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Five dehydrated compounds obtained from a tert-buwldimethylsilylchloride/imidazole or an aqueous hydrochlo- 
ric acid treatment of 17a-butyl-3-O-methyl estradiol in refluxing solvent were purified and characterized. Three 
compounds were obtained from a direct vicinal proton elimination, the two others from a vicinal elimination after 
migration of methyl-18. Depending on the treatment, the proportions of dehydrated compounds are different. In 
addition, a general proJile of experimental conditions providing a similar mixture of dehydrated compounds was 
also established for this steroid-hindered 17fS-tertiar3' alcohol. (Steroids 61:349-353, 1996) 
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Introduction 
During our work related to the synthesis of antiestrogens 
and inhibitors of 17[3-hydroxysteroid dehydrogenase, we 
introduced several types of side chains at position 17a of 
estradiol. ~ For these steroidal derivatives bearing a tertiary 
alcohol, we observed a relative instability in the acidic 
conditions that lead to the formation of a mixture of com- 
pounds. A similar mixture was also obtained when this fam- 
ily of compounds was submitted to an excess of tert- 
butyldimethylsilylchloride (TBDMS-C1) and imidazole in 
refluxing dimethylformamide (DMF). Because it is gener- 
ally necessary to pursue the functionalization of the 17c~ 
side chain or modification of the tertiary alcohol group, it is 
important to understand the chemical reaction involved in 
this process. In the present study, we report the purification 
and the characterization of compounds obtained during a 
TBDMS-Cl/imidazole or aqueous HC1 treatment of 17c~- 
butyl-3-O-methyl estradiol in refluxing solvent and the 
identification of some experimental conditions that cause 
the formation of this mixture of compounds. 

Experimental 

General procedure 

Thin-layer chromatography (TLC) was performed on 0.20-mm 
silica gel 60F254 plates, and 230-400-mesh ASTM silica gel 60 
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was used for flash column chromatography. IR spectra were re- 
corded on Perkin-Elmer 1600 (series FTIR) spectrophotometer and 
were expressed in cm -z. 2H and t3C NMR spectra were recorded, 
respectively, at 300 and 75.47 MHz on a Bruker AC/F 300 and are 
reported in ppm (G) downfield from residual CHC13 as reference 
(7.26 and 77.00 ppm). Carbon assignments were confirmed by 
homonuclear correlated spectroscopy (COSY), distortionless en- 
hancement by polarization transfer (DEPT), heteronuclear shift 
correlation (HETCOR), correlation spectroscopy via long-range 
couplings (COLOC), and nuclear Overhauser effect (NOE) experi- 
ments. 5~6 However, assignments identified by an asterisk are un- 
certain. Mass spectra were recorded with a Hewlett-Packard spec- 
trometer. Electron-impact high-resolution mass spectra (El/ 
HRMS) were recorded at the Centre Rrgional de Spectromrtrie de 
Masse (Universit6 de Montr6al, Montrral, Canada). The high- 
performance liquid chromatography (HPLC) apparatus was a Wa- 
ters associates unit including a model 600E pump controller, a 
model 991 photodiode array detector or a model 441 absorbance 
detector, and a reverse-phase column. 

Synthesis o f  1 7a-butyl-3-O-methyl estradiol (3) 

To a solution of 300 mg (1.056 mmol) of 3-O-methyl estrone (1) 
dissolved in dry tetrahydrofuran (THF) (30 mL), 8.6 mL (13.76 
mmol) of n-Buli (1.6 M) was added dropwise at -78°C, and the 
mixture was allowed to rise slowly to 4°C. After 20 h, the reaction 
mixture was cooled at -78°C, and 5.3 mL (5.3 mmol) of LiAIH4 
(I.0 M) was added. After 2.4 h, the excess LiAIH 4 was carefully 
destroyed with water before the addition of HC1 (10%) and ex- 
tracted with EtOAc. The organic phase was washed with brine, 
dried over MgSO 4, and evaporated under reduced pressure. The 
crude product was purified by flash chromatography with hexane/ 
EtOAc (90:10) as eluent to give 165 mg (55%) of 3-O-methyl 
estradiol (2) the re-duced form of the starting material) and 138 
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mg (38%) of 17~x-butyl- 17[3-hydroxy-3-methoxy-estra- 1,3,5(10)- 
triene (3). White solid; IR v (film): 3475 (OH, alcohol), 2935 and 
2870 (C-H, aliphatic), 1610, 1575w and 1500 (C=C,  aromatic), 
1465 (CH2), 1255 (C-O, ether); JH NMR 5 (CDC13): 0.90 (s, 3H, 
CH 3-18), 0.95 (t, J = 7.1 Hz, 3H, CH2CH3), 2.86 (m, 2H, CH2-6), 
3.78 (s, 3H, CH30 ), 6.63 (d, J = 2.7 Hz, 1H, CH-4), 6.71 (dd, Jl 
= 2.7 Hz and J2 = 8.7 Hz, 1H, CH-2), 7.21 (d, J = 8.7 Hz, 1H, 
CH-1); 13C NMR $ (CDCI3): 14.27 (C-4'), 14.33 (C-18), 23.38 
and 23.59 (C-3' and C-15), 25.83 (C-2'), 26.35 (C-11), 27.50 
(C-7), 29.84 (C-6), 31.60 (C-12), 34.39 (C-16), 36.47 (C-I '), 39.66 
(C-8), 43.78 (C-9), 46.63 (C-13), 49.46 (C-14), 55.16 (CH30), 
83.40 (C-17), 111.41 (C-2), 113.78 (C-4), 126.26 (C-I), 132.71 
(C-10), 137.97 (C-5), 157.42 (C-3); MS m/e (rel. intensity): 342 
(M +, 100), 324 (19), 295 (25), 267 (26), 242 (53), 227 (83); El/ 
HRMS: calculated for C23H340 2 (M +) 342.2559, found 342.2553. 

Treatment of compound 3 with TBDMS-Cl-imidazole 
in refluxing DMF 
To 62 mg (0.181 mmol) of 17et-butyl-3-O-methyl estradiol (3) 
dissolved in dry DMF (8 mL, HPLC grade), imidazole (123 mg, 
1.809 mmol) and TBDMS-C1 (136 mg, 0.902 mmol) were added, 
and the mixture was heated to reflux. After 12 h, the same amounts 
of reagents were added. After a total of 28 h, the mixture was 
poured into diethylether, and the organic phase was washed five 
times with water, dried over MgSO4, filtered, and evaporated un- 
der reduced pressure. The residue was purified by flash chroma- 
tography with hexane/EtOAc (98:2 to 90:10) as eluent to give 36.4 
mg (59%) of starting alcohol 3 (Rf = 0.13, hexane/EtOAc, 90:10) 
and 19.6 mg (33%) of dehydrated compounds 4-8 (R e = 0.54, 
hexane/EtOAc, 90:10). 

Treatment of compound 3 with 1N HC1 in 
refluxing MeOH 
To 40 mg (0.117 mmol) of 17et-butyl-3-O-methyl estradiol (3) 
dissolved in MeOH (10 mL), 1N HC1 (2.4 mL) was added, and the 
solution was heated at reflux for 11 h. Water was then added, 
MeOH was evaporated under reduced pressure, and the residue 
was extracted with EtOAc. The organic phase was washed (water 
and brine), dried over MgSO4, filtered, and evaporated under re- 
duced pressure. The residue was purified by flash chromatography 
with hexane/EtOAc (95:5) as eluent to give 26.8 mg (71%) of 
dehydrated compounds 4--8 (Rf = 0.54, hexane/EtOAc, 90:10). 

HPLC of dehydrated compounds 4-8 
Analysis. The fractions of dehydrated compounds obtained by 
TBDMS-C1 and HCI treatments (one spot on silica gel TLC; hex- 
ane/EtOAc 90:10; Rf = 0.54) were analyzed by HPLC to afford 
chromatograms I and II of Figure 2. The equipment included a 
Waters apparatus, an ultraviolet detector (210 nM), and a C-18 
NovaPak column (3.9 x 150 mm), with MeOH/HzO/CH3CN 
(30:15:55) as eluent at a flow rate of 1.0 mL/min. 

Separation. The fractions of dehydrated compounds obtained in 
both treatments (TBDMS-C1 and HC1) were combined and sub- 
mitted to preparative HPLC. The equipment included a Waters 
apparatus, an ultraviolet detector (280 nM), and a C-18 NovaPak 
6 ~m column (25 x 100 mm), with MeOH/H20/CH3CN (30:15: 
55) as eluent at a flow rate of 15 mL/min. In a typical procedure, 
about 20 mg of dehydrated compounds was dissolved in eluents 
and injected into the column. The compounds corresponding to 
each peak (A-D) were recovered, and the solvents were evapo- 
rated under reduced pressure. After several injections, peaks A-D 
were combined and the corresponding compounds were character- 
ized. 

Peak A. (Z)-lT-(Butenyl)-3-methoxy-estra-l,3,5(10)-triene (4). 
Colorless oil; IR v (film): 2930 and 2855 (C-H, aliphatic), 1610, 
1577w, and 1500 (C=C, aromatic), 1460 (CH2), 1255 (C-O, 
ether); ~H NMR ~ (CDC13): 0.90 (s, 3H, CH3-18 ), 0.91 (t, J = 7.3 
Hz, 3H, CH2CH3), 2.86 (m, 2H, CH2-6), 3.78 (s, 3H, CH30 ), 5.06 
(t, J = 7.4 Hz, 1H, CH-I'),  6.63 (d, J = 2.7 Hz, 2H, CH-4), 6.71 
(dd, Jt = 2 .7HzandJ2  = 8.6Hz, lH, CH-2) ,7 .21(d ,J  = 8.6 
Hz, 1H, CH-1); 13C NMR ~ (CDC13): 13.97 (C-4'), 17.46 (C-18), 
23.87 (C-3'), 24.11 (C-15)*, 26.98 (C-11)*, 27.56 (C-7), 29.71 
(C-16)*, 29.89 (C-6), 31.54 (C-2'), 37.41 (C-12)*, 38.43 (C-8), 
43.81 (C-9), 44.51 (C-13), 55.21 (CH30), 55.26 (C-14), 111.46 
(C-2), 113.77 (C-4), 120.09 (C-I'), 126.25 (C-l), 132.90 (C-10), 
138.00 (C-5), 149.34 (C-17), 157.43 (C-3); MS m/e (rel. intensity): 
324 (M +, 100), 309 (8.8), 281 (59), 173 (100), 147 (91), 107 (43); 
EI/HRMS: calculated for C23H32 O (M +) 324.2453, found 
324.2448. 

Peak B. (E)-17-(Butenyl)-3-methoxy-estra-l,3,5(10)-triene (5). 
Colorless oil; IR v (film): 2925 and 2870 (C-H, aliphatic), 1610, 
1575w, and 1500 (C=C,  aromatic), 1465 (CH2), 1255 (C-O, 
ether); tH NMR ~ (CDCI3): 0.79 (s, 3H, CH3-18 ), 0.91 (t, J = 7.3 
Hz, 3H, CH2CH3), 2.87 (m, 2H, CH2-6), 3.78 (s, 3H, CH30 ), 5.02 
(m, 1H, CH-I'),  6.64 (d, J = 2.6 Hz, 2H, CH-4), 6.72 (dd, J~ = 
2.7 Hz and J2 = 8.6 Hz, 1H, CH-2), 7.23 (d, J = 8.6 Hz, IH, 
CH-1); t3C NMR $ (CDCI3): 13.77 (C-4'), 19.12 (C-18), 22.87 
(C-3'), 24.07 (C-15)*, 26.47 (C-16), 26.74 (C-11)*, 27.69 (C-7), 
29.91 (C-6), 30.55 (C-2'), 36.24 (C-12), 38.72 (C-8), 43.90 (C-13), 
44.26 (C-9), 53.72 (C-14), 55.19 (CH30), 111.42 (C-2), 113.81 
(C-4), 116.27 (C-I'), 126.28 (C-I), 133.02 (C-10), 138.05 (C-5), 
151.82 (C-17), 157.43 (C-3); MS m/e (rel. intensity): 324 (M ÷, 
100), 309 (14), 281 (69), 173 (63), 147 (41), 107 (26); EUHRMS: 
calculated for C23H320 (M +) 324.2453, found 324.2449. 

Peak C. (Major component, 85%): 17ct-butyl-17[3-methyl-3- 
methoxy-18-nor-estra-l,3,5(10),13(14)-tetraene (7). Colorless oil; 
IR v (film): 2925 and 2855 (C-H, aliphatic), 1610, 1575w and 
1500 (C =C, aromatic), 1458 (CH2), 1255 (C-O, ether); JH NMR 

(CDCI3): 0.89 (t, J = 7.1 Hz, 3H, CH2CH3), 0.99 (s, 3H, 
CH3-18 ), 2.91 (m, 2H, CH2-6), 3.78 (s, 3H, CH30), 6.66 (d, J = 
2.5 Hz, 1H, CH-4), 6.72 (dd, J1 = 2.6 Hz and J2 = 8.5 Hz, 1H, 
CH-2), 7.26 (d, J = 8.5 Hz, 1H, CH-I); 13C NMR ~ (CDC13): 
14.20 (C-4'), 22.32 (C-12)*, 23.55 (C-3'), 25.60 (C-18), 26.82 
(C-11)*, 27.03 (C-2'), 27.29 (C-7), 30.07 (C-6), 30.47 (C-15)*, 
36.01 (C-I')*, 39.52 (C-16)*, 40.03 (C-8), 41.34 (C-9), 49.16 
(C-17), 55.18 (CH30), 111.19 (C-2), 113.90 (C-4), 125.88 (C-I), 
133.03 (C-10), 136.09 (C-14), 140.83 (C-13), 138.32 (C-5), 157.52 
(C-3); MS m/e (tel. intensity): 324 (M +, 100), 309 (14), 281 (67), 
173 (62), 147 (4l), 107 (26); EI/HRMS: calculated for C23H320 
(M ÷) 324.2453, found 324.2450. 

Peak C. (Minor component, 15%): "17a-butyl-1713-methyl-3- 
methoxy-18-nor-estra-l,3,5(10),12-tetraene" (8). IH NMR 
(CDCI3): 0.89 (t, J = 7.1 Hz, 3H, CH2CH3), 1.02 (s, 3H, CH3-18), 
2.91 (m, 2H, CH2-6 ), 3.78 (s, 3H, CH30), 5.37 (m, IH, CH-12), 
6.62 (dap p, 1H, CH-4), 6.72 (dd, Jl = 2.6 Hz and J2 = 8.5 Hz, IH, 
CH-2), 7.19 (d, J = 8.6 Hz, IH, CH-1); 13C NMR 8 (CDC13) 
(partial assignment): 14.20 (C-4'), 22.23, 23.55 (C-3'), 27.21 (C- 
7), 28.03, 28.77, 29.69 (C-6), 32.78, 38.47, 39.06 (C-8), 42.57, 
43.14 (C-9), 44.08 (C-17), 48.26 (C-14), 55.18 (CH30), 111.94 
(C-2), 113.38 (C-4), 115.06 (C-12)*, 127.62 (C-I), 132.77 (C-10), 
138.09 (C-5), 152.57 (C-13)*, 157.23 (C-3). 

Peak D. 17-Butyl-3-methoxy-estra-l,3,5(10),16-tetraene (6). Col- 
orless oil; IR v (film); 2926 and 2853 (C-H, aliphatic), 1610, 
1575, 1500 (C =C, aromatic), 1464 (CH2), 1255 (C-O, ether); JH 
NMR ~ (CDCI3): 0.78 (s, 3H, CH3-18), 0.93 (t, J = 7.2 Hz, IH, 
CH2CH3), 2.88 (m, 2H, CH2-6), 3.78 (s, 3H, CH30 ), 5.31 (S,pp, 
1H, C-16), 6.64 (d, J = 2.6 Hz, 1H, CH-4), 6.71 (dd, Jl = 2.7 Hz 
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and J2 = 8.5 Hz, IH, CH-2), 7.20 (d, J = 8.6 Hz, 1H, CH-1); ~3C 
NMR ~ (CDC13):14.05 (C-4'), 15.83 (C-18), 22.68 (C-3'), 26.55 
(C-I1), 26.79 (C-I')*, 27.85 (C-7), 29.79 (C-2"), 29.86 (C-6), 
30.85 (C-15), 34.73 (C-12)*, 37.51 (C-8), 44.47 (C-9), 46.90 (C- 
13), 55.20 (CH30), 56.40 (C-14), 111.37 (C-2), 113.87 (C-4), 
120.92 (C-16), 125.99 (C-I), 133.20 (C-10), 138.10 (C-5), 156.16 
(C.17), 157.42 (C-3); MS m/e (rel. intensity): 324 (M ÷, 100), 309 
(67), 267 (73), 173 (94), 147 (35), 135 (21), 107 (14); EI/HRMS: 
calculated for C23H320 (M +) 324.2453, found 324.2450. 

Study of conditions giving dehydrated compounds 

Microassays were performed to establish the experimental condi- 
tions that produce the mixture of dehydrated compounds. In a 
typical assay, about 10 mg of 17a-butyl-3-O-methyl estradiol (3) 
was dissolved in solvent (5-6 mL), and the reagent(s) (1 mL of 
solution or neat) were added (Table 1). The mixture was stirred at 
room temperature and, if no reaction was seen again, at reflux. 
TLC was performed in hexane/EtOAc (90:10) after 1, 4, and 18 h 
at each temperature, and products were correlated with starting 
alcohol 3 (Rf = 0.13) and the dehydrated mixture of compounds 
4--8 (Rf = 0.54). The progression of reaction was indicated by the 
following letters: N (no reaction, only starting alcohol), P (partial 
reaction, both starting alcohol and dehydrated compounds), and T 
(total reaction, no starting alcohol). 

Results and discussion 

Characterization of compounds obtained during 
TBDMS-Cl/imidazole or HCI treatment 

The first step in the characterization of compounds resulting 
from the instability of steroid-hindered 1713-tertiary alco- 
hols was the synthesis of starting alcohol 3. Thus, the butyl 
group was directly introduced to position 17 of 3-O-methyl 
estrone (1) using n-butyllithium in THF to give 17et-butyl- 
3-O-methyl estradiol (3) (Figure 1). To make the chromato- 
graphic separation of alcohol 3 from residual 3-O-methyl 
estrone (1) (very similar Rf on silica gel-TLC) easier, an 
additional reductive step (LiAIH4) was performed, trans- 
forming 1 to the more polar 3-O-methyl estradiol (2) with- 
out affecting 3. 

When the tertiary alcohol 3 was submitted to TBDMS-CI 
(5 eq), imidazole (10 eq) in DMF, no reaction occurred at 
room temperature. However, a less polar spot (on TLC) 
gradually appeared in the refluxing solvent. After 28 h, we 
obtained 33% of a mixture of dehydrated compounds and 
59% of starting alcohol 3 (no TBDMS derivative was ob- 
served). HPLC analysis with a reverse-phase column of the 
less polar fraction (Figure 2, I) clearly showed four peaks 
(A: 4%, B: 49%, C: 24%, D: 23%). The same peaks (A-D) 
were obtained when alcohol 3 was submitted to aqueous 
HCI treatment. In this case the reaction was completed after 
refluxing 11 h and HPLC analysis (Figure 2, II) indicated 
different proportions of peaks (A: 1%, B: 21%, C: 73%, D: 
5%) than others reported above. 

The separation of dehydrated compounds (peaks A-D), 
which is not possible on normal phase flash silica gel chro- 
matography, was performed by reverse-phase HPLC, and 
all peaks were analyzed by IR, ~H NMR, X3C NMR, and 
mass spectroscopy. Figure 1 shows the five dehydrated 
compounds with their corresponding peaks. The formation 
of compounds 4 (peak A) and 5 (peak B) can be explained 
by the elimination of a proton on the C-I '  of the butyl 
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i CH30 

Z, 

4 (peak A) 5 (peak B) 6 (peak D) 

Figure 1 Synthesis of 17c~-butyl-3-O-methyt estradiol (3) from 
3-O-methyl estrone (1) and its transformation to dehydrated 
compounds 4-8. The reagents and experimental conditions are: 
{a) 1. n-BuLl, THF; 2. LiAIH4, THF; (b) TBDMS-CI, imidazole, DMF, 
reflux; (¢) 10% HCI (v/v), MeOH, reflux. 

group. The lower energy E-configurated compound 5 (21% 
and 49% according to treatment) was favored, whereas a 
small amount (1% and 4%) of Z-isomer (compound 4) was 
observed. The E and Z configurations were determined on 
the basis of NMR data of CH 3-18 and H-vinylic. 7 9 ThUS, 

for 313-acetoxypregna-5,17(20)-diene, 7 the chemical shifts 
of CH 3-18 and H-vinylic are 0.92, 5.13 ppm and 0.76, 5.06 
ppm, respectively, for the Z and E isomers. According to 
these data, the peak A compound with signals at 0.90 and 
5.06 ppm corresponds to the Z isomer, and the peak B 
compound with a signals at 0.79 and 5.02 ppm corresponds 
to the E isomer. Peak D contains only one compound, which 
corresponds to C-16 and C-17 unsaturated compound 6. 
This compound results from the elimination of vicinal pro- 
ton on steroidal backbone. Nuclear Overhauser effect dif- 
ference experiments confirmed the structure of compound 
6. In these experiments, irradiation of vinylic signal (CH- 
16) showed three effects on 2', 15et, and 1513 protons. 

Peak C showed two compounds by NMR (7: 85% and 
8:15%); these compounds resulted from the Wagner- 
Meerwein rearrangement of tertiary alcohol. After the for- 
mation of a carbocation at C-17, the vicinal methyl at C-13 
underwent a migration to C-17, followed by elimination of 
a proton, giving 7 (major compound) and 8 (minor com- 
pound). Herein, the methyl shift is stereospecific, since the 
group migrates on the side of the ring system on which it is 
located (from 1313 to 1713). 1° Such rearrangement is well 
known, and steroids similar to 7 were already reported, 
making the characterization easy. ~ 1-25 The structure of com- 
pound 8 was not formally characterized but was suggested 
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Figure 2 Chromatograms of dehydrated compounds obtained 
from 17~x-butyl-3-O-methyl estradiol (3) by a TBDMS-CI (I) or HCI 
(11) treatment. The retention times were 37, 39, 41, and 43 min, 
respectively, for peaks A-D. The proportions of peaks were 4% 
(A), 49% {B), 24% (C), and 23% (D) in chromatogram I and 1% 
(A), 21% {B), 73% It}, and 5% (DI in chromatogram I1. See Ex- 
perimental section for HPLC conditions. 

by the proposed mechanism and the NMR data. To our 
knowledge, no observation of a compound similar to 8 (C- 
12 and C-13 unsaturated) has been reported under refluxing 
aqueous acid conditions, probably because it was a very 
small component of a major compound (C-13 and C-14 
unsaturated). However, Schanzer et al.~l have reported the 
formation of a similar C-12/C-13 unsaturated compound 
(less than 2%) by decomposition of 17[3-sulfate-17c~-methyl 
steroids. 

The formation of dehydrated compounds represented in 
Figure 1 can be rationalized from the intermediate C-17 
carbocation, which undergoes a methyl migration with 
elimination of a proton (7 and 8) or only a proton elimina- 
tion (4, 5, and 6)] 1 Both conditions used herein give dif- 
ferent distributions of dehydrated compounds. Aqueous 

HCI treatment led mainly to rearrangement compounds 7 
and 8 (73% of total dehydrated compounds), whereas TB- 
DMS-CI treatment led to only 24% of 7 and 8. However, in 
other, similar assays with aqueous HC1 treatment, the per- 
centage of peak C (compounds 7 and 8) was higher than 
73% (nearly 100% by NMR). We propose that a solvent 
effect can explain these results. Indeed, in TBDMS-C1 treat- 
ment, C-17 carbocation would be stabilized by DMF, 
decreasing the ability of methyl-18 to migrate (Wagner- 
Meerwein rearrangement) and promoting the direct elimi- 
nation of a proton at C- 16 or C- 1 '. 

Screening study of conditions giving 
dehydrated compounds 
To determine the experimental conditions that produce de- 
hydrated compounds 4-8, many microassays were per- 
formed (Table 1). Any base (aqueous and others) leads 
to the formation of dehydrated compounds (results not 
shown). However, these dehydrated compounds were 
gradually obtained by aqueous HC1 (entries 2-4) in reflux- 
ing methanol. On the other hand, Lewis acids easily trans- 
formed alcohol 3 at room temperature (entries 6-8) and 
reflux (entry 9). No transformation of alcohol 3 was ob- 
served with tetrabutylammoniumfluoride (TBAF) (entry 
10). 

As reported above, standard TBDMS protective condi- 
tions (entry 11 ) led to dehydrated compounds 4-8, but the 
process was slower than aqueous HC1 treatment, and start- 
ing alcohol was partially recovered. When imidazole in 
DMF (entry 13) or DMF alone (entry 14) was used, no 
reaction occurred. A partial reaction, however, was ob- 
served in refluxing DMF with TBDMS-C1 alone (entry 12) 
or pyridine • HC1 and imidazole (entry 15), suggesting the 
formation of a C-17 carbocation, which is the key interme- 
diate to dehydrated compounds 4-8 (Figure 1 ). Indeed, salts 
like pyridine • HCI, DMF-  HC1, or imidazole • HCI will be 
in equilibrium with their protons, which will protonate the 
tertiary alcohol, leading to carbocation and dehydrated com- 
pounds. A high heating temperature (refluxing DMF, b.p. 
= 150°C) is essential to this process. Moreover, heating at 
lower temperature (refluxing THF, b.p. = 67°C) will not 
give any dehydrated compounds after 18 h (entry 16). 

C o n c l u s i o n  

The lbrmation of dehydrated compounds with methyl mi- 
gration, similar to 7, was well described for aqlueous acid 
treatment (Wagner-Meerwein rearrangement). '1-25 How- 
ever, to our knowledge, the formation of other compounds 
(4, 5, 6, and 8) has not been confirmed, although their 
presence was suggested. 11'24 Herein five compounds were 
characterized, and a general profile of experimental condi- 
tions providing this mixture of dehydrated compounds was 
established. This additional information permits a better 
evaluation of the stability of steroidal 1713-tertiary alcohols 
regarding some of the currently used reagents. 
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Table 1 Transformat ion of 17c~-butyl-3-O-methyl estradiol  (3) to a mix ture  of dehydrated compounds  4-8 under many  exper imenta l  
condi t ions ~ 

Condi t ions Room temp. Reflux temp. 

Entry Reagents Solvents 1 h 4 h 18 h 1 h 4 h 18 h 

1 
2 
3 
4 
5 

Lewis acids 
6 
7 
8 
9 

10 

Others 
11 
12 
13 
14 
15 
16 

H20 Methanol  N N N N N N 
HCI (1 N) Methanol  N N N P P T 
HCI (0.1 N) Methanol  N N N N P P 
HCI (0.01N) Methanol  N N N N N P 
AcOH (1 N) Methanol  N N N N N N 

AICI 3 (10 eq) z' Benzene T . . . . .  
BF3 • OEt2 (10 eq) b Benzene T . . . . .  
Znl 2 (10 eq) Benzene P P P P P P 
pTSA (10 eq) Methanol  N N N P T - -  
TBAF (5 eq) Tet rahydrofuran N N N N N N 

TBDMS-CI (5 eq), imidazole (10 eq) D imethy l fo rmamide  N N N N P P 
TBDMS-CI (5 eq) D imethy l fo rmamide  . . . .  P P 
Imidazole (10 eq) D imethy l fo rmamide  . . . .  N N 
None D imethy l fo rmamide  . . . .  N N 
Pyr • HCI (5 eq), imidazole (10 eq) D imethy l fo rmamide  N N - -  N - -  P 
TBDMS-CI (5 eq), imidazole (10 eq) Tet rahydrofuran N N N N N N 

aSee exper imenta l  section for the descr ipt ion of microassays. N, no reaction; P, part ial reaction; T, total reaction; -, no data avai lable. 
bA complex  unresolved mixture was formed.  
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