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Ahslroct: Sodium burohydrlde reduction of onl,-3-methox~-171~-h~drohyestra-l,3,5(lO)-trien~,7dione 
7-osime (4n) afforded s~~-3-metho~~-6a.17~-d~hydrox~estra-1.3.5(10)-tnen-7~ne oxime (S), which in 
thronyl chloride at -18°C undenvent Beckmann fragmentation reactlon 10 the unexpected 3-methoxyh- 
0~0-17~-hydro~-6.7-secoestra-l.~.5(10)-tr~en-7-n~~r~le (6) A mechanism of this fragmentation process 
was proposed. 

INTRODUCTION 

We showed in our previous work that a cleavage of some C-C bonds in estrone skeleton caused a 

complete loss of estrogemc activity, while at the same time newly formed D-seco compounds showed an 

antiestrogenic action’ Consequently. we directed our new research towards a synthesis of B-seco estrone 
derivatives. assuming that these compounds, due to a free rotation around the C,-Cl0 bond might express 

ditferent biological activity from the starting estrogens 

So far. B-seco-estrone derivatives have been exclusively obtained by total synthesis. This class of 

compounds have been biologically screenedzeS. or have served as intermediates in total syntheses of different 

estrone derivatives6 The main aim of this work was developing a new method for a partial synthesis of B-seco 

estradiol system from estradiol derivatives, based on our earlier results in D-seco-steroid field7,8. 

RESULTS AND DISCUSSION 

We selected 3, I 7@dipropionoxyestra- 1,3,5( I O)-trien-6-one9 (1) as starting material. Compound 1 was 

obtained by oxidation of estradiol dipropionate with chromium(VI)o in presence of dimethylpyrazolelO*ll. 
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Standard oximination of compound 1 (AmONO, K-O-t-Bu) did not afford the desired 7-oximino derivative, 

most probably due to a hydrolysis of C-3 ester function followed by a rapid deprotonation of C-3 phenolic 

group Therefore. the electrophytic attack of amyl nitrite was not regioselective (at C-7). 

&35%o&c~& 
0 0 0 m 

1 Rl,R2 = COCH2CH3 4a 4b 

2 R1,R2 = H 
3 R1 q CHJ, R2 = H 

OH ! OH 

H, CO 

6 5 

Scheme 1 

In order to overcome the above mentioned difficulties, 3-propionoxy fbnction was replaced by 3-methoxy 
group (Scheme 1) This time, treating compound 3 with amyl nitrite in presence of potassium-t-butoxide gave a 

mixture of wonted isomeric oximino ketones 4r and 4b in a ratio 9 1 (according to NMR- spectrum). The main 

product 4a was isolated by crystallization. while the by-product 4b was obtained from the mother liquor by 

chromatography Exposing the Isomer 4b to light afforded 4r Ascribing the syn- or anti-geometry to 4a (or 4b) 

was not feasable on the basis of their IR-spectra (in solution). Therefore, the absolute stereochemistry of the 

main product 4a was determined by X-ray structural analysis, which undoubtedly proved its an&geometry 7- 

(see Figure 1 )I* 

Sodium borohydride reduction of 4a stereospecifically afforded a single product 5, in spite of the fact that 
approach of the reducing agent to C-6 carbonyl fimction seems equally probable from both sides of the main 

molecular plain Our attempts to carry out Beckmann fragmentation reaction of a-hydroxy oxime 5, similarly to 

OUI previous work’.* (using TsCl in pyridine), failed. Surprisingly, X-ray structural analysis revealed that the 

oximino f?mction in 5 corresponded to sy,t-geometry (see Figure I )tJ 

To the best of our knowledge, this represents a first example of syr~anji isomerization under the mild 
conditions of sodium borohydride reduction. Even quite opposite, we showed in our earlier work7 that similar 

system did not undergo sy77-ant7 isomerization under mentioned conditions. 
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Figure I. Perspective view nf the molecular structure of compound 4n and 5 

Having found the geometry of a-hydroxy oxime 5 was unfavourable for a concerted fragmentation 

processlj (similar to one with TsCl in pyridine), we carefully examined some other reagents (or alternative 

pathways), which might lead to fragmentation reaction. To our initial surprise an action of thionyl chloride at 

-18” upon 5 brought about a rather clean fragmentation reaction, whereupon the unexpected seco- 

cyanoaldehyde 6 was isolated as the main reaction product. Namely, the generally accepted concept states that 

.syrI-a-hydroxy oximes, under Beckmann fragmentation reaction conditions, solely afford aldehydes (or ketones) 

and Iso-rlitr’ilrs, whereas the corresponding nrrfr-isomers are cleaved to aldehydes (ketones) and nitril&. Since 

in our case the syn-geometry of the starting oximino alcohol was firmly established, seco-iso-nitrile was 

expected a /?rrori However, a detailed t%Z-NMR spectroscopic analysis of compound 6 indisputably confirmed 

the presence of a nifrile function at C-8 Namely, the chemical shift of the C-atom in iso-cyanides, appears in 

the interval of 156-158 ppm, whereas C-atom in cyumdes appears in the region of 112-126 ppm16. In the 13C- 

NMR spectrum of 6 the corresponding signal appears at 120 23 ppm (CN, DEPT experiment), while, in 

addition, there is a signal at 35 02 ppm. corresponding to C-CN Finally, in the IR-spectrum of 6, there is a band 

at 2240 cm-t. corresponding to nitrile function (unlike to tso-nitriles which appear at 2120-2185”). 

A possible mechanism for the seco-cyano-aldehyde 6 formation from syn-a-hydroxy-oxime 5, by an action 
of thionyl chloride, involves an intermediary formation of the six-membered cyclic N-O-sulfite 5a (Scheme 2), 

Scheme 2 
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followed by its concerted fragmentation WI a favorable six-membered transition state. This fact becomes even 

more clear from the X-ray structural analysis of 5, where the most stable conformation (found in the 
asymmetrical unit) corresponds to B-ring being in a half-chair conformation. This means that the Cb-OH, C&7 

and C,=NOH are nearly coplanar, enabling a smooth formation of the postulated cyclic intermediate 5a. 

Further chemical modifications of compound 6 are under progress in order to obtain a series of B-seco 
estrone derivatives with various tincional groups at C-6 and C-7 Biological testing of these compounds will be 

undertaken in the nearest future 

EXPERIMENTAL 

Melting points were determined in capillary tubes using Biichi SMP-instrument and are 
uncorrected IR spectra were recorded with a Perkin-Elmer 457 spectrometer (in KBr or i film for oily 
substances), ‘H and 13C NMR spectra were recorded on a Bruker WP 200 SY spectrometer with TMS as 
internal standard; Low- and high resolution data were obtained on a Finnigan MAT-8230 (EI 70 eV) instrument. 

3-Mefhoxy-I 7~hydroxyes~ra-l.3,5flO)-~rtett-6-otte (3). 3,17D-Dipropionoxyestra-1,3,5(10)- 
trien-6-one’ (1, I g, 2 5 mmol) was dissolved in ethanolic solution of KOH (lo%, 20 ml) and refluxed for 90 
minutes. After cooling the reaction mixture, pH of solution was adjusted to 7 and mixture was poured into ice 
cold water (I 50 ml). The precipitate was filtered off, washed with water and dried, affording 0.705 g (98%) of 
almost pure 3,17P-dihydroxyestra-1,3,5( IO)-trien-6-one (2), m.p 278-280°C (lit.18 m.p. 28l-283°C). Dried 
sample of compound 2 (705 mg, 2 46 mmol) was dissolved in acetone-methanol (1: 1) mixture and methyl iodide 
(2 ml, 32 mmol) and potassium carbonate (1 g) ware added. The mixture was refluxed for 3 hrs, then poured 
into cold water The solid was filtered off, washed with water and dried; yield of compound 3 was 726 mg 
(99%), m p 127-128°C (lit.19 m p. 129-130°C) 

3-MethoT- 7@hydroxyestra-1,3,5(10)-trien-6,7-dione 7-oxime (4). Potassium (1 g, 25.6 mol) 
was dissolved in terr-butyl alcohol (22 ml), 3-methoxy-l7P-hydroxyestra-1,3,5(lO)-trien-6-one (3, 1 g, 3.33 
mmol) was added, and the reaction mixture stirred for 30 min. at room temperature; n-amyl nitrite (1.1 ml, 9.69 
mmol) was then introduced and stirring continued for 2 5 hrs Reaction mixture was then diluted with 1% 
aqueous KOH (I 50 ml) and extracted with CHCI, After drying over anh Na2SOJ and removal of solvent, crude 
3-methoxy-17!3-hydroxyestra-1,3,5( IO)-trien-6,7-dione 7-oxime (4. 820 mg, 74.8%) was obtained. Double 
crystallization from methanol afforded 670 mg (61 1%) of pure 4, m.p. 194.5-195°C IR vmax (KBr) cm-l: 

3410. 1670. 1600, 1490, 1030, 988, ‘H NMR (DMSO-d,): 0.67 (3 H, s, IS-CH3), 3.54 (1 H, m, withD20 m -+ 
t. J-8 5 Hz. H-17). 3 80 (3H, s, OCH,), 4 58 (IH. d. J=4 8 Hz, OH-17), 7.21 (IH, dd, J1=8.5 Hz, H-l), 11.65 
(I H. s, disappears with DzO, NOH), “C-NMR (DMSO-d6): 183.50 (C=O, C-6), 158.35 (C-OCH,, C-3), 
I53 I8 (C=N-OH, C-7), 139.12 (C, arom.). 134 07 (C, arom.), 127.86 (CH, arom.), 121.69 (CH, arom.), 
109 84 (CH, arom.), 79 50 (C-OH, C-17), 55 53 (0-CH,), CIMS m/z (rel. int.): 329 (M+ - OH), 269 @I’ - 
NOH-CH,) Anal Calcd for C19HZ3N01 C, 69 28, H, 7 04, N, 4.25; found, C, 69.24; H, 7.10; N, 4.75. 

The mother liquors were evaporated to dryness and oily residue (135 mg), was chromatographed 
on preparative silica plate (I mm silica gel, benzene - ethyl acetate, 3:2), affording 45 mg of 4a and 42 mg of 
an oily .syt?-oximino ketone 4b. IR vmax (KBr) cm-l 3380, 1685, 1605, 1495 1035,945; 1H NMR (DMSO-d6): 
0 63 (3 H, S. IS-CH3), 3.60 (I H, m, with DXO m + t, J=8 5 Hz, H-17), 3.80 (3H, s, OCH,), 4.53 (lH, d, 
5~4 8 HZ, OH-I 7), 7.03-7 66 (3H, group of signals, arom prot ), 1 1.75 (lH, s, disappears with D20, NOH). 
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3-Methoxy-6a, 1 i’pdihydroxyestra-I, 3, S(lO)-trien- 7-one oxime (5). To a methanolic solution 
(120 ml) of 3-methoxy-17@hydroxyestra- 1,3,5( IO)-trien-6,7-dione 7-oxime (4, 1 g, 3,04 mmol), NaBH, (1.2 g, 
32 mmol) was added portionwise at room temperature Reaction mixture was stirred for 30 min. at room 
temperature and further refluxed for 5 min After cooling, the mixture was diluted with water (100 ml), acidified 
to pH 3 with 2M HCl and extracted with ether After drying and evaporation of ether, 800 mg (79.5%) of crude 
5 was obtained. Crystallization from methanol afforded 640 mg (63.6%) of pure 3-methoxy-6a,17g- 
dihydroxyestra-1,3,5(10)-trien-7-one oxime (5) m.p. 195°C. IR vmaw (KBr) cm-l: 3600-3000, 1610, 1500, 

1250, 1035, ‘H NMR (DMSO-d,), 0.70 (3 H, s, 18-CH3). 3.55 (1 H, m, H-17), 3.75 (3H, s, OCH,), 4.56 (H-I, 
d. J=6 Hz, OH-17) 5 35 (lH, d, J=4 Hz, OH-6) 5.70 (lH, d, J=4 Hz, H-6), 6.75 - 7.2 (3H, group of signals, 
arom.prot.), 10.8 (lH, s, disappears with D,O, NOH); 1%NMR (DMSG-d,): 159.22 (C-GCH3, C-3), 157.75 
(C=N-OH, C-7), 138.82 (C, arom ), 134.84 (C, arom.), 124.74 (CH, arom.), 114.57 (CH, arom.), 113.25 (CH, 
arom), 79 78 (C-OH, C-17) 63 42 (C-OH, C-6), 55 31 (0-CH,), CIMS m/z (rel. int.): 331 (M+), 313 (M+ - 
H2G). Anal Calcd. for Ct,H,jNO, C, 68 85. H, 7 60; N. 4 23, found. C, 68.36; H, 7.41, N, 4.94 

3-Methoxy-6-oxo-I 7,&hydroxy-6,7-secoestra-1,3.5(1O)-triene-7-nitrile (6). 3-Methoxy-6a,l7P- 
dihydroxyestra- 1,3,5(10)-trien-7-one oxime (5, 1 g, 3.02 mmol) was dissolved in thionyl chloride (22 ml, 301 
mmol) and cooled at -18°C The reaction mixture was kept at -18°C for 10 min., and then poured in ice-cold 
water (500 ml) The precipitate was collected, washed with water and dried. Purification of the crude reaction 
product (750 mg) on silica gel column (70 g silica, benzene - ethyl acetate, 9:l) afforded 225 mg (23.8%) of 3- 
methoxy-6-oxo-l7~-hydroxy-6.7-secoestra-l,3,5(lO)-triene-7-nitrile (6) in a foamy form. JR vtnax (film) cm-t: 
3460, 2240, 1690, 1500, 1260; ‘H NMR (CDCI,) 0 89 (3 H, s, II-CH3), 3.77 (1 H, t, J=8 Hz, H-17), 3.86 

(3H. s, OCH3), 7 12 - 7 36 (3H, group of signals, arom prot ), 10.8 (lH, s, CHO); t3C-NMR (CD(&): 192.24 
(CHO, C-6), 158.70 (C-OCH,, C-3), 136.30 (C-CHO. C-5), 134.81 (C, arom.). 128.45 (CH, arom.), 120.40 
(CH, arom ), 120.23(CN, C-7). II7 91 (CH, arom.), 80 48 (C-OH, C-17), 55.44 (0-CH3); CJMS m/z (rel. int.): 

3 13 (M+). 295 (MC - H,O), 278 (M+ - Hz0 - OH-). 229. 175, 161, 149, 134; FABMS: calcd. for Ct9HZ3N03, 
3 13 4000, found 3 13.4664 
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