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in their sign and order of magnitude only; these parameters
suggest again the importance of the solvent sulfur dioxide
in the cleavage of the C-Cl bond.

Experimental Section

NMR Experiments. Equilibria and kinetics were measured
with a FT Bruker WP-60 instrument equipped with a BNC-28
microcomputer and a variable-temperature unit. Faster kinetics
were first recorded as FID’s in different sections of the computer
memory and Fourier transformed at the end. The samples were
prepared by condensing a measured quantity of sulfur dioxide
in a NMR tube containing a weighed amount of covalent chloride
3 or 4. For high-temperature experiments the tubes were sealed.

Materials. Sulfur dioxide and 2,3-dimethyl-2-butene (tetra-
methylethylene) are commercial products. Methanesulfenyl
chloride!® and 2,2,5,5-tetramethyl-3-hexyne (di-tert-butyl-
acetylene)'” were prepared according to published procedures.

2,3-Dimethyl-3-(methylthio)-2-chlorobutane (3). To an
ice-cooled and stirred dichloromethane solution of tetra-
methylethylene (in slight excess) is added methanesulfenyl
chloride in the same solvent dropwise. After 5 min at 0 °C and
10 min at room temperature, the solvent and excess olefin are
removed under vacuum; a yellow oil is obtained: 97% yield; bp
74-78 °C (20 mmHg). Because of product sensitivity to moisture,
a bad elemental analysis was obtained; before use the alcohol
formed is to be removed under vacuum: NMR (CDCl;) [SO,, -60
°C] 6 2.14 [2.05], SMe; 1.74 [1.73], CMe,Cl; 1.46 [1.42], CMe,S.

(E)-2,2,5,5-Tetramethyl-3-(methylthio)-4-chloro-3-hexene
(4). With the same procedure, methanesulfenyl chloride is added
to an equimolar amount of di-tert-butylacetylene. After 1 h the
solution is washed with sodium carbonate in water and water to
neutrality. The solution is dried and the solvent removed at low
pressure; a yellow oil is obtained: 96% yield; bp 110120 °C (15
mmHg); NMR (CDCly) [SO,, —50 °C] 6 2.18 [2.25], SMe; 1.48 and
1.41 [1.45 and 1.37], tert-butyls.

Anal. Caled for C,H,,CIS: C, 59.85; H, 9.6. Found: C, 59.65;
H, 9.5.

Registry No. 3, 77483-47-7; 4, 63720-34-3; 5, 79899-49-3; 6,
63720-33-2; tetramethylethylene, 563-79-1; methanesulfenyl chloride,
5813-48-9; di-tert-butylacetylene, 17530-24-4.

(16) Britzinger, H.; Koddesbuch, H.; Kling, K. H.; Jung, G. Chem. Ber.
1952, 85, 455.

(17) Hennion, G. F.; Banigan, T. F., Jr. J. Am. Chem. Soc. 1946, 68,
1202.
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In continuation of our studies on triazaphenothiazines,®
we now report the synthesis of the parent 1,4,6-triaza
compound la. The route used involved the condensation
of 2,3-dichloropyrazine (2) with 3-aminopyridine-2(1H)-
thione (3, R = H).

(1) Present address: Department of Chemistry, University of South
Florida, Tampa, Florida 33620.

(2) C. O. Okafor, J. Org. Chem., 38, 4386 (1973).

(3) C. O. Okafor, M. L. Steenberg, and J. P. Buckley, J. Heterocycl.
Chem., 12, 813 (1975).

(4) C. O. Okafor, J. Heterocycl. Chem., 17, 149 (1980).

(5) C. O. Okafor, M. L. Steenberg, and J. P. Buckley, Eur. J. Med.
Chem., 12, 249 (1977).
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The key intermediate 3 (R = H) has been previously
prepared®’ by the reaction of 3-amino-2-chloropyridine (4)
with sodium hydrosulfide. Since the synthesis of 4 from
nicotinamide has been found hazardous,” an alternative
route to 3 (R = H) was developed by conversion of 2-
chloro-3-nitropyridine (5) to the thione 6 and reduction
with iron in the presence of calcium chlorides (Scheme I).
The reagent is very convenient and permits facile isolation
of the amine 3 in high yield. 3-Amino-6-methoxy-
pyridine-2(1H)-thione (38, R = OCH,) and the 6-chloro
analogue (3, R = Cl) were obtained by the Fe-CaCl, re-
duction of the nitro compounds 7b and 7¢ followed by
thiocyanation and alkaline hydrolysis of the intermediate
thiazolo[5,4-b]pyridines (9).2

N02 N Cl
e N N ~N
LI I (X
R N Rz N Ry N cl
9,R=0CH;;Cl 7a,R,=NH;;R,=H 2

b, R, = H; R, = OCH,
¢, R =H;R,=Cl

The reaction of an alkaline solution of the amino-
pyridinethiones with 2,3-dichloropyrazine (2) in propylene
glycol or DMF gave greenish yellow solids whose compo-
sition and spectral properties were consistent for the
1,4,6-triazaphenothiazines 1 (R = H, OCHj,, Cl).

9 H 1 H

a8 glN\z ’e N N\
'S ) LX)
RSN RN

la,R=H 0
R = OCH
]Z,R=(C)1() : 10a,R=H
' b, R = OCH,
¢, R=Cl

These 1,4,6-triazaphenothiazines were also converted to
their 5-sulfoxides by the action of mixed concentrated
nitric and sulfuric acids.

Experimental Section

General Methods. Melting points were determined with a
Fisher-Johns apparatus and are uncorrected. UV and visible
spectra were recorded on a Pye Unicam SP 8000 spectropho-
tometer using matched 1-cm quartz cells. The solvent was
methanol, and the absorption maxima are always given in na-
nometers; the figures in parentheses are ¢ values. IR spectra were
obtained on a Perkin-Elmer Model 137 gpectrophotometer using
potassium bromide disks unless otherwise stated. 'H NMR

(6) Y. Ahmad and D. H. Hey, J. Chem. Soc. 4516 (1954).

(7) O. R. Rodig, R. N. Collier, and R. K. Schlatzer, J. Org. Chem., 29,
2652 (1964).

(8) C. 0. Okafor, JJ. Org. Chem., 38, 4383 (1973).
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Notes

spectra were determined on a Varian Associates T-60 instrument.
Chemical shifts are reported on the 6 scale relative to Me,Si used
as an internal standard. The letters br, s, d, t, q, sh, and m are
used to indicate broad, singlet, doublet, triplet, quartet, shoulder,
and multiplet, respectively. The mass spectra were obtained on
an AEI MS-9 double-focusing mass spectrometer at 70 eV.
3-Nitro-2-pyridinol (8) from 2-Amino-3-nitropyridine. To
21.8 g (200 mmol) of 2-amino-3-nitropyridine in 200 mL of water
was added 30 g of potassium hydroxide. The mixture was refluxed
on a steam bath (temperature 92 °C) for 13 h. There was copious
evolution of ammonia after 3 h, and complete dissolution of the
2-amino-3-nitropyridine was observed after 8 h.

At the end of the reflux period the dark yellowish red solution
was cooled and then neutralized with concentrated hydrochloric
acid to pH 2 with constant cooling. The dark precipitate was
collected by vacuum filtration and crystallized twice from ethanol
after treatment with activated charcoal to yield 3-nitro-2-pyridinol
(8) as glistening yellow needles: 24.4 g (87% yield); mp 223-224
°C (lit.? mp 224 °C).

3-Nitropyridine-2(1H)-thione (6). This compound was
prepared by an extensive modification of a procedure described
in the literature.l® 2-Chloro-3-nitropyridine (15.85 g, 100 mmol)
was placed in a reaction flask containing 16.8 g of sodium hy-
drosulfide. Methanol (150 mL) was then added and the mixture
refluxed for 10 h. It was then acidified with glacial acetic acid
and cooled. After the mixture was filtered, the crude product
was collected and recrystallized twice from ethanol after treatment
with activated charcoal to yield 3-nitropyridine-2(1H)-thione (6)
as yellow plates: 11.23 g (72% yield); mp 175~176 °C (lit.1° mp
174-175 °C).

This compound was also prepared in 75% yield by the action
of P,S; to 3-nitro-2-pyridinol (8) as was described by Wise and
Castle for the preparation of 5-aminopyridazine-6(LH)-thione.'!

Fe—CaCl; Reduction of 3-Nitropyridine-2(1H)-thione (6).
3-Nitropyridine-2(1H)-thione (6; 31.2 g, 200 mmol) and 80 g of
iron powder were placed in the reaction flask containing 500 mL
of 75% ethanol. About 15 g of calcium chloride was then added
and the entire mixture refluxed on a steam bath for 4.5 h.

At the end of the reflux period, the mixture was filtered hot
to remove excess iron. The filtrate was again boiled and treated
with activated charcoal followed by filtration. The filtrate was
concentrated to near dryness. The crude residue was purified
by crystallization from methanol (Norit A) to yield greenish yellow
needles of 3-aminopyridine-2(1H)-thione (3, R = H): 21.42g (85%
yield); mp 131-132 °C lit.” mp 131-133 °C).

6-Substituted 3-Aminopyridine-2(1H)-thiones (3, R =
OCH;, Cl). These compounds were prepared as previously de-
scribed® except that the reduction of the starting nitropyridines
was accomplished by the Fe~CaCl, reagent as was described for
compound 3 (R = H).

1,4,6-Triazaphenothiazine (la). 3-Aminopyridine-2(1H)-
thione (3, R = H) (6.30 g, 50 mmol) was placed in a 250-mL
three-necked flask containing 30 mL of water and 6.00 g of sodium
hydroxide. The mixture was warmed on a steam bath to dissolve
the reactants. Propylene glycol (80 mL) was then added followed
by the addition of freshly prepared 2,3-dichloropyrazine!? (8.20
g, 55 mmol). The entire mixture was refluxed on a heating mantle
for 7 h.

At the end of the reflux period, it was poured into a beaker
containing 500 mL of water, stirred and cooled at ~10 °C. After
the mixture was filtered, crystallized from ethanol, and treated
with activated charcoal, 1,4,6-triazaphenothiazine!® (6.77 g, 67%

(9) A. E. Chichibabin and I. G. Builinkin, Zh. Russ. Fiz.-Khim. O-va.,
50, 471 (1920); Chem. Abstr., 18, 1494 (1924).

(10) H. Saikachi, Yakugaku Zasshi, 64, 201 (1944); Chem. Abstr., 45,
4717¢ (1951).

( (11)) D. S. Wise, Jr., and R. N. Castle, J. Heterocycl. Chem., 11, 1001
1974).

(12) L. Bernardi, G. Palamidessi, A. Leone, and G. Larini, Gazz. Chim.
Ital., 91, 1431 (1961).

(13) This compound was numbered as recommended by L. T. Capell
and D. F. Walker, Jr., in “Ring Index, Supplement I”, American Chemical
Society, Washington, DC, 1963, p 112. The nomenclature is consistent
with what is used in the current literature of phenothiazine chemistry as
it brings out the structural relationship with the parent phenothiazine
ring system. 1,4,6-Triazaphenothiazine can also be named pyrazino-
[2,3-b][1,4]pyrido[3’,2’-e]thiazine.
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yield) was obtained as greenish yellow powder: mp 213-214 °C;
IR vy, 3200 (10-NH), 813 (2,3-disubstituted pyrazine) cm™; 'H
NMR (Me,S0-dg) 4 7.77 (m, area 3, 7-H, 8-H, 9-H), 8.40 (s, area
2, 2-H, 3-H), 9.50 (br s, 10-NH); mass spectrum, m/e (relative
intensity) 201 (6), 202 (M*, 100), 203 (10).

Anal. Caled for CgHgN,S: C, 53.47; H, 2.97; N, 27.72; S, 15.84.
Found: C, 53.53; H, 2.76; N, 27.70; S, 15.95.

7-Methoxy-1,4,6-triazaphenothiazine (1b). 3-Amino-6-
methoxypyridine-2(1H)-thione (3, R = OMe; 15.6 g, 100 mmol)
and 10 g of sodium hydroxide were placed in the reaction flask
to which was also added 40 mL of water. The mixture was warmed
to dissolve the reactants. 2,3-Dichloropyrazine (17.88 g, 120 mmol)
and 80 mL of N,N-dimethylformamide were then added. The
entire mixture was refluxed on the heating mantle for 3.5 h.

At the end of the reflux period, the mixture was poured into
a beaker containing 1 L of water, chilled overnight, and filtered.
The residue was crystallized twice from aqueous DMAC after
treatment with activated charcoal. 7-Methoxy-1,4,6-triaza-
phenothiazine was obtained as glistening greenish yellow mi-
croneedles: 20.65 g (89% yield); mp 211-212 °C; IR »,,, 3230
(10~-NH), 820 (2,3-disubstituted pyrazine) cm™’; 'H NMR
(Me,S0-dg) 4 3.67 (s, -OCHjy), 6.37 (d, J = 8.8 Hz, 8-H), 7.00 (d,
J = 8.8 Hz, 9-H), 7.53 (s, 2-H, 3-H), 9.17 (br s, 10-NH); mass
spectrum m/e (relative intensity) 189 (79), 217 (29), 231 (11), 232
(M*, 100), 233 (28).

Anal. Caled for C;)HgN,OS: C, 51.72; H, 3.45; N, 24.14; S, 13.79.
Found: C, 51.59, H, 3.48, N, 24.06; S, 13.68.

7-Chloro-1,4,6-triazaphenothiazine (1¢). This compound
was prepared from 3-amino-6-chloropyridine-2(1H)-thione (3, R
= Cl; 12.04 g, 75 mmol), 8.00 g of sodium hydroxide, and 11.8 g
(75 mmol) of 2,3-dichloropyrazine in 80 mL of DMF as described
for 7-methoxy-1,4,6-triazaphenothiazine (1b).

7-Chloro-1,4,6-triazaphenothiazine was obtained as bright yellow
powder: 14.37 g, (81% yield); mp 185-186 °C; IR wy,, 3433
(10-NH), 815 (2,3-disubstituted pyrazine) cm™; *H NMR
(Me,S0-dg) 6 5.50 (br s, 8-H, 9-H), 7.27 (s, 2-H, 3-H), 8.35 (s,
10-NH); mass spectrum m/e (relative intensity) 201 (12), 236 (M*,
100), 237 (22), 238 (47).

Anal. Caled for C;H N,CIS: C, 45.67; H, 2.11; N, 23.68; Cl,
15.01; S, 13.563. Found: C, 45.83; H, 2.00; N, 23.69; Cl, 15.20; S,
13.34.

1,4,6-Triazaphenothiazine 5-Oxide (10a). Concentrated
sulfuric acid (d 1.84, 25 mL) was precooled to near 0 °C and added
to 2.02 g (10 mmol) of 1,4,6-triazaphenothiazine in a 100-mL flask.
Concentrated nitric acid (d 1.42, 25 mL), also precooled to near
0 °C, was added gradually with cooling and stirring during a period
of 30 min. After all the nitric acid had been added, the mixture
was stirred at 10 °C for about 1 h and at room temperature for
10 h. It was allowed to stand overnight at room temperature. The
cool mixture was later poured into crushed ice and neutralized
with concentrated ammonia to pH 8. The impure product was
collected by filtration and crystallized from aqueous ethanol to
give of 1,4,6-triazaphenothiazine 5-oxide (10a) as a yellow powder:
1.25¢ (62‘7{: yield) mp >202 °C dec; IR (KBr disk) vy, 1053 (s,
S=0) cm™.

Anal. Caled for CgHgN,OS: C, 49.53; H, 2.76; N, 25.68; S, 14.69.
Found: C, 49.61; H, 2.69; N, 25.50; S, 14.66.

7-Methoxy-1,4,6-triazaphenothiazine 5-Oxide (10b). This
compound was prepared in 76% yield as reported for 1,4,6-tria-
zaphenothiazine 5-oxide: mp >195 °C dec; IR (KBr disk) vy,
1044 (s, S=0) cm™.

Anal. Caled for C,(HgN,0,S: C, 48.39; H, 3.23; N, 22.58; S,
12.90. Found: C, 48.30; H, 3.35; N, 22.42; S, 13.03.

7-Chloro-1,4,6-triazaphenothiazine 5-Oxide (10c¢). 7-
Methoxy-1,4,6-triazaphenothiazine 5-oxide was prepared in 69%
yield as reported for 1,4,6-triazaphenothiazine-5-oxide (10a) except
that crystallization was from aqueous ethanol; m.p. 154-156 °C
dec; IR spectrum (KBr disk) vp,, 1040 (s, S=0) cm™.

Anal. Caled for CgHgN,CIOS: C, 42.77; H, 1.98; N, 22.18; Cl],
14.06; S, 12.67. Found: C, 42.86; H, 1.99; N, 22.20; Cl, 13.94.
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Robinson’s seminal suggestions on the biogenesis of
morphine? have been further refined by Barton® and have
been supported by in vivo experiments involving the ox-
idation of reticuline (1) to salutaridine (2a) and the further
transformation of this intermediate into morphine.*?

CH30 CH30

| N
N ~
H \CH3 HO
N—R
CH40 CH0
OH 0

(1) For part 2 in this series, see C. Szantay, G. Blaskd, M. Bérczai-
Beke, P. Péchy, and G. Dornyei, Tetrahedron Lett., 3509 (1980).

(2) J. M. Gulland and R. Robinson, Mem. Proc.—Manchester Lit.
Philos. Soc., 69, 79 (1925).

(3) D. H. R. Barton and T. Cohen, “Festschrift Prof. Dr. Arthur Stoll
zum Siebzigsten Geburtstag”, Birkhauser Verlag, Basel, Switzerland,
1957, p 117.

(4) (a) A. R. Battersby, R. Binks, D. M. Foulkes, R. J. Francis, D. J.
McCaldin, and H. Ramuz, Proc. Chem. Soc., London, 203 (1963); (b) A.
R. Battersby, R. Binks, R. J. Francis, D. J. McCaldin, and H. Ramuz, J.
Chem. Soc., 3600 (1964); (¢) D. H. R. Barton, G. W. Kirby, W. Steglich,
G. M. Thomas, A. R. Battersby, T. A. Dobson, and H. Ramuz, ibid., 2423
(1965); (d) A. R. Battersby, D. M. Foulkes, and R. Binks, ibid., 3323
(1965); (e) A. R. Battersby, D. M. Foulkes, M. Hirst, G. V. Parry, and
J. Staunton, J. Chem. Soc. C, 210 (1968); (f) R. Q. Martin, M. E. Warren,
and H. Rapoport, Biochemistry, 8, 2355 (1967).

The literature is replete with attempts to convert reti-
culine, into salutaridine in the laboratory, a transformation
which involves para—ortho’ phenolic oxidative coupling
(p-0). Depending upon experimental conditions, however,
only isoboldine (o—p’ coupling),® isosalutaridine (p—p’
coupling),® and corytuberine (0~0’ coupling),” were ob-
tained. The first and so far sole successful transformation
of this type was carried out by Barton and co-workers,?
who oxidized tritium-labeled (&)-reticuline to (&)-salu-
taridine using potassium ferricyanide. The product was
detected by an isotope-dilution technique and was present
in 0.08% yield.

Schwartz and Mami®? have found that appreciably im-
proved yields (16-35%, corrected for recovered starting
material'®) of the desired p-o’ products could be accom-
plished starting with N-acylnorreticulines and using
thallium tris(trifluoroacetate) as the oxidizing agent to
produce N-acylnorsalutaridine derivatives.

In previously reported experiments we have obtained
N-acyl- or 6’-halogeno-N-acylnorsalutaridines from the
corresponding norreticuline derivatives in 14-58% yield,
again correcting for recovered starting materials.!

We now describe the first in vitro replication of the in
vivo process, namely, the conversion of (£)-reticuline (1)
into (*)-salutaridine (2a) in preparative quantities. Ad-
ditionally, this is the first report of the preparation of
crystalline (&)-salutaridine.!

(£)-Reticuline (1), in absolute dichloromethane (102
M) was treated with 0.5 equiv of lead tetraacetate in the
presence of 3 molar equiv of trichloroacetic acid at -78 °C
(4 h). Extraction of the crude product mixture in chlo-
roform with 0.5-5% aqueous sodium hydroxide resulted
in a facile separation of the crude monophenolic salutar-
idine and the diphenolic byproducts and starting material.
TLC purification of the organic layer supplied (+)-salu-
taridine (2a) which was crystallized from EtOAc in 2.7%
corrected yield. From the aqueous layer were obtained
(%)-isoboldine (3, 14% corrected) and unreacted (£)-re-
ticuline (1, 48%). Up to now neither ()-isosalutaridine
nor any well-defined other products could be isolated.!®

The spectral data for the isolated (+)-salutaridine com-
pare well with those cited in the literature.*'14 1In ad-

(5) R. Borkowski, J. S. Horn, and H. Rapoport, J. Am. Chem. Soc.,
100, 276 (1978).

(8) A complete literature survey on this topic has been furnished in
ref 9.

(7) T. Kametani, M. Thara, M. Takemura, Y. Satoh, H. Terasawa, Y.
Ohta,)K. Fukumoto, and K. Takahashi, J. Am. Chem. Soc., 99, 3805
(1977).

(8) (a) D. H. R. Barton, G. W. Kirby, W. Steglich, and G. M. Thomas,
Proc. Chem. Soc., London, 203 (1963); (b) D. H. R. Barton, D. S. Bha-
kuni, R. James, and G. W. Kirby, J. Chem. Soc. C, 128 (1967).

(9) M. A. Schwartz and I. S. Mami, J. Am. Chem. Soc., 97, 1239 (1975).

(10) M. A. Schwartz, “Proceedings of the 11th IUPAC International
Symposium on the Chemistry of Natural Products”, Vol. 4, N. Narekov,
1. Ognyanov, and A. Orahovats, Eds., Izd. BAN, Sofia, Bulgaria, 1978,
Part 2, pp 274-9; Chem. Abstr., 92, 59050 (1980).

(11) (+)-Salutaridine has been synthesized by Kametani and co-
workers from 1-benzyltetrahydroisoquinolines by a modified Pschorr
reaction,!!® and by a photochemical route!!** in 1.1% and 1% yields,
respectively. The product was characterized as an oil. (a) T. Kametani,
M. Thara, K. Fukumoto, and H. Yagi, J. Chem. Soc. C, 2030 (1969); (b)
T. Kametani, H. Nemoto, T. Nakano, S. Shibuya, and K. Fukumoto,
Chem. Ind. (London), 788 (1971); (c) T. Kametani, K. Fukumoto, S.
Shibuya, H, Nemoto, T. Nakano, T. Sugahara, T. Takahashi, Y. Aizawa,
and M. Toriyama, J. Chem. Soc., Perkin Trans. 1, 1435 (1972).

(12) (#)-Reticuline was obtained in 96% yield from the lithium alu-
minum hydride reduction of N-(ethoxycarbonyl)norreticuline in dioxane.

(13) The reaction is supposed to proceed via a Wessely-type p-quinol
acetate; this intermediate, however, could not be isolated or identified
from the reaction mixture. (a) F. Wessely, J. Swoboda, and V. Guth,
Monatsh. Chem., 95, 649 (1964); (b) B. Umezawa, O. Hoshino, Hetero-
cycles, 3, 1005 (1975).
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