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Abstract - Trlmethylsilyl-protected primary enamines 4 condense wlth two 

equivalents of phosgenimlnium chloride (PI) to form 2-aza-1.5-dichloro- 

pentamethine cyanines 5 .  These versatile intermediates cyclize upon 

heatzng to 2 - ~ d i a l k y l a m ~ n o ~ - 5 - a 1 k y l - 6 - 6 1 y 1 - 4 - 4 h 1 0 r 0 p y i i d n e s  6 via a 

loss of the corresponding alkyl chloride. The reactions are completely 

regio~pecific and represent a new useful entry to p y r i m ~ d ~ n e  nuclei. 

Phasgeniminlum salts (PI) a r e  valuable synthons in heterocyclic chemistry because 

1-4 
of thelr three mobzle chlorine atoms . Thls is even more true for various 

trimethine and pentamethlne cyanines and for t h e ~ r  aza-analogues which are r e a d ~ l y  

obtained from PI salts, usually in a single step process. 

Thus, for example, monosubstltuted acetonltriles or eventually the corresponding 

pzlmary amides condense smoothly vlth PI in the presence of hydrochloric acld to 

5 give 1,3,5-trlchloro-2-a1aPentamethlne cyanlnes 1 carrying a substituent - even a 

8 CL Q RCH2CN R 
Me2N :C ' CL 

\ CL - HCL MD~N*N+NM~* 
mQ 



fluorine atom6 - ~n the 4-poslt~on. we notxced that upon thermolysis (120-18O0C1 

one dimethylamino group acts as the internal nucleophlle thereby leading to the 

5 
ring-closed products 2 via a loss of two molecules of methyl (or alkyl) chloride . 

  his finding rs of foremost importance because such a synthetic principle has not 

been used in the past and also because of the multifaceted biolaglcal activities of 

pyrimidine n ~ c l e i " ~ .  ~n the above case only one group R can be varied, the 4- and 

6-positions being occupied by chlorine atoms. 

Inasmuch as a large s e r ~ e s  of polysubstltuted pyrimidines w a s  required in order to 

perform their bloloqical screenlnq, we investigated the reaction between P I  salts 

and primary enamines 3b. It is well-known that 3b as well as their imlne tautomers 

3a a r e  unstable unless some specla1 features are present. s his may be for instance 

an electron-withdrawing group in the 8-position. 

9 
~ortunately, both forms 3a.b can be stabilized by silylatlnq the nitro??" atom . 

  he tautorneric m ~ x t u r e s  of 4a.b are conveniently obtained in a slngle-flask 

reaction from n ~ t r i l e s  and Griqnard reagents followed by silylation of rmine salts 

formed in sicu. Products 4 can be distilled and it is unimportant which isomer. 

elther 4a or 4b,predominates i n  the equillbriurn mixture for the following 

condensation with PI salts. 

1. RCH2M9 Br A r  
A r c  N R Ar . ) ; N S i M e 3  ;r \-I 

2. Me3SiCL RCH, H'-\NH s ; M e 3  

This method works well w ~ t h  non-enollzable nitrile such as substituted 

benzonitriler or heteroaromatlc nltrlles e . g .  2-cyanothlaphene (Table I ) .  
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  able 1. yields and Boiling Palnts of 4 

Tautomeric compounds 4 condense smoothly wxth t w o  equivalents of the appropriate PI 

salt at 20°C in chloroform solution, the only by-products being trimethylsilyl 

chloride and hydrochloric acid. The cyanines 5  are dried i n  vacuo and are 

thermolyred in a ~ u g e l r o h r  apparatus at 12ODc/O.O1 rnmng.  he distilled pyrirnldjnes 

6 are recrystallized from ethanol after removal of some tarry materials by 

flltratlon through silicagel. 

5 and 5 .  are the two extreme canon~cal structures but i t  would he wrong to a s s o n e  

that 5 is completely charge-delocallzed, because of the d~ssymetry induced by the 

more electronegatlve nitrogen. In all c a s e s  hltherto studied the cyclisation was 

r e g ~ ~ s p e c ~ f r c ,  namely the nitrogen at C - 5  loses t w u  alkyl chloride groups a n d  

sub~tltutes the chlorlne at C-I. 

Some l n s ~ g h f  concern~ng the electronic structure of 5 can be gathered from the I3c 

n m r  spectrum of 5 a .  ( R = M ~ )  because the chemical shifts are goad probes of the 

charge density at the correspond~ng carbon a t o m s .  These shlfts observed at 50 MHZ 

in C ~ c l  are : C-l : 154.9 ppm Ism); C-3 : 139.8 Ism): C - 4  - 111.6 ISq); C-5 : 

172.9 ISmI. These data show that the C-5 c a r r l e s  apparently most of the positlve 

charge as it is the c a s e  in the l~rnltlng structure 5 ' .    he l rn ln lurn  nitrogen then 

undergoes a dealkylation via a SN2 attack by the chlorlde counter ion.  his leads 

to an lmldoyl chloride 7 whlch cycllses and the dealkylatjon is repeated whereby 

Stable pyrimidines 6 arise. 



Al though  t h e  mechanism shown above  i s  temptative, t h e  r e a c t i o n  has  a broad scope 

and i t s  s y n t h e t i c  i n t e r e s t  i s  obvious ( T a b l e  2 )  

Table 2. Cyanines  5 and P y r i m i d i n e s  6 
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=he 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 available1'. ~ l r o ,  a few communications mention the existence 

12.13.14 
of a few N.N-bisltrimethylsily1)enamine 9 

RCH,CH = N  SiMe3 RCH=CH -N(  SiMe,I2 

8 - 9 - 
Interestingly, w e  have found earlier that vlnylisocyanates lo1' a still 

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

Phosgene is lost whereby the corresponding 5 are formed1'. 

while the details of this investigation will be published elsewhere, we want to 

stress that the intramolecular N,N-dealkylation of ata-pentamethlniun salts 

constitutes a valuable new approach to polysubstituted 4-chloropyrimidines. 

 oreo over their mobile chlorine permits nucleophilic suhst~tutions and also new 

17 
annulation reactions . 
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EXPERIMENTAL 

A11 melting paints were taken uslng a Dr. Tottoli apparatus. Ir and mass spectra 

were measured on a Perkin Elaer 1710 and a varian Mat 44SEI apparatus. 

respectively. 'H And 13c-nmr spectra were recorded on a varian EM 360 A or varian 

XL200 spectrometer. The following abbreviations are used : s : singlet, d : 

doublet, t ! triplet, q : quartet, m : multiplet. 

General procedure fol the ereearation of N-trimethysjlylketimine5. .......................... -- ------------------- 
A solution of arylnitrile (0.9 eq.) in dry ether is added dropwise to a solution of 

alkyl- or arylmagnesium bromide in ether (prepared from 1.1 e q .  of alkyl- or aryl 



bromide and 1.02 eq. of magnesium) at a rate to maintain moderate refluxing. The 

res~ltlng m ~ x t u r e  is then refluxed for I to 2 h. Tr~methylsilyl chloride (1 eq.1 

then slowly added at 20°c.   he mixture is stirred overnight, the solid formed 

flltered off and washed with dry ether. ~ t h e r  is evaporated and the residue 

distilled in vacuo using a short V ~ g r e u x  column. 

General erocedure for e ~ e p a r a t ~ o n  of 4-chloropy~imldines : -------- ------------- .................................. 
A solution Of N-trimethylsilylketimine 4 (2.09. 9.7 mmoll in dry chloroform (10 mll 

is added dropwise at room temperature to a stirred suspension of PI chloride (19.4 

mmoll in dry chloroform (10 mll. The resulting mlxture is then refluxed Tor about 1 

hour in order to achieve complete dissolution of PI and cessation of HC1 evolution. 

The solvent is removed in vacuo and the residue is washed 3-4 rimes with dry ether 

(10 mll and azacyanlnes 5 are dried in vacuo at room temperature 

5 are rhermolysed i n  a hor~zontal distillatron apparatus tltugelrohrl at 

120-1400C/0.04 mbar. The dlstrlled 6 are further purified by f~ltratlon through 

Short silica gel columns using ethyl acetate:petro1eum (1:91 as eluent=, and then 

they are eventually recrystallized from ethanol 

4 - C h l o r o - 2 - d i m e t h y l a m i n 0 - 5 - m e t h y l - 6 - p h e n y l p r m i d i .  6a  ----------------- ................................... 
Yield : 81%; mp 81-82°C; ir (CHC131 v 3019, 1588, 1574, 1544, 1516, 1492, 1442, 

705, 645 m ;  'H nmr (200 MHz/CDCl31, 6 2.20 s (3H1, 3.17 s 16Hi. 7.40-7.55 m 

ISHI; anal. calcd for Cl3Hl4CIN3: C, 63.03%; H, 5.69; N, 16.96. Found: C, 63.02%; 

H, 5.69; N .  17.01. M', 247 m/z. 

4 - C h l o r o - Z - d i m e t h y l a m m m 0 - 5 , 6 - d ~ p h h n y l p y r n ,  6b ----------------- .................... ---- 

Yield : 85.5%; mp 92-93'C; ir (CHC131 v 3020. 1586, 1573. 1505, 1485. 1443, 702, 

644 Cm-l; 'H nmr (200 MHz/CDCl3I, 6 3.23 s (6HI. 7.08-7.34 m (10H); Anal. calcd for 

C18H16C1N . C, 69.79%; H. 5.21; N. 13.56. Found: C, 69.80%; H. 5.26; N .  13.61. N t .  3' 

309 m/z. 

cm-l; 'H n m r  (200 MHz/CDCl3I. 6 2.19  s (3HI. 3.18 s (681. 7.62-7.73 m (4Hl; M + ,  315 

m / z .  ' 
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673, 666 cm-I; 'H nmr (200 MHz/CDCl3I, 6 2.24 s (3Hl. 3.17 s (6Hl. 3.84 s 13H). 

6.94 d (2H). 7.52 d (2Hl; Anal. calcd for cI4Hl6C1N 0- C. 60.54%; H, 5.81; N ,  3 ' 

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

6 - [ 3 ' - s r o m o p h e n ~ 1 ] - 4 - c h 1 o r o - 2 - d i m e t h y l a m i n - 5 - e t h l p y r i i d n e .  6f --------------- ---.------------------------------ 

Yield : 56.8%; mp 106-1070C; i r  ICHCl31 u 3019, 1585. 1562, 1514, 1474. 697 Cm-l; 

'H n m r  (200 MHz/CDC13), 6 2.20 s (3H1, 3.18 s (6H1, 7.30-7.68 m 14HI; Anal. calcd 

for Cl3Hl38rClN3: C, 47.80%; H ,  4.01; N, 12.87. Found: C. 47.77%; H, 3.96; N, 

12.89. M+. 325 m/z. 

4 - C h l o r 0 - 2 - d i m e t h ~ l a m i n 0 - 6 - p h h h y 1 - 5 - p ~ ~ p y 1 p y r i d n .  6g ----------------- 

Yield : 33%; mp 54-55'C; ir lCHCl31 v 3060, 1585, 1573, 1533, 1510. 1489, 1464. 

1444, 701. 644 cm-l; 'H nmr (200 MHz/CDC131, 6 0.80 t IJz7.5 Hz, 3H1, 1.49 m 

lJ=7.5-8 Hz. 2H). 2.53 m (5=7.5-8 Hz, 2H1, 3.14 s 16Hl. 7.35-7.48 m 15HI. 

4 - c h l o r o - 2 - d i m e t h ~ l a m ~ n o - 5 - h e p t y l - 6 - p h e n y l p y r d n e .  6h ----------------- .......................... 

Yield : 53.9%; mp 31'~; ir (C1iC1~1 v 3020, 1573, 1537, 1511, 1489, 1412, 702. 644 

: 'H nmr 1200 MHz/CDCl31. 6 0.84 t lJ=6.5 Hz. 3H1, 1.17 s 16H1, 1.24 m 12HI. 

1.46 rn 12Hl. 2.50-2.58 m (2Hl. 3.16 s (6H1, 7.38-7.46 m ISHI; M', 331 m/z. 

4 - C h l o r o - 2 - d ~ m e t h ~ l a a i n 0 - 5 - m e t h y I - 6 - I 2 ~ - t h i e n y l l p y i m .  6i ----------------- 

Yield : 18%; rnp 81-82'C; 11 (CHC131 v 3077, 1581, 1546, 1507, 1450, 1434, 1411, 

1380, 1334. 714 m 'H nmr (200 MHz/CDCl3). 6 2.38 s 13HI, 3.12 s (6H1, 7.05 dd 

lJ=5.1/3.8 Hz, ]HI, 7.40 dd 15=5.1/1 .1 Hz, 1H1, 7.48 dd lJ=3.8/1..0 Hz, 1x1 ; Anal. 

calcd for C lIH12C1N S -  C. 52.07%; H. 4.76; N, 16.56. Found: C. 52.20%; H, 5.67; N, 
3 .  

16. 79. Mi, 253 m / r .  

4 - C h l o r o - 5 - m e t h y l - 6 - ~ h e h ~ ~ - 2 - p y ~ ~ ~ 1 ~ d ~ n o p y r d n .  6j .................... --- --- 

Yield : 85%; rnp 94-95'C; ~r (CHCl31, v 3064, 1586, 1572, 1528, 1511, 1489, 1461, 

-1 I 
704, 669 c m  ; X n m r  (200 MHZ/'CDC~~), 6 1.94 m ( 4 ~ 1 ,  2.19 s (3~). 3.57 s ( 4 ~ ) .  

7.37-7.55 m 15HI; Anal. calcd for C 15H16C1N3: C. 65.81%; H, 5.89; N, 15.35. Found: 

C, 65.81%; H, 5.93; N, 15.46. M + .  273 m/z. 

4 - C h l o r o - 5 - m e t h p ~ - 6 - p h e n y l - 2 - p i p e r ~ d i i ~ p y r m i d i n e .  6 k  --------------- ................................ 

Yield : 62%; mP 88-89OC; ir 1CHCl3I. u 3020, 1586, 1572. 1517, 1492. 1465, 1448. 

705, 647 C ;  'H nmr 1200 MHz/CDCl3I, 6 1.61 m 16H1, 2.19 s 13Hl. 3.76 s 14H1. 

7.39-7.53 m 15"); Mt. 287 m / z .  

4 - C h l o = o - 5 - m e t h y ~ : ~ : _ m _ 0 ~ p h h 1 i i i - G - p h _ e ~ y ~ ~ y m i d i n e .  61 --------------- 

Yield : 18%; i lCHCl31, v 3011. 1585. 1572, 1519, 1493, 1449. 1334, 705, 651 cm-I; 

'H nmr 1200 MHz/CDC131, 6 2.22 s (3HI. 3.76 m 18HI. 7.41-7.55 m 15~1 ; ~ n a l .  calcd 

for CI5Hl6Cl~ 0- C, 62.17%; H, 5.56; N. 14.50; C1, 12.23. found: C, 62.31%; H, 
3 .  
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