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SUMMARY: p,3,4,4-D41-prostaglandin E2 
prostaglandin Fat, 

and [3,3,4,4-D41- 
were prepared and used as carriers in 

quantitative gas chromatography-mass spectrometry. Ions 
of the protium form and the tetradeuterio form produced 
by electron impact on the effluent were monitored. Prosta- 
glandin E 

$ 
was analyzed as the diacetate of the O-methyl 

oxime of he methyl ester and prostaglandin F as the 
triacetate of the methyl ester. The method al 8wed deter- 1 
mination of picomole amounts of the prostaglandins. 

Recently a mass spectrometric method was described 

which allows quantitative determination of prostaglandin 

El (PGEl) at the nanogram level by adding p31-methoxime 

derivative of PGEl to protium-derivatized PGEl (1). The 

deuterated compound was used as carrier in the gas chroma- 

tographic separation and introduction into the mass spectro- 

meter and served as internal standard in the final measure- 

ment. 

Carriers which already contain deuterium in the parent 

compound would have distinct advantages: the deuterated 

standard could be added before any isolation and derivati- 

zation takes place and the choice of suitable derivatives 

would become broader. The present paper describes the pre- 

paration of p,3,4,4-D41-PGF2u (I) and p,3,4,4-D4]-PGE2 

(II) and their use in quantitative mass spectrometry with 

about 10 times higher sensitivity than reported earlier 

(c.f. 1). 
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Several synthetic routes are now available which may 

be used for the preparation of deuterium labeled prosta- 

qlandins (2,3). Incorporation of deuterium in the carboxy 

side chain was chosen since the deuterated moiety is 

introduced at a very late state of the synthesis and since 

this part of the prostaqlandin molecule is not lost in 

the formation of ions suitable for measurements. The 

positions C-3 and C-4 were selected because they exclude 

the possibility of proton exchange when handling the com- 

pounds. 

In Corey's synthesis of PGF2u and PGE2 the Wittiq 

reagent derived from the phosphonium salt of w-bromo- 

valeric acid is reacted with lactol III to give PGF2c- 

ditetrahydropyranyl ether, which is converted to PGF2, 

and PGE2 (4,5). 

OH 
c 

III 

[ 3,3,4,4-D4 1 
-w-bromo-valeric acid (VII) was prepared 

from commercially available [DB]-cyclopentanone (IV) 

(Merck, Sharp & Dohme, Canada, min. 98 atom % D). This 

involved base catalyzed exchange of IV at C-2 and C-5, 
Baeyer-Villiqer oxidation of the resulting [3,3,4,4-D4] 
-cyclopentanone (V) to p,3,4,4-D4]-b-valerolactone (VI) 

(6,7) and treatment of the lactone with HBr to give 
VII. (8). 
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Wittig reaction of the triphenyl-phosphonium salt 

of VII with optically active lactol III (4,5) gave 

compound VIII which was partly hydrolyzed to c 3,3,4,4- 

D4 3 
-PGF2c (I) and partly oxidized with Jones reagent 

and then hydrolyzed to [3,3,4,4-Da -PGE2 (II). 

HO5 
h.'CH2CH:CHCD2CD2CH2COOH 

VIII 

NMR and mass spectra of the deuterated compounds 

described above were in total agreement with the assign- 

ed structures. 

The mass spectrometric analysis of deuterium content 

gave for I <O.l% Do, <O.l% Dl, 0.6% D 2, 4.8% D3 and 
94.5% D4 and for II <O.l% Do, CO.13 Dl, 0.8% D2, 7.2% 
D3 and 91.9% D4. 
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Fig. 1 Mass spectrum of second isomer (syn/anti) of 
acetylated methoxime derivative of methyl 
ester of [3,3,4,4-Dd-PGE2 (c.f. ref. 9). 
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Fig. 2 Recording of ions m/e 419 and m/e 423 using 
LKB 9000 gas chromatograph-mass spectrometer 
equipped with accelerating voltage alternator 
unit. Column, 3 m x 2.5 mm i.d. 1% SE-30 on 
silanized gas chrom P. Carrier gas helium. 
Colum temperature, 250°. Electron energy, 
30 eV. 250 nanog PGE2/[D] -PGE2 derivative 
(ratio 8:lOOO) was injected. 

5 IO 15 

NANOGM/pGM D4 CARRIER 

Fig. 3 Ratios of peak areas of PGE2 and [D-j-PGE2 
derivative versus composition of in ected 4 
material. 
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PGE2 was added to b4] -PGE2 in ratios from 1:lOOO 

to 16:lOOO. After treatment with diazomethane, O-methyl 

oxime (methoxime) derivatives were prepared and acetylat- 

ed as previously described (9). The mass spectrum of this 

derivative of the carrier b3 -PGE2 is shown in fig. 1. 

The base peak, M-60 was selected for measurement on the 

basis of response and background. Aliquots of the mix- 

tures were analyzed with an LKB 9000 gas chromatograph- 

mass spectrometer equipped with the accelerating voltage 

alternating unit. A recording of intensities of ions m/e 

419 and m/e 423 after injection of about 250 nanog PGE2/ 

rb43 -PGE2 derivative (ratio 8:lOOO) is shown in fig. 2. 

The ratios of the areas of each ion were calculated and 

the ratio obtained for the [D4]-form was subtracted. A 

plot of these corrected ratios versus composition of the 

analyzed material is shown in fig. 3. The experimental 

data follow closely the theoretical line with a slope 

coefficient of 1. Since the injected amount of the carrier 

was 250 nanog the lower limit for quantitative determina- 

tion of PGE2 with the present equipment was 250 picog 

(0.7 picomole). The precision of the method determined 

by repetitive determinations was i5.9% (S.D., n=lO) for 

2.8 picomoles and t1.4% (n=lO) for 11.2 picomoles of 

PGE2. 

PGF2c was analyzed in a similar way as methyl ester 

and triacetyl derivative using [D4]-PGF2c as carrier. 

The mass spectrum of the carrier is shown in fig. 4. The 

intensities of ions m/e 314/318 were recorded (fig. 5). 

Fig. 4 Mass spectrum of triacetate of methyl ester 
of [3,3,4,4-D4]-PGF2e. 
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Fig. 5 Recording of rons m/e 314 and m/e 318. Con- 
ditions: see fig. 2. 250 nanog PGF2 /(DA -PGF2u 
derivative (ratio 4:lOOO) was injected. 
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Fig. 6 Ratios of peak areas of PGF and [D$ -PGF2u 
derivative versus compositi& of injected 
material. 

The data obtained with 250 nanog carrier is shown in fig. 

6. The precision was 27.2% (S.D., n=lO) for 1.4 picomoles 

and 21.9% (S.D., n=lO) for 5.6 picomoles of PGF2,. 

The results demonstrate that the mass spectrometric 

method described using synthetic [D4]-prostaglandins 
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allows determination of PGE2 and PGF2c at the picomole 

level with adequate precision. As will be reported else- 

where, the method has sufficient sensitivity and speci- 

ficity for analysis of plasma prostaglandins and for 

studies of enzymatic synthesis of prostaglandins in - 
vitro from endogenous precursors. 
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