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Three f-substituted pyridine N-oxides (I, II and III) were subjected to 1,3-dipolar
cycloaddition with phenyl isocyanates having an ortho, meta or para substituent group.
3-Methyl- (I) and 3,5-dimethyl-pyridine N-oxide (II) afforded the 2,3-dihydropyridine
derivatives, and the 3,5-dibromo compound (III) afforded a 2,3-dihydro-2-oxo-oxazolo-
[4,5-b]pyridine (IX) by the elimination of hydrogen bromide from the 2,3-dihydropyridine
thus formed. The presence of an o-substituent group or nitro group in the phenyl isocya-
nate resulted in a reduced cycloaddition yield. The structures of the 2,3-dihydropyridine
adducts were determined by X-ray crystallographic analysis.

Keywords 1,3-dipolar cycloaddition; isomeric cycloadducts of 2,3- and 5,6-
dihydropyridine;  2,3-dihydro-2-oxo-oxazolo[4,5-blpyridines;  substituent effects on
cycloaddition; X-ray analyses of isomeric cycloadducts

In the course of studies on 1,3-dipolar cycloadditions, it was postulated that two
cycloadducts isolated from the reaction of 3-picoline N-oxide (I) with phenyl isocyanate
might be 1,2- and 1,6-dihydropyridine intermediates.® However, subsequent cycloadditions
of phenyl isocyanate to f-bromopyridine N-oxides yielded the 2,3-dihydro-2-oxo-3-phenyl-
oxazolo[4,5-b]pyridine structure.? Its formation may reasonably be explained in terms of
cleavage of the N-O bond of an initial 1,2-dihydropyridine intermediate and concerted attack
by the carbamate anion thus formed at the electron-deficient 3-position to give a 2,3-dihydro-
pyridine skeleton, followed by the elimination of a hydrogen bromide molecule. In addition,
it was reported by Abramovitch ef al.» that the analogous reaction via 3,5-dimethylpyridine

1) Part II: T. Hisano, T. Matsuoka, and M. Ichikawa, Chem. Pharm. Bull. (Tokyo), 24, 533 (1976).

2) Location: a) 5—1 Oe-hon-machi, Kumamoto 862, Japan; b) Maidashi, Higashi-ku, Fukuoka 812, Japan;
¢) 10040 Bubb Road Cupertino, CA. 95014 U.S.A.

3) T.Hisano, S. Yoshikawa, and K. Muraoka, Org. Prep. Proced. Int., 5,95 (1973); T. Hisano, S. Yoshikawa,
and K. Muraoka, Chem. Pharm. Bull. (Tokyo), 22, 1611 (1974).

4) T. Hisano, T. Matsuoka, and M. Ichikawa, Heferocycles, 2, 163 (1974); T. Hisano, T. Matsuoka, and M.
Ichikawa, Org. Prep. Proced. Int., 6, 243 (1974).

5) R.A. Abramovitch, I. Shinkai, and R.V. Dahn, J. Heterocycl. Chem., 13, 171 (1976).

NII-Electronic Library Service



2262 Vol. 27 (1979)

¢ CHa | 6,
NCO @H ' o d A0
N NN

4 AT "
N Nold
fl\r] ~0 Vi ‘ Cl

o

I

Cl CHs, -
Ve H)(If - 0 CHs
N —  0=C
Cl
o
VIf
NCO

CH
Hac\(\[(cm Hsc\(;td\ H.C CHs
+ h
é? N NN

Cl

N N

- 4

I v vl R VIII

. Br ‘
Br Br Br Br Br O\ Br O\
\C\ﬂ/ IV — mH — (e c=0 | ZHBr_ f}[ ~c=0

1[\1 N N.@ N H N NN

0~ O\C/ R \@R

\O R

1 IX
R=:0-CHj, (a); m-CHj, (b); p-CHj, (c); 0-Cl, (d); m-Cl, (e); $-Cl, (£); 0-NO,, (g); m-NO,, (h)

Chart 1

N-oxide afforded the 2,3-dihydropyridine adduct. The question arises as to whether the
initial intermediate is a 1,2-dihydro or 2,3-dihydropyridine. Therefore, we reinvestigated
this reaction; X-ray structure analysis established the intermediates to be 2,3-dihydropyridine
intermediates and not the 1,2-dihydropyridine ones which were proposed in our previous
reports.?

This paper reports the X-ray structure analysis of two crystalline adducts isolated from
the reaction of 3-picoline N-oxide (I) with p-chlorophenyl isocyanate (IVf), together with the
isolation of cycloadducts from the reaction of 3,5-disubstituted pyridine N-oxides with phenyl
isocyanates having a substituent group.

Cycloadditions of Phenyl Isocyanates (IV) to I, II and III

Heating of 3-picoline N-oxide (I) with p-chlorophenyl isocyanate (IVf) in dimethyl-
formamide (DMF) resulted in the formation of two cycloadducts, Vi, mp 167° and VIf, mp
129—130°, assigned the formula C;3H;,Cl N,O,, which contain the dihydropyridine structure,
as is the case with the 1: 1 adducts of 3-picoline N-oxide and phenyl isocyanate® : the infrared
(IR) spectra of these adducts, Vf and VIf, exhibited carbonyl absorptions at 1727 and 1730
cm~1; neither compound displayed bands ascribable to a carboxyl moiety in the 3300 and
2700—2500 cm~?! regions. In addition to the methyl hydrogen peaks at = 8.37 (singlet) for
Vi and v 8.08 (narrow doublet) for VIf, of which the latter appears to be split by allylic
coupling in agreement with the results of Abramovitch,® nuclear magnetic resonance (NMR)
spectra showed a single hydrogen peak at = 4.59 (doublet) for Vi, and signals at = 4.36 and
7 5.12 as a doublet of doublets for VIf; the remaining seven hydrogens for Vi appeared at
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7 2.20—4.05 as complex multiplets, and the remaining six hydrogens for VIf at v 2.30—4.20
as complex multiplets. On the basis of these data, we deduced Vf and VIf to be isomeric
cycloadducts of p-chlorophenyl isocyanate (IVf) to 3-picoline N-oxide (I).

Next; the substituent effects of ortho, meta and para-substituted phenyl isocyanates on
the cycloaddition were examined under the conditions of the above reaction.

First, 3,5-dimethylpyridine N-oxide (II) was reacted with the o, m or p-substituted
phenyl isocyanate (IV) to afford a cycloadduct which in each case gave the elemental analysis
results expected for a 1:1 adduct of the two reactants, as well as spectral data consistent
with the 2,3-dihydropyridine structure [IR, NMR and mass (MS) spectra]. The cycloadducts
(VII) were easily converted in high yields to the corresponding anilinopyridines(VIII), with
the elimination of carbon dioxide, on reflux in alcoholic potassium hydroxide. The structural
assignment of VIII is based on the satisfactory elemental analyses, and MS, IR and NMR
spectra in accord with those described in the previous reports.®

The reactions of o-substituted phenyl isocyanates offer considerably lower yields of the
cycloadducts, probably because of steric interactions among the atoms around the isocyanate
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TasrLe I. Yields of Cycloadducts in the Cycloadditions of Substituted
Phenyl Isocyanates (IV) to I, IT and III
Rz I RIO
¥ W o R2\”/\|,R1 RZ\[/\“,O\C o
4 3/ —_ =
AN g N \N’/\NH—< >\<R \N/\ITI/
R | -1—R
VI-type VII-type IX-type
Starting materials Product yields (%)
1 R R2 -
Pyridine
IVa—h  Joxides VI VI XI
f I CH, H $-Cl 40.7% — —
a I CH, CH, 0-CH, 20.3 — —
b il CH, CH, m-CH, 47.8 — —
c I CH, CH, p-CH, 49.6 — —
d I CH, CH, 0-Cl 23.4 — —
e I CH, CH, m-Cl 47.7 — —
f I CH, CH, p-Cl 51.7 — —
g I CH, CH, 0-NO, 10.9 5.6 —
h I CH, CH, m-NO, 4.5 13.9 —
c il Br Br p-CHj — — 43.3
f i Br Br p-Cl — — 41.7
h m Br Br m-NO, — — 17.7
@) The sum of Vi (R1=CHg, R2=H) in 29.69%, yield and VIf (Rl=H, R2=CHj) in 11%, yield.
Tasre II. Analytical Data for the Cycloadducts
Analysis (%)
Compd mp Appearance Calcd.
No. (°C) [ ]:recryst. solvent Formula (Fou\nd)
C H N
B Colorless needles 59.44 4.22 10.66
vt 167 [benzene] C13H1CIN;O, (59.12 i.gg }g.gg)
Colorless prisms 59. . .
Vif 129130 [n-hexane-benzene] CoisHuCIN:O, (5965 4.15 10.66)
Colorless prisms 70.29 6.29 10.93
Via 134186 oy r acetone] CisH1N;O (70.51 6.15 10.71)
Colorless needles 70.29 6.29 10.93
Vib 122123 [ether—acetone] CistieN:0 (70.35 6.15 11.02)
Colorless prisms 70.29 6.29 10.93
VIe 1231245 o i acetone] C1sH N0 (70.18 6.41 10.98)
Colorless prisms - 60.77 4.74 10.12
Vid 165164 [ether—acetone] CoHusCINO,  (0'71 4.88 10.44)
Colorless needles 60.77 4.74 10.12
Ve  138—139  iher-acetone] CulluCINOy (6086 4.67 10.21)
Colorless prisms 60.77 4.74 10.12
VIE  187-138.5  pother-acotone] C1gHysCIN:O; (61.03 4.72 10.31)
Yellow prisms 58.53 4.56 14.63
Vig 156157 [ether~acetone] CraH12N,04 (58.51 4.53 14.76)
Yellow prisms 58.53 4.56 14.63
VIn 148150 ither-acetone] C1aH1N30, (58.32 4.53 14.76)
Orange needles 64.19 5.39 17.27
Vilg =125 ot "henzine) CisHisN0, (64.32 5.32 17.38)
Orange-yellow needles 64.19 5.39 17.27
VL 138—10.5 o e CisHi1sN50, (64.18 5.44 17.55)
' Colorless needles 51.17 2.93 9.18
IXe 187188 [ether] Cy5HyBrN,O, (50.96 2.98 9.45)
Colorless needles 44.27 1.86 8.61
IXf 167169 [ether] CiHuBrCINO, (44759 1.81  8.66)
Light yellow prisms 42.83 1.80 12.50
IXh 149151 lether] CroHBrN;0, (42.66 1.98 12.64)
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group. Phenyl isocyanates bearing an electron-attracting function such as NO, tended to
give anilinopyridines; p-nitrophenyl isocyanate itself was unreactive.

Next, the cycloaddition of IV to 8,5-dibromopyridine N-oxide (III) was carried out
under the same conditions using p-methyl (IVc), p-chloro (IVf) and m-nitrophenyl isocyanate
(IVh). Attempts to separate the corresponding 2,3-dihydro intermediates from the reaction
mixture were unsuccessful. The product (IX) was assigned as the 6-bromo-2,3-dihydro-
2-0x0-3-(substituted-phenyl)oxazolo[4,5-b]pyridine in the manner described in our earlier
reports,® 7. e., the analytical value was in agreement with the empirical formula for the

Tasre ITI. NMR and IR Spectral Data for 2,3-Dihydropyridines

NMR (in CDCl,, 60 MHz): ©

IR
Co&npd. c_cu. CeCH, Co-H - (KBrz
o. s—CH, — B cm-~
(3H, s) ?Ei%,) Ci—H (Jc}),_5:2‘3) Ce—H (1H, m) C,-H Others (C=0)
Vi 8.37 L — — 4.59 3.85—4.05 2.20—3.00 1725
(]=25) (2H, m) (5H, m)®
VIf — 8.08 5.12 4.36 — 3.95—4.20 2.30—3.00 1730
(d-d, (d-d, (5H, m)®
fs—9=9, Jo-s=9,
Js—7=6) J9—5:2-5)
Via 8.64 8.09 — 4.93 — 4.16—4.34 2.41—2.62 7.70 1720
(1H, t) (3H, s, aromatic
Cz_CHa);
2.95
(4H, s, aromatic
C-H)
VIb 8.41 8.09 — 4.68 —_ 4.12—4.30 2.32—2.43 7.66 1728
(1H, t) (3H, s, aromatic
C3~CH),
2.43—3.26
(4H, m, aromatic
C-H)
VIc 8.42 8.12 — 4.82 — 4.21—4 .41 2.51-3.24 1720
(5H, m)®
VId 8.30 8.08 — 4.74 — 4.17—4.32 2.40—2.51 2.52—3.02 1736
(1H, t) (4H, m, aromatic
C-H)
Ve 8.51 8.10 — 4.69 — 4.13—4.31 2.39—3.10 1728
(6H, m)®
VIt 8.41 8.08 — 4.72 — 4.15—4.36 2.31—2.96 1728
(5H, m)®
Vg 8.28 8.10 — 4.68 — 4.07—4.20 1.90—2.90 1740
(pH, m)®
VIh 8.73 8.01 — 4.56 — 4.09—4.24 1.40—1.60 1.74—2.92 1735
(1H, t) (4H, m, aromatic
C-H)

a) Including the remaining four aromatic protons.

Tasre IV. Spectral Data for 2,3-Dihydro-2-oxo-oxazolo[4,5-b]pyridines (IX)

MS (m/e)

Compound IR »E} cm~! NMR (in CDCl,, 60 MHz): «
No. >C=0 C,-H M+ M+—CO,
(relative intensity: 1: 1)

IXc 1770 2.05 (d, J5—q=2.0 Hz) 304 306 260 262
IXf 1800 1.98 (d, [, ,=2.0 Hz) 324 3280 280 284
IXh 1780 1.80—2.05 (m) 335 337 291 293

a) Relative intensity 3: 1, due to chlorine atom.
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oxazolo-pyridine structure, and the MS spectra of IXc and IXh showed two sorts of
characteristic parent peaks with a 1elative intensity of 1:1, two fragment peaks for the
elimination of carbon dioxide from these parent peaks and one fragment peak for the
elimination of carbon dioxide and bromine. These data show that one mol of hydrogen
bromide was lost from the 1:1 adduct of IV and III during the reaction. The IR spectra
exhibited a carbonyl absorption at 1770-—1800 cm~%, but did not display any band ascribable
to a carboxyl group. The NMR spectra showed an a-proton of pyridine as a narrow doublet
around 7z 2.00 and the remaining aromatic protons as complex multiplets at = 2.30—3.00,
while the characteristic hydrogen peaks ascribable to C,~ and C4~H at r 4.00—5.00 had
disappeared. In this case, it seems reasonable to assume the 2,3-dihydropyridine as a
transient intermediate.

Structure Determinations of Vf and VIf by X-Ray Analysis

Taking into account the mechanism of the cycloaddition of IV to g-substituted pyridine
N-oxides, the structures of the cycloadducts were assumed to be 2,3-dihydropyridine, although
the spectroscopic data are not sufficient to establish the full structure. Vf and VIf were
selected for X-ray crystallographic analysis, and their full structures were determined. The
molecular structure of Vi, mp 167°, C;3H;;CIN,O,, orthorhombic crystals from ether—acetone,
was solved by the direct method® using the MULTAN? series of programs and the UNICS-II
system.® The structure of VIf, mp 129—130°, C,;3H{;CIN,O,, monoclinic crystals from
ether-petr. ether, was solved by the same direct method and also by the direct method using
the SYNTEX-XTL program. From the E map calculated with a set of phases which gave
a figure of merit of 1.008, 15 nonhydrogen atoms out of 18 independent ones in molecule Vf
were located. Subsequent Fourier synthesis and gave refinement by the block-diagonal

CHs
(7) ()(1)
(6) &) \2)
NG T
N |I'N
WH a4
(13) (15)
(12) (16)
(11)
Cl
(10)
Fig. 3. Perspective View of the Molecular Fig. 4. Perspective View of the Molecular
Structure of Vf Structure of VIf

6) All the calculations were performed on a FACOM M-190 computer in the Computer Center of Kyushu
University.

7) P. Main, M.M. Woolfson, and G. Germin, Acta Cryst., B. 26, 274 (1970); idem, ibid., A. 27, 358 (1971).

8) The Universal Crystallographic Computation Program System UNICS-II (Sakurai, Iwasaka, Watanabe,
Kobayashi, Bando and Nakamichi, 1974).
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least-squares method gave the molecular structure. After an anisotropic refinement of nonhy-
drogen atoms (R=0.085) a difference Fourier map was calculated from which all the hydrogen
atoms were located, and these were included in the final refinement, assuming isotropic
temperature factors. The final R value was 0.054 using 2069 independent reflections. From
the E map calculated with a set of phases which gave a figure of merit of 1.0890, 18 nonhy-
drogen atoms in VIf were easily located. The refinement of the molecular structures was
carried out by the block-diagonal least-squares method (UNICS-II) and by the Gauss—-Seidel
block and full matrix least-squares methods (SYNTEX-XTL), and the R value fell to 0.066
with an anisotropic temperature factor. Calculated hydrogen atom coordinates were included
in the final refinements and the final R value was 0.0566 (UNICS-II) or 0.048 (SYNTEX-
XTL). Both methods gave the same result.

In compound Vi, on the basis of the C(8)-CH,(1.514 A) bond length, the C(7)-C(8)(1.497
A) and C(8)-C(9)(1.544 A) distances are very similar and are both longer than C(6)-C(7)

o

TasLe VII. Bond Distances (A) of VI with Estimated
Standard Deviations (ESD)

Dist. (ESD) Dist. (ESD)
C1(10)-C(11) 1.740( 4) C(11)-C(12) 1.362( 5)
C(11)-C(16) 1.369( 5) C(12)-C(13) 1.392( 5)
C(16)—-C(15) 1.398( 5) C(13)-C(14) 1.381( 4)
C(15)-C(14) 1.388( 4) C(14)-N(3) 1.423( 4)
N(3)-C(2) 1.363( 4) N(3)-C(9) 1.465( 4)
C(2)-0(17) 1.202( 4) C(2)-0(1) 1.358( 4)
0(1)-C(8) 1.466( 4) C(8)-C(18) 1.514( 5)
C(8)-C(7) 1.497( 5) C(8)-C(9) 1.544( 4)
C(7)-C(6) 1.311( 6) C(6)-C(5) 1.459( 6)
C(5)-N(4) 1.282( 5) N(4)-C(9) 1.452( 4)
H(12)-C(12) 0.962(37) H(18)-C(13) 0.900(32)
H(15)-C(15) 0.942(33) H(16)-C(16) 1.013(35)
H(5)-C(5) 1.047(43) H(6)-C(6) 0.910(41)
H(7)-C(7) 0.933(43) H(9)-C(9) 0.995(31)
H(18)-C(18) 0.941(35) H(18)-C(18) 0.964(38)
H(18)"-C(18) 0.998(36)

TasLe VIII. Bond Distances (A of VIf with Estimated
Standard Deviations (ESD)

Dist. (ESD) Dist. (ESD)
Cl(10)-C(11) 1.749( 2) C(11)-C(12) 1.380( 2)
C(11)-C(16) 1.372( 2) C(12)-C(13) 1.386( 3)
C(16)-C(15) 1.381( 2) C(13)-C(14) 1.383( 2)
C(15)-C(14) 1.390( 2) C(14)-N(3) 1.421( 2)
N(3)-C(2) 1.364( 2) N(3)-C(9) 1.462( 2)
C(2)-0(17) 1.204( 2) C(2)-0(1) 1.361( 2)
O(1)-C(8) 1.463( 2) C(8)-C(7) 1.482( 2)
C(8)-C(9) 1.523( 2) C(7)-C(6) 1.311( 2)
C(6)-C(18) 1.500( 3) C(6)-C(5) 1.475( 2)
C(5)-N(4) 1.269( 2) N(4)-C(9) 1.458( 2)
H(12)-C(12) 0.968(17) H(13)-C(13) 0.967(17)
H(15)-C(15) 0.951(16) H(16)—C(16) 0.953(16)
H(5)-C(5) 0.968(17) H(7)-C(7) 0.917(16)
H(8)-C(8) 0.928(17) H(9)-C(9) 0.967(15)
H(18)-C(18) 0.968(22) H(18)'~C(18) 0.994 (23)
H(18)"-C{18) 0.981(23)
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(1.311 A), whereas the N(4)-C(5)(1.282 A) has more double bond character than N(4)-C(9)-
(1.452 A) and C(9)-N(3)(1.465 A). In compound VIf, which is isomeric with Vf, the N(4)-C(5)
(1.269 A) and C(6)-C(7)(1.811 A) distances have more double bond character than C(5)-C(6)
(1.475 A), C(7)-C(8)(1.482 A) and C(9)-C(8)(1.523 A). The atomic configuration of C(8) in
compounds Vi and VIf is thus sp3 on the basis of these data. Molecular stereographic views

Tasre IX. Bond Angles (Degrees) of Vf with Estimated
Standard Deviations (ESD)

Angle (ESD) Angle (ESD)
C1(10)-C(11)-C(12) 119.32( 28) Cl1(10)-C(11)—C(16) 119.17( 28)
C(11)-C(12)-C(13) 119.18( 32) C(12)-C(11)~-C(16) 121.50( 33)
C(11)-C(16)-C(15) 119.59( 32) C(12)-C(13)-C(14) 120.75( 29)
C(16)-C(15)-C(14) 119.68( 29) C(13)-C(14)-C(15) 119.29( 27)
C(13)-C(14)-N(3) 119.40( 25) C(15)-C(14)-N(3) 121.31( 25)
C(14)-N(3)-C(2) 125.48( 24) C(14)-N(3)~C(9) 122.42( 23)
C(2)-N(3)-C(9) 112.01( 23) N(3)-C(2)-0(1) 109.66( 24)
N(3)-C(2)-0(17) 128.59( 28) 0O(17)-C(2)-0(1) 121.73( 27)
C(2)-0(1)-C(8) 109.56( 23) O(1)-C(8)-C(7) 108.02( 27)
O(1)-C(8)-C(9) 104.00( 24) O(1)-C(8)-C(18) 107.30( 26)
C(18)-C(8)~-C(7) 112.50( 30) C(18)-C(8)—C(9) 111.18( 27)
C(7)-C(8)-C(9) 113.26( 28) C(8)-C(7)-C(6) 120.99( 37)
C(7)-C(6)-C(5) 121.04 ( 40) C(6)-C(5)-N(4) 125.41( 40)
C(5)-N(4)-C(9) 117.44( 32) N(3)-C(9)-C(8) 100.84( 23)
N(8)-C(9)-N(4) 109.46( 24) C(8)-C(9)-N(4) 119.74( 26)
H(5)~-C(5)-N(4) 114.57(235) H(5)-C(5)-C(6) 119.97(235)
H(6)~-C(6)-C(5) 114.59 (260) H(6)-C(6)-C(7) 124.36(261)
H(7)-C(7)-C(6) 123.64 (266) H(7)-C(7)-C(8) 115.30(265)
H(7)-C(6)-H(6) 101.36(287) H(9)-C(9)-N(3) 110.30(178)
H(9)-C(9)-N(4) 108.26(178) H(9)-C(9)-C(8) 107.91(178)
TasLe X. Bond Angles (Degrees) of VIf with Estimated
Standard Deviations (ESD)
Angle (ESD) Angle (ESD)

C1(10)-C(11)~C(12) 119.42( 13) C1{10)-C(11)-C(16) 119.50( 13)
C(11)-C(12)-C(13) 119.17( 16) C(12)-C(11)-C(16) 121.08( 16)
C(11)-C(16)-C(15) 119.56( 16) C(12)-C(13)-C(14) 120.54( 16)
C(16)—C(15)-C(14) 120.40( 15) C(13)-C(14)-C(15) 119.20( 15)
C(13)-C(14)-N(3) 120.21( 14) C(13)-C(14)-N(3) 120.51( 14)
C(14)-N(3)-C(2) 124.57( 13) C(14)-N(3)~C(9) 124.22( 13)
C(2)-N(3)-C(9) 111.21( 13) N(8)-C(2)-0(1) 109.35( 14)
N(3)-C(2)-0(17) 129.17( 16) O(17)-C(2)-0(1) 121.48( 16)
C(2)-0(1)-C(8) 108.83( 13) O(1)-C(8)-C(7) 110.21( 14)
O(1)-C(8)-C(9) 103.88( 13) | C(7)-C(8)-C(9) 115.07( 15)
C(8)-C(7)-C(6) 121.08( 16) C(7)-C(6)-C(5b) 117.80( 16)
C(7)-C(6)—C(18) 124.25( 17) 3 C(18)-C(6)-C(5) 117.91( 16)
C(6)-C(5)-N{4) 127.57( 16) C(5)-N(4)-C(9) 116.77( 14)
N(3)-C(9)-C(8) 100.69( 13) N(3)-C(9)-N(4) 110.10( 13)
C(8)-C(9)-N(4) 116.95( 14) H(5)-C(5)-N(4) 116.21(101)
H(5)-C(5)-C(6) 116.09(100) H(7)-C(7)-C(8) 117.51(104)
H(7)-C(7)-C(6) 121.37(104) H(8)-C(8)-0O(1) 106.53(102)
H(8)-C(8)-C(9) 108.04 (102) H(8)-C(8)-C(7) 112.44(102)
H(9)-C(9)-N(3) 111.06( 85) H(9)~C(9)-N(4) 106.43( 85)
H(9)-C(9)-C(8) 111.61( 85)
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of Vi and VIf are shown in Figs. 3 and 4.9 The bond lengths are given in Tables VI and VII,
and bond angles in Tables VIII and IX, respectively. |

Practically speaking, the 1,2- and 1,6-dihydropyridines appear to be unstable transient
intermediates which cannot be isolated, and which rearrange with cleavage of the N-O bond
to yield 2,3- and 5,6-dihydropyridines.

Experimental

All melting points are uncorrected. IR spectra were recorded on a Nippon Bunko DS-301 infrared
spectrophotometer equipped with a grating. 'H-NMR spectra were taken with JNM-MH-100 and JNM-C-
60H spectrometers in ca. 5% (w/v) solution with tetramethylsilane as an internal standard, and chemical
shifts are expressed as v value. MS spectra were taken with a JEOL JMS-0I1SG spectrometer.

Reaction of 3-Picoline N-Oxide (I) with p-Chlorophenyl Isocyanate (IVf)——Compound IVf (7.68 g,
0.050 mol) was added dropwise to a solution of 2.73 g (0.025 mol) of T in 20 ml of DMF with stirring at room
temperature, and the mixture was heated at 110° for 7 hr.

a) Separation of Vf: When the reaction was over, the reaction mixture was concentrated % vacuo
below 70° and the residue was dissolved in 20 ml of ether. The ethereal solution was kept overnight below
5° and the resulting colorless crystals were collected by suction and washed with a small amount of cold
ether. The crystalline mass was recrystallized from benzene to give an analytical sample of Vf, mp 167° as
colorless needles, in 29.69%, yield (Tables I, IT and III). MS m/e: 262 and 264 (M+; relative intensity, 3: 1),
218 and 220 (M*—CQ,).

b) Separation of VIf: After removal of Vi, the filtrate was concentrated in vacuo. After the tarry
residue had been treated with hot #-hexane, the residue was dissolved in 10 ml of ether and then kept overnight
below 5°.  The resulting crystals were collected by suction and recrystallized from n-hexane—benzene to give
an analytical sample of VIf, mp 129—130° as colorless prisms, 11.1% yield (Tables I, IL and III). MS mefe:
262 and 264 (M+; relative intensity, 3: 1), 218 and 220 (M+—CO,).

Cycloadditions of IVa—f to II Compound IV (0.025 mol) was added dropwise to a solution of 1.53 g
(0.0125 mol) of IT in 20 ml of DMF with stirring at room temperature, and the mixture was heated at 110°
for 7hr. When the reaction was over, the reaction mixture was treated as described above and the resulting
crystals were collected by suction. Recrystallization from ether-acetone gave an analytical sample.

The ethereal filtrate was extracted with H,O and the aqueous layer was concentrated iz vacuo to recover
unchanged II.

Cycloadditions of IVg and h to II——Compound IV (0.025 mol) was added dropwise to a solution of 1.53 g
(0.0125 mol) of II in 20 ml of DMF, and the mixture heated at 110° for 7 hr. After cooling, the reaction
mixture was concentrated in vacuo below 50° to give a tarry residue. The residue was dissolved in 15 ml of
ether and the ethereal solution was extracted with 30 ml of H,O to separate out unchanged II. The organic
layer was allowed to stand overnight at 0—5° to deposit the cycloadduct. The resulting crystals were col-
lected by suction and recrystallized. After separating the cycloadduct, the ethereal filtrate was concentrated
and the residue was dissolved in a small amount of benzene for chromatography on Al,0, (70 g), using CCl, as
an eluant. From the first effluent fraction, VIII was obtained and purified by recrystallization (Table IT).
VIIIg: IR »{3; cm~1: 3300 (NH). NMR (CDCl,, 60 MHz): v 7.75 and 7.68 (3H, s, CHy), 2.07 (1H, d, Jsy=
1.6 Hz, pyridine C~H), —0.10 (1H, broad s, NH). VIIIh: IR »5% cm—': 3355 (NH). NMR (CDCl,, 60
MHz): = 7.78 (6H, s, two CH,), 2.12 (1H, d, J,=1.4 Hz, pyridine C,~H), 3.78 (1H, broad s, NH).

Cycloaddition of IVc, f and h to IIT Compound IV (0.01 mol) was added dropwise to a solution of 1.2 g
(0.005 mol) of IIT in 10 ml of DMF with stirring at room temperature, and the mixture was heated at 110°
for 7 hr. The reaction mixture was then allowed to stand overnight at 0—5° and the precipitated solid was
filtered off. The filtrate was concentrated in vacuo to give a crystalline residue which was washed with
benzene. Recrystallization from ether afforded 2,3-dihydro-2-oxo-3-(substituted-phenyl)-6-bromo-oxazolo-
(4,5-b]pyridines (IX) (Tables, I IT and IV).

The benzene washings were extracted with 10% ¥CI and the aqueous layer was made basic to litmus
with 3N NaOH. The alkaline solution was reextracted with CHCI, and the extract was concentrated to
recover unchanged III.

Crystallographic Analysis of Vf and VIf The cell parameters and intensities were measured with a
Syntex P;~ automated diffractometer with Mo K« radiation monochromated with a graphite crystal. The
cell parameters were determined by least-squares refinement from 15 reflections within a range of 6<C26<21°
(Vi) and 10<{20<C26° (VIIf). The values for Vf are =9.010 (3), b6=11.113 (4), c=12.150 (3) A, V' =1216.6
(7)A3, Dm=1.41 g/cm3 (flotation in hexane-carbon tetrachloride solution), Dc=1.439 g/cm3, z=4, space
group P2,2,2,. The values for VIf are a=12.664 (3), b=9.797 (6), c=9.751 (4) A, $=92.58 (3)°, V=1208.6
(9)A3. Dm=1.46 g/cm?® (flotation in hexane-carbon tetrachloride solution) D¢=1.449 g/em?®, z=4, space

9) C.K. Johnson, ORTEP, ORNL-379.
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group P2,/A. Intensity data were collected by the 6—26 scan technique with a variable scan rate of 3.0 to
24.0°/min. Three standard reflections were monitored every 50 reflections, and their intensities showed
good stability. A total of 2069 independent reflections of Vf with 26<(60° were used for the structure analysis.
On the other hand, 3522 reflections (26<C60°) were processed with 2725 observed reflections [intensity greater
than 1.96 sigma (I)] for the structure analysis of VIf. They were corrected for Lorenz and polarization
effects, but corrections for absorption were not applied.
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