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SUMMARY 

Aldosterone is simply and rapidly converted at room temperature into cyclic 
20,21-methae- and 1-butaneboronate derivatives. Analyses by gas-liquid chromato- 
graphy-mass spectrometry (GLC-MS) in each instance afford a single chromato- 
graphic peak for which ekctron impact and chemical ionization mass spectrometric 
data are reported. Complete derivatization is indicated by a comparison of the field 
desorption mass spectra of aldosterone and aldosterone methanebotonate. The new . 
derivatives provide a convenient means of characterization of aldosterone by GLC- 
MS. 

INTRODUCTION 

Aldosterone (11&2l-dihydroxy-3,2O-dioxo4pregnen-18-a1). can exist in several 
tautomeric forms. In the original reports on the structure anq properties of aldo- 
steronex*z, the hydroxy-aldehyde form (1) and the 18 :l l-hen&c&al (2) were recog- 
nized. The occurrence of the 18 :11,20-acetal 20:18-hemiketal form (3) in solution 
was indicated by infrared spectrometr$. The structure and stereochemistry shown 
in (4) were later established for a crystalline monohydrate of aldosterone by the X- 
ray crystallographic work of Duax and Ha~ptman~. These workers suggested that 
the stability of this tautomer might lead to its persistence as an important form in 
solution, and a study by nuciear magnetic resonance spectroscopy has co-ed the 
preponderance of (3) in CDCIJ solutions. Protection of the 20,21-dial grouptig in 
(3) by the formation of cycl_c acetals has been reported, e.g., the tiizetonide (5) is 
obtained by exchange with acetone ketaI$. 

Cyclic alkaneboronates are readily obtained under mild conditio& from a wide 
range .of 1,2- and 1,3-dials’, and the value of these derivatives for gas-phase char- 
acterization of various corticosteroids has been demonstrated in detaiIsX1. In par- 
ticular, l%hydroxy-ll-deoxycorticosterone (18,21-dihydroxy4pregnene-3,2O-dione) 
readily afforded a 20,21-meffianeboronate useful for gas-phase characterizatiorW3. 
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4 5 X= C(CH3)2 

6 X=BCH3 

7 X = B(CH2)3CH3 

We describe here the preparation of analogous cyclic boronates derived from the 
tautomeric form (3) of aldosterone, and discuss their possible utility in relation to 
other characteristic derivatives of the hormone*. 

EXPERIMENTAL 

Materials 
Aldosterone 21-acetate was a gift from Professor C. H. Robinson. Methane- 

boronic acid was obtained from Alfa Inorganics (Ventron-Hicol, Rotterdam, The 
Netherlands) and I-butzneboronic acid from Gallery (Callery, Pa., U.S.A.). 

Methods 
Aldosterone 21-acetate was hydrolysed with methanolic potassium hydrogen 

carbonate according to the procedure of Simpson et al-l. Micro thin-layer chroma- 
tograbhy on- silica gel using chloroform-ethyl acetate (1 :l), indicated complete 
hydrolysis. Cyclic boronate derivatives were prepared by dissolving aldosterone in 
ethyl acetate or pyridine and addition of the appropriate boronic acid (1.1 molar 
proportions). Pyridine was removed under a stream of nitrogen and the product dis- 
solved in ethyl acetate immediately prior to analysis. Gas-liquid chromatographjr 
(GLC) was performed using a Pye 104 instrument equipped with a glass column 
(2 m x $5 mm I.D.) packed with 1% OV-1 on Gas-Chrom Q (100-120 mesh) with 
nitrogen (40 ml/min) as carrier gas. 

Electron impact (EI) and chemical ionization (CI) mass spectra were obtained 
during gas-liquid chromatography-mass spectrometry (GLC-MS) on a DuPont 21- 
490F instrument, fitted with a glass column similar to that used for GLC. The ion 
source temperature was 240” and the electron energy was 20 eV (El) or 70 eV (Cl). 

* An oral presentation of part of this work was given at the Mass Spectrometry Group meeting, 
<=rudiff, Great Britain, September 1977. 
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Isobutane and methane were used as CI reagent gases at pressures adjusted according 
to an empirical method described elsewhere=. 

Field desorption (FD) mass spectra were obtained using a Varian-MAT 731 
instrument with a combined EI/FD source. Samples were applied to the FD emitter, 
in ethanol (aldosterone) or ethyl acetate (aldosterone methaneboronate), using a 
microlitre syringe. Spectra were recorded at an emitter current of approximately 15 
mA. The ion source temperature was 200”. 

GLC analysis of the products of methaneboronate and n-butaneboronate 
formation, after a reaction time of 5 min, indicated a single peak in each instance. 
No change in response was observed after longer reaction times, and the products 
are ascribed structures (6) and (7), respectively. 

Retention data for methane- and butaneboronates are given in Table I. EI 
(20 eV) mass- spectra, recorded during GLC-MS, showed extremely complex frag- 
mentation patterns (Table I)_ Intense molecular ions were observed: for the methane- 
boronate, the exact mass was determined as m/e 384.21072 (calculated for C,H&05: 
m/e 384.21079). Base peaks corresponded to the loss of a CH202 fragment [methane- 
boronate: m/e 338.20503 (calculated: m/e 338.20531)]. Isobutane CI mass spectra were 
very simple cable I) ; similar results were obtained with methane as reagent gas. 
Protonated molecular ions, NH]+, were the base peaks; ions [MH - H,O]+ were 
also prominent. 

TABLE I 

GAS CHROMATOGRAPHIC AND MASS SPECl-ROMETRIC (ELECTRON IMPACT AND 
CHEMICAL IONIZATION) DATA FOR CYCLIC BORONATE ESTERS OF ALDOSTERONE 

Derivative Reterztfon Electron impact (20 eV) ~QSS Isobutane chemical ionisarion 
index’ spectrum * * mass spectrum” 

M’- Other ions”’ kfw+ Orher ionsg 

Methaneboronate (6) 3 170 384 338 111 162 339 131 385 384 386 367 383 _ 
(6% (1W (46) (38) (37) (36) (100) (37) (27) (21) (7) 

163 323 I48 383 149 
(35) (32) (32) (30) (30) 

1-Butaneboronate (7) 3450 426 380 153 356 397 191 427 428 409 426 408 

w ww (68) (43) (40) (38) (100) (38) (32) (26) (5) 
254 379 284 281 217 

(37) (34) (33) (32) (32) 

* OV-1 liquid phase; 270”. 
l * IOrE secorded as m/e (relative intensity). 

l ** 10 most abundant ions (above m/e SO) otkr tbn mokcular ion. 
a All other ions <above m/e 70) of relative intensity > 5 %_ 

Evidence for complete conversion of aldosterone into ‘the cyclic boronate de- 
rivative was obtained by comparison of the FD mass spectra- of aldosterone and 
aldosterone methaneboronate (Table II). Aldosterone afforded a spectruq with a 
prominent molecular ion (m/e 360) and protonated molecular ion (m/e 361), together 
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TABLE -LI 

FIELD DESORPTION MASS SPEaROMETRIC DATA FOR ALDOSTERONE AND 
ALDOSTERONE METHANEBORONATE 
Ions recorded as m/e (relative irgensity). 

Compsmd MH+ Other ions’ 

Mdosterone 361 329 343 330 360 
(47) (100) (34) (27) (22) 

362 342 
(13) (11) 

Aldsterone methaneboronate (6) 385 386 384 28.5 387 
(loo) (41) (26) (21) (11) 

* All other ions (above m/e 60) of relative intensity ) LO %. 

with fragment ions of m/e 343 ([MH - H20]+) and m/e 329 ([M - CH,OH]+). The 
FD mass spectrum of aldosterone methaneboronate included the protonated mo- 
lecular ion, m/e 385, as base peak. No peaks attributable to free aldosterone were 
observed. A prominent ion of m/e 285 was present; the absence of a signScant isotope 
peak at m;le 284 indicated that fragmentation involved loss of a boron-containing 
moiety. The ion is attributable to scission adjacent to the boronate ring with loss 
of a CH,BO,CH,CO fragment from the protonated molecular ion. An analogous 
fragmentation has been observed in the EI mass spectrum of 18-hydroxydeoxy- 
corticosterone methaneboronate”. 

DISCUSSION 

The first attempts at the analysis of aldosterone by GLC were based on its 
conversion into the 18,21_diacctate lo Unfortunately, this derivative readily undergoes . 
transformation during GLC, with loss of one acetate gro~p*~~~~. A more satisfactory 
derivative is the 18 :11,21-acetal, obtainable by acid-catalysed dehydrationl: this in- 
ternally protected non-hydroxylic compound is stable to GLC?‘, and has the ad- 
vantages of low molecular weight and reconvertibility into aldosterone. The 3-enol 
heptafluorobutyrate of this internal acetal has been applied to the determination of 
aldosterone in plasma and urine 18-*0. Horning and Maumezl observed the formation 
of multiple products from trimethylsilylation* of aldosterone: the 3,20-c&O-methyl- 
oxime 18,21-diheptafluorobutyrate and the corresponding di-0-methyloxime di-tri- 
methylsilyl ether were more satisfactory, and the doublet peak (apparently from two 
isomers) of the latter derivative has been applied in the analysis of aldosterone?. 
Aldosterone 21-acetate can be conveniently characterized by GLC of the products 
obtained by methoximation followed by trimethylsilylation21~~~ There appear to be 
no other reported aldosterone derivatives for GLC that retain the intact structure 
of the hormone. Many of the most practical methods for the determination of 
aldosterone are based upon its degradation to the 21~norlactone, first applied to GLC 
by MeritP, and subsequently used for clinical determinations with electron-capture 
detection+5~26, or less sensitively with flame-ionization detectiorP: the 3-enol hepta- 
fiuorobutyrate provides enhanced sensitivity in electron-capture GLC==_ 

* A di-trimethylsiIyl ether has been applied in analysis~of urinary~aldostcrone by GLC-MS”. 
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Table 111 shows the principal properties of the derivatives briefly surveyed 
above, together with data for .the methaneboronatq and l-butaneboronate. The chief 
advantages of the I&&X types of derivative are -;he simplicity zuid, rapidity of their 
formation under very mild conditions; their stability to GLC in which they afford 
single, well defined peaks ; the abundance of their molecular ions and of the (M - .46) 
ions under electron i&pact; and the extreme simplicity of their isobutane CI ma& 
spectra. 

TABLE III 

DERIVATlVES FOR GAS-PHASE CHARACFERIZATION OF ALDOSTERONE 

Derivarive’ MoLwt. Retention Column Mass spectrometric References 

index . temp. dnta (electron 
- (“C) impact) 

eV Base M* _ 
peak (%I’ 

18:11,21-Acetzl 342 2975” 225 35 284 60 17, 18 
18:11,21-Acetal3-enol HFB 538 35 53s loo 1s 
3,20-D&O-methyloxime 

18,21-d&TMS ether 562 3173, 180-200 70 459 21, 22 
3214” 

3,20-Di-G-methyloxime 
IS-TMS ether 2l-acetate 532 l * 

Z%*- 
225 70 459 tl 21,23. 

Methaneboronate 384 270 20 338 69 This work 
I-Butaneboronate 426 3450”’ 270 20 380 81 This work 
21-NorIactone 328 30 284 60 27 
21-Norlactone 3-enol HFB 524 30 

* HFB = Heptafluorobutyrate; TMS = trimethylsilyl. 
* - SE-30. 

-*- ov-101. 

These features make the cyclic alkaneboronates of aldosterone convenient for 
qualitative characterization of the hormone, although the derivatives share the lim- 
itations of other corticosteroid boronates in respect of quantitative applicationss-‘l. 
For the determination of aldosterone and its congsners in biological fluids the elegant 
methods of Breuer and SiekmannZO are at present the most satisfactory procedures 
that have been based on derivatives produced without degradation of the moleculai 
structure of the substrates. 

ACKNOWLEDGEMENTS 

We are grateful to Professor C. H. Robinson (Johns Hopkins University 
School of Medicine, Baltimore) for a gift of aldosterone 21-acetate. The DuPont 21- 
490F mass spectrometer was provided by MRC grant G973/346/C. Further financial 
support was provided by MRC through a project grant (G973/67O/C) to C.J.W.B. 
and Professor W. A. Harland (Glasgow) and by the Tenovus Organisation (Cardiff). 



336 S. J. GASKELL, C. J. W. BROOKS 

1 S. A_ Simpson, J. F. Taic k Wettstein, R Neher, J. van Euw, 0. S&&&r and T. Reichstein, 
Helv. Chim. Actu, 37 (1954) 1163. 

2 S. A Simpson, J. F. Taic A. Wettstcin, R Ncher, J. van Euw, 0. ScbindIer and T. Reicbstein, 

Llelv. C&n. AC&J, 37 (1954) 1200. 
3 E. A. Ham, R E. FHarman, N. G. Brink and L_ FL Sarett, J. Amer. Chem. Sot., 77 (1955) i637. 
4 W. L. Duax and H. Hauptnxq J. Amer. C&VIZ- Sot., 94 (1972) 5467. 
5 P. Genard, M. Palem-Vliers, J. Denoel, H. van Cauwenbcrge and W. Eechaute, J. Steroti B&T- 

&em_, 6 (1975) 2Gl. 
6 R Gardi, R. Viti and A. Ercoli, J. Org. C&n., 28 (1963) 1440. 
7 C. J; \y_ Brooks and J. Watson, C&m. Comnuuz., (1967) 952. 

8 C. J. W. Brooks and J. Watson, in C. L. A. Harboum (Editor), Gas Chromatography 1968, 
Institute of Petroleum, London, 1969, p_ 129. 

9 C. J. W. Brooks and D. J. Harvey, J. C/zromarogr, 54 (1971) 193. 
10 C. J. W. Brooks, B. S. Middleditch and D. J. Harvey, Org. Mass Spectrom., 5 (1971) 1429. 
11 T. A. Baillie, C. J. W. Brooks and B. S. MiddIed&& Anal. C&m_, 44 (1972) 30. 
12 ‘S. J. Gaskell, C. G. Edmonds and C. J. W. Brooks, Anal. Let& 9 (1976) 325. 

-_ 

13 C. J. W. Brooks, C. G. Edmonds and S. J. Gaskell, MVQIC_ MQZS Spectrom-, 7 (1978) 1578. 
14 H. H. Wotiz, I. Naukkarinen ad H. E. &IT, jun., BiocJzim. Biophys. Acta, 53 (1961) 449. 

- 15 B. Kliman and D. W. Foster, Anal. Biochem., 3 (1962) 403. 
16 B. Kliman, in M. B. Lips&t (Editor), Gas Chromatography of Sferoi& irr BioIogical FIukIs, Plenum, 

New York, 1965, p. 101. 
17 C. J. W. Brooks, Proc. Ass. C/in. Biochem., 2 (1963) 153. 
18 L. Siekmanq B. Spiegelhalder and H. Breuer, 2. An&. Chem., 261 (1972) 377. 
19 L. Siekmann, J. Steroid Bib&em., 5 (1974) 727. 
20 H. Brcuer and L. Siekmann, J. Steroid Biodrem., 6 (1975) 685. 

21 E. C. Homing and B. E Maume, J. Chromutogr. Sci., 7 (1969) 411. 
22 M. Prost and B. F. Maume, in A. Frigerio (Editor), Mass Spectrometty in Biochemishy and 

Medicine, Raven Press, New York, 1974, p_ 139. 
23 C. J. W_ Brooks and J. A. Zabkiewicz, in C. X. Gray (Editor), Hormones in Bfood, Vol. 2, 

Academic Press, New York, 1967, Ch. III, p_ 51. 
24 I. Merits, J. Lipici l&s., 3 (1962) 126. 
25 J. P. Rapp and K. B. Eik-Nes, Annl. B&&em., 15 (1966) 386. 
26 k Aakvaag, Clin. Chim. Acta, 34 (1971) 197. 
27 ‘A. Salokangas and I-I. Adlercreutz, Ann. Med. Exp. Biol. Fete., 46 (1968) 158. 

28 D. ExIey and J. Chamberlain, Steroids, 10 (1967) 509. 
29 G. L. Nicolk and J. L. Gabrilove, J. Clin. Endoctiirol., 29 (1969) 1519. 
30 P. A. .Mason and R Fraser, J. Emiocnirol., 64 (1975) 277. 
31 L. Siekmann, H. 0. Hoppen and H. Breuer, 2. Anal. Chem., 252 (1970) 294. 


