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 XXV and XXVII-XXIX are presented in Tables 3-5.

8,9317,18-Dibenzo-1,4,7-trioxa-10,13,1l6~triazacvclooctadecane (XXVI). A 5.0-g (0.217
mole) sample of sodium was added in the course of 2 h to a heated (to 100°C) solution of
3.82 g (7.47 mmole) of XXI in 100 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 207 HCl solution was added to the butanol layer. After prolonged shaking, the butanol
layer was separated and discarded, and the aqueous layer was made alkalinewith 307 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%Z) of product. The characteristics are presented in Tables 3-5.
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2.

SYNTHESIS AND PROPERTIES OF SOME DERIVATIVES OF 2-THIONOINDENO[1,2-d]-
PYRIMIDINE AND INDENO[1,2-d][3,1]THIAZINE

é. Z. Zandersons, V. K. Lusis, UDC 547.869.1'859'572.3'496.3.07
E. E. Liepin'sh, D. Kh. Mutsenietse,
E. L. Khanina, and G. Ya. Dubur

Derivatives of 2-thiono-5-ox0-2,3,4,5-tetrahydroindeno([1l,2-d]pyrimidine and 5-oxo-
1,2,4,5-tetrahydroindeno{1,2-d][3,1]thiazine are formed in the cyclocondensation
of 2-arylideneindan-1,3-diones with thiourea and N-monomethylthiourea, while only
derivatives of indeno[1,2-d]-pyrimidine are formed in the reaction with N,N-di-
methylthiourea. S- and N(j)-Alkylation occur in the alkylation of 2-thiono-4-
phenyl-5-ox0-2,3,4,5-tetrahydroindeno[1,2-d]lpyrimidine, while only the N-methyl
derivative is formed in the alkylation of 2,5-dioxo-4-phenyl-1,2,4,5-tetrahydro-
indeno{1,2-d][3,1]thiazine.

It is known [1l, 2] that 2-oxoindeno[1l,2-d]pyrimidines are formed in the condensation
of urea with derivatives of indan-l-one or indan-1,3-dione. In the opinion of Benera and
Nayak [3], the condensation of 2-arylideneindan-1,3-diones with thiourea leads to 2-thiono-
4-aryl-5-oxo-2,3,4,5-tetrahydroindeno{1l,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-1,3-indole and thiourea we obtained a substance with a
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TABLE 1. Characteristics of the Synthesized Compounds

Com- Found, % Calc., %
powd | mp, T Pt :
C H N ] S o [ H I N s
la} 275...277 | 69,3 4,1 94 1 105 |CsHoN,OS | 69,8 | 4,1 96 | 109
Ib| 248...251 | 699 4,5 9,1 | 10,3 [CsH{,N)OS | 70,6 | 4,6 911 10,5
Ie | 268...271 | 60.2 3,2 12,3 9,3 |C7H 1 N3Os8 | 60,5 3.3 12,5 9.5
Ita | 217...219 | 69.0 4,1 94 | 10,7 |C;7H;3N,0S | 69,8 4,1 96 | 109
ITla | 205...207 | 69,2 3.6 47 | 108 [C{sH;NO,S | 69,6 3,8 48 | 109
1HIc | 214...216 | 60,1 29 8,2 9.4 |C;;H | oN2O4S| 60,4 3.0 8,3 9,5
v 267 ...270 { 70,3 4.5 9.1 { 10,3 {C\sH,N,OS { 70,6 4,6 9,1 10,5
\ 200...202 | 70,2 4,6 9.2 | 105 [CsH\,N.OS | 706 | 4,6 9,1 10,5
Vi 183...185 | 71,0 | 49 87 99 |CisHgN:OS | 71,2 5,0 87 | 10,0
VII 191...193 § 704 | 45 9,0 | 10.2 [CsH4N.OS | 706 4,6 9,1 { 10,5
VIII 172...174 | 70,4 5,0 85 9.9 {CoHsN2OS | 71,2 5,0 8.7 | 10,0
X 164...166 | 70,9 3.9 9,1 10,6 {CisH2N,OS | 71,0 | 4,0 921 105
X 176...178 | 69,8 4,2 4,4 | 104 1CsH;3NOLS | 70,3 4,3 46 | 104

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-4-phenyl-5-oxoindenopyrimidine
structure (Ia).

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

_ 0 CH, 0 CcH,
R H,R'=CH, |

H
Caﬂs /\N/C 3 s
Lm/& +RNHCSNHR Armlells O | /g + O | )\
-
N

J R=R'=CH,
Ar=C_H, 3
. @ﬁ* @Lﬁi 1
I ma,f
“ /&
CH,

)

J
L ﬁ b Qﬁ ]
a
/ /)\
2CHIO[‘ “ N SCH

CH,),80,
(CHy), il X
CeH

J\5
1 OH™; 2. CH I
Ma

[—Illa Ar=CsHs; Ib Ar=CgH,CHs-p; 1¢ Illc Ar=CsH,NOy-p

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, grouping of the thiourea molecule with the carbonyl function of the «,B-
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, and CO groups were isolated and subsequently converted to derivatives of 2-thionopyrimi-
dine and 2-amino-1,3-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. 1-Methyl-2-thionoindenopyrimidine is not formed
in the reaction with methylthiourea. These facts indicate that initial reaction of the NH,
group of thiourea with the C=0 function of the diketone with subsequent intramolecular addi-
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TABLE 2. Spectral Characteristics of the Synthesized Compounds

PMR spectrum, §, ppm IR spectrum, | UV spec-
Com- - v, cm-1 trum, A
pound | | (| sm ) Bosbstls nm (log )
’ 1, | s, | En /. Hz §-CO | NH
la {536 (d, 1H)| 11,76 9.8 - J3=2,5 1680 | 3255, |441 (3,37
(5. IH)[(d.1H) 3171
IV [5,61 (s, 1H)| 11.86{ 3,19 — —_ 1678 | 3245 442 (3,42)
(s, TH){(s 3H)
VI 5,13 (s, 1H)| 4,11| 3,44 - — 1678 | — [446 (3,23)
(s, 3H)|(s, 3H) ’
VII }552 (d, 1H)| — (?161‘81 2,60 (s, 3H) {/24=22 1665 | 3235 {482 (3,52)
{d.1H)
VIII 556 (s, IH)| — 3,01:4” 2,68 (s 3H) — 1678 | — 485 (3,58)
(.3
1la |534 (s, 1H)| — — 18,67 (s52H) — 1660 | 3210 1470 (3.47)
V 1538 (s IH)| — — 13.09 (d,3H) [/ yy.cy, =44 | 1668 | 3190 1472 (3,54)
891 (q 1H)
Illa 5,54 (s, 1H) (IQI.OHS) — — — 1704 | 3160 {423 (3,00)
S
X 546 (s, 1H)| 4.06{ — — — 1700 | — 426 (3.07)
(s, 3H)

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, group of
thiazine II by an OH group; this was proved by a separate experiment. 2-Oxoindenothiazines
IIT are the principal products in the condensation of 2-arylideneindandione with thiourea
in ethanol in the presence of HCl, and they can be obtained preparatively under these condi-
tions (Table 1). 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-1H-2,3,4,5-tetrahydroindeno(1,2-d]pyrimidine (Ia) 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[1,2-d]pyrimidine (VII) and 2-methylthio-3-methyl-
5-oxo-4,5-dihydroindeno{1,2-d]pyrimidine (VIII). An increase in the reaction temperature
promotes the formation of dialkyl derivatives VIII: at 20°C the ratio of alkylation products
VIII:VII = 2, whereas at 70°C it is equal to six (with CH,I as the alkylating agent).
2-Methylthio-4-phenyl-5-oxoindeno[1,2-d]pyrimidine (X), which is the oxidized form of pyrimi-
dine VII, is also formed in insignificant amounts in the alkylation of pyrimidine Ia.

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

The spin—spin coupling of the 3-H and 4-H protons (3J = 2.5 Hz) observed in the 'H NMR
spectrum (Table 2) of indenopyrimidine Ia makes it possible to assign the signal at 9.38
ppm to the N(3)-H proton and the signal at 11.76 ppm to the N(,)~—H proton. Consequently, the
signal of the N-H proton at 11 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,; 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 !3C NMR spectrum of IV (Tables 3 and 4).

The formation of N(;)-, N(3)-, and S-alkyl products is possible in the alkylation of
indenopyrimidine Ia. The strong-field shift of the protons of the methyl group observed in
the H NMR spectra of VII and VIII as compared with the signals of the N—CH; groups of in-
denopyrimidines IV and VI and the detection of [M - SCH;]% ions in the mass spectra indicate
the formation of S-alkyl products in the reaction. This is confirmed by the appearance in
the 13C 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; 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-1H-4,5-dihydro-
indenopyrimidine structure. The spin-spin coupling between the carbon atom of the N—CHj
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TABLE 4. Some Long-Range Spin-Spin Coupling
Constants (SSCC) in the '3C NMR Spectra of In-
deno[1,2-d]pyrimidines and Indeno[1,2-d][3,1]-

thiazines
Com-~- . Com-~ :

pound | Coupling | § g, pound Coupling | 5y

la 4H-C(4a) 7.3 Vil 4H-Cl4ay 74

SH-C(“; 3,4 3H‘C{4u) 3-0

1H-Cyiay 53 VIl 4H-C,4a) 74

v 4H-C(aa) 7.3 4H-CHs 20

IH-Cua) 4.6 la 4H-C 4a) 8.0

VI 4H-Cany 6.8 11 4H-Cisa) 8.0

4H-CHy 25 v AH-Copy | 85

group and the 4-H proton (3J = 2.0 Hz) proves that the CH; 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 13C NMR spectra of indenothiazines IIa, III, and X as compared
with the corresponding signals of indenopyrimidines indicates that the C(,) atom is adjacent to
sulfur atom, i.e., the formation of indeno{l1l,2-d}{3,1l]thiazine. This fact and the close
chemical shifts of the signals of the C(,p) atom of indenothiazines IIa and V and indenopyrimi-
dines VII and VIII, which characterize the same —C(gb)—N(l)ECSZ)-— structural fragment of the
indicated molecules, constitute evidence for the indeno[1,2-d][3,1]thiazine structure, since
the signal of the C(gb) atom of the alternative indeno{1l,2-d][3,1]thiazine should be shifted
significantly, and the signal of the C(,) 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(,)—H proton of
indenopyrimidine Ia or IV, and the absorption at 3190 em™! in the IR spectrum corresponds
to the stretching vibrations of an NH group; however, spin-spin coupling between the 1-H
proton and the C(,5) atom is absent in the '3C NMR spectrum. It should also be noted that
the compounds that contain a C(4h)N=C(,) 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 (¢ = 1-107* M)
were recorded with a Specord M 40 spectrophotometer. The 'H and !3C 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 chloroformhexane—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-1,3-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 HCl, 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-ml 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 IIla, 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, ¢, for which the yields after direct isolation from the reaction mixtures (without chrom-
atography) were 457 and 407, respectively.

2,5-Dioxo-4-phenvl-1,2,4,5-tetrahvdroindeno{1,2-d][3,1]thiazine (IIIa). A) A 2.34-
g (10 mmole) 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 HCl, after which
the mixture was cooled, and the resulting yellow crystals of oxothiazine IIIa were removed
by filtration to give 1.5 g (50%) of product. Compound IIIc was similarly obtained.

B) Two drops of concentrated HCl were added to 0.4 g (1.4 mmole) of 2-aminothiazine
IIa 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 IIIa.

2-Thiono-3-methyl-4-phenyl-5-oxoindeno[1,2-dlpyrimidine (IV) and 2-Methylamino-4-phenyl-
5-oxoindeno[1,2-d][3,1]thiazine (V). A 2.34-g (10 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 HCl, after which the mixture was evaporated, the residue was
dissolved in 100 ml of chloroform, and the solution was filtered. The filtrate was concen-
trated to a volume of ~10 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-1,3-dimethvl-4-phenyl-5-cxcindeno[1,2-d]pyrimidine (VI). A 2.34 g (10 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 HCl, 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 ~10 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.

Alkvlation of 2-Thiono-4-phenyl-5-oxotetrahydroindeno[1l,2-d]pyrimidine (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-ml portions). The chloroform extract
was washedwith water (three 200~-mlportions), driedover Na,S0O,, and evaporatedto avolume of ~10
ml., The concentratewas chromatographedwith acolumn. Successive collectionand workupof the
eluates fromthe yellow, bright-red, anddark-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 (627) and 0.27 g (21%), respectively.

1-Methyl-4-phenyl-2,5-dioxoindeno[1,2-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, 10 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 1l-methyl-2-oxothiazine X was 357.
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