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GAS C H R O M A T O G R A P H Y - M A S S  SPECTROMETRY OF 

O - M E T H Y L O X I M E  DERIVATIVES OF P R O S T A G L A N D I N S  

KR1STER GRI~EN 
Department oJ ,~ledt~al Chennstr~, Rolal ketermarl (ollege, Sto~hhohn, Sueden 

O-meth~doxlme trlmethylsllyl ether denvahves and O-meth)loxlme acet)l derlvat~es of 
prostaglandlns containing a fl-ketol system In the five membered ring and in some cases 
an additional keto group m the side chain have been found to be stable during gas 
chromatography GLC data obtained under different conditions are presented The mass 
spectrometric fragmentation of the compounds has been investigated using derivatives 
deuterated in the methyl ester group, the methoxlme group, the trlmethylsflyl ether groups 
or the acet~l groups The molecular ion can generally be seen Ehmmatlons characteHsUc 
for tnmethylsllyl ether and acet)l derivatives were observed and m addition /?-cleavage 
at the methoxlme group The latter reachon ~as in some cases accompanied b~r transfer 
of hydrogen to the charge retaining ion and loss of CH30 from the methoxlme group 
These reactions are of value for determination of location of keto groups and of the nature 
of substltuents 

T h e  use  o f  m e t h o x ~ m e  d e r l v a n v e s  o f  s t e ro id  k e t o n e s  m gas  c h r o m a t o -  

g r a p h y  a n d  m a s s  s p e c t r o m e t r y  was  i n t r o d u c e d  by  Fales  a n d  L u u k k a m e n  

in 19651) T h e s e  d e n v a t w e s  h a v e  s u b s e q u e n t l y  been  w~dely used in s t e ro id  

w o r k  ", a) 

P r o s t a g l a n d l n s  o f  the  P G E - t y p e  posses s  a f l -ketol  sys tem,  w h i c h  is 

s u s c e p t i b l e  to  d e g r a d a t i o n  u n d e r  c o n d i t i o n s  e m p l o y e d  m gas  c h r o m a t o -  

g r a p h y  T h i s  d e g r a d a t i o n  c a n  be p r e v e n t e d  by  c o n v e r s i o n  to a m e t h o x l m e  

d e r l v a t w e  T h e  p r e s e n t  r e p o r t  de sc r ibe s  gas  c h r o m a t o g r a p h m  a n d  m a s s  

s p e c t r o m e m c  s tud ie s  o f  O - m e t h y l o x l m e  ( .MO) d e r i v a t i v e s  o f  a n u m b e r  o f  

p r o s t a g t a n d m s  as  m m e t h y l s f l y l  e t h e r s  ( T M S )  or  a c e t a t e s  (Ac)  T h e s e  de r iva -  

t ives  h a v e  r ecen t l y  b e e n  used ex tens ive ly  in o u r  l a b o r a t o r y  in s tud ies  o f  the  

b i o s y n t h e s i s  4) a n d  m e t a b o h s m  5 7) o f  p r o s t a g l a n d m s  

The abbre',iatlons used are 
MO TMS derlvatwe, O-methyloxlme trmaethylsllyl ether derivative 
MO Ac derivative, O-methyloxime acetyl derivative 
Prostaglandtn El, PGE1, I la, 15-dlhydroxy-9-ketoprost-I 3-cnolc acid, 
Prostaglandm Ez, PGEz, 11 ",, 15-dlhydroxy-9-ketoprost-5,13-dmno~c acid, 
1 l-dehydro-PGF1 ,, 9 ~, 15-dlhydroxy- 11-ketoprost- 13-enolc acid, 
dlhydro PG El, 11 ~, 15-dlhydroxy-9-ketoprostanolc amd, dmor-PGEh 9 ~, 13-dthydroxy-7- 
ketodmorprost-11-enolc acid, 
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Materials and methods 

Pt eparatlon o / O - m e t h  v/o.~ mw tt mwthy/sll),l  ettwr clet/ ~ att yes 

100 to 200 Itg of the prostaglandlns were dissolved m 0 3 ml of methanol 

and treated with dlazomethane in ether After evaporation, the methyl ester 
was dissolved in 0 2 ml of pyrldlne containing 5 nag of methoxyamme- 
hydrochlorlde (Eastman Organic Chemicals, Rochester 3, New York) The 
solution was kept in a stoppered test tube in a desiccator overnight 20 lfl of 

trlmethylchlorosdane and 40 l~l of hexamethyrdlsllazane were added and the 
mixture was left for an addmonal hour in the desiccator The sample was 

evaporated to dryness with an Ol] pump and the residue was dissolved rn 

carbon disulfide before inJection into the gas chromatograph 

Preparatton o /O-methv lo '~mw acetate derl~atlve~ 

100 to 2001tg of methyl esters of the prostaglandlns were dissolved in 
0 2 ml pyrldlne containing 5 mg metboxyamlne hydrochlorJde The reaction 
m~xture was left at room temperature over night and evaporated to dryness 
The residue was extracted three t~naes with 0 5 ml of ether and the ether 
phases were conabrned and evaporated to dryness The O-methyloxlme 

methylester denvahve was dissolved In 0 3 ml of pyrldlne and 0 3 ml of 
acetic anhydride was added The reaction mixture was left over night at room 

temperature After addition of ice, the solution was acidified and extracted 
with ether three times The ether solution was washed with small volumes of 

0 2 N hydrochloric acid, 10"o sodium bicarbonate and distilled water until 
neutral reaction and was then evaporated to dryness The residue was 

dissolved m carbon disulfide before inJection into the gas chromatograph 

Pt epat at/on o/ methyl-d 3-ester det / van ve 

The prostaglandln was treated with dlazomethane and the methox~nae 

derivative was prepared as described above for the MO--Ac  derivatives The 
methyl ester O-methyloxrme was treated with 025 ml of 05  N NaOC2H~ 

(prepared by treatrng tetradeuteromethanol, E Merck AG Darmstadt, with 
sodium) and left for 10 rain at room temperature The solution was acidified 
with I ml of 0 3 N HCI and extracted with ether three times The ether 

phase was washed with water until neutral reaction and evaporated to dryness 
The residue was dissolved in 0 2 ml of dry pyrldlne and the Ac or TMS deriva- 
tive was prepared according to the procedures described above 

Preparanon o/ O-meth) ]-d3-o'~mw dol~attl'es 

MO Ac and MO TMS derivatives of the methyl ester of the prostag- 
landln were prepared using methoxyamlne hydrochlortde labelled with 
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deuterium in the methyl group The methoxyamme hydrochlonde was 
prepared 7) by treatment of potassium hydroxylamlne dlsulfonate with 
deuterium labelled methyl Iodide (Stohler Isotope Chemicals, 99 5°° 2H, 
Montreal) 

Prepalatlon o/ O-meth ~ lo wine tr;methyl-dg-~tlyl ether dett vatt yes 

The methyl ester MO-denvatlve was prepared as described above for 
MO -TMS derivatives To the pyndme solution was added 40 Itl of m -  
methyl-d9 chlorosllane (Merck, Sharp & Dohme, Montreal, Canada) and the 
test tube was allowed to stand for two hours at room temperature After 
e~aporatlon to dryness the residue was dlssol,ced m carbon disulfide before 
injection into the gas chromatograph 

Preparat;on ol O-methylo wine a~ etyl-d 3-det ; vat; ~ es 

The standard procedure described above was followed using deuterium 
labelled acetic anhydride (Acetic Anhydride-do, Merck, Sharp & Dohme, 
Montreal, Canada) 

Compounds 

The M O - - T M S  derivatives of the methyl esters of PGE l, PGE 2 and I I- 
dehydro-PGF1, were prepared PGE~ and PGE 2 were crystalline and only 
one spot appeared when the purity was checked on TLC using system AII s) 
1 t -dehydro-PGF~,  an isomer of PGEI4), gave a single spot on TLC 

The MO Ac derivatives were prepared from the methyl esters of dlhydro- 
PGEj,  PGE 1 PGEz, l l-dehydro-PGFl~,  dmor-PGE1, ll:~-hydroxy-9,15- 
dlketo-prostanolc acid, 9c~-hydroxy-7,13-dlketo-dmorprostanolc acid, 7~- 
hydroxy-5,1 l-diketo-tetranorprostanolc acid Dlhydro-PGE l was prepared 
by catalytic hydrogenation of PGE l and uas  then purified on reversed phase 
par tmon chromatography 9) The compound gave one spot ~hen tested on 
TLC using plates impregnated with silver nitrate system All s) The l l~- 
hydroxy-9, 15-dlketo-prostanolc acid was synthesized by oxidizing PGE~ with 
manganese dioxide in chloroform and subsequent catalytic hydrogenation 10) 
The compound was pursfied by reversed phase par tmon chromatograph.~ 
and s~hclc acid chromatography The dlnor and tetranor homologues ~ere 
prepared by incubating I I~-hydroxy-9,15-dlketo-prostano~c acid with a 
preparation of rat hver mltochondna and were ~solated as previously 
described 5) The three dlketo compounds gave each one spot on TLC using 
plates impregnated w~th silver nitrate and solvent system, ethyl acetate, 
benzene, acetic acid 2,2,4-mmethyl pentane, water, 80 30 10 30 100 

Dmor-PGE~ was prepared by incubating PGE1 m a rat liver homogenate 
It was purified by reversed phase partition chromatography and slhclc acid 
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chromatography ~) and gave one single spot on TLC using system All 8) 

Solvents 

The ether, (Anhydrous ether, Analytical reagent Malhnckrodt), carbon 

disulfide and methanol, (Pro analysl, Merck, Darmstadt) were used without 

further purification The pyndlne (Analytical reagent, Malhnckrodt) was 
d~stllled from and stored over KOH pellets Acetic anhydride (Pro analysl, 
Merck Darmstadt) was dlshlled before use 

Ga~ ~ hromatography 

An F & M Biomedical Gas chromatograph model 400 was used The 
carrier gas (mtrogen) flow was 60 ml per minute and the inner diameter of the 

columns was three mm The column packings with I% NGS, 2"o Epon 100l 

and 1'~o OV-1 as stationary phases were purchased ready for use from Apphed 
Science Laboratories, Inc,  State College Pa, while the Se-30 (F & M 

Scientific corporahon, Avondale, Pa) and OV-17 (Apphed Science Lab Inc ) 

were apphed on sllamzed Gas Chrom P (100-120 mesh) as described by 
Homing et al H) The flash heater and detector were kept at a temperature 
20-30 °C above that of the column 

M~xtures of normal saturated fatty acid methyl esters were used as 
standards and diagrams were constructed by plotting retent|on t~mes on 
a logamhmlc scale versus the number of carbon atoms of the acid (C-values) 
on the linear scale The retention t~mes of the derivatives were converted into 
"C-values" using these diagrams (cf 9) 

Mas~ spectrometry-mass spectra were obtained with the combined gas 

chromatograph mass spectrometer, LKB 9000, equipped with a 1 °" SE-30 

column The electron energy was 22 5 eV and the trap current 60 llA 

Results and discussion 

Gas-hqtud ~ hromatogt aphy 

Gas chromatographic data on the MO--TMS and MO Ae derivatives 
of some prostaglandms are hsted m table 1 A typical run is shown m fig I 
All mono-methoxlmes, except the MO--Ac  derJvahve of l I-dehydro-PGF~ ~, 

gave rise to two well separated peaks That the appearance of two peaks m the 
gas chromatogram was not due to impurities was mdzcated by the finding that 

PGEz gave the same proportions of isomers (1 3) before and after recrystalh- 
zahon six hines Furthermore, the mass spectra recorded on the two GLC 
peaks of the derivatives mveshgated mainly show Intensity differences It is 
therefore assumed that the two peaks observed are due to syn and antx 
isomers (cf z, 3) 
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Fig 1 

o_ 
u3 

c~ 

o 5 1o 15 

PETENTION T~4L 
MI~ U~-E c 

Gas chromatogram of the MO -TMS denvaUve of the meth~,l ester of PGE2 
obtained on a 1 °o SE-30 column at 185 C 

When the derivatives conta in ing two O-methyloxlme groups were chro- 

matographed on a OV-17 or Epon 1001 column,  all four isomers tended to 

separate (table 1), but it was not possible to obtain complete separat ion 

between the two isomers in the first and second parr Two well separated 

but assymmetrlc peaks were obtained when the same derivatives were run 

on OV-1 and NGS columns Separation of geometric isomers was similar on 

an SE-30column (see table 1 ) When the M O - - A c  derivatives o f P G E I ,  PGE2, 

l l - dehydro -PGFl ,  and dlnor-PGE~ were chromatographed on a 1°o NGS 

column they gave broad and distorted peaks indicating degradation on the 

column 

M a s s  spec trometry  

MO T M S  clerlvanve~ 

The mass spectra of the MO TMS denvatwes of PGE 1, PGE 2 and l l -  

dehydroPGFi~ are shown in fig 2, 3 and 4 respectively Some of the mass 

spectrometric data have been summarized in table 2 Derivatives of PGE~ 

and PGE 2 perdeuterated m the methyl ester group, the methoxlme group 
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Mass spectra recorded on the first (upper spectrum) and second (lower spectrum) 
GLC peak of the MO-TMS-denvat l~e  of the methyl ester of PGE1 

and m the TMS groups, were prepared m order to facilitate the mterpretatron 
of  the mass spectra 

In the mass spectra of  the denvatwe  of  PGE~ (fig 2) the molecular ~on 

(m/e 541)and lonsdue  to ehmmat lons  o f C H 3  (M-15),  OCH 3 (M-31),  ( C H 2 )  ¢ 

-CH 3 (M-71),  T M S O H  (M-90)  and combinat ions  of  these i e M - ( 9 0 + 3 1 )  
and M - ( 9 0 + 7 1 )  are seen The experiments wtth deuterium labelled denva-  

twes  showed that the ehmmaUon of  31 is due to loss of  O C H  3 from the 
methyl  ester or the methox lme  groups However  this is not the case ~ l th  the 
ion appearing at m/e 420 (M-(90 + 31 )) where 31 is derived exclusively from 
the methox lme  group 

The ion appeanng at role 368 (M-173) is due to two types of  ehmmat lons  
The experiments with deuterated derivatives showed that this ion ms formed 
either with retenUon or ehmmat lon  of  O C H  3 m the ester group, and one 
T M S O H  group On the other hand the methoxy  group of  the methox lme  
was always lost The Ion at m/e 368 might therefore be formed partly by 
e h m l n a u o n  of  the side chain attached to C-8 and OCH 3 from the methox lme  
group m a Me Lafferty type of  rearrangement w~th transfer of  hydrogen 
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Fig 3 Mass spectra recorded on the first (upper spectrum) and second (lower spectrum) 
GLC peak of the MO TMS-derl~an,,e of the methyl ester of PGEz 

from C-6 to the mtrogen and partly by ehmmatlon of carbons 9, 10 and I1 
wnh the methox]me group and one TMSO group The ion at m/e 308 (M-233) 

is presumably formed by ehmmatlon of the C-8 side chain (143) and TMSOH 
whde the 1on at m/e 297 most hkely results from loss of the s~de chain 
attached to C-12 (199) and the methoxJme group (45) Formation of the ions 

at m/e 225, 199 and 173 revolves loss of the methyl group of the methyl 
ester, the methox]me group and one TMS group as shown by experiments 
with deuterated denvatwes The ions at m/e 199 and 173 seem to be due 

to the C-12 side chain and (TMSO-CH-(CH2)4-CH3)* respectively 
The spectra of the derivative of PGEz (fig 3) show the molecular ~on 

(m/e 539) and ions due to elimination of 15, 31, 71, 90, (90+31), (90+71) as 
discussed above Ehmmat]on of (CH2)3-COOCH3 (101) and the complete 
C-8 side chain (141) gl,es ions at m/e 438 and m/e 398 respectively and 
add~honal loss of 90 gives ions at m/e 348 and 308 The spectra recorded on 
the deuterium labelled derivatives indicate that ehmmatmn of the C-8 side 
chain minus one hydrogen (140) and OCH3 (31) from the methoxlme group 



O - M E T H Y L O X I M E  D E R I V A T I V E S  O F  P R O S T A G L A N D I N S  263 
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Mass spectra recorded on the first (upper spectrum) and second (lower spectrum) 
GLC peak of  the MO -TMS-denvat lve  of  the methyl ester of 1 l -dehydro-PGF~,  

gives the ,on at m/e  368 The ton at m/e  366 (M-173) might partly be due to 
el imination of  carbons 9-11 as discussed above for the denvatwe  of  PGEI 

However,  m the upper spectrum (fig 3) an ion at m/e 365 (M-174) IS also 
seen The deuterium experiments ~how ehmlnatmn of  CH3 from the meth- 
ox lme group and one TMS group The ehmJnatlon of  244 (m/e 295) and the 
ions at m/e 225, 199, and 173 have been discussed above 

The postulated losses of  the C-8 side chain are supported by the appearance 
ot the resulting ~ons at the same m/e value for the derwatwes  of  both PGE l 

and PGE 2 (cf table 2) 
The mass spectra of  the M O - T M S  derivative of  1 l -dehydro-PGFl~ are 

shown in fig 4 Both Isomers s h o w a  molecular ion at m/e 541 and ions formed 

by e h m m a h o n  of  15 (m/e 526), 31 (m/e 510), 71 (m/e 470), 90 (m/e 451), 
90 + 3l (m,e  420), 90 + 71 (m/e 380), 199 = 45 (m/e 297) and ~ons at r o l e  199 
and m/e  173 all of  whxch have been discussed abo~e The ion at m/e  367 
(M-174) might be due to ehmlnatlon of  the C-8 side chain (143) and OCH 
from the methox~me group 
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MO-Ac derlvattves 

T h e  M O - A c  d e r w a h v e s  were  p r e p a r e d  f r o m  t h e  m e t h y l  es te r s  o f  d~hydro-  

P G E i ,  P G E 1 ,  P G E 2 ,  l l - d e h y d r o - P G F z , ,  d m o r - P G E 1 ,  l l c~-hydroxy-9 ,15-  

d l k e t o - p r o s t a n o J c  ac id ,  9 7 - h y d r o x y - 7 . 1 3 - d l k e t o - d m o r p r o s t a n o l c  ac id  a n d  

7~-hydroxy-5 ,1  l - & k e t o - t e t r a n o r p r o s t a n o ~ c  ac id  T h e  m a s s  s p e c t r a  r e c o r d e d  

o n  these  d e n v a t w e s  a re  s h o w n  m figs 5 - 1 2  a n d  s o m e  mass  s p e c t r o m e t r i c  

d a t a  a re  s u m m a r i z e d  m t a b l e  3 In o r d e r  to  f a c d l t a t e  t he  m t e r p r e t a h o n  o f  

the  m a s s  spec t r a ,  d e r i v a t i v e s  o f  PGE~ a n d  P G E  2 d e u t e r a t e d  m the  m e t h y l  

es te r  g r o u p ,  t he  m e t h o x t m e  g r o u p  o r  m the  acetyl  g r o u p s  were  p r e p a r e d  

T h e  m a s s  s p e c t r a  o f  the  d e r i v a t i v e  o f  PGE~  (fig 5) s h o w e d  t he  m o l e c u l a r  

xon (m/e  481)  a n d  ions  d u e  to  e h m m a t l o n  o f  31 (m/e  450),  60 (m/e  421)  a n d  

T A B L E  3 

Mass spectrometric data on MO Ac derlvatwes of methyl esters of prostaglandms A the side chain 
acetox~ group m this chain C the methyl end side chain 

Origin of mass spectrum M M-31 M-60 

Peak I 
Peak I I 
Peak 1 
Peak 11 
Peak 
Peak I 
Peak II 
Peak I 
Peak Ii 
Peak 1 

Peak 11 

Peak I 

Peak II 

Peak I 

Peak II 

M- M-  

( 6 0 -  31) 2 60 

Dlhydro PGE1 483 452 423 392 
Dihydro PGE1 483 452 423 392 
PGE1 481 450 421 390 
PGEI 481 450 421 390 
I 1-dehydro-PGFx, 481 450 421 390 
PGE2 479 448 419 388 
PGE~ 479 448 419 388 
dmor PGE1 453 422 393 362 
dmor PGEj 453 422 393 362 
11 a-hvdroxy-9,15- 
dlketoprostanolc acid 468 437 408 377 - 
11 ~-hydroxv-9,15- 
dmketoprostanolc acid 468 437 408 377 - 
9 ~-hyd roxv-7,13- 
dJketodmorprostano~c 
acid 440 409 380 349 - 
9 ~-hydroxy-7,13- 
d~ketodmorprostanolc 
acid 409 380 349 - 
7~-hydroxy-5 11 
&ketotetranor- 
prostanolc acid 412 381 352 321 - 
7 ~-hydroxy-5.1 I- 
d~ketotetranor- 
prostanmc acid 412 381 352 321 

M- M-  

(120+ ( A - I +  
31) 60) 

363 332 281 
363 332 28l 
361 330 279 
361 330 279 

- 330 - 
359 328 279 
359 328 279 
333 302 279 
333 302 279 
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c o m b i n a t i o n s  o f  these,  VlZ 31 + 6 0  (m/e 390), 2 x 60 (m/e 361) a n d  2 x 6 0 + 3 1  

(m/e 330) The  loss o f  31 is due  to  loss  o f  O C H  3 f r o m  e i the r  the  me thy l  es te r  

o r  the m e t h o x J m e  g roups ,  and  the  loss  o f  60 is due  to  e l i m i n a t i o n  o f  acet ic  

acid The  ion at  m/e 362, xs f o r m e d  by e l i m i n a t i o n  o f  ace t ic  ac id  (60) a n d  an  

acetyl  radical  (59) Ions ,  which  p r o b a b l y  are  f o r m e d  by loss  o f  the  C-8 side 

cha in  minus  one  h y d r o g e n  (142) are  seen at  m/e  279 ( M - ( 1 4 2 + 6 0 ) )  a n d  m/e 
219 ( M - ( 1 4 2 + 2 x 6 0 ) )  The  son at  m/e  188 is m o s t  hke ly  due  to  a d d i t i o n a l  

e h m l n a t l o n  o f  O C H  3 (31) f r o m  the  m e t h o x l m e  g r o u p  T w o  m e t a s t a b l e  ions  

at  m/e  a b o u t  172 a n d  161 s u p p o r t  this  f r a g m e n t a t m n  s e q u e n c e  The  runs a t  

m/e  279, 219 a n d  188 are  a lso  seen in the  mass  s p e c t r u m  o f  P G E 2  w h e r e a s  

c o r r e s p o n d i n g  runs o f  d l h y d r o - P G E ~  a p p e a r s  at  m/e  281, 221 a n d  190 

The  C-8 side cha in  m i n u s  one  h y d r o g e n  (142) and  the  C-12 side cha in  (169) 

containing the carbomethoxy group B = the methyl end s~de chain of denvatwes containing one 
of derwatwes containing one methoxlme group m this chmn 

M -  

(A z- 60) 

M -  M -  
M -  M -  M -  M -  M -  M -  M -  

( A - I  -" (A-I 
( A - I +  (A% 120 k (A-1 + (56+ (31 +71 ( A - l +  (C t 3l M- --'60 

120) 120) 31) B) 31) +45) ~31) ~ 15) (C+60)  +31) 

278 

221 - 190 170 
221 190 170 
219 - 188 170 

- - 188 170 

219 218 188 170 
219 218 188 170 
219 - 188 170 
219 - 188 170 

- - - 381 321 295 266 252 235 

. . . .  381 321 295 266 252 235 

- - - 353 293 295 238 224 235 

. . . .  353 293 295 238 224 235 

- - - 325 265 210 196 - 

. . . . .  325 265 - 210 196 - 
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Fig .5 Mass spectra recorded on the first (upper) and second (lo~er) G L C  peak of the 
M O  A¢ derlvatl'~e of the methyl ester of PGE] q-he scale is enlarged ten hines abo'~e 

m,'e 449 

are probably both ehmlnated during the formation of the ion at m/e 170 since 

this ion is common for all the monomethoxlme acetates in th~s study except 

the derivative of l l-dehydro-PGFl~ 
The derivative of PGE2 (fig 6) shows a fragmentation pattern similar 

to that of PG E1 The ]ons appearing at m/e 279, m/e 219, role 188 and m/e 170 
are common for the derlvat]ves of PGEI and PGE 2 indicating elimination 

of the C-8 side chain as discussed above The 1on at m/e 218 Is probably 
formed by ehmlnatton of the intact C-8 side chain and two molecules of 

acetic acid 
The mass spectrum of the derivative of 1 l-dehydro-PGFl= (fig 7) shows 

eliminations similar to those of PGEL However, the ions appearing at m/e 
350, m/e 290 and role 278 are umque for 1 l-dehydro-PGFl= The first ion 
(m/e 350) is probably formed by loss of the pentyl group (71) of the C-12 
side chain and acetic acid (60) and gives rise to the ion at m/e 290 by additional 
ehmmatmn of acetic acid The intact C-8 side chain (143) and one molecule 
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of  aceUc acid (60) are p robab ly  lost when the ion appear ing  at m/e 278 is 

formed 

The mass spectra  of  the derivative of  d thydro-PGE~ (fig 8) are very 

s lmdar  to those of  PGE~ showing ions at m/e values two mass umts above the 

cor respond ing  ~ons m the spectra  of  PGE~ However ,  the ion a p p e a n n g  at 

m/e 170 ]s c o m m o n  for PGE I and d l h y d r o - P G E  1 as well as for PGE 2 indica- 

t ing e h m m a t m n  of  the C-12 and C-8 side chains as dtscussed above  

The mass spectra  of  d lnor  PGE~ are shown m fig 9 The f r agmenta t ion  

pat tern  of  th~s compound  ~s s~mdar to that  of  PGE~, w~th most of  the 

ions appear ing  at m/e values which are 28 mass umts  lower However,  the 

Ions at role 279, m/e 219, m/e 188 and m/e 170 which are formed by e h m m a -  

hon  of  the ca rbomethoxy  smde chain are c o m m o n  for the mono-me thox lme  

acetates m th~s study except d~hydro-PGE~ 

The spectra  o f  the denvahve  of  1 l~-hydroxy-9,15-d~keto-prostano~c acid 

are shown m fig 10 The molecular  ~ons (m/e 468) and ~ons due to e h m m a h o n  
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Fig 8 Mass spectra recorded on the first (upper) and second (lower) GLC peak of the 
MO Ac derlvatwe of the methyl ester of dlhydro-PGE1 The scale is enlarged ten t]rnes 

above m/e 449 
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Fag 9 Mass  spectra recorded on the first (upper) and second ( lo~er)  G L C  peak of the 
M O  Ac derivative of the meth31 ester of dmor-PGE1 The scale Js enlarged ten hines 

above role 399 

o[ 31 (m/e 437), 60 (m/e 408) and 60+31 (role 377) are present The ion at 
m/e 381 is probably formed by cleavage between C-16 and C-17 (fi-cleavage) 
and transfer of hydrogen from C-18 (z-transfer) to the mtrogen atom of the 
methoxlme group and ehmmatlon of the OCH3 group (31) from the methox- 
1me This fragmentation which rs seen for all dv-methoxlmes in this study, 
is of  great diagnostic value for locating a methox~me group The ion at m/e 
321 is presumably formed by ehmmatlon of 3t (OCH3), 71 ((CH2)4-CH3) 
and one methox~me group (45) Loss of the C-8 side chain minus one hydrogen 
(142) and one methoxy group (31) gives rise to an zon at m/e 295 and ad&- 
tlonal loss of 60 forms the ion at m/e 235 The C-12 side chain (156) is most 
hkely ehmmated when the Ions at m/e 266 (M-(156+31 + 15)) and m/e 252 
(M-(156+ 60)) are formed The mass spectra of the derivatives of 9~-hydroxy- 
7,13,-&keto-dmorprostanolc acid and 7c¢-hydroxy-5,1 l-drketo-tetranorpro- 
stano~c acid are shown in figs 11 and 12 respectively and some pertinent data 
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Fig 10 Mass spectra recorded on the first (upper) and second (lower) GLC peak of the 
M O -  Ac derivative of the methyl ester of 1 la-h.',droxy-9,15-dlketoprostanom acid The 

scale ts enlarged ten t~mes above m/e 4 4 9  

have been summarized In table 3 The mass spectra of the C,s and C,6 homo- 
logues show several ~ons which appear at m/e values which are 28 and 56 
mass units respectwely below corresponding ~ons in the spectra of the C/o 
homologue These ~ons are due to ehmmatlons revolving a methoxy group, 
acetic acid, a methox~me group, the terminal five or four carbon atoms and 
the complete methyl end side chain (see table 3) 

However, the ~ons at m/e 295 and 235 are common for both the C,8 and 
C20 derlvaUves These ions are presumably formed by ehmmatlon of the 
side chain containing the carbomethoxy group except for one hydrogen 
which is transferred to the charge retaining part of the molecule The failure 
of the C16 derivative to undergo a s~mllar rearrangement is presumably due 
to the proximity of the carbomethoxy group to the hydrogen to be transferred 
In the mass spectra of the Cj~ derivative an ~on Js seen at m/e 234 instead 

The present work demonstrates the usefulness of methoxtme der|vattves 
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Fig 11 Mass spectra recorded on the first (upper) and second (lower) GLC peak of the 
MO Ac den~ahve of the methyl ester of 9,~-hydroxy-7,13-d~keto-dlnorprostanoJc ac,d 

The ~cale ~s enlarged ten times above m/e 419 m the lo~er spectrum 

for analysts by gas chromatography and mass spectrometry of prostaglandms 
containing keto groups With these derivatives extenswe thermal degradahon 
can be avoided and on electrone ,mpact the molecular ion is generally seen 
The mass spectra provide reformation on the nature or functional groups, 

the locahon of the methoxlme group(s) and the nature of substltuents 
attached 
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The scale is enlarged ten times above m/e 399 
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