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ELECTRON TRANSPBR W t X I O N S  I N  PULPING SYSTEM (IV): 
AN EXAWLE OF A LARGE REAtXIVITY DIFFERENCE FOR 

PRACIIENl?ATION OQ A 6-ARYL ETHER BOND BY AHQ'2 AND HS- 

Donald R. Mmmel, Lois P. S c h u l l e r ,  and P a t r i c k  B. Apfeld 
The I n s t i t u t e  of Paper Chemistry 

Appleton, Wisconsin 54912 

ABSTRACT 

A l i gn in  model (3E) with  a propanol group on t h e  B-carbon has 
been heated in a l k a l i  wi th  no a d d i t i v e s  and v i t h  M H  and an thra-  
hydroquinone (AHQ) a d d i t i v e s .  The B-aryl e t h e r  bond of t h e  aodel  
is e f f i c i e n t l y  fragmented by AHQ, but no t  by NaSH or simple NaOH. 
A competing c y c l i z a t i o n  of t h e  propanol group w i t h  t h e  quinone- 
methide of t h e  m d e l  i n t e r f e r e s  with NaOH and NaSH f ragmenta t ion  
reac t ions .  The d a t a  suggest  t h a t  AHQ reacts by way of a mechanism 
d i f f e r e n t  from t h a t  of NaSH - t h e  ARQ by an e l e c t r o n  t r a n s f e r  
mechanism and t h e  NaSH by an adduct  mechanism. The r e a c t i o n s  of 
B-ally1 (3D) and B-propyl  t r i t y l o x y  (3I) models were a l s o  per- 
fornud. The f ragmenta t ion  e f f i c i e n c i e s  in t h e s e  cases rare: 
AHQ a NaSH > NaOH. 

INTRODUCTION 

The d e l i g n l f i c a t i o n  of wood during a l k a l i n e  ( soda)  pulping is 

a i d e d  by 8 d d i t i v e s  8uch as sodium h y d r o s u l f i d e  (NaSH. h a f t  

p u l p i n g )  and anthrahydroquinone (Iraq, m t h r a q u i n o n r  pulping) .  

P r i m a r i l y  because of t h e  s t r u c t u r a l  c o m p l e x i t i e s  of l i p p i n  and 

l l g n i n  f r a g l m t a t i o n  products ,  d e l i g n i f i c a t l o n  = c h a n l s m  are d i f -  

f i c u l t  t o  s tudy  d i r e c t l y .  Hodels of l i p p i n  are o f t e n  s t u d i e d  in 

o r d e r  t o  h e l p  c l a r i f y  p o s s i b l e  pulping r e a c t i o n  mechanisms. 

Fragmentat ion of a m d e l ' s  6-aryl  e t h e r  bond is cons idered  t o  be 

i n d i c a t i v e  of m o d  d e l i g n i f i c a t i o n . l  Genera l ly  t h e  m d e l s  are 
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98 DXMIEL, SCHULLER, AND APPELD 

capable  of forming a key r e a c t i v e  l i g n i n  In te rmedia te ,  a quinone- 

a e t h i d e  (QM), i.e., a s t r u c t u r e  similar t o  1. 

t h e  d d l t l v e - p r w t a d  d e l i g n i f i c a t i o n  p r o c e s ~ e s . ~ . ~  

t h i s ,  k i n e t i c  studies o f t e n  f a i l  to provide u s e f u l  mechanistic 

in format ion  about t h e  natura of the additive-Qn r e a c t l o n ~ . ~ ~ ~  

Other complicating f a c t o r s  are t h a t  t h e  a d d i t i v e  r eac t ions  involve 

s e v e r a l  s t e p s  ( add i t ions ,  deprotonations,  e l imina t ions ,  etc.) and 

compete wi th  o t h e r  reactions m a i l a b l e  t o  t h e  Ql, such as s t i l b e n e  

and v iny l  e t h e r  f o n ~ a t i o n s . ~ ~ ~  

Uodel s t u d i e s  i n d i c a t e  t h a t  Ql genera t ion  is  t h e  s l o v  s t e p  in 
Because of 

The study described he re in  purposely e s t a b l i s h e s  a COP 

p e t i n g  Ql r e a c t i o n  in order  t o  demonstrate t h e  r e l a t i v e  r a t e s  of 

add i t ive -a s s i s t ed  de l ign i f i ca t ion .  The s tudy  employs w d e l  COW 

pounds which, in one respect, conta in  c h a r a c t e r i s t i c  l i g n i n  

groupings (a-hydroxy-B-aryl e t h e r  phenol8). but,  I n  another  

respect, con ta in  a t y p i c a l  pentanol s i d e  chains. 

Model Compounds 

Typica l  d e l i g n i f i c a t i o n  (model fragmentation) s t u d i e s  use  

models such as 3A-C. These models can be r e a d i l y  prepared by 

r educ t ion  o r  alkylation-reduction of ketone 2A.’ 
a l k y l a t i o n  of 2A with  a l l y 1  bramlde gives 2D, h i c h  when reduced 

by N a B Q  a f f o r d s  model 3D. Rydroboratlon, fo l loved  by an aqueous 

a l k a l i n e  hydrogen peroldde t rea tment ,  conver t s  t h e  - a l l y l -  model 

3D t o  t h e  “propanol‘ model 3E. me la t ter ,  upon treatment wi th  

t r i t y l  c h l o r i d e  (Ph3CCl o r  simply TrCl) ,  a f fo rds  t h e  -propyl 

t r i t y l o x y ‘  model 31. 

S imi l a r ly ,  

Pbdel Reactions 

F igures  1-3 give  the  gua iacol  (2-methoxyphenol) y i e ld  d a t a  

( i . e . ,  % fragmentation) as a func t ion  of  t i m e  h e n  models 3D-P a r e  
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4 

heated  a t  150'C under soda,  k r a f t ,  and soda/AHQ c o n d i t i o n s .  The 

term "soda, k r a f t ,  and soda/AHQ" a r e  used r a t h e r  l o o s e l y  h e r e .  

Reagents and w o d  c o n c e n t r a t i o n s  a r e  much h i g h e r  dur ing  t h e  

pulp ing  of w o d  than  t h e  c o n c e n t r a t i o n s  ve have employed; f o r  

example, k r a l t  pu lp ing  u s e s  - 1E &OR, whi le  we used - 0 . m  NaOH. 

Even though t h e  reagent  ConcetUrat ioas  v e r e  lov, t h e  s u b s t r a t e  

c o n c e n t r a t i o n s  vere even lover. 

t o  conserve expensive w d e l  ccmpounds and e n s u r e  t h a t  r e a g e n t s  

vere not  r e a c t i o n  l i m i t i n g .  

Our c o n c e n t r a t i o n s  e r e  designed 

Gas chromatography-mass s p e c t r o m e t r i c  (GC-HS) a n a l y s i s  o f  t h e  

product  mixtures  from t h e  d e g r a d a t i o n s  o f  ally1 model 3D showed 

f ragmenta t ion  products ,  guaiacol a n d &  and t r a a s  s t y r e n e s  5D 

( v h i c h  increased  w i t h  i n c r e a s i n g  time when glucose, NaSH, and AHQ 

vere p r e s e n t )  and s t a r t i n g  m a t e r i a l  (which decreased  with i n c r s a s -  

ing t ime) .  I h e  level of v i n y l  e t h e r  by-product 4D, which was also 
observed,  f o l l o v a d  t h e  o r d e r :  no a d d i t i v e  > glucose  > NaSH > AHQ. 

The v i n y l  e t h e r  and s t y r e n e  products  (4-F and 5D-F) v e r e  not  

i s o l a t e d  o r  v igorous ly  c h a r a c t e r i z e d .  

c a t e d  by CC r e t e n t i o n  t h e ,  by p . 8 ~  s p e c t r a l  a n a l y s i s ,  and by 

i n s p e c t i o n  of NMt spectra of  c rude  product  mixtures .  Accurate  

Zhei r  presence w a s  ind i -  
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/ l  HO 

HO- 

0 
0 

T 

20 5'4 5b 610 

REACTION TIME Qb 150'C (MIN) 

Figure 1. Cuaiacol yield as a functlon of time for the degrada- 
tion of d e l  3D at L50°C in water In the presence of 25 
equlv. of NaOH. and 5 equlv. of NaSW. and 5 equiv. of 
AHQ (prepared f r w  5 equlv. each of AQ and glucose). 

yield determinations of 4 and 5 type coqounds were not attempted 
becauoe (a) authentic saplco were not availabh to get GC 

responsc'factors relative to an internal standard and (b) secon- 

dary reactions, such as polymerizations and hydrolyscs, are 

possible. Qualitative inspection of the GC data did, however, 

allow yield trends (relative to an internal standard) to be ascer- 

t ained. 

The GC-FCIS analysis of the product mixture from degradation of 
the propyl trityloxy model 31  was i n c v l e t e  because of the low 

volatility of the tritylated coqounds. A styrene fragmentation 
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HO-/ HS- 

HO- 

20 6 0  ao 100 120 

HO 

REACTION TIME @ 150'C (MIN) 

Figure  2. Guaiacol  y i e l d  a s  a func t ion  of t i e  €or t h e  degrada- 
t i o n  of rode1 3F a t  150'C i n  29% dioxane/water  in t h e  
presence of 25 equiv. of NaOH, and 5 equiv. of NaSH, 
and 5 equiv. of AHQ (prepared  from 5 equiv. each of AQ 
and g lucose  1. 

product St was,  however, obacrved i n  s i g n i f i c a n t  amounts i n  addi-  

t i v e  degrada t ion  r u n s ,  but  not  i n  t h e  s imple NaOH run.  -a11 

amounts (ca .  < 10%) o f  t r i t p l  a l c o h o l  and t r iphenylmethane were 
a l s o  observed i n  some of the product  mixtures .  

The degrada t ion  of the propyl  t r i t y l o x y  model 33 was conducted 

i n  29% dioxanc, a s o l v e n t  medim i n  which 3P was s o l u b l e  a t  room 

temperature .  Dioxane, however, c a n  adverse ly  a f f e c t  f ragmenta t ion  

 yield^;^^^ for example, p a r a l l e l  degrada t ions  of models 3E, 
c o l l e c t i n g  d a t a  a t  s i x  time i n t e r v a l s  at  150'C and employing 
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102 D I M E L ,  SCHULLER, AND APFELD 

d 

Figure 3. Y i e l d s  of gualacol (-1 and cyc l ized compound 6 (--I 
a s  a function of time in the soda, k r a f c  and AHQ degra- 
dations of model 3l! at 150.C. 
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ELECTRON TRANSFER REACTIONS I N  PULPING SYSTEMS. I V .  ' 103 

e i t h e r  NiQ-2 or H S  as a d d i t i v e s ,  gave 70% less model f r a p n -  

t a t i o n  f o r  t h e  runs done i n  29% dioxane v e r s u s  r u n s  done i n  pure 

water. 

model 31 e r e  q u i t e  high.  

b t h i s  b a s i s  t h e  a c t u a l  gua iacol  y i e l d s  observed with 

The levels o f  gua iacol  produced ( i . e . .  t h e  d e g r e e  of fragmen- 

t a t i o n )  frola t h e  propanol model 33 fol lowed t h e  o r d e r  UQ-2 >> 
NaSH >> glucose  = no a d d i t i v e  ( F i g .  3, s o l i d  l i n e s ) .  The GC-IIS 

a n a l y s e s  of NaSH and AHQ product  m i x t u r e s  shoved t h e  usua l  loss of  

s t a r t i n g  material and g a i n  i n  f ragmenta t ion  product., gua iacol  and 

- c i s  and t r a n s  s t y r e n e s  5 1 ,  with  i n c r e a s i n g  time. 

by-product 43 w a s  not  observed i n  any of t h e  d e g r a d a t i o n  runs  of 

model 3lC. I n s t e a d  a s ide-chain c y c l i z a t i o n  product  6 was 

observed,  i n c r e a s i n g  i n  t h e  o r d e r :  

AHQ (Fig.  3, dashed l i n e s ) .  

I h e  vinyl  e t h e r  

no a d d i t i v e  = glucose  > NaSH > 

The c y c l i z e d  product vas  present  i n  high y i e l d s  a t  long reac- 

t i o n  t i m e s  wi th  t h e  NaOH degrada t ion  of model 3 1 .  

by chromatography of t h e  soda r e a c t i o n  r e s i d u e  and c h a r a c t e r i z e d  

by s p e c t r a l  means ( s e e  Experimental S e c t i o n  f o r  d e t a i l s ) .  

It was i s o l a t e d  

Comparative degrada t ions  of t h e  propanol model 33 and t h e  

c y c l i z e d  compound 6 were done i n  aqueous a l k a l i  a t  bo th  15O'C and 

135'C with  no a d d i t i v e s ,  wi th  ARQ and w i t h  NaSH. 

6 var not observed i n  the  absence of t h e  a d d i t i v e s .  

Fragmentation of 

Figure  4, d a t a  c o l l e c t e d  a t  135'C,  shovs t h a t  ( a )  AHQ-2 i s  

q u i t e  s u p e r i o r  t o  NaSH i n  fragmenting e i t h e r  model 31 or c y c l i z e d  

compound 6 and (b)  f ragmentat ion o f  t h e  c y c l i z e d  c a p o u n d  6 occurs  

w i t h  both  ARQ-2 and MaSB b u t  a t  s d a t  slower rates than 

fragmentat ion of model 3lC. The 6- t r e n d s  e x i s t  a t  150'C,  except  

t h a t  t h e  r e l a t i v e  d i f f e r e n c e s  between AET2 and W.SR a d d i t i v e s  a r e  

less ( s e e  Pig. 3) and t h e  gua iacol  y i e l d s  f r a  f r a m n t a t i o n  of 

t h e  c y c l i z e d  cowpound a r e  h i g h e r ,  b u t  s t i l l  less t h a n  t h e  y i e l d s  

obta ined  f r m  d i r e c t  f ragmentat ion of propanol  model 3L. 

DISCUSSION 

Model degrada t ions  t y p i c a l l y  show a f a s t  f ragmenta t ion  phase 

and a s l w  p h a ~ e , ~ ~ ~  such a s  s e e n  i n  F ig .  1. T h i s  behavior  is 
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104 DIMEL, SCHULLER, ANTI APFELD 

REACTION TIME (6 135'C (MINI 

Figure 4. Cuaiacol yield as a function of tima for  the degrada- 
tion of w d e l s  W (-1 and 6 (- -) at  15O'C i n  water 
i n  the presence of 25 equiv. of 1%08 and 5 equiv. of 
NaSH, or 5 equiv. of AHQ (prepared from 5 equiv. each 
of  AQ and glucose).  
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ELE(XRON TRANSFER RWCPIONS I N  PULPING SYSTEnS. IV. 105 

S C H W  1 
Typical  Model React ion Pathways 

A ,HOO-& (slow) M d i t t v e  L ( f a s t )  (slow) 

4 .1 
Fragments F ragmen t s 

i n d i c a t i v e  of  coapet ing  r e a c t i o n s  of t h e  type  shown 

Vinyl  Ether  (4) 

in Scheme 

1 . 3 , s  

e t h e r  products .  The f a s t  f ragmenta t ion  process  d e c r e a s e s  when t h e  

supply of  Qns diminishes .  A f t e r  a whi le ,  t h e  only supply of  Qns i s  

from t h e  slow r e v e r s a l  of  t h e  v i n y l  e t h e r  formation r e a c t i o n . 1 0  

I n i t i a l l y  t h e  model is conver ted  t o  fragments and v i n y l  

Both t h e  a l l y 1  and propyl t r i t y l o x y  models, 3D and 3P, appear  

t o  d i s p l a y  t h i s  type of behavior .  Also, each gave small, b u t  

real ,  amounts of f ragmenta t ion  under soda c o n d i t i o n s  and s i m i l a r ,  
r e l a t i v e l y  high f ragmenta t ion  y i e l d s  w i t h  NaSH and AHQ. The 

o b s e r v a t i o n  h e r e  ( e s p e c i a l l y  a t  e a r l y  r e a c t i o n  t imer)  t h a t  AHQ 

g i v e s  somewhat h igher  f ragmenta t ion  y i e l d s  than NaSH agrees  wi th  

ear l ie r  f ind ings  and has  been i n t e r p r e t e d  t o  mean t h a t  AHQ i s  more 

e f f e c t i v e  a t  d i v e r t i n g  Qn i n t e r m e d i a t e s  toward f ragmenta t ion  and 

away from nonproductive s i d e   reaction^.^ me f a c t  t h a t  t h e  steri- 

c a l l y  hindered mode1 3t fragmented t o  a high  l e v e l  i n  t h e  presence 

o f  e i t h e r  HS- o r  i n d i c a t e s  f u r t h e r  t h a t  C p t e r i c  e f f e c t s  do 

not  play a role i n  t h e  ra te  de termining  s tep .4  

Scheme 2 smmarizes, i n  a q u a l i t a t i v e  manner, t h e  d e g r a d a t i o n  

r e s u l t s  wi th  t h e  propanol model 3E. 
t h e  model is  e f f i c i e n t l y  conver ted  t o  c y c l i z e d  product  6 and 

fragmentat ion i s  not  observed. l h i r  means t h a t  t h e  d i r e c t  

f ragmentat ion of  t h e  model i s  slow r e l a t i v e  t o  Q! formation and 

t h a t  intr.Polecu1.r c y c l i z a t i o n  o f  t h e  Qn is q u i t e  f a s t ,  super- 

ced ing  o t h e r  competing r e a c t i o n s  such as v i n y l  e t h e r  formation.  

In t h e  absence of  a d d i t i v e s  

The f a c t  t h a t  c y c l i z e d  cocnpound 6 g i v e s  s i g n i f i c a n t  l e v e l s  of  

f ragmenta t ion  (gua iacol )  upon t rea tment  wi th  AEQ-2 or WSK a t  
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106 DIMlEL, SCHULLER, AND APFELD 

S Q L M E  2 
Reacttwo of the 6-Propmol nodel 31 

150'C i nd ica t e s  t h a t  t he  c y c l k a t i o n  s t e p  i s  r eve r s ib l e .  The 

add i t ives  can act upon t h e  Ql formed by r ing  opening of  6 t o  cause 

f r a g n a t a t b n ;  d i r e c t  a t t ack  of add i t ives  on the  cyc l ized  mater ia l  

6 t o  g ive  guaiacol vould be unlikely.1,11~12 

Oucc f o r a d ,  t h e  QM has  several r eac t ion  opt ions ,  all of  which 

regenera te  an aromatic syst-. It is apparent from our d a t a  t h a t  

t he  opt ion  of r eac t ing  v i t h  AHQ t o  g ive  f ragpcnts  is of lov energy 

and q u i t e  favorable.  I h e  AEQ fragmentation opt ion  competes 

favorably with t h e  f a s t  s i d e c h a i n  Ql c y c l i z a t i o n  r eac t ion  (Fig.  

3).  (h a r e l a t i v e  b a s i s ,  cap ture  of t he  Ql by HS' and subsequent 

fragmentation i s  slow compared t o  c y c l i t a t i o n  of t h e  QM (Fig.  3 ) .  
The q u a l i t a t i v e  i n t e r p r e t a t i o n  presented i n  Scheme 2 can also 

be expressed by an energy diagram, Fig. 5. R-ntation by O H  

i s  a high energy p ~ o c e s s . ~  I h c  slow s t e p  f o r  fragmentation by an 

add i t ive  (ES- or AEQ-2) is i n i t i a l l y  Qn formation from the  simple 
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E 
N 
E 
R 
0 
Y 

FRAGMENTS 

Figure 5. Proposed energetics for the reactions associated with 
model 31. For sioplicity, the pultiple steps associated 
vith the kOH, k S E  and MQ fragmentation processes 
have been omitted and the fragmntation products are 
cansiderad to have the same energies from all pro- 
cesses. 

m d e l  3 L 3  
essentially been fragmented or converted to cyclized product 6, 
the alov step appears to be Qf generation from 6. Consequently, 
the rates of the forward and hckward atepa in the cyclization 
procam have a u j o r  iqret on the extent of fragmentation 
possible with slawer competing processes, such as the OH- and SE' 

react ions. 

After the reactions proceed for a while and 3X has 

The reactions of the propanol m d d  3E. together vith its c o w  

peting cyclization reaction, demonstrate that AHQ'2 is a a x h  Iore 
effective additive than HS- at promoting mdel fragmentation. Why? 

Both AEQ and N.SH could be acting 

with the Qf-AEQ adduct (7-2) being either easier to form or more 
prone to fragment than the Qn-SE adduct (9-2), SchePe 3. 

'adduct' p r c h a n i s ~ , ~ ~ * ~  
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SQlEHE 3 
Poss ib le  Cleavage Mechanism of the 6-Propanol Model Qn 11  

41 / 

1E T' 

0- 

8- 
0- 

94 

or 

\ 

b 
1E - 

Alternat ive ly ,  AllQ-2 could be acting a chemistry which ha6 
significantly lwer energy requirements than the  standard (NaSE) 

adduct chemistry. 

between AllQd2 and Qn a, leading t o  radical  ion intermediates 

AHQ' and 1B' and aubrcquent fragmentation of the latter (Scheme 

3) .  
condi t iom.  l4 

This unique chemistry could be e lectron transfer13 

Eeactiom of this type have been d e w m t r a t e d  under ideal ized 
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The propanol model 3E haa a built-in cyclization reaction pos- 
sible when its quinouemethide ( II )  is formed in aqwoua alkali. The 
superior ability of WQe2 to fragPcnt this model indicates that 
there is a chedstry available, probably electron transfer ctacdstry, 
which can effectively compete vith the cyclization reaction. The 
poor effectivenus of k S I  to induce fragmmtation of 3E suggests 
that it8 d u c t  mechanism doas not compete well with cyclization. 

With the other models, 3D and 31, vinyl ether generation c o w  

pates vith lode1 fragmentation. Both AEQ and NaSH-induced fragmen- 
tation appear to be of lower energy than vinyl ether generation. 

The fact that WQ-* fragmentation efficiencies are higher than 
that of NaSH ouggcsts that the eacrgy of AEQ-fragmentation is 
lover than that of NaSB-fragmentation and, thus, competing reac- 
tions will be lass for the AHQ case. The slow step in the addi- 
tive reactions and vinyl ether generation is still quinonerethide 
geaeration. If it were not for competing reactions, the fragmen- 
tation efficiencies of dLiQe2 and Bs' would be the Sam. 

EXPERMENTAL SECTION 

The equipuat,l5 gurlacol analysis by oathylation and GC anal- 
ys is  with p-ieopropylphenol aa an internal ~tandard,~ m d e l  degra- 
dation procedur~s,~r and oDdel/reagent amounts3, have been 

previouly dopcribcd. 

figure captions. The synthesis of the models wil l  appear in a 
separate publication. l6 The model names are: 2-(2-methoxyphenoxy)- 
I-( 3-methoxp4-hydroxypheay1)-4-penten-l-o1 (3D), 2-( 2-methoxy- 
phenoxy)-l-(3methoxy-b-hydroxyphenyl)-l,5-pentadiol (3E), and 
2-(2aethoxyphenoxy)-1-(3~tho~4-hydroxyphenyl)-5-triphenyl- 

~ethoxy-l-pentanol(3F). 

Som specific details are given In the 

Analysis of the methylated product mixtures by GC-US led to 
the tentative identification of several corpounds. The identifica- 

tions were based on GC elution tieas relative to known components 
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110 DIMIEL, SCHULLER, AND APFELD 

of the mixtures and an in t e rp re t a t ion  of the MSS spectra.  lhe 

compounds t en ta t ive ly  iden t i f i ed  by this procedure a r e  l i s t e d  belov. 

Two i s o r r s  of apparent molecular m i g h t  of 204 ware obeerved 

in the w t h y l a t e d  react ion a tx tu res  from the AEQ and NaSH d e g r a d e  

t i o a s  of model 3D; the two ware u s u w d  t o  be ds/trap.  isorars of 
t he  1,4-pentadiene type, but could be other  poai t ioa isomers such 

as 1.3 or  2-4  (conjugated) pentadicnes. The tuo e lu t ed  a t  times 

i n t e m d i a t e  k t u e e n  m~thy la t ed  g U d 8 C O l  and dimer and had 
nearly i d e n t i c a l  spectra:  

M-CIi3), 174 (35, M+X20), 173 (64, M + Q I 3 ) ,  158 (57, H+X3, OCH3), 

131 (26), 129 (44), 128 (241,  115 (321, and 91 (20 ) .  

=/z (%I, 204 (100, M?), 189 (74, 

The products from several  sad1 6Cale 150.C react ioas  of 3D 

with AQ/gl~cose/Na08 were colbined, exposed t o  air ,  f i l t e r e d  to  

remove AQ, ac id i f i ed ,  and Q1cl3 extracted. The combined cBCl3 

e x t r a c t s  -re dr ied (Na2S04) d evaporatad; the re su l t i ng  residue 

was dissolved fn CDCl3 .ad a lE-HklR spectrum recorded. 

the i n t e n s i t i e s  of the s igna l s  in the 1.8 15 (<-CE3), 2.9 6 

(IC-CHz-C-), 4.9-5.2 6 (-CE2) m d  S.5-6.6 6 (Ica-) regions, the 

sample appears t o  have subs t an t i a l ly  -re conjugated diene COW 

ponents (ISrQI.Ca-CH-CECH3) than nonconjugated diene components 

(ArCEIca+X2<H=CE2). 

Based on 

This compound was most prominent in the soda degradation of 3D 
and eluted j u s t  p r io r  t o  r t h y l a t e d  3D: 

(34, n-EOPhOcE3), 188 (23), 178 (291, 172 (291, 151 (33, 

=/= ( x )  326 (100, M?), 
300 (23, M-ECZCII), 257 (30, H C n C c B z ) ,  226 (21), 225 (21),  202 

diOHePhCH2+), and 115 (23). 

This compound was observed in the  m t h y l a t e d  product mlxtures 
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from the r eac t ion  of pedal 38 with AQ/glucose; i t  e lu t ed  j u s t  

p r i o r  t o  kQ i n  t h e  Gc: 
166 (48), 165 (65 )  and 151 (35). Several r e a c t a n t  so lu t ions  ycre 

combiwd and column chroutographed. IWR spectra of chroratography 

f r a c t i o n s  d id  not ,  hmmver, ve r i fy  the  presence of %. Ihe 
compound, which is of the  s ty rene  type, MY have polymerized some- 

time during the  i s o l a t i o n  procedure. Its i d e n t i f i c a t i o n  should be 

considorad t en ta t ive .  

z/s (%) 222 (100, d ) ,  221 ( 3 4 ) ,  I91 (72), 

This compound uaa observed in t he  AEQ and NaSH degradations of 

3F a t  25.7 d n  (6 f t  g l a s s  column packed with 3% W-1 on 100-120 
mesh gas chrom W, tePp.roture programmed a t  65' f o r  2 d n .  

2'/r in t o  80'. Ma/rin t o  285' and then hold a t  285'C); 
464 (3, H*), 243 (100, Ph$+), 221 (45, M-CPhj), 177 
diONePhCH=CHCH2+), 165 (53, PhCHPh), 151 (15, diOnePhCH2+), and 

105 (26, PhCZe). An v i t h  SE, chromtography i s o l a t i o n  and MfR 

cha rac t e r i za t ion  was not successfu l ;  the  s t r u c t u r e  of M should be 

conoidrred t en ta t ive .  

(%I 
(48, 

This coqound YII observed i n  product mixture. from high tea- 

s / ~  (%) 344 ( 5 5 ,  H*), 221 
pera ture  a l k a l i n e  degradation reac t ions  of 3IS. l lcthylated 6 

displayed the fo l lov ing  mass spectrum: 

(100, H-C2 subs t i t uen t ) .  220 ( 2 4 ,  H-Cz subst.  and H), 165 (27, 

3,4diWPhCZO+) and 151 (41, 3,4diOnePhCH2+). 
(underivatized) WM a l s o  i s o l a t e d  from degradations as 

described below. 

The colpound 

I n t o  each of 26 sp.11 pressure  ves se l s  (bombs)5 uaa placed 40 
mg of 3E m d  3.5 OL of 5 &OH, prepared from deorygenated 

d i s t i l l e d  water; the  f i l l i n g  and sealing of t h e  bombs was done i n  
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112  DIMPIEL, SCHULLER, AND APFELD 

a glove bag under a nitrogen atwsphere.  The bombs were rotated 

i n  a 135% o i l  bath fo r  3 hrs, cooled, opened, and added collec- 

t i v e l y  (along with 

funnel. The so lu t ion  was a c i d i f i e d  r i t h  d i l u t e  RC1 and axtracted 
t h r e e  timas with (31cl3. 

(NazSOq) and evaporated. 

h0li rimes of the bombs) t o  a sepnratory 

The combined C X l 3  extracts -re dried 

The viscous l i qu id  residue uaa dissolved i n  a small volume of 

CH2Cl2 and applied t o  the top of a CH2Cl2 s l u r r y  packed si l ica 

gel-60 column (1.5 x 60 cm). 

CH2C12, 100 d. of 2.5% EtOAc/CH2C12, 200 mL of 5% EtOAc/CH2C12, 

and 300 mL of 10% EtOAc/CE12C12; roughly 70-10 mL f r a c t i o a s  were 

collected.  Analysis by GC shoved t h a t  f r ac t ions  13-20 (550 q,  

53%) were pure compound 6:  

206 (34, H-RH), 151 (38, R C Z e ) ,  137 (57, BCH2+), 124 (10, &), 

109 (13) and 77 (14), where it is a 3 ~ t h o x y 4 - h y d r o x y p h e n y l  o r  

Z-methoxyphenoxy group; ; lli-Ana (CDCl3) 6 1.81 (I, 3, Cq-protons 

and one of the Cj-protone), 2.40 (P, 1, me of Cypro tons ) ,  3.5-3.8 

( 0 ,  I ,  C e ) ,  3.71 and 3.80 (9, 3 and 3, oCrr3), 4.05 (I, 2, C5- 
protons),  4.34 (d, J 9.0 &, 1, C S ) ,  5.52 (s. I ,  0;) and 

6.5-7.0 (I, 7,  Arg) - the  assignments a r e  aided by s p e c i f i c  pro- 

ton decoupling experiments; %-UMR (CDCl3)  6 25.5 and 30.2 ( t ,  C3 

and C4 aethylene carbons), 55.7 and 55.8 (9,  F 3  groups). 68.1 

( t ,  Cs), 79.2 (d, C z ) ,  82.8 (d, C l ) ,  110.1, 112.3, 113.7, 117.2, 
120.4, 120.5, and 121.8 (d, protonated aryl carbons), 131.6, 

144.9, 145.8, 147.0 and 150.3 (s. nonprotonated aryl carbons). 

The column was eluted with 50 mL of 

E/E ( X )  330 (38, H*), 207 (100, Ha), 
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