
with chloroform (three 100-ml portions). The extract was dried with sodium sulfate, the 
solvent was evaporated, and the residue was chromatographed in chloroform. The characteris- 
tics of X/fV and XXVII-XXIX are presented in Tables 3-5. 

8,9;17,18-Dibenzo-l,4 7-trioxa-10,13,16-triazacvclooctadecane (XXVI) A 5.0-g (0.217 
-- , r ' T , r - �9 

mole) sample of sodium was added in the course of 2 h to a heated (to 100~ solution of 
3.82 g (7.47 mmole) of XXI in i00 ml of n-butyl alcohol. After the sodium had dissolved 
completely, the solution was cooled and washed with water (three 100-ml portions), and 120 
ml of 20% HCI solution was added to the butanol layer. After prolonged shaking, the butanol 
layer was separated and discarded, and the aqueous layer was made alkalinewith 30%KOH solution 
to pH ~ 12 and cooled. The precipitate was separated, washed with 200 ml of water, and dried 
in vacuo to give 1.78 g (67%) of product. The characteristics are presented in Tables 3-5. 
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SYNTHESIS AND PROPERTIES OF SOME DERIVATIVES OF 2-THIONOINDENO[I,2-d]- 

PYRIMIDINE AND INDENO[I,2-d][3,1]THIAZINE 

A. Z. Zandersons, V. K. Lusis, 
~. ~. Liepin'sh, D. Kh. Mutsenietse, 
E. L. Khanina, and G. Ya. Dubur 

D~C 547. 869. i' 859' 572.3 ' 496.3.07 

Derivatives of 2-thiono-5-oxo-2,3,4,5-tetrahydroindeno[l,2-d]pyrimidine and 5-oxo- 
1,2,4,5-tetrahydroindeno[l,2-d][3,1]thiazine are formed in the cyclocondensation 
of 2-arylideneindan-l,3-diones with thiourea and N-monomethylthiourea, while only 
derivatives of indeno[l,2-d]-pyrimidine are formed in the reaction with N,N-di- 
methylthiourea. S- and N(s)-Alkylation occur in the alkyiation of 2-thiono-4- 
phenyl-5-oxo-2,3,4,5-tetrahydroindeno[l,2-d]pyrimidine, while only the N-methyl 
derivative is formed in the alkylation of 2,5-dioxo-4-phenyl-l,2,4,5-tetrahydro- 
indeno[l,2-d][3,1]thiazine. 

It is known [i, 2] that 2-oxoindeno[l,2-d]pyrimidines are formed in the condensation 
of urea with derivatives of indan-l-one or indan-l,3-dione. In the opinion of Benera and 
Nayak [3], the condensation of 2-arylideneindan-l,3-diones with thiourea leads to 2-thiono- 
4-aryl-5-oxo-2,3,4,5-tetrahydroindeno[l,2-d]-pyrimidines, although only the results of ele- 
mentary analysis for sulfur are presented for confirmation of the structures of the reaction 
products. From 2-benzylideneindan-l,3-indole and thiourea we obtained a substance with a 
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TABLE I. Characteristics of the Synthesized Compounds 

Com- 
pound 

Ia  
l b  
Ic 

l ia  
l I la  
lllC 
IV 
V 

VI 
VII 

VIII 
IX 
X 

rap, "C 

275. . .277 
248. . .251 
268. 271 
217. 219 
205. 207 
214. 216 
267. 270 
200. 202 
183. 185 
191. . .193 
172. . .174 
164. . .166 
176. . .178 

Found % 

C H 

69,3 4,1 
69,9 4,5 
60,2 3,2 
69,0 4,1 
69,2 3,6 
60,1 2,9 
70,3 4,5 
70,2 4,6 
71,0 4,9 
70,4 4,5 
70,4 5,0 
70,9 3,9 
69,8 4,2 

9,4 
9,1 

12,3 
9,4 
4,7 
8,~ 
9,1 
9,9 
8,7 
9,C 
8,5 
9,1 
4,4 

Empirical 
formula s 

10,5 CITI-II2N2OS 
10,3 C18Ht4N~OS 
9,3 C,71qH N303S 

10,7 C171{,2N2OS 
10,8 CIvlI.NO~S 
9,4 C,7I-IioN~O4S 

10,3 CIsIqI4N~OS 
10,5 C]8HI4N2OS 
9.9 CIgHI6N~OS 

10,2 CIaHt4N2OS 
9.9 C,gH,sN2OS 

10,5 CisHt2N2OS 
1o,4 C,8It13NO2S 

69,8 
70,6 
60,5 
69,8 
69,6 
60,4 
70,6 
70,6 
71,2 
70,6 
71,2 
7] ,0 
70,3 

Calc , ,  % 

H N 

4,1 9,6 
4,6 9,1 
3,3 12,5 
4,1 9.6 
3,8 4,8 
3,0 8,3 
4,6 9,1 
4,6 9,1 
5,0 8,7 
4,6 9,1 
5,0 8,7 
4,0 9,2 
4,3 4,{] 

10,9 
10,5 
9,5 

10,9 
10,9 
9,5 

10,5 
10,5 
I0,0 
10,5 
10,0 
10,5 
10,4 

melting point that does not correspond to that presented in [3]; however, the set of data 
from spectral methods of investigation confirms the 2-thiono-h-phenyl-5-oxoindenopyrimidine 
structure (la). 

We also observed that indeno[l,2-d][3,1]thiazine derivatives II are formed along with 
indenopyrimidines I. 

- 0 " R=H, R~=CH3 
/~."~ , Ar=C.H 

0 C6H 5 0 CsH 

it 
w v 

O Ar O Ar O At 

i Ar=CsH~ NH + 

S NII2 + 0 
0 Celt s la-C H lla I l l a r  tl 

I , js . ~ / / ~ .  %Hs 0 C~li 5 VI CH 3_ 0 C//H~ ~ ~ L  

(CH~)2SO ~ VII VIII IX 
0 C6H 5 

1. OH-; 2. CHfl  ( / ~ " [ / ~ ' / t  ~''S, 
III a - -  =- 

0 
I 

X CH 3 

I - - I l ia  Ar=CsHs; Ib Ar=C6H4CH~-p; lC I l l c  Ar=C~H4NOrp 

According to the concepts regarding the mechanism of the Biginelli reaction [4], the 
formation of the pyrimidinering begins with the addition of urea to the C=C bond of the other 
reaction component. It is also usually assumed [5] that the first act in the formation of 
the 1,3-thiazine ring is the addition of the polar sulfur atom of the thiourea molecule to 
the C=C bond of, for example, the vinyl ketone or arylidenecyclohexanone. However, initial 
reaction of the NH 2 grouping of the thiourea molecule with the carbonyl function of the a,~- 
unsaturated ketone is not excluded. For example, both products of addition of the sulfur 
atom of the thiourea molecule to the C=C bond of the ketone and products of reaction of the 
NH 2 and CO groups were isolated and subsequently converted to derivatives of 2-thionopyrimi- 
dine and 2-amino-l,3-thiazine in an investigation of the reaction of thiourea with B-methoxy- 
ethyl vinyl ketones [6]. Replacement of thiourea by N-methylurea in the condensation with 
benzylideneindandione leads to the formation of 3-methyl-2-thionoindenopyrimidine IV and 
2-methylaminoindenothiazine V, while the condensation with sym-dimethythiourea leads to 1,3- 
dimethylindenopyrimidine VI in low yield, l-Methyl-2-thionoindenopyrimidine is not formed 
in the reaction with methylthiourea. These facts indicate that initial reaction of the NH2 
group of thiourea with the C=O function of the diketone with subsequent intramolecular addi- 
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TABLE 2. Spectral Characteristics of the Synthesized Compounds 

C o m -  
p o u n d  

1a 

IV 

VI 

VII 

VIII 

IIa 
V 

Il ia 

X 

4-H 

5,36 (d, IH) 

5,61 (s, IH) 

5,13 (s, IH) 

5,52 (d, IH) 

5.56 ( s, IH) 

5,34 (s. IH) 
5,38 (S IH) 

5,54 (% IH) 

5,46 (s, IH) 

PMR spectrum, 6, ppm 

I-NH 3-NH 
or or  
I-GHs 3-GH3 

I 1,76 
(s IH)I 

11,861 
(s, IH)l 

4,111 

(s 3_H) I 

12.03l 
(s IH)I 

4,06 
[(% 3H) 

),8~; 

35 ' :) 

1,1t1/ 
3,0,~ 
,3) [) 
m 

2- substi- 
tue nt 

m 

!2,60 (s, 3H) 

2,68 ( s, 3H) 

8,67 (S,2H) 
3,09 (d,,3H), 
8,91 (q IH) 

7. Hz 

134=2,5 

134 = 2,2 

] NH-CH~ =4,4 

IR spectrum, UV spee- 
v, cm-I tram, k, 

nm (log ~) 
5-CO NH 

1680 325~ 441 (3,37) 
3171 

1678 324[ 442 (3,42) 

1678 - -  446 (3,23) 

1665 3231 482 (3,52) 

1678 485 (3,58) 

1660 3211 470 (3,47) 
1668 319q 472 (3,54) 

1704 316~ 423 (3,00) 

1700 426 (3,07) 

tion of another nucleophilic center of thiourea - either a nitrogen atom or a sulfur atom - 
to the C=C bond of the resulting intermediate predominates. 

Oxoindenothiazines III are products of nucleophilic substitution of the NH 2 group of 
thiazine II by an OH group; this was proved by a separate experiment. 2-Oxoindenothiazines 
III are the principal products in the condensation of 2-arylideneindandione with thiourea 
in ethanol in the presence of HCI, and they can be obtained preparatively under these condi- 
tions (Table i). It must be noted that only part of the indenopyrimidine I is isolated from 
the reaction mixture in the form of a precipitate in all of the remaining cases and that 
complete separation of the reaction mixtures is carried out by chromatography. 

The 2-thionoindenopyrimidines obtained are readily alkylated in an alkaline medium. 
2-Thiono-4-phenyl-5-oxo-iH-2,3,4,5-tetrahydroindeno[l,2-d]pyrimidine (la) reacts with methyl 
iodide or dimethyl sulfate to give a mixture of mono- and dialkylation products - 2-methyl- 
thio-4-phenyl-5-oxo-3H-4,5-dihydroindeno[l,2-d]pyrimidine (VII) and 2-methylthio-3-methyl- 
5-oxo-4,5-dihydroindeno[l,2-d]pyrimidine (VIII). An increase in the reaction temperature 
promotes the formation of dialkyl derivatives VIII: at 20~ the ratio of alkylation products 
VIII:VII : 2, whereas at 70~ it is equal to six (with CH31 as the alkylating agent). 
2-Methylthio-4-phenyl-5-oxoindeno[l,2-d]pyrimidine (X), which is the oxidized form of pyrimi- 
dine VII, is also formed in insignificant amounts in thealkylation of pyrimidine la. 

Alkylation at the nitrogen atom with the formation of l-methyl-4-phenyl-2,5-dioxo- 
1,2,4,5-tetrahydroindeno[l,2-d][3,1]thiazine (X) occurs in the reaction of 2,5-dioxo-4- 
phenyl-l,2,4,5-tetrahydroindeno[l,2-d][3,1]thiazine (Ilia) with methyl iodide. 

The spin-spin coupling of the 3-H and 4-H protons (3j = 2.5 Hz) observed in the IH NMR 
spectrum (Table 2) of indenopyrimidine la makes it possible to assign the signal at 9.88 
ppm to the N(3)-H proton and the signal at 11.76 ppm to the N(1)--H proton. Consequently, the 
signal of the N-H proton at ii ppm and the appearance of the signal of the 4-H proton in the 
form of a singlet in the spectrum of monomethylpyrimidine IV confirm the structure of the 
N(3)-methyl isomer. Broadening of the signal of the carbon atom of the N-CH 3 group, which corre- 
sponds to the small value of the constant of spin-spin coupling (J = 0.8 Hz) between the 4-H 
proton and this carbon atom, is observed in the 13C NMR spectrum of IV (Tables 3 and 4). 

The formation of N(1)-, N(3)-, and S-alkyl products is possible in the alkylation of 
indenopyrimidine la. The strong-field shift of the protons of the methyl group observed in 
the ZH NMIR spectra of VII and VIII as compared with the signals of the N-CH 3 groups of in- 
denopyrimidines IV and VI and the detection of [M - SCH3] + ions in the mass spectra indicate 
the formation of S-alkyl products in the reaction. This is confirmed by the appearance in 
the z3C NMR spectra of VII and VIII of a signal at ~13 ppm, which is characteristic [7, p. 
158] for the carbon atom of the S-CH 3 group. The observance of a constant of spin-spin coup- 
ling (3j = 2.2 Hz) between the 4-H and N-H protons proves the 2-methylthio-3H-4,5-dihydro- 
indenopyrimidine structure (VII) and excludes the alternative 2-methylthio-iH-4,5-dihydro- 
indenopyrimidine structure. The spin-spin coupling between the carbon atom of the N-CH 3 
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TABLE 4. Some Long-Range Spin-Spin Coupling 
Constants (SSCC) in the 13C NMR Spectra of In- 
deno[l,2-d]pyrimidines and Indeno[l,2-d][3,1]- 
thiazines 

Com- 
pound 

Ia 

IV 

VI 

Coupling 

4H-C~) 
3H-Cr 
IH-C~4.) 
4H-C~) 
IH-C<4.) 
4H-C~) 
4H-CHs 

J, Hz 

7,3 
3,4 
5,3 
7,3 
4,6 
6,8 
.2,5 

Com- 
pound 

VII 

VIII 

Ila 
Ill  

V 

Coupling 

4H-Cr 
3H-C~) 
4H-C,4.) 
4H-CHs 
4H-C,4.) 
4H-C<4a) 
4H-CI4.) 

J, Hz 

7,4 
3,0 
7,4 
2,0 
8,0 
8,0 
8,5 

group and the 4-H proton (3j = 2.0 Hz) proves that the CH 3 substituent is attached to the 
N(3 ) atom of indenopyrimidine VIII. The significant strong-field shift (up to 23 ppm) of the 
signal of the C(~) atom in the I~C NMR spectra of indenothiazines lla, III, and X as compared 
with the corresponding signals of indenopyrimidines indicates that the C(4 ) atom is adjacent to 
sulfur atom, i.e., the formation of indeno[l,2-d][3,1]thiazine. This fact and the close 
chemical shifts of the signals of the C(gb) atom of indenothiazines lla and V and indenopyrimi- 
dines VII and VIII, which characterize the same -C(gD)-N(1)~C(2 )- structural fragment of the 
indicated molecules, constitute evidence for the indeno[l,2-dJ[3,1]thiazine structure, since 
the signal of the C(gb) atom of the alternative indeno[l,2-d][3,1]thiazine should be shifted 
significantly, and the signal of the C(4) atom should differ little from the signals observed 
for indenopyrimidines. 

A 2-oxo structure is more likely for indenothiazines III than the 2-hydroxy form: the 
proton resonance signal at 12.03 ppm is close in value to the signal of the N(1)-H proton of 
indenopyrimidine Ia or IV, and the absorption at 3190 cm -I in the IR spectrum corresponds 
to the stretching vibrations of an NH group; however, spin-spin coupling between the I-H 
proton and the C(4a) atom is absent in the i~C NMR spectrum. It should also be noted that 
the compounds that contain a C(gb)-N=C(2) fragment (derivatives Ila, V, VII, and VIII) are con- 
siderably more deeply colored than indenothiazines with structure III. 

EXPERIMENTAL 

The IR spectra of suspensions of the compounds in mineral oil were recorded with a PE 
580 B spectrometer. The UV spectra of solutions of the compounds in ethanol (c = i.i0 -~ M) 
were recorded with a Specord M 40 spectrophotometer. The IH and 13C NMR spectra were re- 
corded with a WM-360 spectrometer (with tetramethylsilane as the internal standard). The mass 
spectra were obtained with an MS-50 spectrometer (AEI) at an ionizing-electron energy of 70 eV; 
the samples were introduced through a direct-input system. 

The reaction products were separated by chromatography with a column packed with L 40/100 
silica gel (400 g) or by means of preparative TLC on a plate with a silica gel layer with 
a thickness of 2 mm; unless indicated otherwise, the eluent was chloroform-hexane-acetone 
(9:7:1). The substances were recrystallized from ethanol for elementary analysis. 

Characteristics of the synthesized compounds are shown in Tables 1-4. 

Reaction of 2-Benzylideneindan-l~3-dione with Thiourea. A 2.34-g (10 mmole) sample 
of benzylideneindandione and 5.0 g (65 mmole) of thiourea were refluxed for 4 h in 120 ml 
of acetic acid with the addition of three drops of concentrated HCI, after which the mixture 
was cooled, and the resulting red precipitate was removed by filtration to give 1.6 g (55%) 
of indenopyrimidine Ia. The filtrate was evaporated to dryness, the residue was treated 
with two 50-mi portions of chloroform, and the mixture was filtered. The chloroform solution 
was evaporated to a volume of 10 ml, and the concentrate was chromatographed with a column. 
The eluates from the yellow, orange, and red bands were collected. Workup of the eluate 
from first band gave 0.1 g of 2-oxothiazine IIIa, workup of the eluate from the second band 
gave another 0.15 g of indenopyrimidine Ia (60% overall yield), and workup of the eluate 
from the red band gave 0.5 g (17%) of 2-aminothiazine IIa. 
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Similarly, from the corresponding 2-arylideneindan-l,3-diones we obtained indenopyrimidines 
Ib, c, for which the yields after direct isolation from the reaction mixtures (without chrom- 
atography) were 45% and 40%, respectively. 

2~5-Dioxo-4-phenylTl~2~4,5-tetrahydroindeno[l~2-d][3,1]thiazine (IIi@). A) A 2.34- 
g (i0 n~nole) sample of benzylideneindandione and 5.0 g (65 mmole) of thiourea were refluxed 
for 5 h in 100 ml of ethanol with the addition of 1.5 ml of concentrated HCI, after which 
the mixture was cooled, and the resulting yellow crystals of oxothiazine Ilia were removed 
by filtration to give 1.5 g (50%) of product. Compound lllc was similarly obtained. 

B) Two drops of concentrated HCI were added to 0.4 g (1.4 mmole) of 2-aminothiazine 
lla in 50 ml of ethanol, and the mixture was refluxed until the red color of the solution 
disappeared. The solvent was evaporated, and the residue was chromatographed on a plate. 
Workup of the eluate from the dark-yellow band gave 0.1 g (25%) of oxothiazine 1113. 

2-Thiono-3-methyl-4-phen~l-5-oxoindeno[l~2-d]pyrimidine (IV) and 2-Methylamino-4-phenyl- 
5-oxoindeno[l,2ld][3~l]thiazine (V). A 2.34-g (i0 mmole) sample of benzylideneindandione 
and 5.0 g (55 mmole) of N-methylthiourea were refluxed for 5 h in 75 ml of acetic acid with 
three drops of concentrated HCI, after which the mixture was evaporated, the residue was 
dissolved in i00 ml of chloroform, and the solution was filtered. The filtrate was concen- 
trated to a volume of ~i0 ml, and the concentrate was chromatographed with a column. The 
eluates from the orange and red bands were collected. Workup of the eluate from the orange 
band gave 0.8 g (26%) of 3-methylindenopyrimidine IV, while workup of the eluate from the 
red band gave 0.3 g (17%) of 2-methylaminothiazine V. 

2-Thiono-l~3-dimethyl-4-phenyl-5-oxoindeno[l,2ld]pyrimidine (VI). A 2.34 g (i0 mmole) 
sample of benzylideneindandione and 4.0 g (40 mmole) of sym-dimethylurea were refluxed for 
3 h in 75 ml of acetic acid with three drops of concentrated HCI, after which the mixture 
was evaporated, and the residue was treated with 50 ml of chloroform. The mixture was fil- 
tered, the chloroform was evaporated to a volume of ~i0 ml, and the concentrate was chromato- 
graphed with a column. The eluate from the red band was collected and worked up to give 
0.25 g (8%) of indenopyrimidine VI. 

Alkylationof 2-Thiono-4-phenyl-5-oxotetrahydroinden0[l,2-d]Dyrimidine (Ia). A 1.16-g 
(4 mmole) sample of indenopyrimidine Ia was dissolved by heating in 40 ml of DMSO, and 1.12 
g (20 mmole) of ground KOH was added. The dark-red reaction mixture was cooled to room tem- 
perature, and 1.5 ml (24 mmole) of methyl iodide or 2.24 ml (27 mmole) of dimethyl sulfate 
was added. After 2 h, the reaction mixture was diluted with 0.5 liter of water, and the 
aqueous mixture was extracted with chloroform (three 150-mi portions). The chloroform extract 
was washedwith water(three 200-mlportions), driedover Na2SO~,and evaporatedto avolume of~lO 
m!. The concentratewas chromatographedwith acolumn. Successive collection and workupof the 
eluates fromthe yellow, bright-red , and dark-red bandsgave asmall amount (<0.1 g)of indenopyrimi- 

dine IX, 0.74 g (58%) of dialkyl derivatives VIii, and 0.35 g (29%) of monoalkyl derivative 
VII. In the case of alkylation with dimethyl sulfate the yields of VII and VIII were 0.78 
g (62%) and 0.27 g (21%), respectively. 

l-Methyl-4-ph@nyl-2~5-diqxoindeno[l~2-d][3,1]thiazine (X). A 1.85-g (6.3 mmole) sample 
of thiazine IIIa was dissolved by heating in 400 ml of acetone, i0 ml (0.16 mole) of methyl 
iodide was added, and the mixture was allowed to stand for 1 h. The reaction mixture was 
filtered, the filtrate was evaporated, and the viscous residue was triturated with 15 ml 
of ethanol. The resulting yellow precipitate was removed by filtration to give 0.5 g of 
thiazine X. The filtrate was evaporated, and the residue was chromatographed on a plate 
(elution with chloroform). Workup of the eluate from the yellow band gave another 0.2 g 
of product. The overall yield of l-methyl-2-oxothiazine X was 35%. 
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