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Deoxygenation of Steroidal Ring-D 16,17-Ketols with Trimethylsilyl Iodide
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Reaction of various steroidal 16,17-ketols, 16a-hydroxy-17-ketones 1—3, and 15, 16 8-hydroxy-17-ketone 4,
and 17B-hydroxy-16-ketones 5—7, and 17, along with methyl ethers of 16a- and 17f-ketols 1 and 5, with an ex-
cess of trimethylsilyl iodide (TMSI) or with HI in CHCl,, produced the deoxygenated products, a mixture of the
corresponding 17- and 16-ketones, in low to quantitative yields, in which the 17-ketone was the major product in
each case. When the 16f-deuterated 16a-ketol 3 and the 17a-deuterated 17-ketol 7 were reacted with TMSI for
a brief period (15 min), the deuterium content at C-165 and C-17a of the recovered steroids 3 and 7 was reduced
by 17 and 35%, respectively. The present results indicate that the deoxygenation proceeds not only through a di-
rect iodination pathway producing o-iodoketone but also through other reaction pathways.

Key words

Trimethylsilyl iodide (TMSI) is one of the most important
organosilicon reagents, offering a broad variety of useful
functional group transformations under mild conditions."” Its
unique properties and high reactivity arise from a combina-
tion of the relatively high Lewis acidity of the silicon and the
strong nucleophilicity of iodide ion. These properties of
TMSI make it a versatile and selective reagent? for cleaving
oxygen-containing groups such as esters, lactones, ethers, ke-
tals, and carbamates as well as for the conversion of alcohols
and sulfoxides to iodide and sulfides, respectively. Ho® has
reported the usefulness of this silyl reagent in the transfor-
mation of a-ketols to ketones. TMSI has also been used for
the reductive removal of the tert-hydroxy group of «,f-un-
saturated S-fert-hydroxy ketones® and in the deoxygenation
of vic.-diols,” epoxides,” and carbonyl-conjugated allylic
ethers.® We have previously reported regiospecific deoxy-
genation at C-17 of the dihydroxy acetone side-chain of cor-
ticoid steroids and the corresponding 17-methyl ethers with
this silyl reagent.” Furthermore, 21-hydroxy-20-keto and 21-
alkoxy-20-keto steroids are efficiently transformed to 20-keto
steroids by this reagent in the presence of MeOH.®

During the course of these studies, we became interested
in the deoxygenation reaction of cyclic o-ketols such as
steroidal D-ring 16,17-ketols with TMSI. Treatment of 16-
hydroxy-17-ketones, 1—4 and 15, and 17f-hydroxy-16-ke-
tones, 5—7 and 17, along with methyl ethers of compounds,
1 and 5, with the silyl regent in CHCl; gave essentially the
corresponding 17-ketones, 9—11 and 16, as the major de-
oxygenated products, respectively.

Results and Discussion

Reaction of a series of 16a-hydroxy-17-keto steroids, 1—
3 and 15, and 17B-hydroxy-16-keto steroids, 5—7 and 17,
with excess TMSI (8 mol eq) in CHCl, at room temperature
was initially explored under various conditions (Fig. 1 and
Table 1). Treatment of the 16a-ketol, 1, having a S¢-3-keto
structure with TMSI for 42 h produced a 94 : 6 mixture of 17-
and 16-ketones, 9 and 12, in 24% yield (entry 3). On the
other hand, similar reaction of its counterpart 17p-ketol, 5,
gave the deoxygenated product 17-ketone, 9, in 78% yield
after an 8h-reaction period, with no production of the 16-
keto isomer, 12, by 'H-NMR (400 MHz) analysis (<1%
yield) (entry 5). In these reactions, each substrate was recov-
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ered without rearrangement to the other 16,17-ketol. Similar
treatment of other 16a-ketols, 2 and 15, gave a mixture of
17-ketones, 10 and 16, and 16-ketones, 13 and 18, respec-
tively (entries 6 and 8). In contrast to the experiment with the
5a-3-keto steroid, 1, the 16a-ketols, 2 and 15, rearranged to
the corresponding 17f-ketols, 6 and 17, during these reac-
tions. Treatment of compounds 6 and 17 with TMSI also
yielded a mixture of 17-ketones, 10 and 16, and 16-ketones,
13 and 18, respectively (entries 7 and 9), in which the ratio of
the 17- to 16-ketone was essentially similar to that obtained
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Table 1. Deoxygenation of 16-Hydroxy-17-0x0 and 17-Hydroxy-16-oxo Steroids with TMSI*
Conditions Product (% yield)
) TMSI Time Ketol b Ketone ratio
Entry Substrate (mol eq) (h) 16Ketol  17-Ketol 1 /-@and 16-Ketones (17- to 16-Ketone)
1 1 8 2 1(100) 9
2 1 8 8 1(84) — 9 and 12 (16) >99: 1
3 1 8 42 1(35) — 9 and 12 (24) 9%4: 6
4 5 8 2 — 5(10) 9 and 12 (68) 97: 3
5 5 8 8 — 5(9) 9 and 12 (78) >99: 1
6 2 8 8 2(16) 6(37) 10 and 13 (31) 80:20
7 6 8 8 — 6(22) 10 and 13 (57) 68:32
8 15 8 7 - 17 1) 16 and 18 (56) 88:12
9 17 8 7 — 17 (19) 16 and 18 (68) 87:13
10 3 3 1 11 and 14 (98) 88:12
11 4 3 1 11 and 14 (90) 87:13
12 7 3 1 11 and 14 (95) 75:25
13 8 3 1 8(14)
14 19 8 8 1(18) — 9 and 12 (39) >99: 1
15 20 8 8 — 509 9 and 12 (25) >99: 1

a) Reactions were carried out in CHC, at room temperature under N,.  b) The product was obtained as a mixture of 17- and 16-ketones. ¢) The ratio of 17-ketone to 16-
ketone was obtained by 'H-NMR or GC analysis. ) No product detected.
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Chart 1

in the experiments with the corresponding 16a-ketols, 2 and
15. These results indicate that rearrangement of a 16 ct-ketol
to the 17f-isomer is, at least in part, involved in the deoxy-
genation reaction. A conformational transmission of distor-
tion through the B-C-D rings may be in operation during the
rearrangement, although no detailed conformational analysis
of these ketols is available. It is well known that the less sta-
ble 160-hydroxy-17-keto steroids isomerize to the most sta-

ble 17-hydroxy-16-ketone isomers under acidic and basic
conditions through enolization of the 17-keto function.”

Four possible 16,17-ketols, 16a-ketol 3, 16S-ketol 4, 17-
ketol 7, and 17o-ketol 8, having no functional group in the
A-ring, were then subjected to the deoxygenation reaction.
The ketols 4 and 8, which had not been synthesized previ-
ously, were initially obtained as follows. The 168-hydroxy-
17-ketone, 4, was obtained on treatment of the known com-
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pound, 16f-acetoxyderivative 21,'” with 3 m H,SO, in diox-
ane (Chart 1). Treatment of the 168,17 3-epoxide, 22,'" with
acetic acid at 90°C gave a 1:2.2 mixture of 16x-acetoxy-
17B-0l, 23, and 17 c-acetoxy-16-ol, 24, in 61% yield. After
separation by silica-gel column chromatography, the 16f-ol,
24, was treated with Jones reagent followed by hydrolysis
with H,SO, in EtOH to yield the 17a-hydroxy-16-ketone, 8,
in 21% yield from the epoxide 22. The ketols 3, 4, 7 and 8
were treated with a 3 mol eq of TMSI (Table 1, entries 10—
13) and all the ketols, except for the 17o-ketol 8, were de-
oxygenated in good to excellent yields in a short period (1 h),
producing about 75:25 to 88: 12 mixtures of 17-ketone, 11,
and 16-ketone, 14. In contrast, even if a longer reaction pe-
riod (6h) was employed in the reaction of compound 8, no
formation of the deoxygenated compounds, 11 and 14, was
detected by "H-NMR analysis, although a complex mixture
of products was formed.

The time-course of the reaction of the 16a-ketol, 1, with
TMSI (8 mol eq) over 2 h was monitored by IR spectroscopy.
Upon adding TMSI to a solution of compound 1 in CHCl;,
the 160~hydroxy absorption (3550 cm™") completely disap-
peared within 3 min and the 17-carbonyl absorption (1750
cm ') was also reduced by one-half within 10min. Similar
spectroscopic behavior was also observed in the reaction of
the 17-ketol, 5, with the silyl reagent. The course of this re-
action was further monitored by 'H-NMR spectroscopy.
Upon adding TMSI (2 mol eq) to a solution of compound §
in CDCl,, a resonance signal at 6 3.87 (17¢-H of compound
5 and its TMS derivative) immediately disappeared and a
new peak was observed at 6 4.07 (within 5 min, probably the
170-H of TMSI adduct of compound 5 17-TMS ether). In
contrast, on similar treatment of the other ketol, 1, a signal at
5 4.37 (the 16f3-H of compound 1 and its TMS derivative)
did not change for 20 min and then gradually disappeared
over the reaction period. The usual work-up of each reaction
mixture obtained after a 20-min reaction period gave only the
starting ketol. In addition, in the reaction of the 160-ketol, 1,
over a 1 h-reaction period, the only product obtained was the
starting material. These results suggest that ketols 1 and §
were initially converted into the 16a- and 17B-silyl ethers,
respectively, followed by addition of TMSI to each carbonyl
group of the silyl ethers. Jung et al.'” reported that, in the
absence of base, carbonyl-TMSI adducts which are stable in
solution are readily formed from aldehydes by reaction with
TMSI at room temperature and the usual work-up causes a
reversible return to the aldehydes.

A direct iodination mechanism has been proposed for the
deoxygenation of a-ketol with TMSI; silylation of the hy-
droxyl function of the ketol with TMSI followed by displace-
ment of the siloxy group by I” gave an a-iodoketone which
is then transformed into the ketone product.>”® However, on
the basis of the present deoxygenation results showing that a
17-ketone is the major deoxygenated product, irrespective of
the substrates used, 16a-ketols or 17-ketols, it seems that in
addition to the direct iodination mechanism, other mecha-
nisms currently unknown are also involved in the deoxygena-
tion of steroidal 16,17-ketols.

To gain insight into what happens to the 16-proton of the
160-ketol, 3, and the 17a-proton of the 17f-ketol, 7, during
the deoxygenation reaction, we synthesized [168-*H]-160-
ketol 3 (d,, 4 and d,, 96 atom %) and [15,15,17 0-"H,]-17-
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Table 2. Reaction of 16B-Deuterated 16a-Ketol 3 and 17c¢-Deuterated
178-Ketol 7 with 1 mol eq of TMSI

Deuterium labeling at C-16 or C-17

Substrate®” R eactpn
time (min) Recovered substrate Rearranged product
(isolated yield, %)
[168-*H]-3 15 79 at C-1653(77) 64 at C-170¢ (23)
[16p-*H]-3 200 — 46 at C-170:(94)
[170-*H]-7 15 65 at C-170 (66) —

a) The reaction was carried out in CHCI, at room temperature.  b) [16B-*H]-3: 4,
4 and d, 96 atom %. [17@-*H]-7: d, 2 d, 5, d, 15 and d; 78 atom % in which D-labeling
at C-17 or was more than 95% by its 'H-NMR spectrum and other deuterium atoms were
incorporated at C-15. ¢) Deuterium content was determined by MS analysis in the
experiments with [168-*H]-3 or 'H-NMR (400 MHz) analysis in the experiments with
other substrates.

Table 3. Deoxygenation of 16a-Hydroxy-17-oxo and 17B-Hydroxy-16-
oxo Steroids 3 and 7 with HI?

Product (% yield”)

Substrate

Ketones 11 Ratio of 11
16a-Ketol 3 17-Ketol 7 and 14 0 149
3 — 41 18 95:5
7 — 44 18 95:5

a) Compounds 3 and 7 were separately treated with 1 moleq of HI in CHCI, for Sh
at room temperature.  b) In addition to the ketol 7 and the ketones 11 and 14, at least
two products of undetermined structure were isolated in 1 to 22% yields in each reac-
tion. ¢) Relative amount of the ketones, 11 and 14, was determined by GC.

ketol 7 (more than 95 atom % of D-labeling at C-17¢) and
subjected them to the reaction. Treatment of the deuterated
ketols, 3 and 7, with 1 mol eq of TMSI for !5 min reduced
the deuterium content of the recovered compounds 3 and 7
by about 17 and 35%, respectively (Table 2). During treat-
ment of the ketol, 3, rearrangement product 7 was produced
in 23% yield, and when a prolonged reaction time (200 min)
was employed, almost all of substrate 3 was converted into
the 17-ketol, 7. Considering the relative stabilities of the
16,17-ketols,” the reduced D-content at the C-163 position
does not depend on enolization of the 17-carbonyl group of
compound 3, but an other unknown pathway is involved
leading to a reduction in the D-content at the C-16f3 position.
On the other hand, the D-labeling at C-17 of the 17 3-ketol, 7,
produced from the 16f-deuterated 16a-isomer 3, can be ex-
plained by enolization—ketonization of the 16-carbonyl func-
tion of the 17B-ketol, 7, through a 16-ene-16,17-diol. The D-
labeling results also support the involvement of pathways
other than direct iodination.

When methyl ethers of the 16~ and 173-ketols 1 and 5,
compounds 19 and 20, were treated with 8 mol eq of TMSI,
in addition to the corresponding ketols, 1 and 5, the 17-ke-
tone 9 alone was obtained as the deoxygenated product in
each experiment (Table 1, entries 14 and 15), similar to the
reaction using the ketols 1 and 5 (entries 2 and 5). Consider-
ing these results, it is likely that demethylation of the
methoxides 19 and 20 largely precedes deoxygenation, as
previously reported in the 21-methoxy-20-ketone series.”

Reaction of the 16a- and 17f-ketols, 3 and 7, with
1 moleq of HI in CHCI, for 5h yielded a mixture of the 16-
and 17-ketones, 11 and 14, in 18% yield as well as the 173-
ketol, 7 (41 and 44%, respectively) (Table 3). The relative
amount of the 17- to 16-ketone corresponded largely to that
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obtained in the reaction with TMSI. These results indicate
that HI liberated by the reaction of the ketol with TMSI is in-
volved, at least in part, in the deoxygenation reaction.

In conclusion, the steroidal 16~ and 17B-ketols were de-
oxygenated with TMSI or HI to produce the corresponding
17-ketone as the major product, probably through multi-reac-
tion pathways, where the yield of the product depends on the
A-ring structure.

Experimental

Melting points were measured on a Yanagimoto melting point apparatus
and are uncorrected. IR spectra were determined on a Shimadzu IR-430 or a
Perkin Elmer FT-IR 1725X spectrophotometer. 'H-NMR spectra were ob-
tained with a JEOL PMX 60 (60 MHz) or a JEOL GX 400 (400 MHz) spec-
trometer and '*C-NMR were obtained on a JEOL GX 400 (100 MHz) instru-
ment using tetramethylsilane as an internal standard. Mass spectra were
measured on a JEOL JMS-DX 303 spectrometer. GC was carried out using a
Shimadzu GC-7AG equipped with a hydrogen flame ionization detector.

Materials 17-Oxosteroids 9, 10, and 16 as well as 16-oxosteroids 12,
13, and 17 were purchased from commercial suppliers. TMSI and CHCI,
were purified as described previously.® 16a-Hydroxy-17-oxosteroids 1,"%)
2,' 3,9 and 15'9 as well as 17 B-hydroxy-16-oxosteroids 5,'® 6,® and 7'¢
were synthesized according to methods previously reported. 17-Oxosteroids
11'7 and 16-ketone 14! and 18'® were also prepared according to a method
previously reported.

[168-’H] 16a-Hydroxy-5a-androstan-17-one (3) To a solution of
160-bromo-5 o-androstan-17-one (300 mg, 0.85 mmol) in 18 ml pyridine'*'"
was added a mixture of 40 mg NaOH and 3 m! D,0 and the mixture was
stirred at room temperature for 4.5h. After this time, the reaction mixture
was poured into 5% HCI solution (100ml) with stirring and the precipitate
was collected by filtration. The precipitate was dissolved in AcOEt (50 ml)
and washed with 5% NaHCO, solution, then NaCl solution and dried
(Na,S0,). After evaporation of the solvent, the residue was subjected to sil-
ica-gel column chromatography (hexane~AcOEt=3:1) to give crude prod-
uct, which was recrystallized from ethyl ether to yield [168-*H] ketol 3
(160 mg, 65%), mp 164—166°C (lit.” mp 151—154°C for non-labeled 3).
MS d, 4 and d, 96 atom %.

16-Hydroxy-5Sa-androstan-17-one (4) A mixture of 163-acetoxy-5a-
androstan-17-one (21)'” (500mg, 1.5mmol), 1,4-dioxane (40ml), water
(10ml), and 3 M H,SO, (10 ml) was allowed to stand at room temperature for
7d, and then diluted with AcOEt (500 ml). The reaction mixture was wash-
ed with water and dried over Na,SO,. After evaporation of the solvent, an
oily product was purified by silica-gel column chromatography (hexane—-
AcOEt=5:1) followed by recrystallization from ethyl ether to afford 4
(152.1 mg, 35%) as colorless plates, mp 143—146°C. IR (KBr) cm™': 3500
(OH), 1740 (C=0). 'H-NMR (400 MHz, CDCL,) &: 0.81 (3H, s, 19-Me),
0.93 (3H, s, 18-Me), 3.93 (1H, dd, /=9.3, 8.3 Hz, 160-H). Anal. Calcd for
C,oH;,0,: C, 78.57; H, 10.41. Found: C, 78.51; H, 10.52.

[15,15,17 a—2H3] 178-Hydroxy-5a-androstan-16-one (7) To a solution
of compound 7 (60 mg, 0.21 mmol) in 5.5 ml MeOD was added a mixture of
50mg NaOH and 0.45 ml D,0O and the mixture was allowed to stand at room
temperature for 19 h. After this time, the reaction mixture was diluted with
AcOEt (50ml) and washed with 5% HCI, 5% NaHCO, solution, saturated
NaCl solution and dried (Na,SO,). After evaporation of the solvent, the
residue was purified by silica-gel thin-layer chromatography (hexane—
AcOEt=5: 1, two developments) to give [15,15,17a-2H,] ketol 7 (11.8 mg)
mp 134—137°C (lit.” mp 141143 °C for non-labeled 7). MS d, 2, d, 5,
d, 15 and d, 78 atom %. D-content at C-17¢ was almost 100% based on 'H-
NMR (400 MHz, 6 3.75 ppm for 17 -H).

17a-Hydroxy-5or-androstan-16-one (8) 5a-Androstan-164,17B-epox-
ide (22)'" (1000 mg, 3.67 mmol) was dissolved in 30 m] acetic acid and the
solution was heated at 90 °C for 3 h. The reaction mixture was poured into
NaHCO, solution, extracted with AcOEt, washed with NaCl solution and
dried over Na,SO,. After evaporation of the solvent, the residue was chro-
matographed on a silica-gel column. The first eluate with hexane-benzene
(1:1) was recrystallized from ethyl ether to give 16a-acetoxy-5a-androstan-
17B-01 (23), (228 mg, 19%) as colorless plates, mp 153—154°C. IR (KBr)
cm™": 3550 and 3450 (OH), 1725 and 1700 (C=0). 'H-NMR (60 MHz,
CDCl,) &: 0.82 (6H, s, 18- and 19-Me), 2.10 (3H, s, 16a-OCOMe), 3.55
(1H, d, J=5Hz, 17a-H), 4.80 (1H, m, 16 8-H). Anal. Calcd for C,H,,0;: C,
75.41; H, 10.24. Found: C, 75.70; H, 10.15. The second eluate with benzene
was recrystallized from MeOH to yield 17a-acetoxy-5q-androstan-168-ol
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(24), (510 mg, 42%) as colorless leaflets, mp 190—191°C. IR (KBr) cm™":
3550 (OH), 1705 (C=0). 'H-NMR (60 MHz, CDCl,) &: 0.78 (3H, s, 18-
Me), 0.95 (3H, s, 19-Me), 2.07 (3H, s, 17a-OCOMe), 3.97 (1H, m, 160-H),
437 (1H, s, 17B-H). Anal. Calcd for C, H,,0;: C, 75.41; H, 10.24. Found:
C,75.13; H, 10.35.

The 168-0l (24), (372 mg, 1.11 mmol ) was dissolved in 50 m] acetone. To
this solution, Jones reagent (0.37 ml) was added under ice-cooling with con-
tinuous stirring. After 30 min, the reaction mixture was poured into ice-
water and extracted with AcOEt. The organic layer was washed with satu-
rated NaCl solution and dried over Na,SO,. After evaporation of the solvent,
the residue (356 mg) was recrystallized from MeOH to give 17a-acetoxy-
Sa-androstan-16-one (25), (269 mg, 73%) as colorless plates, mp 131—
132°C. IR (KBr) cm™": 1752 and 1738 (C=0). 'H-NMR (60 MHz, CDCl,)
8: 0.83 (3H, s, 18-Me), 0.92 (3H, s, 19-Me), 2.12 (3H, s, 170-OCOMe),
4.65 (1H, s, 17B-H). Anal. Calcd for C,H,,05: C,75.86; H, 9.70. Found: C,
75.58; H, 9.60.

Finally, the 16-one (25), (115 mg, 0.346 mmol) was dissolved in 10ml
95% EtOH, then 10 ml 5% ethanolic sulfuric acid was added to this solution
and the mixture was allowed to stand at room temperature for 4 d. The reac-
tion mixture was diluted with AcOEt, washed with saturated NaCl solution,
and dried over Na,SO,. After evaporation of the solvent, the residue was re-
crystallized from acetone to afford ketol 8 (67.4 mg, 67%) as colorless nee-
dles, mp 183—185°C. IR (KBr) cm™': 3475 (OH), 1740 (C=0). '"H-NMR
(400 MHz, CDCL,) 6: 0.83 (3H, s, 18-Me), 0.83 (3H, s, 19-Me), 3.40 (1H, s,
17B-H). Anal. Caled for CgH,,0,: C, 78.57; H, 10.41. Found: C, 78.52; H,
10.64.

16-Methoxy-5c-androstane-3,17-dione (19) A mixture of compound
1 (200 mg, 0.66 mmotl), Ag,0O (1000 mg, 4.31 mmol), and Mel (10 ml) was
heated under reflux for 20 h. After the usual work up, the residue obtained
was purified by silica-gel column chromatography (hexane-AcOEt=4:1)
and recrystallized from MeOH to give 19 (136 mg, 65%) as colorless
prisms, mp 142—144°C. IR (KBr) cm™": 1744 and 1716 (C=0). 'H-NMR
(60 MHz, CDCl,) §: 0.93 (3H, s, 18-Me), 1.03 (3H, s, 19-Me), 3.49 (3H, s,
160-OMe), 3.93 (1H, m, 16-H). Anal. Caled for C,H,,0y: C, 7543 ; H,
9.50. Found: C, 75.70; H, 9.80.

17B-Methoxy-5o-androstane-3,16-dione (20) Compound 5 (270 mg,
0.88 mmol) was treated with Ag,0 (800mg, 3.4mmol) in Mel (10 ml) as
above. The product was purified by silica-gel column chromatography
(hexane-AcOEt=4:1) and recrystallized from acetone to give 20 (150 mg,
53%) as colorless prisms, mp 141—145°C. IR (KBr) cm™': 1751 and 1711
(C=0). 'H-NMR (60 MHz, CDCL,) &: 0.82 (3H, s, 18-Me), 1.05 (3H, s, 19-
Me), 3.36 (1H, s, 17a-H), 3.58 (3H, s, 17B-OMe). Anal. Calcd for
C,H3,05: C, 75.43; H, 9.50. Found: C, 75.22; H, 9.51.

General Procedure for Reaction of 16,17-Ketols with TMSI A solu-
tion of the ketol substrate (0.3 mmol) and various amounts of TMSI in
CHCl, (alcohol free, I—10ml) was stirred at room temperature for an ap-
propriate time under N,, and then the reaction mixture was poured into 5%
Na,S,0, solution (10ml) and extracted with AcOEt (50ml). The organic
layer was washed with 5% NaHCO, solution and saturated NaCl solution,
then dried over Na,SO,. After evaporation of the solvent, the residue was
purified by silica-gel thin-layer chromatography or column chromatography
(hexane—AcOEt) to give a mixture of 16- and 17-ketones, and the recovered
and/or rearranged ketols. The relative amounts of 16-hydroxy-17-ketone to
17 B-hydroxy-16-ketone and 17- to 16-ketone were determined by 'H-NMR
spectroscopy (using the 16- and 17-methine signals, the 18- and 19-angular
methyl signals) or GC.

'"H-NMR data for the ketols. 1: §: 0.97 (3H, s), 1.04 (3H, ), 4.37 (1H, m).
2: 6: 1.03 (3H, s), 1.23 (3H, s), 4.43 (1H, m), 5.77 (1H, s). 3: §: 0.76 (3H,
s), 0.91 (3H, s), 4.32 (1H, m). 4: §: 0.81 (3H, s), 0.93 (3H, s), 3.93 (1H, m).
5:8:0.77 (3H, s), 1.07 (3H, s), 3.80 (1H, s). 6: &: 0.80 (3H, 5), 1.23 (3H, s),
3.82 (1H, s), 5.80 (1H, m). 7: §: 0.71 (3H, s), 0.82 (3H, s), 3.75 (1H, s). 8:
0: 0.83 (6H, ), 3.40 (1H, s). 15: 8: 0.97 (3H, s), 4.40 (1H, m). 17: 6: 0.77
(3H, s), 3.85 (1H, s). 'H-NMR data for the ketones. 9: &: 0.89 (3H, s), 1.04
(3H, ). 10: §: 0.92 (3H, ), 1.22 (3H, s), 5.75 (1H, s). 11: §: 0.81 (3H, s),
0.86 (3H, s). 12: §: 0.91 (3H, s), 1.05 (3H, s). 13: 5: 0.94 (3H, 5), 1.23 (3H,
s), 5.76 (1H, s). 14: §: 0.81 (3H, s), 0.87 (3H, s). 16: §: 0.91 (3H, s). 18: &:
0.92 (3H, s).

GC Analysis of the Ketones The ketones were analyzed as their
methoximes (9, 10, 12, and 13), or methoxime-trimethylsilyl ethers (16 and
18) prepared as follows: i) Methoxime: the ketones (ca. 1 mg ) were dis-
solved in 0.5ml pyridine containing 3mg O-methylhydroxylamine hy-
drochloride and the resulting solution was allowed to stand at room tempera-
ture for 12 h. After this time, the reaction mixture was evaporated to dryness
and dried in vacuo. The residue was dissolved in 0.3 ml tetrahydrofuran
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(THF), and then injected on to the GC column. ii) Methoxime-trimethylsilyl
ether: methoxime initially prepared was dissolved in 0.2ml of a mixture of
pyridine, hexamethyldisilazane, and trimethylchlorosilane (3:2:1). The
mixture was heated at 60 °C for 30 min, and then injected on to the GC col-
umn.

GC conditions and retention times. i) analysis of 9, 10, 12, and 13: 1%
QV-1 on Chromosorb WAW DMCS 80/100, 4 mX3.5 mm i.d.; column oven
temperature, 200—260 °C, 4 °C/min; injection port and detector tempera-
ture, 290 °C; N, 50 ml/min; retention time (fg): 9 24.1 min, 10 24.8 min, 12
25.3min, 13 25.8 min. Analysis of 16 and 18: The same instrumental condi-
tions as above were used except for the column temperature; column temper-
ature 200 °C hold 16 min, then 200—260°C, 4 °C/ min. #;: 16 24.4min, 18
25.3 min. ii) Analysis of 11 and 14: 3% SE-30 Chromosorb WAW DMCS
80/100, 3mX3.5mm i.d.; column temperature, 220 °C; injection port and
detector temperature, 250 °C; N, 50 ml/min; f: 11 17.2 min, 14 18.4 min.

Reaction of 16a-Ketol 3 and Its 178-Isomer 7 with Hydriodic Acid
To a solution of the ketols 3 and 7 (50mg, 0.172mmol) in 1.25ml dry
CHCI, was added 9% HI in CHCLY (0.25 ml, 0.172 mmol), and the mixture
was stirred at room temperature for the appropriate time (5 h). After this, the
reaction mixture was poured into 10% Na,S,0, solution, extracted with
AcOEt, washed with saturated NaCl solution and dried over Na,SO,. After
evaporation of the solvent, the residue was purified by silica-gel column
chromatography and the ketone mixture was analysed by GC as above.

IR and 'H-NMR Spectrometric Studies of the Reaction of the Ketols 1
and 5 with TMSI IR Analysis: TMSI (38 ul, 0.267 mmol) was added to a
solution of 1 or 5 (10 mg, 0.033 mmol) in 0.2 ml CHCl,, the mixture was im-
mediately transferred to an IR cell (NaCl, 0.1 mm), and the spectrum be-
tween 4000 and 330cm™' was first obtained after a 1-min reaction time
(scan time, 4 min). The spectra were then measured repeatedly at 10-min in-
tervals up to a reaction time of 1 h.

'H-NMR (60 MHz) Analysis: TMSI (23 ul, 0.164 mmol) was added to a
solution of 25mg 1 and 5 (0.082 mmol) in 0.4 ml CDCI, in an NMR tube,
and the spectra between 0 and 10 ppm were obtained repeatedly at 10-min
intervals for a reaction time of 1 h (scan time, 2505s).
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