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Additional stndies on factors atfecting the Smiles rearrangement of S-amiuo-..,.. -dipyridyl snlfides are reported,
along with @ superior preparation of the thiokwctams 4a and b. The conversion of these thiolactams to 1,6-
diazaphenothiazines of potential binlogical interest Is diseussed, including an unusual synthetic approach to t-he

10-aryl derivatives.
systein tests are giveu,

In a previous publication? we reported on the Smiles-
type rearrangements which 3-amino-2,2'-dipyridyl sul-
fides (e.g., 3a and b) undergo in acidic, basic, aud neu-
tral media, investigatious which yielded compounds of
structure 4. The continuing interest in the relation-
ships between the chemical structure of phenothiazines
and their actions upou specific physiological and psy-
chophysiological functions® miduced us to study the
conversion of these substances to the corresponding 1,6~
diazaphenothiazines (§).4

The heretofore preferred preparation for the thio
amide® derivatives 4 involves the base-catalyzed con-
densations of 3-amino-1H-pyridinethione (1)® with the
correspouding chloropyridine 2, followed by the acid-
catalyzed rearrangements of the ensuing dipyridyl sul-
fides (Chart I).2 It has now been found that amines of
type 4 can be prepared in good yield directly from the
corresponding pyridinethiones and pyridyl chlorides by
heating these reactauts in alcohol with, or without, a
small amount of added hydrochloric acid. Com-
pounds 4a and b were prepared by this method.

Int the course of this work, it was of intrinsie interest
to examine the rearrangement aptitude of the diamino-
dipyridyl sulfide 6, since the couversion of the uitro
group to an amine function should disfavor the nucleo-
philic rearrangement.® The sulfide 6 was readily pre-
pared by the iron-acetic acid reduetion of the nitro

(1) (a) Supported by Research Grant NST (i-11388 of the National
Science Foundation., (I») Taken in part fromn the M.8. Thesis of R, E.
Collier, University of Virginia, 1962, and the Ph.D. Dissertation of R. KX
Schlatzer, University of Virginia, 1966.

(2) Paper I: O. R. Rodig, R. E. Collier. and R. X, Schlatzer, J. Org.
Chem., 29, 2652 (1964).

(3) For example, see M, Gordon, P. N. Craig, and C. L. Zirkle, Advances
in Chemistry Series, No. 45, Americun Chemical Society, Wasbington,
D. C., 1964, p. 140, for a recent review.

(4) The numbering used is that recommended by L. T, Capell and D. F.

Walker, Jr., 'The Ring Index,” American Chemical Society, Washington,
. C., 1st Supplement, 1963, namely

H

(5) In response to a recent suggestion [A. R. Katritzky, Chem. Ind.
(London), 331 (1965)] *‘2-mercaptopyridine'’ derivatives reported in this
communication are depicted and named to conform to the prevalent tauto-
meric form. In the present case, this is the thiolactam structure in each
instance, as evidenced by the presence of a thiocarbonyl stretching band
near 1140 cm. ™! [E. Spinner, J. Chem. Soc., 1237 (1960) ], as well as the ab-
sence of ~SH absorption in the infrared spectra of these compounds.

(6) At sufficiently high acid concentrations, the protonation of one of the
primary amino groups might occur, which would negate its deactivating
influence. Yet, from the known pX, values for 3-aminopyridines [A.
Albert, <btd., 1020 (1960) ], this should not happen to any extent until hoch
ring nitrogen atoms have been protonated.

The reactions of several of the thiazines iu stundard antiinflaminatory and central nervons
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group in 3a and was found to rearrange to the thio
amide 7 when treated with 109 hydrochloric acid,
although at a considerably slower rate than did the
corresponding nitro compound. The structure of the
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thiolactam 7 was couifirmed by its preparation from
the pyridinethione 4a by the reduction of the nitro
group with 1rou in acetic acid.

The diazaphenothiazines 5a and b could be obtained
from the N-acetyl-2,2'-dipyridyl sulfides 8a and bh?
when these compounds were heated in ethaunolic potas-
sium hydroxide. TUnder these conditions, however, the
sulfide 8a yielded about 259 of the uucyclized product
4a as well.

When the thiolactam 4a was treated in like manner,
no ring closure occurred, even when the reaction mix-
ture was heated at reflux for an extended period of time.

a4 No. 4y R
NS NSy SNTNSCH: TR
12, R = H, NO, 133, R = NO; R/ = H
b, R = NO‘Z; R’ = CHa
e R = H; R’ = NO,
4R = CHy; R = NO,

A similar observation was reported by Maki” who tried
to convert the chloro derivatives 128 to the correspond-
ing diazaphenothiazines by the same method. He
attributed the failure of the cyclization to the presence
of stroug hydrogen bonding between the amino hydro-
gen atom aud the o-nitro group in each case.® This
argument is embraced by abundant evidence which
supports the fact that nitro groups can hydrogen bond!
and apparently do so quite strongly if a resonating sys-
tem prevails, as is the case in the nitroamines 4a and b."!
Yet, it seemed to us remarkable that this bonding is
indeed of such a magnitude as to preclude the forma-
tion of diazaphenothiazines under the conditions in-
vestigated.

In au effort to shed additional light on this question,
the N-H stretching frequencies of the thiomethyl
derivatives 13a—d? were studied. The results observed
iu both the solid and the liquid phases are shown iu
TableI. The CCl, solution spectra distinctly show that

TasLE I
N-H STRETCHING FREQUENCIES® IN THE INFRARED SPECTRA
OF SOME 3- AND 5-NITR0-2,3’-DIPYRIDYLAMINES

Medium
Compd. KDBr CClL

132 3306 (x) 3289 (b), 3340 (sh)

13b  3295(s) 3285 (b), 3350 (sh)

13¢ 3155 (b), 3185 (sh) 3378(s) 3180, 3231

13d 3380 (s) 3394 (s) 3200 (sh), 3240

¢ 5 = sharp, b = broad, sh = shoulder; values are in reciprocal
centimeters.

CClL + DMSO

(v) Y. Maki, J. Pharm. Soc. Japan, T7, 485 (1957).

(8) By analogy with our compounds. pyridinethione structures are as-
sumed for these substances, rather than the mercaptodipyridylamine
structures reported by Maki.7

(9) The possibility of such an effect has also been entertained by O, L.
Brady and C. Waller [J. Chem. Soc., 1218 (1930)] to explain the previously
observed inability of certain o-(2-nitroanilino)phenols to cyclize in basic
media to yield phenoxazines. However, in order to satisfy all of the known
facts, they found it necessary to abandon this argument in favor of a purely
steric one. In the case of phenoxazines, it now appears that both hydrogen
bonding and steric effects play an important role in the cyclization process
[ef. K. C. Roberts and H. B. Clark, ibid., 1312 (1935)].

(10) Yor exanple, see W. F. Baitinger, P. von R. Schleyer, T. 8. 8. R
Murty, and I.. Robinson, Tetrakedron, 20, 1635 (1964), and references cited
therein.

(11) These compounds can be compared to the o-nitroanilines, the intra-
molecular hydrogen bonding of which has been extensively studied. See
tootnote 21 in ref, 10,
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the amino group is intramolecularly hydrogen bouded in
compounds 13a and b, while it is not so in dipyridyl-
amines 13¢ and d. These effects are also noted in the
solid state spectra for compounds 13a, b, and d, but
13c gave a typical hydrogen-bonded spectrum, the
bonding presumably occurring via an infermolecular
process.

Tu view of these findings, a reagent was sought which
might compete successfully with the nitro group for the
amino hydrogen atom when added to the reaction
medium, thus sufficiently freeing the nitro group to
assure success of the cyclization process. Dimethyl
sulfoxide was studied as one such possibility,'2 and when
a small amount of this reagent was added to the solu-
tion samples of 13¢ and d used for infrared studies, a
pronounced shift to lower frequency of the N--H stretch-
ing mode was observed (see Table I). Clearly, di-
methyl sulfoxide hydrogen bonds with the amino
groups, and possibly more strongly (absorption at
lower frequency'?®) than does the nitro group. Indeed,
when the reaction was carried out in the presence of
this reagent, the diazaphenothiazines 5a and b were
obtained in good yield. The dimethyl sulfoxide may
also serve to increase the nucleophilic character of the
sulfide ion, since anions are at most only weakly sol-
vated by this reagent.!*

The dimethylaminopropyl and -butyl side chains
were added by treating the diazaphenothiazine 5a
with the corresponding dimethylaminoalkyl chloride
in the presence of sodium hydride. Under these con-
ditions, alkylation oceurs mainly at position 10, rather
than at positions 1 or 6,' and infrared and ultraviolet
absorption data supported this premise. The di-
methylaminobutyl derivative 9¢ was obtained as a
well-defined solid, m.p. 99-101°, after purification as
the dihydrochloride. On the other hand, the di-
methylaminopropy! derivative 9d was obtained as an
oil which could not be crystallized. It yielded both a
solid dihydrochloride and a solid picrate, however.

It was intriguing to attempt the synthesis of aryl
side-chain derivatives of 9 (R = aryl) from the thio
amide 4a by a process involving a Smiles rearrange-
ment. The method is exemplified by the following
sequence and may at times prove to be the method of
choice for preparing such thiazines. The thio amide 4a
was treated with 2-chloro-3-nitropyridine under basic
conditions, whereby the condeusation product 10 was
obtained. More vigorous treatment of this product
with base effected the rearrangement and ring closure,
giving the diazaphenothiazine 9e in good yield. The
amine 9f was readily prepared by the reduction of the

(12) The strong hydrogen-bonding properties of dimethy! sulfoxide are
well known. For example, see D. Barnard, J. Fabian, and H. Koch, J.
Chem. Soc., 2442 (1949): O. L. Chapman and R. W, King, J. Am. Chem.
Soc., 86, 1256 (1964): A. Allerhand and P. von R. Schleyer, 7bid., 86, 1715
(1963). For such bonding concerned specifically with amines, see W. K,
Thompson, J. Chem. Soc., 617 (1962).

(13) A number of investigators have recently questioned the general
validity of the so-called Badger-Bauer rule, which supposes a correlation
between the enthalpy of a hydrogen bond and the magnitude of the observed
spectral shift. Although this rule apparently holds for a number of cases,
it breaks down for others; see A. Allerhand and P. von R. Schleyerl? for
leading references.

(14) (a) A. J. Parker, Quart. Rev. (London), 16, 163 (1962); J. Miller,
J. Am. Chem. Soc., 85, 1628 (1963): J. Miller and A, J. Parker, tbid., 88,
117 (1961). (b) In mixed systems containing dimethyl sulfoxide and a
protic solvent, the mechanism of DMSO-induced nucleophilic catalysis ap-
parently depends on the relative concentrations of the solvent components:
C. A. Kingsbury, J. Org, Chem., 29, 3262 (1964),

(15) E. Kopp and M. Strell, Arch. Pharm., 296, 36, 99 (1962).
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uitro group in 9e using iron in dilute hydrochloric
acid.

Pharmacology..—The diazaphenothiazines 9¢ and d
were tested for antiinflammatory activity?!® in the nltra-
violet-induced erythema test with male guinea pigs.
One-half of the total dosage was administered orally 1
hr. prior to exposure, and the remainder at irradiation.
Both compounds were found to be inactive at a dose
level of 80 mg. kg,

When diazaphenothiazine 9¢ was administered orally
to male rats at a dosage of 300 mg. 'kg., it produced
central nervous system depression characterized by
hypotonia, reduced spontancous motor activity, and
dizorientation in oue of three animals. In this animal
it caused a stance, characterized by limb spreading,
which is typieal of phenothiazine drugs producing
severe central nervous systemt depression. The thi-
aziite 9d at the sanie dosage produced salivation aud a
slight. reduction in sgpontancous motor activity, fol-
lowed by death, in one of three animals.

Experimental Section'”

3-[(3-Nitro-2-pyridy!)amino]-2(1H)-pyridinethione (4a).—A
mixture of 620 mg. (4.92 mmoles) of 3-amino-2(1H)-pyridine-~
thione (1),2518 780 mg. (4.92 inmoles) of 2-chloro-3-nitropyridine
(2a),'® 10 ml. of methanol, and 30 ml. of water was heated on a
<team bath. The solution turned dark, and after 20 min. a thick
ma=s of dark red crystals had separated. The mixture was
cooled, the solid was removed by filtration, washed with hot
water (the washings were added to the original filtrate), and dried,
vielding 1.03 g. (85%) of 4a, m.p. 231-233° dec. One recrystal-
lization from acetolle raised the melting point to 240-242.5°
dee.? (1it.2 m.p. 242-244° dec.). This compound showed an
ifrared band at 1134 em. ! attributed to the C=S stretching
mode.

When NaHCO; was ndded to the mother liguor uutil pH 7,
0.171 g (149) of erude 3-amino-3'-nitro-2,2’-dipyridyl sulfide
(3a) precipitated s an orange solid, m.p. 162.5-165° (lit.2 m.p.
167--168°).

3-{(5-Methy!-3-nitro-2-pyridyl Jamino]-2(1H)-pyridinethione
(4b).—A mixture of 282 mg. (2.23 mmoles) of 1,25 383 mg. (2.22
uunoles) of 2-chloro-3-uitro-5-inethylpyridine (2b),2r 19 ml. of
absohite ethanol, 10 ml. of water, and 1.0 ml. of concentrated HCL
wns heated to gentle boiling in an open flask on a steam bath,
allowing some of the solvent to boil off. After 35 min., the sohi-
tion had turned dark and a bright red solid had precipitated.
The mixture was cooled in ice and the solid was removed by
filtration, washed with water (wash added to the filtrate), and

(16) For reported antiinflammatory churacteristics of phenothiazine
derivatives, see V, 8. Mitrofanov, Z. A. Popenkova, N. 8. Tolmacheva, and
A. M. Chernukh, Uch. Zap.. Inst. Farmakol. 1 Khimioterap. Akad. Med.
Nauk, 1, 167 (1958): Biol. Absir., 45, 64654 (1964); J. C. Stucki and C. R.
Thompson, Am. J. Physiol., 193, 275 (1958): L. Kato and B. Gozsy, J.
Pharmacol. Ezptl. Therap.. 129, 231 (1960): G. Vogel, Arzneimittel-Forsch.
11, 978 (1961).

(17) All melting points were taken in a heated oil bath and are corrected.
Although not usually specified, infrared spectra were taken of all compounds,
using & Perkin-Elmer Model 21, 137, or 337 instrument. The spectra were
taken in a KBr matrix unless indicated otherwise and were used in con-
junction with melting points to determine the structures of all products.
In addition, the spectra reported in Table I and for compounds 6a, b, and
9c~f were determined on a Perkin-Elmer Model 521 instrument calibrated
against a polystyrene standard (w = weak, m = medium, s = strong).
The ultraviolet absorption spectra were determined in 959 ethanol with a
Cary Model 11 spectrophotometer. Microanalyses were performed by
Mrs. W. E. Coyne and Mrs. J, D. Reed of this laboratory, and by Galbraith
Laboratories, Inc., Knoxville, Tenn.

(18) The solid state infrared spectrum of this compound showed a band
at 1131 cm, =t attributed to the C==S stretching mode.

(19) Light and Co., Ltd., Colnbrook, Buckinghamshire, England.

(20) The melting point of this compound was found to be dependent on
the rate of heating of the mielting point bath. That reported was taken
with a beating rate of 2-3°/min.

(21) 8. I. Childress and R. .. M¢Nee, J. Am. Chem. Soc., 78, 3504
(1951).
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dried, yielding 505 mg. (87%) of 4b, u.p. 246-255° dec. A re-
erystallization from acetone raised the melting point to 253--2557
dee.20 (1it.? m.p. 207-257.5° dec.); infrared band at 1136 cun. 2
assigned to the C==8 stretching mode.

On stanuding for 5 days, the filtrate yielded an additianal 440 my.
(89%) of somewhat less pure 4b, m.p. 230-234° dec.

3,3’-Diamino-2,2’~-dipyridy! Sulfide (6).-—A mixture of 520 ng.
(2.13 mnioles) of 3-amino-3’-nitro-2,2 -dipyridy! sulfide (3a).?
1048 mg. of powdered iron (100 mesh), and 5.0 11l. of glacial acetic
acid was gently warmed on a steam bath for 5 min.  Water (5 ml)
wis added and heating was continned for an additional 10 min.
The hot mixture was filtered and the residue remaining on the
filter was washed with hot water (wnshings added to the filtratel.
The acidity of the filtrates was adjusted to approximately pH
by the additien of solid KOH (3 pellets), produeing a catorless
erystalline precipitate. The zolid was separated by filtration,
vielding 314 mg. (65¢7) of 6, 1.p. 205-211° with previons decow-
position.  Oue recrystatlization from aqueons methanol gave
fine colorless erystals, nnp. 213-214° with previons decomposi-
tion,

Anal. Caled. for CroHpgNS: €, 53.0:3;
Fonud: C, 55.2); U, 4.54; N, 25.84.

When the mother liquor wax further treated with solid KO
(3 pellets) and cooled i ice, an additional 59 mg. (13%) of 6 wax
obtained, m.p. 205-200° with previons decomposition.

A dihydrochloride was prepared by adding several drops= uf con-
centrated HCI to 6 dizsolved in hot absohtte ethanol.  On cooling
to room temperatire the prodiet was obtained as o pale yvellow
solid which melted at approximately 185° but then resolidified to
an orange-yellow solid which stowly decomposed at 220-2335°.
Recrystallization of the product from aqueous ethanol did not
change its melting point.

Anal.  Caled. for CLpH-CLNS: , 41.25; H, 4.15.
C, 40.93: H, 4.24.

3-[(3-Amino-2-pyridyl )Jamino]-2(1H)-pyridinethione (7). A.
From the Reduction of the Thiolactam 4a.—A inixture of 214 mg.
(0.862 mmole) of 4a, 368 ing. of powdered iron (100 mesh), 5.0 ml.
of glacial acetic acid, and 5.0 ml. of water was heated on a stean
bath for 5 min.  The hot mixture was filtered and the residuc
on the filter wns washed with hot water (washings added to the
filtrate).  Water (10 ml.) wus added to the filtrute and the acidity
wis then adjusted to approximately pH 4 by the addition of solid
KOH (8 pellets), whercby the product precipitated. The solid
was coltected by filtration, washed with water, and recrystallized
from agneons methanol (charcoal), yvielding 45 mg. (2467) of 7
ax pale vellow needles) nup. 200-205° dee.  When the acidity of
the mother Hquor was adjusted to approximately pH 6 with addi-
tional =oid KOH, a precipitate wus obtained which was treated
i the suime manner as that deseribed above, yielding another 14
mg. (1097 of 7, m.p, 203-206° dec., The combined crops were
recrystallized twice from agueons methanol, which raised the
melting point to 204-208° dec.  This compound showed an
infrared band nt 1134 cim. =1 which is axsigied to the C==5 stretch-
g mode.

Anal.  Caled. for CuHiwNgS: ¢, 55.03; H, 4.62; N, 25.67.
Found: C, 55.04: H, 4.56; N, 25.57.

Additional produet was obtained when the mother Hgnor wis
made basic to approximately pH 8 by adding KOH and theu
NaHCO;. The mixture was extracted with ether, the ether
layers were combined and dried, and the solvent was removed.
The pale yvellow =old which remained was recrystallized from
aqueons methanol to give a further 19 mg. (1047) of 7, mup. 198--
205° dec.

B. From the Smiles Rearrangement of 3,3’-Diamino-2,2’-
dipyridy! Sulfide (6).---A solution of 72.9 mg. (0.334 mole) of
6 i1 3.0 ml. of 107¢ HCl was heated at reflux for 1.25 hr.  Acetone
(20 1nl.) was then added whereby u pale yellow solid precipitated.
This was separated by filtration, washed with acetone, and dried,
vielding 60.0 mg. of 6 dihydrochloride, which partially melted and
resolidified to an orange-yellow solid at 190° followed by decom-
position at 213-229°.  When an aqueous solution of the dihydro-
chloride was neutralized with NaHCQj;, the free amine 6 wus re-
covered.

The filtrate was concentrated ou a steam bath to remove most
of the acetonle. A small amount of water was added, followed
by the addition of NaHCO;until COy evolntion ceased.  The pale
vellow solid which had separated was collected by filtration,
washed with water, and dried, vielding 22.6 mg. of ernde thio-
kactan 7. nup. 192-106° dee.  Reerystallization of this materinl

H, 4.62: N, 20067,

Fonnd:
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from aqueous methanol gave 13.1 mg. (47%)?* of the desired
product as yellow-tan needles, m.p. 203-205° dec. A second crop
vielded an additional 3.1 mg. (119%)%2 of 7, m.p. 193-204° dec.
No attempt was made to obtain optimum yields in this case, but
in view of the large amount of starting material recovered, it
appears that a longer reaction time shonld prove beneficial to the
yield of rearranged product.

10H-Dipyrido[2,3-b:2",3'-¢][1,4]thiazine (58). A. From
3-Acetamido-3’-nitro-2,2’~-dipyridyl Sulfide (8a).—A solution
of 337 mg. (1.16 mmoles) of 8a and 160 mg. of KOH in 15 ml. of
ethaiol was heated at reflux for 40 min. When the mixture was
cooled in ice, dark crystals separated. These were collected by
filtration and recrystallized from an ethanol-ether solvent pair,
giving 82.9 mg. (25%) of the potassium salt of 3-[(3nitro-2-pyr-
idyl)amino]-2(1H)-pyridinethione having an ill-defined melting
point with decomposition occurring at 244°,  When this material
was treated with water, it gave back the thio amide 4a.

Water was added to the mother lignor and the mixture was
concentrated on a steam bath. Successive cooling in ice caused
several crops of product to separate which were combined aund
recrystallized from aqueous ethanol, yielding 101 mg. (439) of
5a, m.p. 223-225°, An analytical sample was recrystallized
from ethanol; m.p. 225°; ANOF 239 myu (log e 4.42), 337.5 my
(log €3.99); (1/7\):% (principal peaks, cm. ™) 3196 (w), 3144 (w),
3082 (w), 3053 (w), 1599 (m), 1589 (m), 1555 (m), 1517 (m),
1433 (s), 1123 (m), 780 (m), 751 (m).

Anal. Caled. for CH:NsS: C, 59.68; H, 3.51; N, 20.88.
Found: C, 59.80; H, 3.85; N, 20.39.

B. From 3-[(3-Nitro-2-pyridy!)amino}-2(1H)-pyridinethione
(4a).—To 50 ml. of dimethyl sulfoxide was added 1.84 g. of
KOH and enough absolute ethanol (approximately 50 ml.) to
dissolve the base when the mixture was heated on a steam bath.
This hot basic solution was then added to a stirred mixture of
7.83 g. (0.0315 mole) of 4a in 20 ml. of dimethyl sulfoxide. The
mnaroon mixture was heated at reflux for 7 hr. and the ethanol
was then removed by distillation over a 0.5-hr. peroid. The
greenish tan residue was allowed to cool and was poured into 150
ml. of water, whereby 5.81 g. (929) of the thiazine 5a separated,
m.p. 222.5-224.5°,

A similar run, differing in that the reflux step was eliminated
and the ethanol was distilled over a 20-min. period, gave an
877 yield of the thiazine, m.p. 220-224°.

An attempt to prepare 5a by heating 4a in ethanolic KOH solu~-
tion for 4 hr. produced only the potassium salt of 2-mercapto-3’-
nitro-3,2’-dipyridylamine as black crystals, m.p. 251-254° dec.
This salt appeared to decompose partly in protic solvents and
attempts to purify it for analysis (e.g., by recrystallization from
absolhite ethanol) were unsuccessful.

3-Methyl-10H-dipyrido[2,3-5:2',3'~¢] [1,4]thiazine (5b). A.
From 3-Acetamido-3’-nitro-5’-methyl-2,2'-dipyridyl  Sulfide
(8b). A solution of 1.00 g. (0.00329 mole) of 8b and 0.25 g. of
KOH in ethanol was heated at reflux for 30 min. The solution
was then taken to dryness under reduced pressure and the residue
was treated with hot ethanol. The inorganic salts were removed
by filtration and, on cooling, the filtrate yielded 0.51 g. (72%) of
the thiazine 5b as a tan crystalline solid, m.p. 205-208°. Re-
crygtallization from ethanol raised the melting point to 217-218;
AL 230 mu (log e 4.41), 341 mp (log € 3.99); (1/X)E% (principal
peaks, cm. =) 3224 (w), 3152 (w), 2979 (w), 1600 (m), 1434 (s),
790 (m), 692 (m).

Anal. Caled. for C,H:N,S: C, 61.37;
Found: C, 61.04; H, 3.97; N, 19.29.

B. From the Pyridinethione 4b.—In a flask equipped with a
distilling head were placed 437 mg. (1.67 mmoles) of 4b, 5 ml. of
dimethyl sulfoxide, and a solution of 90 mg. of KOH in 15 ml. of
absolute ethanol. The deep purple mixture was heated at such a
rate that the ethanol distilled over a 20-min. period. The
brown =ohition was cooled and 20 ml. of water was added, causing
i =0lid to precipitate. After cooling in an ice bath, the solid was
collected by filtration, washed with water (washings added to
filtrate), and reerystallized from aqueous ethanol (charcoal),
vielding 260 mg. (729%) of the thiazine 5b as a tan solid, m.p.
216-219°. On standing, the filtrate deposited an additional 25
mg. (79) of less pure product, m.p. 207-216°.

10-(2-Methyl-3-dimethylamino-1-n-propyl )dipyrido(2,3-
b:2',3’-¢][1,4]thiazine (9¢).—A solution of 7.57 g. (0.0377 mole)
of 10H-dipyrido[2,3-b:27,3"-¢} [1,4]) thiazine (5a) in 200 ml. of dry
benzene was placed in a three-necked flask fitted with a stirrer,

H, 4.21; N, 19.52.

(22) Yield based on recovered starting inaterial.
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dropping funnel, dry-nitrogen inlet, and a reflux condenser.
Two grams of 52.79%, NaH in mineral 0123 was added, the system
was flushed with dry nitrogen, and the stirred mixture was heated
at reflux for 3 hr. Heating was then discontinued and a
benzene solution of 3-chloro-2-methyl-1-dimethylaminopropaune
was added to the reaction mixture. The chloramine solution was
prepared by neutralizing 6.50 g. (0.0378 mole) of 3-chloro-2-
methyl-1-dimethylaminopropane hydrochloride?* with aqueous
KOH solution extracting the free amine with three 50-ml. por-
tions of benzene and drying the combined benzene extracts
(NaQSO4).

The mixture was heated at reflux for an additional 16 hr., after
which time a second portion of the chloramine in benzene was
added without discontinuing the heating, This second portion
was prepared as described above from 3.00 g. (0.0174 mole) of
the hydrochloride, the free amine being extracted with 35 ml. of
benzene. After heating at reflux for an additional 8 hr., the
reaction mixture was cooled to room temperature, washed with
water, and extracted with 109, HCl. The combined acid ex-
tracts were washed with benzene, filtered and made basic by
adding (with cooling) solid KOH, and the acidity was then ad-
justed to approximately pH 4 with dilute HCl. The solid which
precipitated was collected by filtration, yielding 2.89 g. (38%)
of unreacted thiazine, m.p. 222-225°, The filtrate was made
basic by adding additional KOH, followed by extraction with
ether, Removal of the ether from the combined and dried (Nay
S0O.) extracts left an oily solid which was triturated with 50 ml. of
absolute ethanol. The remaining solid was separated by filtra~
tion, and washed on the filter with 35 ml. of absolute ethanol,
vielding an additional 0.28 g. (49%) of unreacted thiazine, m.p.
221-224°.

The filtrate was treated with charcoal, followed by the addition
of 40 ml. of absolute ethanol, 10 ml. of concentrated HCI, 200
ml. of ether, and 100 ml. of acetone. The precipitated oil slowly
solidified, was collected by filtration, and washed with acetone,
ylelding 5.03 g. (629)2% of 9¢ dihydrochloride, m.p. 208-214°.
The hygroscopic product was recrystallized for analysis from an
absolute ethanol-ether mixture, giving yellow crystals, softening
at 200°, m.p. 210-215°,

Anal.  Caled. for CHaCLNS: C, 51.47; H, 5.94; N, 15.01.
Found: C, 51.83; H, 5.79; N, 15.99.

An aqueous solution containing 3.96 g. of the thiazine dihydro-
chloride was made basic by adding solid KOH. An oil sepa-
rated which solidified on cooling. The solid was collected by
filtration and recrystallized from aqueous ethanol (with charcoal
treatment), giving 2.93 g. of the thiazine 9¢ as a pale tan crystal-
line solid, m.p. 99-101°, When this product was recrystallized
from aqueous methanol (charcoal), colorless crystals were re-
covered with no change in the melting point; Amo¥ 243.5 mu
(log ¢ 4.32), 328.5 myu (log € 3.94); (1/\)as: (principal peaks,
em. 1) 3050 (w), 2818 (m), 2761 (m), 1585 (m), 1434 (m), 1400 (s),
1210 (m), 1038 (m), 799 (m), 787 (m), 760 (m).

Anal. Caled. for C,sHoN,S: C, 63.97; H, 6.71; N, 18.65.
Found: C, 63.68; H, 6.54; N, 18.48.

10-(3-Dimethylamino~-1-n-propy! )dipyrido[2,3-b:2,3-¢][1,4]~
thiazine (9d) Dihydrochloride.—The thiazine 9d dihydrochloride
was prepared in a manner similar to that described for 9¢, with
the following major procedural differences. The quantities used
were thiazine 5a, 4.21 g. (0.0210 mole); dry benzene, 300 ml.;
NaH, 1.00 g. (52.79, in mineral oil)?8; first portion of 3-chloro-1-
dimethylaminopropane hydrochloride,2t 6.00 g. (0.0380 mole);
50 ml. of dry benzene; reflux period after addition of the first
chloramine portion, 2.5 hr.; second portion of 3-chloro-1-di-
methylaminopropane hydrochloride, 6.70 g. (0.0424 mole); 50
ml. of dry benzene; reflux period after second chloramine addi-
tion, 27 hr.

The reaction mixture was then allowed to cool, washed with
water, and extracted with 39, HCL. The combined acid extracts
were cooled in ice and made basic by adding solid KOH. The
yellow-orange oil which separated was takeu up in ether and the
ether solution was dried (Na;SQy.), followed by removal of the sol-
vent under reduced pressure. The residual orange oil was dis-
solved in absolute ethanol, the solution was filtered and then
acidified by adding 10 ml. of concentrated HCl. The mixture
was cooled in ice and the yelow solid which had precipitated was
collected by filtration, yielding 6.00 g. (80%;) of 9d dihydrochlo-

(23) Metal Hydrides, Inc., Beverly, Mass,
(24) We wish to thank Dr. James Kerwin of Smith Kline and French
Laboratories, Philadelphia, Pa., for a generous supply of this compound.
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ride, softening at 165°, m.p. 198-213°,  Several recrystallizations
from absolute ethanol gave bright vellow crystals: softening at
190°, m.p, 206-210°; AESH 242 myu (log e 3.94), 332 1y (log e
4.36), taken at pH 10; (1/M\)5% (prineipal peaks, em.=1) 3462
(), 3401 (m), 3034 (w), 2968 (w), 2675 (m), 2290 (), 2001 (1),
1584 (1), 1537 (), 1423 (=), 795 (m).

Adnal. Caled. for CiHyCLNGS: C, 50.14; H, 5.61; N, 15.59.
Found: €, 40.94; H, 5.81; N, 15.82,

When 5.0 ml of concentrated HCl and =ome ncetone were
added to the filtrate, an additional 0.20 g. of less pire product
wis obtained, m.p. 166-214°) the infrared spectrim of which wax
Identical with that obtained above.

A picrate of 9d was prepared by neutralizing an agueous solu-
tion of the dihydrochloride with KOH solution. The oil which
separated was extracted with ether aud dried (Na.80,), and the
solvent was removed under reduced pressure. The residual oil
wax treated with an ethanole solntion of pierie acid, whereby a
erystulline picrate, m.p. 148.5-160°, wax obtained. When this
substance was recrystallized from absolute ethanol, golden-
ornnige platelets were recovered, which melted at 145-147°, re-
solidified; aud then remelted at 160-162°, A further recrystal-
Hzation from methanol yielded orange-red erystals, m.p. 145~
148°,

Anal. Caled. for CoHaN:O:S: ) 48,02, H,4.11; N, 19.02,
Fonud: C, 48.81; H, 4.23; N, 19.19.

It appears that the picrate exists in two polymorphic forms,
and the formi which 1= obtained depends somewhat on the method
of erystallization.  Thns, when water was added to a solution
of the pierate i1 absolute ethanol, it wax possible to obtain a
vellow form, =oftening at 158°, m.p. 160-162°. Likewixe, when
1 hot methanolic solntion of the picrate was quickly cooled i ice,
the yellow form predominated in the precipitate; whereas, if the
solution were allowed to cool slowly to room temperature, the
orange-red form was favored.

2-(3-Nitropyridy!-2-thio)-3’-nitro-3,2'-dipyridylamine (10).—
A mixture of 288 mg. (1.16 mmoles) of the thiolactan 4a, 70.4 ing.
of KOH, and 15 ml. of absolute ethanol was heated to dryness o a
<teaml bath., Absolite ethanol (10 ml.) was added to the residue
and the mixture was again heated to dryness. The deep purple
residie, which consisted of the potassiuin salt of 3-[(3-nitro-2-pyr-
idyh)nine]-2(1H)-pyridinethione, was treated with n solution of
184 mg. (1.16 mmoles) of 2-chloro-3-nitropyridine (2a) in 6 ml. of
dimethyl snlfoxide. The resulting sohition waz mannally agitated
for 5 min. on a steam bath, removed from the heat, and swirled
for an additional 5 i, During these manipnlations the color of
the solition tirned from black to a deep orange. Water was
added to the mixture, cansing an orange solid to precipitate.
This was collected by filtration and recrystallized froni an nce-
tone-methanol mixture, yielding 283 mg. (669¢) of 10 as orange
ervetaly, mup. 212-212.5° dee. Two reerystallizations from
CHCl; failed to raise the melting point.

Anal.  Caled. for CuH )\ NgOS: C, 48.65; H, 2.72; N, 22.69.
Found: €, 48.49; H, 2.40; N, 22.60.

By concentrating the acetone-methanol mother hguor an
additional 43 mg, (1047) of 10 wasz obtained, m.p. 210-211° dec.

10-(3-Nitro-2-pyridy!)dipyrido[2,3-b:2’,3'-¢] [1,4]thiazine (9e).
-—A solution of 0.665 g. of KOH in 25 ml, of absolute ethanol
wis added ta a solution of 4.39 g, (0.0119 mole) of 2-(3-uitro-
pyridyl-2-thio)-3’-nitro-3,2’-dipyridylamine (10) in 20 mk of di-
methyl sulfoxide, The mixture was heated at such a rate =o
that all of the ethanol distilled over a 40-min. period. The
residine was poured iunto 150 ml. of water and the mixture was
extracted (CHCl;). The combined extracts were washed with
water and dried (Na.SQ,), and the solvent was removed. The
residunl solid wns recrystallized from ethanol, vielding 2.74 g.
(724¢) of 9e as fine red cry=tals, mp. 179-180°,  For analysis, the
produet was reerystallized fronr acetone-methanol; m.p. 181--
INLA% (1/A)E0 (principal peaks, enn=1) 3047 (w), 1593 (=),
1574 (s), 15333 (), 1412 (3), 1362 (x), 1332 (), 782 (m), 637 (m).

7.

Val, 9

al, Caled. Tor CraHEN;O28: € 0).72;
Found: €, 55.75; H, 2.76; N, 2t.84,

When the voluime of the ethanol mother Hynor was reduced, an
additional 0.225 g. (69) of 9e was obtained, m.p. 177-1790°.

10-(3-Amino-2-pyridy!)dipyrido(2.3-b:2,3"~¢| | 1,4 thiazine
(9f).—A combination of 8§97.6 wmg. (2.780 mmoles) of 10-(3-
nitro-2-pyridyiidipyrido[2,3-5:27,3"-¢] {1,4]thinzine, 15 1wl of
dilite HCH (5 b of concentrated HCl/45 ml. of waterl, and
10 b of methanol wax warmed on a <teant bath. To this warm
mixinre, (L50 g of fvon powder (100 mesh i was added slowly with
shaking.  After 10 min of warming on the steam bath, the hos
mixture was filtered and the residue ou the titter wiux washed with
5l oof hot melhanol. A lght cremu-eolored erystalline nate-
rial precipitated from the filtrate.  After cooling i an ice bath,
thix material wax collected on a fiteer and washed with two 5-ml.
portions of cold water.  After dryving, thix material gradnally
darkened when heated and then melted ai ISU=186°.  Recrvstul-
lization from ethanobwater produced 2221 g, 126¢, + of pale
crean-colored solid, which darkened aud  decomposed whe
hented, melting at 203-205°.

The moiher Hognor was treated with NaHCO; nutil the plt
wis approximately 7. A giay-green inorganic solid precipitated
which wax =epurated by filtration and washed with two 10-1l.
portions of het methanel.  The combined filtrate and washings
were extracted (CHCL), the chitoroform extracts were dried (Nua-
301, and the =olvent was then evaporated on a steam bath.  The
tanl resxidne wis reerystallized from methanol-water (charconls
vielding 107.0 mg. (12071 of a pale cream-colored solid which
darkened when heated and then decomposed as it metved at 200
2H1°. The two crops of material (uLp. 208-205° dec. and 209
211° dee.) were rombined and reerystallized from ethanol-water
twice to give Hght tan erysials which decomposed at 2142157,
Thiz material gave the correct analysis for 9f with an added mole
of water.  The yvields given were ealenbuced on this hasis,

H, 2817 N, 2100,

Anal. Caled. for CpHLNSH.0O: €L 57.86: H, 4.21; N,
2240, Found: 5770, H, 4.08; N, 22,42

The thinzine 9f was alzo prepared by an iron-acetic acid redie-
tonl of the nitro campotnd, and the product wus recrystallized
from ubsolnte cthnel o yield pale yvellow erystaly, m.p. 228
231°. There was 110 water of crystallization in thix case ax shown
by comparizon of the iufrared =pectrnim with that of the material
wentioned above alid ax indieated by analy=is: (/X)) (principal
penks, enno 1) 3412 (w), 3320 (w), 3260 (wr, 3059 (w), 1634 (),
158% (m ), 1569 turl 1410 (=), 805 (3), 704 (=}

Anad.  Caled. for C:HRNS: G 61.42; H, 508 N, 2887
Found: €. 61.28; H, . N, 23.80.

Infrared Measurements.-—The infrured ineasurements reported
in Table I were carried ont ou a Perkin-Ehner Model 521 gratiug
spectrophotometer.  The CCL nsed was of reagent grade and
was dried (P2Os) nntil immediately before nse.  Sodinm chloride
cells of 5.00-mun. thickness were nsed and the concentrations of
the dipyridylunines were 0.0005 3 or less to wvold interference
froir hitermolecnkr hydrogen bouding.  The spectra on =amples
contalning dimethyl snlfoxide (DMS0) were obtalned nsing
1) wh/mlb of thix rengent.®  Sinee the DMSO gives slight ab-
=orption in the N~ stretehing froquency region at this concen-
tration, the vabies reported in Table 1 were determined by =ub-
traeting from the spectrinn of the dipyridylamine + DMSO in
C'Cly, the speetrmn of the =nne concentration of DMSO alone in
CCl..
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25y The DMSO was reagent grade, J. "I Baker Chemical Copipany,
Phillipsburg, N. J., and was used without furttier purification.



