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S U M M A R Y  

[ 14? I of 2,6-dimetho U-I4C phenol ms carried 
phenol. U- ClPhenoZ w7s converted to 2- 

phenoxy-57litrobenzophenone which was sequentially hydroxylated with 
hydrogen peroxide-acetic acid to 
intermediate, 2- (2", fitl-dih&oxy 
Methylation of this intermediate and subsequent scission of the a r y l  ether 
link with piperidine gave the required diIoasubstituted phenol. 
alternative sequence was investigated for  the conversion of 2-(2"-hydmxy- 
phenoxy I-5-nitrobenzophenone to 2-(2",6'f-dimethoxyphenoxy)-5-nitrobenao- 
phenone but it gave a poorer overall yield with an unstable intermediate. 
Characterization data are included. 

An 

2,6-Dimethoxyphenol is a constituent part of t h e  anaesthetic M & B 16,573 

and is released from the anaesthetic in vivo. Preliminary metabolic investig- 

ations have shown that 2,bbimethoxyphenolis toxic in certain species, partic- 

u l a r l y  the cat (1). A complete study of the metabolism and mode of excretion 

0; this bhenol necessitated a defined synthesis of uClabelled 2,bdimethoxy- 

phenol in order that its toxic effects could be studied. 

methods exist for the synthesis of di-& substituted phenols. 

has been outlined by Loudon and Scott (2 )  and the overall yield of 2,bdimethoxy- 

phenol obtained by these workers was described by them as good. 

after examination of all the optimum conditions for each stage it was never 

Few published 

One method 

However, even 
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Fig. 1. SYNTHESIS OF "C-LABELLED 2 4  -DIMETHOXY PHENOL 
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possible t o  obtain an overall yield of more than 5 .. 1070. 
publication reports a f u l l  procedure for  the synthesis of 2,bdimethoxy 

[ &14C] phenol using [&'C]phenol as the radiochemical precursor (Fig. 1).  

The present 

The i n i t i a l  reaction consisted of coupling [ IhUC]phenol with Lchlorc- 

5-nitrobenzophenone t o  give a compound of the aryloxynitrobenzophenone type 

(I). 

ring t o  *substitution. Hydroxylation was effected by dissolving the 

compound i n  conc. %SO4, diluting the solution with acetic acid and adding 

hydrogen peroxide. 

mediate but unisolated xanthylium sulphate t o  give the -substituted phen- 

o l i c  ring, compound 11, i n  good yield. 

This intermediate w a s  formed in good yield and predisposed the phenol 

The hydroxylation appears t o  proceed through the inter- 

The introduction of a second e s u b s t i t u e n t  could be achieved by either 

one of two ways. 

required a further treatment with sulphuric acid followed by acetic acid and 

hydrogen peroxide t o  give the d i . a  substituted intermediate (111) directly 

and again i n  good yield. 

diazomethane gave 2 4 2  ,6 -dimethoxy [U-%]phenoxy)-~nitrobenophenone (IV), 

also i n  good yield. The ether l ink was s p l i t  with piperidine and yielded the 

required 2,bdimethoxy [&.'C]phenol. Each step in the sequence was effected 

i n  a t  l eas t  5Oyo yield giving an overall yield fo r  the di-& substituted 

phenol of 5 - 10% based on [ b U C ]  phenol. 

The procedure adopted i n  the radiochemical synthesis 

Methylation of the phenolic hydroxyl groups with 
II II 

The alternative sequence from compound I1 involved three steps prior t o  

Cd i r t i ng  the ether link with piperidine. 

,vostituted intermediate precedes the introduction of the second e s u b s t i t u e n t  

Here methylation of the mono 

which i s  then methylated separately. 

The isolated intermediates from both sequences were purified by repeated 

crystall ization and characterized by infra-red and nuclear magnetic resonance 

spectroscopy. In  addition, prepared 2,bdimethoxy [&.%]phenol was further 

characterized by ultra-violet  spectroscopy and was shown t o  be homogeneous by 
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t b l a y e r  chr Omat ography . 
MATERIALS AND METHODS 

LChloro+nitrobenzophenone was purchased from t h e  Aldrich Chemical Co., 

Milwaukee, Wisconsin, U.S.A., and was r e c r y s t a l l i z e d  from ethanol  containing a 

small quant i ty  of ac t iva ted  charcoal. 

by t h e  method of De Boer (3). 

Organic Chemicals Ltd., Rochester, New York, U.S.A. 

a c t i v i t y  337pCi/mg) was purchased from t h e  Radiochemical Centre, Amersham, 

Bucks, U.K. 

Diazomethane (alcohol  f r e e )  was prepared 

2,bDimethoqphenol was supplied by Eastman 

[b'C]Phenol ( spec i f ic  

Infra-red spec t ra  were measured on a PerkikElmer 257 spectrophotometer 

using t h e  KFir disc method, the  u l t r h v i o l e t  spectra  were obtained on a Unicam 

SP 800A spectrophotometer using butatKLo1 as solvent  and n.m.r. spectra  were 

recorded on a PerkihElmer 100 MHz spectrophotometer using CDCl as solvent. 3 
T h i b l a y e r  chromatography was performed on S i l i c a  Gel G using xylens-chloroform 

(1:3,v/v) as solvent. 

MPERIMENTAL 

PreDaration of 2c[~4Clilhenoxv-5-nitrobeno~henone (I) 
14 

[ul CIPhenol (300pCi, 337pCi/mg) was mixed with phenol (2.23g, 2.0 mmoles) 

and fused with f i n e l y  powdered KOH (1.2 m o l e ) .  

(5.240, 1 mmol) was added and t h e  reac t ion  was allowed t o  proceed f o r  15 min; 

s u f f i c i e n t  heat  was appl ied t o  provide a homogeneous mixture a t  i t s  boi l ing  

point. ' On cooling, the  mixture was pulverized and washed with 1070 (w/v) NaOH 

solut ion (3  x l O m l ) .  

water (SO0 m l )  t o  n e u t r a l  pH. 

aqueous a c e t i c  acid,  9070 (v/v), dr ied  and decolourized !&th ac t iva ted  charcoal  

i n  boi l ing  benzene. 

r e s u l t a n t  f i l t e r e d  benzene so lu t ion  (40 ml) with an equal  volume of l i g h t  

petroleum (b.p.60 - 8OoC); 

benzene-light petroleum (b.p.60 - 8OoC) (2:3, v/v). 

LChlor-5-nitrobenzophenone 

After  f i l t r a t i o n  t h e  residue was washed with d i s t i l l e d  

The s o l i d  product was c r y s t a l l i z e d  twice from 

Recrys ta l l iza t ion  was accomplished by d i l u t i o n  of the  

! 

a f i n a l  r e c r y s t a l l i z a t i o n  was obtained from 
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A yield of 6070 was obtained for  this stage, the product being white and 

crystall ine with melting point 141 - 142' C. 

The infra-red and n.m.r. spectra of the product were consistent with the 

patterns expected of authentic L[&L4C]phenoxy-fmitrobenzophenone. 

the infra-red spectrum the following important absorptions were observed: 

1275 - 125Ocm-' and 107.5~111-' (aromatic ether), 1665~- '  (aromatic ketone), 

84Ocm-' (2 adjacent protons on an aromatic ring) and SOOcm-' (one adjacent 

proton on an aromatic ring). 

nitrobenzophenone reveals a sharp signal assigned t o  the proton between the 

carbonyl and n i t r o  group of the benzophenone a t  1.7TJ a l l  the remaining 

protons were observed as  a multiplet around 2.5T. 

Preparation of 2-( 2"-hydroxy [bUC1Dhenoxy)-5-nitrobenzophenone (111 

From 

The n.m.r. spectrum of 2-[LUC]phenoxy-5- 

2-[& 14 C]Phenoxy-5-ni.trobenzophenone (3.69, 1.15 mole)  was dissolved 

by shaking and warming i n  conc. %SO4 (8ml). 

(64111) was added and the mixture treated with hydrogen peroxide (1.8ml of 

300/, w/v) dropwise with shaking. 

crushed ice. 

crystall ized from methanol. 

i n  a yield of 70%. 

After 30 min, acetic acid 

After 20 min the mixture was poured onto 

The precipitate was f i l t e red ,  washed with water, dried and 

The result ing solid (m.p. l.52-153'C) was obtained 

The infra-red spectrum showed a new absorption band a t  3350 - 340Ocm-' 

indicating the presence of a phenolic hydroxyl group; the remainder of the 

spectrum was v i r tua l ly  ident ica l  with L[ U,%]phen0xy-5-nitrobenzophenone. 

The n.m.r. spectrum confirmed the introduction of the phenolic hydroxyl group 

and the in tegra l  trace revealed a r a t i o  of lhydroxyl  proton t o  a p p r o b a t e l y  

Iq aromatic protons. 

hydroxyl group had been introduced 

The n.m.r. spectrum also confirmed tha t  the phenolic 

t o  the ester linkage. 

The conversion of 2-( 2'l-hydroxy [ZFL4C]phenoxy)-5-nitrobenzophenone t o  
I1 11 

2-(2 ,6 -dimethoxy [lJ-'C]phenoxy)-~fmitrobenzophenone may be achieved by one 

of two pathways as shown i n  Fig. 1. In preliminary investigations using no* 
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l abe l led  intermediates the favoured pathway was found t o  be: 

PreDaration of 2-(2 ,6 -dihydroxy rU-14Clphenoxy)-5-nitrobenzo~henone (111) 
I1 11 

To L(T-hydroxy [U-'C]phenoxy)-~nitrobeneophenone (2.45 g, 0.7 mmol) 

The mixture was warmed t o  give a br ick red was added conc. H2S04 (2.5 ml). 

coloured so lu t ion  t o  which, on cooling, was added a c e t i c  acid (40 ml), followed 

by hydrogen peroxi.de (2 .5  m l  of 300/, w/v). 

colour changed t o  amber and t h e  mixture was poured onto crushed ice. 

prec ip i ta ted  2-(2 ,6 -dihydroxy [LL 

dr ied  i n  vacuo over P 0 The br ight  yellow 

c r y s t a l s  gave a melting point  of 18OoC; y i e l d  55yo.- The infra-red spectrum 

showed an  i n t e n s i f i c a t i o n  and broadening of the hydroxyl absorption band and 

t h e  presence of three  adjacent  protons on a phenolic nucleus. 

infra-red spectrum confirmed t h e  d i - e  subs t i tu t ion  of the  phenolic r ing;  

a charac te r i s t ic  s e r i e s  of absorption bands was observed i n  the  2000 - 1660cm-l 

region associated with the  out-of-plane bending of the  i so la ted  protons (4). 

The i n t e g r a l  t r a c e  on the  n.m.r. spectrum gave a r a t i o  of 2 hydroxyl protons 

t o  10  aromatic protons which i s  consis tent  with the s t ruc ture  proposed. 

hydroxyl proton peak ( 3 . 1 7 )  was a s ing le  peak confirming t h a t  d i - m o  substit- 

u t ion  had taken place giving a symmetrical subs t i tu t ion  of the  phenyl nucleus. 

After shaking f o r  10 min the 

The 

14 11 II 
C]phenoxy)-&nitrobenzophenone was washed, 

and crys ta l l ized  from methanol. 
2 5  

I n  addi t ion the 

The 

11 II 
Preparation of 2-(2 ,6 -dimethoxy rU-L4ClDhenoxy)-5-nitrobenZoDhenOne (IV) 

Methylation of the dihydroxy compound with excess diazomethane resu l ted  

i n  the  formation of the  yellow c r y s t a l l i n e  dimethyl e t h e r  of m.p. 1700C, 

( l i t e r a t u r e  value 17OOC). 

dihydroxy [LL% ]phenoxy)-g-nitrobenzophenone gave an L e C i a l  effervescence 

and the  methylation was allowed t o  proceed f o r  2 days a t  O°C. 

time the majori ty  of the dimethyl e ther  c rys ta l l ized  out of solution; the 

remainder was obtained by removal of solvent ( t o t a l  y ie ld  5070). 

I I  I1 
The addi t ion of alcohol-free diazomethane t o  2-(2 ,6 - 

During this 

The infra-red spectrum showed the  l o s s  of a l l  the  bands associated with 



157 

the hydroxyl absorption a t  3400 - 335Ocm-I and the appearance a t  2850~m-~ of an 

aromatic methoxyl absorption. The n.m.r. spectrum indicated that the substit- 

uted methoxyl groups were both i n  the ortho position as  shown hy the single 

peak a t  6.37. The r a t i o  of methyl protons t o  aromatic protons was 2.5:6. 

I1 11 

The alternative pathway for  the preparation of 2-(2 ,6 -dimethoxyphenoxy)- 

5-nitrobenzophenone was as follows; typical reaction conditions are as  described: 

11 
PreDaration of 2-(2 -methoxyphenoxy)-.+nitrobenzoDhenone ( V i  Methylation of 

L ( 2  -hydroxyphenoxy)-snitrobenzophenone (1.6g) was accomplished with excess 

ethereal diazomethane (alcohol-free) over 2 days at  O°C. 

yielded the methyl ether as a white crystall ine solid which was recrystall ized 

from ethanol t o  give a solid with m.p.lZ~$~C i n  4570 yield. 

spectrum showed l o s s  of phenolic hydroxyl absorption at  3350 - 3400 and 
1 the appearance of the aromatic methoxyl absorption a t  2850cm- . The n.m.r. 

spectrum showed the methoxyl protons a t  6.37, the r a t i o  of methoxyl protons 

t o  aromatic protons was 3:13.5. 

Preparation of 2-(2 -methoxy 6 -hydroxyDhenoxy)-~nttrobenzoDhenone(YI) 

,I 

T h i s  methylation 

The infra-red 

I t  II 

L(Z"-Methoxyphenoxy)-snitrobenzophenone (0.5g) was dissolved, with warminp, 

i n  0.5ml conc. H2S04. 

hydrogen peroxide (0.5ml of 3070, w/v). 

colouration had faded t o  amber (approx. 20 m i n ) ,  then poured onto crushed 

ice, f i l t e red ,  washed and dried. 

(yield 35% on average) was kept i n  the dark because of its ins tab i l i ty  t o  

ultra-violet  radiation. 

After cooling, acetic acid ( 8 m l )  was added and then 

This was l e f t  u n t i l  the brick red 

The dry cream non-crystalline product 

The infra-red spectrum showed a l l  the sa l ien t  absorptions of Sphenoxy- 

5nitrobenzophenone (I), with the expected addition of hydroxpl and methoxyl 

absorption bands a t  3350 - 34OOcm-I and 285Ocm-' respectively. 

spectrum of this compound showed a r a t i o  of aromatic t o  methoxyl t o  hydrOrJ.1 

The n.m.r. 
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protons of 1O;Z.Z:l.Z. 

a t  4.flwhile the  aromatic protons were seen a s  a mult iplet  around 2.57. 

The methoxyl protons were seen a t  6 . 2 7 ,  the hydroxyl 

Methylation of 2-( 2' -methoxy 6 -hydroxyphenoxy)-Snitrobenzophenone could 
I I1 

be achieved either with e t h e r e a l  diazomethane (alcohol  f r e e )  a t  O°C f o r  2 days, 

as described above f o r  the  %-labelled preparat ion or  with a lka l ine  dimethyl 

sulphate. 

f o r  methylation be dissolved i n  anhydrous acetone and t rea ted  with suf f ic ien t  

dimethyl sulphate and potassium carbonate (lOo/o excess) t o  methylate the 

phenolic group over 5h under r e f l u x  conditions. 

was centrifuged, the  acetone evaporated a t  room temperature and the  residue 

r e c r y s t a l l i z e d  twice from ethanol  and dr ied  over P 0 

L ( 2  ,6 -dimethoxyphenoxy)-Snitrobemophenone (IV) (average y ie ld  500/) .  

The infra-red and n.m.r. spec t ra  were i d e n t i c a l  with those obtained with this 

intermediate i n  the  radiochemical synthesis. 

Preparation of 2,6-dimethoxy [U-%lphenoi 

The use of a lka l ine  dimethyl sulphate required t h a t  the  compound 

The cooled reac t ion  mixture 

i n  vacuo, t o  give 
2 s -  

It I1 

I1 II . 
Dry 2-(2 ,6 -dimethoq [&%]phenoxy)-5-nitrobenzophenone (1.6g) was 

heated under r e f l u x  with excess piperidine, (smug of mater ia l ) ,  f o r  20 min. 

The i n i t i a l  yellow colour of the solut ion changed t o  dark brown upon reflux- 

ing. After cooling, the so lu t ion  was d i lu ted  with an equal volume of benzene, 

washed twice with 2k+H2S04 and the aqueous phase discarded. The benzene layer  

was then washed with water t o  neut ra l  pH and extracted with 2ij - NaOH (2xlOml). 

The a lka l ine  ex t rac t  was a c i d i f i e d  t o  pH2 and fur ther  extracted with chlorc- 

form (2  x lOml). 

on removal of f inal  t r a c e s  of solvent  i n  vacuo. 

pur i f ied  by sublimation between 6OoC and 7OoC i n  vacuo (lmm Hg) t o  give a 

white c r y s t a l l i n e  s o l i d  which was r e c r y s t a l l i z e d  from benzene-petroleum s p i r i t  

(b.p.6&80°C), (1:3, v/v) t o  give a product of m.p.56'C ( l i t e r a t u r e  value 56OC). 

The solvent  was evaporated and a c r y s t a l l i n e  residue obtained 

The c r y s t a l l i n e  residue was 

The infra-red spectrum (Fig. 2b) was i d e n t i c a l  with that  obtained using 

The absorption band due t o  the an authent ic  sample of 2,bdimethoxyphenol. 
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- 

WAVENUMBER (CM-') 

Fip.2 CHARACTERIZATION OF a.6-DIMETHOXV [U-"C] P H E W  

(a) NMR. SPECTRVM 

(b) INFRA-RED SPECTRUM 

1 phenolic hydroxyl group i s  seen a t  3500cm- , the methoql groups a t  285Ocm-l. 

The three adjacent protons present i n  2,bdimethoxyphenol give an absorption 

a t  77Ocm-l and an absorption due t o  the out-of-plane bending pattern of the 

di-& substituted aromatic ring was observed at  2000 - 1650cm-' (4). 

n.m.r. spectrum of 2,bdimethoxy [G4C]phenol (Fig. a) shows a symmetrical 

molecule with respect t o  the methoxyl protons 6.17. 

appears a t  4.57. The -proton of the r ing  i s  coupled t o  both the equiv- 

alent -protons and so this proton wi l l  be seen as  a t r i p l e t  and both meta 

protons as  singlets. However, the resolution of the spectrum i s  not suffio- 

ien t ly  clear t o  see this and the three aromatic protons appear as a mul%ipUt 

a t  3.47. 

The 

The phenolic hydroxyl 

From the in tegra l  trace the following proton r a t io s  can be seen, 
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methoxyl 6: 

dimethoxyphenol. 

authentic 2,bdimethoxyphenol and showed an absorption maximum a t  26Snm 

corresponding t o  the phenolic hydroxyl absorption, E 8.5 x lo3. 

chromatbgraphy of 2, bdimethoxy [ LLUC]phenol showed. a single radi+active 

component w i t h  an d0.45. 

hydroxyl 1: aromatic 3; t h i s  is the expected r a t io  for  2 , 6  

The ultr+violet  sp&xum was identical  with that of 

Thin-layer 
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