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Several 2(2-hydroxyphenyl)2H-benzotriazoles with more than one ben- 
zotriazole group substituted on di- and trihydroxybenzenes were synthesized 
by azo coupling of o-nitrobenzenediazonimn chloride with resoreinol or phloro- 
glueinol followed by reductive cyclization with zinc powder and sodium 
hydroxide. By careful diazonium coupling with o-nitrobenzenediazonium 
chloride, the monobenzotriazyl compound, 4(2H-benzotriazole-2-yl)l,3- 
dihydroxybenzene [2(2,4-dihydroxyphenyl)2H-benzotriazole] was obtained. 
All compounds have unusual spectral characteristics with high extinction 
coefficients, cut off of the absorption below 400 nm and are excellent candidates 
for ultraviolet stabilizers. 

[ K eywords : Benzotriazolization of phenols; 2 ( 2- H ydroxyp hen yl ) 2 H-benzo- 
triazole ; Ultraviolet absorbers; Ultraviolet stabilizers] 

Funktionalisierte Polymcre, 21. Mitt.: Synthese yon Verbindungen mit mehr ale 
einer Benzotriazol-Gruppe im Molekiil 

Es wurden einige 2(2-Hydroxyphenyl)2H-benzotriazole mit mehr als einer 
Benzotriazolgruppe am Di- bzw. Trihydroxybenzol mittels Azokupplung yon o- 
Nitrobenzotdiazoniumchlorid mit Resorcin bzw. Phloroglucin und nachfolgen- 
der reduktiver Cyclisierung mit Zn-Pulver/NaOH hergestellt. Durch sorgf/~ltige 

Kupplung  mit o-Nitrobenzoldiazoniumchlorid konnte die Monobenzotriazyl- 
verbindung hergestellt werden: 4(2H-benzotriazol-2-yl)-l,3-dihydroxybenzol 
[2(2,4-Dihydroxyphenyl)2H-benzotriazol]. Alle Verbindungen haben unge- 

** Par t  XX. : Kondo T ,  Saegusa T ,  and Vogl 0., Polymer Bulletin 7, 513 
(1982). 
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wShnliche UV-VIS-spektroskopische Eigenschaften mit sehr hohen Extink- 
tionskoeffizienten und einem starken Abfall der Adsorption bet 400nm; es 
sollte sich um ausgezeiehnete UV-Stabilisatoren handeln. 

Introduction 

2 ( 2 - H y d r o x y p h e n y l ) 2 H - b e n z o t r i a z o l e s  wi th  va r ious  s u b s t i t u e n t s  in 
the  benzo t r i azo le  or p h e n y l  r ings  have  been k n o w n  for over  20 yea r s  as 
u l t r a v i o l e t  s tab i l izers  1-3 and  have  been used  in the  las t  5 yea r s  
e x t e n s i v e l y  to  s tab i l ize  p o l y m e r s  f rom the  d e t r i m e n t a l  inf luence of 
u l t r a v i o l e t  and  sun rad ia t ion4 ,  5. I n  n u m e r o u s  p a t e n t s  the  a d v a n t a g e s  
of 2 ( 2 - h y d r o x y p h e n y l ) 2 H - b e n z o t r i a z o l e s  have  been descr ibed  and  a 
series of  m a t e r i a l s  a re  now commerc i a l l y  ava i l ab l e  6,7. 

In recent years the importance of permanence in stabilizers, particularly 
UV stabilizers of the ultraviolet screen category, has resulted in an intensive 
study for more compatible, polymerizable and polymer-bound stabilizers s-15. 
In the last few years a number of papers describing the polymerizable 2(2 
hydroxyphenyl)2H-benzotriazoles have been published and their effectiveness 
in certain applications described 16,17. At  the same time photophysical studies of 
the 2(2-hydroxyphenyl)2H-benzotriazole family have been investigatedlS, 19. 

I n  t he  search  for new c o m p o u n d s  wi th  poss ib ly  more  effect ive 
u l t r a v i o l e t  cha rac te r i s t i c s  and  capab i l i t i e s  of ac t ing  as effect ive UV 
stabi l izers ,  work  has  been u n d e r t a k e n  to  i n t roduce  more  t h a n  one 
benzo t r i azo le  un i t  in to  t he  molecule.  I t  was expec t ed  t h a t  th is  could  be 
done  b y  benzo t r i azo l i za t i on  of p o l y h y d r o x y l a t e d  a r o m a t i c  c o m p o u n d s  
such as resore inol  a n d  phlorogluc inol .  

Investigation of the earlier work on the preparation of benzotriazoles 
revealed that  condensation of o-nitrobenzenediazonium chloride with phenol 
(unsubstituted in the para  position) gave the expected p a r a - s u b s t i t u t i o n  
and after zinc and sodium hydroxide reduction, 2(4-hydroxyphenol)2H- 
benzotriazoles20, m. Elbs2O, 21 described condensations of o-nitrobenzenediazo- 
nium chloride with p a r a - s u b s t i t u t e d  phenols and obtained, after reductive 
cyclization, 2(2-hydroxyphenyl)2H-benzotriazoles. The same authors already 
described the condensation of o-nitrobenzenediazonium chloride with resorcinol 
which, after reductive eyclization with zinc and sodium hydroxide, gave a 
compound with a m.p. of 188 °C and with the correct nitrogen analysis for 
C12H902N322-24. A compound with apparently two benzotriazole rings in the 
molecule, ClsH120~N6 and a m.p. of 196 to 198 °C was also obtained2U, 24 in low 
yield. The authors 22 described the compound as 2,4[di(2H-benzotriazole-2- 
yl)] 1,5-dihydroxybenzene. 

I t  was t he  ob jec t ive  of th is  work  to  p r epa re  2 ( 2 - h y d r o x y p h e n y l ) 2 H -  
benzo t r i azo les  wi th  more  t h a n  one benzo t r i azo le  un i t  in the  molecule,  
to  cha rac te r i ze  t h e m  b y  chemica l  and  spec t roscopic  means  ; t he  s t u d y  of  
the  p h o t o p h y s i c a l  b e h a v i o r  will be desc r ibed  in more  de ta i l  in a 
subsequen t  paper .  
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Results and Discussion 

Four benzotriazyl subst i tuted dihydroxy- and t r ihydroxybenzenes 
have been prepared. 2,4[Di(2H-benzotriazole-2-yl)]l ,3-dihydroxy- 
benzene (DBDH) and 4(2H-benzotriazole-2-yl)l ,3-dihydroxybenzene 
(BDH) have been synthesized and characterized*. 

The two compounds have been made previously but  their purifi- 
cation and proper characterization have not yet  been described 22. Two 
new compounds, 2,4[Di(2H-benzotrii~zole-2-yl)]l,3,5-trihydroxyben- 
zene (DBTH) and 2,4,6[tri(2H-benzotriazole-2-yl)]l ,3,5-trihydroxy- 
benzene (TBTH), have been synthesized and their chemical and 
spectral characterization was carried out. 

BDH and DBDH were synthesized by  condensing o-nitrobenzene- 
diazonium chloride with resorcinol followed by reduction of the corre- 

sponding azo dyes with zinc and sodium hydroxide to the mono- and 

dibenzotriazyl subst i tuted resorcinols. For the synthesis of BDH the 

condensation occurred by adding slowly 0.4 tool of o-nitrobenzenedia- 
zoninm chloride to 0.8 tool of resorcinol ; (a mol ratio of diazonium salt 

to resorcinol of 1:2) sodium bicarbonte was used to buffer the coupling 

reaction rather  than the normal  sodium carbonate/sodium hydroxide 

mixture used in our work for the condensation reaction of o-nitrobenzene- 

diazonium chloride with monosubst i tuted phenols. The condensation 
was carried out by  adding slowly the diazonium salt solution to 

resorcinol below 10 °C to guarantee always a large excess of resorcinol, 

in a t t empts  to avoid disubstitution. After the reduction of the azo dye 

with zinc and sodium llydroxide, the benzotriazolization product  was 

obtained in 80-90~o crude yield; it was carefully fractionally crystalli- 
zed because the initially isolated product  consisted of a mixture of 

* The nomenclature of 2(2-hydroxyphenyl)2H-benzotriazole can be done 
by describing the substituent on the 2H-benzotriazole part of the molecules as 
we have done in previous papers s-:5 or, which is sometimes more convenient 
especially when the higher substitution in the phenol ring is the center of 
attention, to describe the substitution of the 2H-benzotriazyl group or groups 
on the polyhydroxylated benzene ring. The two types of nomenclature are 
given as follows: (A), (B), (C), (D). 
(A) 4-(2H-Benzotriazole-2-yl)l,3-Dihydroxybenzene (BDH) 

4- ( 1,3-Dihydroxyphenyl)2 H-Benzotriazole. 
(B) 2,4o[Di(2H-Benzotriazole-2-yl)]l,3-Dihydroxybenzene (DBDH) 

2,4-(1,3-Dihydroxyphenyl)-Di(2H-Benzotriazole). 
(C) 2,4-[Di(2H-Benzotriazole-2-yl)Jl,3,5-Trihydroxybenzene (DBTH) 

2,4-(1,3,5-Trihydroxyphenyl)-Di(2 H-Benzotriazole). 
(D) 2,4,6-[Tri(2H-Benzotriazole-2-yl)Jl,3,5-Trihydroxybenzene (TBTH) 

2,4,6-(1,3,5- Trih ydroxyphen yl )-Tri(2 H- Benzotriazole ). 
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B D H  and  D B D H .  After pur i f ica t ion  a 23~o yield of B D H  and  a 19~ 

yield of D B T H  were obta ined.  

Scheme 1 

a) HONO/H ÷ 
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W h e n  the o -n i t robenzened iazon ium chloride was added rapid ly  in 

equal  molar  quan t i t i e s  to resorcinol, or the resoreinol solut ion was 

added to the  o -n i t robenzened iazon ium chloride solut ion,  after reduc- 

rive cyclizat ion,  only D B D H  with a mel t ing  po in t  of 210-212 °C was 

isolated in 46~o yield. 

BDH was apparently prepared the first time by Elbs 22. I t  was described as 
white needles, m.p. 188 °C. Later it was described as pale brown crystals with a 
m.p. of 191 °C 24. 

DBDH was also described previously 22 as being obtained in 30-40~ yield as 
small, yellowish white needles, m.p. 196-198 °C ~a obtained in 79~ yield, melting 
at 200 °C 22 when reerystallized from benzene or from ethanol. 

I t  should also be po in ted  out  t h a t  D B D H  can have two s t ruc tu ra l  

isomers bu t  was described in gef ,  22 as the 2,4[di(YH-benzotriazole-2- 
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Table 1. Reaction conditions and results of benzotriazolization reactions of 
resorcinol and phloroglucinol. Reactants:  o-Nitroaniline: 55 g (0.4 tool). Coup- 

ling temperature:  0 to 10 °C 

Starting 
Compound 

Reaction 
g (mol) Mode of Product after yield 

Addition a Cyclization b g (~)b m.p. 

I~esorcinol 

Phloroglucinol 

88 (0.80) (1) ~ (2) BDH 21 (23) 
DBDH 6 (19) 

44 (0.40) (1) ~ (2) DBDH 30 (46) 
65 (0.40) (1) -~ (3) D B T H  25 (35) 
32 (0.20) (3) ~ (1) T B T H  13.3 (21) 

a (1) o-Nitroaniline, (2) I~esorcinol, (3) Phloroglucinol. 
b Yield based on o-nitroaniline. 

199-200 
210-212 
210-212 
240~42 
317-318 

y l ) ] l , 5 - d i h y d r o x y b e n z e n e  isomer.  A l t h o u g h  two para pos i t ions  are  
"open in resorcinol  for condensa t ion ,  one would  expec t  t h a t  th is  i somer  
would  be o b t a i n e d  p r e d o m i n a n t l y .  I t  was n o t  c omp le t e ly  out  of the  
ques t ion  t h a t  the  i someric  2,4[di(2 H-benzo t r i azo le -2 -y l ) ]  1,3- 
d i h y d r o x y b e n z e n e  could  have  been o b t a i n e d  because  the  s u b s t i t u t i o n  
of  the  second d i azon ium coupl ing reac t ion  on the  in i t ia l  mono-azo  

reac t ion  p r o d u c t  in 4-pos i t ion  could conce ivab ly  changed  the  d i rec t ion  
of  s u b s t i t u t i o n  of the  m o n o s u b s t i t u t e d  resoreinol  f rom the  n o r m a l l y  
expec ted  4,6 pos i t ion  (one para, one ortho-directing - - O H  subs t i t uen t )  
to  the  2,4 pos i t ion  (two ortho di rec t ing  - - O H  subs t i tuen ts ) .  

Discrepancies in the yield of crude products, and possible error in the 
assignment of the isomeric structure made it necessary to repeat the earlier 
work carefully in order to see if a difference in reaction condition could have 
caused the substantially different results of the condensation reaction. The 
synthesis of the monosubstituted benzotriazyl resorcinol (BDH) was carried 
out as closely as possible to the earlier Ref. 22. The main difference between the 
early procedure and ours was that  after the diazotization of o-nitroaniline was 
completed the diazonium salt solution was diluted with cold water to three 
times its original volume and the aqueous diazonium salt was added dropwise 
to the sodium hydroxide solution of resorcinol under vigorous stirring, between 

- -  1 and - - 5  °C. 

The reduction was carried out with 2 N NaOH and Zn and required 40 h. A 
seemingly important  difference was found in the description of the filtration 
step ; the literature reference required the suspension after the reduction to be 
filtered into a suction flask which contained dilute sulfuric acid and a small 
amount of sodium bisulfite. After neutralization the crude mixture containing 
BDH precipitated, the suspension was filtered, the compound was washed, 
dried and gave an 82~o yield of dried crude product which was found to be quite 
impure. This yield compares to a 90~ crude yield described in the literature 22. 

63 Monatshefte ftir Chemic, Vol. 114/8--9 
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After careful crystall ization four times from ethanol/water ,  pure B D H  was 
obtained in 18~o yield and D B D H  was isolated in 17~o yield for a to ta l  yield of 
pure compounds of 35%. The yield of 82% of crude product  was calculated 
based on a yield of a product  consisting entirely of B D H .  

Na2 C03 

"N NOz OH 0 2 N ' ~  

Zn NaOH 

OH 

DBTH 

S c h e m e  2 

a) HONO/ H 
b) Phtoroglucino[ 

NazC03 I NaOH 

[ ~  N°2 OH 0 2 N ~ - ~  

=io o/ v 
N 
H 

U 
7n t NaOH 

OH 

HO" "~  OH 
N 

U 
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The synthesis of D B D H  was also carried out as closely as possible to the 
earlier l i terature Ref. 2e. Again, the coupling was carried out with sodium 
carbonate as the buffer; the o-nitrobenzenediazonium chloride was added 
dropwise into a sodium carbonate  solution of resorcinol under vigorous stirring 
at  5-10 °C. The reduction was carried out in 2 =¥ N a O H  solutions for a period of 
48 h at  4 0 4 5  °C. After  the reduct ive cyclization, the suspension was filtered into 
a filter flask which contained dilute sulfuric acid and a small amount  of sodium 
bisulfite. The washed and dried product  was obtained in 55% yield if calculated 
for pure D B D H  and had a melting point  of 130 °C. Pure D B D H  was obtained 
after several recrystall izations from benzene or ethanol  in 8 ~  yield with a m.p. 
of 210 212 °C. The l i terature describes the compound as having been obtained in 
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3040~o yield with a m,p. 196 198 °C 22. Importantly, the authors describe the 
compound as decomposing during the melting process. Another author ~3 
described a melting point of 200-201.5 °C for the compound of the structure of 
DBDH. 

We also found it interesting to study the possible benzotriazolization 
of hyd~'oquinone, the 1,4-dihydroxybenzene where both hydroxyl groups 
might be ortho-directing, but recta-deactivating. Although the coupling 
was carried out in two ways with the sodium hydroxide solution of 
hydroquinone and o-nitrobenzenediazonium chloride; only a small 
amount  of a yellow powder was obtained rather  than the nearly 
quant i ta t ive  yield of the normal red powder of the azo coupling 
products  when condensing resorcinol or para subst i tuted phenols; a 
large amount  of gas was released at  the same time. The failure of this 
reaction is not surprising since the order of coupling of phenols is known 
to be phloroglucinol > resorcinol > m-cresol > phenol > hydroqui- 
none > o-nitrophenol, as described earlier 2s. I t  is also known tha t  
hydroquinone reacts very slowly with p-nitrobenzene diazohydrate 26. 
I t  is further known tha t  hydroquinone is quite inactive, in generM, for 
such coupling reactions. Diazonium salts form readily, as does o- 
nitrobenzenediazonium chloride, in near neutral  or basic solution, the 
aryl diazohydroxide which, when the condensation is slow, decomposes 
readily to nitrogen and phenol. Furthermore,  hydroquinone is a strong 
reducing agent ; in our case, the o-nitrobenzenediazonium chloride could 
be reduced with hydroquinone to nitrobenzene with the elimination of 
gaseous nitrogen while being oxidized to benzoquinone. 

It  should be pointed out that one of the papers for the preparation of 2-(2- 
hydroxyphenyl)2H-benzotriazole a describes the reaction of a para-substituted 
phenol similar to hydroquinone, namely, the condensation product of p- 
aminophenol, followed by reduction to the corresponding 2(2-hydroxy-5- 
aminophenyl)2H-benzotriazole, a monosubstituted benzotriazole derivative; 
in this particular ease the azo coupling and subsequent reduetive cyelization 
seem to have worked satisfactorily. 

The reaction of phloroglucinol with o-nitrobenzenediazonium 
chloride took a not completely expected direction and always gave di 
or tribenzotriazolized products;  no monobenzotriazolized compound 
was obtained under all conditions tried up to this time. When o- 
nitrobenzenediazonium chloride was added slowly to phloroglucinol 
(1:1 final ratio), D B T H  was obtained in 35~ yield after the original 
reaction product  was purified. If, however, phloroglucinol was added 
slowly to the diaz0nium compound, having ul t imately  a 2:1 excess, 
T B T H  was the only product  obtained after purification in 21~o 
(Table 1). 

63* 
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The s tudy of the infrared spectrum of the four compounds BDH, DBDH, 
DBTH and TBTH,  showed them to have the typical  infrared absorptions of 
benzotriazolized polyhydroxybenzenes,  the complicated spectra reflecting the 
functional groups in addit ion to the aromatic  rings. 

I t  has been established tha t  te t rasubs t i tu ted  benzene rings absorb in the 
800 900 era-1 region. 1,2,4,5-Tetrasubstitution on the benzene ring shows I R  
absorpt ion bands between 850 870 cm 1 while 1,2,3,4-tetrasubstituted benzene 
rings show peaks at 800 810 cm -1. In  the infrared spectrum of DBDH i t  shows 
peaks at 855 cm -1 and at 800 cm 1. On the basis of the I R  spectrum alone, the 
compound DBDH cannot  be unequivocal ly  assigned to one of the two kinds of 
isomers with the benzotriazole group subst i tuted in 2,4 position of the 1,2,4,5 
isomer of 2,4 position of the 1,2,3,4 isomer. I t  should be recalled tha t  Elbs 
proposed earlier for his DBDH compound for which we found a m.p. of 
210~12 °C, the s tructure of the 1,2,4,5 isomer. 

The 13CNMR chemical shift da ta  of all four compounds BDH, DBDH, 
DBTH and T B T H  are shown in Table 3. The 13C NMR chemical shift da ta  for 
BDH show the individual  carbon atoms of the phenol ring clearly separated ; 
the values agree well with the calculated values with the exception of the 
carbon atom number  a. This difference indicates tha t  sterie crowding occurs 
which seems to cause an angular change of the position of the benzotriazole 
ring. 

B a s e d  on I R ,  1H a n d  1 3 C N M R  s p e c t r o s c o p y  d a t a ,  we h a v e  con-  

e l u d e d  t h a t  D B D H  p r e p a r e d  b y  us  is t h e  1,2,3,4 i somer ,  r a t h e r  t h a n  t h e  

1,2,4,5 i somer .  

The ul t raviolet  spectra of various benzotriazole derivat ives are shown in 
Table 4 and Figs. 1, 2. BDH has a Xma x of 251 nm with an ext inct ion coefficient 
of about  8" 103 and a Xmax of 343 nm and an s of 23.6" 103. DBTH has a Xma x of 
238nm with an ~ of 16" 103 and a Xmax at 325nm and an c of 36.2' 103. As 
subst i tut ion increases as in the case of DBTH, a Xma x of 239nm and an ~ of 
13.6" 103 was found and a )~max at 340nm and an ~ of 40'  103. T B T H  has a single 
broad absorption peak with a Xmax at 337 nm and an ext inct ion coefficient of 
41.6' 103. Shoulders are noticed at 265 nm and 300 nm. 2H 5P [2(2-hydroxy-5- 
isopropenyl)2H-benzotr iazole]  which is used here for comparison, has a Xmax at 
241 nm and an ext inct ion coefficient of 18.1-103, a Xmax of 270nm and an ~ of 
15.3' 103, a ~max at 303 nm, an ~ of 17.1" 103 and finally a )'max of 346 nm with an 

of 13.3- 103. Table 4 shows the ext inct ion coefficient of BDH, DBTH and 
2H 5P; as a second benzotriazole ring is added to the molecule and each of the 
rings can hydrogen bond with a phenolic ortho-hydroxyl group, the ul t raviolet  
absorpt ion peaks become broad, have high ext inct ion coefficients and much of 
the s tructure of the absorpt ion band disappears. 

The ext inct ion coefficient of DBTH and T B T H  is nearly the same except  
tha t  T B T H  has strong shoulders into the lower wavelength region and 
consequently a broad spectrum from 250 nm all the way to 380 nm. 

I n  conc lu s ion ,  s eve ra l  h i g h l y  s u b s t i t u t e d  p o l y h y d r o x y b e n z e n e s  

s u b s t i t u t e d  w i t h  b e n z o t r i a z o l e  r ings  h a v e  b e e n  p r e p a r e d ,  c h a r a c t e r i z e d  

b y  t h e i r  II~, 1H a n d  13C N M R  s p e c t r a  a n d  t h e i r  u l t r a v i o l e t  c h a r a c t e r i -  

s t ics  h a v e  b e e n  e v a l u t a t e d .  As  t h e  s u b s t i t u t i o n  i nc rea sed ,  t h e  e x t i n c -  

t i o n  coe f f i c i en t  of  t h e  m o l e c u l e  i n c r e a s e d  d r a m a t i c a l l y  and ,  in a d d i t i o n ,  
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Table 4. Ultraviolet absorption of various benzotriazole derivatives in CHC13 
(c = 2'  10 5 tool/l) 

Compound Xma x e" 10 3 ~.max z" 10 -a ?~max ~" 10 3 ~-max e" 10-3 

BDH 251 7.87 343 23.6 
DBDH 238 16.2 325 36.2 
DBTI t  239 13.6 340 40.0 
T B T H  265 (shoulder) 300 (shoulder) 337 41.6 
2 H 5 P  241 18.1 270 15.3 303 17.1 346 13.3 

x 

E 
o 

OH N~ 

BDH 

N/N N Z 

DBDH 

OH 

C I =CB 2 

CH 5 

2H5P 

4.00 

300 

. z.oo "---_ i",\ 

1.00 

I , i ~ /  I ' t ' ' k [ 
200 300 400 

W A V E L E N G T H  ¢nm'3 

Fig. 1. Ultraviolet Absorption Spectra of 4(2H-Benzotriazole-2-yl)l,3-Dihydro- 
xybenzene (BDH), 2,4[Di(2H-Benzotriazole-2-yl)] 1,3-Dihydroxybenzene 
( DBDH), and 2(2-Hydroxy-5-Isopropenylphenyl)2H-Benzotriazole (2 H 5 P) 

a s t rong  b roaden ing  of the  single ab so rp t i on  peak  was no ted  wi th  the  
loss of some s t ruc tu re  of the  a b s o r p t i o n  peak .  This  a b so rp t i on  peak  
covers  the  i m p o r t a n t  u l t r a v i o l e t  range  nea r ly  in to  the  vis ible  region.  
A de ta i l ed  spec t roscopic  i nves t iga t ion  of th is  class of c o m p o u n d s  is 
u n d e r w a y  and  its r e l a t ionsh ip  to  the  p h o t o - p h y s i c a l  behav io r  will be 

r e p o r t e d  in the  near  fu ture .  
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Fig. 2. Ultraviolet Spectrum of 2,4[Di(2H-Benzotriazole-2-yl)]l,3,5-Trihydro- 
xybenzene ( D B T  H ), 2,4,6[Tri-(2H-Benzotriazole-2- yl )J l,3,5- Trih ydro xyben- 
zene (TBTH), and 2(2-Hydroxy-5-Isopropenylphenyl)2H-Benzotriazole 

(2H5P) 
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Experimental Part 

Materials: o-Nitroaniline (Aldrich Chemical Co.), resorcinol (MCB Manufac- 
turing Chemists, Inc.), phloroglueinol (J. T. Baker Chemical Co.) and most 
solvents such as benzene, chloroform, methanol and ethanol were used as 
received. Dimethyl sulfoxide-d~ (99.9~ D) was obtained from Aldrich Chemical 
Co. 

Measurements: Infrared spectra were recorded on a Perkin-Elmer Speetro- 
photometer, Model 283. Solid samples were measured in the form of potassium 
bromide pellets. 1H NMR spectra were recorded on a Varian A-60 spectrometer 
and 13C NMR spectra on a Varian CTF-20 spectrometer with complete proton 
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decoupling; T M S  was used as the internal standard. The compounds were 
measured in deuterated DMSO in 15~ or saturated solutions. Conditions for 
acquiring the spectra were as follows: spectral width 4000ttz,  number of 
transients > 6 000, acquisition time 1.023 s, pulse width 19 sec, pulse delay 1.0 s, 
data points 8 184. Ultraviolet absorptions were measured in chloroform solu- 
tion (Spectrograde, Fisher Scientific Co.) with a Beckman MVI spectrometer in 
a double beam servo mode (1.0 cm optical path length). Melting points were 
determined on a MELT-TEMP Capillary melting point apparatus at a heating 
rate of 2 °C/min and are uncorrected. Microanalyses were carried out at the 
Microanalytical Laboratory, Office of Research Services, University of Massa- 
chusetts, Amherst, Massachusetts. 

2,4[ Di(2 H-Benzotriazole-2-yl) ] l,3-Dihydroxybenzene ( DBDH ) 

A solution oi o-nltroanfline (55 g, 0.4 mol) in concentrated hydrochloric acid 
(150 ml) was diazotized at 0 °C, with a solution of sodium nitrite (28 g, 0.40 mol) 
in water (100 ml). The cold solution of o-nitrobenzenediazonium chloride was 
added over a period of 1 h with stirring to a solution of resorcinol (44 g, 0.4 tool), 
sodium carbonate (120g, 1.13mol) and sodium hydroxide (32g, 0.8mol) in 
water (600 ml), cooled to 0 °C. The azo compound separated immediately in the 
form of dark red crystals. After stirring the reaction mixture for 2 h the azo 
compound was isolated by filtration, washed 3 times with water, and then 
dissolved in a 2 N sodium hydroxide solution (600 ml) in a two liter-beaker. Zinc 
powder (120g, 1.84mol) was added with stirring to the solution of the azo 
compound over a period of 0.5 h, followed by the addition of a solution of 
sodium hydroxide (150 ml, 40~o) over a period of 1 h with the bath temperature 
raised to 50 °C. The color of the reaction mixture changed from red to green, 
indicating that the azo compound had been reduced. After 16 h the suspension 
was filtered and the residue was extracted twice with aqueous sodium 
hydroxide (10~o) ; the filtrate was combined with this extract and cooled in an 
ice bath. While keeping the temperature below 10 °C, the solution was acidified 
with concentrated hydrochloric acid and crude DBDH precipitated. I t  was 
isolated by filtration, air-dried and then placed in a Soxhlet extractor. After 
extracting for 3 days with benzene, 30 g (46~o yield) of DBDH were isolated 
from the benzene extract, t~ecrystallization from chloroform gave pure DBDH 
as white needles, m.p. 210-212 °C. 

The ultraviolet absorption data are presented in Table 4. IR (KBr): 
3 080 cm 1 ( O - - H  stretching), iH NMR and i3C NMR chemical shift data are 
presented in Tables 2 and 3. 

Anal. Calcd. for CisHi~N60~: C62.79, H3.49, N24.42. Found: C62.66, 
H 3.38, N 24.22. 

4(2 H- Benzotriazole- 2- yl ) 1,3- Dihydroxybenzene ( B D H ) 

The synthesis of BDH followed essentially the same procedure as described 
for the synthesis of DBDH, except that the molar ratio of o-nitrobezenediazo- 
nium chloride/resorcinol was 1:2. l~esorcinol (88 g, 0.8 mol) and sodium bicar- 
bonate (168g, 2mol) was used for the coupling reaction rather than sodium 
carbonate and sodium hydroxide. Crude BDH was extracted for 2 days with 
ethanol in a Soxhlet apparatus. After diluting the ethanol extract with water, 
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some material precipitated, which was isolated and identified to be DBDH (6 g, 
9~o yield). After further addition of water to the ethanol extract (ethanol :water 
= 1 : 1), 21 g (23~ yield) of crude BDH precipitated; it was recrystallized from 
ethanol:water (1:1) and gave white needles, m.p. 199-200 °C. 

The ultraviolet absorption data are presented in Table 4. IR (KBr): 
3 220 cm -1 (0 H stretching). 1H NMR and 13C NMR chemical shift data are 
shown in Tables 2 and 3. 

Anal. Calcd. for C12H9N3Q: C63.43, H3.99, N18.49. Found: C63.17, 
H 3.92, N 18.49. 

2,4,6[Tri(2 H Benzotriazole 2-yl)]l,3,5-Trihydroxybenzene ( T B T H )  

o-Nitroaniline (55 g, 0.4 tool) was diazotized as described for the synthesis of 
DBDH. To the stirred solution of o-nitrobenzenediazonium chloride, cooled to 
0 ° 5 °C, was added dropwise a solution of phloroglucinol (32 g, 0.2 mol), sodium 
hydroxide (24g, 0.6tool) and sodium carbonate (120g, 1.13rnol) in water 
(600 ml). The procedures for work~up, reductive cyclization and isolation of the 
crude T B T H  were essentially the same as described for DBDH. The crude 
product was purified by Soxhlet extraction with acetone (3 days); the acetone 
extract yielded 13.3g (21~) of TBTH.  I~ecrystallization from acetone gave 
yellow needles, m.p. 317-318 °C. 

The ultraviolet absorption data are presented in Table 4. IR (KBr): 
3 140cm i (0 H stretching). 1H and 13CNMR chemical shift data are pre- 
sented in Tables 2 and 3. 

Anal. Calc. for C24H15Ng03: C60.37, H3.17, N26.40. Found: C60.59: 
H 3.03, N 26.50. 

2,4[Di(2 H- Benzotriazole- 2-yl ) ] l ,3,5- Trihydroxybenzene ( D B T  H ) 

The synthesis of D B T H  followed the same procedure as outlined for BDH, 
but with phloroglucinol (65g, 0.40tool) as starting material, and sodium 
carbonate (148 g: 1.4 tool) for the coupling reaction.The Soxhlet extraction was 
carried out for 3 days with acetone as the solvent and yielded 25g (35~o) of 
DBTH. After recrystallization from acetone, pale yellow needles were ob- 
tained, m.p. 240 242 °C. 

The ultraviolet absorption data are presented in Table 4. IR (KBr): 
3050cm-1 (O--H stretching). 1HNMk and 13CNMI~ chemical shift, data are 
presented in Tables 2 and 3. 

Anal. Calcd. for ClsH12N603: C60.00, H3.33, N23.33. Found: C60.10, 
H 3.35, N 22.99. 
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