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21, 16617-46-2; 2-oxocyclohexanecarbonitrile, 4513-77-3; imidaz-
ole-4-carboxaldehyde oxime, 57090-90-1; 6-amino-1,4-dioxaspiro-
[4.4]nonane, 57090-91-2; 6-phthalimido-1,4-dioxaspiro[4.4]nonane,
10442-96-3; cyclopentanone oxime p-toluenesulfonate, 10442-97-4;
1,4-dioxaspiro{4.5)decane-6-carboxamide, 57090-92-3; ethyl 14-
dioxaspiro(4.5]decane-6-carboxylate, 13747-72-3; 2-oxocyclohex-
anecarboxamide, 22945-27-3; 3-methylpyrazole, 1453-58-3.
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Reaction of the thallium(I) salt of 1-hydroxy-2(1H)-pyridone with alkyl iodides, arylsulfonyl chlorides, and
aroyl chlorides gave a series of 1-alkoxy-, 1-arylsulfonyloxy-, and 1-aroyloxy-2(1H)-pyridones. A similar series was
prepared from the thallium(I) salt of 1-hydroxy-3,5-dinitro-2(1H)-pyridone. Irradiation of the 1-aroyloxy-3,5-di-
nitro-2(1H)-pyridones in benzene gave unsymmetrical biphenyls in moderate yield. It is suggested that these sta-
ble, crystalline pyridone derivatives may be generally useful as sources of aryl radicals.

We have recently described a convenient, high-yield syn-
thesis of 1-acyloxy-2(1H)-pyridones by reaction of the thal-
lium(I) salt of 1-hydroxy-2(1H)-pyridone (1) with acyl ha-
lides in ether suspension.? Intrigued by the utility of these
active esters for peptide synthesis,*¢ we have examined the
preparation and reactivity of a number of other 1-substi-
tuted 2(1H)-pyridones which were similarly prepared.

Although 1 was unreactive toward alkyl halides at room
temperature in ether suspension, reaction was quantitative
when 1 was heated under reflux with an excess of the alkyl
halide.” Lower boiling halides and secondary halides need-
ed longer reaction times, and not surprisingly, iodobenzene
proved unreactive. 1-Phenoxy-2(1H)-pyridone was, how-

ever, readily prepared in 90% yield by stirring 1 with 1
equiv of diphenyliodonium chloride in tert-butyl alcohol
for 16 hr at 30°.

1-Aroyloxy-2(1H)-pyridones were similarly prepared
from 1 and the appropriate aroyl halide at room tempera-
ture in ethyl acetate suspension. The various 1-alkoxy- and
1-aroyloxy-2(1H)-pyridones prepared in this study, along
with pertinent physical data and yields, are summarized in
Table I.

An analogous series of 1-alkoxy and l-aroyloxy deriva-
tives was prepared from the thallium(I) salt of 1-hydroxy-
3,5-dinitro-2(1H)-pyridone (2). As expected, 2 was weakly
nucleophilic and proved to be relatively sluggish in its reac-
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Table I
1-Substituted 2(1H)-Pyridones?

| )
OR ‘
-1
Registry Reaction Temp, Ir carbonyl, em
no. R time, hr °C Pyridone Ester % yield Mp or bp, °C (mm)

40775-55-1 CH 18 42 1665 98.5 87-90 (0.04)
56960-56-6 CH;CH,CH2 3 101 1665 99.5 105-108 (0.08)
32846-47-2 (CH,),CH 18 89 1665 97 90-94 (0.1)

4377-30-4 CH,=CHCH, 1 102 1670 99 d

5279-98-1 CH,CH,CH,CH, 1 130 1665 98 d
56960-57-7 CH,CH,Br 4 131 1670 93b,e
56960-58-8 CH,c 1660

886-27-1 CH.,CO 1 20 1670 1780 86 139-141 (ref 6)

56960-59-9 o-CIC,H,CO 3 20 1660 1785 86 100-101

5037-55-8 m-BrC,H,CO 1 20 1670 1790 88 138-140 (ref 6)

5037-58-1 m-NO,C,H,CO 1 20 1680 1790 93 136-138 (ref 6)

5037-59-2 p-NO,C,H,CO 1 20 1670 1785 90 156—157 (ref 6)
56960-60-2 m-CH,C,H,CO 1 20 1660 1770 78 94-95

5033-24-9 p-CH,0C,H,CO 2 20 1660 1770 82 116-118 (ref 6)
56960-61-3 { l co 1 20 1660 1785 91 110-112

N

a Satisfactory microanalytical data for all new compounds listed in the table (except as noted) were submitted for review.
b This compound decomposed upon distillation. ¢ See Experimental Section. d L. A. Paquette, Tetrahedron, 22, 25 (1966).
€ Anal, Caled for C,H,BrNO,: C, 38.60; H, 3.67; N, 6.43. Found: C, 41.40; H, 4.31; N, 6.99.

Table II
1-Substituted 3,5-Dinitro-2(1H)-pyridones?

ON l\ NQ,

T 0
OR
. Ir carbonyl, cm™ )
Registry Reaction Temp,
no. R time, hr °C Pyridone Ester % yield Mp, °C

56960-62-4 CH, 1720 57 146-147
56960-63-5 CH,CH, 7 days 72 1720 96 123-124
56960-64-6 CH,CH,CH, 3 days 101 1720 90 85—86
56960-65-7 CH,CH,CH,CH, 2 days 130 1715 82 92-93
56960-66-8 CH,CO 3 20 1740 1820 95 148-150
56960-67-9 CH,CO 1 20 1725 17756 89 148-149
56960-68-0 o-CIC H,CO 3 20 1735 1810 85 170-171
56960-69-1 m-BrC ,H,CO 3 20 1730 1785 89 167-168
56960-70-4 m-NO,C,H,CO 2.5 20 1730 1795 64 171-172
56960-71-5 p-NO,C,H,CO 1 20 1730 1800 51 190-191
56950-72-6 m-CH,C,H,CO 3 20 1725 1795 86 173-174
56960-73-7 p-CH,0C,H,CO 3 20 1725 1780 84 192-193
56960-74-8 | Nﬂ co 3 20 1725 1790 76 171-172
56960-75-9 Tl 3 20 1725 1785 69 146-147

a Satisfactory microanalytical data for all new compounds reported in the table were submitted for review.

tions. For example, 1 reacted with benzenesulfonyl chloride
within 1 hr to give 1-benzenesulfonyloxy-2(1H)-pyridone,
but reaction with 2 was only partially complete after 12
days. Similarly, unreacted 2 was quantitatively recovered
when 2 was heated under reflux in methyl iodide for 1
week. On the other hand, reaction of 1 with refluxing meth-
yl iodide was complete in less than 1 day. 1-Methoxy-3,5-
dinitro-2(1H)-pyridone could be obtained, however, by re-
action of 1-hydroxy-3,5-dinitro-2(1H)-pyridone with diazo-
methane.® The various 1-alkoxy- and 1-aroyloxy-3,5-dini-
tro-2(1H)-pyridones prepared in this study, along with ap-
propriate yield data and physical properties, are summa-
rized in Table II.

It appears to be well documented that increased reactivi-
ty in nucleophilic reactions involving carbonyl groups is
paralleled by a marked shift of the ir absorption of the car-
bonyl band toward shorter wavelengths.®!® In accordance
with these observations, the reactive 1-acyloxy-2(1H)-pyri-
dones exhibit a carbonyl band in the region between 1700
and 1800 cm™~1. Since the corresponding 3,5-dinitro deriva-
tives show carbonyl absorptions at even shorter wave-
lengths (1790-1820 cm™1), it was anticipated that these lat-
ter derivatives would be even more useful as active esters
for peptide synthesis. We were thus surprised to discover
that their reaction with nucleophiles, contrary to predic-
tion, was much slower. For example, although 1-acetoxy-
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2(1H)-pyridone was completely hydrolyzed within 1 hr at
room temperature in aqueous solution, 1-acetoxy-3,5-dini-
tro-2(1H)-pyridone required 30 min of reflux for complete
hydrolysis. 1-Aroyloxy-3-nitro- or 5-nitro-2(1H)-pyridones
appear to be of intermediate activity, since they are reac-
tive enough to form amides and esters upon reaction with
amines and alcohols, respectively.!! It would appear that,
contrary to the generalization made in the past, the posi-
tion of the ir active ester carbonyl band is not a reliable cri-
terion of reactivity.

There are many precedents for both thermal and photo-
lytic homolysis of the N-O bond in various hydroxylamine
derivatives,!2-15 including 1-alkoxy-2(1H)-pyridones.!6 We
have now found that photolysis of either the 1-acyloxy-
2(1H)-pyridones or the 1-acyloxy-3,5-dinitro-2(1H)-pyri-
dones in benzene results in the formation of unsymmetrical
biphenyls in low to moderate yield. This reaction presum-
ably involves homolysis of the N-O bond to give a carbox-
ylate radical which then loses carbon dioxide to give an aryl
radical.17-20 This then reacts with the solvent benzene to
give the observed biphenyl (see Table III).2! Consistent

Table III
Unsymmetrical Biphenyls from Photolysis in Benzene

of 1-Aroyloxy-2(1H)-pyridones
(1 C,H. CH OZN‘(INO:
NN - ArCH; «— NNQ

hw hy
OCOAr OCOAr
Method A Method B
%ﬂk’_“fﬂ‘ Registry
Ar Product A B no.
C.H, Biphenyl 400 57 92-52-4
o-CIC,H, o-Chlorobiphenyl 27¢ 484 2051-60-7
m-BrC H, m-Bromobiphenyl 30¢ 56/ 2113-57-7
m-NO,C,H, m-Nitrobiphenyl 156 40k 2113-58-8
p-NO,C,H, p-Nitrobiphenyl 17¢ 36/ 92-93-3
m-CH,C,H, m-Methylbiphenyl 44k 57! 643-93-6
p-CH,OC,H, p-Methoxybiphenyl 9m 207 613-37-6
3-Pyridyl 3-Phenylpyridine 260 42p 1008-88-4

a Yield determined by GLC. b+ 20% benzoic acid. ¢+ 3%
bipheny!, 2% chlorobenzene, 35% o-chlorobenzoic acid.
d + 3% biphenyl. ¢+ 3% biphenyl, 2% bromobenzene, 28%
m-bromobenzoic acid. f+ 1% biphenyl, 22% m-bromo-
benzoic acid. £ + <1% biphenyl, <1% nitrobenzene, 35%
m-nitrobenzoic acid. #+ 6% biphenyl, <1% nitrobenzene,
43% m-nitrobenzoic acid. !+ <1% biphenyl, <1% nitro-
benzene, 12% p-nitrobenzoic acid. /+ 5% biphenyl, 1%
nitrobenzene, 48% p-nitrobenzoic acid. ¥ + 2% biphenyl, 2%
toluene, 19% m-toluic acid. {+ 29 biphenyl. M + 25% bi-
phenyl. " + 7% biphenyl, 4% anisole. 2 + 2% biphenyl, 2%
pyridine, 28% nicotinic acid. P + 2% biphenyl.

with this interpretation is the observation that the photoly-
sis of 1-(thiophene-2-carbonyloxy)-3,5-dinitro-2(1H)-pyri-
done gave a mixture of biphenyl and phenyl thiophene-2-
carboxylate. Unlike most aroyloxy radicals, the thiophene-
92-carbonyloxy radical is known to be relatively stable, pre-
sumably because of stabilization of the odd electron by sul-
fur.22 Also consistent with the above mechanistic interpre-
tation is the observation that substantially improved yields
of unsymmetrical biphenyls are obtained utilizing the 3,5-
dinitro-2(1H)-pyridone intermediates, in line with the
known ability of electron-withdrawing groups to promote
homolytic N-O bond scission by stabilizing the odd elec-
tron fragments.!223

It is interesting to compare this procedure for the pheny-
lation of arenes with the classical one involving thermolysis
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of a diaroyl peroxide.2%2425 Both methods start with the
corresponding aroyl chloride, but our new procedure pos-
sesses the distinct advantage of utilizing the intermediate
1-acyloxy-2(1H)-pyridones which, in contrast to the ther-
mally unstable diaroyl peroxides, are indefinitely stable
(even to heat), crystalline compounds. Furthermore, it is
significant that, in contrast to the peroxide route to aryl
radicals,?® phenyl aroates were not generally observed as
by-products in the photolytic decomposition of 1-aroyloxy-
2(1H)-pyridones in benzene. We suggest, therefore, that
the reaction pathway involving the conversion of an acid
chloride to a 1-aroyloxy-38,5-dinitro-2(1H)-pyridone, fol-
lowed by photolysis in benzene, provides a useful synthetic
complement to the classical procedure involving the inter-
mediacy of diaroy! peroxides. We are currently investigat-
ing other synthetic applications of this new procedure for
the generation of aryl radicals.

Experimental Section??

Thallium(I) Salt of 1-Hydroxy-3,5-dinitro-2(1 H)-pyridone
(2). Thallium(I) ethoxide (10 g, 0.04 mol) was added to a vigorous-
ly stirred solution of 1-hydroxy-3,5-dinitro-2(1H)-pyridone?8 (8.04
g, 0.04 mol) in 350 ml of absolute ethanol. The orange salt which
immediately precipitated was collected by filtration, washed with
ethanol, and dried to give 16.0 g (99.5%) of analytically pure 2, mp
>195° dec.

Anal. Caled for CsH2N3OTI: C, 14.85; H, 0.50; N, 10.15. Found:
C, 14.92; H, 0.46; N, 9.92.

1-Alkoxy-2(1 H)-pyridones. The thallium(I) salt of 1-hydroxy-
2(1H)-pyridone (9.42 g) was suspended in 20 ml of the appropriate
alkyl halide and then heated gently under reflux for the period of
time specified in Table I. The insoluble thallium(I) halide was re-
moved by filtration and washed thoroughly with ethyl acetate. The
combined filtrates were then evaporated, the last traces of alkyl
halide removed under high vacuum, and the crude product dis-
tilled. Yields and properties of the various compounds prepared by
this procedure are listed in Table I.

1-Alkoxy-3,5-dinitro-2(1 H)-pyridones. The same procedure
was employed as described above except that the thallium(I) salt
of 1-hydroxy-3,5-dinitro-2(1H)-pyridone was employed. However,
the products in this series are solids and could be separated direct-
ly from the distillation residue by suspension in petroleum ether
(bp 30-60°)—ethyl acetate followed by filtration. Recrystallization
from the same solvent mixture then gave the products listed in
Table IL

1-Methoxy-3,5-dinitro-2(1 H)-pyridone. To a solution of 1.0 g
of 1-hydroxy-8,5-dinitro-2(1H)-pyridone in 150 ml of anhydrous
ether and 50 ml of anhydrous ethyl acetate was added an excess of
ethereal diazomethane. Evaporation of the solvents then gave 0.61
g (57%) of 1-methoxy-3,5-dinitro-2(1H)-pyridone, mp 140-143°,
The product was obtained as colorless needles, mp 146-147°, upon
recrystallization from petroleum ether—ethyl acetate.

1-Aroyl-2(1H)-pyridones and 1-Aroyl-3,5-dinitro-2(1H)-
pyridones. General Procedure. A suspension of the thallium(I)
salt of 1-hydroxy-2(1H)-pyridone or 1-hydroxy-3,5-dinitro-2(1H)-
pyridone in anhydrous ether or anhydrous ethyl acetate was treat-
ed with 1 equiv of the appropriate aroyl chloride, and the mixture
was stirred at room temperature (see Tables I and II). The precipi-
tated thallium(I) chloride was then removed by filtration through
Celite, the filtrate evaporated to about half its volume, and petro-
leum ether added to cloudiness. Refrigeration then resulted in sep-
aration of the product which was collected by filtration and recrys-
tallized from the appropriate solvent (see Tables I and II).

1-Phenoxy-2(1 H)-pyridone. A suspension of 3.14 g (0.01 mol)
of the thallium(I) salt of 1-hydroxy-2(1H)-pyridone and 3.17 g
(0.01 mol) of diphenyliodonium chloride in 30 ml of tert-butyl al-
cohol was stirred for 16 hr at 30°, and the white precipitate of thal-
lium(I) chloride which had separated was collected by filtration
and washed with ethyl acetate. The combined filtrates were then
evaporated under reduced pressure and the residual tan solid
washed with n-hexane (to remove iodobenzene). The residual solid
weighed 1.68 g (90%), mp 99-101°. Recrystallization from ethyl ac-
etate-n-hexane raised the melting point to 102-103°.

Anal. Caled for C;1HoNO2: C, 70.57; H, 4.85; N, 7.48. Found: C,
70.37; H, 4.80; N, 7.37.

m-Bromobiphenyl. A solution of 1.92 g (0.005 mol) of 1-m-bro-
mobenzoyloxy-3,5-dinitro-2(1H)-pyridone in 300 ml of benzene
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was placed in & 500-ml quartz photolysis vessel and the stirred so-
lution purged with nitrogen for approximately 15 min. The vessel
was then fitted with a reflux condenser, and the solution was pho-
tolyzed in a Rayonet photochemical reactor with 300-nm light for
18 hr. The dark orange solution was evaporated under reduced
pressure and the residue dissolved in 50 ml of chloroform and
washed with 25 ml of saturated aqueous sodium bicarbonate. The
bicarbonate layer was then separated and extracted with another
25-ml portion of chloroform. The combined chloroform extracts
were then washed with distilled water, dried (anhydrous MgSOQy,),
and evaporated to dryness. The residual red oil was chromato-
graphed on a 10-g column of silica gel using n-hexane-ether (3:1
viv) as the eluent. Evaporation of the solvent then gave 0.65 g
(56%) of m-bromobiphenyl and 1% of biphenyl. Acidification of
the aqueous sodium bicarbonate layer above, extraction with two
25-ml portions of ether, and evaporation of the ether extracts gave
0.22 g (22%) of m-bromobenzoic acid.

The other unsymmetrical biphenyls listed in Table III were sim-
ilarly prepared by photolysis of the appropriate 1l-aroyloxy-
2(1H)-pyridone or 1-aroyloxy-3,5-dinitro-2(1H)-pyridone in ben-
zene.

Registry No.—1, 23595-81-5; 2, 56960-55-5; thallium(I) ethox-
ide, 20398-06-5; 1-hydroxy-3,5-dinitro-2(1H)-pyridone, 822-89-9;
diazomethane, 334-88-3; benzoyl chloride, 98-88-4; o-chloroben-
2oyl chloride, 609-65-4; m-bromobenzoy! chloride, 1711-09-7; m-
nitrobenzoyl chloride, 121-90-4; p-nitrobenzoyl chloride, 122-04-3;
m-methylbenzoyl chloride, 1711-06-4; p-methoxybenzoy! chloride,
100-07-2; 3-pyridinecarbonyl chloride, 10400-19-8; diphenyliodon-
ium chloride, 1483-72-3.
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