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THE PREPARATION OF 2-(3-PYRIDYL)YMALEIMIDE
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Abstract - The novel compound, 2-(3-pyridyl)maleimide, 7 was prepared by
an efficient sequence involving the synthesis of ethyl 2-(3-pyridyl)-
acrylate, 3, from ethyl 2-(3-pyridyl)acetate, 1, followed by Michael-
addition of HCN (vis acetone cyanohydrin-MeOH) to give cyanoester 4.
Alternatively, 4 was prepared from the methyl ester 8 by alkylation with
iodoacetonitrile. Acid hydrolysis gave amide-ester 5 which was then
cyclized with NaOEt to 2-(3-pyridyl)succimide, 6. Oxidation of 6 to
maleimide 7 was achieved with N-chlorosuccinimide in pyridine, to give

an overall yield of 58%.

zportsl-3 from these laboratories have
Scheme 1
mmonstrated the use of 2-arylmaleimides as
seful synthons for various pericyelic C:F'"a:,ﬂ.
R
:actions. In order to further extend our O\co,c,u, _i_> I'( ___i_i__,
mthetic studies, we desired 2-{3-pyridyl)- 912 2 727
1 2

vleimide (7), a compound not previously .
:scribed in the literature. We now wish to

ociHy 111 cogH, 4o
port an expeditious synthesis of 7 by a 677 e

98%

:quence which might be applicable to other

rstems that are not amenable to the

Before embarking on a novel route to

rerwein reaction.l*? ONH,
1 ~ Cﬂ, v Vi.
ileimide 7, we attempteds the preparation s

its N-methyl derivative via the conven-

onal Meerwein reaction involving the

pper (I1) catalyzed coupling of 3-pyridyl (i1) HCHO (37%)/K,C0

Reagents: (i) NaH/EtOH-PhCH /(COZEt)

azonium cation with N-methylmaleimide, (111) Me2CCN{0H) /THF-HeOH/lGZ aq.

Na2 CO3{cat.), reflux.

ich instead resulted in the formation of (iv) Comec. H2804. (v) NaOBt/EtOH,

tractable tars. However, we were able to

(vi) NCS/CsHsN.

velop an efficient sequence (Scheme I) for

e preparation of 7 starting from either
hyl or methyl (3-pyridyl)acetate 1 and 8
spectively.

Condensation of 1 with diethyloxalate in
luene and sodium ethoxide6 gave the inter~
diate diethyl 2-oxo-3-pyridylsuccinate {2)
ich on subsequent reaction with 37% aqueous

formalin and potassium carbonate furnished
ethyl-2-(3-pyridyl-acrylate 3 in 83% yield.
Compound 3 underwent a smooth HCN Michael-
addition on refluxing with acetone cyanohydrin?
in a THF-MeOH solvent mixture containing a
catalytic amount of 10% aqueous sodium carbonate;

transesterification of the starting ethyl ester
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to methyl ester was observed in the product.
Alternatively, a more direct route to 4 was
the alkylation of 8 with iodoacetonitrile

(Scheme II). This was realized in 85% yield

Scheme II.
85%
' .

Reagent: (1) LDA/ICH,CN/THF, -78°C

by reacting 8 with LDA/THF/-78° C, followed

by addition of iodoacetonitrile and warming
the mixture to room temperature.

In order to complete the synthesis of
7 at this stage, cyclization of 4 to succi-
nimide 6 was required, followed by oxidation
of 6 to maleimide 7. This transformation
was accomplished in two steps. Hydration
of the cyano group of 4 with conc. H28048
at room temperature gave amide 5 (98%
yield) which on further cyclization with
sod{um ethoxide in ethanol at room tempera-
ture furnished the desired 2-pyridyl-
succinimide 6. It is worth mentioning here
that the one-step conversion of 4 to 6 was
also tried by heating 4, at room tempera-
ture, with a 1:1:10 mixture of 2M Nazco
30% H,0, and acetone9 which led to the

272
formation of a complex mixture containing

3

only a small amount of succinimide 6.
Oxidation of 6 to 2-(3-pyridyl)maleimide 7
was achleved in 83% yield by stirring 6

with N-chlorosuccinimide10 in dry pyridine

at room temperature. The overall yield

from 1 to 7 was 58%,

EXPERIMENTAL

Melting points were determined in open
capillary tubes with a Mel-Temp™ apparatus
and are uncorrected. IR samples were measured
on a Perkin-Elmer 1310 spectrometer. FT-IR
were measured on a Nicolet-7199 (50 scans).
14 and 13c-mMR spectra were recorded either
on a Varian EM-360 spectrometer or on a Varian
FT-80 using Me;Si as the internal standard.
Mass spectra were obtained on a Varian CH-7
spectrometer operating at 70 eV. UV spectra
were run on a Varian Cary 219 spectrophoto-
meter. All solvents were dried before use.

Ethyl a-methylene-3-pyridinylacetate (3).
NaH (26.98 g, 0.51 mol) 50% dispersion in
oil was added in 300 mL of dry toluene taken
in a three necked round bottomed flask,
equipped with a condenser, a dropping funnel

and a mechanical stirrer. To this stirring
mixture was slowly added 35 mL of absolute
EtOH. The temperature of the resulting mixture
was maintained below 30°C and to this gel-like
mixture was added diethyloxalate (73.07 g, 0.5
mol) during 10 min. When hydrogen evolution
had slowed, ethyl 3-pyridylacetate (82.59 g,
0.5 mol) was added during 1/2 h. The reaction
mixture was further stirred at RT for 20 h under
N2 and then was filtered. The solid diethyl
2-oxo0-3-pyridylsuccinate sodium salt, 2, 136.6g
(95% yield) was suspended in 250 mL Hy0 and to
this stirring mixture was added 86 mL of 37%
formalin, dropwise. The temperature was main-
tained below 25°C during the addition, and the
mixture was stirred for an additional 1h.

This was followed by the addition of anhydrous
KoCO03 (65.5 g, 0.48 mol) in small portions.
After stirring the resultant mixture vigor-
ously for 1.5 h, it was diluted with 650 mL

of water and the aq. solution was extracted
with Et20 (300 mL x 3), and the Et20 extract
was washed with water, brine, dried over
anhydrous Na3S04 and the solvent was evapora-
ted to give 72.45 g of the product which con-
tained 3 and 1 in the ratio of 6:5. Yield
based on 1H NMR was 53% (727 based on recovered
starting material). Compound 3 was easily
separated from 1 in pure form by a Waters 500
A prep. LC system, using 1:1 EtOAc and hexane:
bp ( = 100°/0.2 mm, Kugelrohr); lH NMR (90MHz,
CDC1l4) $8.53 (d, J=1.5Hz, 1H, H-2 pyridyl),
8.4 (dd, J=5, 1.5Hz, 1M, H-6 pyridyl), 7.67
(dt, J=8, 1.5Hz, 1H, H-5 pyridyl), 7.17 (dd,
J=8, 4.5Hz, 1H, H-4 pyridyl), 6.36 (s, 1H,
vinyl H), 5.7 (s, 1H, vinyl H), 4.27 (q, J=6Hz,
2H,-CHy-CH3), 1.33 (t, J=7Hz, 3H,-CHy-CH3); IR
(neat) 3420 (m), 1717 (s, ester), 16l6(m),

1586 (m), 1566(m), 1206 (s) cm~l; mass spectrum,
m/z (rel intemsity) 177(45,M+), 149(18), 133
(29), 104(100), 78(28), 77(30); UV max (MeOH)
230nM(e5848), 262(e3367). Anal. Calcd for
Ci1pH11NO2: C, 67.78; H, 6.26; N, 7.90. Found:
C, 66.76; H, 6.64; N, 7.65.

Methyl a-(cyanomethyl)-3-pyridinylacetate (4).
Sodium carbonate (10% aq. solution), 12 mL)

was added to a stirring mixture of 2-pyridyl-
acrylate 3 (10 g, 0.056 mol) in a methanol-
tetrahydrofuran (400:40 mlL) mixture, and this
was refluxed for 3% h under N;. After evapora-
tion of the solvent in vacuo, the concentrate
was diluted with 25 mL of water and the aqueous
solution was extracted with CH,Cl, (50 mL x 4),
washed with brine and dried over anhyd. WajSos.
Removal of the solvent furnished 7.2 g (67%) of
4 as a light-yellow, viscous liquid. This crude
product was used without distillation for the
next step. A small portion of the product was
distilled for analytical data: bp (> 150°C/0.2
mm, Kugelrohr); lH NMR (90 MHz, CDC13)68.43 (d,
J=1.5Hz, 1H, H-2 pyridyl), 8.43 (dd, J=6, 1.5Hz,
1H, H-6 pyridyl), 7.52 (dt, J=7, 1.5Hz, 1H,

H-5 pyridyl), 7.18 (m, 1H, H-4 pyridyl), 3.94
(t, J=7Hz, 1H,-CH-CH-CN), 3.73 (s, 3H,-COOCH3),
2.93 (heptet(7-1lines}, AB of ABX], 2H, -CH-CH,-
CN) ; IR (neat) 3360 (w, broad), 2240 (w, C&N)|
1740 (s, COOCH;), 1540 (w, pyridyl H) cm-l;

mass spectrum, m/z (rel intensity) 190 (60, M+),
151 (24), 145 (25), 131 (67),105 (100), 104 (43),
92 (40), 78 (38), 59 (44); 13C MR (CDCl3)

§ 170.8, 150, 149.3, 135, 131.6, 124, 117.1,
53.1, 45.1, 21.4. Anal. Caled for CygH10N202:C,
63.15; H, 5.30; N, 14.73. Found: C, 62.57;

H, 5.30; N, 14.46.

Methyl a~(cyanomethyl) -3-pyridinylacetate (4).
Dry THF (5 mL) was cooled to -78° (acetone/dry-
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e bath) under an N; atmosphere. Dilsopropyl-
wne (0.98 ni, 6.95 mmol) was added via

mringe followed by a solution of n-butyle
{thium in hexane {7 mmol, 4.51 mL of 1.55 M
slution) which was injected over a period of
min. After stirring for 0.5 h at ~78°%,
:thylpyridylacetate 8 (1.0 g, 6.62 mmol) in
ol of THF was added slowly. The solution

18 stirred for 0.5 h and ifodoacetonitrile
L.17 g, 7 mmol) was added and again the
Ixture was stirred at -~ 78° C for 1 h. The
ry~ice bath was removed and the reaction
{xture was stirred at room temperature for

#. TLC of an aliquot showed ne starting
iterlal, and a spot which corresponded to the
¥ value of the authentic product. The
:action mixture was worked up by adding

wer (* 20 ml),saturating it with salt, ex~
raqting the aqueous solution with CH2Clo

30 mL x 4), washing the extract with water,
rine, followed by drying over anhyd. NapSO4.
mmoval of the solvent in vacuo gave 1.07 g

I the desired product {85% yield). This

i identical with the previously characterized
mple of 4 (IR, 1H NMR, TLO).

pthyl a~(2-amino-2-oxoethyl)~3-pyridinyl-
setate (5). To 801 mg (4.21 mmol) of B~
ranoester 3 was added 1 mbL of conc. Hp804
i the mixture was stirred under Ny for 3 h,
1 then was diluted with 3 mL of water. The
jueous solution was basified with concentra-
ad NHLOH solution. Excess MeOH was added
» this solution, and the precipitate which
>rmed was collected by filtration and washed
ith 50 mL of 15% MeOH-CHCl3 mixture. The
ylvent filtrate was removed under vacuum. To
#® concentrate was added 10 ml of MeOH.
rpetition of the above sequence gave B&0 wmg
1BX) of § as a white solid which was
'ystallized from MeOH: mp 134,5-135.5° ¢.
[ NMR (90MHz, DMSO-dg)} & 8.46(d, J=1,5Hz, 1H,
-2 pyridyl), 8.43 (ill-defined dd and partly
wWer 8.46 peak, 1M, H-6 pyridyl), 7.6{dr, J=
3, 1.5 Hz, 1H, B-3 pyridyl}, 7.27 (dd, =7,
iz, IH, H~4 pyridyl), 4.1 {t, J=6Hz, 1H,
@*Cﬁz-eaxﬁz}, 3.62 (s, 38, ~COOCH3), 2.73
7, AB"of ABX, 2H, -CH-CH;-CONHp}; IR (Nujol}
80, 3090 (m, coOl _2) 1727 (s, COOCH3},
67 (s, CONH2), 1587 (m), 1575 {w), 1216 (s},
13 {8) cm~ly mass spectrum, m/z (rel
tensity) 208 (30,M+), 191 {(43), 176 (88),
4 (48), 132 (523, 106 (9%), 106 {94},
3y: 13 MR (DMSO-dg) & 172.8, 171.4, 1&9 1,
8.4, 135.2, 136.1, 123.7, 52.0, 44.2, 37.9.
al. Qaltd* for C}gﬁ}3§233: €, 57.693 H,
81; N, 13.45, vFound: €, 57.5%4; H, 5.78;
13.23.

(3-Pyridinyl).» s-pyrrolidinedione (6).To a
irring solution of NaOEt [prepared from Na

0 mg, 1.73 mmol) in 30 mL of EtOHl, a solu-
on of pyridyl amide & (208 mg, 1 mmol,
ssolved in 3 mL of dry EtOH) was slowly

jed. The reaction mixture was stirred at

om temperature for 1.5 h. Excess NaQBt was
stroyed by a few drops of water, followed by
lvent removal under vacuum to give the crude
siuet {white solid) which was filtered

rough a small column of $10j-gel (6 g), using
MeOH in CHCly as the eluent. This furnished
'mg {83%) of 6 as a colorless soldd which

i crystallized from MeCH:mp 178-179°C;IH mMr
} MHz, DMSO-dg) & 11.05 (s broad, 1R, OC-NH~
, 8. 4 (s broad, 2H, H~2 and H-§ pyridyl),

3 (dt, J=6, 1.5 Hz, 1H, H-5 pyridyl), 7.26
iy J=8, 4Hz, 1H,6 H-4 gyridy}}, 4,21 (a4,

b, 68z, 1H, ~CH-CHa-CO)}, 3 (o, AB of ABX,
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2", ~CH-CH,-CO}; IR (Nujol) 3222 (s, CONH2),
3082 (w, CONHp), 1775, 1714 (s, succinimide,
C€0), 1591 (w), 1578 (m), 1196 (s), 1181 (s)
cm‘i; mass spectrum m/z (rel intenaity), 176
(25, M4}, 133 {(10), 105 (100), 104 (37), 78
(20},52 (19), s1 (20); 13 wm {DMS0-dg) & 179,
177.4, 149.4, 148.4, 135.3, 134.0 (B}, 124.0
(b}, 44.5, 37.2. Anal. calcd. for CgHgla0yt

C, 61.36; B, 4.58; N, 15.90. Found: . 61.20;
H, 4.43; N, 15.99.

3-{3-Pyridinyl)}iH-pyrrole~2,5-dione (7). To

a stirring sclution of pyridyl succimide & (200
mg, 1.36 mmol) in 1.5 ml of dry pyridine was
added a solution of N~chlorosuccinimide (167 mg,
1.25 mmole in 1.5 mL of dry pyridine) and this
was stirred at RT for 24 h under N2. The solid
which formed was filtered and washed with 2 mlL
of pyridine to give 45.4 mg of the product.
Since the filtrate still contained the desired
product (TLC:5% MeOH-CHCl3), it was concentra~
ted in vacuo and subjected to flash chromato-
graphyll on $10p-gel (25 g), eluant:5% MeOH in
CHClg, to give 125 mg of the product 7 (com-
bined yield: 83%), and this was crystallized
from a MeOH-CHCly mixture: mp 203-205°C;

1 BMR (80 MHz, DMSO-dg) § 11.5 (s broad, IH,
OC-NH-~LO), 9. 32 (d, Jm2¥z, 1H, C-2 pyri&yl),
8.85 {dd, J=5, 2ZHz, 1H, H-6 pyridyi), 8.52 {dt,
J=8, 2Hz, 1H, B-5 pyridyl) 7.69 (dd, I8, & Hz,
1H, H-4 pyridyl}* .5 {8, 1H, = CH); IR (Nujal)
3096 {m, imide NH}, 1753 (m), 1721 (s, imide
€0), 1608 (w), 1588 {m), 1559 (w), 1142 (m)
em~1;mass spectrum, m/z (rel 1ntensity) 174 (51,
M+), 131 (10), 103 (100, 76 (30), UVmax (MeCH)
218 nM (e 5568), 228 (5916) 244 (5396) 310
(1740); 13¢ NMR (DMSO-dg) & 171.7, 171. 3 150.9,
148.9, 14C.7, 135.7, 127.2, 125, G 123, 6.

Anal. Caled. fer CngNng: <, 52.9?; H, 3.47;
N, 16.08. Found: {, 61.59; H, 3.47; W, 15.78.
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