REACTIVITIES OF HETEROCYCLIC AMIDES AND THIOAMIDES
ALKYLATION OF 4-HYDROXYHEXAHYORO- AND 1,2,3,6-TETRAHYDRO-
PYRIMIDINE -2-THIONES

G. 1. Ovechkina, L. A. Ignatova, UDC 547.854.1.21.8:542,953:541.623
M. A. Ratomskaya, and B. V, Unkovskii

2-Alkylmercapto-4-hydroxy-3,4,5,6-tetrahydro- and 2-alkylmercapto-3,6-dihydropyrimi-
dines were synthesized by the reaction of substituted 4~hydroxyhexahydro- and 1,2,3,6-
tetrahydropyrimidine-2-thiones with alkyl halides. It is shown that the nucleophilic center
in the alkylation is the sulfur atom., The capacity of the synthesized compounds for proto-
tropic ring-chain tautomerism was established.

In the development of our studies [1,2] of the synthesis and investigation of the tautomerism and re-
activities of hydrogenated pyrimidine-2-thiones, we turned to a study of the nucleophilic substitution reac-
tions in the case of the alkylation of our previously obtained [1,3] 1,2,3,6-tetrahydropyrimidine~2-thiones
(I) and 4-hydroxyhexahydropyrimidine-2-thiones (II) [3]. In investigating this reaction, we were primarily
interested in the "site" of alkylation as a characteristic of the relative nucleophilicity of the two reaction
centers — the nitrogen and sulfur atoms of the thioamide group. In addition, the diverse biological activity
of alkylmercaptopyrimidines [4-6] and the high polyfunctional activity of I [7] and II in polymer materials
are known. In this plan, the directed synthesis of hydrogenated 2-alkylmercaptopyrimidines is of indepen-
dent interest,

Methyl iodide, ethyl bromide, benzyl chloride, and chloroacetic acid were used as alkylating agents.
The reaction was carried out in acetone, and the yields of the hydrohalide salts of the 2-alkylmercapto

derivatives (III and IV, Tables 1 and 2) were almost quantitative, Free bases V and VI (Table 3) were
isolated from the salts at 0°C with ammonium hydroxide. Attempts to obtain V and VI directly from the

RS 3

R1
CH, CH Ry L CHy CH3
oy )Cr o R'Y\f R R W80 .
\Nn.

HN\/N"‘R‘ HN(_N—R? N'—‘R‘
i e\g‘u
O™ " i XA
- !l | ol o
R Rs R
CH, R R2 CH, R2
- CH
%)\F WOH oL R*mo RX R‘%/)\'( Rl 70
‘-R* N—-— ' HNyN— H‘\I\/N R H %N—‘R*
o x© sw
vllIA vuA IvA " A X B
R? R? RS R
R2 CH R2 CH 2 CH CH
oNler BN BN e g
HNYN(H N -NCH NN
T R Y R4 ¢ R Nt
0 SR xe\‘; T
vIIB Vi3 IVB 1B

M. V. Lomonosov Moscow Institute of Precision Chemical Engineering. Translated from Khimiya
Geterotsiklicheskikh Soedinenii, No., 9, pp. 1258-1263, September, 1971, Original article submitted
September 11, 1970.

© 1974 Consultants Bureau, a division of Plenum Publishing Corporation, 227 West 17th Street, New York, N. Y. 10011.
No part of this publication may be reproduced, stored in a retrieval system, or transmitted, in any form or by any means,
electronic, mechanical, photocopying, microfilming, recording or otherwise, without written permission of the publisher. 1
copy of this article is available from the publisher for $15.00.

1183



6 - 0681 ‘0ES1 €11 | 501 | 68 [€11 | L6 |06 [OH - SOENEHED 001566 1D | tHD H B [SHEDPHD | AL
08 — 0631 ‘ee81 3’86 | €11 | 66 | g'sg | 601 | &0l IGH * SONSTHED 061—5'631 g | HO.| H H SHD | OAl
96 (93'%) 123 0681 “0€g1 ¥'8g | L6 | g8 | 988 | L6 |68 T - SO*NPTH®D gar—lel 1| *HD H EHD EHD PAI
18 (0¢'y) 5238 6651 ‘P1G1 — | €6 I's | — | ¥6 | ¥8 IH * SO’N®HYD gLy —aorl I H *HO HED HD Al
6 (8¢'v) 232 0091 ‘6241 — |86 | g8 — |86 |18 1H - SOPNE'HED 031—5611 1 | fHD SHED FHD 1 gAl
g6 (82'7) gas 0091 ‘181 oy | 1'01 | 6'8 | gov | 01 | 6 IH - SO*N*'H®D 611811 1 H ®HO *HO ¥HD BAL
|
o\b (3 501) wo ‘n X _ s _ N X “ S _ N AOﬁOUQOd R
. wu Xewy| o, I- ernwioy (eoradug . x| sa=e N A q duron
IS ‘enooads AN wngdeds ¥i 9, “-oreD 9, ‘pumog woy) O, dw
‘% AIdV.L
‘18 1D % PRINOTED "9°8 1D % PUNOJ 4
L8 1D % PeleINOED L8 1D Y PUod x
8 - 8691 ‘0981 ‘7581 1910 — &I | TPl ) — 1] IOH - SSOPNMH®D 0%1— 661 10 H HOODHD | Tl
8L — 1.1 ‘2481 ‘e181 ves | — g8 | ves | — |8 IgH « SEN%HEID gLl— 1.1 2 SHPD *HPD A1
e8 | (8¥'%) €gg | OILI'g9ql ‘cigl ¥86 | TL | €9 | €8 0L )€9 TH - SSOPNTHYD yeI— €4[ 1 | 4 HEDOODH™ EHD {11
68 | (g¥'¥) 913 | SiLI €81 01T e | — | — | e — [ — [4H-SNIDYHND §YG1—8'eS1 I wW-1VHD Se) Il
g8 | (s¥'v)egg | 01119981 S1¢l rre | — | — 1008 | — | — | «IH:SNIDUHND 8¥I— 9yl 1 d-[D"HD D 11
18 | (L8'%) €gg | OIZ] ‘0691 ‘IS1 818 | 08 | 601 | 61E [ 18 | G0 {H - SENFTHEID 9891—¢'191 I d-ND'H*Y SHD 111
26 | (86'%) 03z | OILI ‘0881 '6IG1 L%e | €8 | &L | L3e | €8 0L £ - SEN®HSD g'P81—G 661 1 wW-SHDOTHPD) EHD JIII
g6 | (¥e'%) 038 | 014 ‘G9GI ‘SISI vie | 62 |69 [gIe (62 |89 IH - SON®H'D SLI—GTLI I d-SHDO"HED aste) I
¥6 | (o¥'%) 163 | OIL1'G981'GISL LT |88 | GL |TLE | 8L |TL IH - SENHTD SY91—8'e91 1 d-"HOHD *HD PIII
96 | (ov¥) 133 | O1.°G991 'SISI 6ge | — ¢ |9ee | — |9GL IH - SEN®'H"'D g'9g1— 991 I SH'O EHD 11
16 | (g5'%) €65 | 0691 ‘961 ‘0281 9'0v | €01 | 0'6 | 868 | €01 | 638 TH $EN'HD 0g1— 611 1 *HD *HO qI1
a6 | (61'P) 222 — 9FF | 201 | ¥6 | LBy | 90l | ¥'6 IH - SSN"'H?O 1615081 I H SHO eI
2
(= 3o1) (O=D
.Hh\ﬂow wn KU | N =0 ‘S=D~1N) |~ | s | x | s |« enuo} Teoryduy (eucreoe EMEV X Rt ¥ -duton
| ‘emooads AN =10 ¢ 1 ‘enoads Y1 9% 918D 9 ‘punog 0, ‘du
ae
AN mm,z: e
J°H
n=U\FHV\kwn=
T ATdVL

1184



starting I and II in alkaline media using various basic reagents
were unsuccessful because of the side processes that occur
under these conditions. The alkylmercapto group is hydrolyzed
to form the corresponding 1,2,3,6-tetrahydropyrimidin-2-ones
(VII) and 4-hydroxyhexahydropyrimidin-2-ones (VIII) when salts
III and IV are heated with aqueous alkalis,

In analogy with thioureas [8~10] and heterocyclic thio-
amides [11-14], it might be expected that the nucleophilic center
of the thioureido group of I and II in alkylation reactions would
be the sulfur atom, A study of the IR and UV absorption spectra
of the bases of alkylmercaptopyrimidines V and VI confirmed
this agsumption. The absorption bands at 1520-1540 cm™! char-
acteristic for the thioamide group [15] vanish in the IR spectra
of V and VI, and intense bands of the stretching vibrations of the
N =C group appear at 1585-1600 cm™! (Fig. 1). The IR spectra
of V also contain a band at 1700 em™! that is related to the vibra-
tions of the C =C bond in analogy with the absorption of this
group in the starting I [2, 16].

Transmission, %

207

The UV spectra of the products of alkylation (V and VI), in
17700 1500 1300 700 om-l which a strong hypsochromic shift of the absorption band is ob-
served (Fig. 2), are also proof of the S-alkylation of I and II.

Fig.1. IR spectra: 1) 3,4,6,6~tetra-
methyl-4-hydroxyhexahydropyrimi -
dine-2-thione; 2) IVd; 3) VIc; 4) 4,6,6-
trimethyl-3-phenyl-1,2,3,6-tetrahydro-
pyrimidine-2-thione; 5) Va.

The structure of the cations of hydrohalide salts Il and IV
apparently should be represented as mesomeric structures with
a fixed position of the proton and a positive charge delocalized
between the three heteroatoms and the carbon atom. The IR
spectra of salts IIl and IV reflect the contribution to the meso-
meric structure of both the N=C bond (band at 1565-1600 cm ™)
and the NH—C =§ (thioamide) group (band at 1515-1530 cm™!) in which the latter band is considerably less
intense than in the starting thioamides (I and II).

Pyrimidinethiones I and II are weak bases and are not titrated in methanol by perchloric acid. We
were able to obtain the hydrochloride salts IXa (R! =R? = CH,, R® = H, R* = C;H,CH;-p) and IXb R! =R’ =
CHs, R*=H,R!= CH,OCH;-p) by treatment of the corresponding I with concentrated hydrochloric acid at
20°. Hydration of the double bond of 1 occurred simultaneously to form ITA as the molecule was protonated.

TABLE 3.
Rr?
R3, CH,
Rl A
© NN
Ten,
° Found, | Cale., [ET.
L= mp, ‘C s 3 g [UVspect.| o
g R (ﬁ%m Empirical %o % gg Xma§=nm w®
2 R! R | =Re formula 0 Z|oge) ©
g hexane) g r|loge S
& N|s|N|s |20 l.,.
8 L sl
VIa|CHs CH;| H |75,5~76 |CsHigN.OS |15,2]17,1114,9]17,0{1585 220 |84
(3,93)
VIb| C,Hs CH;| H |78,5—79,5]CoHgN,0S* | — | — | — | — |1595 — 381
VIg|CH, H |CH;|59 —60 [CoH;zN,OS |13,5115,3)13,9115,8/1590] <215 (72
VId| CgHs H | CH;|44,5—45,5{C1sH5N:0S | 10,5]12,11 10,6| 12,111590 <215T 84
(4,10
Vie!CH«CHs-p |H [CH3|19 —20 |CisHxN,0S | 9,9{11,4|10,1|11,5{1550 <215T 79
(4,16)
VIf{CHOCH,-p [H |CHsl29 —30 |CisHpN20:S | — 10,51 — |10,9]1590 (<215 81
| 4,27) F

*Found %: C 53.6; H 8.8, Calculated %: C 53.4; H 9.0.
T & was determined at 220 nm,
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bE The IR spectra of IXa and IXb indicate that the sulfur atom is
46t also protonated: the bands at 1575 and 1535 cm™! reflect the
fraction of participation in the mesomeric electronic structure
of cation IX of both the N==C bond and the C =S8 bond. The UV

4,2 F
spectra of I and IT in 1 N hydrochloric acid, in which a hypso-
38t chromic shift of the band by 40-50 nm as compared with the
starting I and II, which is similar to the shift in S-alkylated
! compounds V and VI and their salts (IIl and IV), is observed

are also evidence in favor of protonation at the sulfur atom.

Appreciable attention has been directed to the problem
of the relative basicities of the nitrogen and sulfur atoms in
thioamides i recent years [17-21]. Our data regarding the
center of protonation and alkylation of pyrimidine-2-thiones
are in good agreement with the results in the literature.

200 250 300 A nm

Fig. 2. UV spectra: 1) 4,6,6-trimethyl-
3-(p-tolyl)-1,2,3,6-tetrahydropyrimidine-
2-~thione; 2) ITld; 3) IXa; 4) Vb (in alcohol,
c -1074 M), We have shown that when III and IV are heated briefly
in aqueous acids they are interconverted (monitoring by means
of thin-layer chromatography). Starting pyrimidinethiones I
and II behave similarly in acids.

In the crystalline state IV and VI exist as cyclic structures. It was demonstrated by means of the IR
spectra that the ring undergoes partial opening in CHCly or CCl, solutions, and equilibrium is established
between two tautomeric forms — a cyclic form (A) and a chain form (B). The prototropic ring-chain tauto-
merism was previously studied by us for compounds II [1]. The results of the investigation of the ring-
chain tautomerism of IV and VI will be described in a separate communication,

EXPERIMENTAL

The IR spectra of mineral oil suspensions were recorded with a UR-10 spectrophotometer. The UV
spectra of alcohol solutions (107° M) were measured with an SF-4 spectrometer,

4,6,6-Trimethyl-3-phenyl-2-methylmercapto-3,6-dihydropyrimidine Hydriodide (IIlc). A mixture of
8 g (0.035 mole) of 4,6,6-trimethyl-3-phenyl-1,2,3,6-tetrahydropyrimidine-2-thione and 5.4 g (0.038 mole)
of methyl iodide in 70 ml of acetone was allowed to stand at room temperature for 6-8 h, The solvent was
removed by vacuum distillation, and the residue was recrystallized from acetone.

Compounds IIla~j were similarly obtained.

3,4,6,6-Tetramethyl-2-benzylmercapto-4-hydroxy-3,4,5,6-tetrahydropyrimidine Hydrochloride (IVf).
A mixture of 5 g (0.029 mole) of 3,4,6,6-tetramethyl-4-hydroxyhexahydropyrimidine-2-thione and 4 .46 g
(0.035 mole) of benzyl chloride in 90 ml of acetone was refluxed for 3 h. The solvent was removed by
vacuum distillation, and the residue was recrystallized from acetone.

Compounds IVe and Ik were similarly prepared.

4,6,6-Trimethyl-2-carboxymethylmercapto-3,6-dihydropyrimidine Hydrochloride (Ilfl). A mixture of
3.5 g (0.022 mole) of 4,8,6-trimethyl-1,2,3,6-tetrahydropyrimidine-2-thione and 3.18 g (0.034 mole) of
chloroacetic acid in 50 ml of acetone was refluxed for 3 h. The reaction mass was cooled, and the pre-
cipitate was removed by filtration, washed with acetone—ether (1: 1), and recrystallized from acetone.

3,4,6,6-Tetramethyl-1,2,3,6-tetrahydropyrimidin-2-one (VIIa). A solution of 6 g (0.019 mole) of ITIb
in 250 ml of 0.2 N potassium hydroxide (0.05 mole) was heated at 125° for 2 h with vigorous stirring. The
reaction mass was cooled and extracted with six 35-ml portions of ether., The ether extract was dried with
magnesium sulfate, and the ether was removed by distillation to give 1.82 g (61%) of VIIa with mp 130.5-
131.5° (from ethanol). Found %: N 18.0. CgH{;N,0. Calculated %: N 18.2.

Similarly obtained were 4,6,6~trimethyl-3-phenyl-1,2,3,6-tetrahydropyrimidin-2-one (VIIb) [in 9%
yield with mp 1687-168° (from ethanol). Found %: N 12.6. C3H;(N,O. Calculated %: N 13.0] and 4,5-di-
methyl-3-ethyl-4-hydroxyhexahydropyrimidin-2-one (VIIIa) [in 57% yield with mp 91.5-92° (from hexane)].
Found %: C 55.7; H 9.3; N 16.2. CgH;;N,0,. Calculated %: C 55.7; H 9.4; N 16.3.
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4,6,6-Trimethyl-3-phenyl-2-methylmercapto-3,6-dihydropyrimidine (Va), Compound Iilc [6 g (0.016
mole)] was treated with 15 ml of 10% ammonium hydroxide at 0° and extracted with ether. The ether extract
was dried with magnesium sulfate, and the ether was removed by distillation to give 3.21 g (81%) of Va with
mp 39.5-40.5° (from hexane). Found %: C 68.7; H 7.4; N 11.4, CyH;yN,S. Calculated %: C 68.3; H 7.4; N
11.4. IR spectrum,? , em™': 1685 (C =C), 1600 (C =N). UV spectrum; A oy < 215 nm, log €,y 4.10.

Compounds Vb-c and VIa-f were similarly obtained,

4,6,6-Trimethyl-3~(p-tolyl)-2-methylmercapto-3,6-dihydropyrimidine (Vb). This compound was ob-
tained n 79% yield and had mp 100.5-101.5° (from acetone). Found %: N 10.6; S 12.1. C;H,N,S. Calcu-
lated %: N 10.8;S 12.3. IR spectrum, v , cm™!: 1680 (C =C), 1600 (C =N), UV spectrum: Amax < 215 nm,
log &gy, 4.14.

4,8,6-Trimethyl-3-(p-methoxyphenyl)-2-methylmercapto-3,6-dihydropyrimidine (Ve). This compound
was obtained in 80% yield and had mp 58.5-59° (from hexane). Found %: N 10.2; S 11.4. C;;H,N,08. Cal~
culated %: N 10.1;S 11.6, IR spectrum, ¥, cm™!; 1680 (C ==C), 1600 (C =N). UV spectrum; Amax < 215
nm, log €,, 4.25. .

4,6,6-Trimethyl-3~(p~tolyl) -4-hydroxyhydropyrimidine-2-thione (IXa). 4,6,6-Trimethyl-3-(p-
tolyl)~1,2,3,6-tetrahydropyrimidine-2-thione [2 g (0.008 mole)] was treated with 20 ml of concentrated hydro-
chloric acid. The acid was removed by vacuum distillation at 30-40°, and the crystals were washed with a
large amount of ether to give 1.91 g (78%) of IXa with mp 167.5-168°. Found %: C 55.9; H 7.0; N 9.3.
C44HyN,0S - HC1. Calculated %: C 55.7; H 7.1; N 9.3. IR spectrum,? , em™': 1575 (C =N), 1530 (NH—C =8).

4,6,6-Trimethyl-3- (p-methoxyphenyl)-4-hydroxyhexahydropyrimidine-2-thione Hydrochloride (IXb).
This compound was similarly obtained in 82% yield and had mp 172-173°. Found %: C111.5. C;;H;jN,O,S -
HC1, Calculated %: C111.2, IR spectrum,v , em™!: 1578 (C =N), 1530 WH—-C =8).
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