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Summary 

Phenols enr iched w i t h  oxygen-18 can be synthesized us ing  an 
a c i d  exchange r e a c t i o n  i n  H2180 a t  e leva ted  temperature, 
however, t o  o b t a i n  h i g h l y  enr iched products  very l a r g e  quan- 
t i t i e s  of water must be used and recycled. Gr ignard reagents 
w i l l  r e a c t  r e a d i l y  wi th  oxygen gas w i t h  almost no i s o t o p i c  
d i l u t i o n  t o  produce the  l80 enr iched a lcohol  o r  phenol. 
t i c  Grignards do n o t  produce as h igh  a y i e l d  as t h e  a l i p h a t i c  
Grignards, however, b o t h  p rov ide  convenient rou tes  t o  l abe led  
products. 
improved by the  a d d i t i o n  o f  an a l i p h a t i c  h a l i d e  (which produces 
t h e  a lcohol  as a by product),  however, t h e  y i e l d  o f  naphthol 
from 1802 gas i s  n o t  improved by t h i s  approach. 
naphthalene or bromobenzene was converted i n t o  t h e  Gr ignard 
reagent and reacted w i t h  oxygen-18 enr iched gas a t  Oo i n  a 
sealed r e a c t i o n  system. 
ven t iona l  manner and t h e  y i e l d s  from 1802 were 34% f o r  [180] 
phenol and 23% f o r  l-[180]naphthol. 

Aroma- 

The y i e l d  o f  naphthol from an a r y l  h a l i d e  can be 

E i t h e r  l-bromo- 

The r e a c t i o n  was worked up i n  the  con- 
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INTRODUCTION 

Compounds labe led  w i t h  l80 and 170 are  very va luable as b i o l o g i c a l  

probes f o r  a v a r i e t y  o f  s tud ies  which are o f t e n  l i m i t e d  by t h e  a v a i l a b i l i t y  

o f  l abe led  precursors f o r  t he  p repara t i on  o f  t h e  compounds o f  i n t e r e s t .  

The dual need f o r  [180]phenol as a precursor  f o r  L- [4 ' -180] tyros ine (1) and f o r  

l-[180]naphthol as a precursor  o f  [180]propranolol (2) prompted us t o  devel- 

o f  oxygen isotopes i n t o  aromatics. op a synthes is  f o r  the i n c o r p o r a t i o n  

A technique f o r  exchanging l80 

e t  a1 (3). T h e i r  procedure i nvo l ves  

180° C i n  10 N HC1 i n  H2180 f o r  24h. 

n t o  phenol has been repo r ted  by Oae, 

hea t ing  an unlabeled phenol a t  

An exchange r e a c t i o n  i s  a convenient 

* Work performed under the auspices of the US. Department of Energy 
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approach t o  oxygen l a b e l i n g ,  p r o v i d i n g  it i s  easy t o  recover t h e  excess l80 

water (e.g. d i s t i l l a t i o n  from the  r e a c t i o n  m ix tu re )  and p r o v i d i n g  t h a t  very 

h igh enrichments are n o t  needed which would r e q u i r e  several exchange reac t -  

ions o r  a very l a r g e  excess o f  water. The s t r o n g  a c i d  and h i g h  temperature 

requ i red  f o r  t h i s  exchange make i t  a poor choice as a s y n t h e t i c  approach, 

p a r t i c u l a r l y  g i ven  the  t a r r y  na tu re  o f  t he  p roduc t  and the  e f f o r t  i nvo l ved  

i n  q u a n t i t a t i v e l y  recover ing H2180 from 10 N HC1. 

C l a s s i c a l l y ,  one can synthes ize phenols by the  a l k a l i  f u s i o n  o f  

a ry l su l fona tes  ac ids o r  by t h e  h y d r o l y s i s  o f  ary ld iazonium s a l t s  (4). 

l80 enr iched products ,  t h e  f i r s t  approach would r e q u i r e  the  synthes is  o f  

K180H and the  second would r e q u i r e  e i t h e r  a l a r g e  amount o f  H2180 o r  

use o f  an organic  so l ven t  w i t h  l abe led  water as the  l i m i t i n g  reac tan t .  

I n  specia l  cases, a keto oxygen can be exchanged i n  Hz180 fo l l owed  by 

conversion t o  a phenol (eg. a - t e t r a l o n e  t o  1-naphthol).  Peroxide can 

a l so  be used as the  source o f  l8O us ing  f o r  example aluminum c h l o r i d e  (5) 

o r  the a r y l  boronic  a c i d  made from methyl bo ra te  (6). Another approach 

i s  t o  use metal-oxygen complexes such as the  t r a n s i t i o n  metal perox ide 

MOO,-Py-HMPA descr ibed by Lewis (7) o r  t h e  hyd roxy la t i on  o f  naphthalene 

by molecular oxygen i n  the  presence o f  molybdenum hexacarbonyl t o  g i ve  

a m ix tu re  o f  1- and 2-naphthol as descr ibed by Akhrem (8). Un fo r tuna te l y ,  

none o f  these techniques appear a t t r a c t i v e  f o r  t he  synthes is  o f  l8O en- 

r i c h e d  products. 

F o r  

We have u t i l i z e d  t h e  r e a c t i o n  o f  molecular  oxygen w i t h  an a r y l  

Grignard reagent as the  r o u t e  t o  l80 enr iched phenols because o f  i t s  

s i m p l i c i t y .  

ac t i on ,  however, Kharasch and Reynolds (9) have descr ibed t h e  synthes is  

i n  d e t a i l  and o the r  workers have used it, i n c l u d i n g  a synthes is  f o r  

perdeutero-1-naphthol (10). The y i e l d s ,  un fo r tuna te l y ,  are r e l a t i v e l y  

low and a l though the  y i e l d  from the  a r y l  bromide cou ld  be improved by 

the  a d d i t i o n  o f  an a l k y l  ha l i de ,  t he  y i e l d  from I8O2 was n o t  improved. 

Genera l ly ,  t h i s  r e a c t i o n  i s  viewed as an undesired s ide  re -  
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The synthes is  of l 8 0  enr iched a l coho ls  from a Gr ignard has been 

descr ibed by Wiberg (11) f o r  t h e  p repara t i on  of [laO]methanol and the 

technique has been discussed by Borowitz 

d i f f i c u l t  t o  use. 

o f  phenol and naphthol, t h e  r e a c t i o n  i s  f a s t ,  t h e  workup i s  easy and the  

i s o t o p i c  d i l u t i o n  i s  n e g l i g i b l e ,  a l though a d d i t i o n a l  d i f f i c u l t i e s  cou ld  

be encountered w i t h  the  recovery o f  v o l a t i l e  a lcohols .  

d. (12) who found the  r e a c t i o n  

Wi th. the cond i t i ons  descr ibed here f o r  t he  p repara t i on  

RESULTS AND DISCUSSION 

The o x i d a t i o n  o f  a Gr ignard reagent w i t h  Ia0, has proven t o  be an 

e f f e c t i v e  technique f o r  t he  synthes is  o f  l-[180]naphthol and [laO]phenol. 

The r e a c t i o n  w i l l  be equa l l y  useful f o r  t h e  p repara t i on  o f  oxygen-17 

enr iched products from 1702 and should p rov ide  even b e t t e r  y i e l d s  o f  

oxygen-17 o r  18 enr iched a l k y l  a lcohols .  T o  conserve t h e  l abe led  

oxygen, t h e  r e a c t i o n  i s  c a r r i e d  ou t  under an atmosphere t h a t  conta ined 

1802 i n  a pressure c o n t r o l l e d  apparatus, r a t h e r  than  by bubb l i ng  oxygen 

gas through the  r e a c t i o n  m ix tu re  as descr ibed by Kharasch and Reynolds (9). 

Although the  y i e l d  o f  l-[1801naphthol (23%) and [180]phenol (34%) are 

r e l a t i v e l y  low, t h e  convenience and h igh  enrichment make t h i s  s y n t h e t i c  

approach a t t r a c t i v e .  

Kharasch and Reynolds (9) r e p o r t  t h a t  t h e  y i e l d  o f  phenol from the  

Gr ignard can be improved from 28% t o  64% by adding an a l k y l  Gr ignard t o  

t he  r e a c t i o n  mixture.  The explanat ion g iven i s  t h a t  oxygen reac ts  w i t h  

a Gr ignard t o  form t h e  perox ide as shown i n  1, which i s  reduced by r e a c t i o n  

w i t h  f resh Gr ignard (Step 2). 
poor 

The a r y l  Grignard, however, i s  a r e l a t i v e l y  

1 

2 

ArMgBr + 0, - > ArOOMgBr - 
ArOOMgBr + ArMgBr ---> 2ArOMgBr - 



356 T. E.  Walker and M. Goldhlatt 

reducing agent compared t o  an a l k y l  Gr ignard (7) and t h e r e f o r e  i n c l u s i o n  o f  an 

a l k y l  Grignard f a c i l i t a t e s  t h e  reduc t i on  ( s tep  3J and improves t h e  y i e l d  

ArOOMgBr + RMgBr -> ArOMgBr + ROMgBr 2 
of the a r y l  hydroxy l  compound. 

i n g  a r y l  and a l k y l  Grignards are summarized i n  Table 1. 

l-[180]naphthol was 23% from 1802 i n  t h e  absence o f  an a l k y l  Gr ignard and 

the  o v e r a l l  y i e l d  from 1802 decreased w i t h  t h e  a d d i t i o n  o f  e i t h e r  

equiva lent  o f  2-bromopropane. The o v e r a l l  amount o f  naphthol produced was 

increased w i t h  the  a d d i t i o n  o f  t he  a l k y l  Gr ignard ( the  y i e l d  from t h e  h a l i d e  

was improved as repor ted) ,  however, t he  f r a c t i o n  o f  l80 i nco rpo ra ted  i n t o  

the  a r y l  product  decreased. Since t h e  a d d i t i o n  o f  an aky l  Gr ignard r e s u l t s  

i n  an [180] a1 k y l  a l coho l ,  t he  o v e r a l l  l80 recovery i s ,  o f  course, much h ighe r  

when an a l k y l  Gr ignard i s  i nc luded  and the  dec i s ion  t o  i nc lude  i t  o r  n o t  

depends e n t i r e l y  on whether t h e  a l k y l  a lcohol  i s  a use fu l  product. Unfortun- 

a t e l y ,  t he  r e a c t i o n  cond i t i ons  y i e l d  a small  amount o f  un labeled ethanol 

which i s  de r i ved  from the  r e a c t i o n  o f  t h e  Gr ignard reagent w i t h  t h e  e the r  

so lvent  (9). The ethanol must be removed t o  prepare a pure l abe led  a l k y l  

a lcohol .  Th i s  problem cou ld  be e l im ina ted  by the  j u d i c i o u s  s e l e c t i o n  o f  a 

so lvent ,  which cou ld  a l so  f a c i l i t a t e  the  d i s t i l l a t i o n  o f  t h e  a l k y l  a l coho l .  

The 70ev e l e c t r o n  impact mass spectrum o f  t h e  l-[180]naphthol i s  shown 

The r e s u l t s  o f  a se r ies  o f  experiments u t i l i z -  

The y i e l d  of 

0.5 o r  1 .0 

i n  f i g u r e  1. The fea tu res  are s i m i l a r  t o  t h a t  repo r ted  by K las inc  and 

TABLE 1 

The Y i e l d  o f  l-[180]Naphthol from 1-Bromonaphthalene and 1802 Gas 

Equivalents Equiva lents  Y i e l d  from l80, Y i e l d  from 180 

A R - B r  R - B r  Ar-OH R-OH Ar-Br R-Br Inco rpo ra t i on  

23% 1 0 2 3% 

1 0.5 20% 26% 23% 61% 46% 

1 1.0  17% 37% 28% 61% 54% 

-- 15% -- 
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Gusten (10) for unlabeled naphthol. 

naphthol is unchanged from the unlabeled material, consistent with the 

elimination of HCO’. 

than the unlabeled material as expected. 

molecular ions at m/e 146, 145, and 144 were used to calculate the isotopic 

enrichment (Table 2). 

The base peak at m/e 115 in the 1-[180] 

The molecular ion at m/e 146 is two mass units higher 

The relative intensities of the 

Table 2 

l80 Enrichments Determined by MS 

Compound 160 170 180 

‘802 2.42% 2.93% 94.64% 

1-[ lsO]Naphthol 2.8% 2.9% 94.3% 

As is common with lSO enriched materials, the 170 enrichment is about 3% 

and represents an excellent source of low level 170 enrichment for I7O NMR 

experiments. 

The 13C NMR spectra of [180]naphthol and [1801phenol showed no signifi- 

cant impurities and were consistent with the literature (14). 
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Figure 1. The 70 ev electron impact mass spectrum of l-[180]naphthol. 

Experimental details are given in the text. 
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EXPERIMENTAL 

Mate r ia l s  and Methods--1-Bromonaphthalene, bromobenzene and 2-bromopropane 

were purchased from J. T. Baker, Eastman and A l d r i c h  respec t i ve l y .  The 

I8O2 gas was prepared by e l e c t r o l y s i s  from H,laO supp l i ed  by D r .  Tom M i l l s  

o f  t h e  Los Alamos Stable Isotopes F a c i l i t y .  I3C NMR spect ra were recorded 

us ing a Bruker WM-300 spectrometer. 

obta ined us ing the  d i r e c t  i n s e r t i o n  probe on an Ext ranuclear  Spectre1 quadru- 

p o l e  mass spectrometer, Gas chromatographic separat ions were performed on 

a column o f  Porapak QS us ing a Hewlet t  Packard 5710A gas chromatograph 

equipped w i t h  a thermal c o n d u c t i v i t y  de tec to r .  A l t e r n a t i v e l y ,  samples were 

Mass spect ra o f  t h e  1-naphthol were 

admi t ted i n t o  the  mass spectrometer through a j e t  type separator from 

S c i e n t i f i c  Glass Engineering. M e l t i n g  Po in ts  were determined us ing a 

Thomas m e l t i n g  p o i n t  apparatus. 

Preparat ion o f  l-[180]Naphthol--A 300 m l  3-neck round-bottom f l a s k  

was f i t t e d  w i t h  a mechanical s t i r r e r ,  a condenser w i t h  a g lass stopper and 

a 60 m l  pressure equa l i z ing  a d d i t i o n  funnel .  The funnel was then connected 

t o  a vacuum man i fo ld  ( t o t a l  gas volume 238 m l )  which was equipped w i t h  a 

vacuum gauge and a pressure gauge. 

oxygen t r a p  (Oxy-trap from A l l t e c h  Associates) and a c y l i n d e r  o f  l8O2 were 

a l so  connected t o  the  manifold. The s t i r r e r  assembly was obta ined from 

Kontes and u t i l i z e d  a metal s t u f f i n g  box f o r  reac t i ons  r e q u i r i n g  vacuum. 

The box was f i l l e d  w i t h  s i l i c o n  h igh  vacuum grease r a t h e r  than the  recom- 

mended s t i r r e r  packing, and t h e  bear ing sur face was coated w i t h  a combination 

o f  vacuum grease and s i l i c o n  o i l  t o  p rov ide  a l e a k  t i g h t  seal. 

A c y l i n d e r  o f  n i t r o g e n  gas f i t t e d  w i t h  an 

The f l a s k  was evacuated t o  l ess  than 10 microns pressure, f i l l e d  w i t h  

n i t rogen  and charged w i t h  magnesium (200 mmoles, 5.0 g). 

again evacuated and 100 m l  o f  e the r  (which had been tw ice  freeze-thawed) 

was d i s t i l l e d  (bu lb t o  bu lb)  i n t o  the  f l a s k .  Ni t rogen was again added, the  

e the r  was thawed and 1-bromonaphthalene (200 mmoles, 41.2 g) was added t o  

the  a d d i t i o n  funnel  and a c r y s t a l  o f  i o d i n e  was added t o  t h e  ether .  The 

The f l a s k  was 
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mix tu re  was heated w i t h  warm water t o  i n i t i a t e  t h e  r e a c t i o n  and t h e  l-bromo- 

naphthalene was added a t  a r a t e  t o  ma in ta in  g e n t l e  r e f l u x i n g .  

pressure rose t o  about 50 mm above atmospheric, t he  vapors were vented u n t i l  

t h e  e the r  would r e f l u x  g e n t l y  i n  a c losed system composed p r i m a r i l y  o f  e the r  

vapor. 

f o r  an a d d i t i o n a l  30 min, a t  which t ime t h e  condenser and a d d i t i o n  funnel 

were removed w h i l e  ma in ta in ing  a p o s i t i v e  pressure o f  n i t rogen ,  and t h e  

f l a s k  was stoppered. 

gen, t he  system was evacuated and t h e  m ix tu re  was warmed t o  0' C .  

lSO2 gas was admi t ted t o  t h e  man i fo ld  t o  a pressure s l i g h t l y  above atmos- 

phe r i c ,  and t h e  pressure noted t o  a l l o w  c a l c u l a t i o n  o f  t h e  q u a n t i t y  of gas 

used. As the  1802 pressure decreased over a p e r i o d  o f  5-10 min, t h e  

pressure was again noted and f r e s h  1802 was added. 

I8O2 over a p e r i o d  o f  1.5-2 hours, t h e  r e a c t i o n  m ix tu re  had consumed 66 

mmoles o f  lSO2 and no longer  took up oxygen. 

decomposed by the  slow a d d i t i o n  o f  35 m l  o f  6 N H2S04 and the  organic  

products ex t rac ted  i n t o  ether .  

then 3 t imes w i t h  0.5 N NaOH t o  remove t h e  naphthol. 

was washed tw ice  w i t h  e the r  and a c i d i f i e d  w i t h  6 N H2S04 and the  naphthol 

was then ex t rac ted  back i n t o  ether .  The e t h e r  l a y e r  was washed once w i t h  

As t h e  

A f t e r  t h e  a d d i t i o n  o f  h a l i d e  was complete, t he  m ix tu re  was s t i r r e d  

The e the r  s o l u t i o n  was then f rozen  w i t h  l i q u i d  n i t r o -  

Enriched 

A f t e r  12 add i t i ons  o f  

The Gr ignard complex was 

The e the r  was washed once w i t h  water and 

The aqueous s o l u t i o n  

water, d r i e d  over anhydrous sodium s u l f a t e  and the  so l ven t  evaporated i n  vacuo. 

The r e s u l t a n t  o i l  was d i sso l ved  i n  h o t  hexane, decanted from a b lack  

t a r ,  and the  l-[1801naphthol al lowed t o  c r y s t a l l i z e  (22.4 mmoles, 3.27 g). 

The mother l i q u o r  was evaporated and the  res idue was sublimed t o  p rov ide  

an a d d i t i o n a l  7.5 mmoles, 1.09 g. To ta l  y i e l d :  4..36 g, 29.9 mmoles, 

(23% y i e l d  from l80,), mp. 94-95O uncorr. ,lit. 96O (15). 

Preparat ion o f  l-[180]Naphthol i n  Presence o f  A1 k y l  Grignard--The technique 

f o r  p repar ing  1-naphthol w i t h  an a l k y l  Gr ignard was i d e n t i c a l  t o  t h a t  

described above except t h a t  1-bromonaphthalene and 2-bromopropane were 

added t o  the  magnesium. A f t e r  decomposition o f  t h e  Gr ignard complex, t he  
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ether--water m ix tu re  was d i s t i l l e d  through a small column (1.5 x 16 cm) 

of g lass h e l i c i e s .  

m ix tu re  of 2-r1801propanol and water. 

determined by GC; t h e  sample cou ld  be d r i e d  by d i s t i l l a t i o n  from type  

3A molecular sieve. The m ix tu re  a l so  conta ined a small amount o f  ethanol 

(ca. 15%) which was n o t  enr iched i n  l80 as determined by GC-MS ana lys i s .  

The 1-naphthol present  i n  the  d i s t i l l a t i o n  p o t  was i s o l a t e d  as descr ibed 

above and the  r e s u l t s  a re  summarized i n  Table 1. 

Preparat ion o f  [180]Phenol--[180]Phenol was synthesized by the  same technique 

descr ibed f o r  t he  synthes is  o f  l-[180]naphthol except t h a t  bromobenzene 

(15.7 g, 100 mmoles) was used i n  p lace  o f  1-bromonaphthalene and 44.9 mmoles 

o f  1802 were consumed. 

manner t o  p rov ide  an e the r  e x t r a c t  o f  [180]phenol which was evaporated t o  

a s o l i d  2.94 g ,  30.6 mmoles, 34%) and n o t  f u r t h e r  p u r i f i e d .  A sample o f  

an aqueous s o l u t i o n  was analyzed by l i q u i d  chromatography us ing  a C-8 

reverse phase column and 40:60 methano1:water e luan t ,  and no s i g n i f i c a n t  

i m p u r i t i e s  were found. 

Ether  was removed f i r s t  f o l l owed  by an azeotrop ic  

The q u a n t i t y  o f  water present  was 

The r e a c t i o n  m ix tu re  was processed i n  t h e  same 
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