REACTION OF 2~-(w-BROMOALKYLTHIO)-4,6-DIMETHYLPYRIMIDINES
WITH SOME NUCLEOPHILIC REAGENTS
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In previous work [1], we have shown that the result of the conversions of 2-(w-bromoalkylthio)-4,6-di~
methylpyrimidines (I) upon heating depends on the number of methylene groups (n) in the bromoalkyl radical,
and in the case of n = 4, the conversion of (I) proceeds significantly through an intermediate sulfonium salt
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To determine the role of sulfonium salts (II) in the reactions of (I) with various types of nucleophilic re-
agents, we investigated the reaction of (I) with the sodium salt of 4,6-dimethyl-2-hydroxypyrimidine (III), the
sodium salt of 6-methyl~2-thiouracil (IV), water, and 1-butanol.

The reactions of (I) with (III) were carried out in 1-butanol, which solvates anions, or in DMF, which
does not solvate anions. The alkylation of (ITI) by (I) in 1-butanol yielded 2-[w-4',6'-dimethylpyrimidinyl-2'-
oxy)alkylthio]-4,6~-dimethylpyrimidines (V), 2-[w~-(1',2'-dihydro-4',6'-dimethyl-2'-oxopyrimidinyl-N)alkyl-
thio]-4,6-dimethylpyrimidines (VI), 2-(w -butoxyalkylthio)-4,4- dlrnethylpyrlrnldmes (VII), and 4,6-dimethyl-2~
hydroxypyrimidine (VIII)
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The ratio of (V) and (VI) obtained in the different solvents (1-butanol and DMF) is in accord with litera-
ture data [2]. As expected, 1-butanol directly participates in the reaction. Thus, the reactions of (I) with (III)
were carried out in 1-butanol in order to clarify the dependence of the ratio of the products on n in (I). The
formation of (VII) may occur either through (II) by attack of a1-butanol molecule onthe a~carbon atom of the
thia ring or as a result of nucleophilic substitution of the bromine in the bromoalkyl group by a BuO group [3].
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TABLE 1

. Reaction Reaction  |-Ratio of reaction products, %
fn temp.,"C | Solvent time, h ) V1) (VIT}
4. 117 1-Butanol 5 92 40,0 474
4 20 » 250 6,1 74,0 146
4 115 DME 1 61,0 38,0 -
5 117 1-Butanol 12 19,7 54,3 17,4
6 117 » 16 37,1 50,8 48
7 147 » 25 344 58,0 -
TARBLE 2
Time foz the com=
ain (D) plete hyd rolysis of
- ( I)_ h (160°C, 0,24M)

6
40
100

DU

. In the latter case, the yields of products (VII) should not depend on n in (I). However, Table 1 shows that such
a dependence exists: the greatest yield of (VII) is obtained for n = 4, i.e., when the formation of (II) is most
probable. In the case of n = 6, when a significant contribution of (II) would not be expected, the yield of (VII)
is minimal, while (VII) is not formed when n = 7 [4]. These results indicate that the contribution of nucleo-
philic substitution of the bromine atom in the bromoalkyl group in (I) by a BuO group in the formation of (VII)
is insignificant. In addition, in going from n = 4 to n = 7, the reaction time increases by a factor of 5; the re~
action time is minimal for n = 4 when the formation of (II) is most probable. Thelatterfinding is also indirect
proof for the considerable role of intermediate sulfonium salts in the reaction. Carrying out the reaction of
(I, n = 4) with (IID in 1-butanol at 20°C leads to a significant increase in the reaction time. In this case, the
fraction of (VI, n = 4) rises to 74.0%, while the fraction of (VII, n = 4) drops to 14.6%, which apparently re-
sults from the lower probability for the formation of (II, n = 4) under these conditions. Thus, the dependence
of the yield of (VII) on n indicates that sulfonium salts (II), whose participation is proven by products of their
further transformation, play a significant role in the reaction of (I) with (IIl) in 1-butanol,

The IR spectra of (V) and (VII) have bands at 1100-1115 em™ (v COC) [5], while the IR spectrum of (VI)
has a band at 1650-1665 cm ™" (vC =0) [6]. :

Upon carrying out the reaction of (I, n = 4) with (II) in DMF, the solvent does not participate directly
in the reaction and only (V, n = 4) and (VI, n = 4) (see Table 1) are formed; the ratio of these products is in
accord with literature data [2].

The reaction of (I, n = 4) with (VI) in DMF, as expected [7], leads to the formation of 2-[w~(3',4"~di -
hydro-6'-methyl-4'-oxopyrimidinyl-2'-thio)butylthio}-4,6-dimethylpyrimidine (IX) and a small amount of
2-[w~4', §'-dimethylpyrimidinyl-2'-thio)butylthio]-4-[w -4",6 "-dimethylpyrimidinyl-2"~thio)butyloxy]-6]methyl~
pyrimidine (X) as a result of the reaction of (I, n = 4) with the sodium salt of (IX). The latfer is formed from
(IX) and (IV) as a consequence of the slight difference in the acid ionization constants of (IX) and 6-methyl-
2-thiouracil [7, p. 475]. The formation of (X) is in good accord with literature data on the alkylation of 4-hy-
droxypyridimines [8]
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The structures of these compounds were confirmed by elemental analysis and IR spectroscopy.

Heating (I) in water at reflux leads to the hydrobromide salt of (VIII}, i.e., XI) and the corresponding
o w-monothioglycols XII)
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Table 2 shows that the time required for the complete hydrolysis of (I) also depends on n and it is least
for n = 4 when the formation of (Il, n = 4) is most probable [4]. At 20°C, even a threefold prolongation of the
reaction time (relative to the reaction time at reflux) does not lead to the hydrolysis of (I, n = 4).

As noted previously [1, 9], the formation of bicyclic ammonium salts such as (XII) with greater than a
six-membered side-chain was not detected in the reaction of salts of 2-mercaptopyrimidines with o ,w-di-
haloalkanes
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In the present work, we obtained results which indicate the participation of such a structure with a
seven-membered side-chain as a reaction intermediate.

Heating (I, n = 4) in 1-butanol led to the isolation of the di_hydrobromide salt of bis(1,2-dihydro-4,6-di-
methyl-2-oxopyrimidinyl-N-butyl) disulfide XVII) and (VII, n = 4)
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The formation of (XVII) may be attributed to pathway A through a bicyclic ammonium salt (XIV), which,
upon attack by a 1-butanol molecule at the C? atom of the pyrimidine ring, opens to give (XV). Similar to the
second step of the Hilbert—Johnson reaction XV) splits off butyl bromide XVIII) and yields (XVI), which is
converted to (XVID under the reaction conditions. The proof of the structure of XVII) is based on the ele-
mental analysis and the IR spectrum: 1730 cm~! (C =0) [11] and 2720 cm-! (NH) [12]. Treatmentof (XVII)
with a solution of sodium alcoholate yields bis(1,2-dihydro-4,6-dimethyl-2-oxypyrimidinyl-N-butyl) disulfide
(XIX) in quantitive yield. The IR spectrum of (XIX) in CHClylackstheband at 2550-2600 em™! (v SH) [5, p. 497].
These results, as well as the molecular mass of (XIX) determined by the ebullioscopic method, support struc-
tures (XVII) and XIX). Product (VII,n = 4) is formed by the attack of a 1-butanol molecule on the a~carbon
atom of the thia ring (I[, n = 4) (pathway B). The yields and some physical constants of (XVID and (XIX) are
given in Table 3. The structures of the known (VIII), (XII), and (XVIII) were establishedby IR spectroscopy,
elemental analysis, and comparison of physical constants with literature values.

EXPERIMENTAL

A sample of (t) was obtained according to a previously described procedure [9], and (IIl) was obtained ac-
cording to Kosolapoff [13]. The IR spectra were taken on a UR-10 spectrophotometer. The solids were taken
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TABLE 3

-

it

Com-~ 3ig}d, mp., °C " N Found/caleulated,% Chemiest
n o o @2 » emica
pound 1;2&%; . {solvent) 4 b G - N | formula
) 4 9.2 81-82 - ~ |60,37 | 8,77 11781 |CysHaN,S0
{ether) 60,38 | 6,91 | 17,59
8% 5 197 | oil 11814 1,5540 | 64,66 | 7,31 | 16,80 |CyrHaiNiSO
6145 | 7,22 | 16,35
) 8 37,1 » 1,1884 11,5450 | 62,24 | 7,38 | 16,09 |C1aHzoN.SO
62,43 | 7,50 | 16,17
V) 7 26,1 50~51 - — 8341 | 775 | 1553 |CieHaeN.SO
{ethep 63,34 | 7,77 | 1554
(V1) 4 40,0 9596 - =~ |80.44 | 681 [17,64 |C1sH2aN,S0
gé%r&c?ne%her) 80,38 | 6,91 (17,59
(V) 5 543 | 130~131 - - 61,60 | 7,29 |16,73 |CoHa NSO
{benzene— 6145 | 7,22 1685
petrol, ether) ‘
(VI) 6 50,8 | 180184 - = 16276 | 746 | 16,21 {CisH2eN.SO
e e G| TR0 AT
(V1) 7 456 | Oi1 = |1,5620 {6350 | 7,49 | 15.81 |CiaHasN,SO

(VID | 4 | 474 | Liquid  |0,9873]1,4891 | 6250 | 8,80 | 1045 |CruHxNaSO

(VID | 5 | 174 » 0,950 [1,4955 | 6308 | 9.41 | 9,08 |CisHaeNoSO
85,86 | 921 | 9,02
(VII) 6 48 » 1,0635 11,4670 | g4.82 | 9,67 | 9,54 (CisHzsN280
64,87 1 9,45 9,45
(IX) 794 | 131-132 - ~ 5356 | 580 [16,75 |CisHaoNi8:0
(benzene) 5357 | 5,95 | 16.66
%) 166 | Oit 1,0844 1,5918 | 56,78 | 6,47 1 15,79 | C,5H, NeSs0
56,60 | 6,41 | 15,85 -
(XVII) * 39,6 | 2097210 1 _ 1 _ 14083 | 5,82 | 951 |C,0H,,NiS:0:Bry
{dee.) 30,96 | 579 | 9,55 '
1-propanol~
petrol, ether)
(XIX) Glassy - - 56,71 | 7,60 | 13,21 1C20H3N.S:02
mass 56,60 | 755 | 13,21

* Found: S 10.81, Br 27.38%. Calculated; S 10.93; Br 27.28%.

as suspensions in Vaseline oil, and the liquids were taken as a thin layer between KBr plates. The column
chromatography was carried out on neutral alumina (act. II).

Reaction of (L,n = 4) with (III}. a) A sample of 0.47 g sodium was dissolved in 150 m1l abs. 1-butanocl,
2.54 g (VIII) was added, and the mixture was heated at reflux for 10 h. Then, 5.63 g (I, n = 4) was added, and
the mixture was heated at reflux for an additional 5 h. After cooling, 1.5 g (71.4%) sodium bromide was fil-
tered off, the filtrate was evaporated in vacuum to 50 ml, and an additional 0.4 g (19%) sodium bromide was
filtered off. The filtrate was evaporated entirely, the residue was treated with 200 ml ether, and 1 g (39.3%)
(VIII) was filtered off with mp 200-202°C [14]. The ethereal mother liquor was evaporated, and the residue
was subjected to chromatography on an alumina column to yield 2.6 g (VII, n = 4) as a colorless, mobile liguid
using 3: 1 petroleum ether—ether eluent, 0.6 g (V, n = 4) as white crystals using ether eluent, and 2.6 g (VI,
n = 4) as white crystals using 1-propanol eluent.

b) A sample of 0.29 g sodium was dissolved in 150 m1 1-butanol, 1.57 g (VIII) was added, and the mixture
was neated at reflux for 10 h. Then, 3.5 g (I, n = 4) was added and the mixture was stirred for 250 h at 20°C.
The 1-butanol solvent was evaporated in vacuum, and the residue was subjected to chromatography on an
alumina column to yield 0.5 g (14.6%) (VI[, n = 4) using 1: 3 ether —petroleum ether eluent, 0.25 g (6.1%) (V,

n = 4) using ether eluent, and 3 g (74%) (VI, n = 4) using 1-propanol eluent.

c} A sample of 0.3 g sodium was dissolved in 100 ml 1-butanol, 1.66 g (VIII) was added, and the mixture
was heated at reflux for 10 h. The mixture was then evaporated to dryness, and a solution of 3.7 g (I, n = 4)
in 150 ml abs. DMF was introduced, and the mixture was heated for 1 h at 115°C. The DMTF was evaporated
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in vacuum, and the residue was subjected to chromatography on alumina to yield 2.6 g (61%) (V, n = 4) using
ether eluent and 1.62 g (38%) (VI, n = 4) using 1-propanol eluent.

Reaction of (I, n = 5) with (III). A sample of 0.42 g sodium was dissolved in 150 m1 abs. 1-butanol,
2.27 ¢ (VOD was added, and the mixture was heated at reflux for 10 h. Then, 5.29 g (I, n = 5) was added,
and the mixture was heated at reflux for 12 h. After cooling, 1.1 g (61.1%) NaBr was filtered off. The fil-
trate was evaporated in vacuum to 50 ml, and an additional 0.6 g (33.3%) NaBr wag filtered off. The filtrate
was completely evaporated, and the residue was treated with 200 m1 ether, and 0.3 g (13.2%) (VIII) was filtered
off. The ethereal mother liquor was evaporated, and the residue was subjected to chromatography on an alu~
mina column to yield 0.9 g (VI[, n = 5) as a colorless, mobile liquid using 3: 1 petroleum ether—ether eluent,
1.2 g (V,n =5)as a colorless, viscous 0il using ether eluent, and 3.3 g (VI, n = 5) as pale-pink crystals us-
ing 1-propanol eluent.

Reaction of (I, n = 6) with (III). A sample of 0.48 g sodium was dissolved in 150 ml abs. 1-butanol, 2.61
g (VIII) was added, and the mixture was heated at reflux for 10 h. Then, 6.37 g (I, n = 6) was added, and the
mixture was heated at reflux for 16 h. After cooling, 1.6 g (76%) NaBr was removed by filtration. The filtrate
was evaporated in vacuum to 50 ml, and an additional 0.4 g (19.0%) NaBr was filtered off. The filtrate was
completely evaporated, the residue was treated with 250 m1 ether, and 0.1 g (3.8%)(VUI) was filtered off. The
ethereal mother liquor was evaporated, and the residue was subjected to chromatography on an alumina col-
umn to yield 0.3 g (VII[, n = 6) as a colorless, mobile liquid using 3: 1 petroleum ether —ether eluent, 2.7 g
(V,n = 6) as a colorless, viscous oil using ether eluent, and 3.7 g (VI, n = 6) as pale-pink crystals using 1-
propanol eluent.

Reaction of (I, n = 7) with (III). A sample of 0.30 g sodium was dissolved in 120 m1 abs. 1-butanol, 1.62
g (VIII) was added, and the mixture was heated at reflux for 10 h. Then, 4.1 g (I, n = 7) was added, and the
mixture was heated at reflux for 25 h. After cooling, 0.9 g (67%) NaBr was filtered off. The solvent was com~
pletely evaporated, the residue was treated with 50 m1l 2: 1 ether—chloroform, and 0.5 g (IIl) was filtered off.
The mother liquor was evaporated, and the residue was subjected to chromatography on an alumina column to.
yield 1.0 g (24.3%) (I, n = 7) using 4: 1 petroleum ether—ether eluent, 1.2 g (26.1%) (V, n = 7) as white erys-
tals using ether eluent, and 2.1 g (45.6%) (VI,n = 7) as a light-red viscous oil using chloroform eluent.

Reaction of (I, n = 4) with (IV). A sampleof1.4g (I, n = 4) was added to a solution of 0.83 g (IV) in 100
ml abs. DMF, and the mixture was heated for 3 hat 50°C. The DMTF was evaporated in vacuum, the residue
was treated with 150 m1 benzene, and 0.5 g (969 ) NaBr was filtered off. The filtrate was evaporated in vac-
uum to 50 ml, 30 ml ether was added, and 1.3 g white crystalline (IX) was filtered off. IR spectrum: 1660
em~! (C =0). The mother liquor was completely evaporated to yield 0.2 g (X) as a colorless, viscous oil
using ether eluent. IR spectrum: 1170 em~! (COC); bands are lacking from 1600 to 1700 cm™! (C =0).

Reaction of (I) with Water. a) A sample of 10.2 g (I, n = 4) was heated at reflux in 150 m1 water for 6 h,
cooled, and extracted with five 150-ml portions of ether. The extract was dried over magnesium sulfate and
evaporated in vacuum to yield 3.5 g (89%) 4-mercaptobutan-1-o1 XII, n = 4) with bp 69-71°C (5 mm) [15]. The
water was evaporated in vacuum to yield 7.5 g (98.6%) (XI). IR spectrum: 1730 em~! (C =0), 2500-2800 cm™!
(NH). Found: C 35.25; H 4.48; N 13.76%. Calculated for CeHgN,OBr: C 35,15; H 4.39; N 13.65%. A sample
of 4.0 g (XT) was treated with a solution of 0.78 g NaOH in 100 m1 water and evaporated to dryness. Fractional
crystallization from acetonitrile yielded 2.1 g (87%) (VIII).

b) A sample of 3.1 g (94.5%) 5-mercaptopentan-1-ol XII, n = 5) with bp 100-103°(17 mm) [16] and 5.5 g
(98.2%) (X1) were obtained analogously from 7.9 g (I, n = 5) by heating in 110 m1 water for 40 h,

c) A sample of 2.1 g (95.4%) 6-mercaptohexan-1-ol XII, n = 6) with bp 120-122°C (17 mm) {16] and 3.2
g (94.67) (XT) were obtained analogously from 5.0 g (I, n = 6) by heating in 65 m1 water for 100 h.

Reaction of (I, n = 4) with 1-Butanol. A sample of 9.5 g (I, n = 4) was heated at reflux in 200 m1 1-
butanol for15h, cooled, and 5.0 gof an initial fraction was distilled over at100-105°C. 1-Butanol was evaporated in
vacuum, the residue was treated with 200 ml ether, and 4.0 g yellow crystalline (XVII) was filtered off. A
sample of 2.0 g (XVII) was treated with a solution of 0.16 g sodium in 100 ml isopropyl aleohol and evapor-
ated. - The residue was subjected to chromatography on an alumina column to yield 1.3 g (92.8%) XIX) as a
red glassy mass. Molecular mass: 435 (found), 424 (calculated). IR spectrum: 1680 cm=! (C =0). The ini-
tial fraction was redistilled at 101-102°C to yield 2.1 g (44.6%) (XVIN) [17]. After the removal of (XVII) the
ethereal filtrate was evaporated, and the residue was distilled to yield 4.0 g (43.4%) (VII, n = 4) with bp 122~
125°C (2 mm Hg).
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CONCLUSIONS

1. The reaction of 2-(w -bromoalkylthio)-4,6-dimethylpyrimidines with several nucleophilic reagents
was studied under various conditions.

2. Cyclic sulfonium or ammonium salts play a significant role in these transformations in the case of
four methylene groups in the bromoalkyl group. The participation of these salts was supported by finding the
products of their subsequent conversions.
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