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The Phase Transfer Catalyzed Alkylation of 
1 -Hydroxybenzotriazole. 1. Scope 

William A. Fe ld  
Rebecca J. Paessun 
M. Pau l  Serve’  

Department o f  Chemistry 
Wright S t a t e  U n i v e r s i t y  
Dayton, Ohio 45435 

ABSTRACT 

Phase transfer ca t a lyzed  a l k y l a t i o n  of l-hydroxybenzotri-  
a z o l e  employing a series of  a l k y l  h a l i d e s  was c a r r i e d  o u t  i n  
dichloromethane/water u s ing  t e t r a b u t y l a m o n l u m  c h l o r i d e  as t h e  
c a t a l y s t .  Seve ra l  new 1-a lkoxybenzot r iazoles  were p repa red  and 
inc luded  t h e  a l k y l  and benzyl  d e r i v a t i v e s .  

INTRODUCTION 

A f r e q u e n t  problem encountered  by s y n t h e t i c  chemis t s  i s  t h a t  

of b r i n g i n g  two r e a g e n t s  (e.g.  salts and o r g a n i c  s u b s t r a t e s )  to -  
g e t h e r  f o r  t h e  purpose of  i n t e r a c t i o n .  The problem is f r e q u e n t l y  

overcome by t h e  u s e  of d i p o l a r  a p r o t i c  s o l v e n t s  l ike  dimethyl- 
s u l f o x i d e  or dimethylformamide. The major d i f f i c u l t i e s  w i t h  such 

s o l v e n t s  are d i f f i c u l t y  i n  p u r i f i c a t i o n  and d ry ing  and u s u a l l y  

n o n e x i s t e n t  recovery .  Another p o s s i b i l i t y  is t h e  use  of  h o t  

methanol or e t h a n o l  s o l u t i o n s  w i t h  t h e  problems of  l i m i t e d  s a l t  

and o r g a n i c  s u b s t r a t e  s o l u b i l i t y  and t h e  effect o f  h e a t  on cer- 

t a i n  h e a t  s e n s i t i v e  r e a g e n t s  o r  s u b s t r a t e s .  
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892 FELD, PAESSUN, AND SERVE' 

An a l t e r n a t e  approach f o r  br inging reagents  together  is t o  

employ phase t r a n s f e r  c a t a l y s i s  (PTC)  ( 1 , 2 ) .  I n  PTC t h e r e  are 
general ly  two immiscible phases. One phase, usual ly  aqueous, 

contains  the  s a l t  which w i l l  f unc t ion  as t h e  nucleophi le  o r  base 

and the  other  is organic  and con ta ins  t h e  s u b s t r a t e  on which t h e  

s a l t  w i l l  a c t .  The add i t ion  of a phase t r a n s f e r  c a t a l y s t  (e.g. a 

quaternary ammonium sa l t )  al lows f o r  an ion ic  t r anspor t  from t h e  

aqueous phase t o  t h e  organic phase where r e a c t i o n  t a k e s  place.  

Quaternary ammonium s a l t s  l i k e  tetrabutylammonium bromide, a r e  

good examples o f  phase t r a n s f e r  c a t a l y s t s  and have been shown t o  

be e f f e c t i v e  i n  ca t a lyz ing  a v a r i e t y  of nuc leoph i l i c  r eac t ions .  

I n t e r e s t i n g l y ,  however, they are considered s o f t  i n  t h e  HSAB 

sense ( 3 )  and a s  such w i l l  pair with the  s o f t e s t  anion ava i l ab le .  

This can lead t o  reduced r eac t ion  rates and "poisoned" c a t a l y s t s  

i n  c e r t a i n  circumstances. 
Most d e r i v a t i v e s  of 1-hydroxybenzotriazole (1) have subs t i -  

t u e n t s  on t h e  benzene r i n g  po r t ion  of t h e  molecule and many are 

used a s  c a t a l y s t s  i n  pept ide syntheses  (4). The hydroxyl group 

has been subjected t o  e s t e r i f i c a t i o n  (5)  and has been a l k y l a t e d  
( 6 )  i n  a l coho l i c  so lu t ions .  The pKa of 1-hydroxybenzotriazole is 

aNf N' 

I 
OH 

I - 
about 7.8, which p l aces  it between phenols (pKa=9) and carboxyl ic  

a c i d s  (pKa=5) i n  a c i d i t y ,  and makes it a good choice f o r  s a l t  

formation i n  an aqueous so lu t ion  (7). 
The ob jec t ives  of t h i s  research were ( 1  ) t o  employ PTC i n  t h e  

a l k y l a t i o n  of 1-hydroxybenzotriazole and (2) t o  extend t h e  a lky l -  

a t i o n  of 1-hydroxybenzotriazole t o  include previously inacces- 

s i b l e  systems. 
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PHASE TRANSFER CATALYZED ALKYLATION 893 

RESULTS AND DISCUSSION 

A series of phase t r a n s f e r  ca t a lyzed  a l k y l a t i o n s  of l-hy- 

d roxybenzo t r i azo le  were c a r r i e d  o u t  employing t h e  a l k y l  h a l i d e s  

l i s t e d  i n  F igure  1. Tetrabutylammonium c h l o r i d e  was used as t h e  

phase t r a n s f e r  c a t a l y s t  i n  a l l  c a s e s  and r e p r e s e n t s  a r e a d i l y  

a v a i l a b l e  c a t a l y s t  wi th  an an ion  similar t o  t h e  l e a v i n g  group i n  

most o f  t h e  a l k y l  h a l i d e s  employed i n  t h i s  s tudy .  The r e a c t i o n s  

were a g i t a t e d  s t r o n g l y  t o  provide  maximum interfacial  c o n t a c t  

between t h e  immiscible phases.  

The compounds appea r ing  i n  Table  1 can  be compared d i r e c t l y  

t o  p rev ious ly  r e p o r t e d  1-a lkoxybenzot r iazoles  as  shown. The 

y i e l d s  are good bu t  some are low and may r e p r e s e n t  t h e  "poisoning" 

e f fec t  c i t e d  earlier as a l k y l  i o d i d e s  were used i n  some cases. It 

is a l s o  s u r p r i s i n g  t h a t  t h e  cyc lopen ty l  d e r i v a t i v e  was ob ta ined  

i n  such h igh  y i e l d  as  i t  r e p r e s e n t s  a secondary  a l k y l  h a l i d e .  

The examples p re sen ted  i n  Table  2 r e p r e s e n t  new l-alkoxy- 

b e n z o t r i a z o l e s .  O f  p a r t i c u l a r  i n t e r e s t  are t h e  a l l y 1  and benzyl  

d e r i v a t i v e s .  Each can be un iqu ivoca l ly  i d e n t i f i e d  by NMR absorp- 

t i o n s  c h a r a c t e r i s t i c  of v e n z y l i c  and a l l y l i c  hydrogen s h i f t e d  

downfield (about  1 ppm) by a t tachment  t o  oxygen i n  alkoxybenzo- 

t r i a z o l e s .  

NaOH / H20 

CH2C12 / R X  
OH (C4Hs)4 N +  CI-  OR 

R * - CH3,- C2Hg1 - n C3H,,- n C4HQ,- n C5HII,- cyclopentyl - n  c 7 6  H , 
- n C&,, - n CgH,Ql - ol l y l  , - b e n t  y I 

FIG. 1 
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Table 1 

OR 

R 

-C H 
- 

3 
-C2H5 

-n-C3H7 

-n-C4H9 

-n-C H 5 1 1  

Yield ( 8 )  NMR(ppm) Reference 
59 4.3 (s,3H) 5,6 
76 1.45 (t,3H) 6 

4.6 (q,2H) 

4.5 (t,2H) 
73 1.87 (rn,5H) 6 

74 1.70 (rn,7H) 6 
4.58 (t,2H) 

50 1.65 (m,9H) 6 
4.4 (t,2H) 

96 1.75 (rn,8H) 6 
5.2 (m,lH) 

Table 2 
New 1-Alkoxybenzotriazoles 

O R  

R Boiling Point (OC) Yield(%) NMR (ppm) 
-n-C7H15 128-130 (0.25mm) 63 1.6 (m,l3H) 

-n-C8H17 140-142 (0.05~t1~1) 72 1.3 (m,15H) 

-n-CgHlg 154-156 (0.05mm) 65 1.4 (m,17H) 
4.55 (t ,2H) 

Ally1 a 76 5.0 (d,2H) 
5.65 (m, 3H) 

Benzyl 138-140 (0.05mm) 52 5.45(s,2H) 

- 

4.5 (t,2H) 

4.5 (t,2H) 

N% - 
Calcd 18.01 
Found 17.69 
Calcd 16.99 
Found 16.54 
Calcd 16.08 
Found 15.69 
Calcd 23.99 
Found 23.57 
Calcd 18.66 
Found18.42 

a) decomposed on distillation 
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CONCLUSIONS 

Phase t r a n s f e r  ca t a lyzed  a l k y l a t i o n  of  l-hydroxybenzotri-  

azole proceeds  smoothly and i n  good y i e l d .  A v a r i e t y  of func t ion -  

a l  g roups  can  be in t roduced  which i n c l u d e  t h e  the rma l ly  s e n s i t i v e  

a l l y 1  group. 

EXPERIMENTAL 

Ins t rumen ta t ion  and Starting Materials 
I n f r a r e d  s p e c t r a  were ob ta ined  on a P e r k i n  Elmer model 735B 

spec t rometer .  Nuclear  magnetic resonance  s p e c t r a  were ob ta ined  

on a Var ian  model EM-360 spec t romete r  employing 10-308 w/v solu- 
t i o n s  i n  deu te r ioch lo ro fo rm w i t h  18 TMS as an  i n t e r n a l  s t anda rd .  

A l k y l  h a l i d e s  and 1-hydroxybenzot r iazole  were used as rece ived .  

Genera l  Phase T r a n s f e r  Cata lyzed  Alky la t ion  Procedure  

A s o l u t i o n  o f  0.02 mol 1-hydroxybenzot r iazole  and 0.02 mol 

NaOH i n  75 mL of water was mixed wi th  a s o l u t i o n  of 0.06 mol of 
t h e  a l k y l  h a l i d e  and 0.002 mol of tetrabutylammonium c h l o r i d e  i n  
75 mL of dichloromethane. The mixture  was a g i t a t e d  f o r  36 h r .  

The o rgan ic  phase was then  s e p a r a t e d  and evapora ted .  The r e s i d u e  

was d i s so lved  i n  e t h e r  and passed  through a s h o r t  (1.5 X 3 cm) 

column of n e u t r a l  alumina. The r e s i d u e  ob ta ined  af ter  evapora- 

t i o n  of t h e  e t h e r  was s u b j e c t e d  t o  NMR and IR s p e c t r a l  a n a l y s i s .  

[11 

[2 1 

31 

[ 41 
51 
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