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The reaction of lithiopyridine 1-oxides with oxygen gives poor yields of 1-hydroxy-2-pyridones.
The reaction with sulfur, however, is a convenient route to the 1-hydroxy-2-pyridinethiones which

have useful antibacterial and antifungal activity. Reaction with ethylene oxide gives mainly poly-

meric products, but addition to Shiff’s bases promises to be a convenient mode of mono-, and
particularly di-c-aminoalkylation of pyridine 1-oxides.

The substitution of hydrogen in pyridine 1-oxide and
its derivatives has been achieved in a number of cases by
base-induced proton-abstraction followed by treatment in
situ with a suitable electrophile. In this way, hydroxy-
alkylation (2), acylation (3), carboxylation (3), halogena-
tion (1,4), and chloromercuration (4) were conveniently
carried out. We now report the action of a number of elec-
trophiles upon 2-lithiopyridine 1-oxides leading to methods
for the direct thionation and aminoalkylation of the parent
heterocycle.

1-Hydroxy-2-pyridones have been shown (5) to have
marked antibacterial activity. Of the 2-, 3-, and 4-hydro-
xypyridine l-oxides only the first possessed significant
antibacterial activity (6). 1-Hydroxy-2-pyridinethiones
have been synthesized from 2-bromopyridine 1-oxides by
treatment with thiourea, followed by hydrolysis of the
isothiouronium salts (7). These, and their zinc chelates,
have been shown to have marked and useful antibacterial
activity (7). It would be of interest, therefore, to develop
one-step syntheses of these compounds from the parent
heterocycle.

Treatment of 2-lithiopyridine 1-oxide with oxygen did
not yicld any of the desired hydroxamic acid. On the other
hand, 2-lithio-4-methylpyridine 1-oxide did give 1-hydroxy-
4-methyl-2-pyridone (2b), albeit in low yield. Treatment
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of the lithio derivative of 3,4-dimethylpyridine l-oxide
(1d) with oxygen gave 1-hydroxy-3,4-dimethyl-2-pyridone
(2d) (10%) and 1-hydroxy-3,4-dimethyl-6-pyridone (3d)
(13.9%), whose spectral properties were consistent with
the assigned structures, and which gave the characteristic
hydroxamic acid red color with ferric chloride.

A general method of preparing cyclic thiohydroxamic
acids has been developed which involves the addition of
elemental sulfur to lithiopyridine 1-oxides. Treatment of
lithiopyridine 1-oxide with sulfur in tetrahydrofuran at
-65° gave 1-hydroxy-2-pyridinethione (4a) (8%) together
with a brown plastic-like solid. The latter was not affected
by lithium aluminum hydride and was not, therefore, a
pyridine polysulfide (vide infra). When the reaction was
carried out in ether at room temperature the yield of 4a
was only slightly higher. An improvement was achieved
by using lithium hydride in dimethoxyethane containing
some diethyleneglycol monomethyl cther as the base in-
stead of butyllithium: 4a was obtained in19% yield. When
methoxyethanol was used instead, the yield was still higher
(21.5%). This base was, however, less effective than Bul.i
in the reactions with substituted pyridine 1-oxides.
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Reaction of 2-ithio-4-methylpyridine 1-oxide (from 1b
and Buli) with sulfur gave 4b (38.7%). When the anion
was generated using lithium hydride in dimethoxyethane
containing some methoxycthanol the yield of 4b was only
5.5%. When 4-chloro-3-methylpyridine 1-oxide (4¢) was
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treated with Buli at -65° and then with sulfur 5¢ (11.5%)
was obtained. The structure assignment is based on the
known orientation on hydroxyalkylation of the anion of
4¢ (2) and the infrared, n.m.r. and mass spectra of the com-
pound (see Experimental). Thiohydroxamic acid 5¢ was
rather unstable and decomposed quite vigorously, so that
its purification proved to be difficult. The zinc chelate
(7c) (86%) was stable, however, and could be analyzed.
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The lithio derivatives of 3,4-dimethylpyridine l-oxide
(1d) (from BuLi in tetrahydrofuran at -65°) was treated
with sulfur to give |-hydroxy-3,4-dimethyl-2-pyridinethi-
one (4d) (12.5%), 1-hydroxy-3,4-dimethyl-6-pyridinethione
(6d) (24.1%), and 2,2'(1,1’-dihydroxy-4,4",5,5 -tetrameth-
yldipyridyl-6,6"-thione)disulfide (6d) (37.4%) (or its isomer
8). The structure of the disulfide was supported by its
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molecular weight, elemental analysis, nmr and mass spec-
trum. It was reduced quantitatively with lithium aluminum
hydride to give 3,4-dimethyl-1-hydroxy-2-mercapto-6-pyri-
dincthione (10) which, with 2 4-dinitrochlorobenzene, gave
a 24-dinitrophenylthioether (assumed to be 11). The un-
symmetrical structure 9 for the disulfide could be elimi-
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nated on the basis of its nmr spectrum in perdeuteriopyri-
dine which exhibited a 2H singlet at § 7.06 due to the
pyridine a-protons and ouly two 6H singlets at § 2.5 and
1.9, respectively, due to the two types of methyl groups.
The data could not allow a distinction to be made between
the two symmetrical structures 6 and 8 but our preference
is for the sterically less hindered one, 6. The formation of
6 (ur 8) suggests the intermediacy of the dilithio derivative
(12), whose presence has been noted previously (2-4).
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The relative orientation of 4d and 5d was easily estab-
lished on the basis of their nmr spectra. Preferential forma-
tion of 5d once again (2) suggests that metallation occurs
at the least hindered a-carbon atom. Other reaction condi-
tions and the use of other possible sources of sulfur are
given in Table I. Treatment of 5d with 2,4-dinitrochloro-
benzene did not give a 2 4-dinitrophenylether. All the
cyclic thiohydroxamic acids prepared here gave the char-
acteristic purple color with ferric chloride and formed zinc
chelates readily.

Since the reaction of organolithium reagents with epox-
ides is a convenient method for the synthesis of S-substi-
tuted ethanols (8) it was hoped that 2-lithiopyridine 1-
oxides would yield 2-pyridylethyl alcohols. These on de-
hydration would give 2-vinylpyridine 1-oxides which, on
polymerization, would lead to poly-(2-vinylpyridine 1-
oxides), of interest in the treatment of the pathogenic
effects of silica in animals (9). Treatment of 2-lithiopyri-
dine 1-oxide in THF at -15° with a five molar excess of
ethylene oxide gave 2-n-butylpyridine (9.5%) and a mix-
ture of pyridine 1-oxide and a higher molecular weight
product which could not be resolved by column chrom-
atography. Pyridine l-oxide probably arises by hydrogen-
abstraction, either from THF, ethylene oxide or both.
Similar results were obtained when ether was used as the
solvent, either at -15° or at 25°.

Reaction of lithio-4-methylpyridine 1-oxide with ethyl-
ene oxide in ether at 25° for 2 hours gave an elastic-like
hygroscopic solid whose molecular weight (osmometric)
in chloroform was 812. This corresponds to a telomer (13)
of 4-methyl-2-vinylpyridine 1-oxide where n = 6. When
the reaction time was lengthened to 10 hours, a product
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of molecular weight 1866 was obtained, corresponding Lo
13 (n = 14). A portion of this product was purified by
precipitation with ether from acetone solution. Its nmr
spectrum (rather rough integral since accurate integration
was not possible) exhibited a 1H multiplet at § 8.6-7.8
assigned to Cg-H, a 2H multiplet at § 7.5-6.5 due to C5-H
and Cs-H, a complex 3-4 H multiplet at § 4.5-3.4 assigned
to -CH- and -CH,-, and complex multiplets at § 3.0-0.7
probably due to -CH;- and -CHj groups. The presence of
cross-linkages is possible since 2,6-disubstituted products
have been isolated in the cases of alkylation, bromination,
chlorination, and thionation.

Lithio-3,4-dimethylpyridine 1-oxide did not react with
cthylene oxide in tetrahydrofuran at -65°. When the re-
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TABLE 1

Direct Thionation of Lithiopyridine 1-Oxides

Yields of products (%)

1 Reagent Base Solvent (temp. °C) 4 5 6
R;=Rs=H Sg n-BuLi THF (a) (-65°%) 7.9
Ether (25%) 10.1
LiNH, DME (b) (80%)
LiOMe DME ( 80°%) =
LiOMe DME-ME (c¢) (80°%) =
(10:1 v/v)
1LiH DME (80°%) 12.0
DME-DEME (d) (80°%) 19.5
(50:4 v/v)
DME-ME (80°%) 21.5
(50:4 v/v)
C,HaS LiH DME-ME ( 80°)
Ry =H; Ry =Me Sg n-BuLi THF (-65°) 38.7
LiH DME-ME (80°%) 5.2
NaNH, lig. NH3 (-33°%)
R3 = Me; R4 =Cl Sg n-Buli THF (-65°) 11.45
Ry = Ry = Me Sg n-BuLi THF (-65°) 12.5 24.1 37.4
Ether (25%) 7.9 7.3 21.1
S,Cl, n-Buli THFE (-65°%) 4.6 7.5
C,HaS n-BuLi Ether (25°%) 7.7 11.0
Sg LiH DME (80°%) 0.9
DME-ME 5.2 5.5

(a) Tetrahydrofuran. (b) Dimethoxyethane. (¢) 2-Methoxyethanol. (d) Diethylenegly col monomethyl ether.

action was carried out in ether at 25° for 16 hours two pro-
ducts were isolated. The first was a viscous yellow oil whose
infrared and nmr spectrum indicated this to be a mixture
of 243,4-dimethyl-2-pyridyl)ethanol 1-oxide (14) and 2-
(4,5-dimethyl-2-pyridyl)ethanol 1-oxide (15).
supported by the presence of an M*- jon in the mass spec-
trum at m/e 167 (CoH, 3NO,) and an (M-H, O)*- peak at
m/c 149. Unfortunately, no satisfactory clemental analyses
could be obtained on this material. The second product

This was

was an elastic-like solid whose nmr spectrum suggested it
to be a 2,6-disubstituted pyridine polymer. When the oil
which is probably a mixture of 14 and 15 was stirred with
concentrated sulfuric acid for 30 minutes at room temper-
ature an clasticlike solid was obtained identical (ir and
nmr) with the above polymer. Authentic 2-(2"-pyridyl)-
cthanol l-oxide (10) is not dehydrated under the same
conditions but is on heating with concentrated acid. The
same type of polymeric product was obtained when an
8-molar cxcess of ethylene oxide was used. The molecular
weight of the polymers varied from 1215 to 2222 depend-
ing on the reaction time.

fn all probability, the 2{(1"-oxido-2"-pyridylethoxide
(16) is formed in all cases and undergoes base-catalyzed
B-elimination to give the 2-vinylpyridine 1-oxide (17) which
then polymerizes in the presence of strong base. Vinyl-
pyridines are known (9) to polymerize almost quantita-

tively in the presence of n-butyllithium. Authentic 2-
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vinylpyridine 1-oxide polymerizes on standing at room
temperature with n-butyllithium. To avoid this polymeri-
zation which apparently requires the presence of a base an
inverse addition procedure was used whereby a solution of
lithio-3,4-dimethylpyridine 1-oxide (free of 1d) was added
dropwise to a 4-molar excess of ethylene oxide. Compound
1d (38%) was isolated (probably resulting from hydrogen
abstraction by the anion) together with the oil identical
with what appears to be the mixture of 14 and 15 (vide
supra). While again this oil could not be resolved or ob-
tained analytically pure, this inverse addition procedure
seems Lo be more promising in that no polymeric product
was formed.

Lithio-3,41utidine l-oxide did not react with cyclo-
hexene oxide under a variety of conditions but did react
(direct addition) with styrene oxide in ether at room tem-
perature to give a mixture of telomers. These could be re-
solved to some extent by chromatography on alumina to
give a major product, MW. 653 (osmometric) in chloro-
form solution corresponding to 18 (n = 3; Caled. M.W.
675). Minor fractions corresponding to n = 2 and n = 4
were also obtained. The ir and nmr spectra of these frac-
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lions were consistent with the proposed structure. The
same product (identical ir) was obtained when the inverse
addition procedure was used so that this method provided
no improvement here.

Me

Me -~
| Ph
]
X~ “CHy-CH

(0]
18

H

The reaction of organolithium reagents with Schiff bases
is a convenient method of preparing substituted amines
(1. Treatment of lithio-3,4-dimethylpyridine 1-oxide in
the THF at -65° with N-benzylideneaniline gave 2,6-bis-
(a-anilinobenzyl)-3,4-dimethylpyridine 1-oxide (19; R =
Me) (62%) and 2-(a-anilinobenzyl)-4,5-dimethylpyridine
-oxide (20) (12%). The infrared, mass, and nmr spectra
were consistent with the assigned structures and eliminated
alternative structures such as 21 for the 2:1 product, for
instance.  Thus, no resonances due to pyridine a-protons
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PRHNHC sy /CH-NHPh Xy ~GHNHPh N+ H-N-CHNHPh
| !
Ph 4- Pk . Ph

& Ph & Pn
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were observed in the spectrum of 19, nor were frag-
ments f’)l)scrvcd at mfe 303 undJr _273, corresponding to
PhCH=N(PhYCH(Ph)NHPh and PhN=CH(Ph)NHPh, respec-
tively. When the reaction was carried out in cther at 25°
the yiclds were lower: (19, 31%; 19, 17.5%). The only
product obtained from lithiopyridine 1-oxide and benzyli-
dinc aniline was 19 (R = H) (41%). This reaction therefore
showed promise for the synthesis of aminoalkylated pyri-
dine l-oxides.
Mass Spectra.

There does not appear to have been any study made of
the mass spectra of cyclic thiohydroxamic acids though the
spectra of 1-hydroxy-2-pyridone (12) and of 2-pyridine-
thione and 2-alkylthiopyridines (13) have been interpretted.
We have made Lenlative mass spectral assignments based on
comparison with these molecules. Firm assignments will
have to wait until high resolution spectra and isotopic
labelling studies arc available. We illustrate these with the
mass spectrum of 1-hydroxy-4-methyl-2-pyridinethione
(4b) (Scheme 1). The molecular ion at m/e 141 could
undergo various modes of fragmentation. Loss of CS (path
1) would lead to a hydropyrrole cation [by analogy with
2-pyridinethione (13) ] at m/c 97 followed by consecutive
loss of -Ofl (to m/e¢ 80) and HCN (to m/e 53). Alterna-
tively (path 2), it could start by losing -OIl to give m/e 124
which then fragments as does 2-pyridinethione. A third
alternative would involve initial loss of oxygen [as in the
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cases of 1-hydroxy-2-pyridones (12) ] (path 3) followed by
fragmentations typical of pyridinethiones and alkylthio-
pyridines.

Amine 19 did not exhibit a parent ion at m/e 485 but
did show an (M+'-()) fragment at m/e 469 (14) and an ion
at m/e 468 (M*-OH). The diamine 20 also did not show
amolecular ion at m/e 304 but did show an ion at m/e 288

(loss of oxygen) and at m/e¢ 287 (loss of OH).

(SCHEME 1)
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Biological Testing.

Somc of the cyclic thiohydroxamic acids prepared above
were evaluated for their antibacterial and antifungal activi-
tics by the Warner Lambert Research Institute. The bac-
terial test organisms were S. aur., E. coli, and P. vulg. and
the minimal concentration of thiohydroxamic acid required
to prevent growth in the absence of serum varies rom 4 to
1000 pg/ml, with 5d being the most active against S. aur.,
and 10 being the most active against E. coli and P. vulg.
These activities were maintained in the presence of serum.
The minimal concentration needed to inhibit the growth
of the fungal test organisms C. alb., T. ment., A. nigr., S.
schn., M. cani and C. neof. varied from 8 to 125 ug/ml.
On the other hand, the disulfide 6 was inactive both as an
antibacterial and as an antifungal agent, and this is most
likely due to its very low solubility.
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Nmr specira were recorded on a Varian A60 or HA100 Mc
spectrometer, mass spectra were determined on an MS-12 or CEC
21-104 single focussing mass spectrometer using an ionization
voltage of 70eV, and solution molecular weights were determined
on a Hitachi Perkin-Elmer Model 115 osmometer.

1-Hydroxy-4-methyl-2-pyridone.

4-Picoline 1-oxide (1.53 g.) in anhydrous tetrahydrofuran (70
ml.) was cooled to -65°, flushed with dry oxygen-free nitrogen and
treated with n-butyllithium (1.8 g., in hexane solution) slowly with
stirring. The dark brown solution was stirred for 1 hour and then
dry oxygen was bubbled into the reaction mixture (30 ml. /minute)
for 15 minutes. The mixture was allowed to come to room tem-
perature and water (40 ml.) was added. The mixture was acidified
to pH 2 with 18% hydrochloric acid, extracted with chloroform
(8 x 75 ml.), the extracts dried (sodium sulfate) and evaporated
under reduced pressure to give a greenish brown tarry semi-solid.
This was chromatographed on a 2.5 x 50 cm silica gel column.
Elution with ether gave 1-hydroxy-4-methyl-2-pyridone (0.223 g s
12.7%), m.p. 131-132° (from acetone) [lit. (15), m.p. 129- 130°1;
nmr (deuteriochloroform): & 7.58(d, 1,Js ¢ = 7 Hz, C¢-H), 6.44
d,J35 =2 Hz, C;3 -H),6.10 (q,1,/5 6~7Hz Ja,5 =2 Hz, Cs-H),
2.18 (s 3, Ar(’H;,) 12.08 (s, 1, OH exchanges with deuterium
oxide); mass specirum (relative abundance): mfe 125 (Mt 71),
109 (71), 97 (15), 81 (18), 80 (100), 53 (65).

The aqueous layer was adjusted to pH 12 and extracted with
chloroform to give 4-picoline 1-oxide (0.325 g.), identical with an
authentic sample.

Reaction of Lithio-3,4-pyridine 1-Oxide with Oxygen.

Using the same procedure as above 3.4-lutidine 1-oxide (1.72
¢.), n-butyllithium (1.8 g.) in hexane, and oxygen gave a brown
solid which was chromatographed on silica gel (2.5 x 52 c¢m).
Elution with benzene-ether (3:1 v/v) gave 1-hydroxy-3,4-dimethyl-
2-pyridone (0.194 g., 10%), m.p. 169-170° (recrystallized from
acetone and then sublimation at 100°/0.125 mm): ir (potassium
bromide): 3115 (m), 2500 (m), 1620 (s), 1500 em”! (s); nmr
(deuteriochloroform): 8 11.26(s, 1, OH, exchanges with deuterium
oxide), 7.50 (d,1,J5 ¢ = 7 Hz, Cg-H), 6.10(d, 1,J5 ¢ =7 Hz, Cs-
H), 2.16 (s, 3, ArC H3) 2.10 (s, 3, ArCH3); mass spe ctrum (relative
abundance): mje 139 (M, 100), 123 (91), 111 (19), 110 (21),
95 (25), 94 (76), 80 (25), 67 (41), 41 (41), 39 (54).

Anal. Caled. for C;HgNO,: C, 60.42; H, 6.52.
60.36; H, 6.61.

Continued elution with benzene-ether gave 1-hydroxy-3,4-di-
methyl-6-pyridone (0.27 g., 13.9%), m.p. 195° (recrystallized from
acetone and then sublimation at 125°/0.175 mm); ir (potassium
bromide): 3100 (m), 2700 (m), 1660 (s), 1580 (s), 1490 em™!
(5); nmr (deuteriochloroform): & 11.18 (s, 1, OH, exchanges with
deuterium oxide), 7.46 (s, 1, Co-H), 6.46 (s, 1, C5-H), 2.12 (s, 3,
ArCH3), 2.05 (s, 3, ArCH3); mass spectrum (relative abundance):
m/e 139 (M*, 100), 123 (54), 111 (21), 110 (23), 95 (17), 94 (7),
80 (15), 67 (35), 41.(38), 39 (50).

Anal. Caled. for C7HgNO,:
60.51; H, 6.52.

Elution with alcohol gave a brownish-black semi-solid. This
was dissolved in ethanol (20 ml.), precipitated with water, and
heated on a steam bath for 2 hours with 18% hydrochloric acid.
Extraction with chloroform and work up gave more 3d (19 mg.,
1%: overall yield 14.9%), m.p. 195°.

Found: C,

C, 60.42; H, 6.52. Found: C,

1-Hydroxy-2-pyridinethione.
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(a) In Tetrahydrofuran.

Pyridine 1-oxide (1.9 g.) in anhydrous tetrahydrofuran (70 ml.)
at -65° was heated with n-butyllithium (2.56 g.) in hexane under
dry, oxygen-free nitrogen. The brown solution was stirred for 1
hour after which sulfur (1.28 g.) was added. Stirring was continued
for 30 minutes and the mixture was then allowed to come to room
temperature. It was then poured into water (40 ml.), acidified to
pH 2 with 18% hydrochloric acid and extracted with chloroform
(8 x 50 ml.). The dried (magnesium sulfate) extracts were evapo-
rated 10 give a black semi-solid which was extracted with hot 95%
ethanol (60 ml.). An insotuble brown plastic like solid (1.9 g.) was
filtered. Evaporation of the alcohol gave a brown solid which was
chromatographed on a column of silica gel (2.5 x 60 cm). Elution
with light petroleum-benzene (l 1 v/v) gave l-hydr()xy 2-pyridine-
thione (0.20 g., 7.9%), m.p. 68° [lit. (7), 68- 70°], identical with
an authentic sample. Elution with ether gave a black tar (0.345 g.)
which could not be characterized.

(b) In Ether.

Pyridine 1-oxide (1.9 g.) suspended in anhydrous ether (75 ml.)
at 65° was treated with n-butyllithium (2.56 g.) in hexane under
dry nitrogen. After stirring for 20 minutes the solution was warmed
to room temperature, sulfur (1.28 g.) was added and stirring was
continued for 30 minutes. Water (30 ml.) was added and the sulfur
(0.40 g.) which precipitated was filtered. Work up as above gave
1-hydroxy-2-pyridinethione (0.256 g., 10. 1%), m.p. 68°.

1-Hydroxy-4-methyl-2-pyridinethione.

Prepared as above from 4-picoline 1-oxide (2.18 g.), n-butyl-
lithium (2.56 g.) and sulfur (1.28 g.) in THF at 65°, 1- hydroxy-
4- mothyl 2-pyridinethione (1.092 g., 38.7%) had m.p. 59 [lit. (7),
59.61°]; nmr (deuteriochloroform): 8 7.9 (d, 1,J = 7 Hz, C¢-H),
746(d 1 .’35*2HL LaH) 654((],1 .Is ,6 *7H/ ]35 *2“1
Cs-H), 2.24 (s, 3, ArCHj3), 11.8 (br s, 1 OH, txchangcb with
deuterium oxide); mass spectrum (relative abundance): m/e 141
(MT", 100), 125 (13), 124 (15), 97 (25), 93 (40), 92 (16), 81 (8),
80 (22), 63 (18), 53 (26), 39 (40).

4-Chloro-1-hydroxy-3-methyl-6-pyridinethione.

Prepared as above from 4-chloro-3-picoline 1-oxide (2.86 g.),
n-butyllithium (2.56 g.), and sulfur (1.28 g.) a brown semi-solid was
obtained and extracted withethanol. Filtration, evaporation of the
alcohol, and chromatography on a silica gel column gave 4-chloro-
1-hydroxy-3-methy}-6-pyridinethione (0.395 g., 11.45%), m.p. 99-
101° (from ethanol); ir (potassium bromide): 3100 (m), 2750
(w), 1600 (m), 1550 ecm™! (s); nmr (deuteriochloroform): 8 9.9
(br s, 1, OH exchanges with deuterium oxide), 7.9 (s, 1, C5-H),
7.64 (s, 1, Cs-H), 2.26 (s, 3, ArCH3); mass spectrum (relative
abundance): mfe 177 (37), 176 (9), 175 (M, 351, 100), 161 (4),
160 (6), 159 (11), 158 (13), 127 (19). A solution of the chloro
compound (87.5 mg.) in 0.5 N sodium hydroxide (1 ml.) was added
to a solution of zinc chioride (34 mg.) in water (3 ml.). The zinc
sall was washed with water, ethanol, and ether to give pure product
(89 mg., 86%), m.p. 292-294° dec.

Anal. Caled. for Cy2H;gCl3N2028,7n:
Found: C, 34.99; H, 2.69.

Reaction of Lithio-3,4-dimethylpyridine 1-Oxide with Sulfur.

¢, 34.77; H, 2.69.

(a) In Tetrahydrofuran.

Using the same procedure as above, 3,4-lutidine 1 -oxide (2.46
g.), n-butyllithium (2.56 g.) and sulfur (1.28 g.) at 65° gave a
yellow solid which was txtrdcted with warm ethanol (60 ml.).
2.2'.(1,1'-Dihydroxy-4, 4’ 5,5 -tetramethyldipyridyl-6, 6'-dithione)-
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disulfide (1.39 g., 37.4%) was insoluble and was filtered. After re-
crystallization from chloroform it had m.p. 186-187°; ir (potassium
bromide): 3050 (w), 2325 (w), 1570 (m), 1550 (m), 1490 (s),
1440 em™!'; nmr (perdeuteriopyridine): 8 7.06 (s, 2, C3-H, C3'-H),
2.50 (s, 6, ArCH3), 1.9 (s, 6, ArCH3).

Anal. Caled. for Ci4H{gN,0,8,: C,45.14; H, 4.33; M 372,
Found: C, 45.25; H, 4.24; M (osmometer), 370.

Evaporation of the aleohol extract above gave a yellow solid
which was chromatographed in silica gel (2.5 x 60 cm). Elution
with light petroleum-benzene (1:1 v/v) gave sulfur (50 mg.). Further
clution with light petroleum-benzene (1:1 v/v) gave 1-hydroxy-3,4-
dimethyl-2-pyridinethione (0.388 g., 12.5%), m.p. 128-129° (from
benzene followed by sublimation at 125°/1.75 mm); ir (potassium
bromide): 3100 (m), 2700 (m), 1610 (m), 1560 (s), 1480 cm™"
(s): nmr (deuteriochloroform): & 12.35 (br s, 1, OH exchanges
with deuterium oxide), 7.88 (d, 1, Js 6= 6 Hz, Cg-H), 6.56 (d, 1,
Js 6 = 6 Hz, Cs-H), 2.42 (s, 3, ArCH3), 2.26 (s, 3, ArCHj); mass
spectrum (relative abundance): m/fe 155 (M1, 100), 140 (6), 139
(29), 138 (84), 94 (18), 92 (35).

Anal. Caled. for C7HgNOS: C, 54.18; H, 5.84. Found: C,
54.18; H, 5.96.

Continued elution with light petroleum-benzene (1:1 v/v) gave
I-hydroxy-3,4-dimethyl-6-pyridinethione (0.748 g., 24.1%), m.p.
121-122° (from benzene followed by sublimation at 125°/1.75
mm); ir (potassium bromide): 3110 (w), 1620 (m), 1540 (s), 1460
em™! (s); nmr (deuteriochloroform): 6 10.47 (br s, 1, OH ex-
changes with deuterium oxide), 7.78 (s, 1, C5-H), 7.36 (s, 1, C5-H),
2.16 (s, 3, ArCH3), 2.13 (s, 3, ArCH3); mass spectrum (relative
abundance): mfe 155 (M1, 100), 141 (10), 139 (11), 138 (20),
125 (13), 111 (18), 107 (29).

Anal. Caled. for C,HgNOS: C, 54.18; H, 5.84. Found: C,
53.85; H, 5.86.

The zinc salt of 4d was prepared in 98.4% yield and had m.p.
283-285° dec. (from dioxane).

Anal. Caled. for Cy 4H  gN2 0255 7n: C,44.99; H,4.31. Found:
C, 44.54; H, 4.28.

The zinc salt of 5d (98.5%) had m.p. > 300° (dioxane).

Anal. Caled. for (:14HI6N20282ZHI (:, 4499ﬂ H, 4.31.
Found: C, 44.57; H, 4.56.

(b) In Ether.

When the reaction was carried out in ether at 25° as described
above using 3,4-lutidine 1-oxide (1.23 ¢.), n-Bul.i (1.28 g.) and
sulfur (0.64 g.) followed by extraction and chromatography 6
(0.392 ¢g., 21.1%), 4d (0.123 g., 7.9%), and 5d (0.113 g., 7.3%)

were obtained.

Reaction of Lithio-3,4-dimethylpyridine 1-Oxide with Other Sulfur
Compounds.

{a) With Sulfur Monochloride.

3,4-Lutidine 1-oxide (1.23 g.) in anhydrous THF (70 ml.) at
5% was treated with n-Buli (1.28 g.) and then with sulfur mono-
chloride (0.844 ¢.) in anhydrous THF (10 ml.) for 30 minutes.
The solution was allowed to warm to room temperature and water
(60 ml.) was added. Extraction with chloroform (6 x 75 ml.) gave
a black oil (0.96 g.) which was chromatographed on silica gel to
give a yellow oil (0.096 g.) which did not contain nitrogen and was
not examined further. Elution with methanol gave 3.4-lutidine
l-oxide (0.104 g.). The aqueous layer was acidified with 18%
hydrochloric acid, extracted with chloroform (6 x 50 ml.) and the
dried (sodium sulfate) extract was evaporated and chromatographed
on silica gel (2.5 x 40 em) to give 4d (0.072 g., 4.6%), m.p. 126-
127°, and 5d (0.116 g., 7.5%), m.p. 120-121°.

Vol. 12

(b) With Ethylene Sulfide.

3,4-Lutidine 1-oxide (2.46 g.) in anhydrous ether (70 ml.) was
treated with n-BuLi (2.56 g.) and then with ethylene sulfide (2.4
g.) in dry ether (25 ml.) for 2 hours at room temperature. Acidifi-
cation and work up as above gave 4d(0.24 g., 7.7%) and 5d (0.343
g., 11%).

1-Hydroxy-3,4-dimethyl-2-sulfhydro-6-pyridinethione (10).

2,2'(1,1'-Dihydroxy-4,4',5,5 -tetramethyldipyridyl-6,6-di-
thione)disulfide (6) (1.0 g.) was added over a period of 10 minutes
to a stirred suspension of lithium aluminum hydride (0.076 g.) in
dry THF (25 ml.). The reaction mixture was stirred for 1 hour at
room temperature and then boiled under reflux for 30 minutes.
It was cooled to 0° and water (20 ml.) was added. The resulting
green suspension was acidified to pH 2 with 18% hydrochloric acid
and diluted to a volume of 150 ml. with water. Extraction with
chloroform (3 x 50 ml.), drying (sodium sulfate) and evaporation
of the chloroform in vecuo gave 1-hydroxy-3,4-dimethyl-2-sulfhy-
dro-6-pyridinethione (0.99 g., 98.5%), m.p. 120-122° (from carbon
tetrachloride); ir (polassium bromide): 2350 (m), 1530 (s), 1450
(m), 1400 em™! (s); nmr (deuteriochloroform): 5 8.68 (br s, 2,
SH and OH, exchanges with deuterium oxide), 6.68 (s, 1, C5-H),
2.25 (s, 3, ArCH3), 2.19 (s, 3, ArCH3); mass spectrum (relative
abundance): m/e 187 (M*, 60), 171 (100), 170 (72), 155 (9), 152
(6), 143 (14), 139 (27), 138 (27), 136 (35), 127 (26), 119 (41),
117 (41).

Anal. Caled. for C;HgNOS,: C, 44.89; H, 4.84. Found: C,
45.29; H, 5.02.

The zinc salt was obtained as a yellow solid, m.p. > 300°,
after washing with dioxane.

Anal. Caled. for C14H16N202$4Zn:
Found: C, 38.45; H, 3.09.

1-Hydroxy-4,5-dimethyl-2-(2’,4'-dinitrophenylthio)-6-pyridine-
thione (11).

A solution of 1-hydroxy-3,4-dimethyl-2-sulfhydro-6-pyridine-
thione (0.187 g.) and sodium ethoxide (0.002 mole) in ethanol
(3 ml.) was added to a solution of 2,4-dinitrochlorobenzene (0.404
g.) in absolute ethanol (3 ml.) and stirred at room temperature
(4.5 hours). 1t was then poured into water (50 ml.), extracted
with chloroform (3 x 50 ml.), the extracts dried (sodium sulfate)
and evaporated to give 2,4-dinilrophenclole (0.265 g.), m.p. 86°
flit. (16), 85°]. The basic aqueous layer was brought to pH 2 and
extracted with chloroform (3 x 50 ml.). The dried (sodium sulfate)
extract was evaporated to give 11 (0.209 ¢., 59.2%), m.p. 175-
177° (from chloroform-carbon tetrachloride, 4:1 v/v).

Anal. Caled. for Cy3H; 1 N305S,: C,44.18; H, 3.12. Found:
C, 44.19; H, 3.20.

C, 38.40; H, 3.68.

Reaction of Pyridine 1-Oxide with Lithium Hydride and Sulfur.

A mixture of pyridine l-oxide (0.95 g.) and lithium hydride
(0.795 g.) suspended in anhydrous dimethoxyethane (50 ml.) and
2.methoxyethanol (4 ml.) was heated with sulfur (0.32 g.)for 18
hours at 80°. The mixture was acidified, the precipitated sulfur
was filtered and the product was extracted and chromatographed
as before to give 1-hydroxy-2-pyridinethione (0.273 g., 21.5%).

The other reactions summarized in Table | were carried out
similarly.

Reaction of Lithio-4-methylpyridine 1-Oxide with Ethylene Oxide.

4-Picoline 1-oxide (1.53 g.) suspended in anhydrous ether (75
ml.) was treated with n-Buli (1.8 g.) in hexane under nitrogen at
65°. The dark brown solution was stirred for } hour and then
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cthylene oxide (2.46 g.) in ether was added and the temperature
was raised lo room temperature. After stirring for 2 hours water
(30 ml.) was added and the mixture was extracted with chloroform
(6 x 75 ml), the extract dried (sodium sulfate) and evaporated.
Chromatography on a column of alumina (2.5 x 35 cm) gave a
brown stretchy semi-solid [1.8 g., 95% caled. as poly{4-methyl-
2-vinylpyridine 1-oxide)]. M (chloroform) (osmometer): Found:
812.

The reaction was repeated but for 10 hours this time. The dark
brown product had M (chloroform) 1866. It was dissolved in
acetone and reprecipitated with ether repeatedly to give a brown
stretchy hygroscopic solid. The nmr spectrum of this product was
not well resolved and the integral could not be measured accurately;
nmr (deuteriochloroform): 8 8.6-7.8 (m, 2,.C¢-H), 7.5-6.5 (m, 2,
C3-H, C5-H), 4.5-3.4 (m, 4, -CH-, -CH,-), 3.0-0.7 (m, -CH,-, -CH3).

Reaction of Lithio-3,4-dimethylpyridine 1-Oxide with Ethylene
Oxide.

(a) In Tetrahydrofuran.

3,4-Lutidine 1-oxide (1.72 g.) in anhydrous THF (60 ml.) at
65° was treated under dry nitrogen with n-Buli (1.8 g.) in hexane
and ethylene oxide (3.69 g.)in dry THF (10 ml). The temperature
was raised to -15° and kept there for 3 hours. The usual work-up
gave a viscous orange oil which was chromatographed on a column
of alumina (2.5 x 40 cm). Elution with ether-methanol (5:1 v/v)
gave a yellow oil (0.722 g.) which appears to be a mixture of 3,4-
lutidine 1-oxide and a higher molecular weight product in a ratio
of 2:1 as calculated from the nmr spectrum: nmr (deuteriochloro-
form): & (3,4-lutidine 1-oxide portion): 792(d, 2,J56= 7 Hz,
Cs-H), 7.01 (4, 1,J5 6 = 7 Hz, Cs-H),2.19 (s, 3, ArCH3), 2.15(s,
3, ArCH3); (higher molecular weight portion): 7.73 (s, 1, Cg-H),
7.21 (s, 1, C3-H), 4.96 (br s, 1, OH), 3.86 (1, 2,/ = 6 Hz, -CH,-),
3.30 (s, 3, -CH.), 3.04 (1, 2,J = 6 Hz, -CH,-), 2.22 (s, 3, ArCH;),
2.10 (s, 3, AtCH3).

Further elution with ether-methanol (2:1 v/v) gave a viscous
yellow oil (0.225 g.), b.p. 140°/0.075 mm; ir (film): 3325 (s),
1460 (s), 1200 cm~! (s); nmr (deuteriochloroform): 6 8.14-7.88
(m, 2, C¢-H, C3-H), 7.16-6.88 (m, 2, C3-H, Cs-H), 4.80 (s, 2H,
OH exchanges with deuterium oxide), 3.90 (t, 2,/ = 6 Hz, CH3),
3.60 (s, 2, CH), 3.30 (1, 2,J = 6 Hz, CH3),3.20 (1, 2,/ = 6 He,
CH,), 2.26 (s, 3, AtCH3), 2.21 (s, 3, ArCH3), 1.94 (s, 3, ArCH3):
mass spectrum (relative abundance): mfe 167 (M, CoHy3NO,,
5), 165 (11), 151 (21), 150 (38), 149 (14), 148 (16), 137 (17),
135 (26), 134 (61), 133 (20), 132(29), 123 (54), 121 (100), 120
(64), 107 (65), 106 (51), 79 (49), 78 (18), 77 (64), 67 (27), 65
(32), 53 (90), 52 (21), 51 (39), 45 (30), 41 (36), 39 (65). An
analytically pure same of the mixture of aleohols 14 and 15 could
not be obtained.

Anal. Caled. for CoHy3NO,: C, 64.67; H, 7.78. Found: C,
63.00; H, 7.88.

Elution with methanol gave a brown elastic solid (0.160 g.)
which was dissolved in ethanol and precipitated with ether three
times to give a pale yellow elastic solid which begins to decompose
at 69°.

(b) In Ether.

3.4-Lutidine 1-oxide (1.72 ¢.) suspended in dry ether (75 ml.)
al -65° was treated with n-BuLi (1.8 g.) and then allowed to come
to room temperature under dry nitrogen. Ethylene oxide (2.46 g.)
in dry ether (10 mb.) was added and (he reaction mixture was then
stirred for 16 hours al room temperature. Work-up as above gave
the mixture of 14 and 15 (1.95 g.) as a yellow oil, identical with
that obtained in THF, and an elasticlike solid (0.574 g.) whose ir
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and nmr spectra were identical 10 those of the product obtained
above.

(¢) In Ether - Inverse Addition.

The reaction was the same as under (b) above except that the
reddish-brown solution of lithio-3,4-lutidine 1-oxide was added
dropwise over a period of 20 minutes to a solution of ethylene
oxide (2.46 g) in dry ether (20 ml.). Work-up and chromatography
gave 3,4-lutidine 1-oxide (0.65 g.), m.p. 135°, and the mixture of
alcohols 14 and 15(0.984 g.), identical with that obtained above.

Reaction of Lithio-3,4-dimethylpyridine 1-Oxide with Styrene
Oxide.

Using the same procedure as above 3,4-lutidine 1-oxide (1.72 g.)
in anhydrous ether (70 ml.) at 65° was treated with n-BuLi (1.8
g.), and then with styrene oxide (3.36 g.) in dry ether (10 ml.) at
room temperature. The mixture was stirred for 12 hours at room
temperature, water (40 ml.) was added and the mixture extracted
with chloroform (6 x 75 ml). The extracts were dried (sodium
sulfate), evaporated and the residual orange oil triturated with
light petroleum (b.p. 30-60°) to remove styrene oxide. The oil
was dried in vacuo to give a flaky yellow solid (3.19 g.), m.p. 80-
110°. It was purified by dissolving it in benzene and reprecipitation
with light petroleum. M (chloroform) (osmometer) 653; ir (potas-
sium bromide): 3130, 1490 (w), 1140 (s); nmr (deuteriochloro-
form): 5 7.88 (bl’ S, l, C2-H), 7.14 (m, 6, C3-H, C6H5), 3.4 (m,
3, CH, CH,), 2.14 (m, 6, ArCH3). There was no change in the
spectrum on addition of deuterium oxide. The highest peak in the
mass spectrum was at m/e 316 (2) [121 (100)].

Anal. Caled. for (Cy3H16NO),: C, 77.21; H, 7.98. Found:
C, 76.26; H, 7.02.

A portion of the reaction product (1.147 g.) was chromato-
graphed on an alumina column (2.5 x 30 cm). Elution with ether
gave an orange solid (51 mg.). Elution with ether-methanol (3:1
v/v) gave an orange solid (0.895 g.). Elution with methanol gave
an orange-brown solid (92 ml.). The infrared spectra (potassium
bromide) of these three fractions were identical. An analytically
pure sample could not be oblained (suggesting the presence of
2.6-disubstituted N-oxide residues).

2,6-Bis(0t—N-Phcnylaminobenzyl)pyridine 1-Oxide.

Benzylidencaniline (3.62 g.) was added to a solution of the
anion from pyridine l-oxide (0.95 g.) and n-BuLi (1.28 g.) in
THF (70 ml.) at 65°. After 1 hour, water (40 ml.) was added and
the mixture was worked up. Chromatography of the product on
silica gel (2.5 x 42 cm) and elution with light petroleum (b.p.
30-60°)-benzene (1:1 v/jv) gave a mixture of benzylideneaniline
and benzaldehyde (1.86 g.). Elution with benzene gave aniline
(0.255 g.). Elution with benzene-ether (3:1 v/v) gave 2,6-bis(a-NV-
phenylaminobenzyl)pyridine 1-oxide (1.87 g., 40.9%), m.p. 105°
(75% ethanol); ir (potassium bromide): 3400 (m), 3100 (m),
1590 (s), 1490 (s), 1230 em~! (s); nmr (deuteriochloroform):
& 7.60-6.85 (m, 17, C3-H, C4-H, Cs-H, ArH), 6.80-6.15 (m, 8, CH,
6 ArH), 4.44 (s, 2, NH, exchanges with deuterium oxide); mass
spectrum (relative abundance): mje 440 (8), 439 (12), 338 (8),
337 (30), 336 (22), 335 (24), 260 (28), 259 (20), 245 (36), 183
(34), 182 (80), 181 (46), 180 (100), 167 (20), 105 (22), 104 (16),
95 (24), 93 (78), 78 (26), 77 (100), 51 (38).

Anal. Caled. for C31Hy9N30: €, 81.365 H, 5.95. Found: C,
81.31; H, 6.08.

Reaction of Lithio-3,4-dimethylpyridine 1-Oxide with Benzyl-
ideneaniline.

The reaction was carried out as above using 3,4-lutidine 1-oxide
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(1.23 g.), n-BulLi (1.28 g.) and benzylideneaniline (3.62 g.) to give
2,0-bis(0-N-phenylaminobenzyl)-3,4-dimethylpyridine 1-oxide (18;
R = Me) (3.0 ¢, 61.8%), m.p. 125° (from ethanol); ir (potassium
bromide): 3350 (m), 1580 (s), 1480 (s), 1430 (s), 1255 cm™! (s);
nmr (deuteriochloroform): 6 7.45.6.85 (m, 15, C5-H, 14 ArH),
6.75-6.30(m, 6, ArH), 6.11 (br s, 2, CH), 4.51 (s, 2, NH, exchanges
with deuterium oxide), 2.23 (s, 3, ArCH3), 2.11 (s, 3, Ar CH3);
mass spectrum (relative abundance): m/e 469 (1), 468 (2), 392
(3), 377 (1), 182 (20), 181 (26), 180 (34), 93 (100), 77 (29).

Anal. Caled. for C33H3;N30: C, 81.64; H, 6.44. Found: C,
81.95; H, 6.74.

Elution with ether-methanol (10:1 v/v) gave 24(&-N-phenyl-
aminobenzyl)-4,5-dimethylpyridine 1-oxide (0.368 g., 12.1%), m.p.
212-213°; ir (potassium bromide): 3330 (m), 3300 (m), 3100 (w),
1700 (m), 1590 (s), 1490 (s), 1440 (s), 1260 cm~! (s); nmr
(deuteriochloroform): & 7.98 (s, 1, Cg-H), 7.5-7.0 (m, 8, C3-H,
7 ArH), 6.8-6.45 (m, 3, ArH), 6.15 (d, 1, J = 3 Hz, CH), 4.78 (s, 1,
NI, exchanges with deuterium oxide), 2.16 (s, 3, ArCH3), 2.10 (s,
3, ArCH3); mass spectrum (relative abundance): m/e 288 (31),
287 (65), 210 (8), 209 (31), 196 (61), 195 (22), 182 (37), 180
(37), 167 (45), 106 (13), 77 (100), 41 (67).

Anal. Caled. for CyoHyoN,0: C, 78.91: H, 6.62. Found: C,
78.85; H, 6.77.
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