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The 4,5-dihydro-2-(methylthio)-1 H-imidazoles 1a, b react with active methylene compounds
- 2a—{ to afford the corresponding substituted methyleneimidazolidines 3a—f and 4¢—f by
elimination of methanethiol. The reaction of compounds 2g—j, which contain a more active
carbonyl group, with 1a gives 3g—1i by elimination of a methylthio group as well as an acyl
group, too. 3a, g—i react with esters of o,B-unsaturated acids to afford the corresponding
imidazo[1,2-a]pyridines §, 6, and 7 in an addition and cyclocondensation reaction sequence,
but with diethyl azodicarboxylate only to give the addition product 8.

Synthese von Ketenaminalen mit Imidazolidinring durch Kondensation von 4,5-Dihydro-
2-(methylthio)-1H-imidazolen mit CH-aciden Methylenverbindungen und einige Additions-
und Cyclokondensations-Reaktionen

4,5-Dihydro-2-(methylthio)}-1 H-imidazole 1a, b reagieren mit aktiven Methylenverbindungen
2a—{ unter Eliminierung von Methanthiol zu den entsprechend substituierten Methylen-
imidazolidinen 3a—f und 4c—f. Die Verbindungen 2g—j, die eine aktivere Carbonylgruppe
enthalten, ergeben mit 1a unter Eliminierung einer Methylthio- und Acylgruppe 3g—i. 3a,
g—1i reagieren mit Estern ungeséttigter Sduren in einer Additions- und Cyclokondensations-
Sequenz zu den entsprechenden Imidazo[ 1,2-a]pyridinen 5, 6 und 7, ergeben aber mit Azo-
dicarbonsdure-diethylester nur die Additionsprodukte 8.

Ketene aminals with an imidazolidine ring have been reported in the literature
only in few cases'~%. The a-carbon atom has high electron density, consequently
the ketene aminals can act as nucleophiles and they are useful synthons, especially
for the synthesis of fused heterocycles”—!2.

Here, a method by condensation of 4,5-dihydro-2-(methylthio)-1H-imidazoles
1 with active methylene compounds 2 is reported. The reaction of S-alkylated
isothiourea with nitromethane for the synthesis of nitroketene aminals has been
reported once in the literature?. We extended this method to the reaction of S-
alkylated isothiourea derivatives containing a heterocyclic ring with various active
methylene compounds and to the synthesis of some new ketene aminals.

1a reacts with the active methylene compounds 2a—f at 100°C to yield cry-
stalline products. MS and clemental analyses indicate that in fact an addition
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reaction took place accompanied with loss of methanethiol, and the corresponding
substituted methyleneimidazolidines 3a—f were formed. If compounds 2 contain
a more active carbony! group (such as acetyl or benzoyl; 2g —j), compounds 3g—i
are formed by elimination of both a methylthio and an acyl group. This is caused
by the methanethiol produced during the reaction. CH;SH attacks the more active
carbonyl group of the primarily formed ketene aminals, a finding which is sup-
ported by the following experimental fact: If 1a reacts with 2i under rapid bubbling
of nitrogen gas through the solution to blow away the methanethiol as soon as
it is formed, the main product is 3k in which the acetyl has survived.
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The ketene aminals 3a—i, k are not contaminated with their tautomer A (amidine
form) since there is only one set of signals in the "H and '*C NMR spectra. The
NH signals in the IR (3180 —3480 cm~') and 'H NMR spectra (5 = 6.00—9.60)
and the ethylenic proton signal in the 'H NMR spectra (in case of X = H) exclude
the amidine form A. In the case of X # Y, the stereochemical problem, E or
Z isomerism, is still unsolved. Only the E isomer can form an intramolecular
hydrogen bond, and in general compounds with intramolecular hydrogen bonds
are more stable. The downfield shift (§ = 7.35—9.60) of the NH '"H NMR signal
proves the existence of an intramolecular hydrogen bond and confirms the pro-
posed constitution of the ketene aminals (E isomer at present). In the case of 3k
the situation is more complex because the intramolecular hydrogen bond can be
formed with both the acetyl and ethoxycarbonyl group. But the tendency towards
formation of a hydrogen bond is stronger for the acetyl group than for the ethoxy-
carbonyl group, and the spectral data of NH of 3k (vay = 3180 cm ™!, 8y =
9.60) are similar to those of 3g and different from those of 3i, therefore the Z form
is the accepted constitution for 3k.

When 1b reacts with 2 the results are different from those for 1a, only the a-
cyano-substituted methylene group is active enough to proceed the reaction.
Hence, only 4c—{ are isolated, and the spectroscopic data are consistent with the
constitution of the ketene aminal form as above. Scheme 1 shows a reasonable
path for the reaction between 1 and 2.

The 'H and ®C NMR data of 3a—i, k and 4c¢—f are listed in Tables 1 and 2.
From these results it seems worthwhile to notice the smaller value of C-5 (5 =
28.1 —95.9) which indicates that the electron density is higher at this carbon and
nucleophilic attack of this carbon to electron deficient groups can be expected.
The much smaller value of C-5 in 3¢ and 4c¢ arose doubts about the correctness
of their constitution, but the singlet in the 'H off-resonance-decoupled *C NMR
spectrum indicates that the ketene aminal form for 3¢ and 4c¢ is unquestionable.
The downfield shift of H¢ is due to an intramolecular hydrogen bond as mentioned
above.

The bathochromic shift of the carbonyl absorption (1570 —1590 cm~—! in 3g, k,
1638—1750 cm™! in 3b, d—f, h, i, k and 4d—f) and ethylenic absorption
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Tab. 1. '"H NMR data (3 values) of 3a—i, k in CDCl; and 4¢—f in [Ds]DMSO with TMS
as internal standard

s R och o
"~ H(CN) . ~OCH,CH;
[]\3=<£—CH,(OR) b/[gz%-ocu,cm(g-ca,)
tiet

3a,c-i,4c-f 3b, k
No. H? H® H* H¢ He Hf Hs H* H
3a 3.64—3.80m 286s 849s 6.50s
3b 362s 284s 8.26s 415q 130t 415¢ 130t
3c 3.58—3.74 m 323s  600s
3d 364s 328s 835s 37 s
3e 362 s 328s 8405 415 q 1251t
ki} 3.61s 328s 8.38s 410t 1.64 1.42 094t

quint  sext
3g 3.36—3.61m 279s 910s 459s 202s
3h 330-—-3.55m 274s 735s 399s 3.59s
3i 333-352m 274s 736s 399s 408q 125t
3k 3.68 s 284s 9.60s 233s 415q 130t
4c 3.56s 7.96 s
4d 355s 794 s 352s
de 347 s 794 s 396 q 110t
4f 344 s 7.80 s 389t 145 1.23 080t
quint  sext

Table 2. *C NMR data (3 values) of 3a—i, k in CDCI; and 4¢—f in [Ds]DMSO with TMS
as internal standard

CN(H) ? @-'OCHzCH;
E #éﬁ CH’(?S) E%':(E—ocmcn,(g—éﬂ,)

3a,c-i,dc-1 3b.k
No. C1 C2 C3 C4 C5 C6 C7 C8 C9 C-10 C11
3a 504 421 320 1591 959
3b 523 414 364 1659 734 1682 1682 594 145 594 145
3¢ 534 412 342 1652 308 1173 1173
3d 522 412 345 1639 527 1198 1697 51.2
3e 522 412 346 1641 530 1198 1695 598 14.6
3f 522 412 346 1641 532 1196 169.6 637 309 191 148
3g 49.7 41.7 320 1634 749 190.6 ~ 28.5
3h 504 419 325 1639 59.8 1709 496
3i 504 420 316 1641 602 170.7 58.0 148
3k 516 415 364 1666 867 1682 1927 29.5 592 145
4c 43.7 1664 281 1173 1173
44 40.2 1651 51.7 118.6 167.5 508
4e 433 1652 519 1190 1670 585 147
4f 43.2 1652 51.8 1186 1669 621 306 185 133
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(1528 —1595 cm ') as compared with o,f-unsaturated ketones or esters can be
rationalized according to Scheme 2.

Scheme 2

q}i o EH@“ o [N“H

The ketene aminals 3a, g—1i react with the esters of a,B-unsaturated acids to
afford imidazo[1,2-a]pyridines in an addition and cyclocondensation reaction se-
quence. When 3a, g—i is treated with methyl propiolate in methanol on refluxing,
the crystalline products Sa—d are obtained in fair to good yields. Spectra and
elemental analyses indicate that in fact addition of methyl propiolate takes place.
This step is followed, however, by a cyclocondensation reaction with loss of me-
thanol. The amide carbonyl carbon signal (5 = 160.2—161.2) in the *C NMR
spectra excludes the constitution B which is formed via N-addition and subsequent
cyclocondensation. The reaction of 3g with methyl propiolate in benzene at room
temperature indicates that the adduct with trans olefinic protons, confirmed by
the coupling constant of 15.5 Hz, is formed at first and then isomerization to the
cis form and subsequent cyclocondensation takes place in boiling methanol. This
is similar to the reaction between ketene aminals with a y-lactone substituent and
methyl propiolate as reported in the literature'?. Therefore, a reasonable reaction
path and constitutional proposal for the products formed from 3a, g—i and methyl
propiolate can be rationalized in terms of Scheme 3.

QHS Y o CH3 -
s
&y +q< @—é . O
B OCZH5 E —NNH—E
C D E

= COLCaH;5

Furthermore, 3a, g react with dimethyl acetylenedicarboxylate under similar
conditions. Spectra and elemental analyses indicate that one molecule of acetylene
ester has added. After loss of methanol the imidazo[1,2-a]pyridines 6a, b are
formed. Similarly, 7a is obtained by refluxing of 3a with methyl acrylate in me-
thanol. The reaction paths of both reactions are also shown in Scheme 3.

3a, g—i smoothly react with diethyl azodicarboxylate in benzene at ambient
temperature. From their spectra and elemental analyses the products can be con-
sidered as 1 : 1 adducts. The two NH signals both in the IR and ‘H NMR spectra
exclude the [2 + 2] cycloaddition product C, [2 + 4] cycloaddition product D,
and also the N-addition product E. The spectroscopic data are consistent with
the constitutions of the addition products 8a—d as shown in Scheme 3.
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8 cannot undergo further cyclocondensation reaction on refluxing in ethanol.
The stereochemical problem of 8 is solved by the above-mentioned reason, and
consequently the E form for 8a and Z form for 8b, 8¢, and 8d is assumed. This
is ascertained by the "H NMR NH-signal of 8 which is very near to the corre-
sponding signal in the raw materials 3.

Scheme 3
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The *H and *C NMR data of 5, 6, 7, and 8 are listed in Tables 3 and 4.

< f h

Table 3. '"H NMR data (8 values) of 5, 6, 7, and 8 in CDCl; with TMS as internal standard

(l:u, o ‘ “‘ ﬁ:é{s iy ogcﬁl,ci{,
C~CH;(OR) EN NO: "[N NNH'—CO;CH;CH;
»’[bﬂe(co CHy) v N;j“‘ bt co:R P
0 Yy t o N
5.6 7a 8
H? H® H* H¢ H* H' H¢ H' H H H*
S5a 390t 448t 319s 591d 777d
§5b 381t 413t 304s 578d 760d 240s
S¢ 378t 4143t 313s 579d 771d 3.77s
5d 376t 411t 312s 577d 770d 421q 133t
6a 396t 416t 311s 583s 3.89s
6b 375t 411t 288s 6.15s 385s 235s
Ta 384-399m 323s 319t 264t
8a 376 s 338s 894s 754s 409-427m 1.27m
8b 348s J11s 984s 684s 415q 403q 1.20t 1.96s
8c 340-356m 333s 783s 695s 415-420m 126m 3.62s
8d 3525 332s 789s 691s 422—-428m 125m 426q 125t

Table 4. *C NMR data of 5, 6, 7, and 8 in CDCl; with TMS as internal standard

CH
|

(i)
"C—C Hs (OR)

1
i

Q\H( COLCHy)
(¢}

[%jfwz
° 7

OgCHICH,

NH—éo,cn,dH,
Gy >=€“

13.14

5,6 8

C1C2¢C3 C4 C5 C6 C7 C8 C9 C10C11C-12C13C-14
S5a 525 424 39.0 150.8 115.1 137.8 107.2 160.2
5b 519 422 389 1546 999 1423 105.6 1608 1919 277
Se¢ 51,9 423 386 1549 894 1429 1062 161.1 1645 51.3
5d 519 423 387 1548 898 1431 1062 1612 1642 60.2 144
6a 526 422 384 1503 111.2 1424 1072 1587 165.3 533
6b 51.6 42.2 37.5 1513 99.0 1435 107.5 1595 197.5 322 166.6 59.2
7a 520 409 39.5 1522 1039 227 314 1603
8a 533 415 350 1557 1130 1577 156.7 637 61.8 14.4
8b 528 41.5 351 1560 99.0 1621 1573 630 61.7 14.7 14.5 190.6 24.9
8¢ 53.0 413 348 1556 844 1607 1588 628 613 144  168.0 50.0
8d 530 413 349 1548 846 1600 1583 62.8 613 14.6 14.5 1669 58.8 14.9

It is well-known in the literature that a variety of enamines afford [2 + 2] or

[2 4+ 4] cycloaddition products with propiolates'”, acetylenedicarboxylates'®,

14)

acrylates', or azodicarboxylates'®. However, the reactions of ketene aminals w1th
an imidazolidine ring, like 3a, g—i, with these o,B-unsaturated carbonyl com-
pounds afford solely the Michael-type adducts.

Chem. Ber. 119 (1986)
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Experimental Part

IR spectra: Shimadzu 430. — 'H NMR spectra: Varian EM-360L and CAMECA RNM-
250. — C NMR spectra: Jeol FX-100. — MS: AEI MS-50. — UV spectra: Hitachi 340. —
Melting points are not corrected. — Elemental analyses: Analytical Laboratory of the In-
stitute.

(E)-1-Methyl-2-(nitromethylene Jimidazolidine (3a): A mixture of 19.5 g (0.15 mol) of 1a
and 18.3 g (0.30 mol) of nitromethane (2a) was stirred under bubbling of nitrogen through
the solution at 100°C for 22 h until no more methanethiol could be smelled. After removal
of excess nitromethane under diminished pressure, the solid residue was digested with cooled
isopropyl alcohol and washed twice with cooled methanol. Yield 12.9 g (60%), m. p.
140—142°C, recrystallization from methanol, m. p. 143—144.5°C. — IR (KBr): 3350 (NH),
1578 (C=C), 1551, 1340 cm " (NO,). — UV (ethanol): Ay, (Ig &) = 328 nm (4.42). — MS:
m/z = 143 (M®). 3a has been reported in the literature!?.

CsHyN;O, (143.2) Caled. C 41.95 H 6.34 N 29.35 Found C 4205 H 644 N 29.33

Diethyl (1-methyl-2-imidazolidinylidene )malonate (3b): Similar to 3a, a mixture of 89 g
(0.067 mol) of 1a and 10.7 g (0.067 mol) of diethyl malonate (2b) was heated for 54 h; 9.0 g
(56%) of product was obtained by filtration, m. p. 76—78°C, recrystallization from ethyl
acetate, m. p. 78 —79.5°C. — IR (KBr): 3340 (NH), 1705 (ester C=0), 1560 cm~! (C=C). —
UV (ethanol): Ay, (Ig €) = 270 nm (4.11). — MS: m/z = 197 (M — OC,H)®, 169 (M —
CO,C,H;)®.

C,1H;sN,O, (242.3) Caled. C 54.54 H 7.49 N 11.56 Found C 54.58 H 7.89 N 11.53

(1-Methyl-2-imidazolidinylidene )malononitrile (3c): 2.60 g (0.02 mol) of 1a was dropped
into a solution of 1.32 g (0.02 mol) of malononitrile (2¢} in 8 ml of dioxane under stirring,
The solution was refluxed for 3 h; 2.16 g (73%) of solid product was obtained, m. p.
172—176°C, recrystallization from ethanol, m. p. 179 —180°C. — IR (KBr): 3370 (NH), 2180
(CN), 1586 cm~! (C=C). — UV (ethanol) Ay, (g &) = 198 (4.25), 253 nm (4.35). — MS:
mjz = 148 (M®).

C;HgN, (148.2) Caled. C 5644 H 544 N 37.81 Found C 5691 H 548 N 37.35

Methyl (E )-(1-methyl-2-imidazolidinylidene ) cyanoacetate (3d): According to 3a, a mixture
of 6.51 g (0.05 mol) of 1a and 4.95 g (0.05 mol) of methyl cyanoacetate (2d) was heated at
100°C for 0.5 h. The reaction mass was digested with 10 ml of diethyl ether and filtered;
7.04 g (78%) of product was obtained, m. p. 157—159°C, recrystallization from methyl
acetate, m. p. 159—-161°C. — IR (KBr): 3370 (NH), 2210 (CN), 1650 (C=0), 1585 cm™!
(C=C). — UV (cthanol}: Ay, (Ig €) = 212 (4.23), 261 nm (4.37). — MS: m/z = 181 (M®).

CsH{;N;O, (181.2) Caled. C 5393 H 6.22 N 23.58 Found C 53.55 H 6.41 N 2344

Ethyl (E)-( 1-methyl-2-imidazolidinylidene ) cyanoacetate (3 e): According to 3d, 6.51 g(0.05
mol) of 1a and 5.66 g (0.05 mol) of ethyl cyanoacetate (2e) were heated for 1.5 h; yield 7.50 g
(78%), m. p. 114—117°C, recrystallization from ethyl acetate, m. p. 114.5—116°C. — IR
(KBr): 3330 (NH), 2170 (CN), 1650 (C=0), 1574 cm ! (C=C). — UV (ethanol): A, (Ig €) =
211 (4.25), 261 nm (4.40). — MS: m/z = 195 (M®).

CH;3N;0, (195.2) Caled. C 5537 H 6.71 N 21.52 Found C 5548 H 7.10 N 21.56

n-Butyl (E)-(1-methyl-2-imidazolidinylidene )cyanoacetate (3f): Analogously to 3d,1.75 g
(13.5 mmol) of 1a and 1.71 g (13.5 mmol) of n-butyl cyanoacetate (2f) were heated for 2.5 h;
yield 208 g (73%), m.p. 99—106°C, recrystallization from butyl acetate, m. p.
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105.5—107°C. — IR (KBr): 3370 (NH), 2200 (CN), 1654 (C=0), 1579 em~* (C=C). — UV
(ethanol): Anx (Ig €) = 210 (4.31), 260 nm (4.46). — MS: m/z = 223 (M®).
CiHN;0; (223.3) Caled. C 59.18 H 7.67 N 1882 Found C 58.92 H 7.96 N 18.69

(E)-1-Methyl-2-(2-oxopropylidene )imidazolidine (3g): Similar to 3d, 19.5 g (0.15 mol) of
1a and 15.0 g (0.15 mol) of acetylacetone (2g) were heated for 25 h; yield 11.1 g (53%), m. p.
105—106°C, recrystallization from ethyl acetate, m. p. 104—105.5°C. — IR (KBr): 3290
(NH), 1590 (C=0), 1560 cm~! (C=C). — UV (cthanol): A, (Ig &) = 288 nm (4.43). — MS:
mfz = 140 (M®).

C;H;N,O (140.2) Caled. C 59.68 H 8.63 N 19.98 Found C 60.07 H 8.85 N 20.00

Methyl (E)-( 1-methyl-2-imidazolidinylidene )acetate (3h): Analogously to 3d, 13.0 g (0.10
mol) of 1a and 11.6 g (0.10 mol) of methyl acetylacetate (2h) were heated for 25 h; yield
9.7 g (62%), m. p. 130—135°C, recrystallization from methanol, m. p. 140—141°C. — IR
(KBr): 3480 (NH), 1640 (C=0), 1595 cm~! (C=C). — UV (ethanol): An, (Ig €) = 271 nm
(4.46). — MS: m/z = 156 (M®).

CH;N,0, (156.2) Calcd. C 53.83 H 7.74 N 1794 Found C 54.07 H 7.70 N 18.00

Ethyl (E)-( 1-methyl-2-imidazolidinylidene ) acetate (3i): Similar to 3d, 19.5 g (0.15 mol) of
1a and 19.5 g (0.15 mol) of ethyl acetylacetate (2i) were heated for 32 h; yield 16.0 g (63%),
m. p. 98—101.5°C, recrystallization from diethyl ether, m. p. 101.5—102°C. — Similar to
above, from 1.30 g (0.01 mol) of 1a and 1.92 g (0.01 mol) of ethyl benzoylacetate (2j) 0.44 g
of 3i was obtained. — IR (KBr): 3480 (NH), 1638 (C=0), 1583 cm~! (C=C). — UV
{ethanol): Ap,, (Ig &) = 271 nm (4.40). — MS: m/z = 170 (M®).

CsH4N,O, (170.2) Caled. C 5645 H 829 N 1646 Found C 56.46 H 8.24 N 16.37

Ethyl (Z)-2-(1-methyl-2-imidazolidinylidene ) acetoacetate (3k): A mixture of 2.0 g (0.0145
mol) of 1a and 2.0 g (0.0145 mol) of ethyl acetylacetate (2i) was stirred under rapid bubbling
of nitrogen through the solution (ca. 0.3 liter/min) at 100°C for 20 h; yield 1.53 g (47%),
m. p. 112—114.5°C, recrystallization from diethyl ether, m. p. 113—114.5°C. — IR (KBr):
3180 (NH), 1676 (ester C=0), 1570 (C=0), 1528 cm™! (C=C). — UV (ethanol): Ap,
(g &) = 249 nm (4.24). — MS: m/z = 212 (M®).

CyoHgN,O; (212.2) Caled. € 56.59 H 7.60 N 13.20 Found C 56.85 H 7.57 N 13.10

(2-Imidazolidinylidene )malononitrile (d¢): According to 3¢, from 1.16 g (0.01 mol) of 1b
and 0.66 g (0.01 mol) of 2¢ in 10 ml of dioxane, 0.85 g (63%) of 4c was obtained, m. p.
>270°C (subl); 4c¢ can be recrystallized from acetonitrile. In 1it.'® 4¢ is prepared by the
reaction of dicyanoketene ethylene acetal with ethylenediamine. — IR (KBr): 3260 (NH),
2170 (CN), 1595 cm~! (C=C). — UV (ethanol): Ay, (Ig €) = 198 (4.22), 248 cm ™' (4.33). —
MS: m/z = 134 (M®).

C¢HeN, (134.2) Caled. C 53.72 H 4.51 N 41.77 Found C 53.58 H 4.44 N 41.18

Methyl (2-imidazolidinylidene )cyanoacetate (4d): Similar to 3¢, 2.52 g (0.02 mol) of 1b
and 1.98 g (0.02 mol) of 2d in 15 ml of dioxane were refluxed for 5.5 h; yield 2.42 g (72%),
recrystallization from dioxane, m. p. 232.5—234.5°C. — IR (KBr): 3390, 3290 (NH), 2210
(CN), 1665 (C=0), 1597 cm~! (C=C). — UV (ethanol): Ay, (Ig € = 207 (4.24), 253 nm
(4.52). — MS: mjz = 167 (M®).

CsHyN;0, (167.2) Calcd. C 50.30 H 543 N 25.14 Found C 50.31 H 545 N 25.15

Ethyl (2-imidazolidinylidene )cyanoacetate (4e): Analogously to 3¢, 1.16 g (0.01 niol) of 1b
and 1.13 g (0.01 mol) of 2e in 10 ml of dioxane were refluxed for 7 h; yield 1.56 g (86%),
m. p. 184—186°C, recrystallization from dioxane, m. p. 185—186°C. — IR (KBr): 3340,
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3260 (NH), 2180 (CN), 1654 (C=0), 1594 cm~! (C=C). — UV (ethanol): Amay (Ig £) = 207
(4.24), 253 nm (4.42). — MS: m/z = 181 (M®).

CsH(N;O; (181.2) Caled. C 53.03 H 6.19 N 23.19 Found C 53.31 H 6.31 N 23.46

n-Butyl (2-imidazolidinylidene )cyanoacetate (4f): Similar to 3¢, 1.16 g (0.01 mol) of 1b and
1.27 g (0.01 mol) of 2f in 10 ml of dioxane were refluxed for 8.5 h; yield 1.08 g (52%), m. p.
137-139°C, recrystallization from butyl acetate, m. p. 138 —140°C. — IR (KBr): 3340, 3260
(NH), 2180 (CN), 1655 (C=0), 1595 cm~! (C=C). — UV (ethanol): A, (Ig &) = 208 (4.25),
254 nm (4.40). — MS: m/z = 209 (M®),

CioH;sN;O; (209.3) Caled. C 5740 H 7.23 N 20.08 Found C 57.06 H 7.14 N 20.10

2,3-Dihydro-1-methyl-8-nitroimidazo[ 1,2-a Jpyridin-5(1H )-one (5a): A solution of 0.085 g
(1 mmol) of methyl propiolate in 5 ml of methanol was dropped into a solution of 0.14 g
(1 mmol) of 3a in 10 ml of methanol at room temperature. The mixture was refluxed for
20 h. After removal of the solvent, the crude product (0.19 g) was purified by silica gel
column chromatography, and methanol was used as eluent. Yield 0.12 g (62%), m. p.
160—166°C, recrystallization from benzene, m. p. 160—162°C. — IR (KBr): 1670 (C=0),
1580 (C=C), 1540, 1314 cm~! (NO,). — UV (ethanol): Ay, (Ig &) = 211 (3.96), 264 (3.94),
312 (3.85), 378 nm (4.11). — MS: m/z = 195 (M®).

CsHgN;O; (195.2) Caled. C 49.23 H 4.65 N 21.53 Found C 49.00 H 4.79 N 21.44

8-Acetyl-2,3-dihydro-1-methylimidazo[ 1,2-a Jpyridin-5( 1H )-one (5b): Similar to 5a, a mix-
ture of 0.28 g (2 mmol) of 3g and 0.17 g (2 mmol) of methyl propiolate in methanol was
refluxed for 20 h; yield 0.28 g (73%), m. p. 80—95°C, recrystallization from diethyl ether,
m. p. 99.5—100.5°C. — IR (KBr): 1670 (amide C=0), 1605 (C=0), 1569 cm~! (C=C). —
UV (ethanol): Ay, (Ig &) = 233 (4.08), 327 nm (4.23). — MS: m/z = 192 (M®),

CioH2N,O; (192.2) Caled. C 62.48 H'6.29 N 14.57 Found C 62.38 H 5.83 N 14.67

Methyl 1,2,3,5-tetrahydro-1-methyl-5-oxoimidazo[ {,2-a] pyridine-8-carboxylate (5¢): Simi-
lar to Sa, a mixture of 0.47 g (3 mmol) of 3h and 0.25 g (3 mmol) of methyl propiolate in
methanol was refluxed for 40 h; yield 0.44 g (70%), m. p. 132—133.5°C, recrystallization
from methanol/diethyl ether, m. p. 132—133°C. — IR (KBr): 1695 (ester C=0), 1662 (amide
C=0), 1559 cm~! (C=C). — UV (ethanol): Ap,, (Ig &) = 285 (4.18), 322 nm (4.07). — MS:
mfz = 208 (M®).

CioHi;,N,O; (208.2) Caled. C 57.69 H 5.81 N 1345 Found C 57.70 H 5.77 N 13.36

Ethyl 1,2,3,5-tetrahydro-1-methyl-5-oxoimidazo[ 1,2-a] pyridine-8-carboxylate (8d). Similar
to 5a, a mixture of 0.17 g (1 mmol) of 3i and 0.085 g (1 mmol) of methyl propiolate in
methanol was refluxed for 20 b; yield 0.11 g (50%), m. p. 88 —92°C, recrystallization from
diethyl ether, m. p. 98.5—99.5°C. — IR (KBr): 1693 (ester C=0), 1655 (amide C=0),
1574 cm~! (C=C). — UV (ethanol): Ay, (g €) = 285 (4.18), 320 nm (4.08). — MS: m/z =
222 (M®),

CiiH14N,O; (222.2) Caled. C 59.45 H 6.35 N 12,60 Found C 59.65 H 6.47 N 12.58

Methyl 1,23,5-tetrahydro-1-methyl-8-nitro-5-oxoimidazo[ 1,2-a]pyridine-7-carboxylate
(6a): A solution of 0.14 g (1 mmol) of dimethyl acetylenedicarboxylate in 5 ml of methanol
was dropped slowly into a solution of 0.14 g (1 mmol) of 3a in 10 ml of methanol at room
temperature. The mixture was refluxed for 3 h and the crude product was purified like Sa;
yield 0.18 g (77%), m. p. 166—173°C, recrystallization from methyl acetate, m. p.
171-173.5°C. — IR (KBr): 1745 (ester C=0), 1670 (amide C=0), 1597 (C=C), 1540,
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1320 cm~! (NO,). — UV (ethanol): A (g €) = 228 (4.05), 267 (3.86), 317 (3.80), 380 nm
(430). — MS: m/z = 253 (M®),

CioH11N;Os (253.2) Caled. C 47.43 H 438 N 16.59 Found C 47.32 H 4.35 N 16.39

Methyl 8-acetyl-1,2,3,5-tetrahydro-1-methyl-5-oxoimidazo[ 1,2-a]pyridine-7-carboxylate
(6b): Similar to 6a, a mixture of 0.14 g (1 mmol) of 3g and 0.14 g (1 mmol) of dimethyl
acetylenedicarboxylate in methano! was refluxed for 4 h; yield 0.20 g (80%), m. p.
100—105°C, recrystallization from methanol/diethyl ether, m. p. 111 —112°C. — IR (KBr):
1725 (ester C=0), 1650 (amide C=0), 1635(C=0), 1570 cm~! (C=C). — UV (ethanol).
Amax (I8 &) = 302 (3.77), 346 nm (3.85). — MS: m/z = 250 (M®),

C,;Hi4N,04 (250.3) Calcd. C 57.59 H 5.64 N 11.19 Found C 57.25 H 5.60 N 11.11

2,3,6,7-Tetrahydro-1-methyl-8-nitroimidazo[ 1,2-aJpyridin-5( 1H )-one (7a): A mixture of
0.43 g (3 mmol) of 3a and 0.26 g (3 mmol) of methyl acrylate in 15 ml of methanol was
refluxed for 30 h. The crude product was purified like Sa; yield 0.19 g (32%), m. p.
167—169°C. — IR (KBr): 1685 (C=0), 1612 em~! (C=C). — UV (ethanol): A, (Ig €) =
366 nm (4.27). — MS: m/z = 197 (M®).

CsH1N;0;3 (197.2) Calcd. C 48.73 H 5.62 N 21.31 Found C 49.00 H 5.67 N 21.05

Diethyl (E)-1-[(1-methyl-2-imidazolidinylidene Jnitromethyl J-1,2-hydrazinedicarboxylate
(8a): A solution of 0.53 g (3 mmol) of diethyl azodicarboxylate in 30 ml of benzene was
dropped slowly into a solution of 0.43 g (3 mmol) of 3a in 20 ml of benzene at room
temperature under stirring, and the mixture was stirred further at room temperature for
26 h. After removal of the solvent, the residue was digested with diethyl ether; yield 0.91 g
(96%), m. p. 98—101°C. — IR (KBr): 3310, 3370 (NH), 1730, 1750 (C=0), 1573 cm~!
(C=C). — UV (ethanol): Ay, (Ig €) = 330 nm (4.27). — MS: m/z = 317 (M®).

CyiHgNsOg (317.3) Caled. C 41.64 H 6.04 N 22.07 Found C 41.92 H 6.07 N 21.80

Diethyl (Z )-1-[acetyl( {-methyl-2-imidazolidinylidene )methyl]-1,2-hydrazinedicarboxylate
(8b): Similar to 8a, from 0.42 g (3 mmol) of 3g and 0.53 g (3 mmol) of diethyl azodicarbox-
ylate, 0.91 g (96%) of 8b was obtained, m. p. 98 —100°C. — IR (KBr): 3250, 3330 (NH),
1740, 1718 (ester C=0), 1685 (C=0), 1590 cm ' (C=C). — UV (ethanol): Ay, (Ig€) =
340 nm (4.20). — MS: m/z = 314 (M®),

Ci3HpN,Os (314.3) Caled. C 49.67 H 7.06 N 17.82 Found C 48.73 H 7.02 N 17.51

Diethyl (Z)-1-[methoxycarbonyl( {-methyl-2-imidazolidinylidene )methyl ]-1,2-hydrazine-
dicarboxylate (8c¢): Similar to 8a, from 0.47 g (3 mmol) of 3h and 0.53 g (3 mmol) of diethyl
azodicarboxylate, 0.90 g (91%) of 8c was obtained, m. p. 128.5—130°C. — IR (KBr): 3290
(NH), 1739 ¢cm ™! (C=0). — UV (ethanol): A, (Ig €) = 273 nm (4.35). — MS: m/z = 257
M — CO,C,H,)®, 242 (M — NHCO,C,H,)®.

Ci3HpNOg (330.3) Caled. C 47.27 H 6.71 N 16.96 Found C 47.24 H 6.57 N 16.85

Diethyl (Z)-1-[ethoxycarbonyl(1-methyl-2-imidazolidinylidene )methyl ]-1,2-hydrazinedi-
carboxylate (8d): Similar to 8a, from 0.51 g (3 mmol) of 3i and 0.53 g (3 mmol) of diethyl
azodicarboxylate, 0.76 g (74%) of 8d was obtained, m. p. 82—-85°C. — IR (KBr): 3300 (NH),
1744, 1705 (C=0), 1575 cm ™! (C=C). — UV (ethanol): Ay, (g €) = 273 nm (4.39). — MS:
mfz = 344 (M®).

CysHN,O4 (344.4) Calcd. C 48.83 H 7.02 N 1627 Found C 48.74 H 7.04 N 16.12
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