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The steroidal δ- and γ-iodo ketones 1 and 9 were converted to the cyclic hemiketals 3 and 10, by
oxidation to the iodoso derivatives with m-CPBA. Spontaneous cyclization of the latter intermedi-
ates to the corresponding oxocarbenium ions, followed by stereoselective addition of water, rendered
the hemiketals. Depending on the reaction conditions, the five-membered oxocarbenium ion derived
from the γ-iodo ketone 9 may add H2O or m-CPBA to give either the hemiketal or a Baeyer-
Villiger type product 12, while the oxocarbenium derived from 1 gives exclusively the hemiketal.
When the reaction was carried out in dry methanol, methyl ketals were formed. Use of this
methodology allowed us to synthesize 6-oxa-5R-pregnanes with and without functionalization at
C-19.

The replacement of one or more carbon atoms of the
steroid nucleus by heteroatoms gives rise to marked
changes in the biological activity of steroidal derivatives.1
Thus, numerous studies deal with total and partial
syntheses of heterosteroids.2 Recently, we described a
synthetic approach to 6-oxa-5â-pregnanes in which the
key step was the reductive cyclization of the δ-iodo ketone
moiety in secosteroid 1.3 Formation of the less stable cis
isomer at the A/B ring junction was due to the steric
hindrance toward hydride attack from the R face in
secosteroid 1. In order to obtain the 6-oxapregnanes with
trans configuration at the A/B ring junction (e.g., 2), a
different cyclization approach was required.

Kishi et al.4 have shown that the stereochemical course
of nucleophilic attack on a pyranosic oxocarbenium ion
may be rationalized on the basis of stereoelectronics and
steric effects. Thus, the oxocarbenium ion preferently
accepts nucleophiles from the R (axial) side due to the
anomeric effect of the ring oxygen. If a pyranosic
oxocarbenium ion is formed in ring B of the steroid
nucleus, nucleophiles (e.g.,H2O, methanol, hydride, etc.)
will attack at C-5 from the R face giving an A/B trans
steroid (PM3-calculated structures are shown in Scheme
1); in this case, steric hindrance on the â face would favor
stereoselectivity.
We initially focused our attention on the δ-iodo ketone

moiety present in secosteroid 1 as a possible precursor

of a steroidal oxocarbenium ion. Iodine in a higher
oxidation state provides a better leaving group than
univalent iodine,5 and the highly labile iodoso intermedi-
ates have been postulated to be the initial products in
the oxidation of alkyl iodides with m-CPBA.6 Their fate
depends on the type of substrate and the solvent, afford-
ing the product of R-I bond cleavage by elimination,
substitution, R-carbon oxidation, or rearrangement.7

Results and Discussion

Cyclization of Secosteroid 1 to an A/B Trans-
Fused Oxasteroid. We wondered if the oxygen in the
carbonyl group at C-5 in secosteroid 1 could displace the
C-7 iodine leaving group. In that case, a pyranosil
oxocarbenium ion would be formed which, in the presence
of water, would yield hemiketal 3 with the desired
stereochemistry at C-5 (Scheme 2). Oxidation of iodine
compounds with peroxyacids has been the subject of
several studies,6,7 but to our knowledge it has not been
used for hemiketal formation. Hemiketal formation was
also achieved by this procedure with the γ-iodo ketone
moiety present in 18-iodo-20-keto steroids (see below).
Table 1 summarizes the different conditions assayed for
reaction of secosteroid 1 with m-CPBA. When 2 equiv
of the peracid (more than the theoretical requirement for
alkyl iodide oxidation6) was used in dichloromethane
saturated with water (entry 1), 5R-hydroxy-6-oxasteroid
3 was isolated in 33% yield and unreacted compound 1
was recovered among other minor products. The best
yield was obtained with 5 equiv of m-CPBA in Cl2CH2-
H2O at 0 °C (entry 5); changing the solvent to THF-H2O
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(entry 4) did not improve the yield. When the reaction
was carried out in methanol under anhydrous conditions
(entry 6), the main product was methyl ketal 4; the
7-methoxy derivative 5, arising by direct nucleophilic
attack of methanol at C-7 of the iodoso intermediate, was
formed as a minor product. The latter results are
consistent with the formation of the intermediate pyra-
nosyl oxocarbenium ion postulated above, as the major
reaction path.
The structures of hemiketal 3 and methyl ketal 4 and

their stereochemistry at position 5 were confirmed by 1H
and 13C NMR (proton decoupled and DEPT). The 3-HR

resonance (δ 5.05 for 3 and δ 4.78 for 4) was especially
diagnostic of the axial position of this hydrogen, indica-
tive of the chair conformation of the A ring in an A/B
trans-fused steroid. The carbon resonance at 97.3 ppm,
which is typical of a hemiketal carbon assigned to C-5,
confirmed the structure of compound 3. This resonance
was shifted to 99.7 ppm in methyl ketal 4.
Stereoselective Reduction of Hemiketal 3. The

conversion of hemiketal 3 to oxasteroid 6 with ZnBH4/
TMSCl in DME at 0 °C8 occurred in low yield (30%).
However a 75% yield was attained with Et3SiH/BF3‚Et2O
(Cl2CH2, -15 °C, 1 h) (Scheme 3).9 As above, the attack
of the nucleophile on the oxocarbenium intermediate (in

this case hydride) occurred from the less hindered R face
with stereoselective formation of the 5R-H-6-oxasteroid
6.
The structure of compound 6 was confirmed by 1H and

13C NMR spectroscopy; the stereochemistry at C-5 was
evident from the J values in the 1H NMR spectrum. Two
resonances were of special diagnostic value: that at 3.10
ppm (dd, J ) 12.8 and J ) 3.6 Hz) was attributed to the
5-HR and that at 4.76 ppm assigned to 3-HR. Final
confirmation of the stereochemistry at C-5 was carried
out at a later stage on compound 8 based on its NOESY
spectrum, as all the oxapregnanes synthesized had
identical configuration at this position (see below).
Synthesis of 6-Oxa-5r-pregnane 2. The regioselec-

tive deprotection of the 19-hydroxy group in compound
6 was attempted with different methods ranging from
basic (KHCO3 in methanol or methanol-water) to acidic
conditions (TsOH in methanol). In all cases, mixtures
of products with partial deprotection of the 3-hydroxy
group resulted.10 The desired product 7 was finally
obtained in good yield (96%) by reduction with NaBH4

at -10 °C; under this very mild and controlled condition,
the 3-acetate was not affected even when a very large
excess of reagent (ca. 15:1) was used.
As in the 5-â series,3 deoxygenation of the primary

hydroxyl group attached at C-19 was carried out using
the Barton procedure, by reduction of the 19-dithiocar-
bonate with diphenylsilane which gave 8 in 80% yield
(56% from 7).11 The NOESY spectrum of the latter
compound gave us clear evidence of the trans-fusion of
rings A and B, showing strong NOEs of 3-HR, 7-HR, and
9-HR with 5-HR and of the 10-methyl hydrogens with 4-Hâ

and 8-Hâ (Figure 1). Deacetylation with LiAlH4 to the
diol, and oxidation with PCC on alumina,12 yielded 6-oxa-
5R-pregnane-3,20 dione (2) in 22% overall yield from 1.
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Scheme 2

Table 1. Reaction of Iodo Ketones 1 and 9 with m-CPBA

entry substrate
m-CPBA
(equiv) solventa

time
(h)

temp
(°C)

product
(yield, %)b

1 1 2 A 2 rt 3 (33)
2 1 3 A 5 rt 3 (38)
3 1 4 A 5 0 3 (52)
4 1 4 B 5 0 3 (52)
5 1 5 A 7 0 3 (67)
6 1 8c C 5 rt 4 (59), 5 (18)
7 9 5 A 6 0 12 (61)
8 9 5 B 4 rt 12 (10), 10 (51)
9 9 5 B 3 rt 10 (64)
10 9 6c C 6 rt 13 (97)d

a A, Cl2CH2 saturated with H2O; B, THF-H2O (2:1); C, dry
methanol. b Yields correspond to isolated products. c Drym-CPBA
was used. d This compound was partially hydrolyzed to 10 during
chromatography. Yield corresponds to crude reaction product
which was essentially pure by 1H NMR.
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Oxidative Cyclization of 18-Iodo-20-ketopreg-
nanes. To determine the scope of the oxidative cycliza-
tion of iodo ketones used above, we tried this reaction
on steroids having a γ-iodo ketone moiety. Cyclization
of 18-iodo-20-ketopregnanes to the corresponding hemiket-
als with silver acetate is a well-known procedure which
constitutes a key step in the preparation of several
steroids of biological significance.13 As an alternative
procedure and based on the results obtained above, we
tried this cyclization with m-CPBA. It should be noted
that silver ion promoted cyclization of secosteroid 1
ocurred in very low yields.
When 18-iodoprogesterone (9) was reacted with m-

CPBA under the same conditions as those used for the
preparation of 3 (Table 1, entry 7), a single product was
obtained in 61% yield. This compound was identified as
18-acetoxytestosterone (12) on the basis of its 1H and 13C
NMR spectra. It should be noted that the latter com-
pound has structural features that make it a suitable
precursor for naturally occurring steroids of biological
importance.14

When the reaction was stopped after only 1 h, a
transient species could be detected in the 1H NMR
spectra of the reaction mixture showing typical reso-
nances for aromatic hydrogens of a m-CPBA ester and
an 18-oxygenated steroid. Attempts to purify this com-
pound by chromatography were unsuccessful, as it de-
composed on contact with the adsorbent (compound 12
resulted from the attempted purification of this inter-
mediate over silica gel). The structure of the intermedi-
ate was tentatively assigned as the peroxyester 11,
similar to those formed in the Baeyer-Villiger reaction.15
A plausible mechanism for the formation of these com-
pounds is depicted in Scheme 4 (path a) in which the
peroxyacid attacks the furanosic oxocarbenium ion in-
termediate in a Baeyer-Villiger like reaction. The
regioselective cleavage of the intermediate cyclic ion
derived from 11 may be explained by assuming that the
steric bulk of the electrophile H+ is small and thus favors
thermodynamic protonation of the oxygen on a secondary
carbon.16

From the above mechanism, it may be predicted that
a high concentration of water would compete favorably
with m-CPBA as a nucleophile in the addition to the
intermediate oxocarbenium ion. The expected product
of this reaction would be 18-hydroxyprogesterone 10
(Scheme 4, path b). Thus, when 9 was reacted with
m-CPBA in THF-H2O (2:1) for 4 h at rt17 (Table 1, entry
8), a mixture of compounds 10 and 12 was obtained in a
5:1 ratio (according to the 1H-NMR spectra). Adjusting
the reaction time to 3 h (entry 9) allowed us to obtain 10
in 64% yield. In a similar way when the reaction was
carried out in methanol under anhydrous conditions
(entry 10) the methyl ketal 13 was obtained. No 18-
methoxy derivatives were obtained in the latter case, as
the neopentylic C-18 is highly hindered toward intermo-
lecular nucleophilic attack.
Conclusions. Cyclic hemiketal formation from γ- and

δ-iodo ketones has been achieved with the intermediacy
of iodosyl species. The resulting oxocarbenium ions react
with available nucleophiles (e.g., H2O, methanol, m-
CPBA) to give hemiketals, ketals, or Baeyer-Villiger
type products depending on reaction conditions, ring size,
and/or steric hindrance. This new methodology allowed
us to synthesize 6-oxa-5R-pregnanes with excellent ste-
reoselectivity.

Experimental Section

Melting points are uncorrected. IR spectra were recorded
in KBr pellets. 1H and 13C NMR spectra were measured at
200.13 and 50.32 MHz, respectively, in CDCl3. Chemical shifts
are downfield from TMS as internal standard, and J values
are in hertz. NMR assignments, when given, are based on
DEPT and 2D spectra (COSY-45, NOESY and HETCOSY).
The electron impact mass spectra were obtained at 70 eV by
direct inlet. Semiempirical calculations were performed with
AMPAC 5.0 (Semichem). All solvents used were reagent
grade. Solvents were evaporated at ca. 45 °C under vacuum.
Dry m-CPBA was prepared by dissolving 80% m-CPBA in
anhydrous Cl2CH2, drying with anhydrous Na2SO4 (4 h),
evaporation of the solvent under a stream of N2, and drying
of the residue under vacuum (1 h, rt, 5 × 10-4 Torr). 3â,20â-
Diacetoxy-19-(formyloxy)-7-iodo-6-nor-5,7-secopregnan-5-one
(1) was prepared from pregnenolone acetate (3â-acetoxypregn-
5-en-20-one) in 50% yield, as single product, using the proce-
dure described previously3 followed by chromatography on
octadecyl-functionalized silica gel (Aldrich) with methanol-
water as eluent. 18-Iodopregn-4-ene-3,20-dione (9) was pre-
pared from 20â-hydroxypregn-4-en-3-one in 55% yield as
described previously18 and purified by chromatography on
octadecyl-functionalized silica gel (Aldrich).
3â,20â-Diacetoxy-5r-hydroxy-19-(formyloxy)-6-oxapreg-

nane (3). To a solution of 80% m-CPBA (1.00 g, containing
4.64 mmol) in Cl2CH2 (15 mL) and H2O (0.1 mL) at 0 °C was
added rapidly a solution of secosteroid 1 (0.527 g, 0.91 mmol)
in Cl2CH2 (15 mL). The homogeneous solution was stirred at
0 °C for 7 h, diluted with ether, washed successively with 5%
aqueous Na2S2O3, a saturated aqueous NaHCO3 solution, and
brine, dried (Na2SO4), and evaporated to dryness. Chroma-
tography on silica gel with ethyl acetate-hexane as eluent
yielded hemiketal 3 (0.287 g, 67% from 1); mp 148-150 °C
(from acetone-hexane). IR (cm-1): 3440, 1728, 1246, 1166,
1037. 1H NMR (δ): 0.65 (3H, s), 1.14 (3H, d, J ) 6.0), 2.00
(3H, s), 2.02 (3H, s), 3.51 (1H, dd, J ) 5.0, 11.0), 3.72 (1H, t,
J ) 11.0), 4.56 (1H, d, J ) 12.8), 4.63 (1H, d, J ) 12.8), 4.83
(1H, m), 5.05 (1H, tt, J ) 5.0, 11.0), 8.12 (1H, s). 13C NMR
(δ): 12.8 (CH3), 19.9 (CH3), 21.3 (CH3), 21.4 (CH3), 23.2 (CH2),
25.0 (CH2), 25.7 (CH2), 26.2 (CH2), 29.7 (CH2), 34.3 (CH), 39.3
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80, 209. (b) Choay, P.; Monneret, C.; Khuong-Hun Q. Bull. Soc. Chim.
Fr. 1973, 1456. (c) Kirk, D. N.; Rajagopalan, M. S. J. Chem. Soc., Perkin
Trans. 1 1975, 1860. (d) For a related approach via 18-nitrates, see:
Barton, D. H. R.; Day, M. J.; Hesse, R. H.; Pechet, M. M. J. Chem.
Soc., Perkin Trans. 1 1975, 2252.
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Soc., Perkin Trans. 1 1984, 1821.
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& Sons: New York, 1992; pp 1098-1099.

(16) Compound 12 is not the thermodynamic product obtained by
acyl transfer. On standing in Cl2CH2 in the presence of catalytic
amounts of acid, 12 yields a 1:1 mixture of 12 and the 17-acetoxy-18-
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(17) The reaction was very slow at 0 °C.
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Figure 1. Most stable conformer (PM3, AMPAC 5.0) of
oxasteroid 8, showing relevant observed NOEs.
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(CH2), 39.5 (CH2), 41.8 (C), 42.7 (CH), 42.8 (C), 51.7 (CH), 54.5
(CH), 62.7 (CH2), 64.6 (CH2), 70.6 (CH), 72.7 (CH), 97.3 (C),
160.8 (CH), 170.3 (C), 170.7 (C). MS (m/z, %): 388 (M - AcOH
- H2O, 40), 342 (388 - HCO2H, 19). HRMS: calcd for
C23H32O5 (M - AcOH - H2O) 388.2249, found 388.2248.
3â,20â-Diacetoxy-19-(formyloxy)-6-oxa-5r-pregnane (6).

A solution of hemiketal 3 (0.277 g; 0.59 mmol), triethysilane
(0.975 mL, 6.1 mmol), and BF3‚Et2O (0.750 mL, 6.1 mmol) in
dry Cl2CH2 (29 mL) was stirred at -15 °C under N2 for 1 h.
The reaction was quenched with saturated aqueous NaHCO3

solution, the cooling bath was removed, and the reaction
mixture was allowed to warm to rt with vigorous stirring. The
solution was diluted with ether, washed successively with
saturated aqueous NaHCO3 solution and brine, dried (Na2SO4),
and evaporated to dryness. Chromatography on silica gel with
ethyl acetate-hexane as eluent yielded 6 (0.200 g, 75% from
3) homogeneous by TLC; mp 165-167 °C (from acetone-
hexane). IR (cm-1): 1733, 1244, 1167, 1103, 1036. 1H NMR
(δ): 0.66 (3H, s), 1.15 (3H, d, J ) 6.1) 2.00 (3H, s), 2.03 (3H,
s), 3.10 (1H, dd, J ) 3.6, 12.8), 3.12 (1H, t, J ) 11.0), 3.91
(1H, dd, J ) 5.0, 11.0), 4.52 (2H, AB q, J ) 12.3), 4.76 (1H,
m), 4.84 (1H, m), 8.11 (1H, s). 13C NMR (δ): 12.7 (CH3), 19.9
(CH3), 21.2 (CH3), 21.4 (CH3), 21.6 (CH2), 23.3 (CH2), 25.6
(CH2), 26.6 (CH2), 27.3 (CH2), 32.9 (CH2), 35.5 (CH), 38.6 (C),
39.4 (CH2), 42.7 (C), 51.6 (CH), 53.2 (CH), 54.5 (CH), 61.7
(CH2), 70.8 (CH), 72.6 (CH), 73.7 (CH2), 82.4 (CH), 160.9 (CH),
170.4 (C). MS (m/z, %): 450 (M+, 0.6), 390 (M - AcOH, 10),
344 (390 - HCO2H, 3), 330 (M - 2 AcOH, 11). HRMS: calcd
for C23H34O5 (M - AcOH) 390.2406, found 390.2407.
3â,20â-Diacetoxy-19-hydroxy-6-oxa-5r-pregnane (7). A

solution of 6 (0.190 g, 0.42 mmol) and NaBH4 (0.122 g, 3.23
mmol) in absolute ethanol (30 mL) was stirred at -10 °C for
3 h, acidified (pH 5) with 1 M HCl, and then neutralized with
a 10% aqueous NaHCO3 solution. The solution was concen-
trated in vacuo to a volume of 10 mL, diluted with water, and
extracted with ether. The extract was washed with water,
dried (Na2SO4), and evaporated to dryness. Chromatography
on silica gel with ethyl acetate-hexane as eluent yielded 7
(0.171 g, 96% from 6) homogeneous by TLC; mp 179-181 °C
(from acetone-hexane). IR (cm-1): 3460, 1732, 1244, 1038.
1H NMR (δ): 0.71 (3H, s), 1.15 (3H, d, J ) 6.1), 2.01 (3H, s),
2.03 (3H, s), 3.15 (1H, dd, J ) 4.7, 12.4), 3.16 (1H, t, J ) 11.0),
3.78 (1H, d, J ) 11.9), 3.92 (1H, dd, J ) 5.0, 11.0), 4.12 (1H,
d, J ) 11.9), 4.72 (1H, m), 4.84 (1H, m). 13C NMR (δ): 12.9
(CH3), 19.8 (CH3), 21.1 (CH2), 21.2 (CH3), 21.4 (CH3), 23.2
(CH2), 25.6 (CH2), 26.9 (CH2), 28.6 (CH2), 32.9 (CH2), 36.2 (CH),
38.7 (C), 39.3 (CH2), 42.9 (C), 52.1 (CH), 53.5 (CH), 54.5 (CH),
62.0 (CH2), 71.0 (CH), 72.7 (CH), 73.8 (CH2), 83.7 (CH), 170.3
(C); FAB MS (3-nitrobenzyl alcohol + KCl) (m/z, %): 461 (M
+ K, 100). Anal. Calcd for C24H38O6: C, 68.2; H, 9.1. Found:
C, 67.8; H, 8.7.

3â,20â-Diacetoxy-6-oxa-5r-pregnane (8). To a solution
of 19-hydroxyoxasteroid 7 (0.161 g, 0.38 mmol), and DBU (0.23
mL, 1.55 mmol) in DMF (2.0 mL) was added CS2 (2.1 mL, 34.8
mmol) and the reaction mixture was stirred for 45 min at rt.
Methyl iodide (4.2 mL, 67.5 mmol) was added and the stirring
continued for 45 min. The reaction mixture was evaporated,
and the residue was diluted with water and extracted with
ethyl acetate. The organic layer was washed with brine, dried
(Na2SO4), and evaporated to dryness. Chromatography on
silica gel with ethyl acetate-hexane as eluent yielded the 19-
dithiocarbonate (0.136 g, 70% from 7). 1H NMR (δ): 0.64 (3H,
s), 1.15 (3H, d, J ) 6.1); 2.01 (3H, s), 2.03 (3H, s), 2.57 (3H, s),
3.12 (1H, dd, J ) 5.1, 12.1), 3.14 (1H, t, J ) 11.2), 3.91 (1H,
dd, J ) 4.9, 11.2), 4.80 (2H, m), 4.85 (1H, d, J ) 12.1), 5.03
(1H, d, J ) 12.1). A solution of the dithiocarbonate (0.136 g,
0.27 mmol) in xylene (1.0 mL) was heated to 150 °C under N2,
and diphenylsilane (0.250 mL, 1.35 mmol) was added followed
by 11 × 0.06 mL aliquots of a solution of benzoyl peroxide in
xylene (0.129 g/mL, 1.8 equiv) at 20 min intervals. The solvent
was evaporated, and the residue was chromatographed on
silica gel with dichloromethane-hexane as eluent yielding 8
(0.086 g, 56% from 7); mp 139-140 °C (from ethanol-water).
IR (cm-1): 1732, 1244, 1117, 1053, 1034. 1H NMR (δ): 0.65
(3H, s, 13-Me), 0.92 (3H, s, 10-Me), 1.14 (3H, d, J ) 6.1, 20-
Me), 2.01 (3H, s, Ac), 2.03 (3H, s, Ac), 2.93 (1H, dd, J5R4R )
3.8, J5R4â ) 12.2, 5-HR), 3.09 (1H, t, Jgem ≈ J7R,8 ) 11.0, 7-HR),
3.86 (1H, dd, J7â,8 ) 4.7, Jgem ) 11.0, 7-Hâ), 4.69 (1H, m, 3-H),
4.83 (1H, m, 20-H). 13C NMR (δ): 11.7 (CH3, C-19), 12.7 (CH3,
C-18), 19.9 (CH3, C-21), 20.4 (CH2, C-11), 21.3 and 21.5 (CH3,
Ac), 23.4 (CH2, C-1), 25.7 (CH2, C-15), 26.8 (CH2, C-16), 32.1
(CH2, C-2), 32.8 (CH2, C-4), 35.3 (CH, C-8), 35.9 (C, C-10), 39.1
(CH2, C-12), 42.8 (C, C-13), 51.4 (CH, C-9), 53.2 (CH, C-14),
54.7 (CH, C-17), 71.5 (CH, C-3), 72.7 (CH, C-20), 73.6 (CH2,
C-7) 82.5 (CH, C-5), 170.4 (C, Ac). MS (m/z, %): 406 (M+, 2),
346 (M - AcOH, 27). Anal. Calcd for C24H38O5: C, 70.9, H,
9.4. Found: C, 70.6; H, 9.2.
6-Oxa-5r-pregnane-3,20-dione (2). A solution of diac-

etate 8 (0.076 g, 0.19 mmol) and LiAlH4 (0.076 g, 2.0 mmol)
in dry ether (7.5 mL) was stirred at rt for 3 h under N2. The
reaction mixture was treated successively with ethyl acetate
and 10% aqueous HCl. The aqueous layer was extracted with
ethyl acetate, and the combined organic extracts were washed
with aqueous NaHCO3 and water, dried (Na2SO4), and evapo-
rated to dryness, yielding the 3,20-diol (0.060 g, 96% from 8).
1H NMR (δ): 0.77 (3H, s), 0.92 (3H, s), 1.13 (3H, d, J ) 6.1),
2.89 (1H, dd, J ) 3.8, 12.1), 3.09 (1H, t, J ) 11.0), 3.61 (1H,
m), 3.20 (1H, m), 3.87 (1H,dd, J ) 4.7, 11.0). The crude diol
(0.060 g, 0.18 mmol) in dry CH2Cl2 (4.0 mL) was stirred at rt
with PCC on alumina (1.1 g, 1 mmol/g, 1.1 mmol), for 4 h under
N2. The resultant brown mixture was diluted with ether,
percolated through Florisil, eluting with ether and Cl2CH2, and

Scheme 4
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evaporated to dryness. Chromatography on silica gel with
ethyl acetate-hexane as eluent yielded 2 (0.048 g, 81% from
8); mp 187-188 °C (from ethanol). IR (cm-1): 1709, 1388,
1364, 1072, 1039. 1H NMR (δ): 0.68 (3H, s, 13-Me), 1.09 (3H,
s, 10-Me), 2.13 (3H, s, 20-Me), 3.19 (1H, t, Jgem ≈ J7R,8 ) 11.1,
7-HR), 3.24 (1H, t, J5R,4â ≈ J5R,4R ) 9.5, 5-HR), 3.93 (1H, dd,
J7â,8 4.7, Jgem ) 11.1, 7-Hâ). 13C NMR (δ): 11.0 (CH3, C-18),
13.6 (CH3, C-19), 20.7 (CH2, C-11), 23.3 (CH2, C-15), 23.6 (CH2,
C-16), 31.6 (CH3, C-21), 32.1 (CH2, C-1), 35.2 (CH, C-8), 35.9
(C, C-10), 37.5 (CH2, C-2), 38.7 (CH2, C-4), 44.1 (CH2, C-12),
44.4 (C, C-13), 52.1 (CH, C-9), 52.7 (CH, C-14), 63.1 (CH, C-17),
73.2 (CH2, C-7), 82.6 (CH, C-5), 209.0 (C, C-3 and C-20). MS
(m/z, %): 318 (M+, 7), 300 (M - H2O, 7). Anal. Calcd for
C20H30O3: C, 75.4; H, 9.5. Found: C, 75.2; H, 9.8.
Reaction of Secosteroid 1 withm-CPBA/MeOH. 3â,20â-

Diacetoxy-5r-methoxy-19-(formyloxy)-6-oxapregnane (4).
To a solution of dry m-CPBA (from 0.275 g of m-CPBA 80%,
containing 1.27 mmol) in dry MeOH (5 mL) at rt was added
rapidly a solution of secosteroid 1 (0.09 g, 0.16 mmol) in dry
methanol (5 mL). The homogeneous solution was stirred at
rt for 5 h and the reaction stopped by addition of saturated
aqueous Na2S2O3 (2 mL). The resulting mixture was concen-
trated to 1/5 of the volume, extracted with Cl2CH2, washed
successively with saturated aqueous NaHCO3 solution and
brine, dried (Na2SO4), and evaporated to dryness. Chroma-
tography on silica gel with ethyl acetate-hexane (1:9) as eluent
yielded methyl ketal 4 (0.045 g, 59% from 1); mp 94-95 °C
(from acetone-hexane). IR (cm-1): 1728, 1456, 1367, 1244,
1168, 1037. 1H NMR (δ): 0.64 (3H, s), 1.14 (3H, d, J ) 6.1),
2.00 (3H, s), 2.02 (3H, s), 2.22 (1H, ddd, J ) 1.1, 5.1, 13.7),
3.23 (3H, s), 3,27 (1H, t, J ) 11.0), 3.50 (1H, dd, J ) 5.1, 11.0),
4.61 (2H, s), 4.78 (1H, m), 4.83 (1H, m), 8.12 (1H, s). 13C NMR
(δ): 12.8 (CH3), 19.9 (CH3), 21.2 (CH3), 23.2 (CH2), 24.8 (CH2),
25.7 (CH2), 26.3 (CH2), 31.9 (CH2), 34.2 (CH), 39.5 (CH2), 42.3
(C), 42.5 (CH and CH2), 42.8 (C), 47.0 (CH3), 51.8 (CH), 54.4
(CH), 63.0 (CH2), 65.0 (CH2), 69.8 (CH), 72.7 (CH), 99.7 (C),
160.8 (CH), 170.3 (C), 170.5 (C). MS (m/z, %): 480 (M+, 2),
434 (M - HCO2H, 15), 420 (M - AcOH, 100), 388 (420 -
MeOH, 13). Anal. Calcd for C26H40O8: C, 65.0; H, 8.4.
Found: C, 64.8; H, 8.6. Further elution with ethyl acetate-
hexane (2:8) yielded methoxy derivative 5 (0.014 g, 18% from
1). IR (cm-1): 1730, 1373, 1247, 1169, 1118. 1H NMR (δ):
0.63 (3H, s), 1.15 (3H, d, J ) 6.1), 2.01 (3H, s), 2.03 (3H, s),
2.45 (1H, dt, J ) 14.8, 2.0), 3.06 (3H, s), 3,06 (1H, m), 3.25
(1H, dd, J ) 2.4, 10.0), 3.34 (1H, dd, J ) 4.4, 14.8), 4.31 (1H,
d, J ) 11.7), 4.56 (1H, d, J ) 11.7), 4.85 (1H, m), 5.38 (1H, br
s,W1/2 ) 9), 8.11 (1H, s). 13C NMR (δ): 12.1 (CH3), 19.8 (CH3),
21.2 (CH3), 21.4 (CH3), 23.1 (CH2), 24.4 (CH2), 24.7 (CH2), 25.1
(CH2), 28.1 (CH2), 39.0 (CH), 39.5 (CH and CH2), 42.2 (C), 42.9
(CH2), 51.5 (CH), 53.7 (C), 55.1 (CH), 57.6 (CH3), 64.7 (CH2),
70.4 (CH2), 72.7 (CH), 72.8 (CH), 160.9 (CH), 170.3 (C), 211.3
(C). MS (m/z, %): 480 (M+, 3), 420 (M - AcOH, 15), 388 (420
- MeOH, 100), 328 (388 - AcOH, 40). HRMS: calcd for
C26H40O8 480.2723, found 480.2725.

Reaction of 18-Iodopregn-4-ene-3,20-dione (9) with
m-CPBA/THF-H2O. 18-Hydroxypregn-4-ene-3,20-dione
(10). A solution of 9 (0.044 g, 0.1 mmol) in THF (2.0 mL) was
added rapidly to a solution of 80% m-CPBA (0.108 g, contain-
ing 0.5 mmol) in THF (2.0 mL) and water (2.0 mL) and stirred
for 3 h at rt. Workup as above, followed by chromatography
on Florisil with ethyl acetate-hexane as eluent, yielded 18-
hydroxyprogesterone (10) (0.021 g, 64% from 9); mp 157-159
°C (from acetone) (lit.18 mp 157-159 °C); 1H and 13C NMR
spectra are identical to those of an authentic standard.
Reaction of 18-Iodopregn-4-ene-3,20-dione (9) with

m-CPBA/Cl2CH2-H2O. 18-Acetoxytestosterone (12). A
solution of 9 (0.044 g, 0.1 mmol) in Cl2CH2 (2.0 mL) was added
rapidly to a solution of 80% m-CPBA (0.108 g, containing 0.5
mmol) in Cl2CH2 (2.0 mL) and water (0.010 mL) at 0 °C and
stirred for 6 h at 0 °C. Workup as for 3 followed by
chromatography on silica gel with ethyl acetate-hexane as
eluent yielded 12 (0.021 g, 61% from 9); mp 169-172 °C (from
diethyl ether) (lit.19 mp 170-173 °C). 1H NMR (δ): 1.21 (3H,
s), 2.10 (3H, s), 3.79 (1H, t, J ) 8.5), 4.22 (1H, d, J ) 11.8),
4.38 (1H,d, J ) 11.8) and 5.73 (1H, s). 13C NMR (δ): 17.4
(CH3), 20.5 (CH2), 21.2 (CH3), 23.4 (CH2), 30.9 (CH2), 31.7
(CH2), 31.9 (CH2), 32.6 (CH2), 33.9 (CH2), 35.6 (CH), 35.8 (CH2),
38.6 (C), 45.3 (C), 50.4 (CH), 53.9 (CH), 62.1 (CH2), 82.0 (CH),
124.1 (CH), 171.0 (C), 199.4 (C).
Reaction of 18-Iodopregn-4-ene-3,20-dione (9) with

m-CPBA/MeOH. 20-Methoxy-18,20-oxidopregn-4-en-3-
one (13). A solution of 9 (0.04 g, 0.091 mmol) in dry MeOH
(2.0 mL) was added rapidly to a solution of drym-CPBA (from
0.125 g of m-CPBA 80%, containing 0.58 mmol) in dry MeOH
(2.0 mL) and stirred for 6 h at rt. Workup as for compound 4
afforded crude methyl ketal 13 (0.03 g, 97% from 9). An
analytical sample purified by column chromatography on silica
gel had 1H and 13C NMR spectra identical to those of an
authentic standard prepared from 18-hydroxyprogesterone.20
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