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lized even by rechromatography . An alkaline permanganate tion from absolute ethanol). This product was identical with 
streak on the extruded column indicated two zones a t  40 and the above-mentioned @-maltose hexaacetate by mixture melting 
50 mm. from the column top. The eluate from the top zone point and X-ray powder diffraction pattern. 
provided a-maltose heptaacetate after solvent removal and re- 
crystallization from acetone: yield 50 mg., m:p. 149-151' Acknowledgment.-The support of the Consejo 
unchanged on admixture with the product obtained from @- ~ ~ ~ i ~ ~ ~ l  de ~ ~ ~ ~ ~ ~ i ~ ~ ~ i ~ ~ ~ ~  Cientificas ~ k ~ ~ i ~ ~ ~  de la 
maltose heptaacetate, [ a l z U ~  + 128" ( c  0.77, chloroform). 

@-Maltose hexaacetate was obtained from the eluate of the RePdblica Argentina (R. M. de L.) is gratefully ac- 
second zone: yield 40 mg., m.p. 163-165" (after recrystalliza- knowledged. 
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The mass spectra of the dialkyl and ethylene dithioacetals of D-glucose, D-arabinose, 2-deoxy-Dglucose, 6- 
deoxy-L-galactose, 6-deoxy-kmannose, 2-O-methyl-~-glucose, and 3-O-methyl-~-glucose are interpreted in 
terms of structural differences among the compounds. The dialkyl dithioacetals exhibit molecular-ion peaks 
ranging from 5-20% of the base peak; the ethylene dithioacetals exhibit no discernible molecular-ion peak or 
one of very low intensity relative to the base peak. It is possible to relate peaks in the mass spectra to the posi- 
tion of deoxy and methoxyl groups in these molecules. 

A frequently employed procedure for the isolation of 
carbohydrate residues which are present in complex 
molecules is hydrolysis of glycosidic bonds with a thiol 
arid a strong acid. This mercaptolysis technique has 
been useful in determining the structure of strepto- 
mycin,' lincomycin,* and other compounds containing 
sugar moieties. 

Recently mass spectral studies of monosaccharide 
diethyl dithioacetala and ethylene dithioaceta14 per- 
acetat'es have been reported. The mass spectra of 
t,hese peracetyl derivatives of mercaptolysis products 
can be readily interpreted in terms of structural dif- 
ferences such as molecular weight and substitution. 
Only a fraction of a milligram of material is required 
for obtaining this wealth of information. These con- 
siderations lead one to anticipate that mass spectrom- 
etry combined with mercaptolysis may soon be a 
powerful tool in the structure elucidation of the carbo- 
hydrate portion of complex molecules. 

With the advent of commercially available mass 
spectrometers equipped with inlet systems which allow 
insertion of samples of relatively low vapor pressure 
directly into the ion source, the dithioacetal derivatives 
of carbohydrates can be studied without having to 
acetylate to increase volatility. The mass spectra of 
a number of common dithioacetal monosaccharide 
derivatives have been obtained using this direct- 
insertion technique and are discussed here. Their 
mass spectra are much less complex'than those of the 
acetylated analogs, yet they are very sensitive to 
structural differences. 

Results 

Molecular-Ion Peaks.-The mass spectra of D- 
arabinose diethyl dithioacetal (Figure 1) and di-n- 
propyl dithioacetal (Figure 2) , of D-glucose diethyl 
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dithioacetal (Figure 3) and di-n-propyl dithioacetal 
(spectrum not shown), of 2-deoxy-~-glucose diethyl 
dithioacetal (Figure 4), of 6-deoxy-~-mannose diethyl 
dithioacetal (Figure 5) , of 3-O-methyl-~-glucose diethyl 
dithioacetal (Figure 6) and di-n-propyl dithioacetal 
(Figure 7) , and of 2-O-methyl-~-glucose diethyl dithio- 
acetal (Figure 8) exhibit molecular-ion peaks ranging 
from 5-20% of the base peak in the spectra; from their 
mass spectra, their molecular weight can bk directly 
determined. In  contrast, the mass spectra of D-arabi- 
nose ethylene dithioacetal (Figure 9), D-glucose ethylene 
dithioacetal (Figure lo), 2-deoxy-~-ghcose ethylene 
dithioacetal (Figure 1 1) , and 6-deoxy-~-galactose ethyl- 
ene dithioacetal (Figure 12) either exhibit no discernible 
molecular-ion peak or one of intensity 0.03-1.5% of the 
base peak. 

The Dithioacetal Fragments.-In all of the mass 
spectra studied, except that of 2-deoxy-~-glucose 
diethyl dithioacetal (Figure 4), the base peak results 
from C-1-C-2 cleavage with charge retention on the 
dithioacetal carbon atom, C-1, where it is stabilized by 
two adjacent sulfur atoms. This fragment is charac- 
istic of C-1 and its substituents. 

+ 
RS-CH-SR CH, - CHZ 
a, R=C&; m/e 135 1 1  
b, R = n G H , ; m / e 1 6 3  s\ P 

CH + 
c, m/e 105 

Metastable-ion peaks and peak shifts from changes 
in the R groups show that the dialkyl dithioacetal 
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Figure 1.-Mass spectrum of D-arabinose diethyl di thioacetal 

Figure 2.-Mass spectrum of D-arabinose di-n-propyl dithioacetal. 
Figure 3.-Mass spectrum of D-glucose diethyl dithioacetal. 
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Figure 4.-Mass spectrum of 2-deoxy-~-glucose diethyl dithioacetal. 
Figure 5.-Mass spectrum of G-deoxy- mann nose diethyl dithioacetal. 

+ 80.0 (69.8) CH~CH~CH~-CH--S-G~-CH-CH~ - -A 
+ 

CHsCH&H&-CH-SH + CHz=CHCHs (2) 

cation fragments further. Olefin expulsion with hydro- 
gen migration is one example. (See eq. 1 and 2.) 
Thioethers also commonly eliminate olefin upon elec- 
tron i m p a ~ t . ~  Another fragmentation appears to be 
thioaldehyde elimination. Although no metastable- 

mle121 

+ 
R-CH-@CH-SCHJ? +CHz-S-CHzR t RCH=S 

I- 
H R m/e 

CHa 75 
CaHa 89 

(5) E. J.  Levy and W. A. Stahl. And. Chem., 88, 707 (1081). 

ion peak supports this process, the mass spectra of the 
peracetylated analogs* and the peak shifts when R is 
varied do indicate that the elimination occurs. 

The ethylene dithioacetal cation expels carbon mono- 
sulfide to give a peak at m/e 61 characteristic of that 
cyclic type of dithioacetal. 

W e  105 CHs-CHz 
I + cs 
S + 

W e  61 

C-1-C-2 cleavage with hydrogen transfer is respon- 
sible for the nonisotopic portion of the peaks at m/e 
136 in Figures 1, 3, 5, 6,  and 8; at m/e 164 in Figures 
2 and 7, and the mass spectrum of n-glucose di-n-propyl 



1566 DEJONGH VOL. 30 

ns. 7 

75 

I 
C 

Figure 6.-Mass spectrum of 3-O-methyl-~-glucose diethyl dithioacetal. 
Figure 7.-Mas~ spectrum of 3-O-methyl-~-glucoee di-n-propyl dithioacetal. 

Figure 8.--Mass spectrum of 2-O-methyl-D-ghcose diethyl dithioacetal. 

dithioacetal; and at  m/e 106 in Figures 9, 10, and 12. 
This hydrogen transfer is inhibited if C-2 is unsub- 
stituted, e.g., Figures 4 and 11, or if the molecule is 
peracetylated. a ,4  The presence of 2- and 3-0-methyl 
groups does not interfere with the formation of this 
species. This transfer can be used to differentiate the 2- 
and 6-deoxy isomers in the ethylene dithioacetal series. 

Carbon-Sulfur Bond Cleavage.-C-1-S bond cleav- 
age with charge retention on C-1 is characteristic of 
all the dialkyl dithioacetal derivatives studied. A 

molecule of water is eliminated from the fragment 
formed, placing a carbon-carbon double bond in con- 
jugation with the charge on carbon. The fact that 
the M - RS. fragment from the 3-O-methyl-~- 
glucose derivative (Figure 6) loses both methanol 
and water, whereas the 2-0-methyl analog (Figure 8) 
loses only methanol, supports the suggested preferential 
elimination of the C-2 substituent. 

The ethylene dithioacetal compounds cannot elimi- 
nate fragments by carbon-sulfur bond cleavage. Peaks 
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Figure 9.-Mass spectrum of D-arabinose ethylene dithioacetal. 
Figure 10.-Mass spectrum of D-glucose ethylene dithioacetal. 
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H- A - O H + R S . +  

R = CzHs; m/e 256 R = CzHs; m/e 195 +CH-SR 

AH 

H- foH -OH + 
AHzOH 

R = CzHs; m/e 177 

Fragment A,-The mass spectra of the dithioacetal 
derivatives indicate that a fragment is formed by 
fission of the C-3-C-4 bond of the monosaccharide and 
elimination of C-2 substituent along with a hydrogen 
atom a t  C-1. Fragment A is not present in the mass 
spectrum of 2-deoxy-~-glucose diethyl dithioacetal 
(Figure 4). 

CHz-CH2 
I 

'(7' 

in the high m/e region of their spectra result from expul- 
sion of one and two molecules of water from their 
molecular ions. 

+ 
A c, m/e A 147 

a, R = CZHS; m/e 177 
b, R = n-CaH?; m/e 205 
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Figure 11 .-Mass spectrum of 2-deoxy-~-g~ucose ethylene dithioacetal. 
Figure l2.--Mass spectrum of 6-deoxy-~galactose ethylene dithioacetal 

The relatively minor peaks a t  m/e 149, 148, and 147 
in the mass spectrum of 2-deoxy-~-glucose ethylene di- 
thioacetal (Figure 11) indicate that fragment A, m/e 
147, is formed from C-3-C-4 bond cleavage followed by 
elimination of one and then two hydrogen atoms or of a 

hydrogen molecule. The major fragment of type A is 
found at m/e 131 arising from C-3-C-4 bond cleavage 
and loss of the C-3 hydroxyl group with a hydrogen 
atom from C-1 or C-2 (see eq. 3). 

R mle 
GH, 191 

H2C -7H2 A-H n-CIH, 219 

RS-C-SR 

CH,O-L-H 
-YH2 ,,-p.. CH' cIws (3) + s s  

A II 
C-H 

I 
HO-f-H I H +  H-Cj-H 

'C' s, 
+/A - + 

A comparison of the mass spectra of the 2- and 3-0- 
methyl dialkyl dithioacetal derivatives, Figures 6-8, 

m/e 149 m/e 131 m/e 131 shows that fragment A above indicates the presence of 

CHz I /C-CH2 

HzO 
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substitution on C-3. It is found 14 mass units higher 
i n  the spectra of the 3-0-methyl derivatives. 

Fragment B.-A study of the spectra of the dithio- 
acetals indicates that  a fragment forms which i s  inde- 
pendent of the type of dithioacetal as long as it is not 
the cyclic ethylene type. The information on this 
fragment is summarized as follows. 

R R‘ 
O H  
OH 
OH 
H 
OH 
OH 
OH 
OCHo 

R ”  
O H  
OH 
OH 
OH 
OH 
OCHa 
OCHs 
OH 

R”‘  
H 
H 
CHa 
CHzOH 
CHzOH 
CHzOH 
CHzOH 
CHzOH 

mle 
133 
133 
147 
147 
163 
177 
177 
177 

The following scheme can account for this data. 
A six-membered ring analog could be formed by using 
the C-5 hydroxyl group to help accommodate the charge 
on C-1 rather than the C-4 hydroxyl group as shown. 
The analog of fragment B is formed in the mass spectra 
of the corresponding peracetyl and perdeuterioacetyl 
derivatives. 

~ H O H  
I h/lJ 

M - RS’ R“’ 
+ I  

fOYCHOH + RS-H 
RI*R” 

fragment B 

Metastable-ion peaks are found in the mass spec- 
trum of 2-deoxy-~-ghcose diethyl dithioacetal (Figure 
4) for the loss of ethanethiol from the 14 - CZH5S 
fragment to give fragment B, and for the loss of one 
and two molecules of water from fragment B to give 
m/e 129 and m/e 111, respectively. The intense peak 
a t  m/e 69, Figure 4 ,  is most likely a protonated furan 
ion and may arise in the following manner. The 

CHPH 
I e --t a C H 0 I - I  + I  

+ Hzo 
mJe 1.29 OH 

m/e  147,B 
\ f I  

mle 69 

stability of the ion could be the driving force for its 
formation. 

Fragment C.-A fragment which retains C-2 and its 
substituent appears in all the mass spectra of the dialkyl 
dithioacetals. A suggested structure which explains 
the shifts upon changes in R and changes in substitu- 
tion on C-2 is shown. At present it is not possible to 
specify which hydrogen appears a t  the sulfur atom; 
fragment C may be formed from the M - RS fragment 

H R R‘ W e  
CzHs OH 105 

R-4-C-H n-C.H? OH 119 ~~. -”- . ~~ 

CzHs H 89 
OCHs 119 H- -R’ CzHb + t l  

fragment C 

by cleavage of the C-2-C-3 bond with transfer of a 
hydrogen atom to sulfur from somewhere in the mole- 
cule. The fact that this fragment is found as the un- 
protonated form in the mass spectra of the correspond- 
ing peracetylated analogs3 suggests that the hydrogen 
atom transferred may come from a hydroxyl group. 

In  the mass spectrum of 2-deoxy-~-glucose diethyl 
dithioacetal (Figure 4), a metastable-ion peak indicates 
that fragment C, m/e 89, eliminates a molecule of 
ethylene. 

H H 

4 
H- + A  -H 

41.9 (41.8) 
CH&Hz--$--C-H -+ H-L-C-H + CHZCH~ 

H- + e  -H 
m/e 61 m/e 89 

The mass spectrum of 2-deoxy-~-ghcose ethylene 
dithioacetal has a peak a t  mle 118 which can be con- 
sidered as a type similar to C. Peak 118 is also 
prominent in the mass spectrum of the corresponding 
peracetyl derivative. p;q+ 

CHa 

m/e 118, C‘ 

0-Methyl-D-glucose Dialkyl Dithioaceta1s.-Besides 
the peaks due to the fragments discussed above, the 
mass spectra of the diethyl (Figure 6 )  and di-n-propyl 
(Figure 7) dithioacetals of 3-O-methyl-~-glucose contain 
fragments found a t  m/e 75 and 103 which are independ- 
ent of the dithioacetal portion of the molecule. The 
part of m/e 75 in Figure 6 which shifts to m/e 89 in 
Figure 7 is CzH$CHz+; the mle 75 fraginerit which 
does not shift can be visualized as shown. This frag- 

H 
I 

CH~-~-C-H 

H- + e  -OH 
m/e 75 

ment is found a t  m/e 75 in the mass spectra of par tially 
methylated monosaccharides also.6 

Cleavage of the C-2-C-3 bond adjacent to the 
methoxyl group followed by elimination of methanol 
leads to a fragment which would not shift with a change 
in the dialkyl dithioacetal portion of the molecule. 
A cyclization and elimination similar to the formation of 
fragment B can explain the peak a t  m/e 103 in Figures 
6 and 7 (see eq. 4). A cleavage of the C-3-C-4 bond, 
also adjacent to the methoxyl group, with elimination 
of a molecule of water, leads to fragment A. 

The peak a t  m/e 179 in the mass spectrum of the 2-0- 
methyl analog (Figure 8) likely arises from cleavage of 
the C-2-C-3 bond adjacent to a methoxyl group. 

(6) N.  K. Kochetkov, N.  S. Wulfson, 0. S. Chizhov. and B. M. Zolotarev, 
Tetrahedron, 19, 2209 (1963). 
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mle 103 
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The characteristic sulfur isotope peaks in the original 
spectrum support the presence of two sulfur atoms in 
this fragment; these isotope peaks do not appear in 
Figure 8 since only peaks >0.5% of the base peak are 
drawn. 

C2HsS-CH-SC2Hs 

H- A 4 C H Z  

m/e 179 

Discussion 

The dialkyl dithioacetals are superior to the ethylene 
dithioacetals as derivatives in the mass spectrometric 
study of carbohydrates owing to the presence of a mo- 
lecular-ion peak in the mass spectra of the former. The 
acetylated dithioacetal derivatives are less desirable 
because successive losses of ketene and acetic acid from 
various fragments make their mass spectra more com- 
plex without providing any additional structural infor- 
mation. 

Mercaptolysis of a carbohydrate with two different 
thiols provides two similar derivatives of the same 
compound whose mass spectra can be compared with 
substantiate proposed fragmentations. In  the mass 
spectra of the dialkyl dithioacetals, the five main frag- 
ments formed are characteristic of the molecular weight, 
C-1 [(RS&CH+, except for Figure 41, C-2 (fragment 
C), C-3 (fragment A), and the entire carbohydrate 
portion of the molecule (fragment B). The facts that 
mercaptolysis is often employed as a technique for 
characterizing carbohydrates and that considerable 
structural information is available from the mass 
spectrum obtained from as little as a fraction of a 
milligram of mercaptolysis product may make the com- 
bination of mass spectrometry and mercaptolysis an 
important development in the application of new 
physical methods to carbohydrate chemistry. 

Experimental 
Mass Spectra.-The mass spectra were determined with an 

Atlas-Werke CH4 mass spectrometer, ionizing potential 70 e.v., 
ionizing current 18 pa. The solid samples were ionized by elec- 
tron bombardment after evaporation directly into the electron 
beam from a small furnace heated by a tungsten coil. A cathode 
with a tungsten wire of 0.15-mm. diameter was used; thereby, a 
minimum ion-source temperature of 80-90" was maintained. 

Ethylene Dithioacetals.--D-Glucose ethylene dithioacetal, 
m.p. 143-145' (lit.' m.p. 143'), D-arabinose ethylene dithio- 
acetal, m.p. 152-153" (lit.8 m.p. 154.5'), 2-deoxy-~-glucose 
ethylene dithioacetal,, m.p. 167.5-168.5', and 6-deoxy-~- 
galactose ethylene dithioacetal, m.p. 190-'190.5' ( l k g  m.p. 
191-191.5"), were prepared according to the procedure of Zinnerlo 
using 1,2-ethanedithiol in place of ethanethiol. 

Dialkyl Dithioaceta1s.-D-Arabinose diethyl dithioacetal, 
m.p. 124.5-125.5' (lit.lo m.p. 125.0-125.5'), D-arabinose di- 
n-propyl dithioacetal, m.p. 128-130' (lit.ll m.:~ 128"), D- 
glucose diethyl dithioacetal, m.p. 124-127' (lit. m.p. 127- 
127.5), D-glucose di-n-propyl dithioacetal, m.p. 143-145.5 
(lit.l2 m.p. 146'), 2-deoxy-~-glucose diethyl dithioacetal, 
m.p. 137.0' (lit.lg m.p. 134.0'), and 6-deoxy-~-mannose diethyl 
dithioacetal, m.p. 134.5-136' (lit.lo m.p. 136.5-137"), were pre- 
pared according to the procedure of Zinner .lo 

0-Methyl Dialkyl Dithioacetals.-3-0-Methyl-~-glucose di- 
ethyl dithioacetal, m.p. 70-74' (lit." m.p. 72-76'), and di-n- 
propyl dithioacetal were prepared according to the procedure of 
Hough and Richardson,14 except that the reactants were shaken 
at  0" for 5 hr. before being shaken a t  room temperature for 2.5 
hr . 

2-0-Methyl-~-glucose diethyl dithioacetal, m.p. 176-177' 
(lit.I6 m.p. 177-178'), was prepared according to the procedure 
of Lieser and Leckzyck.l6 

Acknowledgment.-This investigation was supported 
by Public Health Service Research Grant GM 12328-01 
from the National Institutes of Health. The mass 
spectrometer was purchased with funds from a Re- 
search Instrument Grant (GP-1474) from the Na- 
tional Science Foundation. The author wishes to 
thank Miss N. E. Roiba and Mr. U. G. Klopfer for 
preparing some of the compounds used in this investi- 
gation. 

(7) B. Gauthier and C. Vaniscotte, Bull. SOC. chim. France, 30 (1956). 
(8) H. Zinner, H. Brandner, and G .  Rembars, Chem. Ber., 80, 800 (1956). 
(9) E. Votozek and V. Vesel;, Z. Zucksrind. Bohm. Bierbrauer, 40, 207 

(1916). 
(10) H. Zinner, Chem. Ber., 84, 7.90 (1961). 
(11) Y. Maeda and Y. Uyeda, Bull. Chem. SOC. Japan, 1, 181 (1926). 
(12) W. Schneider, J. Sepp, and 0. Stiehler, Chem. Ber., 111, 227 (1918). 
(13) J. 0. Barclay, A. J. Cleaver, A. B. Foster, and W. G .  Overend, J .  

(14) L. Hough and A. C. Richardson, ibid,, 5561 (1961). 
(15) P. Brig1 and R. Schenle, Chem, Bsr., 68, 2885 (1930). 
116) T. Lieser and E. Lecksyck, Ann,, 1111, 137 (1954). 

Chem. SOC., 789 (1956). 


