
100~ for  20 h, a f te r  which the mixture  was cooled, and the solvent was removed  by vacuum evaporation.  
res idue  was chromatographed ina  c h l o r o f o r m -  methanol sys tem (4 �9 1). 

The constants,  spec t ra l  cha rac te r i s t i c s ,  and yields  of III-IX are  presented  in Tables 2 and 3. 
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H E T E R O C Y C L I C  A N A L O G S  OF P L E I A D I E N E  

XXXV.* INVESTIGATION OF CHLORINATION OF PERIMIDINE 

AND ITS 1- AND 2-METHYL DERIVATIVES 

V.  V.  K u z ' m e n k o  a n d  A. F .  P o z h a r s k i i  UDC 547.856.7 : 542.944.2 : 543.422.25.4.6 

The mono-,  di- ,  t r i - ,  and t e t r ach lo ro  der iva t ives  of per imidine  and 1- and 2 -me thy lpe r imi -  
dines were  obtained by chlor inat ion with sulfuryl  chlor ide and 1-chlorobenzotr iazole .  P r i -  
mar i ly  the 6 and 7 posit ions a re  initially at tacked by the e lect rophi le  in acidic media  
(SO2C12- CH3COOH), whereas  the 9 and4 posit ions of the per imidine  sys tem become more  
act ive under neut ra l  conditions (1-chlorobenzotr iazole  in CHC13). 

The naphthalene ring of the per imidine  molecule  (In) has a high degree  of v-surp lus  cha rac t e r  and readi -  
ly undergoes attack by e lect rophi l ic  reagents .  The 6 and 7 (para) posit ions a re  more  active in the ni t rat ion [2] 
and acylation [3] of perimidine;  the 4 and 9 (ortho) posit ions a re  the next most  active posit ions.  Electrophi l ic  
substi tution in the 5 and 8 (meta) posi t ions could not be accomplished.  These  react ions  proceeded most  rapid-  
ly in strongly acidic media through a per imidinium cation. In the p resen t  r e s e a r c h  we studied the chlorination 
of some per imidines  (Ia-d) with sulfuryl  chloride and 1-ch lorobenzot r iazo le  (CBT) [4] for  the f i r s t  t ime.  It 
was assumed that the use of the la t te r  reagent  inapro t ic  solvents would make it possible fo r  the f i r s t  t i m e t o  
obse rve  e lectrophi l ic  substitution in the neutra l  per imidine  molecule .  

The chlorinat ion of perirnidine Ia with an equimolar  amount of sulfuryl  chloride in acet ic  acid leads to 
the format ion  of a mixture  of 6(7)-chloro-  and 4(9)-chloroper imidines  fffa and Ilia) in a ra t io  of 8 : 1, which are  
separable  by chromatography.  The s t ruc tu re s  of the monochloroper imidines  cannot be establ ished by means 
of the PMR, IR, and UV spec t ra ,  since they differ  ve ry  lit t le fo r  the i somers .  It is interest ing that VNH bands 
appear  at 3420-3450 cm -1 in the IR spec t r ao f  both compounds in dilute solutions in chloroform; this indicates 
the absence of the in t ramolecula r  hydrogen bond that is ve ry  cha rac te r i s t i c  for  4 (9)-nitro- and 4 (9)-acetylperi-  
midines ,  which a r e e a s i l y  dist inguished f rom the 6(7) i somers  on this bas is .  They were  the re fo re  identified by 
a l ternat ive  synthesis  (by reduction and cycl izat ion with fo rmic  acid of 4 -ch lo ro -  and 2 - c h l o r o - l , 8 - d i n i t r o -  
naphthalenes).  

* See [1] fo r  communicat ion XXXIV. 

Rostov State Universi ty.  Sc ien t i f ic -Research  Institute of Physical  and Organic Chemis t ry ,  Rostov-on-Don 
344006. Trans la ted  f rom Khimiya Geterots ikl icheskikh Soedinenii, No. 7, pp. 977-984, July, 1978. Original 
a r t i c le  submitted July 4, 1977. 
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T A B L E  1. C h l o r o p e r i m i d i n e s  

C o m -  
pound mp, ~ 

IIa 
Ilb 

lIIa 
IV 
V 

Vl 
VIII 

X 
XI 

XII 
XIII 
XIV 
XVI 

XVII 
XVtlt 

XIX 
XX 

194--195"t" 175-~176 
17,9-- 173"f 
179--180~" 
185 -186"]" 

181"1" 
247--248~f 
185--I8'6 
188--189 
197--198 
200--201 
228--229 
!97--198 
17~--173 
117--118 
159--160 
210--211 

Found, % 
~': N H '  

a m  -1 C }i Cl 

34-90 65,2 3.6 !75 
3420 66,7 415 116,2 
3450 64,8 3,4 117.5 
34]0 55,9 2,7 129,8 
3420 56,0 2,5 130,I 
3400 48.8 2,0 138,9 
3390 45,2 2,1 144,3 
-- 66,6 4,0 17,0 

57,5 3,i 28,! 
157,3 3,0 28,5 
150,5 -9,5 137,5 
t44,9 2,0 44,1 
[50,6 2,6 37.6 
[53,5 3,3 [33,8 
158,9 3,5 27,0 
1~2,3 2,9 135,8 
[46,5 2,2 142,7 

Empirical 
N formula 

[ CuHTCIN~ 
C~HgCIN2 
CIII-I7CIN2 
CIIH6CI2N2 
CuH6C12N2 
CI~HsC13N2 
C~2H6Ct4N2 
CI2HgC1N2 
C~HsCI2'N2 
C12HsC12N2. 
C~2HTCI3N2 
CI2H6C14N2 
C~2HTC13N.~ 
CI4HIICI3N~ 
CIaH~oCI~N~ 
C~3HgCI~N~ 
CiaHsC14N~ 

Calc., % 
I 

C tt C1 I N 
| 

65,0 17,7 13,8 
66,5 16,4 12,9 
65,0 17,7 i3,8 
55,7 30,0 11,8 
5,5,7 30,0 11,8 

148,6 39,3 1O,3 
]45,0 14,4 8,8 
[66,4 16,6 12,9 
]57,4 28,3 11,2 
157,4 28,3 11,2 
50,4 37,3 9,6 

[45,0 -t4,4 8,8 
] 50,4 37,3 9,6 
153,6 33,9 8.9 
/59,0 26,8 10:6 
159.0 35.7 9.3 
] 46,7 42.5 8,4 

80 
74 
10 
33 
30 
81 
98 
8t  
90 
40 
85 
75 
70 
51 
45 
75 
60 

* The compounds  w e r e  r e c r y s t a l l i z e d :  Ha, V, and VI f r o m  
aqueous  a lcohol ,  IIb, IIIa ,  and IV f r o m  ethyl  ace ta te ,  VIII,  XI, e thyl  
ace ta t e ,  VIII,  XI, XIII, XIV, XVI, XVII, and XX f r o m  butanol ,  X 
f r o m  benzene  with octa_ne, and XII, XVIII, and XIX f r o m  alcohol .  
t T h e s e  compotmds  d e c o m p o s e d  on mel t ing .  

ua.b ~ s ~ e ~  vla,b lUa, b 

/CI 

,v \ e , ~  v v, 

CI--~--NO2 
CI ~-~NO2 

VII 

I ( l - I l l  a, I v - v l  R ~ t t ;  I b - l I t  b R = C H  a 

The only r e a c t i o n  p roduc t  was  2 - m e t h y l - 6  (7 ) - ch lo rope r imid ine  fill)) (74%7 in the ch lo r ina t ion  of  2 - m e t h y l -  
p e r i m i d i n e  (Ib) under  the s a m e  condi t ions .*  

The ch lo r ina t ion  of p e r i m i d i n e  Ia  with 2 moles  of  su l fu ry l  ch lor ide  leads  to a mix tu re  of 4 ( 9 ) - c h l o r o p e r i -  
mid ine  (gia) (14%), 4 ( 9 ) , 6 , 7 - t r i c h l o r o p e r i m i d i n e  (VD (18%), 6 , 7 - d i c h l o r o p e r i m i d i n e  (IV) (10%), and d i ch lo ro -  
p e r i m i d i n e  V (30~c), the p r e c i s e  s t r u c t u r e  of which was  not e s tab l i shed .  It is p r e s u m a b l y  4 , 7 - d i c h l o r o p e r i m i -  
dine (V). The s t r u c t u r e s  of  IV and VI w e r e  c o n f i r m e d  by a l t e rna t ive  syn thes i s  f r o m  1 ,8 -d ich lo ronaph tha lene  
(VII). It is i n t e res t ing  that  VI is f o r m e d  by reduc t ion  of naphthalene VII with SnC12 in HC1 with subsequent  hea' ,-  
ing in f o r m i c  acid.  The i n c o r p o r a t i o n  of a th i rd  ch lo r ine  a tom in this  ca se  evident ly  o c c u r s  in the s tep involv-  
ing the f o r m a t i o n  of the d iamine  r a t h e r  than a f t e r  cyc l i za t ion ,  in ana logy  with the r educ t ion  of 1 -n i t ronaph tha -  
lene to 4 - c h l o r o n a p h t h y l a m i n e  [6]. 

4 ( 9 ) , 6 , 7 - T r i c h l o r o p e r i m i d i n e  (VI) is f o r m e d  in 81% y ie ld  in the ch lor ina t ion  of pe r imid ine  Ia  with 3 o r  
m o r e  mo le s  of su l fu ry l  ch lor ide  at 110-115~ We w e r e  unable to obtain a t e t r a c h l o r o p e r i m i d i n e  by d i r ec t  

* Accord ing  to the da ta  in [5], lib obta ined f r o m  4 - c h l o r o - l , 8 - d i n i t r o n a p h t h a l e n e  has mp 127~ Our sample ,  
which  we obta ined  both by ch lo r ina t ion  of Ib and f r o m  4 - c h l o r o - l , 8 - d i n i t r o n a p h t h a l e n e ,  has  mp 175-176~ 
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TABLE 2. PMR Spectra of Chloroper imidines  

C o m -  

p o u n d  '* 

I Ia  
l i b  

I l ia  

IV 
V 

VI 
VIII  

X 

XI 
XII 

XIII 
XIV 
XVI 

XVII 
XVIII 

XIX 
XX 

C--CHs 

2,25 s 

2,40 s 

2,45 s 
2,45 s 
2,45 s 

N--CHa [ H2 

i 
- -  7,48 s 

- -  7,48 s 

- -  i 7,45 s 
-- [ 7~55 s 
__  II 7~54 s 

3,5 I 7,83 d 

3~80 7,85 d 
3,27 7,82 s 
3,80 7,92 d 
3,78 i 7,90 s 
3,27 i 7,35 s 

I 7,92 d 
3 , ~  - -  
3,60 
3,55 

6, ppm 
H,--H~ 

2H4, 9 6,55 m; 3Hs, ~', s 7,31 m 
5H4-9 6,85 m 
4Hs-s 7,20 rn; H9 6,46 q 

2H~, 9 6,35 d; 2Hs, 9 7,28 d 
3Hs. 6, 8 7,25 rm H9 6,50 m 
Hs 7,42 s; Ha 7,24 d; H9 6,44 d 
2Hs, s 7,17 s 
4Hs-s 7,10 m H9 6,53q 

4Hs-9 7,15 In 
H4 6,45 d; 2Hs, s 7,05 d; H9 6,35 d 
Hs 7,45d; H9 7,12 d; Hs 7,15s 
2Hs, 9 7,17s 
Hs 7,15 s; Ha, 7,20d; H9 6,55d 
3H9, 9, 9 7,28 m 
4Hs-s 7,10 s 
H9 7,52d; Hs 7,15d; Hs 7,20s 
2H9, s 7,15 S 

1, HZ 

14'9 I J5,8 

/orth~6,o 
Imet~- 2,5 
8,3~ 18,3_~ _ 
18, 9=8,0 

/ortho= 6,80 
lmeta= 3,0 

19o 
Is, 6=9,0 

Is, 9=9,9 

- I -  
Is, s=9,0 

* Compounds IIa, HIa, and IV-VI in DMSO, and X-XX in CF3COOH. 
T The NCH(CH3) 2 group gives signals at 1.25 (d, 6H) and 5.2 ppm 
(In, 1H) with J = 6.7 Hz. 

chlorination of Ia with sulfuryl  chloride.  On the other  hand, 2-methylper imidine  is chlorinated with excess  sul- 
furyl  chloride to the t e t r ach lo ro  der ivat ive  (VIII) ; i .e. ,  the methyl group inc reases  the activity of the naphtha- 
lene ring appreciably with r e spec t  to e lec t rophi les .  

/C! 

Cl - - ( ~ ' ~ ' ~ -  N, S02CI. 2 ( 4-6 moles) _ ~ _  \~ 
I b CHACO011 _E l l  3 

C I -  

VIII 

An at tempt to accomplish the chlorinat ion of Ia,b by the action of CBT in acetoni t r i le  as recommended  
recent ly  in [7] was unsuccessful  because of pronounced resinif icat ion.  It is known that per imidines  with a f ree  
NH group a re  easi ly  oxidized, whereas  1-chlorobenzot r iazole  is not only a chlorinating agent but also a s trong 
oxidizing agent [4, 8]. In fact ,  the chlorinat ion of 1-methylper imidine  (Ic) with CBT proceeds  without res in i f i -  
cation an under mild conditions. Thus a mixture  of 9 -ch loro-  (IX) (53%), 4 -ch loro-  (X) (10%), and 4 ,9-dichloro-  
1-methylper imidine  (XI) (27%) is fo rmed  in the react ion of 1 mole of CBT in ch loroform at 0~ This was es-  
tabl ished by compar ison of the chemical  shifts of the singlets of the protons of the 1-methyl  groups of genuine 
samples  with data f rom the spec t rum of the mixture  (see below). 

"(I - m % i g  + § 

�9 "----'~ CH 3 Clf 3 
el 

X XI IC IX 

o / �9  o 

X[I[ XIV 

We were  able to isolate only 1-methyl -4 ,9-d ich loroper imid ine  (15%) f rom the mixture.  1-Methyl-4-  
chloroper imidine  (X) was obtained by a l ternat ive  synthesis  by methylat ion of 4-chloroper imidine .  

The chlorinat ion of Ie with 2 moles of CBT proceeds  ve ry  select ively to give only 4 ,9-dichloro der ivat ive 
XI in 90% yield.  The location of one of the chlorine atoms in the 4 position in XI can be judged f rom the fact 
that it cannot be quaternized even on prolonged refluxing with methyl  iodide in alcohol;  this is cha rac te r i s t i c  
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for  other 1,4-disubsti tuted per imidines  [9]. The isomeric  1-methyl -6 ,7-dichloroper imidine  (XII), obtained by 
methylation of IV with methyl iodide, readily undergoes this reaction.  The location of the second chlorine 
atom in the 9 position follows f rom the PMR spect roscopic  data. We found that the signal of the 1-methyl group 
in the 4-,  6-,  and 7-chloro-subs t i tu ted  derivat ives  (mono-, di-,  and trisubstituted) of 1-methylperimidine is 
found at 3.2 ppm, while in a number  of other  cases  it is observed at 3.75 ppm. We also associate  these in- 
s tances with the deshielding effect of the chlorine atom in the 9 position. In the case of XI the signal of the 
CH 3 group appears  at 3.80 ppm. 

Tr ichloro  derivat ive XHI is formed in 85% yield in the chlorination of Ic with 3 moles of CBT. The 
product  does not undergo quaternizat ion with CH3I , i.e., one of the chlorine atoms is in the 4 position. The sig-  
nal of the 1-CH 3 group is found at 3.75 ppm in the PMR spect rum of XIII, and the other chlorine atom conse-  
quently is found in the 9 position. It is not possible to establish the location (6 o r  7 position) of the third chlo- 
rine atom by means of the spec t rum or  by chemical  means.  However, if one takes into account the fact  that the 
t rend of the chlorination of 1-methylper imidine Ic is determined by the effective negative charges  in the neu- 
t ra l  molecule [10] (see below), it may be assumed that the compound formed in the react ion is 4 ,7 ,9- t r ich loro-  
1-methylper imidine (XIII). 

The chlorination of 1-methylper imidine with 4 or  more  moles of CBT leads to 1 -methy l -4 ,6 -7 ,9 - t e t r a -  
chloroper imidine (XIV) in 75% yield. Compound XIV is also formed in the chlorination of XIII with 1-ch loro-  
benzotr iazole .  

We also ca r r i ed  out the chlorination of 1-methyl -6 ,7-d ichloroper imidine  (XII) with 1 mole of CBT, in 
which an inseparable mixture of two t r ich loro  derivat ives  (XV and XVI) is formed.  According to the PMR 
spect ra l  data, this mixture consis ts  of 1 -methyl -6 ,7 ,9- t r ich loroper imid ine  (XV) (83%) and 1 -methy l -4 ,6 ,7 - t r i -  
chloroper imidine (XVI) (17%). The lat ter  was obtained by methylation of VI. 

XII 
CTB { I mole) 

XV XVI 

Thus chlorination with 1-chlorobenzotr iazole  p r imar i ly  takes place in the 9 position only if the volume 
of the group attached to 1-N does not hinder attack on this position by the electrophile.  Thus only 1- isopropyl-  
4 ,6 ,7- t r ich loroper imidine  (XVII) is formed in the react ion of 4 moles of CBT with 1- isopropylperimidine.  

Similar regular i t ies  are  observed in the chlorinat ion of 1,2-dimethylperimidine (Id) with 1-chlorobenzo-  
t r iazole .  We also obtained 4 ,9-d ichloro-  (XVHI), 4 ,79- t r ich loro-  (XIX), and 4 ,6 ,7 ,9 - te t raeh lo ro- l ,2 -d imethy l -  
per imidine (XX) in the individual state. 

The investigation showed that per imidines  undergo electrophil ic  substitution in different directions in 
acidic and neutral  media. P r imar i l y  the 6 and 7 (para) positions undergo attack by the electrophile in acidic 
media, whereas  the 9 and4 (ortho) positions become more  active under neutral  conditions when appreciable 
s te r ic  hindrance is absent. These differences indicate indirectly that nitrat ion [2], chlorination in CH3COOH, 
and acylation in polyphosphoric acid (PPA) [3] proceed  through the perimidinium cation, whereas the neutral  
molecule undergoes chlorination by 1-chlorobenzotr iazole  in aprotic media. Let  us note that the direct ion of 
chlorination with CBT is in agreement  with the effective negative charges  of the neutral molecule (C 9 > C 4 > 
C 7 > C6) , whereas  pa ra  orientat ion in the cation cor re la tes  with the electrophil ic  localization energy.  

E X P E R I M E N T A L  

The IR spec t ra  of solutions of the compounds in chloroform were measured  with a UR-20 spectrometer~ 
The UV spec t ra  of methanol solutions of the compounds were recorded  with an SF-4A spectrophotometer .  Th~ 
PMR spec t ra  were  recorded  with a Tesla  BS-467 spec t romete r  with hexamethyldisiloxane as the internal 
standard.  The course  of the react ions was followed by means of TLC. The compounds were purified by chro-  
matography with columns filled with A1203 (Brockrnann activity IV). 

4(9)-Chloroperimidine (IIIa). A 5.0-g (0.02 mole) sample of 1 ,8-dini t ro-2-chloronaphthalene [11] was 
added in port ions with s t i r r ing  at 90~ to a suspension of 8.0 g of powdered iron in 100 ml of xylene, 20 ml of 
water ,  and 1 ml of acetic acid, after  which the mixture was s t i r red  for  3 h on a boi l ing-water  bath. It was 
then t reated with 2.5 m] of 40% NaOH, and the water  was removed by distillation with xylene (three 50-ml por -  
tions). The f i l t ra tes  were combined and t rea ted  with 20 ml of concentrated HC1, and the gray precipitate of 
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1 ,8-d iamino-2-ch loronaphtha lene  dihydrochloride was r emoved  by f i l t ra t ion and washed with pe t ro l eum e ther  
to give 1.0 g of product .  Without f u r t he r  purif ication,  the diamine was ref luxed with 5 ml of f o rmic  acid for  
1 h, a f t e r  which the mix ture  was diluted to twice its volume with water ,  and the product  was purif ied with ac t i -  
va ted  charcoal .  The y ie ld  of y e l l o w - g r e e n  c ry s t a l s  was 0.25 g (6%). UV spec t rum,  k m a x  (log e): 237 (4.62) 
and 340 nm (4.13). 

6 (7)-Chloroper imidine  (IIa). This  compound was obtained by the method desc r ibed  above f r o m  1,8-dini-  
t ro -4 -ch lo ronaph tha lene  [5]. Workup gave ye l l ow-g reen  c rys t a l s ,  with mp 198~ (dec.) (rap 200~ [5]), in 54% 
yield .  UV spec t rum,  k m a x  (log e): 330nm (4.18). 

2 -Methyl -6  (7) -chloroper imidine  (lib). This  compound was obtained f r o m  1 ,8 -d in i t ro -4-ch loronaphtha-  
lene by reduct ion with i ron and subsequent  cycl izat ion with acet ic  anhydride. Workup gave g reen i sh  c r y s t a l s  
with mp 175-176~ (dec.) (mp 127~ [5]). 

1 ,8 -Dich loro-4-n i t ronaphtha lene .  A mix tu re  of 9.8 g (0.05 mole) of 1 ,8-dichloronaphthalene and 20 ml of 
HNO 3 (sp. gr .  1.40} was heated  to 50~ during which the t e m p e r a t u r e  rose  spontaneously to 80~ cooling was 
n e c e s s a r y  to p reven t  e ject ion of the reac t ion  mix ture .  After  spontaneous heating ceased,  the t e m p e r a t u r e  was 
r a i s ed  to 90~ and the mixture  was s t i r r e d  fo r  1 h. It was then cooled and poured over  40 g of c rushed  ice. 
The yellow prec ip i t a te  was r em oved  by f i l t ra t ion  and washed with wa te r  until the wash wa t e r s  were  neutra l .  
The yie ld  of yel low needles ,  with mp 134-135~ (from butanol), was quanti tat ive (10.6 g). Found: C 49.7; H 2.0; 
C1 29.5; N 5.5%. Ci0H~CI2NO 2. Calculated:  C 50.0; H 2.1; C1 29.3; N 5.8%. 

1 ,8-Dichloro-4 ,5-d in i t ronaphtha lene  (VII). A 2 - m l  sample  of HNO 3 (sp. gr .  1.50) was added dropwise  with 
v igorous  s t i r r ing  to 1.2 g (5 mmole)  of 1 ,8-d ich loro-4-n i t ronaphtha lene ,  during which the ni tr ic  acid began to 
boil  spontaneously.  The mix ture  was  ref luxed for  10 min, a f t e r  which it was  cooled and poured over  50 g of 
ice. The resu l t ing  yel low prec ip i t a te  was r em o ved  by f i l t ra t ion and washed with wa te r  until the wash wa t e r s  
we re  neutra l .  The yie ld  was 1.2 g. The 'mix tu re  was  t r ea t ed  with boiling alcohol, and the p rec ip i t a te  was r e -  
moved by f i l t ra t ion to give 0.5 g (35%) of pa le -ye l low needles  with mp 198-199~ (from butanol). PMR spec-  
t r u m  (I)MSO): 8.06 (d, 2-  and 7-H) and 8.44 ppm (d, 3-  and 6-H, J = 12 Hz). Found: C 42.0; H 1.3; C1 25.0; 
N 9.5%. CIoHtC12N204. Calculated:  C 41.8; H 1.4; C1 24.7; N 9.8%. The compound cm~ also be obtained f rom 
1,8-dichtoronaphthalene by ref luxing in HNO 3 (sp.gr .  1.50), but the yield in th is  case  did not exceed 20%. 

6 .7-Dich loroper imid ine  (IV). The method used to p r e p a r e  KIa was employed to obtain this compound 
f r o m  VII by reduct ion with i ron in a weakly acidic medium and subsequent  cycl izat ion of the resul t ing  1 ,8-di-  
ch loro-4 ,5-d iaminonaphtha lene  with f o r m i c  acid. Workup gave l ight-yel low p r i s m s  in 33% yield. 

4 ,6 ,7 -Tr i ch lo rope r imid ine  (VI). A suspension of 1.43 g (5 mmole)  of dichloronaphthalene VII in 10 ml  
of alcohol was added to a solution of 7.9 g (35 mmole)  of SnC12 �9 2H20 in 30 ml  of concent ra ted  HC1, and the 
mix ture  was heated on a bo i l ing-wate r  bath for  2 h. It was then cooled, and the prec ip i ta ted  tin complex  was 
r emoved  by f i l t ra t ion  andwashed  with concent ra ted  HC1. A suspens ion of the complex in 50 ml  of wa te r  was 
made alkal ine to pH 10 with excess  40% NaOH and ex t rac ted  with CHC13. The solvent  was removed ,  and the 
res idue  was ref luxed with 15 ml of f o r m i c  acid fo r  30 min.  The mix tu re  w a s  then purif ied and worked up by 
the method desc r ibed  for  I l ia to give 0.6 (40%) of ye l l ow-g reen  c rys t a l s .  

1 -Methy l -4 -ch lo rope r imid ine  (X). A 0 .1-ml  (1.5 mmole)  sample  of methyl  iodide was added in a n i t ro-  
gen a tmosphe re  to a solution of 0.25 g (1.2 mmole)  of 4(9) -ch loroper imidine  and 0.1 g (1.5 mmole)  of 85% KOH 
in 10 ml of alcohol,  and the mix ture  was s t i r r e d  at 50~ fo r  2 h. It  was then evapora ted  to d ryness ,  and the 
res idue  was d isso lved  in 3 ml of benzene.  The solution was then subjected to ch romatography  with a column 
fi l led with A1203 (elution with benzene) to give 0.22 g (84%) of yellow p r i s m s .  

1 -Methy l -6 ,7 -d ich lo roper imid ine  (XII). A solution of 0.66 ml (10 mmole)  of methyl  iodide in 5 ml of al-  
cohol was added dropwise  in a ni t rogen a tmosphe re  to a solution of 1.9 g (8 mmole)  of IV and 0.66 g (10 mmole)  
of 85% KOH in 20 ml of alcohol, and the mix ture  was s t i r r ed  at r o o m  t e m p e r a t u r e  for  3 h. It was then evapo-  
r a t ed  to d ryness ,  and the res idue  was ch romatographed  on A1203 (elution with chloroform)  to give 0.8 g (40%) 

of g r a y - g r e e n  c rys t a l s .  

1 -Methy l -4 ,6 ,7 - t r i ch lo rope r imid ine  (XVI). A solution of 0.2 ml (3 mmole)  of methyl  iodide in 5 ml  of a l -  
cohol was added dropwise  in a n i t rogen a tmosphe re  to a solution of 0.7 g ~ .7  mmole)  of VI and 0.2 g (3 mmole)  
of 85% KOH in 15 ml  of alcohol,  and the mixture  was s t i r r e d  at  room t e m p e r a t u r e  for  2.5 h and at 60~ for  30 
min. Pur i f ica t ion  by chromatography  with a column filled with A1203 (elution with chloroform)  gave 0.55 g 
(70%) of ye l l ow-g reen  p r i s m s .  
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1- I sopropy lpe r imid ine .  A 6 -ml  (64 mmole)  sample  of i sopropyl  b romide  was added dropwise in a n i t ro -  
gen a tmosphe re  to a solution of 8.4 g (50 mmole)  and Ia and 3.3 g (50 mmole)  of 85% KOH in 100 ml  of alcohol, 
and the mix tu re  was s t i r r e d  on a bo i l ing-wate r  bath for  5 h. It was then cooled, and the prec ip i ta ted  KBr was 
r e m o v e d  by f i l t ra t ion.  The solvent  was r em oved  by evapora t ion  to d ryness ,  and the res idue  was ch romato -  
g raphed  twice on AI203 (elution with benzene) to give 2.1 g {20%) of l ight-brown p r i s m s  with mp 127~ (from 
octane) (mp 67-68~ [12]). PMR s pec t rum  (CDC13): 1.35 [d, (CH3)2, J = 7.5 Hz], 3.95 (m, N - C H ~ ) ,  6.15 (t, 
9-H), 6.75 (q, 4-H,  J m e t a  = 6 Hz, Jor tho  -- 2 Hz), 7.1 (m, 5 -  8-H), and 7.35 ppm (s, 2-H).  Found: C 79.9: 
H 6.5; N 13.0%. CI4Ht4N 2. Calculated:  C 80.0; H 6.7; N 13.3%. 

Chlor inat ion of P e r i m i d i n e  (Ia). A) With i Mole of Sulfuryl Chloride.  A solution of 0.6 ml  (7.5 
mmole)  of su l fury l  chlor ide  in 5 ml  of ace t ic  acid was  added dropwise  to a solution of 1.2 g (7 .5mmole )o f  
Ia  in 20 ml  of acet ic  acid, the t e m p e r a t u r e  was gradual ly  r a i s ed  to 80~ and the mixture  was s t i r r ed  at this 
t e m p e r a t u r e  for  1 h. It was  then cooled and diluted with25 ml of water ,  and the aqueous mixture  was neu- 
t r a l i zed  with 22% NH4OH. The resul t ing g r a y - g r e e n  prec ip i ta te  was r emoved  by f i l t ra t ion  and washed with 
wa te r .  The yie ld  was 1.5 g. The prec ip i ta te  was ch romatographed  with a column fil led with A1203 (elution 
with ethyl acetate)  to give 0.15 g (10%) of ye l l ow-g reen  c r y s t a l s  of 4(9) -chloroper imidine  fiIIa). No mel t ing-  
point dep res s ion  was obse rved  for  a mix ture  of a sample  of this product  with a genuine sample  of IIIa. 6 (7)- 
Chloroper imid ine  (IIa)was e x t r a c t e d f r o m  the a luminum oxide with hot alcohol. Workup gave 1.2 g (80%) of 
g reen i sh  p r i s m s .  No mel t ing-poin t  depress ion  was obse rved  fo r  a mix tu re  of a sample  of this product  with a 
sample  of I Ia  obtained by a l te rna t ive  synthes is .  

B) With 2 Moles of Sulfuryl Chloride.  A solution of 1.6 ml  (20 mmole)  of sulfuryl  chloride in 5 ml  of 
ace t ic  acid was added dropwise  to a solution of 1.68 g (10 mmole)  of Ia in 25 ml  of acet ic  acid, and the mix-  
ture  was s t i r r e d  at 80~ fo r  2 h. It was then cooled, and the prec ip i ta ted  gray  c r y s t a l s  were  r emoved  by f i l -  
t r a t ion  and washed with acet ic  acid and e ther .  Chromatography  with a column fil led with a luminum oxide 
[elution with c h l o r o f o r m - e t h y l  ace ta te  (1:1)] gave success ive ly  4 ,7-d ich loroper imid ine  (V) [0.25 g (10%)], 
t r i ch lo rope r imid ine  VI [0.5 g (18%)], and d ich loroper imidhm IV [0.1 g (4%)]. The f i l t ra te  was diluted with 30 
ml of wa t e r  and t r e a t ed  with 22% am m on i um  hydroxide to p rec ip i ta te  g r a y - g r e e n  c rys t a l s ,  which were  r e -  
moved  by f i l t ra t ion.  The mix tu re  was sepa ra t ed  with a column fil led with a luminum oxide [elution with chloro-  
f o r m - e t h y l  ace ta te  (1 : 1)] to give monochloroper imid ine  IIIa [0.3 g (14%)], d ichloroper imidine  V [0.5 g (21%)], 
and 6 ,7 -d ich loroper imid ine  (IV) [0.23 g (10%)]. With r e s p e c t  to the i r  phys icochemica l  p rope r t i e s ,  IIIa,  IV, and 
VI were  identical  to the compounds obtained by a l te rnat ive  synthes is .  

C) With 3 Moles of Sulfuryl Chloride.  A 1 .2 -ml  (15 mmole)  sample  of sulfuryl  chloride was added to a 
solution of 0.84 g (5 mmole)  of Ia in 15 ml of acet ic  acid, during which the mixture  heated up spontaneously.  
It was then heated to 115~ and s t i r r e d  at this t e m p e r a t u r e  for  3 h. It  was cooled, and the g ray  prec ip i ta te  
was r emoved  by f i l t ra t ion  and washed with e ther .  It was suspended in concentra ted  ammonium hydroxide,  and 
the solid ma te r i a l  was  r em oved  by f i l t ra t ion and washed with water .  The yie ld  of 4 ,6 ,7 - t r i ch lo roper imid ine  
(VI) was 1.2 g. No mel t ing-poin t  depress ion  was obse rved  fo r  a mix ture  of a sample  of this product  with a 
genuine sample .  

Chlor inat ion of 2 -Me thy lpe r imid ine  (Ib). A) With 1 Mole of Sulfuryl -Chlor ide .  The reac t ion  was  
c a r r i e d  out as in the chlorinat ion of pe r imid ine  with I mole  of su l iury l  chloride,  and the product  was  
pur i f ied  by ch roma tog raphy  with a column fil led with a luminum oxide (elution with ch loroform) .  The 
y ie ld  of 2 -me thy l -6 (7 ) - ch lo rope r imid ine  was 0.8 g (74%). The product  was identical to the compound obtained 
by a l te rna t ive  synthes is .  

B) With E x c e s s  Sulfuryl Chloride.  A 2 . 4 -ml  ~30 mmole)  sample  of sulfuryl  chloride was added to a solu-  
tion of 0.91 g (5 mmole)  of lb in 15 ml of acet ic  acid, and the mixture  was heated at 80~ for  3 h. It was then 
cooled, and the d a r k - g r e e n  c r y s t a l s  of t e t r a c h l o r o - 2 - m e t h y l p e r i m i d i n e  VIII were  r emoved  by f i l t rat ion.  

Chlor inat ion of 1 -Me thy lpe r imid ine  (Ic). With 1 Mole of 1 -Ch lo robenzo t r i azo le .  A solution of 0.38 
g (2.5 mmole)  of 1 - c h l o r o b e n z o t r i a z o l e  in 20 ml  of ch lo ro form was  added dropwise  at 0~ in the course  
of 1 h to a solution of 0.45 g (2.5 mmole)  of Ic in 50 ml  of ch loroform,  a f t e r  which the ch lo ro form s o l u -  
t ion was concent ra ted  and pa s s ed  through a column fi l led with a luminum oxide (elution with chloroform) .  The 
1 -me thy l -4 ,9 -d i ch lo rope r imid ine  (XI) f rac t ion  with R f  0.6 was collected.  The yield of g r a y - g r e e n  p r i s m s  of 
IC was 0.09 g (15%). 

B) With 2 Moles of 1 -Chlorobenzot r iazo le .  The reac t ion  was c a r r i e d  out under conditions s im i l a r  to 
those desc r ibed  above.  Pur i f ica t ion  by ch romatography  with a column fil led with A1203 (elution with chloro-  
form)  gave d ich loroper imid ine  XI in 90% yield.  
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C) With 3 Moles of N-Chlorobenzotriazole. The reaction of 0.45 g ~.5 mmole) of IX and 1.14 g (7.5 
mmole) of CBT in 70 ml of chloroform at room temperature gave 0.6 g of 1-methyl-4,7,9-tr ichloroperimi-  
dine (XIII). 

D) With Excess N-Chlorobenzotriazole. Treatment of 1-methylperimidine with excess CBT under the 
conditions in experiment C gave yellow green crystals  of tetrachloro derivative XIV in 75% yield. 

Reaction of 1-Methyl-6,7-dichloroperimidine with N-Chlorobenzotriazole. Equimolar amounts of ~ and 
CBT were s t i r red in chloroform for 1 h. The product was purified by chromatography. The yield of t r ichloro-  
perimidines XV and XVI, obtained as green pr isms with mp 203-204~ (alcohol), was 90%. PMR spectrum 
(CF3COOH): 3.25 (s, -CH3,17%) , 3.67 (s, -CH3, 83%), 6.63 (d, 4-H, J = 8 Hz), 7.17 (d, 5-H, J = 8 Hz), 7.17 (s, 
8-H), and 7.73 ppm (s, 2-H). 

1-Isopropyl-4,6,7-trichloroperimidine (XVII). A solution of 1.53 g (10 mmole) of CBT in 30 ml of chloro- 
form was added dropwise inthe course of 1 h to a solution of 0.5 g ~.5 mmole) of 1-isopropylperimidine in 70 
ml of chloroform, and the product was purified by the usual general method. The yield of yellow needles of 
tr ichloro derivative XVIIwas 0.45 g. 

Chlorination of 1,2-Dimethylperimidine with 1-Chlorobenzotriazole.  A) With 2 Moles of CBT. Stoi- 
chiometric amounts of 1, 2- dimethylperimidine and CBT were s t i r red in chloroform for 1 h, after  which 
the mixture was concentrated and purified by chromatography on aluminum oxide (elution with benzene). 
The yield of bright-yeUow pr isms of dichloro derivative XVIH was 45%. 

B) With 3 Moles of CBT. The experiment was carr ied out by the usual method, and the product was puri- 
fied by chromatography on aluminum oxide (elution with chloroform). The yield of yellow-green prisms of 1,2- 
dimethyl-4,7,9-trichloroperimidine was 75%. 

C) With 4 Moles of CBT. The reaction was car r ied  out under conditions similar  to those described 
above. Purification with a column filled with A1203 (elution with chloroform) gave yellow-green pr isms of 1,2- 
dimethyl-4,6,7,9-tetrachloroperimidine (XX) in 60% yield. 
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