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ABSTRACT 

A p rocedure  i s  d e s c r i b e d  f o r  a s i m p l e  p r e p a r a t i o n  t h a t  p ro-  
duces m i x t u r e s  o f  a m a j o r i t y  o f  t h e  p o s s i b l e  0-methyl  a t e d  a l d i  t o 1  
a c e t a t e  d e r i v a t i v e s  o f  n e u t r a l  monosacchar ides. The d e r i v a t i v e s  
can  be  used as s t a n d a r d s  t o  d e t e r m i n e  b o t h  t h e  l i n k a g e  p o s i t i o n s  
and t h e  p r e c i s e  i d e n t i t i e s  o f  sugar  c o n s t i t u e n t s  i n  c e l l  w a l l  p o l y -  
sacchar  i des .  

INTRODUCTION 

M e t h y l a t i o n  a n a l y s i s  i s  one o f  t h e  methods used t o  e l u c i d a t e  

t h e  s t r u c t u r e s  o f  complex ca rbohydra tes  i s o l a t e d  f rom b i o l o g i c a l  

m a t e r i a l  5.1 The m e t h y l  a t e d  monosacchar ides  o b t a i n e d  on m e t h y l  a t i o n  

and h y d r o l y s i s  o f  t h e  p o l y s a c c h a r i d e s  a r e  u s u a l l y  ana lyzed by  gas 
chromatography  - mass Spec t romet ry  o f  t h e  c o r r e s p o n d i n g  p a r t i a l  l y  

- 0-methy la ted  a l d i t o l  a c e t a t e s .  
The m e t h y l a t e d  a l d i t o l  a c e t a t e s  can b e  i d e n t i f i e d  e i t h e r  b y  

compar ison w i t h  s tandards  u s i n g  gas Chromatography o r  d i r e c t l y  
u s i n g  gas chromatography  - mass spec t romet ry .  However, mass 

s p e c t r o m e t r y  a lone,  w i  t h o u t  r e f e r e n c e  t o  known r e t e n t i o n  t i m e s  on 
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54  OAKLEY ET AL. 

a gas chromatograph, cannot unequivocally i d e n t i f y  the starting 
monosaccharides. Standard mixtures of methylated a ld i  to1 acetates  
have been prepared from ol igo- and polysaccharides,* methyl 
glycosides3 and a l d i t ~ l s . ~  This paper describes a r e l a t i v e l y  
simple, r a p i d  procedure f o r  preparing standard mixtures of the 
methyl ated a l d i t o l  ace t a t e s  from the monosaccharides. Using t h i s  
procedure, we succeeded i n  preparinq pa r t i  a1 l y  methyl ated deriva- 
t i v e s  corresponding t o  every form which has been found in the 
s t ruc tu ra l  components of pl  ant c e l l  wall s .  

RESULTS AND DISCUSSION 

The method f o r  the permethylation of complex carbohydrates 
described by Hakomori5 was modified f o r  t h i s  procedure, i n  which 
methyl ated a1 d i  to1 acetates  were prepared from monosaccharides. 
Potassium dimsylate was used as t h e  base to  improve ease of reaqent 
preparation and product p ~ r i t y . ~ , ~  Various vo lmes  of 3.0 - N 

potassium dimsylate were added i n  d i f f e r e n t  experiments t o  rclake the 
r eac t ion  solut ion 0.02, 0.05, 0.075, 0.1 or 0.4 - N i n  base. A base 
strength of 0.075 - N produced a mixture containinq a l l  of the 
methyl ated de r iva t ives .  Hiqher base strengths produced mixtures 
containing Predominantly the f u l l y  methyl ated products and l i t t l e  
or none o f  the mono- and dimethyl ated de r iva t ives .  Conversely, 
lower base strengths produced mixtures devoid of the higher methyl- 
ated de r iva t ives .  Lenqth  of sonication time did not appear t o  
a f f e c t  the methyl ated product d i s t r i b u t i o n ;  t he re fo re ,  a 1-h 
sonication treatment was used. The react ion mixture was t reated 
w i t h  a ten-fold excess of methyl iodide t o  r e a c t  w i t h  the suqnr 
alkoxide and quench the reaction. 

The react ion mixtures were p a r t i a l l y  purif ied on a C,, 
reverse-phase column, md the methylated sugars were eluted with a 
water-acetoni t r i le  s t e p  gradient .  The C,, column is  used to  remove 
the I N S O  solvent  and some of  the other impurit ies produced by the 
react ion from the sanple. The individual f r a c t i o n s  were tes ted 
w i t h  anthrone f o r  the presence of carbohydrates, b u t  i t  was found 
t h a t  of the seven neutral  suqars studied, only D-qlucose and - 0- - - - 
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ALDITOL ACETATES 55 

mannose gave a test with anthrone s u f f i c i e n t l y  s e n s i t i v e  a t  the 
l eve l s  used t o  be su i t ab le  for monitoring eluted f r ac t ions .  There- 
fo re ,  the - D-glucose sample was put through a C,, column f i r s t  and 
the anthrone-positive f r ac t ions  ident i f ied f o r  - D-glucose were also 
col lected f o r  the other methylated sugars. The-more polar,  less-  
methylated species were eluted f i r s t  w i t h  water o r  10% aceto- 
ni t r i l e ,  whereas the more-methyl ated ones required higher concen- 
t r a t i o n s  of a c e t o n i t r i l e  f o r  e lut ion.  While th i s  work was i n  
progress, comparable separations with C,, Sep-Pak car t r idges were 
reported by others.*, For - L-rhamnose, - L-fucose, - L-arabinose, - D- 
mannose and - D-gal actose, the 7 n i t i a l  e f f luen t  and the f i r s t  water 
wash were discarded and the subsequent water and a c e t o n i t r i l e  
f r a c t i o n s  which  contained the complete ranqe of methyl ated sugars 
were combined. The methyl ated der ivat ives  of - I)-xylose were con- 
tained in the water e lua t e s  only includinq the f i r s t  1-mL wash and 
showed evidence of a number of extraneous peaks probably from 
reaction products of the methyl ating reagents. For - D-glucose, the 
complete range of methyl ated der ivat ives  was found i n  the aceto- 
n i t r i l e  e luates .  

After the C,, co lmn  purif icat ion,  t he  methylated sugar 
samples were treated with 2.0 - N aqueous t r i f l u o r o a c e t i c  acid t o  
cleave the methyl glycosides. The methyl ated aldoses are  reduced 
t o  the corresponding a l d i t o l s  w i t h  sodium borodeuteride. Use of 
t h e  borodeuteride reagent l abe l s  the C - 1  carbon and introduces 
asymmetry in to  the molecule, t h u s  aiding i n  mass spectral  i d e n t i f i -  
cation.'" Excess reductant i s  decomposed with ace t i c  acid and the 
r e s u l t a n t  borate i s  converted t o  i t s  v o l a t i l e  trimethyl e s t e r  and 
removed by evaporation. The p a r t i a l l y  methylated a l d i t o l s  a r e  
converted to the corresponding acetates  by react ion with acet ic  
anhydride; and the - 9-methylated a ld i to l  acetates  thus formed are 
an a1 yzed by GC -MS. 

Gas ChromatographylElectron Ionization Mass Spectrometry 
(GC/EIMS). The retent ion times f o r  the C - 1  linked terminal (T - )  

sugars, which e l u t e  f i r s t  from the GC colurlln, were obtained by 
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56 OAKLEY ET AL. 

separately in j ec t ing  each of the fill l y  methyl ated sugars. Reten- 
t i o n  times f o r  the unmethylated a l d i t o l  acetates  were obtained by 
i n j ec t ing  a mixed standard f o r  which the order of e lu t ion  was 
known.11 In t h i s  way the e a r l i e s t  ( terminal)  and l a t e s t  (unmethyl- 
a t ed )  e lu t ing  peaks were iden t i f i ed .  A1 1 other p a r t i a l l y  methyl- 
ated compounds eluted between these two. Retention times re1 a t ive  
t o  - myo-inositol hexaacetate ( R R T )  were calculated f o r  each peak. 
The r e l a t i v e  retention times were cons tan t  t o  within 3 R R T  un i t s  
when the - myo-inositol hexaacetate peak eluted a t  22.5 ? 0.5 m i n .  
As peaks were iden t i f i ed  by RRT and confirmed by mass spectrometry, 
Table 1 was compiled l i s t i n g  the RRT's of vany of the twentv-four 
possible unique de r iva t ives  of the hexoses (pyranose and furanose 
forms) and twelve unique der ivat ives  of the pentoses and fj-deoxy- 
hexoses (pyranose and furanose forms). The nomenclature used f o r  
the de r iva t ives  i s  found in a footnote t o  the t ab le .  I t  should be 
noted t h a t  t he re  i s  some overlap of RRT's f o r  d i f f e r e n t  methylated 
species,  so pos i t i ve  iden t i f i ca t ion  in an unknown samole will be 
d i f f i c u l t  without mass spectrometry. 

I t  may be seen in Table 1 t h a t  a l l  the  pyranose forms were 
found f o r  a1 1 seven neutral  sugars. In addition, a l l  the furanose 
forms were found f o r  - L-arabinose and - D-xylose and a l l  b u t  one of 

the furanose forms were found f o r  - L-fucose. None of the furanose 
forms were found f o r  - L-rhamnose; however, even the  pyranose forms 
f o r  t h i s  sugar were present in low concentrations s ince  nlost of the 
s t a r t i n g  material  did not r eac t .  The low level of r e a c t i v i t y ,  as 
shown by t h e  decreased peak area,  probably indicated t h a t  methyl a- 
t i o n  was inhibi ted b y  the presence of a s i q n i f i c a n t  quant i ty  of a- 
- L-rhamnose aonohydrate. - D-galactose gave r ise to  a qreater  w e i q h t  

percent of p a r t i a l l y  methyl ated a l d i t o l  acetates  derived from the 
furanose form than the o the r  hexoses. This f a c t  i s  cons i s t en t  with 
a previous study12 on equilibrium mixtures of hexoses in an orqanic 
solvent .  Typical gas chromatoqrams are  shown in Figures 1 throuqh 
3. 
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ALDITOL ACETATES 57 

TABLE 1 
R e l a t i v e  Reten t ion  Times (Myo- inos i to l  = 1000) o f  Methy lated 

A l d i t o l  Acetates o f  N e u t r a l  Suqar Standards 

Rha Fuc Ara Xyl G l y c o s i d i c  L i n k a g d  

t e r m i n a l  - (  p) 435 465 431 432 

t e r m i n a l  - ( f )  N& 446 389 393 

2 - ( P )  540 567 532 532 
2 - ( f )  ND 538 490 489 

3 - l P )  552 567 539 530 
3 4 f )  ND 538 490 496 
4-(p)  = 5 - ( f )  540 550 532 540 

- --- 

C - -  6 - ( P )  - - 
6 - ( f )  - - - - 
2,3-(P) 639 659 632 640 

2,3-( f )  NO ND 571 567 

2,4-(p) = 2,5- ( f )  650 656 645 644 

2,6- ( P) - - 
2,6-(f) - - - - 

3,6-(P) - - - - 
3,6-(f) - - - - 

- - 

3,4-(p) = 3,5-( f )  619 622 626 640 

4,6-( p )  = 5,6-( f )  - - - - 
3,4,6-(p) = 3,5,6-(f) - - - - 
2,4,6-(p) = 2,5,6-(f) - - - - 
2,3,6-(?) - - - - 
2,3, 6 - ( f )  - - - - 
2,3,4-( p )  = 2,3,5( f )  698 705 707 7.31 
2,3,4,6-(p) = 2,3,5,6-(f) - - - - 

Man 

s95 

598 
704 
ND 

720 
67 3 
709 
748 

762 
802 

ND 

822 

868 
ND 

7 90 
883 

ND 

850 
930 
970 

970 
ND 

1365 
1012 

- Ga 1 
618 

601 
729 
71 9 

729 
698 
709 

7 86 

7 76 
81 7 

ND 

82 1 

901 
ND 

7 94 
901 

826 
869 
947 
989 

989 
ND 

878 
1033 

- G1 u 

5 92 

597 

730 
698 

7 04 
682 

715 
74 5 

774 
81 3 

774 

81 6 

866 

f lD  

797 
96 6 

ND 
85 7 

935 
97 7 

977 
NO 

877 
1020 

- 

- a. The numbers i n d i c a t e  t h e  p o s i t i o n  o f  carbons b e a r i n q  acetoxy 
groups. I n  a d d i t i o n ,  for  t h e  pyranose r i n g  form ( p )  carbon numbers 
1 and 5 have acetoxy qroups and for t h e  furanose r i n q  form ( f )  
carbon numbers 1 and 4 nave acetoxy groups. A l l  carbons which do 
n o t  bear acetoxy qroups a r e  at tached t o  methoxy groups. In a l l  t h e  
sugar res idues  carbon number 1 i s  s p e c t r o s c o p i c a l l y  l a b e l l e d  b y  i t s  
at tachment t o  a s i n g l e  deuter ium atom. h .  D e r i v a t i v e  which was n o t  
found. c .  D e r i v a t i v e s  which are  n o t  3 p 5 l i c a b l e  t o  pentoses and 6- 
deoxyhexoses. 
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IS 

4 

9 

FIG. 1. Capi l lary gas chromatoqram o f  the p a r t i a l l y  fnethylated 
a l d i t o l  ace t a t e s  of L-fucose. Peak: 1 = T-Fuc(f);  2 = T-Fuc(p); 3 

3,4-Fuc(pj; 7 = 2,4-Fuc(p); 8 = 2,3-Fuc(p); 9 = ?,3,4-Fuc(p); and 
IS = Myo-inositol hexaacetate. 

= 2-FuC(f) + ~ - F u c ( ~ ;  4 = ~ - F u c ( ~ ) ;  5 = ~ - F u c ( P )  + ~ - F u c ( P ) ;  6 = 

The r e l a t i v e  r e t en t ion  time data  are  used in conjunction with 
t h e  mass spectral  da t a  t o  complete the iden t i f i ca t ion  of the 
p a r t i a l l y  methyl ated a ld i to l  acetates .  Mass spectrometry cannot 
usual ly  dis t inguish between isomers. Tlius, s imi l a r ly  subst i tuted 
de r iva t ives  of  - D-mannose, - D-qal actose and - D-glucose have ident ical  
mass spectra ,  a r d o  simi l a r i y  subs t i t u t ed  de r iva t ives  of - L-rhamnose 
and - L-fucose, and s imi l a r ly  subs t i t u t ed  der ivat ives  o f  - L-arabinose 
and 1 -xy lose .  - By examination o f  t he  mass spectra  aione it i s  
general ly  possible  t o  determine only the deqree and locat ion of 
acetylat ion and whether the s t a r t i n q  suqar was a hexose, 6-deox.v- 
hexose, o r  pentose, b u t  not the precise s t a r t i n g  suqar. 
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2 

A 

7 

9 

6 

10 

FIG. 2. Capi 11 ary gas chrornatogram of the par t ia l  l y  methylated 
a l d i t o l  acetates  of L-arabinose. Peak: 1 = T-Araff);  2 = T-Ara(p); 
3 = Z-Ara(f) + 3-Arqf ) ;  4 = 5-Ara(p) + 2-Arafp);  5 = 3-Ara(p); 6 
= ZY3-Ara(f); 7 = 3,5-Ara(f); 8 = 2,3-Ara(p); 9 = 2,5-Ara(f); 10 = 
2,3,5-Ara(f); and IS = - Myo-inositol hexaacetate. 

The f i r s t  s t ep  in identifyinq an u n k n o w n  a ld i to l  acetate  i s  t o  
s u b m i t  i t s  mass spectrum t o  a search of a l i b r a r y  which had been 
b u i l t  previously u s i n g  the alt j i tol  acetate standards prepared 
e a r l i e r .  If there  i s  a corresponding entry i n  the l i b ra ry ,  a 
pa r t i a l  i den t i f i ca t ion  i s  made, giving the degree and location of 
acetylat ion,  and the t p e  of sugar. For example, a peak in the GC 
separated mixture m i q h t  be c l a s s i f i e d  as a ly3,5-tri-O-acetyl-  - 
2,4,6-tri-0-methyl - hexitol . The re1 a t ive  retent ion ti.ne ( r e l a t i v e  
t o  - myo-inositol bexaacetate) i s  used t o  determine the probable 
sugar, for example, t h a t  the hexitol i s  a - D-glucose der ivat ive.  - 
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IS 

I* 
5 

I s  

8 

I 12 i 
FIG. 3. Capill ary gas chromatogram of the p a r t i a l l y  methyl ated 
a l d i t o l  ace t a t e s  of J-mannose. Peak: 1 = T-man(p) + T-Man(f); 2 = 
3-Man(f); 3 = Z-Man(9; 4 = 4-?lan(p); 5 = 3-Man(p); 6 = 6-Man(p); 7 
= 6-Man(f); 8 = 3,4-Man(p); 9 = 2,3-Man(p); 10 = 2,4-Man(p); 11 = 
4,6-Man(p); 1 2  = 2,6-Man(p) + 2,3,4-Man(p); 13 = 3,6-Man(p); 14 = 
3,4,6-Man(p); 15 = 2,4,6-Man(p); 16 = 2,3,4,6-Man(p); and IS = - Myo- 
i nos i t 07 hex aace t a te 

In those cases  where no l i b r a r y  match is  found, an attempt i s  
made t o  deduce the s t r u c t u r e  from the mass spectral  fraqmentation 
pat tern by applying the r u l e s  described by Bjorndal e t .  a 1 . l 0  If  a 
s t r u c t u r e  can be assiqned with reasonable c e r t a i n t y ,  t h a t  mass 
spectrum may be entered into the l i b r a r y ,  and the compound's 
r e l a t i v e  retention time recorded. 

During the course of the work reported herein,  an a t teqpt  was 
made t o  i d e n t i f y  as  many o f  a l l  the methylated a l d i t o l  acetates  as 
possible ,  o r ig ina t inq  from a l l  seven S ~ J ~ W S ,  in  b o t h  the furanose 
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ALDITOL ACETATES 61 

and pyranose forms. We succeeded in preparing p a r t i a l l y  methylated 
der ivat ives  correspondinq t o  every form which has been f o u n d  in the 
s t ruc tu ra l  components of plant c e l l  walls. These der ivat ives  were 
iden t i f i ed  by electron ionization mass spectrometry and character- 
ized on the basis  of r e l a t i v e  retent ion time. These methylated 
a l d i t o l  acetate mixtures can be used as standards t o  c a l i b r a t e  other 
GC columns, probes t o  optimize GC conditions f o r  those reqions where 
peak overlap occurs t o  improve resolut ion or t o  i den t i fy  unknown 
compounds by coinjection on a gas chromatoqraph. 

EXPERIMENTAL 

- A .  General. Chemicals were purchased from the followinq 
sources and used without fur ther  purif icat ion:  L-rhamnose, - L- 
fucose,  - L-arabinose, - D-xylose, - D-glucose, D-mannose, - r-gal actose axd 
- myo-inositol (Sigma1 Chemical Lmpany, S t .  Louis, MO); potassim 
hydride (35% dispersion i n  mineral o i l )  anrl methyl iodide (Aldrich 
Chemical Company, Milwaukee, WI); and t r i f l u o r o a c e t i c  acid (Fisher 
Sc ien t i f i c  Company, Fair Lawn, N J ) .  

Oimethyl sulfoxide (Aldrich Chemical C O . )  was dried by vacuum 
d i s t i l l a t i o n  froin calcium hydride and stored over molecular sieves 
4A. 4-Heptanone (Aldrich Chemical Co.) was d i s t i l l e d  a t  144 "C and 
stored a t  5 " C .  

I t  was essent ia l  before s t a r t i n g  the methyl ation t h a t  the 
sample, qlassware and reagents be thoroughly dry anrl remain so a t  
a l l  stages o f  the methylation. 

- 
- - - 

- B. Methylation. The monoraccharides were methyl ated by a 
modification of t he  Hakornori5 procedure as adapted b y  P h i l l i p s  and 
F r a ~ e r . ~  A stock solut ion o f  3 - N potassiun dimsylate was prepared 
from potassium hydride and dry dimethyl sulfQxide,  standardized b y  
t i t r a t i o n  and stored a t  0 " C .  The monosaccharide sample (1 m q )  was 
weighed into a qlass  t e s t  tube having a Teflon@-lined screwcap and 
dried in vacuo a t  60 "C over phosvhorus pentoxide f o r  24 hours. 
For a l l  preparations,  dry dimethyl sulfoxide (0.5 mL) and a dry 
Teflon@ st i r r inq-bar  were added, and the mixture was s t i r r e d  until  

-- 
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t h e  sample had complete ly  d isso lved.  4 measured voluqe o f  the 

s tock  3 - N potassium d imsylate was added t o  make a s o l u t i o n  t h a t  was 

0.075 - N i n  base. The r e a c t i o n  m ix tu re  was sonicated f o r  one h, and 
then  a 10- fo ld  s to i ch iomet r i c  excess o f  methyl i o d i d e  was added. 
The m ix tu re  was s t i r r e d  magnet ica l l y  f o r  one hour, and the  excess 

o f  methyl i o d i d e  was removed under a g e n t l e  f l o w  o f  n i t rogen  on an 

a n a l y t i c a l  evaporator us inq a water-bath aa in ta ined a t  40°C. 

- C. C,, Column Cleanup. A disoosable C,, e x t r a c t i o n  column ( 1  

mL capaci ty ,  J. T. Baker Chemical Co.) f i r s t  was cond i t ioned by 
pass ing throuqh i t  two l-mL po r t i ons  o f  a c e t o n i t r i l e ,  fo l lowed hy 

f o u r  l-mL p o r t i o n s  o f  de ion ized rJater us ing a g e n t l e  stream o f  

n i t r o g e n  t o  f o r c e  the  l i q u i d  throuqh. 

The sample was d i l u t e d  1:l w i t h  de ion ized water (- 0.6 mL), 
t h e  s o l u t i o n  app l ied  t o  the head o f  the  column w i t h  a Pasteur p i p e t  

and the so lu te  adsorbed on the  column by  us ing V 2  pressure. A 1-mL 

wash of de ion ized water was passed through the  coluvn, added t o  the 

f i r s t  e f f l u e n t ,  and discarded. The methylated d e r i v a t i v e s  were 

e l u t e d  f rom t h e  c o l u m  w i t h  two add i t i ona l  l-mL Dor t ions  o f  deion- 
i zed  water, t w o  l-mL oo r t i ons  of 10% aqueous CH,CN, and two l - m L  
p o r t i o n s  of 50% aqueous CH,CN, and the  e lua tes  c o l l e c t e d  i n  c lean 

1 3  x 100 mm t e s t  tubes. The appropr ia te  e lua tes  were combined and 

evaporated t o  dryness under N, on an a n a l y t i c a l  evaporator i n  a 

water b a t h  maintained a t  <40 'C. 

- D. Hydro lys is ,  Reduction and Ace ty la t i on .  The samples were 
hydrolyzed i n  2.0 N t r i f l u o r o a c e t i c  ac id  conta in inq  myo-inosi to1  as 

an i n t e r n a l  standard, t he  suqars reduced t o  the a l d i t o l s  w i th  
sodiurn borodeuter ide arld the  products ace ty l  ated w i t h  ace t i c  

anhydride as descr ibed by Ryan. The methyl ated a l d i t o l  acetates 

were p a r t i t i o n e d  i n t o  ch lo ro fo rm us ing t w o  successive l-mL po r t i ons  
o f  chloroform, and the e x t r a c t s  were c a r e f u l l y  t r a n s f e r r e d  t o  a 
clean, d r y  t e s t  tube and evaporated t o  dryness under N,. 

- - 

- E. Gas Chromatography. A Hewlett-Packard b d e l  5880 A gas 

chromatograph equiyped w i t h  a flame i o n i z a t i o n  de tec to r  was used. 

The methylated a l d i t o l  acetates were separated on a fused s i l i c a  
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ALDITOL ACETATES 63 

c a p i l l a r y  column (30 m x 0.259 mn ID) coated w i t h  a 0.25 pm fi lm of 
D B - 1  phase (J&W Sc ien t i f i c ,  Inc., Rancho Cordova, C A ) .  The c a r r i e r  
gas  was helium w i t h  a l i nea r  veloci ty  of 20 cm/sec a t  a column head 
pressure of 96.5 kPa (14  psig) .  The inject ion port and detector 
temperatures were respectively 240 "C and 300 "C. The oven- 
temperature program was 2 min  a t  an i n i t i a l  temperature of 150 "C, 
and then increased to  225 "C a t  3 "C/rnin. Inject ions o f  the  
methyl ated a ld i to l  acetates  were made from a 4-heptanone solution 
using the sp l i t  mode ( s p l i t  r a t i o  120:l) .  

The retent ion times f o r  each peak of i n t e r e s t  were calculated 
r e l a t i v e  t o  - myo-inosi to1 hexaacetate which el Utes a t  22.5 min. 

- F. Gas Chromatography/Mass Spectrometry. Electron ionization 
mass spectra were recorded f o r  the methylated a ld i to l  acetates 
following GC separation, the column used being ident ical  t o  t h a t  
jus t  described. The colurn? was in s t a l l ed  in a Varian 3700 GC in 
such a manner tha t  the colunn i t s e l f  extended into the source of 
the mass spectrometer. Details  of the heated GUMS in t e r f ace  have 
been reported by Magin, e t  a1.I3 S p l i t l e s s  i n j ec t ions  o f  the 
methyl ated a ld i to l  acetate were made from a 4-heptanone solution 
d i r e c t l y  onto the head of the GC colunn ( a t  150 "C)  through an 
unheated on-column injector (JhW S c i e n t i f i c ) .  The oven temperature 
f o r  the column was programmed a t  the same r a t e  as for the GC, i .e.,  
held f o r  2 min a t  150 O C ,  t h e n  heated a t  3 " C / m i n  t o  a f inal  
temperature of 225 "C and held there  un t i l  the l a s t  peaks had  been 
eluted.  The c a r r i e r  qas was helium a t  35 cm/sec ( a t  159 " C ) .  The 
GUMS interface was held a t  220 "C. 

Electron ionization mass spectra  o f  the methylated aldi tol  
acetates  were recorded w i t h  a Finnegan (Varian) MAT 1 1 2 4  mass 
spectrometer. The source temperature was 210-220 'C, the ionizing 
voltage was 80 eV, and the accelerating voltage was 820 V .  Spectra 
from -- m/z 35 t o  500 were obtained a t  the r a t e  of 1 seddecade,  with 
a 0.3 sec interscan time. All data  were col lected by and examined 
with an SS-200 MS data system. A l i b r a r y  generated from various 
standards prepared d u r i n g  a period of a year was used t o  aid in the 
t en ta t ive  iden t i f i ca t ion  o f  the methylated a ld i to l  acetates .  
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6 4  OAKLEY ET AL.  

Iden t i f i ca t ions  were made by comparing mass spec t r a  w i t h  fragmenta- 
t i o n s  expected from the s t ruc tu res  and by comparison t o  published 
mass spectral  data.* 
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