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ALKYLATTION AND- REDUCTIVE DETHIONATION OF 2-THIOXO- AND 1,2,3,4-
TETRAHYDROPYRIMIDINE-5-CARBOXYLIC ACID DERIVATIVES

E. L. Khanina, R. M. Zolotoyabko, UDC 547.854.2/8.04:543..422.25:541.634
D. Kh. Mutsenietse, and G. Ya. Dubur

2-Methylthio-1,4-dihydropyrimidines were obtained by methylation of 2-
thioxo-4-phenyl-5-methoxycarbonyl-6-methyl-1,2,3,4-tetrahydropyrimidine
or its l-methyl derivative in a neutral medium. The alkylation of
tetrahydropyrimidine-2-thiones in the anionic form leads to S- and S,N-
methylation products. JIodoacetamide alkylates pyrimidine-2-thione with
the formation of thiazolidino[3,2-alpyrimidine derivatives. The reduc-
tive dethionation of derivatives of tetrahydropyrimidine-2-thiones and
2-methylthio derivatives of 1,4- and 3,4-dihydropyrimidines was accom-
plished.

It is known [1, 2] that exclusively S-alkyl derivatives are formed in the alkylation
of 2-thioxo-1,2,3,4-tetrahydropyrimidine derivatives in a neutral medium. In the present
research we studied the alkylation of methyl 2-thioxo-4-phenyl-6-methyl-1,2,3,4-tetrahydro-~
pyrimidine-5-carboxylate (I) and its l-methyl derivative II in a neutral medium and in the
presence of a strong base — sodium hydride.

The alkylation of pyrimidine-2-thiones I and II with methyl iodide in a neutral medium
leads to the formation of stable salts IIIa, b, which in an aqueous alkaline medium are
readily converted to the free bases — 2-methylthio-1,4-dihydropyrimidines IVa, b. It should
be noted that only 1,4-dihydropyrimidine IVa was isolated in the alkylation of unsubstituted
pyrimidine I; the other possible isomer — 3,4-dihydropyrimidine — is not formed under the
conditions described.

It is known that an attempt to alkylate 2-thioxo-1,2,3,4-tetrahydropyrimidine in an
aqueous alkaline medium leads only to hydrolysis of the C=S group to a carbonyl group [1].

We have observed the possibility of alkylation of pyrimidine-2-thione I in the presence
of a base — sodium hydride; the effects of the solvent [1,2-dimethoxyethane (DME) or hexa-
metapol (HMP)], the nature of the alkylating agent [methyl iodide or dimethyl sulfate (DMS)],
and the amount of base, which is responsible for the formation of the 2-thioxo-1,2,3,4-tetra-
hydropyrimidine anion, were studied.

Thus S-monocalkylation product IVa is formed in the alkylation of pyrimidine-2-thione
I in the anionic form (shift of the long-wave maximum in the UV spectrum from 308 nm to
362 nm when one equivalent of NaH is added to a solution of I), regardless of the solvent
used and the alkylating agent. A mixture of S-monoalkyl derivative IVa and dialkylation
product V, as well as a very small amount of IVb, is the result of alkylation in the pres-
ence of two equivalents of NaH. The yields of the products obtained (from the results of
liquid chromatography) in different solvents and with different alkylating agents are
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TABLE 1. Yields of the Products of Alkyla-
tion of 2-Thioxotetrahydropyrimidine I

Alkylating Yield, %
agent Solvent
IVa 8% v
DMS HMP 63,7 3.35 30,3
CH,I HMP 78,4 0,96 16.8
815 1.60 6.6
3%9;1 D 89,0 0,24 1.2

presented in Table 1, from which it is apparent that S monoalkylation predominates, regard-
less of the reaction conditions, while an increase in the dipole moment of the solvent in-
creases the percentage of the S,N(j)-dialkylation product.

3,4-Dihydropyrimidine V is the principal reaction product in the alkylation of 2-methyl
thio-1,4-dihydropyrimidine IVa in the presence of NaH, and its isomer IVb is formed in very
small amounts (~9%).

On the basis of the data obtained it might be assumed that pyrimidinethione I forms
anions A and B in the presence of strong bases in solutions:

The structure of anion A is confirmed by the absence in its 'H NMR spectrum of a vici-
nal 3J3’u spin-spin coupling constant (SSCC) and by the presence of a strong-field 2 ppm
shift of the 1-H signal as compared with the corresponding signal of pyrimidine I. The
concentration of anion B is so low that it could not be recorded in the 'H NMR spectrum.

It is apparent that the alkylation of pyrimidine-2-thiones proceeds as a function of the
concentrations of the anions and the distribution of the nucleophilicity in the corres-
ponding anions.

In the 'H NMR spectrum of the monoalkylation product — salt IIIa — the chemical shifts
of the 1-NH and 3-NH protons are averaged and are found at weak field (10.31 ppm), on the
basis of which the structure of the salt can be conceived of in the form of a cation with
the charge delocalized among the N(3)» S, N(1), and C(,) atoms. The signal of the 4-H pro-
ton in the spectrum of IVb is located at weaker field as compared with the signal of the
corresponding isomer V (A§ 0.57 ppm), while the positions of the signals of the N—CH; group
of these compounds differ by 0.22 ppm. According to the '°N NMR spectral data, the N(j)
atom in IVb has sp? hybridization, whereas in isomer V it has sp3-hybrid character. The
assignment of the signals in the !N NMR spectrum was made on the basis of a study of the
corresponding spectrum of starting pyrimidine I, in which the signal of the N(,) atom in
the form of a multiplet has § —235.69 ppm (JlsNH = 96.4 Hz), while the signal of the N(j)
atom in the form of a doublet has § —253.74 ppm (JlSNH = 96.1 Hz).

A thiazolidine ring with the participation of the nitrogen atom of the pyrimidine ring
is formed in the alkylation of unsubstituted pyrimidinethione I with iodoacetamide. The
chemical shift of the 4-H signal in the 'H NMR spectrum of the cyclization product to weak
field (6.02 ppm) makes it possible to assume that the N(3) atom has sp? hybridization, and
consequently, the formation of thiazolidine ring VI with the participation of the N(;) atom
occurs. If the alkylation is carried out in solution in acetone, condensation product VII
is isolated. 8-Benzylidene derivative VIII of the thiazolidinopyrimidine is also readily
formed in the reaction of VI with benzaldehyde.

The reductive dethionation of pyrimidines I, II, and IVa, b with Raney nickel results
in the formation of 1,4-dihydropyrimidines IXa, b. According to the *H and !3C NMR spectral
data, IXa exists in the 1,4-dihydro form. However, proton exchange between the nitrogen
atoms was observed in the !°N NMR spectra; this constitutes evidence for the existence of
a tautomeric equilibrium between the 1,4- and 3,4-dihydro forms.
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1,2,3,4-Tetrahydropyrimidines XII and XIII were obtained by the reductive dethionation
of 3-mono- and 1,3-disubstituted pyrimidinethiones Xa, b and XI, as well as 2-methyl deriva-
tive V (Table 2). Thus in the reduction of pyrimidine V the reaction does not terminate
with splitting out of the SCH; group and the formation of the corresponding 3,4-dihydro-
pyrimidine; a 3,4-dihydropyrimidine also was not obtained from unsubstituted pyrimidine-
thione Xa.

The 3-acetyl derivatives Xa, b used in this reactioh were obtained by acetylation of
I and II, while 1,3-dimethyl derivative XI was obtained by direct synthesis using 1,3-di-
methylthiourea.

An analysis of the SSCC in the 'H NMR spectra of tetrahydropyrimidines XII and XIII
showed that in chloroform these compounds have a half chair conformation with an axial
orientation of the 4-phenyl substituent. The geminal SSCC was measured for the protons
of the 2~CH, group (Table 3); SSCC through four bonds, as well as a constant of spin-spin
coupling with the proton of the 1-NH group, was noted for the equatorially oriented 2-Hg
atom. The signal of the axial 2-H, proton is broadened, and for it we were therefore able
to measure only the geminal SSCC.

Two rotamers associated with retarded rotation of the acetyl group about the N(3)~CO
bond were observed in the 'H NMR spectra of acetyl derivatives XIIIa, b at room temperature.
We investigated the temperature dependences of the 'H NMR spectra and, using Eyring's equa-
tion [3], were able to evaluate the energy barrier of the process. For l-unsubstituted
XIIIa the coalescence point is reached at 323°K, whereas it is reached at 334°K for XIIIb;
these values correspond to energies of activation Ac of 16.6 and 17.0 kcal/mole, respec-
tively.

The strongest effect of anisotropy of the carbonyl group was noted for cis rotamers
XIIIa, b, for which the resonance signals of the 2-Hg proton are shifted to weak field (5.45
and 5.27 ppm), while the signals of the 2-H,; proton are located at strong field (3.70 and
3.72 ppm). In the trans rotamer the corresponding resonance signals of the 2-Hg proton
are found at 4.62 and 4.35 ppm, while those of the 2-H, proton are found at 4.26 and 4.22
ppm. The anisotropic effect of the carbonyl group is expressed more weakly in the latter
case.
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TABLE 2. Characteristics of I-XIII
Com- irical IR spectrum, UV spectrum, ;
pound Eggmula mp, °C | -1 Apax> ™ (log €) éleld’
1 |CisHiaN20,5 | 221...223 | 3310, 3190, 1690, 310 (4,25) 88
1650, 1590, 1445
Il |CraHigN20OLS | 114...116 | 3180, 1695, 1640, 305 (4,01) 71
1532, 1495
I11a|CsHi7IN,O,8| 170...172 ?Q%igglmi 240 (3,62), 303 (3,17)| 98
111b|CisHisIN,O5S| 156, .. 158 | 3460, 1665, 1564 248 (3,24}, 300 (3,03)| 89
1Va|CisHeNoO,S | 164 ... 166 | 3310, 1650 238 (4,00), 309 (4,21) 58%1
1Vh|CisH1sN20,S | 120...122 | 1698, 1635, 1580 232 (4,40), 306 (4,18) 69
V [CisHisNoG,S | 108...110 | 1670, 1598, 1500 250 (3,40), 337 (4,07) 86
VI [CisHisN2OsS | 106...107 | 1738, 1710, 1620, 83
1555
VII |CisHiaN2O,S | 132...133 | 1715, 1705, 1672, 89
1610, 1540
VHI | CooHisN2O,S | 163...166 | 1740, 1710, 1620, 90
1608, 1550
[Xa|Ci3H N0, 197...198 | 3150, 1700, 1675, 228 (sh) (4,12), 312 |63*2, 69*3
1630, 1600 (3,96)
IXb|CiHisNO, | 110...112 | 1685, 1672, 1590, %g%ésh) (3,94), 324 I71%4 69%s
1570 72)
Xa|CisHi1eNoOsS | 143 ... 145 | 3250, 1690, 1675, 250 (3,40), 327 (4,07) 86
1655, 1515
Xb{CysH,sN,05S | 128 ... 129 1708, 1690, 1635 250 (3,73), 327 (4,07) 95
XTI |CisHisN20,S | 134...135 | 1705, 1695, 1615 305 (3,80) 60
X1ajCy,H1sNoO2 | 123...125 | 3350, 1680. 1665, 282 (4,32) 44
1640, 1595, 1525
X1Ip | CisHoNoOs 98...100 | 1670, 1545 294 (4,48) 50
X1I1a|CisH,sN;O5 161...163 | 3320. 1690, 1640, 280 (4,40) 45
1575, 1532
XIIb|C sHyN:Os 113...114 | 1688, 1655, 1590, 290 (4,21) 40
1575, 1500
*1By Method A. *?From I. *3From IIIa. *“From II. *°From IIIb.

EXPERTMENTAL

The IR spectra of suspensions in mineral oil were recorded with a PE-580B spectrometer.
= 5-107° mole/liter) were recorded with a Specord

The UV spectra of solutions in ethanol (c

UV-vis spectrophotometer.

The 'H NMR spectra of solutions in CDCl, were recorded with a

Bruker WH-90 spectrometer with tetramethylsilane (TMS) as the internal standard. The !3NMR
spectra were obtained with a WH-360 spectrometer at 22.63 MHz with cyclohexane as the inter-
nal standard. The !°N NMR spectra were recorded with a WH-360 spectrometer at 36.5 MHz

with nitromethane as the external standard.

The course of the reaction was monitored by

TLC on Silufol UV-254 plates in a chloroform—hexane—acetone system (9:7:1). Liquid chroma-
tography was carried out with a 4.6 by 100 mm column packed with Silasorb C-18 with aceto-
nitrile 0.2 M CH3COONH, (6:4) as the eluent; the speed of the mobile phase was 1.5 ml/min,

and UV detection was realized at 254 nm.
thesized compounds for C, H, and N were in agreement with the calculated values.

The results of elementary analysis of the syn-

2-Thioxo-4-phenyl-5-methoxycarbonyl-6-methyl-1,2,3,4-tetrahydropyrimidine (I). A mix-

ture of 10.5 g (0.1 mole) of benzaldehyde, 11.5 g (0.1 mole) of methyl acetoacetate, and
7.6 g (0.1 mole) of thiourea in 100 ml of absolute ethanol with three drops of concentrated
HC1 was refluxed for 3 h, after which it was cooled, and the white precipitate of I was
Compounds II and XI were similarly
obtained using N-methylthiourea and 1,3-dimethylthiourea, respectively.
the reaction was carried out in glacial acetic acid with the addition of five drops of con-

removed by filtration and crystallized from ethanol.

centrated HCI.

Alkvlation of Pyrimidines I and II.

In the latter case

A) 2-Methylthio-4-phenyl-5-methoxycarbonyl-6-

methyi-1,2,3,4-tetrahvdropyrimidinium Iodide (IIIa).

for 1 day. The solution gradually darkened, and a precipitate formed.

g of reaction product IIIa.

A mixture of 1.32 g (5 mmole) of
pyrimidine I and 0.64 g (10 mmole) of methyl iodide in 30 ml of acetone was allowed to stand

Workup gave 1.85

Salt IIIb was similarly obtained from pyrimidine II and methyl
iodide. 2-Methylthio-4-phenyl-5-methoxycarbonyl-6-methyl-1,4-dihydropyrimidine (IVa). A

2.6-g (5 mmole) sample of salt Illa was dissolved in 50 ml of acetone with heating. Ammonium
hydroxide was added to the resulting yellow solution until it was neutral, during which it
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TABLE 3. !H NMR Spectra of Pyrimidines I-V, X, and XI and
the Products (IX, XII, and XIII) of Their Reductive Dethiona-
tion (§, ppm)

Com- Sub%ﬁit\zxen‘ : B
4-H, 4-C4Hs.| 5-COOCHs,| 6-CH.,
pound IR ;2sit§°n SR im0 Shs | S | ssce, Hz
I } 7,20 — 762 1533(d)| 722 360 | 233 | =490
(brs,1H) (14, 4)
1 38t - 760 [533(d)| 718 | 369 | 244 | /=40
(3Hs) (1H, d)
Ia | 1031 | 2,64 (3H,s) 1031 [5924br| 733 | 362 | 278
(gHbr. (2H.br.| ' s5)
5) s)
I1b | 347 | 3,09 (3H,8) 1126 629 dbr.| 738 | 371 | 244
(3H,s) (IH.\br. s) ’ '
S
IVa 5.87 2,27 (3H,5) — 558 (br.| 7,13 3.60 2,44
(1H. br : s)
s)
Vb 3.18 2,38 (3H,s) — 557 (s) | 7,17 3.64 2,49
(3H, s)
\Y - 2,33 (3H,s) 296 |520(s) | 797 | 360 | 249
(3H. s)
Xa | 720 |7.02(IH,s) — |386(s)| 716 | 358 | 232
b (1Hs)
IX 3,11 ) 6,96 (1H,s) — |562(s)]| 724 | 3538 | 248
(3H, s
Xa 8,31 — 276 . | 667 (s} | 797 3,73 2.40
(iH, s) (3H, §)
Xb | 344 — 267 | 671(s)| 720 | 372 | 236
(3H, 5) (3H, 8)
X1 347 - 376 |555(s)| 7.2 356 | 247
(3H. s) (3H, 8)
Xlla 442" 13.86...357 ° 2,57 4,64(s) | 7.27 3,52 240 | 3,9=4.2:
(1H4) (2Hnm) (3H, s) Jgem = 12.4
‘1./0,4—‘2.0
Xilb | 289 |386...338 257 {464 ()] 7,20 | 345 | 249 | 45,=22;
(3HS) | (2H m) (3H,s) | Jgem = 12.1
XIlla 440 | 427andd 57 215 (s)| 721 | 350 | 237 |Jpen =118
(trans) (BH, S) (12}_13‘1!&‘;‘”_10‘ (3H, S) 6,69 \ ) > ) gem
‘ ,m
X1lla 440 | 3,70and545 235 1591 (s)| 7.21 3,60 | 240 | 3,,=52;
(cisy | GH @) | (Hrand[H. | @gHs) | Jgem = 11.6
2H, m) ;4=2.0
XIIp 310 | 4,37and 4,29 217 | 669 (s)| 7.26 | 349 | 251 {Joem = 12.5
(trans)| (3H, 8) (121-1{;@3‘111—1“, (3H,s) | (s) gem
,m
XIIb| 309 | 527and 3,72 240 |597br s} 7.26 | 356 | 251 | Yae,=15:
(cis) | (BH. s) | (H:andiHe | (3Hs) | ™0 Jgem = 12.0
, m)

became colorless. The mixture was evaporated, and the precipitate was crystallized from
methanol. Dihydropyrimidine IVb was similarly obtained. !°N NMR spectrum of IVb (d¢-DMSO):
~259.24 [N(y)], —150.15 ppm [N(3)l.

B) A 0.16-g (6 mmole) sample of NaH was added to a solution of 1.32 g (5 mmole) of
2-thioxopyrimidine I in 30 ml of hexametapol or 1,2-dimethoxyethane; after 30 min, 0.6 ml
(5 mmole) of DMS or 0.45 ml (5 mmole) of CH;I was added. After 2 h, the mixture was poured
into 600 ml of 107 aqueous NaCl solution. After 1 day, the precipitated IVa was crystallized
from methanol.

C) The reaction of 5 mmole of I with 12 mmole of NaH and 10 mmole of DMS or CH3I was
carried out as in method B to give a mixture of reaction products IVa, IVb, and 2-methylthio-
4-phenyl-5-methoxycarbonyl-3,6-dimethyl-3,4-dihydropyrimidine (V). This mixture was dis-
solved in 50 ml of CHCl, and chromatographed in four stages on a plate with silica gel
(plate size 250 by 250 mm, thickness of the loose layer of silica gel L 40/100 2-3 mm) using
chloroform—acetone (5:1) as the eluent. Two bands that absorb UV light were collected.

From the first band, beginning with the front, we used acetone to elute 3,4-dihydropyrimi-
dine V, which, after evaporation of the soclvent, was crystallized from alcohol. Compound
IVa was similarly isolated from the second band and crystallized from methanol. The yields
of IVa are presented in Table 4. Compound IVb could not be isolated preparatively under
these conditions. The yields of 3,4-dihydropyrimidine V were as follows: 23% (DMS in HMP),
10Z (CH,I in HMP), 14% (DMS in DME), and 4% (CH3I in DME). 5N NMR spectrum (ag-DMSO):
—167.53 [N¢;)], —279.20 ppm [N(3)].
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TABLE 4. Yields of IVa as a
Function of the Alkylation

Conditions
Alkylat-

Method | Solvent|ing agent| Yield, %
B HMP DMS 50
B HMP CH;I 80
B DME DMS 82
B DME CH;l 56
C HMP DMS 50
C HMP CHsl 63
C DME DMS 78
¢ DME CHl 54

2-Methylthio-4-phenyli-5-methoxvcarbonyi-3,6-dimethyl-3,4-dihydropyrimidine (V). A
0.16-g (6 mmole) sample of NaH was added to a solution of 1.38 g (5 mmole) of 1,4-dihydro-
pyrimidine IVa in 30 ml of HMP, and, after 1 h, 0.6 ml (5 mmole) of DMS or 0.45 ml of CH,I
was added. The mixture was allowed to stand for 2 h, after which it was poured into 600
ml of 10% aqueous NaCl solution. The resulting precipitate was removed by filtration to
give 1 g (66%) of V. The filtrate was extracted with chloroform (three 100-ml portions),
and the chloroform extract was dried and evaporated. The residue was chromatographed on
a plate with silica gel as described above. Dihydropyrimidine V was eluted from the first
band with acetone, while IVb was eluted from the second band. The overall yield of V was
907 (DMS) and 877 (CH,I). The yield of product IVb was 6-9%.

3-Phenvl-4-methoxycarbonyl-5-methyl-7-oxo-8-dimethylene-3H-thiazolidino[3,2-alpyrimi-
dine (VII). A 1.38-g (10 mmole) sample of iodoacetamide was added to a solution of 1.32
g (5 mmole) of 2-thioxopyrimidine I in 50 ml of acetone, and the mixture was allowed to
stand for 1 day at room temperature. Ammonium hydroxide was then added until the mixture
was neutral, the solvent was evaporated, and the resulting yellow precipitate of VII was
crystallized from methanol. *H NMR spectrum: 1.96 and 2.35 (3H, two s, CH;~C—CH;), 2.48
(3H, s, 5-CH;), 3.63 (3H, s, COOCH;), 6.04 (1H, s, 3-H), and 7.27 ppm (5H, s, Ph). 13C
NMR spectrum (do-DMSO): 21.08 (5-CH;), 22.54 and 22.67 (CH,~C—CH,), 51.37 (OCH;), 107.79
[C(4)]s 116.45 (C=), 127.28 (Cy-CxHy), 128.55 (C,-C4H5), 128.85 (Co-CgHs), 140.96 [C(s)],
151.33 [C(g)], 152.03 [C(3) and C3], 155.65 [C(y)], 162.133 (7-C0), and 165.69 ppm (4-CO).

Compound VI was similarly obtained when ethanol was used as the solvent. 'H NMR spec-
trum: 2.47 (3H, s, 5-CH, Jgem = 13.5 Hz), 3.60 (3H, s, COOCH;), 3.76 (2H, g, CH;), 6.02
(1H, s, 3-H), and 7.33 ppm (5H, s, CgHy).

3-Phenyl-4-methoxycarbonyl-5-methyl-7-oxo-8-benzylidene-3H-thiazolidino[3,2-alpyrimi-
dine (VIII). A 0.6-ml sample of benzaldehyde was added to a solution of 1.52 g of VI in
50 ml of acetone, and the yellow precipitate of VIII was removed by filtration after 10
min. *H NMR spectrum: 2.53 (3H, s, 5-CH,), 3.67 (3H, s, COOCH,;), 6.22 (1H, s, 3-H), 7.27-
7.47 (10H, m, aromatic protons), and 7.76 ppm (1H, s, 8-H).

2-Thioxo-3-acetyl-4-phenyl-5-methoxycarbonyl-6-methyl-1,2,3,4-tetrahydropyrimidine
(Xa). A solution of 1.32 g (5 mmole) of 2-thioxopyrimidine I in 30 ml of acetic anhydride
was refluxed for 1 h, after which the mixture was evaporated to dryness, and the residue
was crystallized from ethanol. Compound Xb was similarly obtained.

Reductive Dethionation of Pyrimidine-2-thiones I, II, IVa, V, Xa, b, and XI. A 1-g
sample of Raney nickel was added to a solution of 0.01 mole of pyrimidine in 20 ml of ace-
tone, and the mixture was refluxed for 1 h. The catalyst was removed by filtration and
washed with acetone, and the filtrate was evaporated in vacuo. The residual oil was crys-
tallized from hexane. This procedure was used to obtain 1,4-dihydropyrimidines IXa, b and
1,2,3,4-tetrahydropyrimidines XIIa, b and XIIIa, b.
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