3706 Vol. 29 (1981)

Notes

[Chem. Pharm. Bull.
29(12)3706—3712(1981)

Reaction of Aromatic N-Oxides with Dipolarophiles. IV." Factors affecting
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Pyridine 1-oxide was subjected to 1,3-dipolar cycloaddition with phenyl isocyanates
having an ortho, meta or para substituent group. The reaction conducted at 90°C
in dimethylformamide gave the 2,3-dihydropyridine-form cycloadduct, although the
reaction of pyridine 1-oxide with phenylisocyanate directly affords 2-anilinopyridine. An
increase of the reaction time led to increases in the yields of 2-anilinopyridine and 1-phenyl-
carbamoyl-2-phenylimino-1,2-dihydropyridine, while the yield of the cycloadduct tended to
decrease. The reaction at 150°C resulted in an increased yield of 2-anilinopyridine. The
reactions of 2-anilinopyridine and 5-methyl-2-anilinopyridine with phenyl isocyanate at
room temperature afforded the corresponding 1-phenylcarbamoyl-2-phenylimino-1,2-dihy-
dropyridines, whereas the reactions of 3-methyl- and 3,5-dimethyl-2-anilinopyridines with
phenyl isocyanate at 90°C afforded 2-(N-phenylcarbamoylanilino)pyridine derivatives.

Keywords——1,3-dipolar cycloaddition; 2,3-dihydropyridine-form cycloadducts; 2-
anilinopyridines; 1-phenylcarbamoyl-2-phenylimino-1,2-dihydropyridines; 2-(N-phenyl-
carbamoylanilino)pyridines

The general character of 1,3-cycloaddition reactions of 3-alkylpyridine 1-oxides with
phenyl isocyanates has been well studied"® and the route via the 2,3-dihydropyridine-form
cycloadduct has been extended to 3-bromopyridine 1-oxide derivatives, which afford the
oxazolo[4,5-b]pyridine structure.® It was reported that the reaction of pyridine 1-oxide (I)
with phenyl isocyanate (IIa) directly affords 2-anilinopyridine (Va),® but in this work we
carried out 1,3-dipolar cycloaddition of IIa to I and succeeded in isolating the 2,3-dihydro-
pyridine-form cycloadduct.

This paper presents a study of the factors affecting the reaction of I with o, m and p-
substituted phenyl isocyanates (II) as a typical 1,3-cycloaddition. The results confirm an
earlier assumption that the reaction course involves the initial formation of the primary
1,2-dihydropyridine-form intermediate (III), in accord with Huisgen’s original proposal.®

In the previous report,® a time course study was carried out of the reaction of I with Ila
in dimethylformamide (DMF) by determining the product composition by means of quan-
titative thin-layer chromatography; it was demonstrated that the initially formed 1,2-dihydro-
pyridine-form intermediate (ITla) immediately rearranged to the 2,3-dihydropyridine-form
cycloadduct, namely 2-oxo-3-phenyl-8a,7a-dihydrooxazolo[4,5-b]pyridine (IVa), and Va was
successively formed from IVa. Since then, we have extended this reaction to dipolarophiles
of II having a methyl or chloro substituent group at the ortho, meta or para position, and the
effects of reaction time, temperature and solvent on the cycloaddition were investigated.

With double the molar quantity of IIa in DMF, the yield of IVa reached a maximum after
heating at 90°C for seven hours. Increase of the reaction time led to increased yields of Va
and 1-phenylcarbamoyl-2-phenylimino-1,2-dihydropyridine (VIa), but the yield of IVa
decreased, while elevation of the reaction temperature to 110°C also resulted in increased
yields of Va and VIa. However, at 150°C only Va was obtained. In the previous studies,
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3-picoline 1-oxide was reacted with Ila at 110°C in DMF to afford two isomeric cycloadducts,
6-methyl- and 7a-methyl-2-oxo0-3-phenyl-3a,7a-dihydrooxazolo[4,5-b]pyridine, in 249, and
349, yields, respectively,? and the reaction of 3,5-dimethylpyridine 1-oxide with Ila under
these conditions also afforded the corresponding 6,7a-dimethyl derivative in 689, yield.3®
These 2,3-dihydropyridine-form cycloadducts having a methyl group are rather stable even
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Chart 1
TasLE I. Effects of Reaction Temperature, Duration and Solvent on the
Reaction of Pyridine 1-Oxide with Phenyl Isocyanate
Conditions Product yields (%)®

Solvent Temperature (°C) Duration (h) IVa Va Via
DMF 70 6 11.7 — 1.7
DMF 90 3 12.3 e 2.2
DMF 90 7 41.0 — trace
DMF 90 12 25.7 1.5 2.6
DMF 140 7 — 60.0 —
DMF 150 3 — 35.3 —
DMF 150 7 o 38.2 e
DMF 150 12 — 47°1 —
DMSO 90 7 21.0 5.1 0.9
DMSO 150 3 - 43.2 1.9
DMSO 150 7 — 47.2 —
DMSO 150 12 79.4 o
Dioxane 90 7 4.1 — e
Toluene 90 7 3.5 o 0.4
CHCl, Reflux 12 — 1.2

a) Calced on the basis of 1.
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at 150°C. The reaction of I with ITa at 90°C in DMF affords IVa in 419, yield at the most.
Thus, it appears that a methyl group at the 3-position has a marked effect on the cycloadduct
formation and the driving force for rearomatization is not very strong. In the cycloaddition
of II having a methyl or chloro substituent group at the ortho, meta or para position with
I, m- and p-substituted phenyl isocyanates barely afforded the corresponding 2,3-dihydro-
pyridine-form cycloadducts (IV) and there was no formation of 2-anilinopyridines (V) or 1-
phenylcarbamoyl-2-phenylimino-1,2-dihydropyridines (VI).

The cycloadducts (IV) thus obtained gave elemental analysis data corresponding to 1: 1
adducts of the reactants and their ultraviolet (UV), infrared (IR) and nuclear magnetic
resonance (NMR) spectra were similar to those of cycloadducts formed from 3-picoline 1-oxide
and IIa.D

TaBLE II. Analytical and Spectral Data for 2,3-Dihydropyridines (IV)

7
0)
6 Ta N
5(1\1\4@1\1/ -
H
R
Analysis (%)
Calcd .
Compd. mp Appearance s Yield
No. R (°C) { ): recryst. solvent Formula (Found) (%)
P N
C H N
IVa H 160—161 Colorless prisms CyoH,(N,0, 67.28 4.71 13.08 41.0
(CH,CN) (67.25 4.85 13.21)
IVe m-CH, 184 Colorless prisms CysH1N,0, 68.41 5.30 12.27 1.8
acetone—n-hexane) (68.38 5.21 12.20)
IVd p-CH;  159—160  Colorless prisms C1oH1s N0, 68.41 5.30 12.27 2.2
(benzene) (68.46 5.32 12.41)
IVt m-Cl 121—122 Colorless prisms C;.H CIN,O, 57.96 3.65 11.27 5.2
(acetone-n-hexane) (58.01 3.49 11.18)
IVg p-Cl 170 Colorless prisms C,H,CIN,0O,  57.96 3.65 11.27  10.1
(benzene) (57.92 3.61 11.28)
NMR (in CDCl,, 60 MHz): 7
. .. _ MS (m/e)
Compd. IR ”%:b‘;m ' CrH(d-d, Cs-H(d-d, Ceand C,H C,and phenyl  —
’ = Jra-a=9, Jaa-a=9, (2H, m) C-H (5H, m) M+ M+-CO,
Jra-7=5) J3a-7=2)
IVa 1735 4,80 3.26—4.00 (3H, m) 2.00—3.00 214 170
(6H, m)
IVe 1739 4.98 4.05 3.20—-3.85 2.00—2.70 228 184
Ivd 1755 4.98 4.15 3.40—4.00 2.15—-2.83 228 184
Ivs 1743 4.80 3.40—4.00 (3H, m) 2.00—3.00 248, 2504) 204, 2064
IVg 1752 4.80 3.25—4.00 (3H, m) 2.00—2.70 248, 2502 204, 206®

a) Relative intensity 3: 1, due to chlorine atom.

In order to gain some insight into the interaction between V and II, the effects on the
carbamation of V with Ila of reaction time, temperature and solvent were investigated, and
the results were applied to the synthesis of analogous compounds (VII, IX and X).

The starting material (V) were prepared from the reaction of 2-bromopyridine with anilines
having a methyl or chloro substituent group at the ortho, meta or para position according to
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Tasre III, Analytical Data for 2-Anilinopyridines (V)

Analysis (%)
Calcd

Compd. mp (°C) IR »EBL: Appearance Yield®
No, (dit)  om-t (NH)  (): recryst, solvent ~ Formula (Found) (%)
e N,
C H N
Va  109—110 3180 Colorless plates CyHyoN, 77.62 5.92 16.46  69.1
(106—107)%» (ether) (77.57 5.92 16.47)
Vb 88—90 3150 Colorless prisms ~ CyHy,N, 78.23 6.57 15.21  56.1
(n-hexane) (78.48 6.56 15.10)
Ve 67—69 3170 Colorless prisms C2H;,N, 78.23 6.57 15.21 67.3
(n-hexane) (78.38 6.67 15.47)
Vd 110—111 3160 Colorless prisms CyoHy o N, 78.23 6.57 15.21 51.9
(105—106) 7 (EtOH-H,0) (78.52 6.53 15.10)
Ve 85—87 3160 Colorless prisms C, H,CIN, 64.54 4.44 13.69 74.2
(n-hexane) (64.65 4.48 13.67)
Ve 79—81" 3170 Colorless needles C1HCIN, 64.54 4.44 13.69 50.0
(n-hexane) (64.68 4.44 13.84)
Vg 116—118 3180 Colorless prisms C, H,CIN, 64.54 4.44 13.69  63.6
(116)® (n-hexane) (64.82 4.55 13.92)

a) Calcd on the basis of 2-bromopyridine as described in “Experimental.”

Huisgen et al.50 (Table I1I), and 2-anilino-3-methylpyridines (VII, IX and X) were prepared
from the corresponding 2,3-dihydro-methylpyridine-form cycloadducts by elimination of
carbon dioxide as described in the previous reports.!+2?)

It has become apparent that the product of this carbamation procedure with Ila depends
on the reaction temperature and the presence of a methyl group in the pyridine ring of 2-anilino-
pyridines (Va, VII, IX and X) markedly influences the structure of the reaction product.

1-Phenylcarbamoyl-2-phenylimino-
1,2-dihydropyridines (VIa and VIIIa)
are obtained almost quantitatively
when the reactions of Va and VII with
Ila are run at room temperature for -
three hours, but the reaction of Va 4.9+
with IIa in chloroform under reflux
for three hours resulted in a lower

log €}
4.6 -

. 3.8F

yield.
On the other hand, IX and X u

hardly reacted with IIa on heating to 3.4F
90°C and the products isolated were L
not the imino-form compounds (VIa 3.0 , .
and VIIla) but the carbamation pro- 250 300
ducts (XIa and XIIa) as shown in Wavelength, nm
Chart 1. The imino-form compounds Fig. 1. UV Spectra of Imino (VIa and VIIla)
(VIa and VIIIa) possess intense bands at and Anilino (XIa and XIJa) Compounds
longer wavelengths. They are located .. : Vla, —: VIIla, ——: XIa, ——: XIIa.

in the range of 290 to 300 nm and
assigned to the n—=* electronic transitions of the iminodiene chromphores,® while XIa and
XIla give a UV spectrum with a maximum at 250 nm as shown in Fig. 1.

The NMR spectra of the imino-form compounds (VI) in deuterated chloroform exhibit
one proton signal due to the olefinic hydrogen on the beta carbon as a doublet (J3-4=8.3 Hz)
at 73.66—3.88. Their mass spectra (MS) and elemental analyses are consistent with the
empirical formulae for the carbamation products of 2-anilinopyridines (V).
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Fig. 2. NMR Spectra of VIa, VIIIa and XIIa in Deuterated Chloroform

The use of DMF, dimethylsulfoxide (DMSO) and dioxane as solvents unexpectedly resulted
in lower yields of VI, and elevation of the reaction temperature to 90°C also resulted in a
decreased yield. With regard to the influence of substituent groups in the anilino site among
2-(0-, m or p-substituted anilino)pyridines, a methyl substituent group has more effect on
the carbamation than a chloro substituent group, probably because of its electron-donating
power.

On the other hand, the carbamation products (XIa and XIIa) of 3-methyl- and 3,5-
dimethyl-2-anilinopyridines were confirmed to possess an aromatic pyridine nucleus by UV
and NMR spectroscopy (Figs. 1 and 2). In this case, the substitution by IIa is considered to
occur on the anilino nitrogen site to give 2-(N-phenylcarbamoylanilino)pyridines; it is evident
that the presence of the methyl group adjacent to the anilino group has a pronounced effect,
leading to predominant carbamation on the anilino nitrogen.

TaBLE IV. Analytical and Spectral Data for 1-Phenylcarbamoyl-
2-(substituted phenyl-imino)-1,2-dihydropyridines
s\

(. =R
G\N/;\N.— —/

7
CIIONH—<i>

Analysis (%)
Calcd

Compd. o Appearance . Yield
Ncﬁ mp (*C) (): rgcg'yst. solvent Formula (Found) (%)
e N
C H N

Via 119—120 Colorless prisms CysH;; N30 1/2H,0 72.46 5.41 14.08 98.8
(ether—acetone) (72.61 5.36 14.15)

VIb 127—128.5 Colorless prisms C1oH;,N,0O 75.22 5.65 13.85 80.1
(ether—acetone) (75.46 5.73 13.97)

Vic 87—89 Colorless needles C;oH,, N0 75.22 5.65 13.85 84.1
(ether—acetone) (75.27 5.67 14.01)

VId 135—137 Colorless prisms CyoH ;N3O 75.22 5.65 13.85 86.5
: (ether—acetone) (75.02 5.67 13.83)

Vie 109—110.5 Colorless prisms CysH,,CIN;O 66.76 4.37 12.98 67.2
(ether—acetone) (66.56 4.32 13.10)

VIt 122—123 Colorless needles Cy5H4CIN;O 66.76 4.37 12.98 75.9
(ether—acetone) (66.86 4.27 13.16)

Vig 160—162 Colorless prisms C1sH,,CIN,;O 66.76 4.37 12.98 89.9
(ether—acetone) (66.51 4.25 12.76)

Vila 130—131 Colorless prisms CypH ;N0 75.23 5.65 13.85 95.0
(ether—acetone) (75.46 5.68 13.66)
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NMR (in CDCl,, 60 MHz): 7

MS (mfe
Compd- ¢ 'H(d, CyoH(dd, N-H® Others (CoH, CoH, onfe)
’ J3-4=8.3) J4-5=5.0, (br.s) 2 phenyl C-H) M+ M+ —~CONHCgH;
Je-4=1.8)
Via 3.66 1.70 —2.72 2.60—3.37 (12H, m) 289 169
VIb 3.73 1.65 —-2.93 7.80 (3H, s, CHy); 303 183
2.10—3.33 (11H, m)
Vic 3.66 1.70 —2.73 7.53 (3H, s, CH,); 303 183
2.20—3.30 (11H, m)
VId 3.66 1.70 —~2.72 7.53 (3H, s, CHy); 303 183
2.20—3.30 (11H, m)
Vie 3.73 1.66 —2.93 2.06—3.22 (11H, m) 323, 325® 203, 205»
VIf 3.66 1.70 —2.57 2.10—3.30 (11H, m) 323, 325» 203, 205%
Vig 3.66 1.70 —2.72 2.07—3.60 (11H, m) 323, 325® 203, 205»
Vila 3.88 1.85(d, —2.60 2.20—3.20 (11H, m, 303 183
Js-4=2.0) C,—H, 2 phenyl C-H)
a) Disappeared upon the addition of D,0.
b) Relative intensity 4: 1, due to chlorine atom.
Experimental

All melting points are uncorrected. IR spectra were recorded on a Nippon Bunko DS-301 infrared
spectrometer. 'H-NMR spectra were taken with a JNM-C-60 H spectrometer in ca. 5% (w/v) solution with
tetramethylsilane as an internal standard; the chemical shifts are expressed as v values. MS were taken
with a JEOL JMS-01SG spectrometer.

Reaction of Pyridine 1-Oxide (I) with Phenyl Isocyanates (II)~—Compound 1I (0.08 mol) was added
dropwise to a solution of 3.8 g (0.04 mol) of I in 30 ml of DMF with stirring at room temperature, and the
mixture was heated under the conditions indicated in Table I.

a) Separation of IV: When the reaction was over, the reaction mixture was concentrated ¢n vacuo
below 60°C and the residue was dissolved in a small amount of benzene. Next, 20 ml of ether was added
with shaking. The mixture was allowed to stand overnight below 10°C and the resulting colorless crystals
were collected by suction then washed with a small amount of cold ether. The crystalline mass was recrystal-
lized to give an analytical sample of IV (Table II).

b) Separations of Vand VI: The above ethereal solution was washed with H,0 and dried over Na,SO,,
then the solvent was removed. The residue was dissolved in a small amount of CHCI; for chromatography
on 30 g of Silica gel (200 mesh), using CHCl, as an eluent. The first effluent fraction yielded VI, which was
purified by recrystallization. The product showed melting point and spectral absorption properties identical
with those of the product from the reaction of V and IIa (Table IV). Subsequently, V was obtained from
the second effluent fraction and purified by recrystallization; the product showed melting point and spectral
absorption properties identical with those of the material prepared from the reaction of 2-bromopyridine
with II (see below).

2-(0-, m-, or p-Substituted-anilino)pyridines (Va—g)——A mixture of 2-bromopyridine (0.01 mol) and an
aniline (0.02 mol) was heated at 175°C for 1 h. After cooling, the reaction mixture was treated with 5%
NaOH aq. soln. and extracted with CH,Cl,. The organic layer was dried over K,;CO, and then concentrated
in vacuo. The residue was recrystallized to give an analytical sample (Table III).

1-Phenylcarbamoyl-2-(o-, m-, or p-substituted-phenyl)imino-1,2-dihydropyridines (Vla—g and VIIIa)——
Phenyl isocyanate (0.71 g, 0.006 mol) was added to V (0.003 mol) at room temperature and the mixture
was stirred for 3 h. When the reaction was over, the reaction mixture was treated with a small amount
of ether and the resulting crystalline mass was collected by suction. The colorless crystals were recrystal-
lized to give an analytical sample (Table IV). 5-Methyl-2-anilinopyridine (VII) was reacted with I1a at room
temperature for 3 h and then treated in the manner described for V to give VIIla (Table IV).

2-(N-Phenylcarbamoylanilino)-3,5-dimethylpyridine (XIa)——A mixture of IX (500 mg, 0.0025 mol) and
IIa (600 mg, 0.005 mol) was heated at 90°C for 3 h with stirring. After cooling, the reaction mixture was
dissolved in 50 ml of benzene and then 20 ml of H,0 was added with shaking to decompose excess Ila. The
separated diphenylurea was filtered off and the organic layer was extracted with 20 ml of 5% HCl. The
aqueous layer was neutralized with anhyd. powdered Na,CO, and then extracted with CHCl;. The extract
was dried over Na,SO, and concentrated in vacuo, then the residue was recrystallized form ether to give
XIa, mp 94—95°C, as colorless prisms in 95% yield. UV A% nm (log ¢): 249 (4.74). IR »E5; cm~*: 3400
(NH), 1680 (C=0). NMR (in CDCl,, 60 MHz) z: 1.75 (1H, d, J=2.0 Hz, pyridine C¢-H), 2.30-—3.20 (12H,
m, pyridine C,~H, 2 phenyl C-H, N-H) in which range one proton signal due to the N-H disappeared upon
the addition of D,0, 7.70 and 7.80 (3H, s, CH,). MS mfe: 317 (Mt), 225 (M*—CHNH), 197 (M*—CHj,-
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NHCO). Anal. Caled for C,0H,,N;O: C, 75.69; H, 6.03; N, 13.24. Found: C, 75.77; H, 6.07; N, 12.96.

2-(N-Phenylcarbamoylanilino)-3-methylpyridine (XIIa)——A mixture of X (1.80 g, 0.01 mol) and Ila
(2.40 g, 0.02 mol) was heated at 90°C for 3 h with stirring. After cooling, the reaction mixture was treated
in the same manner as described for XIIa, mp 134—135°C as colorless needles in 93%, yield. UV AZ%% nm
(log €): 250 (4.56). IR »Xir cm~—1: 3320 (NH), 1655 (C=0). NMR (in CDCl,;, 60 MHz) 7: 1.70 (1H, d-d,
Je-s=4.8 Hz, J4_,=1.8 Hz, pyridine C4—H), 2.33—3.27 (13H, m, pyridine C; and C;—H, 2 phenyl C-H, N-H)
in which range one proton signal due to the N-H disappeared upon the addition of D,0, 7.79 (3H, s, CH,).
MS mfe: 303 (Mt), 211 (M+—CH,NH), 183 (M+—C;H,NHCO). Anal. Calcd for C,,H,,N;0: C, 75.23; H,
5.65; N, 13.85. Found: C, 75.44; H, 5.48; N, 14.05.
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Mannich Reaction of 1,4-Dihydroquinoline Derivatives
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Two ethyl 1,2-dimethyl-1,4-dihydroquinoline-3-carboxylate derivatives (I, 111) were
subjected to the Mannich reaction to give 1-methyl-2-(2-disubstituted aminoethyl) deriva-
tives (II, IV). They are additional examples of the Mannich reaction at the y-carbon

atom of enaminoester compounds.

Keywords——1,2-dimethyl-1,4-dihydroquinoline-3-carboxylic acid ; Mannich reaction;
enaminoester;  y-substitution;  1-methyl-2-(2-disubstituted aminoethyl)-1,4-dihydro-
quinoline-3-carboxylic acid

In the previous papers,) we reported the Mannich reaction of dialkyl 2,6-dimethyl-1,4-
dihydropyridine-3,5-dicarboxylate derivatives, and found that their 2-(and 6-)methyl carbons
react easily. They are the first examples of the Mannich reaction at the y-carbons of cyclic
enaminoester compounds, so it seemed interesting to investigate the generality of y-substitution
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