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OXIDATION OF MONOIIYDRIC ALCOHOLS UIM ANTIiRAQUINONE 
AND ITS DERIVATIVES UNDER SODA PULPING CONDITIONS 

Adrian P.A. U a l l i s  and Ross 8 .  Uearne 
Division of Chemical and Uood Technology, CSKRO, 

P r iva t e  Bag 10. Clayton, Vic tor ia  3168, Australia. 

ABSTRACT 

Nonohydric a lcohols  as m d e l s  f o r  c e l l u l o s e  were reac ted  with 
anthraquinone (AQ) and three  of its allcali-soluble de r iva t ives  in 1U 
sodium hydroxide a t  170.C. 
were se lec ted  as so luble  secondary and p r i m r y  a l coho l s ,  
respec t ive ly .  and the s t e r o i d a l  a l coho l s ,  l i t h o c h o l i c  ac id  and 
cholestan-3B-01, as less so luble  m d e l s .  Kn every case the  A Q s  
oxidised the a lcohols ,  although cyclohexaneocthanol and t h e  
in so lub le  choles tanol  were oxidised only t o  a Pinor exten t  with AQ 
a f t e r  6 h. The e f f i cacy  of ox ida t ion  by the quinones w a s  in t he  
order  sodium AQ-2aulfonate (AUS) > AQ-2-carboxylic ac id  > 2- 
hydroxy-AQ > AQ. 

Cyclohexanol and cyclohexanemtthanol 

INTRODUCTION 

The strength. of soda-anthraquinone (AQ) pulps are usua l ly  

lower than those of k r a f t  pulps,  e spec ia l ly . those  from softwood 

samples (1). Recent s tud ie s  have shown that the  s t r e n g t h  d e f i c i t  of 

soda-AQ pulps, vhen compared t o  k r a f t  pulps f rorP .  mdkta ,  Is due 

t o  f i b r e  damage ( 2 )  and l a y  be caused by oxida t ive  degradation of 

the ce l lu lose  by AQ (3).  rather than t o  d i f fe rencaa  in bonding 

s t rength .  

co t ton  ce l lu lose  has been found t o  reduce the v i s c o s i t y  of t he  

r e s idua l  ce l lu lose  ( 6 ) .  This v i s c o s i t y  reduction w a s  considered to 

be dua t o  randor oxidation of so= hydroryl groups a t  C-2. C-3 or C- 

6 along the  c e l l u l o s e  chain by AQ t o  carboayl functions, rendertng 

the g lucos id ic  bonds more l a b i l e  towards scission through a 

In  support of these f ind ings .  adding AQ t o  soda cooks of 
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5 14 WALLIS AND WEARNE 

B - e l f d M t i O n  echan i sm (4). To test the  ease of such oxida t ions ,  

s t u d i e s  on model coqounds were c a r r i e d  out. 

were chosen as ce l lu lose  m d e l s  because their r eac t ion  product 

mixtures would be considerably s iq l e r  than those  from 

carbohydrates. 

Pbnohydric a lcohols  

The =in  r eac t ion  of AQ wi th  p l y s a c c h a r i d e s  under soda pulping 

condi t ions  is oxida t ion  of aldehyde end groups t o  a ldon ic  ac id  

groups ( 5 1 ,  through an aldosulose in te rmedia te  ( 6 ) .  Sodium AQ-2- 
su l fona te  ( A M )  and AQ have a l s o  been found t o  ox id i se  lignin model 

benzyl and dnnamyl alcohols t o  carbonyl func t ions  under a lka l ine  

condi t ions  (7.8).  However, no evidence f o r  the reduction of AQ w a s  

noted after t r e a t i n g  se l ec t ed  l i g n i n  and carbohydrate m d e l s  i n  1M 

sodium hydroxide with AQ in a f l o r t h r o u g h  r e a c t o r  a t  160°C f o r  45 

min ( 9 ) .  

In the present work, cyclohexanol (1.) and cyclohexaneacthanol 

(Ib) were Selec ted  as models of so lub le  secondary and primary 

a l coho l s ,  respec t ive ly .  and the  s t e r o i d a l  a l coho l s ,  i i t h o c h o l i c  ac id  

( I I I a )  and cholestan-38-01 (IVa) as m d e l s  of less -so luble  

a lcohols .  They uere reacted under soda pulping condi t ions  (1H 
sodium hydroxide a t  170'C) with AQ and th ree  of its a lka l i - so luble  

d e r i v a t i v e s ,  W .  2-hydroxy-AQ and AQ-2-carboxylic ac id .  

RESULTS AND DISCUSSION 

Treatmmt of AQ der iva t ives  v i t h  alkali 

The a lka l i - so lub le  AQ de r iva t ives  used in th i s  study were 

t e s t e d  f o r  their s c a b i l l t i e s  i n  1M sodium hydroxide at 170'C. and 
while AQ is s t a b l e  under these  condi t ions .  AHS is known t o  hydrolyse 

t o  g ive  the  hydroxy de r iva t ive  (10). 

Reaction of AI¶S v i t h  alkali a t  17OOC gave 2-hydroxy-AQ an the  

s o l e  product (gas chro-tography (CC) a n a l y s i s ) ,  and a f t e r  1 h the 

y i e l d  was 90% (Figure I) .  
a l k a l i n e  so lu t ion ,  which is c h a r a c t e r i s t i c  of hydroxy-AQ de r iva t ives  

The product had a deep red colour in 
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OXIDATION OF UONOHYDRIC ALCOHOLS 515 

R 

4 
I a R = O H  

b R =  CH,OH 

c R = C H O  

d 

e R=COOH 

R = CH (OH) OCH, 

COOH 

II 

III a R,= H %=OH H a R,=OH R,=H 

b R , = % = O  b R,=%=O 

c R,=OCH, R,=H 

(11). 

and ce l lu lose  model compound s tud ie s  a t  lower temperatures (6-8). 

conditions under which hydrolysis t o  2-hydroxy-AQ presuaably docs 
not occur. Hwevar. nuimroua s tud ie s  have been mnde on the  e f f e c t  

of AHS a s  an add i t ive  i n  a l k a l i n e  pulping, and during these  

expe r i r rn t e  A M  vould hydrolyse t o  2-hydroxy-AQ. The formation of a 

red colour i n  a l k a l i n e  so lu t ion  of reduced mpecies of AQ and i ts  

de r iva t ives  Is o f t e n  used as an ind lca t ton  that oxida t ion  has taken 

place. This 5s c l e a r l y  not va l id  f o r  2-hydroxg-AQ, nor for 
reactiona of AMS i n  alkali a t  170'C. 

A S  has o f t en  been used aa a so luble  AQ d e r i v a t i v e  i n  l i gn in  
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516 WALLIS AND UEARNE 
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Time at l7OOC ( h )  

FIGURE 1. Formation of 2-hydroxy-AQ by react ion of ALls with It4 
sodium hydroxide at  170’C. 

Both 2-hydroxy-AQ and AQ-2-carboxylic acid were recovered 

unchanged a f t e r  t reatpent  with 1tY sodium hydroxide a t  170’C for  4 h. 

Oxidation of cyclohexanol 
The soluble secondary alcohol cyclohexanol (La) was s t a b l e  

under soda pulping conditions,  and it w a s  recovered quan t i t a t ive ly  

a f t e r  6 h at 170’C (Figure 2). In the presence of equivalent 

amunts  of AQ and so= of its alkal i -soluble  dariVatiVeS, 

cyclohexanol w a s  oxidised t o  cyclohexatione. The combined y i e ld  of 
Ia and cyclohexanone in every cane was > 75%. 

The eff icacy of oxidation by the quinones was i n  the order Apis 

> AQ-2-carboxylic acid > 2-hydroxy-AQ > AQ (Figure 2). 

oxidising act ion of AQ could be due t o  its i n s o l u b i l i t y  in the 

The slover 
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FIGURE 2. Oxidat ion of cyclohexanol  a t  17OoC w i t h  quinones in 
soda l i q u o r s ;  no quinone - , 4 ----, 2-01)- 

, AQ-2-COOH - - , Ans ---. AQ .---- 

aqueous medium. 

Ia with AHS f e l l  r a p i d l y  after 1 h w a s  probably because of i ts  

conversion t o  2-hydroxy-AQ. which is a weaker oxidant  than Ans. I n  

s p i t e  of t h e  competing h y d r o l y s i s  reaction, A S  vas sti l l  the mst 
e f f e c t i v e  oxidant  of the t h r e e  d e r i v a t i v e s ,  and w a s  t h u s  used M t h e  

s o l u b l e  AQ d e r i v a t i v e  i n  subsequent  exper ioents .  

The observa t ion  that t h e  apparent  o x i d a t i o n  rate of 

Oxidat ion of cyclohexanemethanol 

Cyclohexanewthanol  ( I b )  was used as a water-soluble  d e l  f o r  

the  p r i a a r y  a l c o h o l  group a t  C-6 i n  c e l l u l o s e .  It w a s  s t a b l e  under 

soda pulping c o n d i t i o n s  and waa recovered unchanged after 4 h a t  
17OoC. 
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518 WALLIS AND U U R N E  

TABLE 1 

Reactions of Cyclohexane Derivatives Ib,  Ic and Ie 

Cook Tim at X Yield 
17OoC (h) Ib Lc Ie I1 

Iblsoda 4.0 100.4 0.6 

Iblsoda-AQ 2.0 
4.0 
6.0 

100.0 0.9 
100.8 0.9 
99.3 1.7 

- 
- 

tr .  

Ib/soda-M 0.5 
1 .o 
2.0 
4.0 

95.5 1.7 
93.0 2.6 
62.1 0.9 
54.1 0.9 

4.5 
4.6 
7.7 
10.6 

3.2 
3.2 
6.4 
11.1 

Iclsoda 2.0 19.2 13.0 27.7 

I c 1 soda-AMS 0.5 
1.0 
2.0 

0.9 0.9 
0.9 0.5 
3.9 1.6 

35.2 
38.3 
33.1 

4.3 
7.0 
3.6 

Ielsoda-AQ 6.0 84.4 

99.0 

men the alcohol Ib w a s  oxidised with 2.4 equivalents of AQ 
under soda pulping conditions f o r  2-6 h,  t b  reaction solution8 

&cam l i g h t  red in colour, and a f t e r  6 h,  only small amounts of the 
aldehyde Ic and trace amounts of the acid Ic were foraPd (Table 

I) .  Thus AQ oxidises  the pKhbaKy alcohol Ib slower than the 

secondary alcohol Ia .  

Oxidation of f b  with 2.4 equivalents M S  under soda conditions 

gave, besides the expected aldehyde and acid products Ic and fe ,  

benzoic acid (11) as an addi t ional  oxidation product. After 4 h, 

46% of the s t a r t i n g  mterial had reacted and acids  Ie and 11 were 
each obtained in 11% y ie ld  (Table 1). 
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O X I D A T I O N  OF MONOHYDRIC ALCOHOLS 519 

A check on the s t a b i l i t y  of t h e  a ldehyde Ic under soda 

c o n d i t i o n s  revealed t h a t  Ic undervent  t h e  Cannizar ro  r e a c t i o n  t o  

g i v e  t h e  a l c o h o l  I b  a d  a c i d  Ke. The aldehyde Ic  on t reatment  with 

soda-AMS yie lded  t h e  cyclohexane a c i d  Ie M t h e  major product with 

smaller a m u n t s  of the a l c o h o l  Kb (from t h e  Cannizarro r e a c t i o n )  and 

benzoic  ac id .  Because of t h e  approximately equal a m u n t s  of Ce and 

I1 produced by o x i d a t i o n  of I b  w i t h  A M ,  i t  is probable  t h a t  t h e  

aldehyde Ic  is not an in te rmedia te  i n  the  f o r m t i o n  of both a c i d s .  

Because the  material balances for r e a c t i o n s  of t h e  a ldehyde Ic wi th  

soda and s 0 d a - W  l i q u o r s  were poor (Table  l ) ,  i t  is probable  t h a t  a 

competing r e a c t i o n  vould be a l d o l  condensat ion of Ic, and t h e  

product  would not be expected t o  appear  on t h e  GC trace. 

Soda-AQ and soda-AMS cooks of the cyclohexane a c i d  ( r e )  gave no 

products  and Ie w a s  recovered i n  84 and 992 y i e l d  r e s p e c t i v e l y .  

Thus Ie is not a precursor  of benzoic  a c i d ,  and t h e  a c i d  probably 

arises by d i r e c t  o x i d a t i o n  of cyclohexanemethanol. There appears  t o  

be no precedence f o r  t h e  d i r e c t  o x i d a t i o n  of cyclohexanemethanol t o  

benzoic  acid.  The p o s s i b l e  involvement of d i s s o l v e d  g l a s s  i n  t h e  

r e a c t i o n  w a s  ru led  o u t ,  as i d e n t i c a l  products  and y i e l d s  were 

obta ined  from r e a c t i o n s  of I b  w i t h  AUS i n  te f lon- l ined  vesse ls .  

Oxidat ion of s t e r o l s  IIIa and I V a  

The above r e s u l t s  show that AQ and its a l k a l i - s o l u b l c  

d e r i v a t i v e s  o x i d i s e  s o l u b l e  a l c o h o l s  under soda pulping 

condi t ions .  

( IVa)  were s e l e c t e d  as c e l l u l o s e  d e l s  due t o  t h e i r  low 

s o l u b i l i t i e s  in aqueous media. L i t h o c h o l i c  a c i d  would be expected 

t o  be p a r t i a l l y  s o l u b l e  i n  a l k a l i  because of i t s  carboxyl  group, 

a l though the c h o l e s t a n o l  I V a  would be very i n s o l u b l e .  

ThC s t e r o l s  l i t h o c h o l i c  a c i d  ( I I I a )  and c h o l e s t a n - 3 6 4 1  

The a c i d  IIIa followed a similar p a t t e r n  t o  that of 
cyclohexanol - it was s t a b l e  i n  soda l i q u o r  a t  170°C and w a s  

recovered unchanged after 6 h. The a c i d  w a s  o x i d i s e d  t o  t h e  ketone 

KIIb by AQ and AUS, more so by the la t ter  (F igure  3). 
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5 20 UALLLS AND U W R N E  
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FIGURE 3. Oxidation of l i t h o c h o l i c  a c i d  ( I l h )  a t  170'C v i t h  
qufnones i n  soda l iquors;  no quinone - , Irq ---- ----- 

TABLE 2 

Reactions of Cholestan-3B-bl (IVa) 

Cook Tim at % Yield 
17OOC (h )  IVa IVb 

Soda 4.0 

Soda-AQ 4.0 
6.0 

Soda-AMS 4.0 
6.0 

98.0 

96.0 
94.7 

97.9 
98.4 

2.0 

4.0 
5.3 

2.1 
1.6 
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OXIDATION OF MONOHYDRIC ALCOHOLS 5 21 

The inso luble  a lcohol ,  cholestanol (IVa), w a s  s t a b l e  in soda l iquor  

a t  17OoC. and the ketone IVb shown in 2% y ie ld  a f t e r  4 h (Table 2 )  

was present a t  a s iml l a r  l e v h  in the s t a r t i n g  mater ia l .  The 

reac t ion  mixtures obtained on t r e a t i n g  IVa with AQ under soda 

pulping condi t ions  for 4 or 6 h uere l i g h t  red in colour.  which was 
i nd ica t ive  of oxidation by AQ. The ketone w a s  foraad in 4-51 
yie ld .  Surpr i s ing ly .  oxidation of IVa with MIS f o r  4 and 6 h did 

not give a g rea t e r  amun t  OE ketone IVb than the soda con t ro l  (Table 

2).  Thus the inso luble  alcohol IVa was slowly oxidised by the 

in so lub le  AQ, and not by the so luble  ruls. 

Concluding remarks 

The r e s u l t s  show that monohydric a lcohols  which are e i t h e r  

so luble  or inso luble  in water a re  oxidised by AQ under soda pulping 

condi t ions ,  and con t r a s t  the r e s u l t s  of a recent study of s imi l a r  

reac t ions  a t  160°C. in which no evidence for AQ reduction w a s  

obtained (9). Although the  r eac t ioas  ate very slow compared t o  

oxida t ion  of reducing end groups of sugars.  they do ind ica t e  that 

oxida t ion  of hydroxyl groups along the  c e l l u l o s e  chains is 

possible.  The model reac t ions  are probably only an ind ica t ion  of 

t he  AQ r eac t ions  which occur in the wood cell  w a l l  during soda-AQ 

pulping, and f a c t o r s  such as proximity of t h e  AQ t o  the  ce l lu lose  

a f t e r  pene t ra t ion  i n t o  the c e l l  wal l  could a id  the  reac t ions  on 
ce l lu lose  hydroxyls. 

could lead t o  cleavage of so- glucos id ic  bonds which i n  tu rn  could 

give a s i g n i f i c a n t  drop in DP of thc ce l lu lose .  

Oxidation of only a few c e l l u l o s e  hydroxyls 

EXPERIHENTAL 

Analy t ica l  grade chea lca ls  were wed.  Pur i ty  of s t a r t i n g  

materials and i d e n t i t y  of products were determined by CC and GC-mass 

SpectroPetry (CC-nS). 

GC and GC-US d a t a  were obtained wi th  Bewlett-Packard 5830A and 

5995A i n s t n u n t o  respec t ive ly ,  with BPI, B P l O  and BP20 bonded phase 

v i t r eous  silica c a p i l l a r y  co lums  (12 a x 0.2 rm I D )  ( S c i e n t i f i c  

Class Engineering, Melbourne) and flamc i o n i s a t i o n  de tec t ion  fo r  the 
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5 22 WALLIS AND W W R N E  

5830A instrument.  S p l i t  r a t i o :  100:1, carrier gas:  helium, 

i n f e c t o r  and d e t e c t o r  temperatures: 250°C. 

General r eac t ion  condi t ions  

Honohydric a lcohols  and/or quinones Yere added t o  4 nL IU 
sodium hydroxide in 10 PL g l a s s  tubes which were then sea led  under 

n i t rogen  and placed w i t h =  3 mL water in 20 inL s e a l e d  steel 
vesse ls .  The v e s s e l s  were hea ted ,  four  a t  a time, i n  a rocking air  

bath  t o  170°C dur ing  30 min. A t  the end of t h e  r eac t ion  the vesse l s  

were r ap id ly  cooled i n  water, the r eac t ion  mixtures a c i d i f i e d  t o  QK 
2 wi th  10M hydrochlor ic  ac id .  ex t r ac t ed ,  and the  products analysed 

by GC. 

Alkaline hydro lys is  of AMS 
Sodium AQ-2-sulfonate (10 q) and It4 sodium hydroxide ( 4  I&) 

were heated a t  170°C f o r  0-2 h. The colour of the r eac t ion  mlxtures 

var ied  from l i g h t  pink after a t t a i n i n g  170°C. t o  dark red a f t e r  2 

h. To the a c i d i f i e d  r eac t ion  mixtures,  1,8-dimethory-AQ (4 mg) i n  

dichloromethane ( 1  lat) was added as the  i n t e r n a l  s tandard ,  and the  

r e s u l t i n g  s o l u t i o n s  were ex t r ac t ed  wfth e t h y l  acetate ( 3  x 20 mL). 

The combined e x t r a c t s  were dr i ed  and the  so lven t  w a s  evaporated. 

The res idue  w a s  s i l y l a t e d  wi th  Sylon BTZ (Supelco Inc., 0.3 mL) and 

pyr id ine  ( 1  mL) f o r  2 h a t  60°C. and then analysed by CC with a BP1 

c o l u m  a t  200°C. Retention times: 2-hydroxy-AQ TMS e t h e r ,  4.6 

min; 1.8-dimthoxy-AQ. 6.5 .in. The only product peak obeerved i n  
t he  chromatogram w a s  that of 2-hydroxy-AQ TMS ether; 

1-hydroxy-AQ W e t h e r  ( r e t e n t i o n  t i m e  3.5 d i n )  appeared in t he  

chromntograns . 
no pa& f o r  

Alkaline t r e a t m n t  of AQ d e r i v a t i v e s  

2-Hydroxy-AQ (10 q) or AQ-2-carboxylic ac id  (10 and 1H 

sodium hydroxide were heated a t  170°C f o r  1-6 h. 

i s o l a t e d  and d e r i v a t i a e d  as above f o r  AKS and u e r e  analysad by GC 
with  a BPI colulnr a t  200°C. Retention t i e s :  2-hydroxy-Aq TMS 

e t h e r ,  4.6 min; 1.8-diethoxy-AQ, 6.5 d n ;  AQ-2-carboxylic ac id  

The mixtures were 
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TMS ester, 8.1 d n .  The chromatograms shoved no a d d i t i o n a l  product  

peaks. 

Oxidat ion of cyclohexanol 

S o l u t i o n s  of cyclohexanol (10 w, 0.1 -1) in 1M sodium 

hydroxide (4 d.) were reac ted  wi th  v a r i o u s  quinones;  AQ (25 arg, 

0.12 m m o l ) ,  AUS (37 91, 0.12 -1). Z-hydroxy-AQ (27 s, 0.12 -1) 

and AQ-2-carboxylic a c i d  (30 91. 0.12 -1). The r e a c t i o n  mixtures  

were a c i d i f i e d  and l n i s o l e  ( 5  me) in d i c h l o r o m t h a n e  ( 1  mL) w a s  
added as the i n t e r n a l  s tandard.  The r e s u l t i n g  mixtures  were 

e x t r a c t e d  w i t h  d i c h l o r o r t h a n e  (2 x 2 d,) and the extracts were 

d r i e d  and analysed by CC with a BP20 c o l u m  a t  90.C. Retent ion  

tims: cyclohexanone, 2.6 pin; a n i s o l e ,  3.3 pin; cyclohexanol ,  

4.3 min. No a d d l t i o n a l  product peaks vere apparent  In t h e  

chromatograms. 

Oxidat ion of cyclohexaneothanol  

S o l u t i o n s  of cyclohexanamthanol  (11.5 mg,  0.1 -1). or 

cyclohexanecarboxaldehyde (11.5 w ,  0.1 -1) or 
cyclohexanecarboxyl ic  ac id  (13.0 mg, 0.1 -1) in 1M sodium 

hydroxide (4 m l )  vere reac ted  wi th  AQ (50  mg, 0.24 -1) o r  AMS (74 
ug, 0.24 -1). The r e a c t i o n  mixtures -re a c i d i f i e d  and v e r a t r o l e  
( 5  mg) i n  dichloromethane (1  mL) waa added & the i n t e r n a l  

s tandard .  

d ich loro=thane  ( 2  x 2 mL). The s o l v e n t  WM r e m v e d  from t h e  

combined extracts under a stream of nitrogen and the ros idues  e r e  
r e a c t e d  w i t h  boron Cri f luor ide-Pothanol  (1  nL) for 90 pin a t  60.C. 

A f t e r  adding water (10 mL) t o  t h e  d x t u r e s ,  t h e  products  ?re 

e x t r a c t e d  wi th  d i c h l o r o e t h a n e  (2  x 5 A), and the e x t r a c t s  were 

d r i e d ,  concent ra ted  and analysed by CC on a BP20 c o l u m .  The c o l u m  

temperature  w a a  90.C f o r  5 min, then SoC/mIn t o  2OO'C. Retent ion  

timts: cyclohexanecarboxaldehyde, 2.0 mln; coupound Id .  2.8 =in;  

=thy1 cyc lohexmecarboxyla te ,  3.3 d n ;  cyclohexaneac thanol ,  7.2 

min; =thy1 benzoate ,  8.8 min; v e r a t r o l e ,  11.5 mln. The aldehyde 

The r e s u l t i n g  mixtures  were e x t r a c t e d  w i t h  
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5 24 WALLIS AND UEARNE 

( I c )  was aaalyeed before d e r i v a t i a a t i o n ,  due t o  p a r t i a l  conversion 

t o  its hamlaceta1 ( Id )  v i t h  the BF3-mthanol cocaplex. 

Oxidation of l i t h o c h o l i c  ac id  

A suspension of l i t h o c h o l i c  ac id  (10 q ~ ,  0.026 -1) i n  1M 
sodium hydroxide (4 mL) waa reac ted  v i t h  AQ (10 q,  0.048 -1) or 
AMS (37 q, 0.12 -1). The reac t ion  mixture w a s  a c i d i f i e d ,  38 
-methoxycholestane (IVc) ( 5  q )  in dichloroocthane (1  mL) WM added 

as the i n t e r n a l  standard and the  r e s u l t i n g  mixture was ex t r ac t ed  

v i t h  d i ch lo romthane  (2 x 10 a). The combined e x t r a c t s  were dr ied  

and the res idue  obtained a f t e r  evaporation of the  so lvent  up4 

t r e a t e d  wi th  0.M octhanol ic  hydrochloric ac id  (2  mL) f o r  4 h a t  

60°C. After  evaporation, the  residue w a s  reac ted  wi th  1 : l  

pyr1dine:acetic anhydride ( 1  mL) f o r  18 h a t  20°C. and thc excess 

reagents uere remved. a f t e r  adding to luene ,  by ro t a ry  

evaporation. Analysis of the mixture was by GC with a BP1 c o l u m  a t  

250°C. Retention times: 36-acthoxycholestane. 5.6 mln; aa thy l  3- 

oxocholanate, 7.0 min; e t h y l  3a-acetoxycholanate, 8.7 rdn. 

Oxidation of cholestan-36-01 

A suepenslon of cholestan-36-1 (10 ag, 0.026 -1) in 1H 
sodium hydroxide (4 mL) was reac ted  wi th  AQ (10 mg, 0.048 -1) or 
AHS (15 q, 0.048 -1). The r eac t ion  *xture W a s  a c i d i f i e d ,  36 

-n thoxycholes tane  ( W c )  ( 5  mg) in dichloro=thane ( 1  EL) w a s  added 

as the i n t e r n a l  s tandard  and the r e s u l t i n g  a x t u n  W a s  ex t r ac t ed  

v i t h  d ich loromthane  (25 d.). The extract w a s  evaporated and the  

res idue  8 f l p l a t e d  with BSTFA (200 a) for 18 h a t  100.C. 

r e m v a l  of t he  excess BSTPA v l t h  n i t rogen ,  the  res idue  w a s  dissolved 

i n  1 d. d i c h l o r o a t h a n e  and analyaed by GC with  a B P l O  c o l u m  a t  
25OOC. Retention tias: 2-hydroxy-AQ RIS e t h e r ,  2.2 mdn; 38 

-methoxycholestane, 7.9 d n ;  cholestan-36-01 TnS e t h e r ,  8.9 lain; 

choleetaa-3-oae, 12.4 ah. 

After 
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