 (1H, m, CHN), 4.25 (2H, q, J=7.3 Hz, OCH.CHj3), 6.55 (1H, d, J=3.3 Hz, CH=CHN),

£ £n 11T T2 2 EE. MLI_OETAN BA A /1AM L S 1N QA SOET SN 14 £ fOWEY SIT Y AL 2T oA AL 04
L.V LIn, u, J7I.0 ML, LITTOLIIN . U INIVEHN (VU3 ) . O TU.04 (LT3 —), l‘l' 27 (WVALNIAI13 ), £42.017 8NQ L0.04

(2x) and 33.93 (2x) ((CHy)s), 55.15 (CHN), 59.14 (OCH,CH;), 109.36 (CH=C“H'N), 111.62 (=CCH;), 11585
(CH=CHN), 134.82 (=CCO,Ets), 165.77 (C=0). IR (KBr) Vux : 1690 (C=0) cm™. MS m/z (%) : 235(M’, 92),
206(57), 190(51), 162(43), 154(67), 153(45), 126(43), 125(55), 124(100), 108(98), 107(52), 83(42), 82(53),
81(43), 80(46), 79(39), 67(39), 55(95), 53(49), 41(84). Anal. Calcd. for C1sHzNO, : C 71.46%, H 8.99%, N

5.95%. Found C 71.33%, H 8.72%, N 6.15%.

Ethyl 2-methyl-1-(2-phenvlethvl)pyrrole-3-carboxylate (11¢)

Flash phrnmaggorm\hv (Rf = 0.23, ethyl acetat

lash chromatography (Rf ethyl acetate/hexar
~

OIS 121 LT + I—"I
AvLAUI3). U 1.1 \JXL, b, 077, M, U\.,xxz\,_‘;}, L

(2H, t, J=7.0 Hz, NCH,CH_), 4.25 (2H, q, J=7.3 Hz, OCH,CH3), 6.41 (lH, d, J=3.0 Hz, NCH=CH), 6.51 (1H,
d, J=3.0 Hz, NCH=CH), 7.03-7.07 and 7.21-7.32 (SH, m, CsHs). *C NMR (CDCL) : & 10.71 (C=CCH), 14.01
(OCH,CH3), 37.61 (NCH,CH,), 48.23 (NCHy), 59.19 (OCH,CH3), 109.51 (CH=CHN), 112.09 (=CCO,Et),
119.61 (CH=CHN), 126.85 and 128.66 (2x) and 128.69 (2x) (5x =CH), 135.40 (=CCHjs), 137.75 (=Cqua),
165.61 (C=0). IR (NaCl) Vue : 1688 (C=0) cm’'. MS m/z (%): 257(M", 75), 212(23), 184(14), 166(58),
151(22), 140(52), 138(20), 111(11), 105(45), 104(49), 97(12), 94(24), 91(20), 84(14), 77(18), 71(19), 65(16),
57(35), 43(37), 40(100). Anal. Calcd. for C;cHisNO; : C 74.68%, H 7.44%, N 5.44%. Found C 74.75%, H
7.66%, N 5.53%.
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' AENARY S LIy )

Tlaak alcciecsncante, . — NN N/ P =1

riasn Cmomalogiapny \m = V.ls, euly cetate/hexane 20/ ] gave iid as ycnow Clths, jﬂcld 23 /e mp 04-
66°C. '"H NMR (CDCl) : 6 1.33 (3H, t, J=7.1 Hz, OCH,CH;), 2.33 (3H, s, CH;C=C); 2.9 (2H, t, J=6.9 Hz,
NCH,CHo), 3.77 (3H, s, OCHs), 3.86 (3H, s, OCH3), 4.01 (2H, t, J=6.9 Hz, NCH,), 4.25 (2H, q, J=7.1 Hz,
OCH,CH:), 6.37 (1H, d, J=1.9 Hz, CH;), 6.41 (1H, d, J=3.1 Hz, NCH=CH), 6.52 (1H, d, J=3.1 Hz,
NCH=CH), 6.59 (1H, dd, J,=9.2 Hz, J,=1.9 Hz, C¢Hs), 6.78 (1H, d, }=9.2 Hz, C¢Hs). )C NMR (CDCL) : §
11.00 (=C-CHs), 14.00 (OCH,CH;), 37.14 (NCHCH,), 49.00 (NCH,), 55.79 and 55.90 (2x OCHs), 59.23
(OCH,CH;), 109.58 (CH=CHN), 111.29 (=CCOEt), 111.32 and 111.97 and 120.72 (3x =CH), 119.71
(CH=CHN), 130. 31 (=Cqa), 135.20 (=CCH3), 147.30 and 148.33 (2x =COCHa), 163.02 (C=0). IR (N2Cl) v...

kb g g el & et =7

. 1688 (C=0) em™. MS m/z (%) : 317(M',1), 240(2), 196(3), 169(4), 155(4), 141(5), 127(6), 111(9), 97(17),

Y ADN1DOY Anal Calad Ffae £ KL NN, - £ £0 190/ 1T 7 2007 N
J, AULLIUV). Allds. LaiCh. 10T Cigninivuyg | U Vo.14/0, 11 7/.0V70, IN

E

2-[1-(N- ylamino)-2_2-diethoxyethylidene]butyrolactone (12a)

Flash chromatography (Rf = 0.18, ethyl acetate/hexane 5/95) gave 12a as a yellow oil, yield 5%. 'H NMR
(CDCl;) : & 1.18-1.31 (12H, m, CH(CH;), and 2x OCH,CH;), 2.17-2.26 and 2.39-2.53 (each 1H, each m,
OCH,CH,), 3.47-3.66 (2H, m, CH(CH3), and (OCHHCH;), 3.83-3.95 (1H, m, OCHHCH;), 3.69-3.76 and
3.96-4.01 (each 1H, each m, OCH,CH,), 4.06-4.19 (2H, m, OCH,CH;), 5.13 (1H, s, CH{OCH,CH:),), 8.46
(1H broad s, NH). ®C NMR (CDC}) & : 14.59 (OCH,CH;), 15.22 (OCH,CHy), 22.96 (OCH,CH,), 24.29 and
25.03 (CH(CHs),), 43.95 (CH(CHs),), 57.81 (OCH,CH;), 58.99 (OCH,CH;), 63.14 (OCH,CH,), 8731

A=A\ QM 21 (CLIAONWLT MIT Y)Y 18D £ AT 1'7n 22 M T AT - VAN TN\ 1L F
\\/"\/l\), T D1 AN VICUIIIVELIR ), 174.00 \b"\./l.‘l}, V.00 \LTUW). LN (UNavl) V.,. 109U (LU, TOWU (UL

em’. MS m/z (%) : 257(M, 96), 213(76), 212(82), 198(39), 196(100), 182(49), 168(32), 167(33), 166(89),

165(67), 140(33), 124(42), 97(43), 96(60), 69(36), 68(46), 43(71), 41(82). Anal. Calcd. for C;3HxNO, : C
60.68%, H 9.01%, N 5.44%. Found C 60.79%, H 9.18%, N 5.42%,

2-[1-(N-Cyclohexylamino)-2 2-diethoxyethylideneJbutyrolactone (12b)
Flash chromatography (Rf = 0.28, ethyl acetate/hexane 5/95) gave 12b as a yellow oil, yield 18%. 'H NMR
(CDCl) : & 1.22-1.30 (6H, m, 2x OCH,CHs), 1.22-2.01 (10H m, (CH;)s), 2.17-2.25 and 2.39-2.50 (each 1H,

each m, OCH,CH;), 3.21 (1H, broad m, CHN), 3.52-3.58 and 3.83-3.91 (each 1H, each m, OCH,CH;), 3.69-

(’)

SIEA2N2R2), 24 =2, Ui QL LIRINg, 2247208 0 2.82-0.7 jy N 33 1ady NINSAAFNL23Fy .07
276 and AN foanh TH aanh m n("LL(“LL\ ANDR A 17 I’)U m I\FLLI‘H.\ €11 /11T o TI N LT
3.76 and 3.92-4. 00 8a0ln 113, €aln ULLIIUIE ), AUO-T. 17 (40, 1T, ULTUIL3 ), J. 11 (U1, §, \;L{\Wllztle.}}Z},
13
8 60 (1H broad s, NH). "C NMR (CDCL) 8 : 14.61 (OCH,CHs), 15.20 (OCH,CHs), 22.98 (OCH;CH;), 24.96

~ o M T Frew T TN e w P,

and 25.01 and 25.48 and 34.47 and 35.20 ((CHy)s), 51.01 (CHN), 57.86 (OCH,CH,), 58.98 (OCH,CH,), 63.16
(OCH,CH3), 87.17 (C=CN), 92.34 (CH(OCH,CH3),), 152.67 (C=CN), 170.31 (C=0). IR (NaCl) Vau : 1643
(C=0), 1598 (C=C) cm’’. MS m/z (%) : 297(M’, 96), 253(84), 252(58), 251(38), 222(45), 207(32), 206(65),
205(34), 178(81), 170(54), 142(36), 124(37), 114(56), 97(45), 96(44), 83(39), 69(37), 55(100), 41(87). Anal.
Caled. for C1HzNO; : C 64.62%, H 9.15%, N 4.71%. Found C 64.89%, H 9.26%, N 4.62%.
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(CDCly) : 6 (OCHCH;), 15.27 (OCHCHs), 22.98 (OCH:CH;), 37.32 (NCH.CH,), 44.04 (NCHCH,),
57.83 (OCH:CH;) 59.11 (OCH,CH3), 63.09 (OCH,CH,), 85.55 (C=CN), 92.29 (CH(OCH,CHs),), 126.52 and
128.68 and 128.61 (5x =CH), 138.88 (=Cqua), 152.97 (C=CN), 170.13 (C=0). IR (N2aCl) Vmax : 3271 (NH),
1655 (C=0), 1608 (C=C) cm™. MS m/z (%) : 319(M", 14), 274(9), 228(40), 182(100), 136(5), 105(20), 97(7),
91(8), 57(8), 43(7). Anal. Calcd. for C;sH,sNO, : C 67.69%, H 7.89%, N 4.39%. Found C 67.56%, H 7.74%, N
4.35%.

",{ 15[ ,( Mmﬂhnmmhmul\nfhu‘\nmt nl.D ’)r_d;et vaetl-“v!;denelbh‘ nlartana I‘l 3.4\
roa E s AV a ¥ m‘lh\.’ﬂl Hllﬂll! 2"“!‘ l(.u.xu ANTS I ‘-"- 23 AL B A! l‘! A LAY l ! gm !& ‘ El
Flash chromatogmphy (Rf = .28, ethyl acetate/hexane 20/80) gave 12d as a yellow oil, yield 28%. 'H NMR

m~a ImET T w0\ PZES S 4 - —- vw o mww

(CDCL) : 6 1.24 (3H, ~t, ] = ~8 Hz, OCH,CH3), 1.28 (3H, t, J=7 Hz, OCH,CHs), 2.17-2.24 and 2.38-2.57
(each 1H, each m, 0(4‘12(«__2), 2.79-2.82 (2H, m, NCH,CH,), 3.31-3.54 (2H, m, NCH,), 3.73-3.75 (2H, m,
OCH,CH,), 3.86 (3H, s, OCHs), 3.88 (3H, s, OCH;), 4.10-4.20 (4H, m, 2x OCH.CH;), 5.03 (IH, s,
CH(OCH,CH;),) 6.78-6.81 (3H, m, CsHs), 8.57 (1H, broad s, NH). *C NMR (CDCl;) : & 14.56 (OCH,CHs),
15.27 (OCH,CH3), 22.97 (OCH;CH,), 36.78 (NCH,CH,), 44.24 (NCH,), 55.76 and 55.92 (2x OCHs), 57.83
(OCH,CH;), 59.09 (OCH,CHs), 63.07 (OCH,CH,), 88.46 (C=CN), 92.31 (CH(OCH,CH;),), 111.43 and
112.18 and 120.52 (3x =CH), 131.52 (=Cqua), 147.69 and 148.93 (=C-OCHj3), 153.01 (C=CN), 170.11 (C=0).

IR (NaCD voo. © 3280 (NH). 1657 (C=0). 1606 (C=C) cm™ MS m/ (%) : 379(M', 13), 334(5), 288(4)
WNALL) Vaax . 2400 UNTZ,, 1007 (L70), 1000 &~y it . N3 2 L 2IORE, 12 S2ER P4 SV,

ARTTY 1RWTNONY 1LA71RY 18112 1NRIKY RNAY ANEKY Anal Oalnd fae O AN M £2 2104 LT 77 7N0L

LU T L], LOLLIVV], INT(10), 1JI{1J), LUOUJ, OU Ty, TU J)j. Adiai. LaiCl. 01 bzﬁllml.‘lvg v UJ.J170, 11 /./V/0,

NI Q2 LO0/ T3 £ NAQY TT M7 L0/ NI} QLO/

N J3.0770. FTOUNA U 03 . L4700, I1 /. /070, IN 2.00770
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