
0 

l 
5-He) , 2.00 (s, CH3C--), 3.24 (m, 6-Ha) , 3.62 (m, 6-He) , 4.20 (q, CH3CH20), 4.30 (s, 2H), and 
4.48 ppm (q, 3H). Found %: C 53.8; H 7.6; N 5.7. C11HIgNOs. Calculated %: C 53.8; H 7.8; 
N5.7. 

l-Ethoxycarbonyl-3,4-diacetoxy-4-methylpiperidine (IV). A 1.08-g sample of acetyl chlo- 
ride and 1.41 g of acetic anhydride were added to a solution of 1.4 g (6.9 mmole) of IId in 
50 ml of benzene, and the mixture was refluxed for 4 h. It was then cooled to room tempera- 
ture, and the solvent was removed by distillation. The residue was vacuum distilled to give 
1.64 g (82%) of IV with bp I12-125~ (0.4 mm), n~ ~ 1.4632, and Rf 0.68. IR spectrum (thin 
layer): 1740 (ester C=O) and 1710 cm -I (amide C=O). Found %: C 54.2; H 7.5; N 4.9. 
C13H21N06. Calculated %: C 54.3; H 7.4; N 4.9. 
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INVESTIGATION OF NITROGEN- AND SULFUR-CONTAINING 

HETEROCYCLES. 38.* REACTIONS OF 2-MERCAPTO-3- 

UREIDOPYRIDINES WITH HALO B-DIKETONES 

N. I. Traven' and T. S. Safonova UDC 547.822.825.83'869 

The reaction of 2-mercapto-3-ureido-6-chloropyridine with chlorodibenzoylmethane 
in the presence of alkali leads to 2-(benzoylmethylthio)-3-benzamido-6-chloropyri- 
dine, whereas the reaction in the absence of alkali leads to 2-chloro-6-phenyl-7- 
benzoylpyrido[2,3-b][l,4]thiazine. Under similar conditions 2-(diacetylmethyl- 
thio)-3-ureido-6-chloropyridine, 2-(acetylmethylthio)-3-ureido-6-chloropyridine, 
and 2-chloro-6-methyl-7-acetylpyrido[2,3-b][l,4]thiazine were obtained from 2- 
mercapto-3-ureido-6-chloropyridine and chloroacetylacetone. Treatment of 2-(di- 
acetylmethylthio)-3-ureido-6-chloropyridine with alcoholic alkali leads to 2- 
(acetylmethylthio)-3-ureido-6-chloropyridine. 2-Chloro-6,phenyl-7-acetylpyrido- 
[2,3-b][l,4]thiazine and 2-(benzoylmethylthio)-3-ureido-6-chloropyridine are 
formed in the reaction of 2-mercapto-3-ureido-6-chloropyridine with chlorobenzo- 
ylacetone in the presence of an equimolar amount of alkali, while 2-(benzoylmethyl- 
thio)-3-acetamido-6-chloropyridine is formed when excess alkali is used. 

*See [i] for communication 37. 

S. Ordzhonikidze All-Union Scientific-Research Institute of Pharmaceutical Chemistry, 
Moscow 119021. Translated from Khimiya Geterotsiklicheskikh Soedinenii, No. 6, pp. 787-790, 
June, 1980. Original article submitted February 27, 1979; revision submitted October 23, 
1979. 
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It has been observed that pyrimido[4,5-b][l,4]thiazines that contain carbonyl groups in 
the thiazine ring have antitumorigenic activity and inhibit folic exchange enzymes [2, 3]. 
In a continuation of our earlier research [2, 3] we undertook the synthesis of analogous de- 
rivatives in the pyrido[2,3-b][l,4]thiazine series. For this, we investigated the reaction 
of 2-mercapto-3-ureido-6-chloropyridine (I) with halo B-diketones, viz., chlorodibenzoyl- 
methane (II), chloroacetylacetone (III), and chlorobenzoylacetone (IV). The reaction of I 
with chloro ketone II in the presence of equimolar amounts of basic agents (KOH and K2C03) 
or in pyridine leads to 2-(benzoylmethylthio)-3-benzamido-6-chloropyridine (VI). 6-Phenyl- 
7-benzoylpyridothiazine (VII) was obtained from the same starting compounds when alkali was 
absent. 

The structure of Vl was confirmed by the presence in the IR spectrum of NH (3260 cm-~), 
amide CO (1650 cm-1), and ketone CO (1690 cm -I) absorption bands and by the signal of a CH2 
group (4.69 ppm) and signals of aromatic protons in the PMR spectrum. In addition, its 
structure was proved by conversion to the known 3-benzamidopyridine (VIII). According to 
the data from the IR and PMR spectra, VII has the 5-H structure (from the presence of an NH 
band at 3450 cm -I and the absence of a signal from a proton attached to C7). 

l•.•h•. N H CON II~ /COP-, 

Ct. ~.N~/[I.SH + CICII\  EOR ' 

I l l - I V  

j j j / 

J 
.]/N H CON H 2 

Ct / " - ' ~ / \  S C H .s R' 

X. Xll  

E 

I I , V I - V l l l  R=R,~-C6Hs; 
I| .V. IX.x .  xIV R=R,=CH3; 
IV XI--,~|I: R:~CH~, R,=C~H 5 

~ ~N I~iCON H~, [ ~ / H ~ / O H  ] 

\r ? 0 

V A / f / /  /OH- 

H 
..-'~../N~t R ~ / N H C O R  

C, "L~N~S.~ 'COR'  CI"--N / -SCH2CO R, 

VII. IX, XI VI XIII 
C D 

/ / /  
H t 

•IV NOII VIII 

An S-alkylation product (V) and a pyridothiazine (IX) were isolated in the reaction of 
pyridine I with chloroacetylacetone (III) in the presence of alkali. An oxime (XIV) was ob- 
tained from IX. Compound V exists in the enol form, which is stabilized by an intramolecu- 
far hydrogen bond, as confirmed by the presence in the PMR spectrum of signals of two equi- 
valent CH3 groups (2.2 ppm) and the absence of a methylidyne proton. The IR spectrum of IX 
contains an NH bond (3290 cm-~), whereas a 7-I-I signal is not observed in the PMR spectrum, 
and this constitutes evidence for a 5-11 rather than a 7-H structure. 

The reaction of pyridine I with chlorobenzoylacetone IV in the presence of an equimolar 
amount of NaOH gives pyridothiazine XI and XII. Compound XIII is isolated when excess alkali 
is used. Only XI is obtained when pyridine I is heated with chloro ketone IV in the absence 
of basic agents. 

The reaction of pyridine I and chloro ketone III in the presence of excess alkali gives 
X. The latter was isolated by treatment of diketone V with alcoholic alkali and is the pro- 
duct of acid cleavage of the B-diketone fragment of the V molecule. 

On the basis of the data obtained it may be assumed that several competitive reactions 
may occur under the indicated conditions. One of them is acid cleavage of the initially 
formed S-acetylthio derivative A toe asin the case of derivatives of ~-dicarbonyl compounds 
[4, 5]. In addition to this, A undergoes cyclization to hydroxy amino compound B, which is 
accompanied by splitting out of a carbamide residue. Compound B is dehydrated to C in a me- 
dium that is close to neutral or in an acidic medium, whereas it undergoes destructive changes 
with cleavage of the Ce--C7 bond under the influence of basic agents, as a result of which 
compounds with open structure D are formed. Similar processes have been noted in the reac- 
tion of I with chlorooxalacetic ester [6]. 
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EXPERIMENTAL 

The IR spectra were recorded with a double-beam UR-10 spectrometer and with a Perkin- 
Elmer spectrometer at 400-4000 nm. The PMR spectra were obtained with a JNM-411-11 spectro- 
meter with hexamethyldisiloxane as the internal standard. Information on the synthesized 
compounds and their spectral chracteristics are presented in Table i. 

2-(Benzoylmethylthio)-3-benzamido-6-chloropyridine (Vl). A) A solution of 0.64 g (2.5 
mmole) of II in I0 ml of ethanol was added at --10~ to a solution of 0.5 g (2.5 mmole) of I 
in 20 ml of ethanol containing 0.14 g (2.5 mmole) of KOH, and the mixture was stirred at 
--5~ for I h and at 20~ for 2 h. The precipitate was removed by filtration and dried to 
give 0.35 g of VI. The mother liquor was evaporated to dryness in vacuo, and the residue 
was triturated with ether. The solid material was removed by filtration to give another 0.3 
g of Vl. 

B) A solution of 0.64 g (2.5 mmole) of !I in 5 ml of pyridine was added to a solution 
of 0.5 g (2.5 mmole) of I in 5 ml of pyridine at O~ in the course of an hour. After stirring 
at 0~ for 0.5 h, the mixture was poured into water, and the precipitate was removed by fil- 
tration, washed with water, and dried to give 0.75 g of VI. 

C) A suspension of 0.5 g (2.5 mmole) of I in 40 ml of acetone containing 0.17 g (1.2 
mmole) of K2C03 was added to a solution of 0.64 g (2.5 mmole) of II in i0 ml of acetone at 
00C, and the mixture was stirred at 0~ for i h. The precipitate was removed by filtration 
and washed with acetone. The acetone mother liquorwas evaporated to dryness in vacuo, and 
the residue was extracted with ethyl acetate. The ethyl acetate was removed by vacuum eva- 
poration, and the solid residue was triturated with petroleum ether, and the solid material 
was removed by filtration to give 0.9 g of VI, which was crystallized from ethanol. 

2-Chloro-6-phenyl-7-benzoylpyrido[2,3-b][l,4]thiazine (VII). A mixture of 0.5 g (2.5 
mmole) of I and 0.64 g (2.5 mmole) of II was refluxed in i00 ml of acetone for 3 h, after 
which the acetone was removed in vacuo, and the dry residue was extracted with ethyl acetate. 
The ethyl acetate was removed in vacuo, and the dry residue was triturated with ether to 
give 0.6 g of VII, which was crystallized from ethanol. 

3-Benzamidopyridine (VIII). A mixture of 0.5 g (1.3 mmole) of VII and 5 g of a Raney 
nickel catalyst in 40 ml of ethanol was refluxed for 2 h, after which the hot mixture was 
filtered, and the ethanol was removed from the filtrate by vacuum distillation. The residue 
was triturated with water, and the solid material was removed by filtration and washed with 
ether to give 0.23 g of VIII, which was crystallized from water. 

2-Chloro-6-methyl-7-acetylpyrido[2,3-b][l,4]thiazine (IX) and 2-(Diacetylmethylthio)-3- 
ureido-6-chloropyridine (V). A solution of 0.335 g (2.5 mmole) of III in 5 ml of ethanol 
was added at 0~ in the course of 15 min to a solution of 0.5 g (2.5 mmole) of I in 20 ml of 
ethanol containing 0.14 g (2.5 mmole) of KOH, and the mixture was stirred at 0~ for 30 min 
and at 20~ for 2 h. The resulting precipitate was removed by filtration to give 0.3 g of 
V. The ethanol mother liquor that remained after separation of V was evaporated to dryness 
in vacuo, and the residue was triturated with water. The solid material was removed by fil- 
tration and dried to give 0.5 g of IX, which was crystallized from ethanol. 

2-(Acetylmethylthio)-3-ureido-6-chloropyridine (X) and V. A) A solution of 0.33 g (2.5 
mmole) of III in i0 ml of alcohol was added in the course of 15 min to a solution of 0.5 g 
(2.5 mmole) of I in 20 ml of ethanol containing 0.28 g (5 mmole) of KOH, and the mixture was 
stirred for 4 h. The ethanol was then removed by vacuum distillation, and the residue was 
triturated with water. The solid material was removed by filtration and dried to give 0.32 
g of X. The aqueous alkaline mother liquor obtained from the separation of X was acidified 
with CH~COOH, and the precipitate was removed by filtration to give 0.15 g of V. 

B) A mixture of 0~ g (2.6 mmole) of V and 50 ml of ethanol containing 0.145 g (2.6 
mmole) of KOH was refluxed for 1.5 h, after which the ethanol was removed by vacuum distil- 
lation, and the dry residue was triturated with water. The solid material was removed by 
filtration to give 0.45 g of X, which was crystallized from ethanol. 

2-Chloro-6-methyl-7-benzoylpyrido[2,3-b][l,4]thiazine (XI). A mixture of 0.5 g (2.5 
mmole) of I and 0.48 g (2.5 mmole) of IV in i00 ml of acetone was refluxed for 2 h, after 
which the acetone was removed in vacuo, and the dry residue was triturated with water and 
extracted with ethyl acetate. The ethyl acetate was removed by vacuum distillation, and the 
residue was triturated with ether. The solid material was removed by filtration to give 0.4 
g of XI, which was crystallized from ethanol. 
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2-(Benzoylmethylthio)-3-ureido-6-chloropyridine (XII). A solution of 0.96 g (5 mmole) 
of IV in i0 ml of ethanol was added to 0~ to a solution of 1 g (5 mmole) of I in 20 ml of 
ethanol containing 0.28 g (5 mmole) of KOH, and the mixture was stirred for 3 h. The sub- 
stance that was liberated was removed by filtration, washed with alcohol and water, and 
dried to give 0.3 g of XI. The alcohol mother liquor after separation of XI was evaporated 
in vacuo, and the dry solid residue was triturated with acetone. The solid material was re- 
moved by filtration and dried to give 0.3 g of XII. The acetone mother liquor from the se- 
paration of XII was evaporated in vacuo to give an additional 0.45 g of XI. 

2-(Benzoylmethylthio)-3-acetamido-6-chloropyridine (XIII). A solution of 0.96 g (5 
mmole) of IV in i0 ml of ethanol was added at O~ to a solution of 1 g (5 mmole) of I in 20 
ml of ethanol containing 0.56 g (i0 mmole) of KOH, and the mixture was stirred at the same 
temperature for 2 h. The precipitate was removed by filtration and washed with alcohol and 
water to give 0.2 g of XIII. The ethanol mother liquor from the separation of XIII was eva- 
porated in vacuo, and the residue was triturated with a mixture of ether and alcohol. The 
solid material was removed by filtration to give 0.8 g of XII, which was crystallized from 
ethanol. 

2-Chloro-6-methyl-7-acetylpyrido[2,3-b][l,4]thiazine (XIV). A mixture of 0.5 g (2.5 
mmole) of IX and 0.15 g (2.5 mmole) of hydroxylamine in 5 ml of pyridine and 20 ml of etha- 
nol was refluxed for 2 h, after which the ethanol was removed by vacuum distillation, and 
the residue was poured into water. The solid material was removed by filtration and dried 
to give 0.42 g of XIV, which was crystallized from ethanol. 
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