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MASS SPECTRA OF QUINONEMETHIDE PRODUCTS 
DERIVED FROM REACTION WITH PHENOLICS, 

ANTHRONE AND ANTHRAHYDROQUINONE 

Donald R. Dime1 and Donaline Shepard 
The Institute of Paper Chemistry 

Appleton, Wisconsin 54912 

ABSTRACT 

Several experiments have been performed to show the effects of 
anthrahydroquinone ( A H Q ) ,  the reduced form of anthraquinone (AQ), 
on the self-condensation reactions of simple lignin models. These 
experiments were aimed at understanding the role of AQ as a wood 
pulping catalyst. The experiments led to some very complex pro- 
duct mixtures. A detailed analysis of the product mixtures by gas 
chromatography - mass spectrometry (GC/MS) was undertaken in order 
to understand how AHQ retarded phenolic-quinonemethide conden- 
sation reactions. The interpretation of the mass spectra is 
reported here. Two principal classes of compounds are discussed: 
phenolic condensation products and adducts derived from the reac- 
tions of quinonemethides with AHQ and anthrone. A method of vola- 
tilizing the sample prior to GC/MS analysis, namely derivatization 
with dimethyl sulfate in alkaline THF, produces by-products which 
contain incorporated THF. 

INTRODUCTION 

Gas chromatography - mass spectroscopy (GC-MS) is an extremely 
useful technique for detecting trace components in complex mix- 

tures and providing information as to the nature of the 

components. Modern instruments generally have a data base of 

"library" spectra, which can be searched in an attempt to provide 
a match with a sample spectrum. For unique samples, the library 

searching routine, at best, provides only clues as to possible 

structural features. One is then left with deducing reasonable 
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148 DIMMEL AND SHEPARD 

structures from the molecular ions and fragmentation ions observed 

in the spectra. 

In the previous paper,l we discussed briefly the charac- 

terization of vanillyl alcohol condensation products by GC-MS. 

The library searching routine was not very successful in this case 

and structures were principally deduced from fragmentation pat- 

terns and molecular weight determinations. We would like to 

discuss here our spectral interpretations, hoping that this infor- 

mation may also prove valuable to the interpretation of mass 

spectra of wood pulping components having similar structures. 

The main focus of this report centers around three classes of 

compounds: (1) the condensation products of vanillyl alcohol, a 

simple lignin model, ( 2 )  the addition products obtained from 

anthrahydroquinone (AHQ) reacting with quinonemethides (QMs) and 

( 3 )  the by-products of derivatizing with dimethyl sulfate (Me2S04) 
in alkaline tetrahydrofuran (THF). 

RESULTS AND DISCUSSION -- 
Condensation Products 

Phenolic dimers, trimers, and tetramers have been generated 

from the alkaline reactions of vanillyl alcohol (1) and E-hydroxy- 
benzyl alcohol (2) or precursors of these, namely chloroacetates 3 
and 5.l 
methides 5 (from 1. or 3) and 5 (from 2 or i). Product mixtures 
were derivatized with MezS04fNaOHfTHF to give the more volatile 

methyl ethers and then analyzed by GC-MS. The derivatization 

procedure often gave THF by-products (to be discussed later) and 

partial methylation of alcoholic hydroxyl groups. 

Potential intermediates in these reactions are quinone- 

5, R = OMe - 3 ,  R = OMe - - 1, R = OMe 
- Z , R = H  - 4, R = H  - 6 , R = H  
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MASS SPECTRA OF QUINONEMETHIDE PRODUCTS 149 

Besides methylation of known samples, the principal source of 

the compounds under discussion were derived from methylation of 

the products obtained from the reactions outlined by equations a-e 

below. The detailed chemistry behind these reactions is discussed 

CH,OH 

17 3', 2 hrs. ($, OCH, + (additives H,O/OH-- 
OH 

Q OH 

9 - 

9 - + 

3 - 

0-  

( A H Q - ~ )  
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150 DIMMEL AND SHEPARD 

elsewher'e; 1-3 therefore only a brief discussion will be given here. 
The reaction described by equation a generates phenolic con- 

densation products - intermediate quinonemethide 2 (additives 
refer to glucose, AQ and combinations of these).2 
of equation b generate a quinonemethide of 7 which then either 
attacks anthrone or condenses . 3  The reactions described by equa- 

tions c-e have a common feature; adduct 9 is known to fragment at 

temperatures above 60" ,  generating anthrahydroquinone dianion 

(AHQ-2) and quinonemethide 6. 
action of AHQ-2 with quinonemethides 6 and 2 (from ?) giving rise 
to mixed adducts and condensation products . 3  

acid rapidly converts AHQ-2 to anthraquinone (AQ) ; thus, the pro- 
ducts of equation d are principally condensation products of 2 and 
- 6 . 3  

equation e.3 

The conditions 

Therefore, equation c depicts a re- 

3,5-Dinitrobenzoic 

Reduction products are observed in the reaction outlined by 

Table I presents the important signals seen in the mass spectra 

of some simple monomers done by the electron impact (EI) and chemi- 

TAALE I 

\lass Speerral D v t n  far 3onomeri 

Compound 

1 Commerc - 

10 He of i 

11 He of 1 

- 

- 
13 Me of 12 - 
14 Rx b - 
15 He of L - 

16 He of - 

X R - - 

H -CHzOH 

Me -CHzOH 

Me -CH20Me 

ne -CHO 

OH 
I 

ne -CHCH3 

OMe 
ox 

MOl. ut .  a 
1 5 4  El 

CI 

168 EI 
CI 

182 El 

CI 

166 El 
CI 

182 EI 

CI 

nc -CH2O(CH2)4One 254 El 
CI 

-( C H 2 ) & 0 k  -CHD 238 EI 

m i e  ( I )  

154(100) 137(45) 93(77) 65(82) 

165(11) 155(46) 154(9) 153(14) 137(100) 125(20) 

168(100) 151(26) 13906) 138(25) 

197(5) 169(42) 168(13) 167(13) lSl(100) 139(14) 
182(47) 181(11) 151(100) 

211(5) 183(26) 182(13) 1 8 1 0 )  lSl(100) 

166(100) 165(61) 95(21) 77(16) 
195(12) 167(100) 166(8) l65(2) 151(12) 
182(42) 180(48) 167154) lbS(100) 139(48) 

209(20) 183(40) 182(21) l81(100) 165(61) 139(24) 
254(42) 167(80) i51(100) a7(52) 45(z8) 

255(1) 254(4) 151(100) 

238(3)  15l(ZO) 87(100) 45(72) 
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MASS SPECTRA OF QUINONEMETHIDE PRODUCTS 151 

c a l  i o n i z a t i o n  (CI)  techniques.  The t a b l e  and subsequent  ones do 

not  l i s t  s i g n a l s  t h a t  are obviously j u s t  13C-isotope analogs of 

t h e  s p e c i e s  one u n i t  lower i n  weight. The term M e  i n  t h e  source  

column of t h e  t a b l e  s i g n i f i e s  methyla t ion  by Me2SO4/OH-/THF. 

compounds shown i n  Tables  I and I V  c o n t a i n i n g  a -(CH2)4OMe group 

a r e  so lvent  der ived  by-products, which all be expla ined  l a t e r .  

The C I  .data were obta ined  using methane as t h e  reagent  gas .  

The " s o f t e r "  i o n i z a t i o n  t h a t  occurs  during C I  g e n e r a l l y  g ives  rise 

t o  l a r g e  M + 1 s i g n a l s  (equat ion  f ) ,  without much f ragmenta t ion ,  

thereby  pin-point ing t h e  molecular  mass of t h e   specie^.^ t 5  

The 

f o r  A = H ,  M + 1 

A = C2H5, M + 29 

A C3H5, M + 41 

Methane C I  a l s o  produces weak M + 29 and M + 41 s i g n a l s ;  these  a r e  

included i n  t h e  t a b l e s  when t h e  i n t e n s i t i e s  were reasonable .  

Fragment i o n s  can occur  i n  C I  by e x t r a c t i o n  of a f u n c t i o n a l  

group (OH, OR, e t c . )  by a p o s i t i v e  i o n  (equat ion  g )  or  l o s s  of 

F r a e R  + A+ __j Frag' + AOR (9) 

(M-OR) 

H20, CH3OH, etc. ,  from t h e  M + 1 s p e c i e s ;  t h e s e  can be very impor- 

t a n t  processes  when h i g h l y  s t a b l e  fragment i o n s  r e s u l t .  Occasion- 

a l l y ,  t h e  M + 29 w s  as s t r o n g  o r  s t r o n g e r  than a (weak) M + 1 

s i g n a l ;  i n  t h e s e  cases ke assume t h a t  t h e  M + 1 i o n  was r e l a t i v e l y  

u n s t a b l e  and fragmented to  a more s t a b l e  i o n .  

I n  g e n e r a l ,  both t h e  E I  and C I  s p e c t r a  r e p o r t e d  i n  Table I 

show t h a t  t h e s e  s imple compounds g i v e  rise t o  s t r o n g  molecular  

i o n s  (M + 1 i n  t h e  C I  case) and benzyl ions .  [The term "benzyl" 

w i l l  be used f o r  s i m p l i c i t y  sake,  when i n  r e a l i t y  " t ropyl ium" i o n s  

a r e  probably t h e  b e t t e r  d e ~ c r i p t i o n . ~ ]  The d e r i v a t i v e s  of 
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152 DIMMEL AND SHEPARD 

v a n i l l i n  (g), namely 13 and 16, are not r e a l l y  "benzyl" type com- 

pounds and thus do not show much s t r eng th  at m/e 151. The typ ica l  

benzyl ions seen throughout our s tud ie s  a re  shown below. 

ox 

- 1 7  H H H 107 

- 19 H OMe H 137 
- 20 H OMe Me 151 
- 2 1  Me OMe H 151 
- 22 Me OMe Me 165 

- 18 Me H H 121 

Many of the  monomers, e spec ia l ly  16, displayed reasonably s t rong  M - 
1 s igna l s  i n  the  C I  spec t ra .  The ion respons ib le  f o r  the  M - 1 

s i g n a l  is probably an oxygen s t a b i l i z e d  benzyl carbonium ion derived 

from hydride ex t r ac t ion  of a benzyl hydrogen by a reagent gas ion. 

Table I1 l is ts  the spec t ra  of some head-to-head dimers t h a t  

were obtained from severa l  r eac t ions .  Compound 3 and 25b a r e  

e ry th ro ,  th reo  isomers. Benzyl ion fragments a re  very dominant 

f o r  most of the compounds l i s t e d  i n  Table 11. The m l e c u l a r  ions  

a l s o  show up w e l l  i n  each case. The C I  mode produces two kinds of 

fragments, namely a symmetrical s p l i t t i n g  of the benzyl carbons 

and a cleavage of a benzyl-aryl bond. 

Several  research groups have s tud ied  t h e  self-condensation 

r eac t ions  of v a n i l l y l  alcohol (1) and seve ra l  products have been 

cha rac t e r i zed ,  mostly a s  t h e i r  a c e t a t e  or  methyl e t h e r  deriv- 

a t i v e s  . I s 7  s 8  

Table I11 lists the  p r inc ipa l  mass s p e c t r a l  s igna l s  of a number of 

phenolic condensation products derived from v a n i l l y l  a lcohol  or  p- 
hydroxybenzyl alcohol (2) or  the  mixture of the  two. 

These compounds correspond t o  s t r u c t u r e s  26-31. 
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MASS SPECTRA OF QUINONEMETHIDE PRODUCTS 153 

TABLE I1 

Uass Spect ra l  Date of Head-to-Head Dimers 

Many of t h e  s t r u c t u r a l  ass ignments  given i n  Table I11 are based 

on chemistry and MS f ragmenta t ion  p a t t e r n s  analogous to t h e  known 

v a n i l l y l  a l c o h o l  system. For example, v a n i l l y l  a l c o h o l  and a l k a l i  

y i e l d  a major dimer (26, m o l  w t  288) of low GC r e t e n t i o n  t i m e  and 

a minor dimer (27, iwl. w t .  332) of long GC r e t e n t i o n  t i m e .  

a l k a l i n e  condensat ion r e a c t i o n s  of p-hydroxybenzyl a l c o h o l  a f f o r d  

a major, low mass, low r e t e n t i o n  t i m e  dimer and a minor, high 

mass, high r e t e n t i o n  t i m e  dimer. Since the  two s t a r t i n g  materials 

o n l y  d i f f e r  by an a r y l  methoxyl group, analogous s t r u c t u r e s  a and 

- 38 ,  =re proposed f o r  t h e  dimer products ;  t h e  m a s s  s p e c t r a  showed 

many s i m i l a r i t i e s ,  too.  

The 

Benzyl ions, m/e 121  and/or  151, are p r e s e n t  in a l l  t h e  

s p e c t r a  recorded in Table 111; they  rere somewhat more dominating 

i n  t h e  CI mode than the  E I  mode. 

t o  M - 15 (CH3) and M - 31 (OCH3) were seen i n  most of t h e  E I  

s p e c t r a ;  a l s o ,  M - 1 2 1  or  151  (benzyl)  were prominent in t h e  t r i-  

mers and tetramer s p e c t r a .  

Reasonably i n t e n s e  s i g n a l s  due 

The s p e c t r a  of isomer p a i r s  27 /28 ,  29/30 and 31/32 show remark- -- 
a b l e  d i f f e r e n c e s ,  which re b e l i e v e  are r e l a t e d  t o  t h e  i n t e r a c t i o n  

of a benzyl s u b s t i t u e n t  with an or tho-methylene .  The r e a c t i o n s  i n  

Scheme I o f f e r  an i n t e r p r e t a t i o n  of t h e  E I  and C I  s p e c t r a  f o r  dimer 

28.  I n  t h e  f i r s t  two s t a g e s  we propose i o n i z a t i o n  of a methoxyl - 
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oxygen followed by a &membered r i n g  t r a n s i t i o n  s ta te  loss of meth- 

a n o l .  Analogous f ragmenta t ions  are known t o  be q u i t e  favorable  f o r  

 alcohol^.^ 
r a d i c a l  are proposed f o r  t h e  la t ter  s t a g e s  of t h e  f ragmenta t ion  

p r o c e s s  t o  a f f o r d  a h i g h l y  s t a b i l i z e d ,  "dibenzyl ,"  carbonion ion ,  

- m l e  269. 

a b l y  a benzyl ion  r e s u l t i n g  from e i t h e r  l o s s  of CH3OH from a M + 1 

s p e c i e s  or e x t r a c t i o n  of methoxide by a p o s i t i v e  Ion i n  t h e  system. 

A Cope rearrangement and e v e n t u a l  loss of a methoxyl 

The C I  spectrum is dominated by a mfe 301 s i g n a l ,  presum- 

The m/e 269 fragment is  an impor tan t  s i g n a l  i n  t h e  s p e c t r a  of 

dimer 2 and trimer 32. This fragment could ar ise  by a process  

similar t o  t h a t  proposed i n  Scheme I i n  which e i t h e r  wter ( f o r  

dimer 29) o r  an aromatic  r i n g  ( f o r  trimer 2) is i n i t i a l l y  e l imi-  

n a t e d ,  aga in  a &membered r i n g  t r a n s i s t i o n  s ta te .  D i m e r  9 
w a s  n o t  observed by us i n  our m r k  and i t s  mass spectrum is the  

o n l y  data i n  t h e  t a b l e s  taken from a n o t h e r  source.* 
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We obse rved  t h r e e  d imers  of mass 318 from t h e  r e a c t i o n  

o u t l i n e d  by e q u a t i o n  a;  none of t h e s e  showed a m/e 269 s i g n a l  i n  

t h e i r  mass s p e c t r a .  One of t h e s e  m/e 318 dimers  was t e n t a t i v e l y  

a s s i g n e d  a s t r u c t u r e ,  namely 30, based on t h e  unusua l  appea rance  

of  a s t r o n g  m/e 152  s i g n a l  i n  i t s  spec t rum;  t h e  l a t t e r  f r agmen t  

p r o b a b l y  arises 2 a c l e a v a g e  and t r a n s f e r  of a hydrogen atom 

f rom a p h e n o l i c  hydroxy l  group t o  an  or tho-methylene group.  The 

o t h e r  two i somers ,  which show two p r i n c i p a l  s i g n a l s ,  318 and 151, 

were found i n  ve ry  small amounts and are p robab ly  analogous ( less  

m e t h y l a t e d )  v e r s i o n s  of dimer 27. 
The m/e 269 s i g n a l s  which a p p e a r  i n  t h e  C I  s p e c t r a  of trimers 

44-46 are p robab ly  s i m p l e  b e n z y l  i o n s  r e s u l t i n g  from loss of 107 

u n i t s  (PhOMe). 

(1,2-diMeOPh) u n i t s  f o r  30 are  seen i n  o t h e r  C I  s p e c t r a .  

-- 
Analogous l o s s e s  of  107 u n i t s  f o r  2 and 137 

Compounds 33-35 a re  mixed d imers  and trimers produced from two 

qu inonemeth ides  (2 and 6, and t w o  p h e n o l s  (1 and 2). D i m e r s  

36-38, trimers 2, 42-46 and tetramer 40 o r  41 were o b t a i n e d  from 

t h e  r e a c t i o n  o u t l i n e d  by e q u a t i o n  d and Scheme 11. The d i n i t r o -  

benzo ic  a c i d ,  which is a component i n  t h e  r e a c t i o n  o u t l i n e d  by 

e q u a t i o n  d ,  a p p a r e n t l y  c a u s e s  some o x i d a t i o n  of b e n z y l i c  a l c o h o l  

g roups  t o  a ldehydehydes ,  since dimer 21. and trimers 44-46 a p p e a r  

t o  be a ldehydes .  The s p e c t r a  of t h e s e  trimers 42-43 and 44-46 

were q u i t e  d i f f e r e n t  from one a n o t h e r  b u t  n o t  c o n c l u s i v e  enough t o  

a s s i g n  s t r u c t u r e s ;  t h e  s t r u c t u r e s  i n  Scheme I1 appea r  t o  be l i k e l y  

c a n d i d a t e s .  The i n t e r p r e t a t i o n  h e r e  w a s  a lso c o m p l i c a t e d  by t h e  

low l e v e l s  of t h e s e  trimers i n  t h e  sample and t h e  o c c u r r e n c e  of 

some GC r e t e n t i o n  t i m e  o v e r l a p .  

-- 

QM-AHQ Adducts 

Anthrahydroquinone (AHQ) reacts w i t h  quinonemethides  (QM's) t o  

g i v e  a d d i t i o n  p r o d u c t s ,  known as QM-AHQ a d d u c t s . l , l o , l l  

pounds may be i m p o r t a n t  i n  e x p l a i n i n g  t h e  r a p i d  d e l i g n i f  i c a t i o n  

ra tes  which accompany t h e  p u l p i n g  of wood wi th  a n t h r a q u i n o n e  as a 

catalyst .1 ,2 ,10-12 S e v e r a l  a r t ic les  have  been d i r e c t e d  a t  d e t e r -  

min ing  t h e  f a t e  of AQ d u r i n g  pulping;13-20 MS and  GC/MS has  p l ayed  

These com- 
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and will cont inue t o  play a major r o l e  i n  providing s t r u c t u r a l  
in format ion  f o r  t h e  c h a r a c t e r i z a t i o n  of t h e  t r a c e  r e a c t i o n  prod- 

u c t s  der ived  from AQ. 

Table  IV p r e s e n t s  t h e  mass s p e c t r a l  d a t a  f o r  a number of 

QM-AHQ adducts  which we have observed i n  previous mrk . I -3  

u n d e r i v a t i z e d  compounds (X = H, Table I V )  have been e x t e n s i v e l y  

c h a r a c t e r i z e d  by o t h e r  means;2 s 2 I  

t i es ,  t h e s e  compounds were d i r e c t l y  i n s e r t e d  i n t o  t h e  source by a 

d i r e c t  i n s e r t i o n  probe in o r d e r  t o  o b t a i n  t h e i r  mass s p e c t r a .  

Except f o r  64-66, t h e  remainder of t h e  compounds repor ted  in Table 

1V were produced by simple d e r i v a t i z a t i o n  of known compounds with 

Me2S04/0H-/THF. 

g e n e r a l l y  t h e  f u l l y  methylated ana log ,  but  some p a r t i a l l y  methy- 

l a t e d  and THF incorpora ted  products  were f r e q u e n t l y  observed in 

s m a l l  amounts. 

The 

because of r e l a t i v e l y  low v o l a t i l i -  

The main products  of t h e  d e r i v a t i z a t i o n  were 

One of t h e  most prominent f ragmentat ions observed in t h e  EX 

s p e c t r a  of t h e  adducts  was cleavage of t h e  C10-benzyl bond: 

n r  
K7 

& 107 
& 1 2 1  

m/e 193, RI, = H 
m n e  209, Rb = OH 
m/e 223, RI, = OMe 

m/e 137 
rnh 1 5 1  
m/e 165 

The only  t i m e  when s i g n i f i c a n t  i o n s  were observed (EI  mode) from 

c leavage  of t h e  o t h e r  C10-subst i tuent  (R4) was h e n  R4 = methyl o r  

O(CH2)4OMe. Molecular ions  were not  o v e r l y  s t r o n g  (EI  mode) 

u n l e s s  t h e  R4 s u b s t i t u e n t  was methyl (48 and 2) or  -CH2Ar (52) .  - 
The CI mode f o r  t h e  adducts  tended t o  produce l a r g e  amounts of 

benzyl  ions (2); g e n e r a l l y  t h e  benzyl s i g n a l  was t h e  base peak. 

The s t r e n g t h  of t h e  s i g n a l s  a s s o c i a t e d  with t h e  molecular  ion i n  

t h e  C I  mode, i.e., M, M + 1, M + 29, and M + 41,  v a r i e d  con- 
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s i d e r a b l y  from one compound t o  t h e  next .  The a r y l  ions  a s s o c i a t e d  

with were g e n e r a l l y  w a k  or  n o n e x i s t e n t  i n  t h i s  m d e .  S i g n a l s  

a s s o c i a t e d  with loss of t h e  R4 s u b s t i t u e n t  =re o f t e n  observed i n  

t h e  C I  mode; examples are M-l7(OH) f o r  56, 55, 2, and 63, M - 31 

(OMe) f o r  6 and 60, M - 103 (OCH;!CH;!CH2CH20Me) f o r  7 and M - 59 

(OAc) f o r  2. 
An extremely i n t e r e s t i n g  fragment has been observed f o r  t h e  

f r e e  phenol ic  ( u n d e r i v a t i z e d )  adduct .  A n  even-ion mass correspond- 

i n g  t o  loss of a benzyl  group minus one of its hydrogens has  been 

i n t e r p r e t e d  i n  t h e  fol lowing way: 

71 - 
m/e 194, RI, a H 
m/e 210, R4 = OH 
m/ e 300, RI, = E-HOPhCHz 
c 

72 - 

The proton-NMR s p e c t r a  of the  adducts  s t r o n g l y  sugges ts  t h e  

e x i s t a n c e  of folded-over conformations,  such as i n  E;2*10 t h e  mass 

s p e c t r a  lend  added support  f o r  t h i s  p o s t u l a t e .  

The  f ragmenta t ion  h i c h  expels  a quinonemethide (2) was o n l y  

seen  f o r  t h e  phenol ic  adducts .  Apparent ly ,  t h e  e n e r g e t i c s  are 

unfavorable  f o r  the  t r a n s f e r  of methyl groups ( f o r  the  d e r i v a t i z e d  

adducts )  t o  g ive  analogous fragments. The d i b e n z y l  adduct 52 

d i s p l a y e d  even-ion fragments a t  m/e 300 and 194 corresponding t o  

t h e  loss of two quinonemethide units (72, R;! = R3 = H, m a s s  106); 

p o s s i b l y ,  a f t e r  t h e  f i r s t  QM loss t o  g i v e  fragment m/e 300, s t r u c -  

t u r e  71, r e - e n o l i z a t i o n  occurs  and the  process  is repea ted  aga in .  

Compound 52 was t h e  only one s t u d i e d  in *ich t h e  molecular  mass 

was not  i n d i c a t e d  by the C I  technique.  A s  WLS t h e  case f o r  a l l  

- 
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pure s o l i d  samples, t h i s  compound was heated from 60"-250" i n  a 

d i r e c t  i n s e r t i o n  probe as s p e c t r a  where recorded;  a t  no t i m e  sere 

s i g n a l s  observed a t  407, 435, and 447 (M + 1, 29 and 41). 
The mass spectrum of AHQ has never been repor ted .  This  is 

probably due t o  its g r e a t  r e a c t i v i t y  i n  a i r .  I f  one s u b t r a c t s  

t h e  m/e 316, 209 and 107 s i g n a l s  from the  mass spectrum of 56, t h e  

remaining spectrum w i l l  probably be t h a t  of AHQ, namely a s t r o n g  

210 s i g n a l  and l e s s e r  s i g n a l s  a t  m/e 181, 152, and 77. For com- 

p a r i s o n ,  AQ d isp layed  t h e  fo l lowing  spectrum, m/e (%): 208(100), 

207(16), 180(66), 152(43), 151(25), 150(12), and 77(27). The loss 

of fragment 28 from e i t h e r  t h e  molecular  ion ,  M - 1 ion o r  f rag-  

ments probably corresponds t o  loss of CO. Anthrone shows similar 

l o s s e s :  194(100), 193(32), 165(77), and 82(23). The 28 u n i t  d i f -  

f e r e n c e  a l s o  occurs  i n  some of t h e  adduct s p e c t r a ,  e s p e c i a l l y  t h e  

m l e  1931165 p a i r .  - 
The l a r g e r  rhe s i z e  of t h e  quinonemethide s t r u c t u r a l  u n i t  of 

t h e  adducts ,  t h e  g r e a t e r  t h e  f ragmenta t ion  towards benzyl ions  

( e q u a t i o n  h ) .  The s p e c t r a  of dimer quinonemethide adducts  64-66 

are dominated by M - 223 benzyl ions, m/e 271 o r  301. 
The a n a l y s i s  of complex mixtures  can be s i m p l i f i e d  by per- 

forming s e l e c t l v e  ion monitor ing of t h e  a r y l  and benzyl f ragments  

68 and 69; t h i s  technique is shown f o r  t h e  r e a c t i o n  o u t l i n e d  by 

equat ion  d ,  where a r y l  f ragments  m/e 223 and benzyl ions  m/e 121 
and 151 a r e  monitored (F igure  1). The s i g n a l  a t  9.5 min 

corresponds to QM-AHQ adduct  56 (mol. w t .  344, fragments 223 and 

121). 

223 and 151). Severa l  of t h e  s i g n a l s  i n  Figure 1 are due t o  

quinonemethide condensat ion products  ; the  s i g n a l  a t  31 -2 min and 

subsequent  ones are due t o  diQM-AHQ adducts .  

- 

The one a t  10.8 min is adduct  60 (mol. w t .  374, f ragments  

The l o c a t i o n  of MeO(CH2)4- groups i n  61 and 62 !as e a s i l y  

deduced from the  appearance of a m/e 151 ion i n  t h e  one case and a 

m / e  223 i n  t h e  o t h e r .  This  a g a i n  shows t h e  importance of 

C10-benzyl f ragmenta t ion  process  (equat ion  h ) .  The d i a c e t a t e  

d e r i v a t i v e  58, which has  been f u l l y  c h a r a c t e r i z e d  by o t h e r  means, 

w a s  t h e  only compound t h a t  did not  show t h i s  type of fragmen- 

- 

- 
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164 DIMMEL AND SHEPARD 

F i g u r e  1. P a r t i a l  d i s p l a y  of t h e  t o t a l  ion chromatogram and 
s e l e c t i v e  i o n  monitor ing f o r  t h e  products  of t h e  reac- 
t i o n  descr ibed  by equat ion  d ,  a f t e r  d e r i v a t i z a t i o n .  
The Y-scale has been expanded by a f a c t o r  of f o u r  t o  
more g r a p h i c a l l y  d i s p l a y  t h e  minor components. 

t a t i o n .  Its spectrum appears  t o  be a s u c c e s s i v e  l o s s  of a c e t a t e  

groups as ke tene  (CH2CO) and then a spectrum somewhat s imi la r  to 

t h e  u n d e r i v a t i z e d  analog 14. 

D e r i v a t i z a t i o n  By-Products 

The method which we chose t o  d e r i v a t i z e  our products  p r i o r  t o  

GC/MS a n a l y s i s  was t h a t  of t r e a t i n g  t h e  sample, d i s s o l v e d  i n  THF, 

with NaOH/Me2SOq. 

v a t i z i n g  carbohydra tes  -22 

t h a t  a l i p h a t i c  hydroxyl  groups are also d e r i v a t i z e d ,  l e a d i n g  t o  

more v o l a t i l e  products .  Its d isadvantages  are that t h e  a l k a l i n e  

c o n d i t i o n s  can l e a d  t o  undes i rab le  sample decomposition and, as 

w e  s h a l l  show, t o  by-products i n c o r p o r a t i n g  a u n i t  of THF between 

t h e  hydroxyl  group and t h e  methyl group t o  be added. 

This method has been used e x t e n s i v e l y  f o r  d e r i -  

Its advantage over diazomethane is 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
3
:
4
7
 
2
5
 
J
a
n
u
a
r
y
 
2
0
1
1



MASS SPECTRA OF QUINONEMETHIDE PRODUCTS 165 

I n  our d i s c u s s i o n  i n  t h e  previous two s e c t i o n s ,  we have 

descr ibed  compounds conta in ing  -0(CH2)40CH3 groups.  

pounds, produced i n  minor amounts, probably arise by t h e  r e a c t i o n  

shown i n  equat ion  j. Thei r  mass s p e c t r a  c h a r a c t e r i s t i c a l l y  show 

These com- 

M" 

i n t e n s e  m/e 87 (73) and 45 (MeOCH2+) ions.  

occur  at M - 87, M - 103 o r  M - 104 (HOCH2CH2CH2CH20Me); see 

s p e c t r a  f o r  compounds Is, 16, 57, 61, and - 62. 

S i g n i f i c a n t  i o n s  a lso 

S e l e c t i v e  ion  monitor ing of a product  mixture  can c l e a r l y  show 

which components are THF der ived;  an example is given i n  Figure 2 

$7 .I 

Ti 

I 
I1 

M 00 -o\ R 
Me 

n 

3b 

Figure  2. P a r t i a l  d i s p l a y  of t h e  t o t a l  i o n  chromatogram and 
s e l e c t i v e  i o n  monitor ing of m/e 8 7  f o r  t h e  products  of 
t h e  r e a c t i o n  descr ibed  by equat ion  d ,  after d e r i v a t i z a -  
t i o n .  The arrows on t h e  lower trace are THF der ived  
products .  
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166 DIMMEL AND SHEPARD 

of s e l e c t i v e  i o n  monitoring the m/e 87 i o n  f o r  the  THF der ived  

components produced from the r e a c t i o n  o u t l i n e d  by equat ion d. 

Based on our  experience,  t h e  i n c o r p o r a t i o n  of t h e  THF during 

d e r i v a t i z a t i o n  occurs  t o  a much g r e a t e r  e x t e n t  with a l i p h a t i c ,  

r a t h e r  than phenol ic ,  hydoxyl groups. This  is probably a r e s u l t  

of the a l i p h a t i c  hydroxyl group ' s  lower a c i d i t y  and, t h e r e f o r e ,  

slower rate of r e a c t i o n .  

EXPERIMENTAL 

The HP 5985 GC/MS equipment and techniques were explained i n  

t h e  previous paper . l  

products  d i scussed  here  have been descr ibed  elsewhere .1-3 

of v a n i l l i n ,  v a n i l l y l  a lcohol ,  an throne ,  and anthraquinone =re 

purchased from Aldrich Chemical Company, Milwaukee, Wisconsin. 

The r e a c t i o n s  g iv ing  rise to  the var ious  

Samples 
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