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Abstract - Trimethylsilyl-protected praimary enamines 4 condense with two
equivalents of phosgeniminium chloride (PI} to form 2-aza-1,5-~dichloro~
pentamethine cyanines 5. These versatile intermediates cyclize upon
heating to 2-{dialkylamino)-5-alkyl-6-aryl-4-chloropyrimidines 6 wvia a
loss of the corresponding alkyl chloride. The reactions are completely

regiospecific and represent a new useful entry to pyrimidine nuclei.

Phosgeniminium salts (PI} are valuable synthons in heterocyclic chemistry because
of their three mobile chlorine atomsl_d. This 1is even more true for various
trimethine and pentamethine cyanines and for their aza-analogues which are readily
obtained from Pl salts, usually in a single step process.

Thus, for example, monosubstituted acetonitriles or eventually the corresponding
primary amides condense smoothly with PI in the presence of hydrochloric acid to

. 5 . .
give 1,3,5-trichloro-2-azapentamethine cyanines 1~ carrying a substituent - eveh a

Cl o RCH,CN
Clo  ——— Me,N

HCL

®
MezN =C <Cl

Pl
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fluerine atcm6 - 1in the 4-position. We noticed that upon thermolysis (l26-180°C}
one dimethylamino group acts as the intarnal nucleophile thereby leading to the
ring-closed products 2 via a loss of two molecules of methyl (or alkyl) chlorjdes.
This finding 1s of foremost impertance because such a synthetic principle has not
been used in the past and also hecause of the multifaceted biclogical activities of
pyrimidine nucleiT’S. In the above case only one group K can be varied, the 4- and
6-positions being occupied by chlorine atoms.

Inasmuch as a large series of polysubstituted pyrimidines was required in order to
perform their biological screening, we investigated the reaction between PI salts
and primary enamines 3b. It is well-known that 3b as well as their imine tautomers

3a are unstable unless some special features are present, This may he for instance

an electron-withdrawing group in the f-position.

R'CH, R NH
2
\:NH :u.-_-'——"; \_‘JJ stable if

27 -
R H/ \Rz RI= CGZR' CN ...
3a 3b

Fortunately, both forms 3a,b can be stabilized by silylating the aitroqen atom9
The tautomeric mixtures of 4a,b are conveniently <cbtained in a single-flask
reaction from nitriles and Grignard reagents followed by silylation of 1mine salts
formed in situ. Products 4 can be distilled and it is unimportant which isomer,
either 4a or 4b, predominates 1n the equilibrium mixture for the feollowing

condensation with PI salts.

LRCHMgBr A R Ar

ArC=N —2 " & >:NS/’Me3 = N/

2. Me,SiCl RCH, H” M NH SiMe,
4La 4é

This method works weall with nen~-enalizable nitrile such as substaituted

benzonitriles or heterparomatic nitriles e.g. 2-cyanothiophens (Tahle 1).
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Table 1. Yields and Boiling Pointsg of 4

E:try 1 2 3 4 5 &6 7 8 9
RCH2 CH3 Ph CH3 CH3 CH3 CH3 CHa(CHZ)2 CH3(CH2]6 CH3
IAr Ph Ph pPh—CF’3 pPh-F pPPh-0Me mPh-Br Ph Ph 1-thienyl
Bp ( °C) 47-48° 110° 51-52¢ 39 a1e 91° 76° 955 56-58°
b, (rorr)| 12077 0.1 0.01 0.0l 0.03 0.2 .03 0.3 0.03
vield ] &2 40 62 53 51 81 53.5 29 80

ef (10)

Tautomeric compounds 4 condense smoothly with two equivalents of the appropriate PI
salt at 20°C in c¢hloroferm solution, the only by-products being trimethylsilyl
chloride and hydrochloric acid. The cyanines 5 are dried 1n wvacuo and are
thermolyzed 1n a Kugelrohr apparatus at 120°C/0.0) mmHg. The disrilled pyrimidines
6 are recrystallizaed from ethanol after removal of some tarry materials by

firltration through silicagel.

R ® e R

2 P ' ' ’ )
AL RzN 5 4 3/91\1‘47\”?2 s RNaAN N\\I\/NRZ Cl

CHCI
3 CL Ar ¢l cL Ar Cl
> 5'

5 and 5' are the two extreme canonical structures but 1t would be wrong to assume
that 5 is completely charge-delocalized, because of the dissymetry induced by the
more electreonegative nitrocgen. In all cases hitherto studied the cyclisation was
regiospecific, namely fhe nitrogen at €C-5 loses two alkyl chloride groups and
substitutes the chlorine at C-1,

Some 1nsight concerning the electrconic structure of 5 can be gathered from the c
nmr spectrum of 5a, (R=Me] because the chemical shifts are good probes of the
charge density at the corresponding carbon atoms. These shifts observed at S50 MHz
in CDC'.L3 are : -1 : 154.9 ppm (Sm); ¢€-3 : 139.8 (Sm); Cc-4 - 111.6 (Sq}; C-5
172.9 (8m). These data show that the C-5 carries apparently most of the positive
charge as it is the cage 1n the limiting structure 5', The 1minium nitrogen then
undergoes a dealkylation via a SN;2 attack by the chleride counter ion. This Jeads

to an 1midoyl chloride 7 which cyclises and the dealkylation is repeated whereby

stable pyrimidines 6 arise.
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R A
R\ ' -RCl R
3 X NR'
o Cl Ar ¢l Cl l\|l L 2

1

5 Ry
Ar Ar -

Although the mechanism shown above is temptative, the reaction has a broad scope

and its synthetic interest is obvious (Table 2},

Table 2, Cyanines 5 and Pyrimidines 6

Entry R Ar R'2 Yield of 5 Yield of 6
3 %
a e CeEg Me o a0
b CSHS T, Me a0 95
c Me p—Cqu—CF3 Me 50 90
d Me p—C6H4-F Me as 90
= Me p—C6H4~DMe Me a5 69
£ Me m—C6H4—Er Me 80 71
) CH3 (CH,), CHe Me 70 47
h CH,(CH,y) CeHe Me 62 87
1 Me 2-thienyl Me 90 20
3 Me CeHg = {CH,) - a 85
k Me CeH, - (CHz) 5™ a 62
1 Me CEe - (CH,) ,0(CH,) = a 18
' m Me CGHS - (CHZ) 5 a 66

a) liquid, not isoclated
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The synthesis of pyrimidines where the aryl group is replaced by a hydrogen atom
would require the use of N-silylaldimines 8. Such compounds, in principle, are
known but not readily availablell. Also, a few communications mention the existence

12,13,14
of a few N,N-bis(trimethylsilyl)enamine 9 ' 7'

RCH,CH =N SiMe, RCH=CH ~N(SiMe,),

8 9

15 .
Interestingly, we have found earlier +that vinylisocyanates 10 are still

sufficiently electron-rich to be able to condense with two equivalents of FI.

< 16
Phosgene is lost whereby the corresponding 5 are formed .

RCH=CH-N=C=0  — ! RN ) N_ _NR]
=CH-N=C= — 2
- cocl, W e
10 e HoC
2

While the details of this investigation will be published elsewhere, we want to
stress that the intramolecular N,N-dealkylation of aza-pentamethinium salts
constitutes a wvaluable new approach to polysSubstituted 4-chloropyrimidines.
Moreover their mobile chlorine permits nucleophilic substitutions and also new

: . 17
annulation reactions .
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EXPERIMENTAL

211 melting points were taken using a Dr. Tottoli apparatus. Ir and mass spectra

were measured on a Perkin Elmer 1710 and a Varian Mat 445EI apparatus,
; 1 13 .

respectively. H And C-nwur spectra were recorded on a Varian EM 360 A or varian

XL200 spectrometer. The following abbreviations are used : 3 : singlet, 4

doublet, t : triplet, g : guartet, m : multiplet,

General procedure fo: the preparation of N-trimethysilylketimines.

A solution of arylnitrile (0.9 eqg.} in dry ether is added dropwise to a solution of

alkyl- or arylmagnesium bromide in ether (prepared from 1.1 eq. of alkyl- or aryl
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bromide and 1.02 eg. of magnesium) at a rate teo maintain moderate refluxing. The
resulting mixture is then refluxed for 1 to 2 h. Trimethylsilyl chloride (1 eq.} Is
then slowly added at 20°C. The mixture is stifred overnight, the solid formed is
filtered off and washed with dry ether. Ether is evaporated and the raesidue is
distilled in wvacuo using a short Vigreuwux column.

General procedure fer preparation of 4-chloropyrimidines -

A solution of N-trimethylsilylketimine 4 (2.0g, 9.7 mmol) in dry chloroform (10 ml)
is added dropwise at room temperature to a stirred suspension of PI chloride (19.4
mmol) in dry chloroform (10 ml). The resulting mixture is then refluxed for about 1
hour in order to achieve complete dissolution of PI and cessation of HCl evolution.
The solvent is removed in vacuco and the residue is washed 3-4 times with dry ether
{10 ml) and azacyanines 5 are dried in vacuo at room temperature.

5 are thermoclysed in a horizontal digtillation apparatus {Kugelrohr) at
120-140°Cc/0.04 mbar. The distilled 6 are further purified by filtration through
short silica gel columns using ethyl acetate:petroleum (1:9) as eluents, and then
they are eventually recrystallized from ethanol.

4-Chloro-2-dimethylamino-5-methyl-6-phenylpyrimidine. 6a

Yield : 8l%; mp 81-82°C; ir (CHCl,) v 3019, 1588, 1574, 1544, 1516, 1492, 1442,
705, 645 om *; YH nmr (200 MHz/CDC1.), 6 2.20 s (3H), 3.17 s (6H), 7.40-7.55 m

(58); Anal. calcd for C CIN_: €, 63.03%; H, 5.69; N, 16.96. Found: C, 63.02%;

13814020,
H, 5.69; N, 17.0L. M, 247 m/z.

4-Chlorg-2-dimethylamine-5,6-diphenylpyrimidane. 6b

Yield : 85.5%; mp 92-93°C; ir (CHcla) v 3020, 1586, 1573, 1505, 1485, 1443, 702,
644 cm_l; lH nmr {200 MHz/CDClB). § 3.23 5 (6H), 7.08~7.34 m {1l0H): Anal, calcd for
C18H16C1N3: c, 69.79%; ®H, 5.21; W, 13.56. Found: C, 69.80%; 4, 5.26; N, 13.61. M+,
309 m/z.

4-Chloro-2-dimethylamino-5-methyl-6-[4'-(trifluoromethyl)phenyl]pyrimidine. 6c

Yield : 45%; mp 65-66°C; ir tCHCl3) v 1588, 1574, 1525, 1505, 1448, 1325, 699, 668

-1 1
cm ; H nmr (200 MHz/CDCl3), § 2.19 s (3H}, 3.18 s (6H), 7.62-7.73 m {(4H); M+, 315

m/z.

4-Chloro-2-dimethylamino-6~-[4'-flugrophenyl]-5-methylpyrimidine, 6d

Yield : 85.5%; mp 102°C; 1r (CHCl3) v 3020, 1600, 1580, 1500, 1449, 1413 cm_l- lH

H

amr (200 MHz/CDCl.), 6 2.20 s (3H), 3.17 s (6H), 7.07-7.57 m (dH); M’ 265 m/z.

4-Chloro-2-dimethylamino-6-[4'-methoxyphenyl]-5-methylpyrimidine. 6e

Yield : 65.5%; mp 97-98°C; 1r (CHC13) v 3017, 1611, 1587, 1570, 1544, 1500, 1413,
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673, 666 Cm_J; lH nmr (200 MHz/CDCl.), § 2.24 s (3H), 3.17 s (6H), 3.84 s (3H),

H, CIN_O: €, 60.54%; %, 5.81; N,

6.94 4 {20}, 7.52 4 (2H); Anal. calecd for C14 16 3

+
15.13. Found: C, 60.55%; H, 6.72; N, 15.20, M , 277 m/z.

6-[3'-Bromophenyl]-4-chloro-2-dimethylamino-5-methylpyrimidine. 6f

-1
vYield : 56.B%; mp 106-107°C; 1ir (CHC13] v 3019, 1585, 1%62, 1514, 1474, 697 cm H
lH nmr (200 MHz/CDC13], § 2.20 = (3H), 3.18 s (6H), 7.30-7.68 m (4H}); Anal. caled
for C13H13BKC1N3: c, 47.80%; H, 4.0l; N, 12.87. Found: C, 47.77%; H, 3.96; N,

12.89, M7, 325 myz.

4-Chloro-2-dimethylamino-6-phenyl-5-propylpyrimidine. 6g

Yield : 33%; mp 54-55°C; ir (CHCI

1444, 701, 644 cm L. 8 nmr (200 MHz/CDClg), & 0.80 t (J=7.5 Hz, 3H}, 1.49 m

3) v 3060, 1585, 1573, 1533, 1510, 1489, 1464,

{(J=7.5-8 Hz, 2H), 2.53 m {J=7.5-8 Hz, 2H), 3.14 s (6H), 7.35-7.48 m (5H).

4-Chloro-2-dimethylamino-5-heptyl-6-phenylpyrimidine. 6h

¥ield : 53.9%; mp 31°C; ir (CHC13) v 3020, 1573, 1537, 1511, 1489, 1412, 702, 644

ca . Y onmr (200 MHz/CDCL,), 6 0.84  (J=6.5 Hz, 3H), 1.17 s (6W), 1.24 m (2H),
+

1.46 m (2H), 2.50-2.58 m (2H), 3.16 s {(6H)}, 7.38-7.46 m (5H): M , 2331 m/z.

4-Chloro-2-dimethylamino-S5-methyl-6~[2"-thienyl])pyrimidine. 6i

Yield : 18%; mp 8l1-82°C; 1r {CHCl3) v 3077, 1581, 1546, 1507, 1450, 1434, 1411,
1380, 1334, 714 cm'l; 14 amr (200 MHz/CDCL,), § 2.38 s (3H), 3.12 s (6H), 7.05 4ad
(J=5.1/3.8 Hz, 1H), 7.40 a4 (J=5.141.1 Hz, 1H), 7.48B 44 (J=3.8/1.0 Hz, 1H); Anal,

ClN.S: €, 52.07%; H, 4.76; N, 16.56. Pound: C, 52.20%; H, 5.67; N,

caled for CJ]H12 5

+
16.79. M , 253 m/z.

4-Chloro-5-methyl-&-phenyl-2-pyrrolidinopyrimidine. 63

Yield : B85%; mp 94-95°C; 1r (CHCL v 3064, 1586, 1572, 1528, 1511, 1489, 1461,

3

-1 1
704, 669 cm H H amr (200 MHszDClai, § 1.94 m (44Hr, 2.19% s (3H}, 3.57 s ({(4H},

7.37-7.55 m (5H); Anal. calcd for C15H16C1N c, 65.81%; H, 5.89%9; N, 15.35. Found:

3:
.
¢, 65.81%; H, 5.93; N, 15.46. M , 273 m/z.

4-Chloro-5-methyl-6-phenyl-2-piperidinopyrimidine. 6k

Yield : G2%; mp 8B-89°C; 1r (CHCl_ )}, v 3020, 1586, 1572, 1517, 1492, 1465, 448,

3
705, 647 em Y Y nmr (200 MHZ/CDC1,), § 1.61 m (6H), 2.19 s (3H), 3.76 s (4H),
7.39-7.53 m (S5H); M', 287 m/z.

4-Chloro-5-methyl-2-morpholino-6-phenylpyrimidine. 61

¥i1eld : 18%; ir (CHC13), w 3011, 1585, 15%2, 1519, 1493, 1449, 1334, 705, 651 cm_];
1
H nmr (200 MHz/CDCla), 6 2.22 s (3H), 3.76 m (8H), 7.41-7.55 m (5H); Anal, caled

for C15H16C1N30: ¢, 62.17%; H, 5.56; N, 14.50; Cl, 12.23. Found: C, 62.31%; H,
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.
4.1%; N, 14.55; €1, 12.17, m . 289 m/=z.

4-Chloro-2-perhydroazepinyl-5-methyl-6-phenylpyrimidine. 6ém

-1
ir (CHC13), v 3064, 1586, 1571, 1521, 1491, 1469, 1437, 705, 646 cm

¥Yield : 66%; H
lﬂ nmr (200 MHZ/CDClB), § 1.55 m (4H), 1.77 m (4H), 2,21 s (3H), 3.75 m (4H),
7.41-7.57 m (5H); M', 301 m/z.
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