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CHARACTERIZATION OF THE TRIMETHYLSILYL DERIVATIVES OF 

SUGAR PHOSPHATES AND RELATED COMI’OUNDS BY GAS 

CHROMATOGRAPHY AND GAS CHROMATOGRAPHY-MASS 

SPECTROMETRY 

The gas chromatographic and mass spcctrornetric properties of the trimethyl- 
silyl derivatives of sugar phospates and related compounds were investigated because 
of the importance of these phosphate esters in intermediary carbohydrate metab- 
olism Aldose-I-, -4, -5-, and -G-phosphates and ketose diphosphates were cliromato- 
graphed as the trimcthylsilyl derivatives of the intact phosphate esters; the tri- 
methylsilyl derivatives of the aldose diphospllates were found to be too unstable 
for chromatography. Substituted osime derivatives were prepared from several of the 
sugar phosphates in an attempt to reduce the number of gas chromatographic peaks 
(due to oc- and p-furanose and pyranose structures) and to increase the stability, 
The trimethylsilyl derivatives of these oximes gave single peaks in many cases, but 
tlic separation of isomeric liesoses was poor. 

The methylene unit values were determinecl for forty-three sugar phosphates 
and related compounds on a polar (OV-17) ancl a non-polar (S&30) phase. The 
structures of all derivatives were confirmed by mass spectrometry. 

INTRODUCTION 

Previous work has demonstrated that sugar phosphates and related compounds 
(phosphoric acid, glycerophosphates, hexitol pllosphates, nucleotides and phos- 
phatidyl inositols) can be converted to volatile derivatives which are suitable for 
analysis by gas chromatography (GC) and gas chromatography-mass spectrometry 
(GC-MS). A volatile trimethylsilyl (TMS) derivative of orthophosphoric acid was 
first reported by Shuarzf in Ig&, and this compound, tris-trimetllylsilylpl~ospl~ate, 
was subsequently analyzed by GC in 19672, and by GC-MS in rgGg-Ig713-5. The 
GC analyses of the TMS derivatives of several sugar phosphates and nucleotides 
have been described, but in the earlier work the derivatives were not characterized 
by MSJ-rl. In more recent papers, the mass spectral fragmentations of the TMS 
derivatives of sugarl2, inositoP3, ethylene glycoli* and glycerophosphatesl~, pl~osplx~- 
tidy1 inositol& 1 7 and nucleotidesis-21 have been discussed extensively. 

Relatively little difficulty has been encountered in preparing the TMS deriv- 
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ativcs of erythrosc-4-, pentose-5-, or hexose-G-phospllates. However, the TMS 
derivatives of the aldose-I-phosphates are less stable and have not previously been 
characterized as the intact TMS phosphate esters O. Fructose-r-phosphate, on the 
other hand, forms a more stable derivative, and has been characterized by these 
methodsl2. 

By the use of suitable silylating reagents, we have been able to prepare deriv- 
atives of aldose-x-phosphates, ketose-diphosphates, phosphoenolpyruvatc and 
various polyol phosphates not previously reported, and to characterize the intact 
phosphate esters by GC and GC-MS. The methylene unit (MU) values of various 
derivatives of 43 sugar and polyol phosphates, on both a polar and a non-polar 
phase, are reported in this paper. 

EXPERIMENTAL 

Mntcriak ad ~mthods 
Reference compounds were purchased, usually as the metal or cyclohexyl- 

ammonium salts, from Sigma Chemical Co, and from Calbiochem. The free acids 
were isolated from the salts, where necessary, by DEAE-Sephadex chromatography2s. 
Glycoaldehyde and glyceraldehyde phosphates were purchased as the salts (cyclo- 
hexylammonium and barium, respectively) of their diethylacetal derivatives; 
dillydroxyacetone and hydroxypyruvic acid phosphates were obtained as the cyclo- 
hexylammonium salts of their dimethylketal derivatives. The free aldo or keto acids 
were isolated from these derivatives according to the directions supplied by the 
manufacturer, 

Prc~avation of dcvivntivcs 
TMS-tEsviz]ntizres. T&IS derivatives of all the phosphates except the pentose- 

and hexose-r-phosphates were prepared by reacting either I mg of the free phosphate, 
or its metal or cyclohexylammonium salt, with 0.1 ml of trimethylsilyltrifluoro- 
a&amide (BSTFA) and 0.05 ml of trimethylchlorosilane (TMCS) in 0.1 ml of aceto- 
nitrile. The mixture was heated at 80” for about IO min to ensure reaction of the metal 
salts. 

TMS derivatives of the sugar-z-phosphates were prepared according to the 
following procedure: I mg of the sugar phosphate, either as its cyclohexylammonium 
salt or as the free phosphate isolated by DEAE-Sephadex chromatography, was 
treated with 0.1 ml of trimethylsilylimidazole (TMSI) in 0.1 ml of acetonitrile and 
allowed to stand at room temperature for about 5 min. An aliquot, usually I ~1, 
was analyzed directly. This method could also be used for the free phosphates and 
cyclohexylammonium salts of all the other phosphates but not for the metal salts. 

cZ,-TMS analogs of these compounds were synthesized by substituting the 
appropriate deuterated silylating reagent for the unlabelled reagents in the above 
preparations. 

Metlty,?oxiutc-TMS dovivatives. A solution of I mg of the sugar phosphate 
and I mg of methoxylamine hydrochloride in 0.2 ml of pyridine was kept at room 
temperature for I 11. The resulting methoximes were converted into their TMS 
derivatives by the addition of 0.1 ml of either BSTPA or TMSI, After heating the 
mixture at 60” for 5 min, the derivative was analyzed by GC. 
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Ethyl- nsd TMS-oxiwes. These derivatives were prepared by substituting 
cthoxylamine hydrochloride, or hydroxylamine hydrochloride in the methoxylslmine 
procedure. 

CC a9zalysis 
GC analyses were carried out using a Barber Colman Series 5000 gas chro- 

matograph fitted with two ~2 ft. x 4 mm I.D. glass W columns and flame ionization 
detectors. The column packings used were I y. or 5 y0 SE-30 and I y0 OV-17 on acid 
washed and silanized Gas-Chrom P (XOO-zoo mesh). The flow-rate of carrier gas 
(nitrogen) was 40 ml/min at 200’. The temperature of the flash heater was 250-300~ 
and the detector bath temperature was 310~. Separations were usually carried out 
by temperature programming at z”/min, 

CC-MS analyses 
Mass spectra were recorded at 70 eV with an LKB gooo mass spectrometer. 

The source temperature was 270°, accelerating voltage 3.5 eV, and the ionising current 
60 PA. Sample introduction was via the GC inlet using a g ft. x 4 mm l.D, glass 
coil packed with I oh SE-30 on acid washed and silanized Gas-Chrom P (100-120 mesh). 
The column temperature was adjusted to give a retention time of 8-10 min for each 
sample, 

RRSULTS AND DISCUSSION 

The structures of all the derivatives were confirmed by MS using a combined 
gas chromatograph-mass spectrometer, demonstrating that the phosphate esters 
could be analyzed by these techniques as the intact compounds. 

Although the Iris-TMS ester of ortllophosphoric acid was quite stable and 
satisfactory for characterization purposes, the corresponding derivative of pyro- 
phosphoric acid was less stable and decomposed slowly on the GC column to give 
the t!&+TMS ester of orthophosphoric acid. The TMS derivative of tripolyphosphoric 
acid was very unstable and the only peaks observed in its gas chromatogram were 
produced by the TMS derivatives of ortho- and pyrophosphoric acid formed by 
decomposition. As can be seen from Table I, good separation of the TMS derivatives 
of ortho- and pyrophosphoric acid was achieved on both a non-polar (S&30) and 
a polar (OV-17) phase, permitting ready identification of pyrophosphate in the 
presence of orthophosphate, 

The TMS derivatives of a series of C, and Cs phosphate esters gave single 
peaks on both phases. The compounds studied and their MU value@ are listed in 
Table I ; it is apparent that most of these derivatives can be separated on either 
phase. A separation of the TMS derivatives of L-C+ and P-glycerophosphate and 2- 
and 3-phosphoglyceric acid is shown in Fig. 1. Although these derivatives were 
satisfactory for purposes of identification, they were not sufficiently stable for 
quantitative analysis because of loss of the labile carboxylic or phosphate ester silyl 
groups on the GC columns, Partial decomposition of the analogous derivatives of 
sugar phosphates has been discussed by SHERMAN et al.ll. The derivatives could, 
however, be stored at -14” (freezer) for several weeks without extensive decom- 
position, 
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Orthophosphoric acicl 
Pyrophosphoric acicl 
Glycoaltlchyrlc phosphntc 

I..a-C~l~ccropllospll;rtc 
~.Cl~~ccrophosphntc 
a-I’hosphoglyccric acid 
3.l~hosl~hoglyccric acid 
Glycerol- I, z-cliphosphntc 
CI~CWCII- I ,3-Clil~llC~~lYhiCt~ 
2.3.l)il~llosl’lioMI)‘ccric acid 
a-L’hocll’hoc?tlolyvruvic acid 
I.Iyclrosyl,yruvic acid l~hosl~hntc 
~~t-Gl~ccri~lClol~~CIc l>hOsphCltC! 

,\lc-osiriic, ThlS 
Et-osirm, ‘IWS 
‘I’RIS 
TAIS 
TAIS 
‘J’S1 s 
‘I’MS 
‘ThlS 
‘MIS 
‘I’.\IY 
IX-Jlc Itutal, 1’AIS 
IX-RIc iICL!till. ‘I’hIS 
AIc-osimc. ‘MS 
Et-osirnc, ‘MS 
‘I’AIS-uxirnc, ‘MS 
IX-Blc ItctCll. ‘lXS 
110osimc. TislS 
l~teosinic, ‘L’JIS 
‘I’MY-osinic, ‘I’M 

12.70 13.45 
lG.tiO IH.ClCl 
ICI.20 17.00 
I.+..80 lb.25 
Not rccorclccl 16.90 (17,C~O)" 
18.05 x8.05 
17,05 18.25 
18.15 J CJ.'~O 
IQ.5 IO.45 
22.25 23.35 
22.55 13.75 
22.4Cl 23.Y5 
15.95 17.35 
1a.25 10.05 
Is.70 lg.70 
17.55 (17.44 18.70 (I&50) 
IY.10 19.30 (1e.05) 
rY.Sf$ (18.SCJ) ICJ.G5 (19.20) 
17.75 18.CJO 
17.75 (17.55) TCJ.ClO (19.15) 
1s.25 llJ.jO (~c).Go) 
I H.fis . rCJ.55 (1Us) 

_-.-- __- _ ..-_- .-_-._.._-______ 
1’ Val~~cs in parcntlicscs rcprcscnt minor lxsilts. 

___- . ___..__---. __-. 

The TRIS derivatives of the Ireto and aldehydc phosphates were less stable, 
and it was necessary to convert tllc carlxmyl groups into suitable derivatives bcforc 
silyla,tion in order to prepare adducts wllicll could be chromatogrsplled successfully. 
Metlloxime-, etliosinic-, and TMS-oxime-T&IS derivatives were prepared from 
glycoaldehyde. nr,-glyceralclell~~de and dihyclrosyacetone phosplmtc and were 
found to lx more stable than the TMS dcrivativcs of the free l&o compounds. The 
gns clironiatograms of or.-glyceraldchycle and dihydroxyacetonc phosphates, 
dcrivatized in this manner, cshibited two peaks presumably produced by the ~~98 
a!ld njctl isomers of the osimcs, These could bc separated on both SE-30 and OV-17 
columns, The mass spectra of these isomeric compounds showed similar frngmentation 
patterns, altl~ough the relative intensities of the ions varied considerably. TMS 
derivatives of the dietllylacetals of glycoaldehyde and uL-glyceraldellydc phosphates 
and of the climethyllaAnls of dihydroxyacetone and hydrosypyruvic acid phosphrttes 
were also found to be more stable than corresponding TMS derivatives of the com- 
pounds containing free carhonyl groups, All of tllesc compounds gave single CC 
peaks on both phases. The MU values for these derivatives are listed in Table I. No 
single set of derivatives was found which would separate all tile compounds listed in 
Table I on a single phase, hut it was possible to separate all the pairs of isomcric 
compounds (for example, x.-ec-glycerophosphate and &glycerophosphate) . By using 
two GC phases, or by preparing two sets of derivatives, all the parent compounds 
listed in Table I could eventually lx separated from each other. 

Hydrosypyruvic acid phosphate could not be satisfactorily clmmatographed 
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either as the TMS derivative (free keto group) or as the oxime.Ti\l’S derivative. The 
dimetl~ylketal-TMS derivative was, l~owcvcr, more stable and gave a single GC peak 
on both phases. The Iris-TMS ester of z-phosphoenolpyruvic acid was reasonably 
stable although some decomposition was noted during cl~romatograpl~y. 

2- PHOSPHOENOLPYRUVATE (T~JW)~ 

5% SE-30 
TP 2vMIN 
(150”) 

PYROPHOSPHATE (TMSI, 

IO IS 20 25 

TIME (MINUTES) TIME WNUTE: 

Fig. I. GC wpamtion of the TivIS clcrivntivcs of p-Rlyccropllo~l,h;Itc (pc:rlc I), L-a-Rlyccrophosphrto 
(pnk z), a-llhosphoglyccric ncicl (lJCi& 3) MK~ 3-phoaphoglyccric ircid (peak J) OII I ‘)& SE-30 
(I2 ft.) nt 160”. 

Pig!. z e CC separation of the TRIS clcrivativcs of z-l~lio~l~hocnolpyruvatc ;Lncl pyrophosphatc on 
5% SE-30 (12 k). The column wns l~ro~ramniccl from 150” nt 2 “/min, 13ecor~il~osition of tlicso 
unetsblc clcrivntivcs can bc clearly seen. 

D-GLUCOSE-B-PHOSPHATE ItMS)6 

I% OVJ7 
TP 2O/MIN 

1 t 

(140°1 3 

I 

30 33 40 

TIME(MIN) 

Fig. 3, GC trncc of thcTMS clcrivntivo of D-filucosc-G-phosphate on I “/. OV-17 (12 ft.) programmccl 
from 140~ nt z”/min. Pcnlw r and z nrc proclucccl by the ~1. rrncl @furnnoso forms of the sugnrs 
nncl the lnrgor ponlts 3 awl 4 rcprcscnt the ~1. and &pymnosc structures. 
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Fig. z illustrates one of the problems associated with GC analysis of the TMS 
derivatives of the more unstable phosphates. From the GC tracing, it is apparent 
that the TMS derivatives of both pyrophosphate and z-phosphoenolpyruvate de- 
compose slowly on the column. 

The MU values of the TMS derivatives of the C, to C, sugar phosphates are 
listed in Table II. Multiple peaks were obtained for the aldose sugars, pentose-g-, 
hexose-6- and heptose-7-phosphates, on an SE-30 column and usually on an OV-17 
column. This is illustrated in Pig. 3 which shows a GC tracing of the TMS derivative 
of D-glucose-6-phosphate. These multiple peaks are produced by the TMS derivatives 
of the a- and @-furanose and -pyranose forms of the sugars. It isgenerally assumed, 
by analogy with the unphosphorylated sugars, that the first peak of each pair is 
produced by the a isomer and the second peak by the p isomer. In contrast to the 

TABLE II 

I\;Iu VALUES BOIt THE ‘r&IS DIZI<Iv,\TIVES OF THE +c, SUGAR I’HOS1’MAT&S AND III’,LATED 
COMDOUNDS 

I~-J~rgthroac-4-phos]~~~~~te 
~-1~coxy-D-ril~usc-5-ph;rto 
D-.Svlosc-I -phosph;rtc 
D-SGIUIOec-5-]IhOa],Iratc 
D-lzibosc-I-phosphate 
~~-1~iboac-5-pho~pl~~~t~ 
I~-liibulosc-5-;~]1o~]llatL’ 
I,-Ribulosc-r,g-clil~l~osphatc 
2-]>COXy-D-y]UCOsC-G-phospllntc 
z-l)cosy-G-l~liosphofiluconic acid 
a-D-Glllcosc-I-]~hosphrrtc 
IJ~Glucosc-G-]~hDs]~hatc (ftIrtLtloec) 
D-GlDcDsc-G-pllusl~hi~tc (pyrnnow) 
I-Phospho~lucurollic acicl 
1~.C;lucosaminc-G-phosphate 
G-Phosphogluconic ircicl 
~-r)-1\;Ianno~c-I-phoaphntc 
D-Mnnnosc-G-p1loqYhntc 
~-I~-Gulnctosc-~-~~husphi~tc 
D-Gnlnctoac-G-l~hosphatc (fumnosc) 
D-Gnlnctosc-G-phosphate (pymnose) 
I-I’hoepho~alacturotiic acid 
D-Frtlctosc-I-phospllntc 
I:,-Prrictosc-G.phosp]rntc 
D-Pructoac-I ,G-cliphosphatc 
Scdohcptulosc-7.phosphate 
u-Mannitol-r-phosphntc 
D-Sorbitol-G-phoophntc 
i\lyoitlositol-2-phosphntc 
(-)-Tnositol-3-phosphate 
D-Glycerol-I-(L-mvoinositol)-r- 

phosphate 

19.95 
20.00 

22.00 

;;*g:: 
2A.5 (21+75)R*‘J 
21.75 
0 
22.75 (23.15) 
23.5“ 
23.45 23.80 

(23.9) (23.70) 
24055 24.85 
23*75 
24.1.5 
25.10 
22.00 23~35 
23.00 (24-40) 
23.30 22.god 23.&d 

(23.24)@ (23.G2)@ 
24.00 24.35 
24.55 (24.00) 
2330.5 23.35 23.Gtr 
23.35 
27.30 27.00 
25.30 2.5.45 
24.45 
24.55 
25.55 (24.50) 
23.05 (24.10)n 
29.10 

IQ.70 
21.00 
22.50 
22.40 
22.00 
22.20 
22~3.5 
z,G,go 
23.35 23070 
23.65 
23.85 24.45 

(23070) (23.55) 
24.so 24.95 
25.00 (24,go) 
25.00 
24~75 
23.25 
23,70 24~35 
22,78 23.55” 2+35* 

(23.10)’ (23030) (23.45)’ 
~4~00 24#35 
aG.10 (2525) 
22.85 2~~30 23.50 
23.15 
27.G:5 28.05 
24.75 24*95 
23.75 
23.Go 
25.05 (24.35) 
=$;o” (23.25) 

R Shoulclcr. 
1’ Vnlucs in parcnthcsos nro minor penlts. 
C Satisfnctory pcnlc not nvnilablc. 
11 Dots not contain phosphorus. 
0 Probably nn impurity, 
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aldose phosphates, the TMS derivatives 0% the ketose phosphates gave single peaks 
on both phases, The TMS derivatives of the aldonic acids, z-deoxy-G-phosphogluconic 
acid and G-phosphogluconic acid, also gave single peaks and were comparable in 
stability to the pllosphoglyceric acids. Glucosamine-6-phosphate, the only amino 
sugar phosphate studied, formed an N-silyl derivative with BSTFA, which gave a 
single peak on both OV-17 and SE-30. 

In order to prepare TMS derivatives of the aldosc-r-phosphates and I-phospho- 
alduronic acids, it was necessary to modify the procedure for derivative formation 
to reduce loss of the phosphate group. The catalyst, TMCS, was omitted and TMSI 
was employed as the silylsting agent. Derivative formation was rapid and apparently 
complete within 5 min at room temperature for the seven compounds listed inTable II. 
Xylosc-r-phosphate and ribose-l-phosphate gave single peaks on both phases, but 
the other compounds usually gave multiple peaks on at least one phase. The mass 
spectra of the compounds producing the additional peaks observed for glucose-I- 
phosphate and galnctose-r-phosphate showed no ions characteristic of the phosphate 
system indicating that partial decomposition had occurred during sample preparation 
or chromatography. 

In addition to the glycero diphosphates (Table I), the ketose diphosphates, 
ribulose-r,S-diphosphate and fructose-r,G-diphosphatc formed reasonably stable 
TMS derivatives suitable for CC analysis. It was not possible, however, to prepare 
TMS derivatives of the aldose diphosphates (glucose-r,G-diphosphate and ribose-I- 
pyrophosphate-g-phosphate) that could be analyzed as the intact diphosphate esters. 

Methoxime-TMS derivative@ were prepared from the aldose+, -5-, -6.. and 
-7-phosphates and the kctose phosphates in an attempt to reduce the number of 
peaks produced by the a and /l anomers. When these derivatives were chromato- 
graphed on a I. % SE-30 column, a single peak was usually obtained, but the sample 
usually gave two peaks when analyzed on OV-17. This is again thought to be due to 
the separation of the sy~z and nnti isomers of the methoximes, although the occurrence 
of cyclic-acylic structures analogous to those reported26 for the TMS oximes of 
unpllosphorylated sugars, is also possible. Although fewer peaks are obtained, these 
derivatives are of limited use for identification because the isomeric sugars (glucose, 
mannose and galactose, for example) have very similar MU values (Table III). 
Attcmps to improve the separation of the suga+s by preparing ethoxime- andTMS- 
oxirne-TMS derivatives were unsuccessful (Table III), 

The TMS derivatives of the hexitol phosphates, D-mannitol-r- and D-sorbitol-6- 
phosphate, gave single peaks on OV-17 and SE-30 as did n-glycerol-I-(L-jrzyo-inositol)- 
I-pllosphate. The cyclic hexitol phosphates, jjz..o-inositol-z-phosphate and ( --)- 
inositol-3-phosphate, gave two peaks; the smaller peak is probably due to an impurity 
in the starting material. 

The mass spectra of the TMS derivatives of the compounds discussed in this 
paper showed similar fragmentation patterns. Molecular ions were generally absent 
or of very low abundance, but ion-molecule reaction products were often observed 
as low intensity peaks at M -j- I and M + 73 (refs, 15, 26, 27). When tile spectra 
were recorded at higher pressures, additional peaks produced by ion-molecule reactions 
became apparent. Previous work has shown that these ions were produced by inter- 
action of the neutral molecule with abundant fragment ions containing a siliconium 
center, for example, M + 147, M + 2gg (refs, 15, 27, 28). As the M + I and M f 73 
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TARLB II.1 

1o.G~ 
20.75 
21 *H$ 
21.70 (21,40) (21.85) 
Zl.HO (21,70) 
22.Yfj 
2.1 JJ.5 
y$ 1 . (24075) 

23.90 
24.35 (24.70) 
2‘1 .l)O (2525) 
‘2.i .clo 
2.I.25 

24.85 
23.95 
24.25 
24.55 (23,zo) 
26,45 

20.40 (20.70) 
21,55 
21*95 (21a40) 
zr.gg 22.25 (21.Oo) 
22.30 (22.05) 
23.25 
24.00 

24.4” (24,551 
24.45 (2465) 
23.95 (23.00) (24.05) 
24.c5 (2.).50) 
24,40 (24#Gfj) 
23.75 (“3~2.5) 
“3.95 
24.25 
23.80 (23.05) 
24.10 
23.85 (23.00) 
aG.05 

._ ---- -.._ _. - .__.- -_.- 

ions were observed when the spectra. were recorded under the normal electron impact 
conditions, care must be taken to avoid erroneous assignments of the moleculnr ion 
in the spectra of the unknown sugars. These ion-molecule reaction products mny be 
readily detcctcd, however, because of the vnriatiou of their abundance with pressure. 

The fragment ion of highest mass usually observed was [M-15]+‘, formed by 
loss of a methyl radical from a TRIS group. This was shown by its shift to [M-IS]+ 
in the spectra of the d,-TMS derivatiws r-s”. Ihterminntion of the estent of hydroxyla- 
tion of these compounds is greatly facilitated by observing the shift of the &I+ or 
[M-IS]+ ions in the spectra. of the td,-TMS analogs, 

The spectra are dominated by abundant rcarraugement ions containing a 
resonance stabilized plmsphonium cation lG. Ions a, b, and c arc formed by migration 
of TMS groups and/or hydrogen atoms to the phosphate moiety. Ions cl, e, nud f 

OR’ 

I 
rio--P-‘~-o--si(CH 3) 3 

I 
0-Si (CA-1 s) 3 

a, b, c 

CI-I, 
I 

0--Si--Cl-I, 

I I 
RO--P-‘-O 

I 
0-Si(CH,) a 

d, e 

(a) Ii. = R’ = Si(CH&:,, w/c = 387 (d) R = Si(CH,),, rib/e - zgg 

(I>) R = H and R’ = Si(CH,),, lrr/e = 315 (e) R = H, PU/C = 227 
(c) R = R’ = H, m/c = 24.3 
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c*-*~~si/o\p+/o\si/cI-I” 
CHj \O/ \O’ ‘CII, 

are fragment ions formed from ions a, b, and c by mechanisms discussed previ- 
ottsIP* lG.lo. The phosphorus-containing fragment ion, g, of mass rlz/e 357 contains I 
an additional two carbon atoms from the carbon skeleton and is again characteristic 
of this type of derivative. 

(CH,) ,SiO-CH- 

I P 
Cl-I, P+< 

OSi(CH,) s 

‘0’ OSi(CH,) s 

g (We 357) 

Isomeric compounds can usually be differentiated by comparing the relative intensities 
of the characteristic ions a-g. Por example, in Fig. 4, the mass spectrum of D-galactose- 
G-phosphate and a-D-galactose-I-phospllate are compared; the ions at IU/C 387 
and 357 are much more abundant in the spectrum of the TMS derivative of the 
6i-phosphate than of the z-phosphate. Other examples are listed in Table IV. In all 
the examples studied, the intensity of W/C 387 was found to be considerably greater 
in the spectra of the hexopyranose-G-phosphates than in the corresponding derivatives 
of the r-phosphates. The spectra of the a and /.I anomers of each hexose phosphate 
were generally similar as can be seen from Table IV. 

The differences in relative abundance of the rearrangement ions a-e is un- 
doubtedly a reflection of the stereochemistry of the molecule30. The abundance of 
the rearrangement ion W/C 147 has also been shown to be a function of stereochemistry 
in compounds of rigid structure such as sugarssl, cyclohexanediolsss, and steroids33 
suggesting a similar stereochemical dependence for the formation of ions a-e in the 
spectra reported here. 

Certain other ions aid in defining the carbon skeleton of the phosphate esters. 
For example, *n/c 318 is abundant in the spectra of the TMS derivatives of the 
inositols (cyclic hexitols) but is present in low abundance in the spectra of the linear 
bexitols. Ions characteristic of the TMS derivatives of furanose and pyranose sugars 
and sugar phosphates have been discussed previouslylsJ4. 

A large number of other ions, charbcteristic of TMS derivatives of polyhydroxy 
compounds, are also present in these mass spectra. The structures of these ions have 
been discussed in the recent literature34~3G. 

Complete MS data for the compounds discussed in this paper will be published 
in the Archives of Mnss SfmxWZ Dnta. 
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