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ORGANIC PREPARATIONS AND PROCEDURES INT.  7(  5), 243-250 (1975) 

THE ?REPARATION OF DIHYDROXYDIPHENYLMETHANES CONTAINING NITRO 

GROUPS. 11. UNSYMMETRICALLY SUBSTITUTED COMPOUNDS 

V. Biihmer” and W. L o t z  

Organisch-chemisches Institut 
der Johannes Gutenberp-Universitgt 

Mainz, DEUTSCHLAND 

Recently we reported that dihydroxgdiphenylmethanes substi- 

tuted with nitro groups can readily be prepared by condensation 
1 of nitrophenols with formaldehyde. However, in this way only 

symmetrically substituted products (R 

obtained. Furthermore, a reactive ortho- or para-pOSitiOn 

should not remain in the condensation product. 

= R4, R R 3 )  can be 

OH OH 

r 
R2 

OH 

RIT$ + 
R 2  ;3 I 

a b C d e f e 

NO2 NO2 CH3 H NO2 NO2 NO2 

CH3 CH3 N O 2  NO2 NO2 NO2 NO2 

N O 2  N O 2  N O 2  NO2 CH3 NO2 NO2 
H 

3 
H CH3 H H NO2 CH 
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V. BOHMER AND W. LOTZ 

Unsymmetr ical ly  s u b s t i t u t e d  dihydroxydiphenylmethane com- 

pounds can b e  s y n t h e s i z e d  by condensa t ion  of ch loromethyla ted  

n i t r o p h e n o l s  w i t h  o t h e r  n i t r o p h e n o l s .  We have a l r e a d y  reported.  

two examples f o r  t h i s  r e a c t i o n  ( I a ,  I b ) , 2  which aDpears t o  h e  

g e n e r a l l y  a p p l i c a b l e .  We have p r e p a r e d  bo th  2 , 2 '  -dihgdroxydi-  

phenylmethane d e r i v a t i v e s  ( I a - g )  and 2 , 4 ' - d i h y d r o x y d i ~ h e n y l -  

methane d e r i v a t i v e s  ( I Ia -d)  i n  t h i s  wag. S ince  t h e  necessa ry  

ch lo romethy la t ed  n i t r o p h e n o l s  are r e a d i l y  a v a i l a b l e  ,3-5 t h i s  

seems t o  be a ve ry  s i m p l e  and conven ien t  method. 
, 

a b C d 

R 4  R1 = N O 2  H CH3 NO2 

R2 = CH3 N O 2  NO2 N O 2  

R 2  R3 = NO2 N O 2  NO2 NO2 

I1 R 4  = CH3 CH3 CH3 CH3 

R 1 6 C H 2  ~ C ) H  

As shown i n  t h e  scheme ( p r e v i o u s  p a g e ) ,  there  are  g e n e r a l l y  

two pathways t o  p r e p a r e  a c e r t a i n  compound (oL,fl).  We have c a r -  

r i e d  b o t h  o f  them o u t  i n  t h e  c a s e s  o f  I a ,  I b ,  I I a  and I I b .  

I d e n t i c a l  p r o d u c t s  were always o b t a i n e d  as shown by I R  spec-  

t r o s c o p y ,  t h i n  l a y e r  chromatography,  m e l t i n g  p o i n t  and mix tu re  

m e l t i n g  p o i n t .  These  r e a c t i o n s  can b e  cons ide red  as a s t r u c t u r -  

a l  p roo f  b u t  no p a r t i c u l a r  advantage  of one r o u t e  (a) over  t h e  

o t h e r  ( p )  could  be  observed  i n  t h e s e  c a s e s .  However, f o r  t h e  

p r e p a r a t i o n  o f  t h e  compounds w i t h  a d i n i t r o p h e n o l  u n i t  ( I e -g ,  

I I d ) ,  w e  o n l y  t r i e d  t h e  condensa t ion  of 2 -hgdrox~-3 ,5 -d in i t ro -  

b e n z y l  c h l o r i d e  w i t h  t h e  co r re spond ing  n i t r o p h e n o l  (a). Con- 

s i d e r i n g  t h e  low r e a c t i v i t y  o f  2 , 4 - d i n i t r o p h e n o l ,  t h e  i n v e r s e  

r e a c t i o n  does  no t  seem t o  be  f a v o r a b l e  i n  such a c a s e .  

4 

The condensa t ion  r e a c t i o n  r e q u i r e s  t empera tu res  of  100-120' 

2 44 
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DIHYDROXYDIPHENYLMETHANES CONTAINING NITRO GROUPS 

if mononitrohydroxybenzyl  c h l o r i d e s  are condensed and 130-160' 

if 2-hydroxy-3,5-dinitrobenzyl c h l o r i d e  i s  used .  O r d i n a r i l y  i t  

i s  necessa ry  t o  use  ZnC12 as c a t a l y s t ,  b u t  w i t h  h i g h e r  tempera-  

t u r e s  t h e  condensa t ion  may be p o s s i b l e  w i t h o u t  a c a t a l y s t .  T h i s  

was shown i n  t h e  p r e p a r a t i o n  of  Ia .2  If t h e  r e s u l t i n g  d ihydroxy-  

diphenylmethane d e r i v a t e  s t i l l  c o n t a i n s  a f ree ,  r e a c t i v e  o r t h o -  

o r  p a r a - p o s i t i o n  ( I a ,  I c y  I d ,  I g ,  I I b ) ,  t h e  n i t r o p h e n o l  must be 

used i n  a ten-to twenty-fold e x c e s s  t o  avo id  t h e  f o r m a t i o n  o f  

h i g h e r  molecu la r  weight condensa t ion  p r o d u c t s .  I n  t h e  o t h e r  

c a s e s ,  t h e  s t o i c h i o m e t r i c  amount o f  n i t r o p h e n o l  may be  u s e d ,  

b u t  s t i l l a t h r e e - t o  f i v e - f o l d  amount is  p r e f e r a b l e  t o  o b t a i n  a 

homogeneous r e a c t i o n  m i x t u r e  which i n c r e a s e s  t h e  y i e l d .  The 

excess  o f  n i t r o p h e n o l  can e a s i l y  be  removed by steam d i s t i l l a -  

t i o n  ( 2 - n i t r o - p - c r e s o l ,  6 - n i t r o - 2 - c r e s o l )  o r  by d i s s o l v i n g  i n  

h o t  water ( p n i t r o p h e n o l ,  4 - n i t r o - 2 - c r e s o l ) .  

Symmetr ica l ly  s u b s t i t u t e d  dihydroxydiphenylmethane d e r i v a -  

t i v e s  can b e  p r e p a r e d  a l s o  by condensa t ion  o f  ch lo romethy la t ed  

n i t r o p h e n o l s  w i t h  t h e  co r re spond ing  n i t r o p h e n o l s .  Compared w i t h  

t h e  d i r e c t  condensa t ion  w i t h  formaldehyde, '  t h i s  is  o n l y  f a -  
6 v o r a b l e  i n  t h e  s y n t h e s i s  o f  I d  which can be  p r e p a r e d  bes t  i n  

t h i s  way. On t h e  o t h e r  hand,  t r i-  and t e t r a n u c l e a r  compounds 

can be  o b t a i n e d  by t h e  same r e a c t i o n .  2 37 

EXPERIMENTAL 

Mel t ing  p o i n t s  were de te rmined  w i t h  a Mettler FP1. The v a l -  
ues  r e p o r t e d  are t h e  ave rage  of  th ree  v a l u e s ,  d i f f e r i n g  by n o t  
more t h a n  0,3O. Uncorrec ted  v a l u e s  were de te rmined  by v i s u a l  
o b s e r v a t i o n .  D i a c e t a t e s  were p repa red  a )  by r e f l u x i n g  t h e  d i -  

hydroxydiphenylmethanes w i t h  an e x c e s s  of  a c e t i c  Bnhydride o r  
b )  by r e a c t i o n  w i t h  a c e t i c  anhydr ide  i n  p y r i d i n e  a t  room t e m -  
p e r a t u r e .  A l l  p r o d u c t s  s y n t h e s i z e d  were ch romatograph ica l ly  
(TLC) pure .  
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General Procedure for the Condensation Reaction. The chloro- 

methylated nitrophenol (111) and an excess of the nitrophenol 

(IV) were heated under nitrogen atmosphere while stirring. 

ZnC12 (about 0.2 g. per mmole of 111) was added to the homoge- 

neous molten mixture. The reaction was stopped when the HC1- 

evolution had subsided. The exact reaction data are given to- 

gether with the further description of each compound. The ex- 

cess of nitrophenol was removed by steam distillation (in the 

case of IVc and IVd) or by dissolving in boiling water (about 

100 cm per gram of IVa or IVb). 3 

a b C d e 

R1 H CH3 NO2 NO2 NO2 

OH 111 R2 NO2 NO2 CH3 CH2C1 NO2 

“‘-6 R3 
k 2  

R3 CH2C1 CH2C1 CH2C1 CH CH2C1 3 

RI H CH3 NO2 NO2 

H CH3 IV R‘ NO2 NO2 
I11 or IV 

R3 H H H CH3 

To remove the zinc compounds,the residue was dissolved in aq- 

ueous NaOH and reprecipitated by dropwise addition of the fil- 

tered alkaline solution to dilute aqueous HC1. The crude prod- 

uct was further purified as described for each compound. 

2-(2-Hydroxy-5-nitro-benzyl)-6-nitro-~-cresol - (Ia) by condensa- 

tion of 0.02 mole IIIa with 0.2 mole IVc (4-6 hr. at 100-llOo, 

68%) or 0.02 mole IIIc with 0..3 mole IVa (8 hr. at 120-140° 

without ZnC12, 84%). Recrystallization from acetone or from 

glacial acetic acid/water yields a yellow, microcrystalline 

powder, mp. 204.1°, lit.2 mp. 201-203’. 

2-(2-Hydroxy-~-methyl-~-nitro-benzyl)-6-nitro-p-cresol (Ib) by 
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DIHYDROXYDIPHENYLMETHANES CONTAINING NITRO GROUPS 

condensation of 0.01 mole IIIb with 0.03  mole IVc (3 hr. at 

100-120°, 55%) or 3.3 mmole IIIc with 3.6 mmole IVb (3 hr. at 

115-120°, 71%). Recrystallization from ethanol yields small, 

yellow needles, mp. 195-196', lit.2 mp. 193-194'. 

2-(2-Hydroxy-5-nitro-benzyl)-4-nitro-o-cresol (Ic) by condensa- 

tion of 0.01 mole IIIb with 0.15 mole IVa (2 hr. at 120'). 

Recrystallization from placial acetic acid/water yields 67% of 

white crystals, mp. 253-255'. 

Anal. Calcd. for C14H12N206 

- 

C, 55.27: H, 3.98; N, 9.21 

Found C, 55.02; H, 4.01; N, 8.95 

Diacetate of Ic yields small, white needles from ethanol, mD. 

12j.6', after resolidification mp. 150.4'. 

Anal. Calcd. for C18H16N208 C, 55.67; H, 4.15; N, 7.21 

Found C, 55.97; H, 4.29; N, 6.94  

u ' - M e t h y l e n e b i s ( 4 - n i t r o p h e n o l )  (Id) by condensation of 0.02 

mole IIIa with 0.4 mole IVa (2 hr. at 120'). Recrystallization 

from placial acetic acid/water vields 53% of pale yellow nee- 

dles, mp. 269-271°, lit.6 mp. 268'. 

2-(2-H~droxy-~,~-d~n~tro-benzyl)-F-n~tro-~-cresol (Ie) by con- 

densation of 0.01 mole IIIe with 0.03 mole IVc (4 hr. at 130- 

140' and 5 hr. at 150-160°). Recrvstallization from glacial 

acetic acid and finally from placial acetic acid/water yields 

27% of dark yellow needles,mp. 188-194'. 

Anal. Calcd. for ClhHl1N3O8 

- -- 

C, 48.15; H, 3.17; N, 17.03; 0, 36.65 

Found C, 47.96: H, 3.31: N, 12.32; 0, 36.55 

Diacetate of Ie vields vellow crystals from acetonelethanol, 

mn. 170.6'. 
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V. BOHMER AND W. M T Z  

Anal. Calcd .  f o r  Cl8Hl5N3Olo  

C ,  49 .89 ;  H ,  3 . 4 9 ;  N ,  9 . 7 0 ;  0 ,  36 .92 :  C H 3 C 0 ,  1 0 . 8 7  

C ,  5 0 . 1 9 ;  H ,  3 . 5 9 ;  N ,  9 . 4 0 ;  0 ,  36 .70 ;  C H 3 C 0 ,  ?().OF( Found 

2-(2-Hydroxy-3,~-d~n~tro-benzyl)-~-nitro-o-cresol - ( I f )  bv con- 

d e n s a t i o n  of  0.01 mole I I I e  w i t h  0 .05  mole I V b  (4 h r .  a t  130-  

140' and 5 h r .  a t  140-150°) .  To  remove i m p u r i t i e s  t h e  c rude  

product  i s  e x t r a c t e d  s e v e r a l  times bv s m a l l  amounts of b o i l i n p  

ch loroform.  R e c r y s t a l l i z a t i o n  from g l a c i a l  a c e t i c  a c i d  v j e l d s  

34% of  pale ye l low c r y s t a l s ,  mp. 247,6'. 

Anal.  Calcd .  f o r  C14H11N308 C ,  48 .15 ;  H ,  3 . 1 7 ;  M ,  1 2 . 0 3  

Found C ,  48 .27 ;  H ,  3 .21 ;  N ,  1 1 . 8 2  

D i a c e t a t e  of  If y i e l d s  n e a r l v  wh i t e  n e e d l e s  from e t h a n o l ,  rm. 

163.8'. 

Anal. Calcd .  f o r  C18Hl5N3Ol0 C ,  4 q . 8 9 ;  H ,  3 . 4 4 ;  N, 9 . 7 0  

Found C ,  5 0 . 1 7 ;  H ,  3 . 6 0 ;  N ,  9.61 

2-(2-Hydrox~-~,5-dinitro-benz.yl)-4-nitrophenol (Igl bv  conden- 

s a t i o n  o f  0.05 mole I I I e  w i t h  0 . 5  mole IVa ( 7  h r .  a t  120-130°). 

R e c r y s t a l l i z a t i o n  from g l a c i a l  a c e t i c  a c i d / w a t e r ,  u s i n g  cha r -  

c o a l  d u r i n p  t h e  f irst  times, f i n a l l v  y i e l d s  4 4 %  o f  grey-ye l low 

c r y s t a l s ,  mp. 202-204O. 

-- Anal. Calcd .  f o r  Cl3H9N3O8 

C ,  46 .58 ;  H ,  2 . 7 1 ;  N ,  1 2 . 5 4 ;  0 ,  38.17 

Found C ,  46 .27 ;  H ,  2 .74:  N ,  1 2 . 7 2 ;  0 ,  37.96 

D i a c e t a t e  o f  I g  y i e l d s  p a l e  ye l low c r v s t a l s  from e t h a n o l / n e t r o -  

leum e t h e r  (70 -100° ) ,  mp. 104'. 

Anal. Calcd .  f o r  C17H13N30io 

C ,  48 .70 ;  H ,  3 .13 ;  N ,  10.10; CH C O ,  20.53 

C ,  48 .51 ;  H ,  3.06; M, 10.10: C H 3 C 0 ,  2 0 . 4 2  
3 

Found 
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DIHYDROXYDIPHENYLMET-S CONTAINING NITRO GROUPS 

4-(2-Hydroxy-5-methyl-3-n~tro-benzyl)-6-nitro-o-creso~ - (IIa) by 

condensation of 0.01 mole IIIc with 0.03 mole IVd (5 hr. at 100- 
120°, 66%) or 0.01 mole IIId with 0.03 mole IVc (3 hr. at 90- 

100° and 2 hr. at 100-llOo, 85%). Recrystallization from glaci- 

al acetic acid/water yields yellow needles or larger, orange 

crystals, mp. 169.0'. 

Anal. Calcd. for C15H14N206 C, 56.60; H, 4.43; N, 8.80 

Found C, 56.38; H, 4.41; N, 8.76 

Diacetate of IIa yields small, yellow crystals from ethanol/ 

petroleum ether (70-100°), mp. 149.5'. 

Anal. Calcd. for ClgH18N208 
C, 56.72; H, 4.51; N, 6.96; 0, 31.81 

Found C, 57.03; H, 4.36; N, 6.91; 0, 31.70 

4-(2-Hydroxy-5-nitro-benzyl)-6-nitro-o-cresol (IIb) by conden- 
sation of 0.01 mole IIIa with 0.15 mole IVd (5hr.at llOo, 83%) 

or 0.01 mole IIId with 0.15 mole IVa (6 hr. at 120°, 74%). 

Recrystallization from glacial acetic acid and from methanol/ 

water or ethanol/water yields a yellow, microcrystalline prod- 

uct, mp. 203-206'. 

Anal. Calcd. for C14H12N206 

- 

C, 55.27; H, 3.98; N, 9.21 

Found C, 55.40; H, 3.87; N, 9.09 

Dlacetate of I I b  yields small, white crystals from ethanol, 

mp. 111.1~. 

Anal. Calcd. for C18H16N208 c, 55.67; H, 4.15; N, 7.21 
Found C, 55.57; H ,  4.33; N, 7.21 

~-~2-Hydroxy-~-methyl-~-nitro-benzyl)-6-nitro-o-cresol - (IIc) 

by condensation of 0.01 mole IIId with 0.03 mole IVb (7 hr. at 

120'). Recrystallization from glacial acetic acid yields 87% 

of yellow needles, mp. 235,lO. 
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V. BOHMER AND W. LOTZ 

Ana l .  C a l c d .  f o r  C l 5 H I 4 N 2 O 6  C ,  5 6 . 6 0 ;  H ,  4 . 4 3 ;  N, 8 .80  

Found C ,  56 .57 ;  H ,  4 . 3 3 ;  b J ,  8 . 5 9  

D i a c e t a t e  of  I I c  y i e l d s  small ,  w h i t e  c r y s t a l s  f rom e t h a n o l ,  

mp. 172.5'. 

Ana l .  C a l c d .  f o r  ClgH18N208 C ,  5 6 . 7 2 ;  H ,  4 . 5 1 ;  N ,  6.96 

Found C ,  5 6 . 9 4 ;  H ,  4 . 7 0 ;  N ,  6 .99  

~ - ( 2 - H y d r o x v - ~ . 5 - d i n i t r o - b e n z ~ l ) - 6 - n i t r o - o - c r e s o l  ( I I d )  by con- 

d e n s a t i o n  o f  0 .01 mole I I I e  w i t h  0 .05  mole IVd (10 h r .  a t  160'). 

R e c r y s t a l l i z a t i o n  f rom g l a c i a l  a c e t i c  a c i d  y i e l d s  37% o f  d a r k  

y e l l o w  c r y s t a l s ,  mp. 213-215'. A p u r e r  p r o d u c t  is o b t a i n e d  by 

column ch romatography  ( s i l i c a  g e l ,  c h l o r o f o r m ) ;  b r i g h t  y e l l o w  

c r y s t a l s  f rom g l a c i a l  a c e t i c  a c i d / w a t e r ,  mn. 221.3'. 

Anal .  C a l c d .  f o r  C14Hl lN308 

- 

C ,  118.15; H ,  3 . 1 7 ;  N ,  1 2 . 0 3  

Found C ,  47 .92 ;  H ,  3 .32;  N ,  11 .84  

D i a c e t a t e  of I I d  y i e l d s  w h i t e  c r v s t a l s  from e t h a n o l ,  mp. 156.4'. 

Ana l .  C a l c d .  f o r  C18H15N3010 C ,  49 .89 ;  H, 3 . 4 4 ;  N ,  9 . 7 0  

Found C ,  5 0 . 1 3 ;  H ,  3 . 6 1 ;  11, 9 .5? 

Acknowledgenent.  We are  g r a t e f u l  t o  P r o f .  D r .  H .  K P m m e r e r  f o r  
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