CONDENSATION OF N-SUBSTITUTED 5-AMINOOXAZOLES WITH MALEIMIDE:
TWO TYPES OF OXAZOLE RING REACTIVITIES

G. Ya. Kondrat'eva, M. A. Aitzhanova, UDC 542.953:547.787
V. S. Bogdanov, and 0. S. Chizhov

The Diels=Alder reaction is a characteristic cycloaddition of oxazoles [1]., Depending
on the properties of the starting components with the ethylenic dienophiles, the reaction
either stops at the stage of the 1,4 adduct (endoxotetrahydropyridine) or bypasses this stage
and directly leads to the formation of a substituted pyridine; major changes in the direction
of the condensation itself are not observed [2, 3].

5-R;N-Oxazoles have been found to enter into two types of condensation with maleimide,
Depending on the R chains in the R.N group and also on the solvent, the reaction may proceed
as a Diels—Alder reaction or by a heretofore unknown 1,3-addition scheme, Heterogeneous syn-
thesis a leads to substituted endoxopiperidines (I) and the corresponding pyridines (II) and
the competing transformation b leads to substituted A'-pyrrolines (III), but not to addition
at the CN bond as had been proposed previously for the case R* = R® = CH; and R = C;Hs [4].
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All the compounds obtained were characterized by elemental analysis and UV and IR spectra
which completely correlated with their proposed structures and also by NMR spectroscopy. The
PMR spectral data for all the compounds {I)-(IIL) and (IV) (see below) are given with the
description of these compounds; the *3C NMR spectral analysis is published separately,

2-Phenylamino-3, 6~endoxo-3,4,5,6~tetrahidropyridine~4,5~dicarboximides (I). Stable end-
oxypiperidines were described by Naito et al. [5]. They were not isolated in a single case
in the condensation of oxazoles with very varied substituents with maleimide [2, 6]. The
introduction of the N-phenylamino group to the endoxo bridge apparently leads to enhanced
stability of the bicyclic piperidines, and 2,4-dialkyl-~substituted 5-methylphenylaminooxa-
zoles react with maleimide in all solvents (except acetic acid) to yield stable endoxopiperi-
dines (Table 1).

All the compounds obtained undergo the retro-Diels—Alder reaction above 120-150°C. As
shown by the PMR spectra, the endoxopiperidine ¥ oxazole + maleimide equilibrium is slowly
established in solutions of (I). In benzene, for example, 2,6-dimethyl-3-methylphenylamino-
3, 6-endoxopiperidine~4,5~dicarboximide undergoes 30% decomposition at 20°C over 30 h; 45%
of the original compound remains upon 30 min reflux in this mixture. Upon prolonged storage,
(I) is slowly aromatized and the aromatization is accelerated in acid media. Thus, 6-methyl-
2~ethyl~3-methylphenylamino-3, 6-endoxopiperidine-4,5-dicarboximide is converted into 2-methyl-
6~ethyl-3-methylphenylaminopyridine-4,5~dicarboximide in acetic acid solution for 24 h at
20°C with >807% yield.

Molecular ion signals and peaks of the same intensity corresponding to oxazole and mal-
eimide are found in the mass spectra of the endoxopiperideines,

3-Aminopyridine~-3,5~dicarboximides (II). The formation of 3-aminopyridines in the con-
densation of aminooxazoles with maleimide (Table 2) is a typical Diels-Alder reaction., The
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TABLE 1.
oximides

3~Phenylamino~3, 6-endoxo-A'-piperidine-4,5-dicarb~

Com-
pound

R!

mp, °C

PMR spectrum, 6§, ppm, J,
Hz, TMS standard, inCDCl,

(Ia) CH;

(Ib) CH;

(fe) | CeHs

(Id | GCsHs

TABLE 2.

CH,

CH;

CH;

CH;

CH,

C.Hs

CH;

C.H

113-115
(decomp.)

112-114
(decomp.)
140—141

(decomp.)

5 142-145
(decomp,)

1,955 (6H, 2,6-CH,), 3,05s (3H, NCH,),
3.19d,3,48d (1H, 1H, H, and Hs, J=7.3),
7,50—7,00m (5H, CeHj)

1,975 (3H, 6-CH,). 2224, 1,00 t (2H, 3H,
C.Hs, J=17,0), 3,055 (3H, NCH,), 3,194,
3,48d (1H,1H, Hyand He, 7=1.5),
7.50—6,93 (SH. CsHj)

1,825, 260 s (3H, 3H, 2.6-CHs), 3.07d.
3,30d (1H, 1H. H.andHg, J=7.5),
7.58—6.87 m (10H, CsHs)

2,025 (3H, 6-CHs), 2.20q, 092t (2H. 3H,
C.Hs. J=7.0), 3.67d.3.28d (1H, 1H,

HyandHs, /=7,3), 7.55-6,83 m (10H,
CeHs)

3-Aminopyridine-4,5-dicarboximides (II)

Com-
pound

R

NR,

mp, °C

* (I1i) was identified ac-

Color | cording to its PMR spectrum

(Ila) | CH,

(k) | CH,

(1fe) CH,

(11d) CeHs

(ITe) CH,

(11f) CH;

(I *  [CH;

(I11) CH,

(11) CH;

CH;

CH;

H

CH,

C.Hy

CH;,

Cells

CH;,

C.H;

N (CZHS) 2

N (C.Hg) 2

N (CH.) CeHs

N (CHg) CoH;

N (CH,)CeHs

N (CHa) CeHs

N (CH3) CoHs

N (CH,) Cells

N(CeHs) .

N (CeHs)s

138-139

161132

239-240 »

100-117 »
gdecomp.)

220-221

197-199 »
(decomp.)

Light
yellow

CsDsN: 2,735 (3H, 2-CH,),
2955 (3-H, 6-CH,). 3,334,
1,00t (2H, 3H, N-C:Hs,
J=170)

CDCl:: 2.70s, 2,84 s (3H,
3H. 2- and 6-CH,). 0.85 m
1,35 m 3.20 m (6H, 4H.
4H, C.Ho)

CsDsN: 2,93 s (3H, 6-CHj),
8705 (1H, 2-H), 3,505
(3H, NCH3), 7,38-6.88 m
(3H, C.Hs)

C;DsN: 3,49s (3H, NCH3).
8,85 (1H.2-H), 8,25-7,00m
(10H, Ge¢Hs)

CgDg+ (CD:;) zCOZ 2,23 S (3H.
2-CHj), 2,808 (3H, 6-CHs),
3.03s (3H,NCH,;), 6,22~
7,12m (5H, CeHs)

CsDsN: 2925 (3H, 6-CH,),
3,325 (3H, NCH3), 1,17 t,
2,70 q (3H, 2H, C,H;.
J=75)

DMFA-dg: 2.38s (3H,
2-CHj), 3.33 s (3H, NCHs).
8,056,435 m (10H, CeHs)

CDCl;: 2,94 s (3H, 6-CH;),
3,07s (3H,NCH;),
6,/1—7,7 m ( IOH, CsHs)

CH;COOH: 2,28 (3H,
9-CHa), 274 s (3H,
6-CHy). 7.38-6,73,

(10H, CsHs)

CD,0D: 2,98s (3H, 6-CH;),
1,05t 2,809 (3H, 2H, C.H;,
1=15), 7,32-6,77m (10H.
CeH;)

Yellow

Red

Dark red

*(II1i) was identified according to its PMR spectrum,

aromatization of (I) proceeds only with the loss of water:

and the parallel formation of &-

pyridinols due to the loss of the secondary amine does not occur

HO

0—NH
CO

RI

«H#— (1)

—_— (II)
-RyNH -H0
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Amides of A'-Pyrroline-3,4,5-tricarboxylic Acids (TII), 5-Dialkylamino-substituted oxa-
zoles and those 5-methylphenylamino derivatives in which C(4) is not substituted are the most
reactive in the 1,3 addition with maleimide. Compound (III) is formed from these compounds
in benzene and ether solutions (Table 3) as the predominant and, sometimes, only product, 5-
Methylphenylaminooxazoles with the alkyl substituents in the ring react mainly by the Diels—
Alder reaction though in benzene solutiom, both 1,3 and 1,4 additions compete. The 5-diphen-
yl-substituted derivatives do not give A'-pyrrolines under any conditionms,

It was possible to establish the spatial configuration of (III) only for compounds (IIIc)
and (IIId), in which the arrangement of the three protons may be determined on the basis of
the spin—spin coupling constants:

trans

In the spectrum of the cis isomer (III¢c) in CDCls, we find: a) a doublet of doublets for Hy
at 3.23 ppm with JHA He = JHA’HB=9'5 Hz since the dihedral angles between the bonds of the
] 22 :

corresponding hydrogens are close to zero, b) a broadened Hp doublet with §Hg = 3.80 ppm and

= 9.5 Hz as a result of the vicinal spin—spin coupling with Hp (broadening due to a weak
coupllng with Hg), and c) a quartet of doublets for He with 6Hg = 4.83 ppm, JH JH = 9,5,

C» A
JH CHy = 1.5 Hz (probably the homoallylic constant). In the spectrum of the trans isomer
C? 8

of (IIIc) in CDCis, we find: a) a doublet of doublets for H, (3.78 ppm) with JHA:HB = 8.5 and
JHAaHC'z 2.5 Hz, b) doublet of doublets for Hp with §Hp = 4,17 ppm and JHB:HA = 8.5 and
JHB’HC = 2,5 Hz, and c) quartet of doublets for HC (4.95 ppm) with JHC:HA = JHC:HB = 2.5,
JHe,CH, = 1.5 Hz.

The reaction of 2-methyl-5-methylphenylaminooxazole with maleimide in ether yields only
the cis isomer of pyrrolinedicarboximide, but the pyrroline with trans configuration [trans-
(111d)] forms from 2-phenyl-5-methylphenylaminooxazole in toluene at 110°C.

Pyrrolines (III) have a labile hydrogen atom Hp which is capableof:

a) Reversible replacement by deuterium by the action of CdsOD (in excess);

Hy R

nn === 0% H)l: :NCONRZ
*‘Ta Vi
02}__—_<<R1

D

Upon refluxing (IIIe) in CDsOD, a 3:1 equilibrium of the deuterated and nondeuterated forms
is established in 1 h. Under the same conditioms, there is 60% deuteration of cis-(IIlc),
50% deuteration of trans-(IIIc), and 27% deuteration trans-(IIId).

b. Electrophilic attack of the double bond of a second molecule of maleimide with the
formation of addition products (IV). Adducts (IV) are also formed during the condensation
of oxazole with maleimide itself, even if the starting compounds are taken in equimolar
amounts; for an excess of maleimide in the reaction mixture, the yield of (IV) increases:

CH—CO
(i + " - \NH — (IV)
CH—CO

Reversible deuteriumexchange with the allyllc CHs group hydrogen occurs in pyrrolines (II1) and
(IV) at the ring double bond, which indicates the existence of imine—enamine tautomers:
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TABLE 4. Yield of the Products of Condensation of 2,4-Dimethyl-
5-methylphenylaminooxazole (I) and (III), %

Com-

pound — |[Ether | con | cefs [Acetone | cH,0H | DMSO | GHN | CHNO:
(I) | 100 | 100 I 100 | 50 ! 60 7 70 50 80

(1) -1 = - 50 - 50 - b~ 10

TABLE 5. Yield of the Products of the Condensation of 5-Amino-
oxazoles in Various Solvents, % (20°C)

RzT_HN
1
RaN—,
0
Ether Benzene CH;COOH

1,4~ 1,3- 1,4- 1,3- 1,4~ | 1,3-
Rt " R? RoN _ _ _ i

~lslElEls|E|8|&2]|=|B|E|¢&
cH, |cH N(C.Hs) {16 |84 | —~|-|--f100| —|~—}20]|—}7
cHs [cHl | N@HD: | 2 45| || [B0]| 10|~ |40 |12
CH, |CH: | N(CH:))GeHs 100 —-|~—~] — [0} — 180} —} - A B
CH; C.H; Same 100f — | -~ -~ 150 {-—-150 -— 1 ==
CH, |H » “0 lso] —~1--120155] —~{--1 3{—1|-—
CeHs |H » | 1,5/98 [ -~ |-~ ]10]40 | |- 23 —f -
CH; |[CH; N(CsHs)2 50| ~|— ] —480 | -—-]—~|—-1-— 22 -1 -
CH:; |C:H; Same 50 -1 --] — 180 {—1-—] —~}]-— 21—
CH; |[CeHs | N(CH;)CeHs No reaction - K 55 -
CsHs CH; Same -

0 ; : on Ha® o H, R H, B
P>_._|:;;ONR9 y-_%corm, @ }——‘:\?oxn__, 0>__JTCONP‘2
H / <= HN NH —-»"E' H D £=HN /N
L T T L T
0 CH, o7 L eH, 0 H, 0 CH,D
B .

D D

The reaction has a lower rate [especially in the case of compounds (IV)] relative to proton
exchange Hy % D: 2,5-dimethyl-5-methylphenylcarbaminopyrroline-3,4-dicarboximide (IIIe) under-
goes 857 deuteration over 10 days in CD3OD, while its derivative (IVe) undergoes only 15Z
deuteration under the same conditions,

Substituent Effect of the Direction and Yields of the Reaction Products. The reaction
direction and yields of the products of the 1,4 and 1,3 addition of maleimide are primarily
dictated by the individual structure of the oxazole and, to a lesser extent, by the external
conditions. The optimal solvent and temperature mode for obtaining specific compounds should
be individually selected though there are some general recommendations, The maximum yield of
(III) and (IV) is observed, for example, in condensation in benzene solutions; the Diels—Alder
reaction proceeds better in acetone and ether, though 4-H-5-R;N-oxazoles give 80-100% 1,3 ad-
dition also in ether solution (Table 5).

The effect of different types of solvents was studied in greatest detail for 2,4-dimeth-
yl-5-methylphenylaminooxazole. A mixture of equimolar amounts of the starting reagents was
maintained for 5 days at 20°C and then analyzed by PMR spectroscopy (Table 4).

The free electron pair of the RN group is neutralized in glacial acetic acid, which,
to a considerable extent, makes aminooxazoles similar to functionally unsubstituted deriva-
tives; therefore, the reaction with maleimide is mainly directed towards the formation of
the 1,4 addition products. In acid medium, the primary products of the condensation [endoxo-
piperidines (I)] are aromatized and pyridinedicarboximides (II) crystallize from the reaction
mixtures. In order to decrease the cleavage and tar formation of many acidophobic aminoox-
azoles, the reaction is best conducted at 20°C, At higher temperature, the pyridine yield
drops. Aminooxazoles umsubstituted at C(4), which are especially sensitive to the action of
acids, are decomposed in acetic acid almost completely. 2-Phenyl-4H-5-methylphenylaminooxa-
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zole in benzene solution does not react with maleimide, and addition products are obtained on-
ly in refluxing toluene. 5-Methylphenylaminooxazoles with a phenyl group on the ring and
substituted at C(4) does not enter reaction in benzene, refluxingxylene, or acetic anhydride.
A similar ring deactivation by the phenyl group was previously noted by Pfleiderer et al. [2].

EXPERIMENTAL

For the synthesis of the starting aminooxazoles, see our earlier work [7]. The reaction
with maleimide was carried out by the standard method and the final products were isolated by
various methods described below. All the aminopyridinedicarboximides (II) obtained were re-
crystallized from 967% ethanol (exceptions are stipulated). The elemental analytic data are
given in Table 6.

a. To 0.025 mole oxazole in 100 ml abs. ether, 0.025 mole maleimide powder was added
with stirring and the mixture was maintained for 5 days at 20°C. Then, the ether was dis-
tilled off in vacuum.

"b. To 0.02 mole oxazole in 3 ml benzene, a solution of 0,02 maleimide in 30 ml benzene
was added slowly with stirring. The mixture was heated at reflux for 3 h or maintained for
5 days at 20°C and then evaporated in vacuum.

c. To 0.0l mole oxazole in 8 ml acetic acid, 0.01 mole maleimide was added, and.the mix—~
ture was maintained for 5 days at 20°C and evaporated in vacuum.

Reaction with 2,4-Dimethyl-5-diethylaminooxazole. a. Compound (IIa) was precipitated
by 507 ethanol from the residue after distillation of the ether. The filtrate was dried in
vacuum and the remaining (IIIa) was washed with cold ethanol.

b. The reaction in benzene at 20° and 80°C leads to the quantitative formation of
(I1Ia). When maleimide is introduced in a single batch, then, in addition to (IIIa) (30%
yield at 80°C), (IVa) is also obtained in 327% yield (at 30°C). The separation was carried
out by crystallization from ethanol.

c. Bright orange 2,6-dimethyl~3-~diethylamino-4-carboxy-5-carbaminopyridine (V) was pre-
cipitated by a 1l:1 ethanol—acetone mixture from the residue after distillation of the acetic
acid in 10% yield (reaction at 118°C); mp 214-216°C. The PMR spectrum in CsDsN solvent, 6,
ppm: 2.88 s, 2.94 s (6H, 2- and 6-CH3), 3.30 q, 0.995 t (2H, 3H, NCoHs, J = 7.0 Hz). The
mother liquids were evaporated, and (Ila) was precipitated from the residue with 50% ethanol
(10%Z yield, reaction at 118°C). For 1l:2 oxazolemaleimide molar ratio (reaction at 20°C),
(IVa) precipitated from the mixture in 77 yield.

Reaction with 2,4-Dimethyl-5-dibutylaminooxazole. a. The residue after distillation
of the ether was crystalli-ed from 507 ethanol to yield (IIb); the mother liquid was evapor-
ated and the presence of (IIIb) and unreacted oxazole was established by PMR spectroscopy.

b. The residue after distillation of the benzene was washed with ethanol and (IVb) was
filtered off; (IVb) was washed with CCl,. All the filtrates were evaporated in vacuum and
(IIIb) was precipitated from the residue by 507 ethanol.

c. Compound (IVb) precipitated from the reaction mixture after 24 h and then was washed
with CCls. Compound (IIb) was precipitated from the evaporated filtrates with aqueous ethan-
ol,

Reaction with 2,4-Dimethyl~5-methylphenylaminooxazole, a. After evaporation of the
ether, pure (Ia) was obtained in the residue, whichwas recrystallized from ether,

b. Compound (IIIe) was obtained by subjecting the residue after the evaporation of
benzene to fractional crystallization from ether; the mother liquid was evaporated, washed
with 1:2 acetone—water and the precipitated (Ia) was recrystallized from ether. Compound
(IVe) was precipitated from the reaction mixture with excess maleimide in 10/ yield, while
the yields of (Ia) and (IIle) were 45% and 457,

c. Compound (IIe) was precipitated from the residue after distillation of the acid with
ethanol; 43% yield at 118°C. The reaction with excess maleimide, in addition, gave 2% (IVe).

Reaction with 2-Methyl-4-ethyl-5-methylphenylaminooxazole. a. As in the previous case
(method a), (Ib) was isolated.
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TABLE 6. Elemental Analyses of Compounds (II)-(V)

Found/calculated, Found{,;:alculated,
- Com-

([:ngllrrlld Formula % pc(:und Formula -
. C H N C H N
64,15 | 579 [1395| 73,80 | 546 | 11,26
(12) CieHuNsOs 7557572 | 1404 | (M) | CoeHoNsO: 17395775 3671 71,76
6525 | 6,09 | 13,21 58,31 | 743 | 1588
(®) CisHuNsOs G515 (511 | 13,41 | (18) | CiaHuNsOs 5 g 75515 84
60,76 | 5,44 | 11,32 63.88 | 553 | 14,39
(Ic) CaHisNeOs 159 7971530 14,63 | (M) | CosHuNoOs G351 530 (14,73
70,00 | 579 |10,99 69,26 | 4,96 | 11,04
() |CaFaNsOs |753e | Eor (1119 | (M) | CooHuaNiOs 155757 293 12,10
6341 | 6,90 | 1635 6409 | 570 | 1425
(ma) | CuHuNiO: 5377|695 16,90 | (THe) | CusHarNsOs 67507 5,72 | 14,04
67,50 | 8,26 | 1357 65.00 | 6,10 | 13,29
(b) | CoHusN:Os 57357831 (1385 | (M) | CoHuoNsOs | Geqe 1511 {1341
67,21 | 503 | 1576 65.20 | 473 12,20
()  |CisHuNO: 157257 Z90 [15,72 | (18) | CaHuNiOs | 5575717785 12,22
72,61 | 472 | 12,50 56.33 | 6,21 | 1542
(1d) | CoHisNsO: 55937 759|276 | IVa) | CoHwNOs 1 Fear 61546
67,95 | 520 | 15,20 60,00 | 7,30 |13.39
(fle) | CuaHusNaO: 1ggar5 3" 7.5 | (VD) | CaaHaoNiOs 4557753717339
68,68 | 592 | 14,3 61,13 | 529 |13:82
af)  |CoHaNO: 1553 1585|1223 | (IVe) | CooHauNiOs 1506517509 |12 14
73,60 | 482 | 12,50 61,00 | 5,25 | 13,30
1) | CuluNiO: 73751795 1224 | (VD) | CulleNiOs |57 2157071 13,65
7350 | 492 | 12,38 58,63 | 745 | 15,62
() | CaHuNsO: [F35E 7097|1202 1 (V) CisHuNsOs | 558|755 | 15.84

b. Compounds (Ib) and (IIIf) were separated from the residue after evaporation of ben-
zene by fractional crystallization from ether. Compound (IVf) was isolated in 34% yield, in
addition to (Ib) and (IIIf) (in 33% yield), with an excess of maleimide.

c. As in the previous case (method c¢), (IIf) was isolated, while 3% (IVf) was also ob-
tained with excess maleimide.

Reaction with 2,4-Dimethyl-5-diphenylaminooxazole. a. Compound (Ii) precipitated di-
rectly from the reaction mixture and was recrystallized from ether.

b. The residue after evaporation of benzene was treated with 50% ethanol. The reaction
at 80°C yields 100% (Ic).

c. After distilling off the solvent, (IIi) was identified by PMR spectroscopy.

Reaction with 2-Methyl-4—ethyl-5~diphenylaminooxazole. a. The PMR spectrum of the res-
idue after removal of the ether showed ;he presence of (Id) and of the starting compounds.

b. The reaction at 80°C gives a quantitative yield of (Id).
c. Compound (IIj) was isolated by treatment as in the previous case (method b) and the

diphenylamide of acetylaminobutyric acid was isolated from the filtrate after the removal of
(113).

Reaction with 2-Methyl-5-methylphenylaminooxazole. a. The residue after the evapora-
tion of the ether solvent was subJected to fractional crystallization from ethanol which
yielded (IIc) and (IIlc).

b. After removal of the benzene, (IIc) and cis-(IIIc) were obtained by fractional crys-
tallization from ethanol; the filtrates were evaporated and PMR spectroscopy showed the pres-
ence of trans-(IIIc). The percentage ratio of the isomers varied,

c. The residue after distilling of the acetic acid was treated with ethanol and (IIc)
was separated,

Reaction with 2-Phenyl-5-methylphenylaminooxazole. a. The reaction mixture was main-
tained for 2 weeks at ZO?C and then evaporated; (IId) was extracted by a large volume of
ether, and (IIId) remained in the residue.
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b. After reaction in refluxing toluene, the mixture was evaporated in vacuum and (IId)
was extracted with ether; (I1Id) was precipitated from the residue after evaporation of the
mother liquid with 50% ethanol.

c. Compound (IId) was precipitated from the evaporated reaction mixture (reaction at
118°C) with ethanol.

The Reaction with 2-Methyl-4-phenyl-5-methylphenylaminooxazole. Compound (IIh) was iso-
lated by the same treatment as in the previous case (method c¢).

The Reaction with 2-Phenyl-4-methyl-5-methvlphenylaminooxazole. The reaction mixture
obtained by method c was filtered., (IIId) was washed with CCl, and the mother liquids were
evaporated and (Ilg) was precipitated with ethanol.

CONCLUSIONS

1. Substituted S5-aminooxazoles enter two types of condensation with maleimide 1,4
cycloaddition and 1,3 addition at the C(2) and C(4) ring atoms which was observed
for the first time for oxazoles. The former reaction leads to the formation of amino-substi-
tuted endoxopiperidine-4,5-dicarboximides, while the latter yields amides of A'-pyrroline-3,
4,5~-tricarboxylic acids,

2. The predominant condensation reaction depends mainly on the specific features of the
starting oxazole and, to a lesser extent, on the solvent used,
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