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ORGANIC PREPARATIONS AND PROCEDURES INT. 20(5), 511-519 (1988) 

A ONE-POT PREPARATION OF SUBSTITUTED BIS-1,3,5-TRIAZINIUM SALTS 
It 

Hasan Tashtoush and Mahmoud Al-Talib 

Department of Chemistry 
Yarmouk Universi ty ,  I r b i d ,  JORDAN 

The chemistry of acylium sal ts  has a t t r a c t e d  much a t t e n t i o n  recent ly  

because of t h e i r  importance as usefu l  synthe t ic  intermediates  .1-4A previous 

paperL descr ibed t h e  f a c i l e  r e a c t i o n  of d iacyl  ch lor ides  with N ,N-dialkyl- 

cyanamide i n  t h e  presence of Lewis ac ids  (Eq. 1) t o  a f f o r d  amino s u b s t i t u t e d  

bis-1,3,5-oxadiazinium e a l t s  1, t h e  r e a c t i o n  was shown t o  involve acylium 

salts  as i n t e m e d i a t e s .  The r e a c t i o n  of a c y l  ch lor ides  with dialkylcarbodi-  

+ 2 M C l n  + 4  

imides has been found t o  g ive  a c y l  chloroformamidines (2) as t h e  s o l e  pro- 

duct (Eq. 2 ) . 5 y 6  L i t t l e  i s  known about t h e  reac t ion  of acylium sal ts  with 

R C O C l  + R'N=C=NR'- R ' N = C  
'NCOR 

I 2 R' 

d ia lkylcarbodi imides.  A recent  repor t  by one of t h e  present  authors  has 

shown t h a t  acylium sal ts  reac ted  with t h r e e  equivalents  of dialkylcarbodi-  

imides t o  a f f o r d  s u b s t i t u t e d  lY3,5- t r iaz in ium salts. The present  s tudy des- 

c r i b e s  a d e t a i l e d  i n v e s t i g a t i o n  on t h e  prepara t ion  of amino s u b s t i t u t e d  bis- 

1,3,5- t r iazinium salts (2) y& t h e  r e a c t i o n  of diacylium sal ts  with d ia lkyl -  

carbodiimides (Eq. 3 ) .  

Adipoyl ch lor ide  reac ted  with s i x  equivalents  of diisopropylcarbodi- 

"1988 by Organic Preparations and Procedures Inc. 
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TASHTOUSH AND AL-TALIB 

( 3 )  C 1 C O ( C H 2 ) n C O C 1  + 2 M C l n  + 6 RN=C=NR-R 

3 - 
imide i n  t h e  presence of two equ iva len t s  of antimony pen tach lo r ide  t o  g i v e  

t h e  amino s u b s t i t u t e d  bis-173,5- t r iazinium sal t  3. The r e a c t i o n  was q u i t e  

c l ean ,  proceeding i n  n e a r l y  q u a n t i t a t i v e  y i e l d  (Table  1). The s t r u c t u r e  of 

- 3c w a s  confirmed by 'H-NMR, 1 3 C - m ,  I R  spectroscopy and elemental  a n a l y s i s .  

Other L e w i s  a c i d s  such as SnCl,,, FeC13 and ZnC12 were a l s o  e f f e c t i v e  i n  

promoting t h e  r e a c t i o n  (Table 1). Among t h e  t e s t e d  L e w i s  a c i d s ,  s t a n n i c  

ch lo r ide  w a s  t h e  most e f f i c i e n t  i n  promoting t h e  r e a c t i o n  of adipoyl  chlo- 

r i d e  wi th  diisopropylcarbodiimide, and only one equivalent  of it w a s  s u f f i -  

c i e n t  f o r  t h e  completion of t h e  r e a c t i o n  i n  less than  one hour.  n e r e a c -  

t i o n  w a s  extended t o  include o t h e r  d i a c y l  ch lo r ides  as w e l l  a s  o t h e r  

dialkylcarbodi imides;  t h e  r e s u l t s  areshown i n  Table 1. It  w a s  observed t h a t  

oxa ly l  and ph tha loy l  c h l o r i d e s  are much slower i n  t h e i r  r e a c t i o n s  with 

dialkylcarbodi imides and g i v e  lower y i e l d s  than  o t h e r  d i acy lch lo r ides .  This 

may be a t t r i b u t e d  t o  s t e r i c  hindrance i n  t h e  products .  The r e a c t i o n  i s  

bel ieved t o  proceed as shown 5n scheme 1 & t h e  add i t ion  of t h e  acylium 

s a l t  intermediate  A t o  two equ iva len t s  of carbodiimide y i e l d s  a cyanamidium 

sal t  2 which t h e n  r e a c t s  w i th  another  two equ iva len t s  of carbodiimide t o  

g ive  in t e rmed ia t e  C. Intermediate  r e a c t s  f u r t h e r  with another  two equiva- 

l e n t s  of  carbodiimide t o  g ive  2 which undergoes c y c l i z a t i o n  t o  a f f o r d  t h e  

products 3 (a -1 ) .  2,738 

It i s  i n t e r e s t i n g  t c  c o n t r a s t  t h e  behavior of d i a c y l  ch lo r ides  with f o u r  

equ iva len t s  of N,N-dialkylcyanamide i n  t h e  presence of a Lewis a c i d  t o  g ive  

I 
amino s u b s t i t u t e d  bis-173,5-oxadiazinium sal ts  (1). 

dr iv ing  f o r c e  f o r  t h e  c y c l i z a t i o n  t o  I i s  t h e  tendency t o  form t h e  s t a b l e  

We suggest t h a t  t h e  

512 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
0
:
5
1
 
2
7
 
J
a
n
u
a
r
y
 
2
0
1
1



A ONE-POT PREPARATION OF SUBSTITUTED BIS-1,3,5-TRIAZINIUM SALTS 

Scheme 1: 

2 RN=C=NR 

+ 

2 M C l n  

2 RN=C=NR, B - 

R R O  

N-C-N-C( CH ) -C-N-C-N 
I I II 

/ II 2 n  I1 \ 

N-C-NR 

D - 

aromatic oxadiazinium moiet ies ,  while  i n  t h e  present  case,  t h e  c y c l i z a t i o n  

af ter  t h e  successive addi t ion  of two equivalents  of diallrylcarbodiimide t o  

each acylium u n i t  i s  not favored due t o  t h e  f a c t  t h a t  t h e  product w i l l  be 

t h e  nonaromatic tetrahydrooxadiazinium salt  I. Ins tead ,  a t h i r d  equivalent  

of dialkylcarbodiimide adds t o  each acylium u n i t  i n  C. The dr iv ing  f o r c e  fo r  

such addi t ion  r a t h e r  than  r i n g  closure is t h e  formation of t h e  r.ore resona- 

nce s t a b i l i z e d  guanidinium moiet ies  ( 2 - 3 ' ) .  The products a r e  s t a b l e  a t  

room temperature and can be s t o r e d  under dry condi t ions f o r  months without 

any changes. However t h e s e  products were found t o  be thermally uns tab le .  An 
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TASHTOUSH AND AL-TALIB 

attempt t o  c r y s t a l l i z e  compound 3c from hot a c e t o n i t r i l e  w a s  accompanied by 

a change i n  t h e  o r i g i n a l  product.  The new product l o s t  some isopropylgxTips 

- 

I and found t o  con ta in  N-H bonds as evidenced from I R  and H-NME apec t r a .  

TAELE 1. Reaction of Diacyl Chlorides with Dialkylcarbodiimides 

Yielda 
( $ 1  

Froduct Diacyl ch lo r ide  R Conditions 
NO 

clcococl 

clcococl 

C l C O  ( CH2 

C l C O  ( CH2 

C l C O (  CH2 

C l C O  ( CH2 

C l C O (  CH2 

C l C O (  CH2 

C l C O  ( CH2 

a:::: 

SbC15, 12h 

SbC15, 36h 

SbC15, 3h 

SbC15, 5h 

FeC13, 3h 

ZnC12, 8h 

b SnC14, l h  

SbC15, 3h 

SbC15, 5h 

b SnC14, 2h 

SbC15, 24h 

SbC15, 48h 

142-145( dec )  

168-170 

143-146( dec )  

125-128( dec ) 

128-130(dec) 

116-118 ( dec ) 

133-136( dec)  

115-118 

108-112 ( dec ) 

130-132( dec ) 

126-130( dec)  

64 

55 

94 

85 

85 

88 

98 

90 

93 

95 

68 

60 

~~ ~~ 

a )  I s o l a t e d  y i e l d s .  b) Molar r a t i o s  of d i a c y l  ch lo r ide :  L e  i s  a c i d :  
dialkylcarbodi imide i s  1:1:6. The counter  anion i s  SnCl Y- 

6 '  
EXPERIMENTAL SECTION 

Qs were determined with Electrothermal  mel t ing po in t  apparatus  and a r e  
uncorrected.  Microanalyses were performed by M-H-W l a b o r a t o r i e s ,  Phoenix, 
Az. Elemental a n a l y s i s  da t a  i s  given i n  Table 2. The I R  s p e c t r a  w e r e  recor-  
ded 8 s  potassium bromide p e l l e t s  on a Pye-Unicam SP3-300 spectrophotometer.  
The H-NMR s p e c t r a  were measured with a Bruker MW-2 MHz and a r e  r epor t ed  
i n  6 values  with TMS a s  t h e  i n t e r n a l  s tandard.  The "C-NMR s p e c t r a  w e r e  
recorded on Bruker Mw-63 MHz (Table  3 ) .  The r e a c t i o n  w a s  monitored by I R  
spectroscopy by fol lowing t h e  disappearance of t h e  bands between 2100-2300 
cm-I c h a r a c t e r s t i c  of t h e  s t a r t i n g  s u b s t r a t e .  Diacyl ch lo r ides  a r e  commer- 
c i a l l y  a v a i l a b l e .  Diisopropylcarbodiimide and dicyclohexylcarbodiimide were 
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A ONE-POT PREPARATION OF SUBSTITUTED BIS-1,3,5-TRIAZINIUM SALTS 

purchased from Fluka. 

TABLE 2. Elemental Analysis Data of Compounds 3(a-1) 

Compound Formula Elemental Analysis 
No Calcd (Found) 

C H N 

35.66 
( 35.69 1 

48.95 
(48.90) 

37.48 
(37.28) 

49.97 
(50.14) 

45.59 
(45.70) 

47.54 
(47.30) 

49.29 
( 49.09 

39.18 
(39.26) 

50.94 
(50.75) 

50.93 
( 51.03) 

38.54 
(38.69) 

49.47 
(49.73) 

5.71 
(5.75) 

6.78 
(6.66) 

6.03 
(5.911) 

6.99 
( 7 . 0 2 )  

7.33 
(7.20) 

7.65 
(7.65) 

7.93 
(7.63) 

6.32 
(6.31) 

7.19 
(7.24) 

8.22 
(8.11) 

5.69 
(5.66) 

(6.71) 
6.88 

11.39 
(11.53) 

8.56 
(8.79) 

10.93 
(10.83) 

8.32 
(8.18) 

13.29 
(13.30) 

13.86 
(13.57) 

14.37 
(14.05) 

10.54 
(10.66) 

8.10 
(8.09) 

13.71 
(13.69) 

(10.65) 
10.79 

8.44 
(8.19) 

TABLE 3. Spectral Data of Compounds 3(a-1) 

Compound 'H NMR 
N 0 Solvent ,6 

l3c NMR IR( cm-l) 
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TASHTOUSH AND AL-TALIB 

TABLE 3 cont. 

CD3CN 
4.08 (m, 6 H, CHI; 3.58 
(m, 4 H, CHI; 3.07 
(m, 2 H, CHI; 2.47-1.24 
(m, 120 H, CH2 of 
cyclohexyl) . 
CD2C12 
4.50 (m, 6 H, CHI; 4.30 
(m, 4 H, CH); 2.79 
(br. 4 H, 2 CH2); 1.77 
(br. 4 H, 2 a2); 1.57- 
1.45 (m, 36 H, CH ) ;  
1.31-1.12 (m, 36 2, 
CH3). 

CD~CN/CDC~~( 2:1) 
4.18-3.61 (m, 12 H, CHI; 
2.84 (br. 4 H, 2 CH2); 
2.10 (br. L H, 2 CH2); 
1.77-1.10 (m, 120 H, CH2 
of cyclohexyl 

CDC13 
4.72 (m, 4 H, CH); 4.23 
(m, 6 H, CHI; 3.35 
(m, 2 H, CHI; 2.60 
(br. 4 H, 2 CH2); 1 - 9 1  
(br. 4 H, 2 CH2); 1.54- 
1.13 (m, 72 H, CH3). 

c:: CN/CDC~ (1:1) 
5.05 (m, 2 H, CHI; 4.64 
(m, 4 H, CHI; 4.27 
(m, 4 H, CHI; 3.39 
(m, 2 H, CH ; 3.01 
(br. 4 H, 2 CH2); 1-88 
(br. 4 H, 2 CH2); 1.59- 
1.47 (m, 36 H, CH 1; 
1.37-1.14 (m, 36 2, CH3). 
CD2C12 
4.64 (m, 4 H, CH); 4.32 
(m, 6 H, CH); 3.39 
(m, 2 H, CH); 2.85 
(br. 4 H, 2 CH ) ;  1.91 
(m, 4 H, 2 CH27; 

3 3 

1710(sh.), 
1670,1610 
(sh. ).  

175.5, 158.8, 136.8 1675, 1650 
(C=O, C=N); 58.6, 
56.2, 51.6 (CH); 

175.2, 158.5, 136.4 1685, 1660, 
(C=O, C=N); 67.1; 1500. 
62.8, 59.1, 58.9, 
57.7, 56.1 (CHI; 
34.8, 24.7 (CH2). 

1680, 1660, 
1500. 

175.5, 158.3, 136.2 1650, 1505 
(C=O, C-N); 58.2, 

51.0, 50.5 (CH). 
55-23 55.1, 53-7. 

1680, 1580, 175.9, 158.5, 136.5 
(C=O, C=N); 58.3, 1510. 
55.2, 53.7, 51.1 
(CHI; 34.7, 24.1 (CH2). 

175.3, 158.3, 135.8 1680, 1660, 
(C=O, C=N); 59.8, 1510. 
58.6, 56.4, 51.3 (CH); 
35.1-20.9 (CH2 and CH3). 
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A ONE-POT PREPARATION OF SUBSTITUTED BIS-1,3,5-TRIAZINIUM SALTS 

TABLE 3 cont .  

1.65-1.47 and 1.32-1.15 
(two m ,  80 H,  CH3 and 
4 C H 2 ) .  

C D C l  

4.25 ( m ,  2 H ,  C H I ;  3.97 
( m ,  8 H ,  C H I ;  3.72 
( m ,  2 H ,  C H ) ;  2.81 
( b r .  4 H ,  2 CH2); 2.48- 
1.18 ( m ,  132 H,  6 CH 
and CH2 of cyclohexyf 1. 

CD3CN 

4.55 ( m ,  6 H ,  C H ) ;  4.30 
( m ,  4 H ,  C H ) ;  3.40 
( m ,  2 H ,  C H ) ;  2.77 
(br.  4 H,  2 C H 2 ) ;  1.67- 
1 .14  (m,  84 H ,  6 CH2 
and C H 3 ) .  

CDC13 

7.75 ( b r .  4 H ,  a romat ic ) ;  
4.92 ( m ,  4 H ,  C H I ;  4.20 
(m,  6 H ,  C H I ;  3.35 

( m ,  72 H ,  C H 3 ) .  

CD CN 3 
8.09 (br .  4 H ,  aromatic) ;  
4.32 ( m ,  4 H ,  C H ) ;  4.00 
( m ,  6 H ,  C H ) ;  3.32 
(m,  2 H ,  C H ) ;  2.46-1.24 
( m ,  120  H ,  CH, of 

3 

( m ,  2 H ,  C H ) ;  1.74-1.12 

174.9, 157.2, 135.3 1650, 1510. 
(C=O, C = N ) ;  66.4, 61.3, 
61.0, 58.5 ( C H I .  

176.1, 159.0, 136.9 1655, 1580, 
(c=o, c=N);  58.6, 1520. 
56.1, 51.5, 47.0 ( C H ) .  

170.0,  156.1, 135.2 1660, 1500 
( C = O ,  C = N ) ;  133.5, ( b r .  ) .  
131.2,  128.2. 

1650, 1510 
( b r . ) .  

cyclohexyl) . 
Amino Subs t i tu ted  b is -1 ,3 ,5-Tr iaz in im S a l t s  ( 3 ) .  General Procedure.- T o t h e  

d iacyl  ch lor ide  (5.0 mmol) i n  dry dichloromethane (10 m l )  w a s  added drop- 

wise at -20' 

(10 ml) followed by t h e  dropwise a d d i t i o n  of a solution of dialkylcarbodi-  

b i d e  (30.0 mmol) i n  dry dichloromethane ( 1 5  m l ) .  The r e a c t i o n  mixture w a s  

allowed t o  become ambient and then  s t i r r e d  f o r  a per iod of t h e  (Table 1). 

B s o l u t i o n  of a L e w i s  a c i d  (10.0 mmol) i n  dry dichloromethane 

When I R  showed t h a t  t h e  s t a r t i n g  m a t e r i a l s  were consumed, s low addi t ion  of 

e t h e r  (50 m l )  afforded a c o l o r l e s s  powder. The products were c o l l e c t e d  and 

r e c r y s t a l l i z e d  a t  room temperature from dichloromethane-ether (1:l) or  
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TASHTOUSH AND AL-TALIB 

a c e t o n i t r i l e - e t h e r  (1~2). The fol lowing compounds were prepared by t h e  

gene ra l  procedure.  

A .N '-diisopropylethnnedistrido-N ,N '-his{ 3,4,5,btetrahydrc-l.3.5-triiso- 

propj l -?  ,6-bis (B- isopropylh ino  )-1,3,5-triazine-2-yl-l-im) b l  c hexachlcrp- 

art imonat e ( 3 a ) ,  N ,N 4 i c y c l o h e x y l e t  hanediami do-N ,N%s 1.3.5- t r i  cyc1ohex:;l 

-1,6-bis (N-cyclohexylimino )-3,4,5,6- te t rafUrdro-1,3,5- t r iazine-2-yl- l - i .~)  

b i s  hexachloroaztimonate ( 3b). N , N  ' -diisopropyihexanedimido-N ,a Ibis{ 3 , h  ,5, 

6- t e t  rd.ydro-1.3.5-tr i isopropy 1-l , 6-bi s ( W- i sopropy 1 h i n o  1-1.3.5-tr iaz i ne- 

2-yl-1- iu0)t . i~  hexacbloroantimonate ( i c ) ,  - X',h"-dicyclohex) . lhexanedi~ido-  

N,N'-bis[l,3, ~ - t r i c y c l o h e ~ i - ~ , ~ ~ ~ s ( h ' - c ~ c 1 o h e x y l ~ i n c ~ - 3 , ~  ,5,6-tetrahydro- 

1 , 3 , 5 - t r i a z i n e - E - y l - l - i u ) ~ i s  h e x a c h l o r o a n t k m a t e  (El, h',N'-diisopropyl- 
hexanediacido-R,lr"-bis{ 3 ,i ,5,6-tetrahydro-1,3, F t r i i scpropyl -4 .6-b is  (a- 

isoprcyylinina)-l,3,5-tria:ine-L^-y1-1-i~]bis t e t r a c l l o r o f e r r a t e  ( 3 e ) ,  - N , h "  

- d i i s o p r o p y l h e x a n e d i ~ i d o - N , W ' - b i s ~ 3 , ~ , 5 , 6 - t e t r ~ y d r o - 1 . 3 . F t r i i S O p r O ~ ~ l -  

L , ~ b i s ( E : - i s o F r o F ~ - l i ~ n o ) - 1 , 3 , 5 - t r i a z i n e - 2 - y l - l - i u J b i s  t r i c h l o r o z i n c a t e  

( - Zf), N , K ' - d i i s o p r o p ? - l h e x ~ ~ e ~ i ~ i d o - X , 6 ' b i s {  3,li ,5,6-tetr~thydr0-1,3,5- 

triisopropyl-b,6-bis(N-isoFroFylioino)-1,3,Ftriazine-2-yl-l-iu)hexachlcro 

s t e r L a t e  (9,. l u , ? ; ' - d i i s cp ropy ldecane - ' i a r r ido - l i ,N ' -b i s{3 ,~ .5 ,6 - t e t r a~~~o-  

1 , 3 , 5 - t r i i s o p r o p q . i - i , 6 - b i s ( N - i s o p r o p y l i m i n o ) - 1 , 3 , 5 - t r i a z i n e - ~ - y 1 - l - i ~ ~  b i s  

hexacbloroantimonate (s), A,h"-dicyclohexyldecanedian;ido-N,N'bis~1,3,5- 

tricyclohexg.l-~,6-bis~R-cyclohexyl~inc)-3,L,5,6-tetrak~~o-l,3,~triazin~ 

2-yl-1- im)bis  hexacldoroartimonate ( 3 1 ) ,  N,N'-diisoprop3-ldecana8ianido- 

N,h"-bis{3,~,5,6-tetrahydro-1,3,~-triisopropyl-~,6-bis~A-isopropylimino~- 

l,:, 5-tr iazine-S-yl- l - iu)hexachlorostannat  e (3) , N , N  ' -d i  i sopropylphthal- 

ciacido-N,N'-kis{ 3,~,5.6tetrakydro-l.3.5-triisopro~yl-4.6-tis (R-isoprop71- 

inino)-1.3.5-triazine-Z-yi-l-imn;)bis hexackJoroantimonate (3 ) .  - h' ,N' -  

d icyc lohexy l~h tha ld i amido-h ' , h " -b i s{ l ,3 ,~ - t r i cyc lohexy l -h  ,6-bis (N-cycio- 

hexyi imino)-3,~.5,6- te t rahS.drc-1,3,5- t r iazine-2-yl- l - i~nr)bis  hexachiorc- 

antimonate (31). 

- 

- 

- 
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