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In the course of our development of photoafftity labeling reagents for the progesterone receptor, we 

required 16a,l7~-dibydroxyprogestemne (2)-l This progestin diol has been prepared by cis-hydroxylation of 

~6~~~~~ (l), but the rcpormd yields wem low. 2 Our initial attempts at selective oxidation of 

the sterically encumbered Cl6-Ohfin in 1 with potassium pcrmanganate in aqueous acetone or catalytic 

osmium tetroxide with excess N-methylmorpholine-~“o~de gave the desired diol2, but in low yield (lJ%- 

25%). In an attempt to improve the efficiency of this ma&m? we used the pcrmanganatc phase transfer 

catalyst, eetyltrimeLylammonium pumanganate, as an oxidant in dichloromctbane~4 The product isolated 

after a non-aqueous wo& up proce&e, however, was not tire desired 16a,l7a-progestin dio12, but the novel 

S-ring D-homosteroid 3. 

Information obtained from IN and 13C NMR, JR and mass spectromctry was useful in the initial 

assignment of the structure of the novel D-homostcroid. 5 The 1H NMR spectrum revealed only two CH3 

groups; the absence of a singlet downfield of 6 2.0 suggested that the C2l m&y1 group had been lost. There 

was very little change in the peaks c-g to the A, B, and C rings of the progcstin backbone. The 1% 

NMR specuum contained 21 unique carbon signals, which included two carbonyl carbons and two olefinic 

carbons. One of the carbonyl 1% resonances was shifted upfield to 6 178.2, which suggested that this 

carbonyl bad been transformed from a ketone to an ester. EJ mass spcctmmetry showed a m&e&r ion at 

344, which indicated that the compound had undergone additional oxidation compared to the desired progestin 
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dial 2. HRMS indicated a molecular formula of C2tH&4. The inframd spectrum contained bands for a 

hydroxyl(3559 cm-‘) and two carbonyl functionalities (1774 and 1664 cr&. A crystal suitable for X-ray 

crystallography was grown by slow evaporation of a CHgCl2 solution of3 at room tempaahlre. The crystal 

structure6 (Figure 1) identified 3 as a novel D-homoa~ with an additionaJ ktctone ring bridging the ring- 

CXpendedD-ringOIlth~C%faabetwanc~~and C17a. 

Figure 1. X-ray crystaUographic structure of the D-h-id 3. 

In an attempt to optimize the yield of the D-homo steroid 3, several modifications of the reaction 

conditions were investigati We found that forcing reaction conditions (excess CTAP, longer reaction times, 

or heat) resulted in lower yields of the desired product, presumably due to further oxidative degradation of the 

progcstin backbone. Oxidation using CI’AP in a mixture of acetone and 1.0 M potassium hydroxide (1: 1/ 

v:v) resulted in formation of dio12 in 5 I % yield. 

Of particular intcrcst, we found that slow addition of a dichloromcthane solution of mAP via a 

syringe pump over 8 h to a CHzCl2 solution of 16dehydropmgesterone resulted in formation of a slightly less 
polar derivative as the major product (28% based on consumed starting material), together with the D-homo 

steroid 3 in trace amounts (c 2%). We have identified this less polar derivative as the novel androstane 

carhoxaldehyde 4.7 The distinguishing features &om 1H NMR spectrum arc the aldehydic proton resonance 

(6 9.69). and three large singlets (6 1.03, 1.21, 1.45) that can be attributed to methyl groups. A decoupling 

experiment established the link between the aldehydic proton and the proton on the Cl5 methine. The t3C 

NMR shows three resonances (3 217.47,203.94,199.16) assigned to ketone or aldchydic carbons, and the two 

olefmic carbons in the A-ring (6 169.20. 124.39). The infinrcd spectrum revealed bands for the hydroxyl 

(3572 cm-*) and three carhonyl(1748.1719.1665 cm-*) fimctionalities. EI mass specuometry identified the 

molecular ion as 344, placing this compound in the same oxidation state as the D-homosteroid 3. HRMS 

indicated the molecular formula to be C21H2gO4. The structure assigned to compound 4 is consistent with alI 

of these data This novel compound is especially intcrcsting, as it provides a handle for further manipulation 

at Cl5 in the andmstanc backbone, a site that is diBicult to access through conventional methods. 

The structure assigned to 4 contains two new stcreogenic centers at Cl5 and Cte. The stereochemistry 

at these centers was defined via nuclear Overhauscr effect (NOE) 1H NMR studies. Irradiation of the Cl5 



2835 

methine proton produced an NOE enhancement of 4.6% at the Cu, methyl group, 5.0% at the CIS methyl 

group, and 3.3% of the aldehydic resonance. Irradiation of the Cm methyl group produced a large NOE 

e&anccmcnt of 5.9% at the Cl5 met&c proton and a small enhancement of 1.4% at the Clg proton. Tbis 

estahlisheS that the Cts methine proton, the Cl8 methyl group and the Cm methyl group are on the same side 

of the molecule. Since the Cl3 stereogcnic center (site of Cl8 methyl attachment) has not changed in the 

tramformation from 1 to 4. we assign these groups on the p-face of the molecule. This assignment is also 

consistent with the large coupling constant (12.4 Hz) observed between the anti-disposed C 15 and Cl4 methine 

protonS. 

It is intriguing to speculate on a possible mechanism for the formation of the novel stemida 3 and 4. In 

our pmpo~ed mechanii (Scheme I), undu non-aqueous conditions the breakdown of the cyclic manganese 

(vr) tsteS 5 IZS&S in S&&On of the Cl&C17 bond and opening Of the D-ring. The rtSIIhing diketonC 6 is able 

to enolize at two diffenxt sites. Under reaction conditioaS in which the permaaganate concentration is high 

(method A*), the C2t eaolate of the diketone (7) attacks the aldehyde to farm the seven-membered ring 

intermediate 9; substqutnt attack of the alkoxidc at the Cl7 carbonyl farms the 5-mcmbcrcd lcetolactol10; 

fmally, ring contraction of 10 is accomplished through a mechanism analogous to the benzilic acid 

rearrangement9 forming the D-homosteroid 3. The ring contraction of the D-ring resembles a reported ring 

contraction of the C-ring in an androstane 11,12diketone by a benzilic acid rearrangement under basic 

conditiona If the concentration of permanganaae ion is low (method Bt 1). the Ctscnolate 8 attacks at the 

CX-J carbonyl, aff&ing the novel androstane 4. To invtstigatt whether androstanc 4 could be converted to the 

D-homosteroid 3 under basic conditions we treated it with 1.8~diazabicyclo[5.4.0]undec-7-ene in CH2C12. 

Thii afforded a 4: 1 mixture of 4 with its Cl6 epimer. but formation of D-homostemid 3 was not observed. 

Scheme I 
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