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Abstract — Irradiatlon 1n water-saturated ethyl ether of 1soxazolopyri-
dines la,e, beside the corresponding oxazolopyridines 2a,e, leads to
W-methylcarboxamides 3a,e via 1-2 shift of the methyl group. The 1soxa-
zolopyridine 5, bearing a hyarazino group in 4-position, rearranges only

to l-amincpyrazolopyridine 6.

The molecular photorearrangement of aromatic 1soxazolopyridines A te tne corres-

ponding oxazolopyridines B 1s a guite general process. In faci, 1t was reported

that uv-irradiation of iscxazeolold,5-c)l- and [5,4-blpyridines gives the correspon-
1,2

ding oxazolol4,5-c}- and(5,4-bl pyridines, respectively Afterwards we found the
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same photoreactivity in the case of iscxazolol4,5-bl- and [5,A—c]pyr1d1nes"q.

Previous knowledges 1n the field of 1soxazoles and benzcisoxazoles photoche-
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mistry sugeesting also the possibility of feormation of the ketenimines € via

i,2-methyl =hift, prompted us to a further investigation of the photochemical
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behaviour of the title compounds, focusing the attention on the occurrence of such
intermediate

Uv irradiation of 1soxazolo[5,4~p} pyridines la,b 1n water-saturated ethyl ether
yielded both the expected oxazolopyridines 2a,b and a small amount of two new
products, 1dentified as 3-{N-methylcarbamoyl)-2-pyridones 3a,b, respectively, on
the basis of the analytical and spectral data. In particular, both show 1in "Henmr
spectra signals attributable to the -NHMe moiety (a doublet near 3.00 ppm, which

glves a singlet on deuterium exchange and an exchangeable broad signal at low

field]).
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The same behaviour «as found 1n the case of the other aromatic 1soxazolopyridines
ic-e considered, which gave, on 1rradiation 1n mplst ether, the oxazoles 2c-e and

the corresponding M-metnylcarboxamides 3c-e 1nab-10%y1eld,

TABLE 1 - PAOTOREACTIVITY OF 3~METHYLISQXAZOLOPYRIDINES la-e

Compound Irradiation Conversion Separation Products
timae (h) (%) conditions (yield %)@
1a 24 45 ¢ 2a’ (55)  3a (8)
1 150 65 c 263 (521 36 (6}
1c 140 45 d 2¢? (65) 3¢ (10)
1d 24 30 c 2d! (55) 34 (9)
Te 15 25 c 2e? (70)  3e (4]
(%) Based on cunverted isoxazolopyridine. (b) When the photoreaction was carried
cut to a larger conversion (80 - 90%), also the amides 4b,t¢, respectively,
were obtained 1n 4 - 5 % yield. (%) Column was eluted first with light petro-

leum:ether 2:1 and after with chloroform:methanol §5:5 (order of mobility 1 - 2 -
3). Compound 3e was 1dentified in the crude reaction mixture by compariseon {(t.l.c.
and 1H-nmr‘ spectrum) with an authentic sample, prepared as above (Experimental).

(d) Column was eluted with light petroleum:ether 1:1 {order of mobility lc-3c-2c).
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c) X= N, Y= CCl, Z= CH, A= Cl

d) X= CC1, Y= N, 7= CC1l, R=H

g) X= CH Y= CH, Z= N, R=H
Water addition on photochemically generated ketenimines C accounts for the forma-
tion of 3a-e. It 1s to be noting that our previous experimentsi’3'q were carried
out in anhydrous ether or ethanol: as a conseguence, the ketenimines C or the
corresponcding imino ethers were lost during i1rradiation and/or chromatographic
separations. An attenpt to evidence ketenimine infrared absorption by irradiation
of the 1soxazolopyridine la in a low temperature infrared cell gave unconclusive
results.
The avpove photorearrangements were carried out to about half transformation of the
starting materials, in order to reduce the by-products formation, due to irradia-
tion of the primary photoproducts. In fact,acetamidopyridines 4b,c were also
obtained 1n low yields by prolonged irradiation of dichlorocisoxazolopyridines

1b,c, as a conseguence of water addition on the oxazoles 2b,c.

Cl
R' 4b) A= OH, R'= NHAC

—
I 4c) R= NHAC, R'= OH
e

(] N R

4 different photochemical behaviour was found when the 1soxazolopyridine system
have a suitable substituent at the 4-position . Thus, 1rradiation of the hvdra-
zine 5 gave Tl-aminc-6-chloro-3-methylpyrazolo [4,3-c] pyridin-4(5H)-cne 6 1in good
yield, whereas no products arising from 1,2-methyl shift were found. The structure
of 6 was assigned on the basis of chemical considerations. Thus, deamination of 6
Wwith nitrous acid gave 6-chloro-3-methylpyrazolol4,3-c)pyridin-4(5E)-one 7, which
was chlorinated by phenylphosphonic dichleride to 4,6-dichloro-3-methylpyrazolo-
[4,3-c)pyridine 8. Catalytic hydrogenation of the latter compound afforded the
parent ring system 9, which was also prepared, in an unambiguous way, from com-
118

pound 5 by catalytic hydrogenaticon to y chlorination to 4-chloro-3-methyloyra-

zolol4,3-clpyridine 10 and, finally, catalytic dehalcgenation by hydrogen.
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As a conclusion, the 1-2 methyl shafr 13 confirmed as a posslible mechanism also 1n

the 1s50xazolopyradine photorearrangements, However, some particular substituents,
opening easler pathways, may reduce or suppress the coccurrence of such mechanism.

This and previous our studles demonstrate the synthetic i1nterest of the 1soxa-
zolopyridine photochemistry: 1n fact, according to the presence and the nature of
4-substitusgnts, easy entry towards functionallzed monocyclic or condensed

pyridines could be achieved.
EXPERIMENTAL

Melting points were determined on a Reichert Kofler block and are uncorrected.

Th-mar spectra were recorded on a Perkin Elmer R 660 instrument; chemical shifts
{(J 1n Hz) are in ppm (6 ) from internal tetramethylsilane. Ir spectra were recor-
ded for KBr discs on a Perkin Elmer 782 spectrophotometer. Photochemical reactions
were carried cut with a water cooled low pressure mercury 1mmersion lamp (6W);
nitrogen was constantly bubbled through the 1rradiated sclution. Column chromato-
graphy were carried out on silica gel {(40-63 @ ). Light petroleum refers to that

fraction boiling 1n the range 40-70 °C ).

Irradiation of the Isoxazolopyridines [(la-e)
A solution of la-e (3 mmol) 1n water saturated ether {peroxides free) (120 ml) was

irradiated for 14-24 hours. Solvent was removed in vacuo and the residue was
column chromatographed to give, as reported 1n the Table 1, starting materials,
the oxazolopyridines 2a-e and the methylamides 3a-e. Physical and analytical data

of the latter compounds are listed 1n the Table 2.
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3-Hydroxy-N-methylisonicotinamide (3e]

Methyl 3-hydroxypyridine-b4-carboxylate 9 (0.306 g, 2.0 mmol) 1n dioxane {5 mil) was
saturated wlth anhydrous methylamine and the solution was heated 1n a sealed tube
at 90-100 °C (3 hi). After cooling, scolid material was filtered, washed with ether
and dissolved 1n water. Extraction with dichloromethane of the acidified (pH 5)
solution afforded, on evaporation of the organic layer, compound 3e (0.25 g, 82%)

Irradiation of 6-Chloro-4-hydragino-3-methylisoxazolol5,4-blpyridine (5]

4 solution of 5 (0.5 g, 2.9 mmol} in anhydrous ethancl {120 ml) was 1rradiated for
48 h. During the reaction, an i1nsoluble material was periodically collected by

filtration and identified as 1-amino-&-chlorec-3-methylpyrazolol4,3-clpyridin-

4(5H)-one 6 (0.3 g, 60% }: mp 280-282 °C (dimethyl sulfoxide/water). Apal. Calcd
for CoH,CIN,C: C, 42.32; H, 3.56; N, 28.21. Found: C,42.70; H, 3.62; N, 27.95.
THoNme (DMSO - dg): 2.40 (s, Me), 6.32 (exch. s, WH,},6.45 (s, Hy), 11.63 (excn,

br s, NH/CH). Ir: 3300,3200 (&H,), 3700 - 2500 (NH}, 1690,1660 (CQ).

Compound 6 by refluxing with benzaldehyde 1n methancl afforded the corresponding
benzalderaivative 1n quantitative yreld, mp 320 °C (methanol}. Anal. Calcd for
C4tyCIN,0: C, 58.64; H, 3.87; ¥, 19.54. Found: C, 58.53; H, 3.96; ¥, 17.32.

Deamination of 1-Amingopyrazclopyridine (6}

£ solution of 6 (0.14 g, 0.7 mmol) 1n 6N hydrochloric acid {5 ml) was treated
with sodium nitrite (0.05 g, G 7 mmol). Sodium hydroxide was then added (pH 5) and
6-chloro-3-methylpyrazelold,3-clpyridin-4{5h)-one 7T was collected by filtration
(0.11 g, 86%): mp 316-319 °C (dimethylsulfoxide/water). Anal. Calcd for C7H6C1N3O:
C, 45.79; H, 3.30; M, 22.89. Found: C, 45.53; K, 3.19; K, 22.567. THonmr (DMSO—d6)
2.48 (s, Me}, 5.80 (exch, br s, 2 NH), 6.46 (s, Hg). Ir: 3150 (yH), 3100 - 2200
{NH), 1680 (CO) cn™ ',

Bydrogenation of £-Chlorc-4-hydrazino-3-metnylisoxazolo[5,4-blpyridine I

A solution of 5 (0.4 g, 2 mmel) 1n ethanol (200 ml) was shaked in a Parr apparatus
in presence of 10% Pd-C (0.2 g} under a2 hydrogen pressure of 2.5 atm for 3 h.
Catalyst was removed by faltration, solvent was evaporated and the residue, dis-
solved 1n 6N sodium hydrox:ide, was nsutralized to precipitate 3-methylpyrazolo-
[4,3-clpyridin-4(5H)-one 11, (0.25 g, 84% ): mp 310-312 °C. 4nal. Calcd for
CoHyN40.1/2 B500: C, 53.16; d, 5.10; ¥, 26.57 Found: C, 53.45; H, 4.97; N, 26.38.
Tornr {DMB0~dg): 2.48 (s,Me), & 32 {4, J = 6.8, Hel, 7.23 fd, 2 = 6.8, Hg), 8.00,
i1.92 (exch, br s, 2 KH). Ir: 3350 -~ 2400 {(NH), 1660 (CQ) en™ N
4,6-Dichloro-3-methylpyrazolol[4,3-clpyridine (8}

Compound 7 (0.11 g, 0.6 mmol} and phenylphoshonic dichloride (1 ml) were heated at
150 ¢C (1 h}. The solution was poured 1nto 1ce, neutralized with solid NaHC03 and
extracted with dichloromethane. Solvent was then evaporated and the residue
sublimed at 120 °C {0.03 mm Hg) to afford compound B (0.0%5% g, 45% ): np
172-174 °C (1n a sealed tube). Anal. Caled for CqH5Cl,N3): C, 41.61; H, 2.49; N,
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2 - ANALYTICAL AND SPECTRAL DATA OF THE AMIDES 3a-e and 4b,c

"H-NMR (CDC14)
¢ (ppm)

TABLE

mp

o
Ja  196-99
3 1g2-3P
e 198-9°
3d  156-8¢9
e 142-3°
4b  225-7C
4c 125-74

(55.

38.

Anal,% 2

(calcd)
&l N
42 5,34 18
253(5.31)1(18.
L300 3.05 12,
o032 a2,
L2 2.7 12
L03pt2. 743012,
.83 2.73 12.
L0324 (12
.21 5,24 18
L251(5.31){18.
34 2.90 12
032 74012,
37T 2.78 12,
L0332 740012,

.19
41}

46

68)

.82
68)

40
.68)

.64
413

.83
68}

3290(NH) ,
3200-2400(0H/NHY,
1665 (CO}

3280 (NH)
3250-2200(0H/NH),
1660(C0}

3410 (NH)
3100-2250(CH/NH),
1660(C0)

3390(NAT,
3350-2300(0H/NR)
1645(C0)

3120(NHY,
3100-2000(0H),
1660(C0)

3245 (NH),
3200-2300(0H/NH),
1665(C0O)

3290(NH),
3100~2100(0H/NH) ,
1665(C0})

3.01(d,s with D20,J:5.O,Me),
6~55(t,JQ,5:J5’6=6.7,55],
7.59(dd,J5,6=6.7,Jq,6:2.O,H6),
8.66(dd,Jq’5:6.7,Jq’6=2.D,Hq),
9.50(exch.br NH)

3.050d,s with D,0,J=4.8,Me)
6.800(s,H,} 7.55(exch. br, NH),
10.00(exch.br,NH/OH)

3.02(d,s with D,0,J=5.2,Me]),
T.46ls,Hgl,7.82(exch br,NH],
12.95(exch.br,0H)

(V%]

.06(d,s with DEO,J:A.B,MeJ,
.90(5,H5J,7.76(exch.br,NH),
.30(exch.br,OH/NH)

w o

3.02{(d,s with D20,J:4.8,Me),
7.75,8.04(4B,J5 g=4.8,Hg, Hg),
8.33(s,Hy),8.56(exch.br g,
J=4.8,8H),10.05(exch.br,0H)

2.22(S,Me),6.69(S,H5),7.38
texch.br,NH/0H)

2.31(S.Me),7.22(s,ﬁ5),
7.52{exch.br, NH),
g.86(exch.br, 0OH)

Calculated values 1In parenthe51s.(b) From benzene.

Sublimed 1n vacuo.

— 1904 —

€} From benzene-methanol.




HETEROCYCLES, Vol 27, No 8, 1988

20.80. Found: C, 41.97; H, 2.56; &, 20.72. 'H-Nar (CDCls}: 2.76 (s, Me), 7.31 (s,
.). Iri 3200 (NH).

4-Chloro-3-metnvlpyrazolo[4,3-c]lpyradine (10)

Operating as above from compound 11 {0.26 g, 1.74 mmol) and phenylphosphonic
dichloride (5 ml), chlorcoerivative 10 was obtained (0.16 g, 55% ): mp 197-138 °C
(in a sealed tube). Anal. Calcd for CqhgClliz): C, 50.76; d, 3.62; M,25.08. round:
G, 50.33; d, 3.78; N, 25.36, 1H-Nmr' (CDClB): 2.79 (s, Me}, 7.27 (d, J = 5.8, H-{v),
8.15 (d, 4 = 5.8, H6), 10.24 {exch, br s, NdA}. Ir: 3130 (NE).
J-Methylpvrazolol4,3-clpyridine (9]

A solution of B {0.05 g ,0.25 mmol) and triethylamine (0.1 ml}) in ethancl (10 ml}
was shaked under hydrogen at atmospheric pressure 1n presence of 10% Pd-carbon
(0.02 g). The catalyst was filtered off, and the filtrate was evaporated. The
residue was treated with 1N NaOd (2 ml). cxtraction with ether gave, on evapora-
tion, compound 9, which was crystallized from cyclohexane (0.024 g, 72% ): mp 165~

167 “C (1n a sealed tubel). Anal. Calcd for CpHglN4): C, 63.13; H, 5.31; N, 31.56.

Found: C, 62.88; d, 5.42; 1, 31 86. Ty_yimr (DMS0-dg): 2.58 (s, Me), 7.42 (dd, Jg ¢
= 556, Jiu7 = 1.9, Hy), 8.30 (d, J6,7 = 5.6, Hg), 9.05 id, J4,7 = 1.0, Hy), 12.9
(exch., br s, J2). Ir: 3300-2500 {NH)}. The same compouna (ir and TH-nar spectra)

was obtained (80 % yreld) by catalytic nydrogenation of chloropyrazolopyridine

10, operating a5 apove
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