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Abbrtu-lfydroxy-&diintrol and some of its derivatives have been synthesixed from adienestroldiitate 
via the r-bromo- and u-acetoxy-@dienestroldiacetate. The NMR and mass specba of these compounds and theii 
stereochemistry are discussed. Thii layer chromatopapby, gas chromatography and mass spectrometry show that 
synthetic u-hydroxy-fidienestrol is identical with a major metabolite of diethylstilbestrol. The identity is further 
substantiated by reverse isotope dilution analysis of the acctyiated metabolite. u-Aatoxy-8-dienesboldiacetate is 
shown to hove alkyiatin9 potential in the 4-(p&robenxyl)pyridii test. 

Diethylstilbestrol (DES) is a synthetic estrogen which 
has received much attention recently due to its trans- 
placental carcinogenicity (see review’). The biotransfor- 
mation of DES in several species has been studied in 
order to evaluate the role of metabolic activation for the 
toxicity of this drug.= A major metabolite of DES in 
humans, nonhuman primates and rodents is o-hydroxy- 
dienestrol, and it has been considered a potential activa- 
tion product with alkylating properties.’ 

\CH( 
1 

DES to-hydroxy-dtrstrot 

The struchue of o-hydroxydienestrol has initially 
been derived from its mass spectrum.’ In order to 
substantiate the structural assignment of this metabolite 
and to study its toxicity, synthetic u-hydroxydienestrol 
was required. In this paper we report the syntheses and 
the mass spectrometric characteristics of o-hydroxy- 
dienestrol and several of its derivatives. Evidence is 
presented that the synthetic r&ydroxydienestrol is 
identical with the DES q etabolite. In addition, the a&- 
ylation of 4 - fp - nitrobenxyl)pyridine with some of the 
compounds is described. 

Synfheses. The synthetic routes used to prepare some 
o-substituted dienestrols are shown in Pii. 1. Beaction 
of a - diinestroldiacetate 1 with a sli&t molar excess of 
N - bromosuccinimide gave, via isomerisation of the 
dienestrol, to the mono- and diimoderivatives. 
together with some non-brominated material. This mix- 
ture, without purification, reacted with silver acetate in 
ghtcii acetic acid, and the products were sepamkd by 

Abbreviations: DBS. diathylstitbssuoh NBP 4 - (p - nitro- 
benxylh~yridk NMR. nuclear maanetk m: TLC. tbin __ 
layer chromatosraphyi GC, pc l&d cbrurnato&hy;~ MB. 
mass spcctKmleuy; I-MS, @imetbylsilyl. 

chromatography on a silica gel column. Pure crystalline 
Bdienestrol diacetate 2, 0) - acetoxy - fi - diinestrol 
diacetate 3 and U,U’ - diacetoxy - /3 - diinestroldiitate 
4 were obtained. 

Beaction of the crude 0) - bromo - diinestrol diitate 
with methyl mercaptan in alkaline solution gave Q)- 
methylthio - @ - dienestrol5, which was also isolated by 
column chromatogaphy. 

The acetates 2-4 can be hydrolysed to the free phenols 
with methanolic potassium hydroxide. Thus, pdienes- 
troll was obtained in good yield and pure form from its 
dketate 2. 

The@ - acetoxy - /3 - dienestroldiacetate 3 in 
methanolic potassium hydroxide gave a mixture of the 
ailylic alcohol, 6) - hydroxy - @ - dienestrol 8, and its 
methyl ether, (u - methoxy - fl - dienestrol 7. The 
formation of the methyl ether 7, however, can he 
avoided by using sodium hydroxide in aqueous dioxane 
for hydrolysis, and pure 8 was obtained from 3 under 
these conditions. 

Stercoclremistry. The geometrical structure of 
compounds UI can be derived from their NMB data 
(Table 1). The NMB spectra of LI - dienestroldiacetate 1 
and /3 - dienestroldiacetate 2 differ considerably with 
respect to the chemical shifts of the methyl and methine 
protons (Table 1). Both spectra, however, indicate a 
symmetrical molecular structure. Since Q - dienestrol has 
been shown by X-ray crystallography to have the E,E 
co&gurationP fl - dienestrol must have the Z,Z 
co&uration. This reasoning is confirmed by the NMB 
spectrum of the third isomer, y - diinestrol, which is in 
agreement with an unsymmetrical E,Z conliguration. 
Accordin to their NMB data (Table l), compounds H 
should have the confugration of /3 - dienestrol. The 
isomerisation of the starting material, adienestroldi- 
acetate, must tahe place during the bromination reaction 
and is possibly catalyzed by bromine radicals. 

lldasJ spcctm. The mass spectra of the u-substituted 
dienestrols as obtained by GGMS analysis of theii TMS 
derivatives are shown in Fu. 2. All spectra contain a 
prominent fragment ion arising through loss of the U- 
substituetk In the case of the bromo- and methylthio- 
dienestrol,. only the sub&tent is split off, leavin3 an ion 
with m/c 409, whereas the methoxy- and trimethyl- 
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7 5 
Fig. 1. Synthesis of u-hydroxydiissstrol and some derivatives. 
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bib Ii a 
469 
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FII 2. Mass spcctm of u-hydroxydicnestrol and derivatives. 

silyloxy - diinestrol suffer the loss of an additional 
H-atom rcsultiog in ions at m/r 40% No plausible 
explanation for this substituentdependent ditlerence in 
the fragmentation can be offered at the moment. 

Comparison of synthuic o - hydmxy - /3 - dienesttvl 
with the metabolic praiuct:The metabolite of “C- 
labelled DES assumed to be 4) - hydroxy - dienestrol was 
isolated from lunnan urine and purified by TIC 
@xperimental). The mass spectrum of the metabolite 
wasobtainedbyGC_MSefouadtobeidenticalw 
of the !3ynthetic compound (FQr. 2). Furthermore, the 
radioactive metaboiite cochromatoSraphed with 
synthetic dp - hydroxy - /3 - dienestrol in TLC and GC 
under the conditions S&n in Table 1. 

The identical GC retention time is also indicative for 
stereochemical identity. Conclusive evidence that the 
DES metabolite is indeed o - hydroxy - p - dienestrol 
was obtained by a reverse isotope dilution analysis. 
Smce QI - hydroxy - /3 - dieoestrol itself does not crystal- 
lixe well, the acetyl derivative of the radioactive 
metabolite was ‘prepared and crysmllixed with synthetic 
6) - acetoxy - /3 - dienestrol diacetate 3. 8296 of the 
radioactive were found to cocrystallize with 3, and 
constant specific radioactivity was already obtained after 
the lirst crystalliition (Experimental). 

Alkylating potential. Alylic esters contain leaving 
,groups attached to an electrophllic C atom. They can 
therefore be expected to have alkylatinS potential. This 
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was tested by incubating 4 - (p - nitrobenzyl)pyridine 
with (I) - acetoxy - # - dienestroldiacetate (3) and ~,,ol’ - 
diacetoxy - @ - dienestroldiacete (4). Both compounds 
alkylate 4 - (p - nitrobenzyl)pyridine, the mono - UI - 
substituted compound 3 at half the rate of the di - o) - 
~~i~~ 4 (Fe. 3). since B - d~~s~m~ (2) did 
not give any elkytation (Pg. 3). the ~kyIati~ potential 
must be due to the allylic ester function. 

1.0 1 
Opteal density 

at 560 nm 

H ._A 

A4&oAc 
&” 

mcubatii time. hr 

Mps were taken on a Kotkr hot-block apparatus and arc not 
corrected. Silica gel 0.05-0.2 mm (70-325 mesh ASTM, E. Merck. 
Dnrmstadt. West Germany) was used foi cokmn chromato- 
graphy. TLC was car&d out on prccoatcd 25Opm silica gel 
HFzu gkss plates (E. Merck. Dsrmstadt). For GC-MS analysis, a 
Varian 2700 gar chromatograph coupled to a Varian CH 7 mass 
spcctromctcr was used. The GC column (glass. 6ft x2mm i.d.) 
was pa&cd with 3% OV-225 on GasChrom Q 100/120 mesh and 
operated at 28&w with 4Ymin and a helium flow of 38 ml/min. 
Tcmps were 260” for the injcctiin port. separator and capillary 
cotmccting tubes (all-glass system). Sampks analyzed by GC-MS 
were ~c~~~y~ with N.0 - bis - (~~~1s~~) 
acctamidc. All mass spectra wcrc taken at an ekctroff energy of 
7OeV. and were handkd with a Varian SS IO0 MS data system. 

NMR spectra were rccordcd on a Varian EM 360 Spec- 
trometer. CDCI, and &-tone containing 2% TMS as imcrnal 
standard were used as solvents. 

a - fXcncstroldiacetatc was gcncrously supplied by Kali- 
Chemk ~~. West Guy). N~~~i~~ and 
a,~’ - agile were obtained from Merck AG (Darm- 
stadt. west Germany). 

(u - Bromination of a - dienesttvhiiacetatc. a - Dkncstroldii 
acetate (1.38 mmol). N - bromosuccinimidc (48 mmol) and a,,~’ - 
axoisobutyronitrilc (0.5 g) were rcfluxcd in dry CCL (18Oml) 
u&r Ns, and illuminntcd with a rcgukr &ht bulb. After 3Ohr. 
no more starting matcrkl was found by TLC analysis. Suc- 
cinimii was removed by Sltratkn, and the solvent evaporated 
under reduced pressure to ykld a yeBow oil. which was used for 
tltc subscquctlt reactions without puri8cation. It contained ap- 
proximately 22% g - dkncstroldiitatc, 53% CI) - bromo - g - 
diincstroldiitatc and 23%. U.U’ - dibromo - g - dkncstroldi- 
acctatc, as cstimatcd from the products of the reaction with 
silver acetate. 

@ - lktcsttoldiacet~te 2. o - acetoxy - @ - dirncrrrdiacetate 
3 and IN - diacetoxy - B - diencrtnMacr)crte 4. The crude 
bromo compound (28mmol) was dissolved in elneiai AcOH 
(70 ml) and added to the suspension of silver acetate (25 mmol) in 
AcOH f3Oml). After stirrina for 20hr in the dark. the mixtum 
WCS 8ltired and the ~~~-~~ in vauw~ The nsidac 
was dissolved in bcnzcnc (1~~) and conccntratcd sapia (to 
c~~~~AcOH).~p~~t, c~~ni~~~~~s 
according to TLC, was chromatographcd on a column (50x 4 cm) 
8lled with silica gel and clutcd with bcnzenc-EtGAc 93:7. v/v. 
The 8rst comnound elutcd was crvstaliii from EtOH to vkld 
38mmol of 2. m.p. 147180 (Iits- 147180). Cak. for Cs&G, 
(350.18): C, 75.39: H, 6.33%). Found: C, 75.u; H, 6.36. 

The next zone c&cd from the cobtmn was cry&R&d from 
EtGH and gave 8.6mmo13, m.p- leo129 (Found: C. 70.41; H, 
6.07. Calc. for C&~O~ (408.19)~ C. 70.55: H, 5.93%). 

The thii zone after crvstallization from EtGH aRordcd 
4.0mmol 4, m.p. 123”. (Found: C. 67.19; H, 5.84. Cak. for 
C&& (466.21): C, 66.92; H, 5.62%). 

(u - Methylthio - @ - dientxttvl5. The crude bromo compound 
(5 mmol) in acctonc (25 ml) was added dropwisc with magnctk 
stir&g to the mixture of 0.2 N NaOH (80 ml), acctonc (40 ml) 
and methyl mcrcaptatt (3 g) at Y. Dioxanc (25 ml) was added and 
the stirring continued for 2Omin. After adjusting the pH to 6 with 
1 N HCI, the or8anic solvents wcrc rcmovcd under reduced 
pressure and the remaining phase extracted twice with ether 
(ItDml). The ether extract was washed (water), drkd (Na&&), 
and the residual product chromatographcd on a silica gel column 
with bmmcne-EtOAc 95:5. v/v. 2.8 mm01 of 3 was obtakcd as a 
yellow oil, which contained 16% of &dkncstrol accord@ to 
GC-MS analysis. The stntcturc of S is substantiated by its mass 
spectrum (Fg 2) and NMR spectrum (Tabk I). 

g - Denestrol 6. fl - Diencstroldiietate (2, Zmmol) was 
dissolved in 1 N methanolic KOH (loOmI) and neutralii with 
cont. HCI after 28 min. The ppt of KC1 was removed by 8ltration 
and the filtrate concentrated in vacno. Etbcr (180ml) and water 
(~~)~~~~~~~p~~~a~)~ 
evaporated. C~~~~n from CHAP ykldcd 1.3mmol 
B-diencstrol of 1.0. l&415” flit? 184150). (Found: C. 81.18: W. 
7.05. Calc. for C,&i,& (266.i4): C, 81.16; H, 6.82%). 

O) - Methoxy - fl - dienesttvl 1 and Y - hydmxy - p - dienesttvl 
8. Compound 3 (2 mmol) was hydrolyzed with 1 N mcthanolii 
KOH as described for g - dkncstroldiacctatc. The product 
accordin8 to TLC contained two compounds. which were 
~~ by column colony on silica gel with bcnzcnc- 
EtGAc 7:3 v/v. The first compound clutcd was 7, obtaii as a 
yellow oil in 32% yktd. The second compound, 8 (53% yield) was 
a slightly yellow. crystalline material, m.p, 5816tP. No suitabk 
solvent for recrystallization could be found, The structums of 
both compounds arc based on their NMR- and mass spectra 
(Table I, Pii. 2). 

Pure 8 witbout 7 was obtained. when compound 3 (0.2 mmol) 
was dissolved in O.SNNaGH in bowl I:1 v/v (ISml) 
for hydrolysis. After 20 mitt, the soln was brought to pH 6 with 
1 N HCI. half the solvent evaporated in uacao, and the remaining 
phase extracted twice with ether. Evaporation of the cthcr after 
washing (water) and dryii (Na#Gd left a quantitative yield of 
8, which was bomo8mmous in TLC and as TMSdcrivative in 
GC. 

RctKnc isotope dads ~afysis. The DES metabolim 
assumed to bc o - hydroxy - dicncstrot was obtained as previously 
descrii4 from the urinary gltkuronidc fraction of humans who 
had ingested r4Cc-DES of spccifk radiiactivity 0.25 mCi/mmol. 
The ether extract of the glucuronidc fraction after cnzymk 
hvdrolvsis was subicct to TLC in svstcm B (Table 1) and the 
r&ioa&vc zone co&spondii to u -hydroxy - dicncstrol clutcd 
with EtGAc. An amount of metabolite cootaining 708 X Id dpm 
t4C (c~cs~~ to ~~~~y 350 p8 material) was rcac- 
ted with AC@ (108 &I) and pyridkc (2g cl) for 30 min at 609 
EtGH (5 ml) was added and the mixtmc concentrated to dryness 
under reduced prcssurc. Part of tbc acetylatcd product was 
analyzed by TLC and migrated lii 3 in system B (Table I). 
I80 mg of synthetic 3 was then added to the acctyktcd mctabol- 
itc and the mixture crystalliid from EtGH. The specific 
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radiooctivities of the mate&t obtained from two consecutive 
crystattiitions were 4750 and 479odpm/mg. Quantitative anaty- 
sia showed that 8296 of the fadtttivitv extracted from the TLC 
wne is 01 - hydroxy - fl- diitrol. 

A/kywon of 4 - @ - nir&wlzyt)pyridinr (NBP). The test 
compound (2 pmot) was diisolved in 3 ml acetone, and 6 ml 
0.1 M Tris/HCt p&r pH 7.4 and IO ml NBP sola (2% in ethylene 
gtycol) were added. lncuba& was car&d out in a water bath at 
7(P. Atiquots (3 mt) were taken at vartous tbner. cookd to v. and 
mixed with 2.5 ml Uiethylpniabacetoae I : I. v/v. The absorption at 
560 nm was measured exactty 2 min after addtng the amine. 
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