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Abstract - SIX out of seven possible products obtained frm benzotr iazole and 

methylene ch lor lde o r  chloroform have been isolated and characterized. An i n -  

termediate. 2-dichloromethylbenrotrlazole, has been i so la ted  for  the f i r s t  tl- 

me. The r e l a t i v e  mounts of the d i f fe ren t  isomrs fo l low an (a+b)" re la t ion -  

sh ip ( n  = 2 or 3 ) .  Proton and carbon-13 nmr spectroscopy and mass spectrme- 

t r y  have been used t o  i d e n t i f y  the  N,N3-bis-and N,N'.N"-trisbenrotriazole de- - - - -  - 
~ i v a t i v e s .  

In the precedmg publ lcat ians of t h i s  s e r ~ e s l - ~  i t  has been shown tha t  methylene ch lo r ide  reacts 

w i t h  a va r ie ty  o f  azoles under PTC condl t lons t o  afford N.Y-dlazolylmethanes (1,1'methylenediazo- 

l e s ) .  When an a ro le  ex ls ts  as an equi l ibr ium of two tautcmers, three iscmers are obtained, whose re- 
2 2 

l a t i v e  armunts fo l low a re la t ionsh ip  of the form 2 + 2% + b , a and b being the mounts o f  the in -  - - 
termediate, non iso lated,  y X 2 C 1  derivatives (Scheme 1 ) .  1.2 Since the  react ion under PTC condi t ions 

takes place on the =ole anion, A and B da no t  represent the i n d i v i d u a l  tautomers but  the two nucleo- 

p h i l i c  centers of a " d i s s p e t r l c "  azole. 

S c m  

I n  order t o  know if t h i s  simple r u l e  i s  always fol lowed, we have studied the react ion o f  benzatrla- 

zole w i t h  methylene ch lor ide.  Benzotriazole anion ; presents two d i f ferent  n u c l e o p h i l ~ c  centers, the 

n i t rogen a t m s  N1(3) and N2, and according t o  scheme 1, can give r i s e  t o  three i smers ,  the 1.1 ' - (z) ,  

the 1,Z'-(21, and the  2.2 ' -d~subst l tu ted derivative (5). 



When the experiment was carr led out, a cmplex mlxture was obtained wi th an overa l l  y i e l d  of 71%. 

A careful chromatographic separation allows t o  obtain three pure samples. The assignment o f  the 
1 

structwes has been made using concmi tan t l y  H mr (a t  90 MHz). I3c nmr ( a t  20 Nnr) and mass spec- 

t r m t p y .  The most character is t ic  features are gathered in Table I ( the remaining data are t o  be 

found i n  Scheme 2 and i n  the experimental pa r t ) .  

Table I. Bisbenzotriazolylmethanes 

Proton nmr Spectrum c l ea r l y  lden t i f les  the s p w t r i c a l  nature o f  the isobenzotriazole st ructure 4 
by the presence o f  two superimposed AA'BB' systems a t  7.35 and 7.80 ppn ( tak ing the two m s t  inten- 

se peaks as an approximat~on t o  the rea l  chemical sh i f t s ) .  The other isaners are m r e  d l f f l c u l t  t o  

assign, although compound presents an ABCD system (cmpare w l th  l-methylbenzotriazole4). Carbon- 

13 nmr Spectrum i s  a perfect t oo l  f o r  t h i s  problem. It should be enough t o  count the number o f  avo- 

matic carbons t o  iden t i f y  2 [2 x 81, ? [$ + (2 x s ) ] ,  and _4 [4 x ? ]  (Scheme 2 ) .  The asslgnment o f  

carbons has been made by analogy wl th those o f  ?methyl -  and 2-methylbenz0triazoles.~ 

120.2 146.4 120.3 146.4 

I 

7 ~ 2 . 7  CH2 64.9 1 'N' 
I ' I 

2x 29.0 2(L0+35.9 

2x35.9 

2 127.5 .-, 

s- 2 
I 8 In the f i r s t  paper of t h i s  series we have found tha t  there i s  a lmea r  relationship (Eq. 1) between 

the I3c chemical sh i f t s  of the CH3 i n  -m thy lazo les  and the chemical sh i f t s  of the M2 i n  d iazoly l -  

methanes (separated l n t o  two individual cant r lbu t~ons) .  

&(ye) = - 3.15 + 1.28 (N-CH2) - [ ~ q .  11 
From the values of scheme 2 (I-benzotr iazolyl ,  29.0 ppn, 2-benzotriazolyl, 35.9 p p )  the fo l lowmg 

values fo r  the  m t h y l  groups resu l t :  33.9 and 42.8 ppn which canpare very w e l l  wi th the experl- - 
mental values (33.7 and 42.8 ppn respectlvely).5 

Mass spectr-t~y provides an independent method of asslgnment which takes I n t o  account the f ac t  

t ha t  only I-substi tuted der lvat lves lose nitrogen fran the molecular peak.6 The fragment m/r 222 

i s  about two times more intense i n  the mass spectrum of 2 (I,<'-derivative) than i n  the mass spec- ", 
trum of 3 (1,Z'-derivative). The spec t rm o f  shows a peak a t  m/z 104 and tha t  of 4 a peak a t  m/z 

105; i n  compound 3 both peaks are present. * 
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The three l smers  unambiguously assigned, i t  i s  now possible t o  examine the re l a t l ve  anaunts o f  
2 table I searching f o r  a ver i f i ca t ion  of the ru l e  (a + b)  . For a = 71 and b = 29, the re la t lon  g i -  - - 

ves 50.5% of &', 41% of 2 g ,  and 8.5% of h2, almost exactly the values of table I. A r a t i o  71/29 

for competition between posi t ions l ( 3 1  and 2 cmpares we l l  with the resu l ts  o f - he thy la t i on  (62/ 

38) and of Earnination (78/22). 
7 

AfteP verifying that  both the equatlan of the percentages (Schem 1 )  and that  o f  the 13c chemical 

shifts (Eq. 1 )  were f u l f i l l e d ,  i t  was decided t o  extend the reaction t o  the more complex case of 

chloroform. Chloroform and azoles react under PTC conditions t o  y i e l d  e i ther  products resu l t ing  o f  
8 dichlorocarbene addi t ion t o  an heterocyclic C = C double bond or triazolylmethanes ( I , l ' , l " -me -  

th inetr iazoles) .g The y ie lds  were generally very low. A better PTC procedure having recently been 
3 discovered,1•‹ the reaction was t r i e d  wi th benzotriazole. I n  t h l s  case an ( a  + b)  re lat ionship was - - 

expected (Scheme 3 ) .  3 
,A-?A (5 ) 

Four products were isolated and a f i f t h  one was observed i n  TLC but i n  a too low proport ion t o  be 

identified (overa l l  y i e l d  before separation about 45%). The same methods as previously described, 

Were used t o  iden t i f y  the four compounds (Table 11). 

Table 11. Trisbenzotriarolvlmethanes 

1 The H nmr spectrum of the low melt ing compound shows the CH signal  a t  8.12 ppo, too d i f fe ren t  frm 

the other values t o  be the 2,2',ZU-isomer 5. The 13c spectrum c o n f l n s  the 2-substituted benrotr iazo- 

l e  structure, but here the CH s ignal  i s  i n  the same region than the others.ll F ina l l y ,  the mass spec- 

trum iden t i f ies  the compound as a d ~ c h l a r m t h y l  der ivat ive ; t h i s  f ac t  together wi th nmr resul ts  es- 

tabl ishes definitively the structures as Z-dichlaromethylbenzotriazole 2. Mass spectrometry was not 

Useful t o  i den t l f y  the 5, 2 ,  7 iscmers, slnce a l l  o f  them lose benrotr~azole frm the m lecu la r  peak. 

HOweveP, 13c MP spectrum allows t o  assign the three i s m r s  as the 1,1',1"-,1.1',2"-, and 1,2',Z9'- 

i s m r s  respectively by simply counting the number of different a r m t i c  carbons (Scheme 41. 



Scheme 4 -- 
m a r i n g  the contr ibutions of each benzotriazole t o  the CH chemical sh i f t s  (Scheme 4)  wi th those o f  

Scheme 2, i t  appears tha t  equatlon 1 s t i l l  holds, slmply changing ?Me by -W2 and -M2 by -MH 

(Equation 2) .  Both equatmns could be w r i t t en  taking &-we ( the r ichest  co l lec t ian  of avai lable da- 

t a )  as mdependent variable (Equations 3 and 41. 

&(-W21 = -3 .15+1 .28s ( - -CH l  [Eq. 23 

6 ( ~ - ~ ~ ~ ) = 2 . 4 6 + 0 . 7 8 6 ( ~ e )  L ~ q . 3 7  

6 ( - W )  =4.38+0.616(tye) l E q . 4 1  
5 

F m  the chemical sh i f t s  of the Nmethyl  groups i n  I-benrotr iazole 133.9 ppm I and i n  2-benrotr~azole - 
devivatives (42.8 ppm5), equatmns 3 and 4 gave the fol lowing values: 1---CH2 28.9 (exp. 29.0 ppm), 

2-ECHZ 35.8 (exp. 35.9 ppm), 1- 25.1 (enp. 26.051, and 2-FH 30.5 (exp. 3 0 . 7 5 ~ ~ ) .  

I t  i s  now possible t o  come back t o  scheme 3. The re l a t i ve  a u n t s  i n  table I1 correspond t o  86.PAa 
2 2 

and 13.336 b: 5 ,  a3 = 65.2% (exp. 65.05%). 6,  3% b = 30.0% (exp. 30.5%), 7, 35& = 4.m (exp. 4.65%). 
3 

The fourth i smer ,  2,2',Zq'-trisbenzotriazolylmthane 8 correspondmg t o  2 = 0.25% (about 0.005 g l  

IS probably the non i den t i f i ed  2nd f ract ion of the chranatography. 

With methylene chlor ide the r a t i o  a/b was 71/29 and now wi th chloroform we obtain a value 86.7/13.3 

HOWevw, i t  mtlst be considered that  a par t  o f  the reaction stopped a t  the f i r s t  step, since 2.5% o f  

conpound 9 (B-1 i n  scheme 31 was iso lated ""reacted. Thus, i n  the f i r s t  step 80.3% of A-W12 and 
2 

19.m o f  8-CH)1 was formed but, i f  the f i r s t  one continued t o  react wi th mare benzotr iazolyl  anions, 2 
B-CHCl?was pa r t l y  lsa lated as such (9 ,  7.4% re l a t i ve  amunt)  and pa r t l y  (12.3%) continued the reac- - 
t ions  o f  scheme 3. Thus a mare r e a l i s t i c  r a t i o  i n  the case of chloroform would be 80.3/19.7, closer 

t o  the E thy lene chloride ra t i o .  Due t o  the re l a t i ve  f r a g i l i t y  of compound 9_ i t  i s  possible tha t  the 

~so la ted  quantl ty (0.087 g )  does not correspond t o  the t o t a l  amunt o f  canpound formed i n  the reac- 
13 t ion.  

EXPERIMEMAL'~ 

Syn the~ is  o f  N,N'-Dibenrotriazolylmethanes 

2.00 g 116.8 m l e s )  of benzotriazole, 2.32 g (16.8 m l e s )  of anhydrous potassium carbonate, 1.11 g 

(16.8 m l e s )  o f  powdered potassium hydroxide, 0.289 g (0.85 m l e s )  o f  tert-butylamronium bisulphate 

and 50 m l  of methylene chloride were vigorously s t i r r e d  and refluxed overnight. Then. the mixture 

was f i l t e red  and the residue washed twicewhi th hotmethylene chlor ide (2  X 50 ml) .  The combined or- 

ganic phases were dr ied and evaporated under reduced pressure y ie ld ing  1.5 g of a white so l l d  (pure 

mixture o f  is.aners by 'H mr), y i e l d  = 71.5%. The. crude product so obtained was chranatographed an . - 
150 g s l l i c a  gel  70-230 mesh af ford ing two f ract ions:  

The 1st f rac t ion  eluted wi th methylene chloride ( r f  : 0.75, methylene chlor ide)  gave 0.105 g, corres- 

ponding t o  2.2'-dibenrotriarolylmethane 2. Yield i n  iso lated product = 5 %, mp 153-154'C. I R  (KBr 
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pellet) 3090, 3040, 2980, 1560, 1450, 850, 750 cm-I. lt+mr (CCE13 plus TMS) 6 7.75-7.95 (4H, ml, 

7.41 (ZH, s ~ ,  7.2~7.40 (4~. m). MS: M+. 250 (m), m/r 132 (601, 105 (69), 77 (1~). uv (~toi)~,, 
282 (235001, 289 (23500). 

The 2nd fraction eluted wlth methylene chlorlde (rf: 0.45, methylene chloride gave l.M g, correspon- 

ding to a mlxture which was chrmtographed again on 120 g silica gel 7C-230 mesh affording two pro- 

ducts: 1st product,eluted with hexane/ether (l:l)(Pf: 0.28 hexane/ether 1:l) gave 0.513 g, corres- 

pondmg to 1,Z'-dibenzotriazolylmethane 2. Yield in lsolated product: 24.455, mp 165.5•‹C. IR (KBr 

pellet1 3060, 3040, 2980, 1560, 1450, 850, 750 cm-I. 'wmr (CCC13 plus TMS) 6 7.80-8.10 (4H, m), 
7.40 (2~. 8 1 ,  7.257.65 ( 4 ~ ,  m). MS: M+. 250 (43). m/z zz (431, 132 ii~), 105 (361, 104 (601, 77 

(861. UV (EtOH1 lmax 279 (168801, 286 (154901. The 2nd product eluted with hexane/ether (1:lI (rf: 

0.16 hexane/ether 1:ll was I,<'-dibenrotriazolylmethane 2 (0.638 gl. Yield of isolated product 30.49., 
mp. 188%. IR (KBr pellet1 3090, 3010, 2960, 1610, 1590, 1490, 1450, 950, 750 an-'. k r m r  (CCC13 

plus TMS) 8 7.85-8.15 ( W ,  m), 7.43 ( M ,  $1, 7.25-7.65 ( W ,  m). Ms: M+. 250 (271, m/z 222 (881, 132 

(87). 104 (1001. 77 (86). UV (EtOHl lmax 254 (345001, 282 (72471. 

Synthesis of N,N',N0'-Trisbenrotriazolylmethanes 

2.00 g (16.8 nnwles) of benzotriazole. 12.0 g (85 mnolesl of anhydrous potassium carbonate. 0.289 g 

(0.85 mles) of tetrabutylamraniwn bisulphate and 50 rnl chloroform were vigorously stlrred and re- 

fluxed overnight. Then the mixture was filtered and the residue washed with hot chlproform (3 x 

50 ml). The cmbined organic phases were dried and concentrated under vacuum to leave 1.2 g of a 
1 brown oil (purity of the crude from H nmr: 7i%, yield = 45%). The crude was purified by c o l m  chro- 

matography on 160 g silica gel 70-230 mesh and eluted wlth methylene chloride giving five fractions. 

In increasing polarlty order they were: 

1st f~actmn: rf: 0.76 (methylene chloridel. 0.087 g of 2-benzotr iazoly ld ich lormthane %were co- 

llected, yield in lsolated product = 2.%, rrp 77.5% IR (film) 3060, 3005, 1560, 1450, 1340, 1255, 

865, 775 cm-I. 'H nmr (CCC12 plus TMS)~ 8.12 (lH, sl, 7.75-7.95 L2H, m), 7.30-7.50 (2H, ml. nmr 

(CD212 plus TMS) 5 145.1 C7a), 128.6 (C5, C6), 118.9 (C4, C7), 79.5 ppn LCH3l21. Ms M+. 201 

(40). 203 (25), 205 (51, m/z 166 (70). 168 (22). 111 (1001, 113 (32). 

2nd fraction: rf: 0.65 (methylene chloridel. Less than 0.005 g of an unidentified product were col- 

lected. 15 

3rd fraction: rf: 0.55 (methylene chloride). 0.033 g of 1,2',ZS'-trisbenzotriazolylmethane _7 were co- 

llected. Yield in isolated product = 1.46%, mp 188'C. IR (film) 3070, 2940, 1560, 1450, 1330, 1250, 
I 1 875, 740 cm . H mr (cox3 plus TMS) B 10.23 (IH, sl, 8.3 ( f ~ ,  m). 7.65-7.85 (+I, m), 7.25-7.45 

(M. m). Ms M+' 367 (4), m/r 249 (501, 193 (341, 192 (371, 166 (100). 140 (361, 90 (32),  76 (321. UV 

(EtOH) Xmax 212 (48700). 282 (285001, 290 (27670). 
4th fraction: rf :  0.43 (methylene chloridel. 0.212 g of 1,1',2"-trisbenzotriazolylmethane 2 were 
collected. Yield i n  isolated product = 9.596, mp 14g•‹C. IR (KBr pellet) 3060, 2940, 1610, 1590, 1560, 

1450, 1330, 1270, 825, 740 omo1. 'H nmr ( C C C ~ ~  plus TMSI s 10.27 (1~. 21, 7.~8.30 (I%, mi. MS M+. 

367 (41, m/z'249 (35). 193 (251, 192 (a), 166 (731, 140 ( 5 8 ) ,  103 (61), 90 (421, 77 (100). W (EtWl 

'X 258 (181101, 282 (19750), 288 (18700). max 
5th fraction: r . 0 31 (mthylene chloride). 0.458 g of 1,1',1"-trisbenzotriazolylmethane 2 were 

f' ' 

collected. Yield in isolated product M.4%, mp 19IoC. I R  (KBr pellet) 3080, 2940, 2910, 2840, 1610, 

1590, 1450, 1350, 1290, 820, 740 cm-I. 'H nmr (CE1 plus TMS1&10.21 (lH, s), 7.95-8.10 ( W ,  rn), 3 
7.2C-7.40 (9H, ml. Ms. M+. 367 (51. m/z 249 (331, 221 (181, 193 (141, 192 (201, 166 (33), 140 (28). 

103 (781. 90 (24), 77 (100). UV (EtOHl Xmax 253 (21370). 284 (105M)l. 
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