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ABSTRACT 

Comparison of the mass spectra of the 0-tnmethylsllyl derwatlves of the 
hewromc acids and their lactones with those for other monosaccharldes revealed 
spectfic effects of the carboxyl group upon the fragmentation patterns The formatlon 
of the odd-electron Ion havmg m/e 292 was characterlstlc of the presence of the C-6 
carbovyl group and was due to a McLafferty-type rearrangement of a tnmethylsllyl 
group to the carboxyl group Several other fragments having nz/e values 14 mass umts 
aboLe those found m the hexoses confirmed the presence of the C-6 strut-xe m the 
fragment A detailed analysis 1s presented of the fragmentations of the tr~methyls~lyi 
denvatwes of /?-o-glucopyranuromc acid and rr-D-galactofuranuromc acid, as 
examples of pyranold and furanold structures The lactones produced less-cornpIe\ 
spectra wth the base peak at I)Z/E 230, and this odd-electron Ion IS characterlstlc of the 
lactones studled A detalied anal’sIs IS presented of tfle fragmentation pathways of 
/i-D-glucofuranurono-6,3-ktorle as Its trnnethyls~lyl derlvatlve 

NTRODUCI IO\ 

The use of g 1 c and g I c -m s m quahtatwe and quantltatwe analysx of 
tnmethyls~lylated carbohydrates has become a routme procedure smce the advent of 
tnmethylsllylatlon’ These techmques have been used at the nanogram level for the 
separation and ldentlficatlon of a number of lsomerlc structures for each moqosac- 
chande as their tnmethylsllyl (or methyl) derwatlves2-4 

An understandmg of fragmentation patterns IS Important for predIctwe 
purposes, and also for assessment of the usefulness of a particular Ion for mass 
fragmentography Mass fragmentography can be used to grve quahtatwe mf’o:mation 
at the picogram level, and may probIde sufficient speclfkty for a particular structure 
to enable a poslhve Identkatlon” This techmque requires the presence of an Internal 
standard that has an almost ldentlcal structure, m order to prevent loss of the low 
levels of sample tza adsorptlon, etc Ideally, the Internal standard should fragment m 
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a manner slmllar to that of the compound of interest In addltlon, It should show 

either different gas-chromatosaphlc propertles, or Identical chromatographlc 

propertles with the production of a different Ion In the latter case, deutermm labelhng 
has become Important, but a prerequlslte IS a known fragmentation pathway, so that 

an appropnzte labelhng posItIon may be chosen 

The hevuromc acids occur m the presence and absence of many other carbo- 
hydrates m many blologlcal systems6 ‘, and many methods have been developed for 
rhelr analys@’ However, the presence of O-methyl forms and various glycosld- 

uromc acids makes the problem cornpIe\ The use of g 1 c -m s can provide an 
answer to many of the problems encountered Also. by obtammg a detalled knowledge 
of the fragmentations, the number and posltlon of substltuents can be determined 

We now report on the fragmentations of the naturally occurrmg hexuromc acids and 
then- lactones as their tru-nethyIs~lyl den\atives mduced under condltlons of electron- 

mpact mass spectrometry 

RESLLTS AND DISXSSIOU 

The mass-spectrometrlc fragmentations of the tnmethj ls~lyl derlvatlves of the 

he\uromc acids ha\e been used to determlne the rmg size of the various Isomers 
separated by g 1 c ‘) Comparison of this structural mformatlon with that obtamed 
from the tnmethyis~lyl derl\atI\es of the neutral heuoses has now enabled Identifi- 
catlon of the fragments of trlmethj ls~lyl derl\ atlves of hexuromc acids and a clearer 
understandmg of the breahdo\\ n pathways Involved 

Inma e\arnmatlon of the mass spectra showed onI> small differences between 
the vnrlous p~ranold forms stadled or bet\\een the furanold forms or between the 

lactone forms Such small differences do not estabhsh a definite trend Differences 

bet\\een these mass spectra and those for the neutral heloscs occurred not only m 

peah mtenslt) but also In the fragmentatlon pattern A drtarled analysis of three 

typlcal mass spectra (for /I-D-glucopyranuronrc acid, -I-n-gnlactofurmuron~c acid, 
and p-D-g~ucofuranurono-6 Mactons) demonstrated the sgrulicance of the carboxy 
groupmfragmentatlons 

j%D-Gkopj ramrr omc acld ( pmta-O-trmzethi I~r/i 1 ikrrr atlLc Table 1) 

ho molecular Ion w’vds found m this or any other pyranose spectrum All spectra, 
ho\\ever, showed the charactenstlc M - 1.5 peal\ at IN/C 539, correspondrng to the loss 
of a methyl radical from the molecular Ion (Scheme 1) 

Many fragments In the spectra \\eere caused by loss of stlanol (-90) or the 
sllanyl radical (- S9\ This loss IS common tn the mass spectra of carbohydrates, and 
holds little structural slgmficance The appearance of peaks at nz/e 464 and 374, 
ho\\ever, confirmed the molecular neight of the molecule (554) Slmllar loss from the 
Ion in/e 539 produces the relatively abundant Ions jlz/e 449 and 359 All of these 

fragments habe analogues (14 mas= umts smaller) In the breakdown of the neutral 
heuoses, due to the hydroxymethyl, rather than the carboxyl, group at C-5 
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TABLE I .z 

hmss-.seEfxruL DATA FORTHE 0-TRIMETHYISILYL DERIVATIVES OF B-D-GLU~~WRANUR~NI~ AaD (1) 
AND CX-D-GALACTOFURAh~OVIC ACID (2) 

m/e ReIatrLe mtenstty (%) m/e Relatrbe mtensrty (%) 

1 2 1 2 

554 - - 
539 06 IS 

464 03 003 
449 54 09 
436 006 005 
471 OS OS 
408 06 005 
407 03 01 
393 04 02 
37s IS 01 
359 31 3 I 
347 07 10 
346 03 IS 
335 77 33 
333 42 06 
331 14 Oh 
319 09 65 
317 03 01 
306 65 21 
305 33 3 70 
393 13 6 243 
291 7-l II 
2S5 06 I3 
279 06 01 
278 03 02 
277 03 07 
265 07 01 
257 13 05 

245 21 40 
243 09 04 

237 006 06 
233 8 65 04 
232 200 02 
231 I 00 06 
230 0 52 10 
217 100 100 
215 08 07 
204 600 42 
203 08 OS 
191 23 3 II 8 
IS9 3s 25 
175 06 04 
169 09 OS 
157 05 09 
147 279 158 
145 09 04 
143 49 12 
133 3s 22 
131 IS 12 
129 '7 2-l 
117 14 I 1 
101 24 27 
95 03 21 
93 04 66 
75 94 73 
73 SO8 5s 1 

Loss of the C-6 unit produces a serzes of fragments (l?r/e 437, 436, and 435) 
common to both hevuromc acid and hevose spectra Sequentzal loss of sllanol 
produces the fragments nz/e 347 and 257 Szmllarly, loss of the C-5,6 umt, to produce 

the odd-electron Ion z?z/e 405, yzelds a serzes of common fragments, although their 
relative abundances are dzsslmllar The fragment nz/e 405, only found m very low 
abundance m the spectra, IS a source of the major fragments nz/e 393, 3 19, 305 217, 
and 191 (Scheme 2) However, the presence of the carbovyl group produced shifts 
of 14 mass umts for some of these peaks 

The fragment ~~z/e 319 IS observed m the spectra of the derwatwes of the 
hevuromc acid and of the hexoses, and orlgmates from the C-l-C-4 or C-2-C-5 
structures DeJongh cr al ’ clazmed that thus fragment contamed no C-6 structures 
In the present studies, however, a slgmficant peak at nz/e 333 could mdlcate that at 
least some of the fragment havmg nz/e 319 m the spectra of the hexose derlvatlves may 

contam the C-3-C-6 structure (Scheme 3) 
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E&h-resolution measurements of the peak at m/e 305 mdxcated two components, 

one correspondmg to the C-4-C-6 portion, and the other to that normally found m 

hexose spectra and ansmg from the C-2-C-4 and C-3-C-5 portions of the molecule 
The anaIogous peak for the C-4-C-6 fragment would be m/e 291 m the heuoses, tbs 
peak IS found m abundance for hexoses, but IS slgmficantly dlmnushed m the hexuromc 

acid spectra This sltuatton suggests that this fragment can be formed from the C-6 

part of the molecule, as well as from other umts Thus contnbutlon to the abundance 

- ROH 
- m/e 539 - n-l/e 449 

I - COpR 

t 

m/e 437 m/e 374 

I - ROH 

- ROH 
m/e 347 m/e 257 R = MejSt 

Scheme 1 The non-spccdic fragmentdon of the molecular IOII m p> ranod structures 
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Scheme 3 The fragmentation of the m/r 436 Ion 

of the peak havmg in/e 305 may explam the Increased mtenszry observed m the 
hevurontc aced spectra (Scheme 3) 

The orzgms of the major fragments nz/e 20-I and 217 are non-speczfic, productlon 

of m/e 204 requzres a czrculatlon of electrons wzthm the rmg which cannot be easzly 
achzeved m furanotd structures Also produced zn thus czrculatlon, but m low 

abundance, IS the ion zzz,‘e 232 which contams the C-6 structure, and loss of a methyl 

radzcal gives rzse to the Ion nz/e 217 (Scheme 4) Thus has a structure drfferent from 
that of the Ion normally produced, and IS present as - 1% of thts peak 

The loss of the C-l umt and O-5, to produce the odd-electron Ion zzz/e 436, gzves 
a serzes of peaks characterlstlc of the hexuronlc aced derlvatlves Loss of a methyl 
radxal yzelds the Ion In/e 421, whzch subsequently produces the Ions nz/e 331 and 241 

by loss of trzmethylsllanol (Scheme 3) The major Ion zzz/e 245 can also be produced 

from this parent ion by ml,oratlon of a tnmethylsllyl ,aroup from C-4 to C-2 with 

breakage of the C-2-C-3 bond (Scheme 5) Th.zs structure for the Ion nz/e 245 IS 
confirmed by preczse mass measurement A maJor contnbutzon to this ion arlses from 
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(al $QiR 

3OR RO 
OR lQll \. +/” 

c=c - , i?” y” 
RO 

\ 
H OR 

+ “C=C, + HC, 

OR OR 
OR 

n-#/e 554 m/e 204 

I * 
m/e 539 

Mmeos 770 

@Go,c ‘72 
- m/e 204 

IbJ COzR 

+T” - i C02R 

--y+_;d--” + R”-C\c_OR + iHCO 

OR 

I-n/e 554 ,/ bR 

204 

m/e 189 

(cl COzR 

-1 

/” + “,//” 
H-C “/ ‘OR ‘OR 

OR I 
m/e 554 

OR 

m/e 232 

m/e 217 R = MqSa 
, 

Scheme 4 The formation of the fragments havmg m/e 20-I and 232 

another source, possibly through loss of tnmeth~ls~lanol from the Ion nz/e 335 
(C, zHz705S~3 as determined by precise mass measurements) which can orzgmate 
from the M - 15 Ion by loss of C-2-C-3 or C-3-C-4 

Thus group of peaks, m/e 331, 333, and 335, although of low abundance, IS 
present at greater mtensltles than m the hexose spectra Of greater structural slgmfi- 
cance IS the production of the odd-electron Ion m/e 292 whch has been found m the 
spectra of the tnmethylsllyl denvatives of aldomc” and aldanc acids’ I, followmg a 
McLafferty-type rearrangement of a tnmethylsllyl group to the carbonyl of the 
carboxyl group lz Thus interpretation cannot provide the whole explanation for such 
a structure m the case of the hexuromc acid denvatlves 

Smce the m/e 292 peak IS not found m the mass specti-a of the hexose denvatives, 
Its ongm seems to be a function of the carboxyl group The presence of a weak, 
metastabIe-ion peak at nz/e 153 8 (talc 153 9) suggests that the ongm of the ron 
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rearrangement of the molecular eon 
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m/e 292 may be the molecular ion Formatzon of the m/e 292 Ion would require 
migration of a tnm&hylsilyl group to the carbonyl of the carboxyl groclp, followed 
by either a second transfer to the nng oxygen with consequent ring-breakage, or the 
mzgratzon of a trzmethylszloxy group to the C-5 posztzon, again followed by rmg 
breakage (Scheme 6) Since both routes require two rearrangements, zt IS unhkely that 
they fully explain the hzgh abundance of thzs fragment 

The methyl ester and the methyl ester methyl glycoslde of the tnmethylszlyl ether 
of D-galacturonzc aced both produced a peak at nz/e 234 and no fragments at nz/e 292 
or 176 Thus result demonstrates that the orzgm of this fragment IS the C-5-C-6 
portzon of the molecule, and that mlgratzon, ezther of trzmethylszlyl or trzmethylslloxy 
groups, was not necessarily from the C-l positIon The absence of a peak cor- 
responding to ??z/e 118 m the spectra of the methylated uromc aced tends to support 
the hypothesis of a McLafferty rearrangement of a trzmethyls~lyl group’ 3 Alkyl 
groups have not been observed to migrate m this way, and hence the methyl groups 
would “block” the rearrangement However, metho\yl groups should be able to 
migrate, and the absence of such a mzgratzon to produce the zon nzle 11 S suggests that 
this route IS not Important The general occurrence of this fragment (nz/e 292) 
throughout the mass spectra of the hexuronzc aced derzvatzves (but not the lactones) 
1s noteworthy 

Another series of peaks, not found m the hexose spectra, occurs m the region 
nz,Ie 230-233 The fragment having ~z/e 23 1, according to precise mass measurements, 
orzgmates from the C-6 portlon of the molecule Its intensity compared to that found 
for m/e 2 17 was - I%, thus suggestmg that very httle of the fragznent l>z/e 2 17 m the 
hexose spectra arose from the C-4-C-6 region The orzgm of f)z/e 232 has ahead) been 
discussed The fragment Izz/e 233 IS thought to be formed LUI a breakdown szmtlar to 
that producng the fragment ,~r/e 204 hence zts relatzve unportance m the pyranose 
spectra as compared to the furanose A comparatzve fragmentation m the furanozd 
derlvatwe would lead to the fragment ~?z/e 13 1 (Scheme 7) The fragment zzz/e 230 N a> 

observed to be the major peak of thus group zn the furanose spectra, but was of hrtle 
Importance for the pyranose Precise mass measurements mdlcate two fragments, both 
of which could have ansen from the loss of a tnmethyisllanyl radzcal from the two 
proposed forms of the Ion nz/e 3 19 

IA-D-Galactofttramtrorttc a& (Table f) 

Many of the breakdown routes are the same for the furanose as described for 
the pyranost- The mabllztj of the furanose to form easzly the fragment NZ/C 40s causes 
a reduced mtenszty for peaks orzgmatm, = from this source, such as those having 

nz/e 393, 305, and 191 However, the productzon of l)z/e 306 was faczhtated, a peal\ 
ekplazned by the hzgher Isotopes of t?z/e 305 m the pyranose spectra Loss of the 
trlmethylsllanyl radzcal gzves rise to the very intense peak havmg nz/e 2 I7 (Scheme 8) 

An increased productron of nz/e 335 arises from the loss of the C-5-C-6 umt 
from the molecular ion, which, with a subsequent loss of the trzmethylszlanol unit, 
produces the Ion mz/e 245 The productzon of tzz/e 204 zs szgmficantly less for the 
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furanose than for the pyranose, because of a less favourable clrcuIatlon of eIectrons 
In the rln,o The products, such as a dlradlcal, are considerably less stable than the 
pyranold counterparts and hence this fragmentation IS relatwely unfavourable 0) her 
products from rmg cn-culatlon of electrons Include the ion nz/e 13 1, arlsmg from C-3- 
C-4 For the pyranose, this Ion ongmated from C-5-C-6, supportmg the cIalm of 
DeJongh et al ’ that the ion nz/c 117 for hexoses was slmllarly produced (Scheme 9). 
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Scheme 9 Structures of the fragments rr~/e 131 and 117 

TABLE 11 

CGpb 8-P 2-P B-P BP Z&P 

519 0 17 0 II 0 37 @JO 
464 0 05 0 05 00-Z 003 
449 0 96 0 97 0-U 0 54 
437 - 001 - 001 
421 0 13 0 IS 0 IS 0 IC 
40s 0 07 0 II 0 03 0 03 
352 0 02 007 - 0 06 
347 n I’ 0 11 0 13 0 13 
3:5 0 3s O-II 0 3s 0 39 
3?3 0 37 0 is 0 29 0 43 
319 c‘ 19 0 16 0 2 0 16 

305 J 61 1 II 3 OS 2 7b 

29’ 4 51 3 16 3 73 ; 67 

291 0 :I; 0 :9 0 1s 0 ‘7 
215 3 -I9 0 ‘r; 047 0 36 
243 0 15 0 16 a 16 n 21 

133 1 59 1 53 0 s9 0 9Q 
231 0 36 0 35 0 37 0 2’5 
231 0 15 0 1; 0 15 0 15 
717 1G60 1760 13 ‘0 II 70 

204 I1 70 In 60 14x I? 90 

191 4 51 -: 10 2 67 3 62 
IS9 0 59 0 6T 0 59 0 59 

0 43 
0 09 
0 74 
001 
0 17 
00-J 

- 

0 16 
0 54 
0 Y6 
0 11 

5 36 
4 91 
0 :7 

- 

1 (19 
0 79 
0 12 

17 60 
1190 

3 9-1 
0 67 

0 07 
0 17 
0 3s 

- 

0 10 
004 
00’ 
0 1s 
0 3s 
0 42 
0 30 

1 77 
I 23 
0 30 
0 33 
0 21 

011 
0 II 
@ 32 
7 53 

12 GO 
1 41 
I 05 

“Abundance of each Ion measured rslltnc to the total Ion abund,mce m rnch spectrum “p = pl r.mos~ 

The formatlon of the ron rlrje 292 can only have taken place by a McLafferty- 
type rearrangement of a trlmethylsllyl group to the carbonyl group of the carboxyl 
group through a seven- or erght-membered rmg mtermedlate, the latter bemg sterlcally 
more fa\ourable (Scheme 10) Its formatlon demonstrates that It 1s characterlstx of 
the carbolyl group The productlon of this peak was noted at slmllar mtensltles 
(N hen measured as a percentage of the total mtenslty) for each hevuromc acid, with 
the eweptlon of r-lduromc acid (Table II) This sltuatlon arIses because, In all the 
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other samples studled, the carboxyl group would have been ma&y m the equatorial 
posltlon (III the pyranose form), whereas lt would have been axially orxentated m 
L-zduromc acid. 

-R 

Scheme 10 The formalon of the fragment n~fe 291 m furanoltl structures 

B-D-Glucoficranurono-6,3-iactone (Table 111) 

In all cases studled, a molecular ion (nz/e 392) was found together with the 

M - 15 Ion (rtlje 377) of greater, relative mtenslty The normal loss of trlmethylsllanyl 
radicals (-S9) and trlmethylsllanol umts produces a series of fragments of httle 
structural Importance (Scheme 11) 

l - 

0 OR 

0 OR --rx); --‘CHx --ROH 
- m/e 377 ___c m/e 287 

0 M* 218 5 

OR 

m/e 392 

I 

-RO 

-ROH 
m/e 303 

-ROH 
- m/e 213 - m/e 123 

R = Me,S, 

Scheme 11 Non-specific fragmcntarlon of the molecular Ion for the Iactone structures 

Loss of the C-6 umt as carbon monoxide from the M- 15 Ion gives rise to the 

series of ions havmg nz/e 349, 259, and 169 (Scheme 12) The fragment ~lz/e 345 also 
arises from the loss of C-6, as carbon dloxlde from the molecular Ion This odd- 

electron Ion fragments to produce the two maJor Ions of the spectra, namely, tlr/e 230 
and 217 Because of the structure of the lactone, the orlgtn of the ?lz/e 217 fragment IS 
probably in the C-l-C-3 structure, although its productlon IS not as simple as with the 

uromc acid derlvatlves (Scheme 13) 
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TABLE III 

hfASS-SPECTRAL DATA FOR THE o-TRIhIETHYLSILYL DERIVKTIVE OF B-D-GLUCOFURANUF~ONO-6,3-L~crO~!z 

m/e Relatr~e abundance (%) m/e Relarrve abundance (%) 

392 04 204 2 0.5 

377 91 197 14 
359 04 191 21 
349 04 189 43 
347 26 177 06 
333 07 169 22 
331 03 157 15 
319 24 156 10 
305 02 149 34 
303 02 147 17s 
302 02 145 

291 12 143 El 
287 57 133 51 
285 04 131 26 
259 44 129 65 
258 10 123 07 

245 82 117 25 
243 53 113 22 
230 84 0 103 56 
217 14 1 95 03 
215 17 75 13 3 

213 37 73 100 

m/e 377 m/e 349 

wl-15)+ 

* 
Mmeas 192 2_ 

M& 1922 

RI-OR’ - &+oR 

-0 

m/e 169 

R = Me,St R’ = MeZS, 

Scheme 12 The formation of the fragment m/e 349 
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m/e 217 m/e 217 
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m/e 348 

+ H 
H + 

0 b R - )-v . 

0 RO 
OR 

OR 
m/e 274 m/e 230 

R = Me+ 

Scheme 13 The formation of the fragment m/e 230 

The major IOII of the spectra, followmg the m/e 73 Ion, IS the odd-electron Ion 

havmg nz/e 230 A metastable-Ion peak at nz/e 134 8 suggests that Its ongm hes with the 

molecular Ion The fragmentation of the molecular Ion, uw a clrcuiatlon of electrons 

round the double-nng system, produces two stable, neutral molecules as by-products 

whrch may promote this mode of breakdown (Scheme 14) FormatIon of ths Ion can 
also take place through a two-stage fiagmentatlon from the molecular Ion, through 

the fragments havmg nz/e 348 and 274 (Scheme 13) Both these ions are found m the 

mass spectra, and their fragmentation may help explam the seat abundance of the 

_ H)c_iH :‘-OR 
OEC RO HC=C 

r-n/e 392 I! \,R 
m/e 230 

Scheme 14 The formatIon of the fragment In//e 230 
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m/e 230 IOLI Its for-matron, m all of the hexuronolactone spectra studied, IS charac- 
terrstrc of these structures Fragmentation of thrs eon leads to the formatron of the 
ions m/e 215 (loss of methyl radical), 157 (loss of tnmethylsrlyl radical), and 73 
(trimethylsilyl radical) 

The loss of the C-6 unit as carbon dioxide was the basrs of the production of 
several ions, mcludmg m/e 333 from (M - 15), and m~/e 243 from (M - 15 -90) 
(Scheme 15) 
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Scheme 15 The forma&Ion of the fra_gnent m/e 319 

The formation of the ion m/e 319 was thought to arise from (M - 15), through 
loss of the C-6 umt to give rzz/e 349, followed by a rearrangement of a trimethylsilyl 
group with the loss of a formaldehyde umt Subsequent loss of carbon monoxide leads 
to the formatron of the ion nz/e 291 (Scheme 15) The other major peak normally 
found u-t the mass spectra of trimethylsilyl derivatives of monosaccharides, namely, 
the nr/e 305 fragment, was absent m the spectra of the hexuronolactones 

Many of the breakdown pathways are similar to those found by KovaciE and 
Bauerrs m then studies of the mass spectra of free o-glucuronolactone Rupture of 
the two-rmg system occurs mrtially m a similar manner, although the trimethylsilyl 
derivative undergoes many further charactenstrc fragmentations 

EXPERIhfENTAL. 

Materrals - D-Glucurono-6,3-lactone, D-glucuromc acid, D-galacturomc acid, 
and D-mannurono-6,3-lactone were commercial samples L-Idurono-6,3-lactone was 
obtamed from the 1,2-0-rsopropyhdene denvative (1 mg, kmdly provided by 
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Professor D Horton, Oh10 State Umversny, U S A ) by hydrolysis with M hydro- 
chlonc acid (1 ml) at 100” for 3 h, removal of hydrogen chlorrde by evaporatmn ztz 
uactto with aqueous sodium hydroxide m the receiver, and evaporation to dryness 
Sodmm L-lduronate was prepared by addlhon of an equivalent amount of M sodium 
carbonate to an aqueous soIutlon of L-ldurono-6,3-lactone (I mg/ml) Hexamethyl- 
dlskzane and chlorotrlmethyls~lane, sdylatlon grade, were obtamed from Pierce and 
Warrmer (UK) Ltd All solvents were dned and redlstllled 

Prepat anon of samples for mass spectronzetry - The tnmethylsllyl denvatlves 
of thz hexuromc acids and their lactones were prepared by the method previously 
described’ HevamethyIdlsllazane (100 111) and chlorotnnethylsllane (50 /tl) were 
moved and a solution of the hexuromc acid m methy sulphovlde (500 111) was added 
The resultmg, upper layer was separated, and the remammg sdylatmg reagents and 
he\amethyld&o\ane were removed by evaporation z/z vacua at 50-60” The resulting 
011 was dissolved m hexane and stored ready for analysis 

Mass spectrometry was performed with a combmed gas-chromatograph 
(Perhm-Elmer Model S81)-mass spectrometer (AEI MS 902) G 1 c runs were made 
wtth a glass, coiled column (304 cm x 5 mm) of hquld phase OV-I on Chromosorb 
oven temperature, 175’ carrter gas flow-rate, 40 ml/mm AI1 spectra were recorded 
at 70 eV, ~lth a source temperature of 220” An enhanced metastable-ion spectrum 
was obtained from the same instrument 
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