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Abstract—Addition at very low temperature of potassium t-butoxide to a solution of an
a,B-unsaturated ketone and methyl iodide in tetrahydrofuran allows methylation at the methylenic
position a’, via the kinetic enolate. The reaction leads easily to the «’-gem-dimethylated product, but
it has been shown, that the reaction can be stopped at the «’-monoalkylated compound.

It is well known that methylation of A,3-
oxosteroids by methyl iodide in alkaline medium
leads to the C4-mono and dialkylated products.'
Thus, when an excess of methyl iodide is added, at
room temperature, to a t-butanol solution of 17«-
methyl-testosterone, 1b, which has been previously
treated with potassium t-butoxide, the 4,4-dimethyl
As - 3 - one, 2b, is isolated in good yield.** Similar
results have been obtained with related compounds
and in particular with 19-nortestosterone, 1a, which
gives the deconjugated ketone, 2a.‘

The formation of these 4,4-dimethylated de-
rivatives results from the alkylation of the ther-
modynamic enolate of type B (Chart. 1) which itself
is formed at the expense of the kinetic enolate of
type A.t Malhotra and Ringold® have indeed shown
that the action of a strong mineral base on an
a,B-unsaturated 3-oxosteroid, such as testosterone,

“Presented in part at the third International Congress
on hormonal steroids, Hamburg, Federal Republic of
Germany, September 1970°

tThat is true for the first alkylation. For the second one,
the intermediary 4 - methyl A, - 3 - oxosteroids are rapidly
deprotonated and alkylated at C-4 in the methyl iodide,
potassium t-butoxide, ¢-butyl alcohol system.’

fAfter our preliminary communication,” a similar
kinetic alkylation of a A4 - 3 - ketosteroid using lithium
enolate was published by W. Reusch et al.'" and more
recently by M. Tanabe et al.'® We became aware of the
first of these two communications after submission of our
manuscript to the Editor (note added following referee’s
report).

effects, in the first place, the abstraction of the
more acidic 8 axial proton at C-2 with formation of
the less stable homoannular dienolate A.

Therefore, it appeared to us that methylation at
C-2 on the kinetic sodium or potassium enolate A
ought to be possible by modifying the relative rates
of alkylation and isomerisation of the enolate A.

This paper reports a study of the Kkinetic
methylation of several tetracycle 1, 10, 14 and
tricyclic 7 a,B-unsaturated ketones with potassium
t-butoxide.t

In all these examples, we observed that direct
methylation in the a’ position can be achieved by
working at low temperature and with an aprotic
solvent.

Our first experiments were carried out with
17a-methyl 19-nortestosterone, 1d, where the
tertiary OH had been previously protected in
tetrahydropyranyl ether form (THP) to prevent its
partial methylation.

The results are given in Chart 2. Thus, when an
excess of methyl iodide (about 14 moles for one
mole of product) is added at about —70° to a
solution of the enolate prepared by addition of
potassium t-butoxide(5,8 moles) to a tetrahydrofu
ran solution of ketone 3d, 2,2,17a-trimethy;
19-nortestosterone, 5d,” is isolated in 55% yield
after hydrolysis of tetrahydropyranyl ether (Chart
2, exp. 1.

Improved yields may be obtained by reversing
the order of introduction of the reagents, i.e. by
adding the base to a cold solution of the steroid and
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a: Ri=R,=H
b: R,=R.=CH,

O
Se.d

[ R1 =CH3, R2=H
d: R,=H, R,=CH,

Chart 2. Methylation of 17¢ - methyl - 19 - nortestosterone -
tetrahydropyranyl ether, 3d

Exp. Conditions Product yield %"

KOtBu*" Solvent (t°) 4ad 5d 6d 2d

1 5,8 moles THF (- 70°)° 35 550 — -

2 5,8moles THF (-~ 70°) 32 660 67 —

3 1.9 moles THF (— 70°¢ 670 86 17 —

4 1,9moles THF-HMPT 710 46 — —

(85-15) (— 70
5 5,2moles THF-HOtBul:15-0 — 15 325

(- 300

“moles of base for one mole of ketone;
*products isolated by chromatography on Silicagel;
“methy! jodide dropped into a mixture of ketone-KOtBu and

solvent;

?solution of KO¢Bu dropped into a mixture of ketone-methyl

iodide and solvent;

“in admixture with a trimethylated product;

methyl iodide at —70° (exp. 2). Using these
conditions compound 5d is isolated in 66% vyield.
Besides the main product, smail amounts of the

*To achieve the reaction, KOtBu must be used in
excess. The reagent is probably partially alkylated by the
methyl iodide. We have in fact observed, that the tertiary
OH groups could be easily methylated under our working
conditions.

mono and tetramethylated ketones 4d and 6d are
produced.

By decreasing the amount of base used (1,9
moles), the monomethylated compound 4d, al-
ready prepared by a different pathway,” can be
obtained as the main product* (exp. 3). As
expected, addition of a small amount of hex-
amethylphosphoric triamide (HMPT) to the solvent
has a favorable effect (exp. 4).
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As the first Me group introduced has the B
configuration uniquely, its introduction agrees with
a perpendicular attack of the enolate®’ from the g
face via a prechair transition state having some
ketonic character®

A striking solvent effect in this reaction has been
demonstrated in experiment 5. Thus, when the
methylation is carried out at —30°t in a mixture of
THF-HOtBu 1:1, by adding the base to the
solution of the steroid and of methyl iodide, only
small yields of the C4-methylated deconjugated
ketones 2d‘ and 6d are obtained. This result can be
explained by a diminished rate of alkylation in the
presence of HOtBu'® while proton transfer from the
kinetic enolate to the thermodynamic enolate is
favoured.

Although the alkyl group is introduced at C-2 in
metadiaxial position with respect to the 108-
hydrogen, the presence of a more bulky group such
as the 19-Me does not hinder the kinetic alkylation.
This is shown by the experiment carried out with
testosterone tetrahydropyranyl ether, 3c. In this
case, the reverse method, just described (exp. 2,
Chart 2) affords good yields of the 2,2-dimethyl
testosterone 5c¢ (88% from 1c¢). In this series, further
work is now in progress and will be published later.

This new method may be applied to other
conjugated ketones such as the optically active
tricyclic derivative 7a' which, with an excess of
base and methyl iodide, gives rise to the dimethy-

*Ref 1d p 586.

TAt —70° the rate of reaction is very slow.

$This product, of pharmaceutical interest, has already
been described by two of us (L. N. and J. C. G.) and R.
Bardoneschi.®

M.ps were determined on a Kofler block. IR spectra
were determined in CHCl, and UV spectra in EtOH
solution. NMR spectra were recorded on a Varian 60 A
spectrometer in CDCl; containing tetramethyl silane as an
internal standard. Dichroism circular curves were re-
corded on a “Dichrographe Roussel-Jouan”. Specific
rotations were measured at room temperature.
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lated ketone 9¢. Under the usual conditions, with
toluene as solvent and NaOtAm as base, the
deconjugated ketone 8b is the only product from
the benzoate 7b.”

The dienic and trienic ketones i and i4 give
similar results. Under enolate trapping conditions,
the dimethylated conjugated ketone 13 can be
obtained from the ether 10b, corresponding to the
dienone 10a” via the trienic enolate F. On the
contrary, when the dienic ketone 10a is enolised
with KOtBu in hot HOtBu (before the addition of
methyl iodide) the ketone 12 is produced through
the intermediacy of the thermodynamic enolate E.
The same derivative can also be obtained from the
deconjugated ketone 11" which results from the
acidification of the corresponding enolate by acetic
acid.

The trienic ketone 14" represents a special case
because enolisation should have been more favora-
ble towards C-2 than towards C-6, since this gives a
more conjugated enolate. From this point of view,
one would not have expected to find a difference in
methylation with respect to the method employed.
However, treatment of the ester 14b in the usual
conditions leads only to degradation products. In
this case, the reverse method of methylation at low
temperature is advantageous and gives the 2,2-
dimethylated compound 15.%

In conclusion, it has been shown that the simple
modification of the calssical procedure of methyla-
tion allows mono or dialkylation in «' position of
cyclic a,B-unsaturated ketones. Trapping of the
less stable enolate was possible because of the
great difference between the rate of methylation
and the rate of isomerisation of the kinetic enolate
when the reaction is carried out in THF at very low
temperature.

EXPERIMENTAL$

General procedure of methylation
Trapping method. To a 0-8, 0-9 molar soln of a,8-
unsaturated ketone in anhyd THF was added Mel in the

OR

OR
Thermodynamic
conditions
condiions OR
O
7
o7 ™~
H:.C" CH,
a: R=H 9
b: R =COCH;
c: R= CH3
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OR
‘CHs

14
a: R=
b: R=THP

molar ratio ICH,/ketone ~ 14. After cooling to — 65°,
—70°, a 20% t-BuOK* soln in THF (2 moles or more) was
added slowly while the low temp was maintained. After
the reaction was complete, according to tlc, (0-5hr or
more), the mixture was diluted with water and extracted
with ether or methylene chloride. After subsequent
treatment (drying and removal of the solvent and eventual
hydrolysis of tetrahydropyranyl ether) the residue was
crystallized or chromatographed on silicagel.t

Methylation of 17a - methyl - 17 - tetrahydropyranyloxy-
estr -4 - en 3 - one 3d (Chart 2)

The tetrahydropyranyl ether 3d was prepared from 17« -
methyl 17 - hydroxy - estr 4 - en 3 - one.”® Compound 1d
(3g) in ethyl ether (150 ml) dihydropyran (3-3ml) and
p-toluenesulfonic acid (70 mg) were stirred for 20 hr at

*Supplier: Dynamit-Nobel
tSupplier: E. Merck, A. G. Darmstadt grade H.
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13
(71% from 10a)

15
(55% from 14a)

room temp. The crude product was chromatographed on
silicagel (yield 80%). The resulting oily matgrial was
homogeneous in TLC, vpe 1640 cm™ (C=0), 1 605 cm™
(C=0).

Exp. 1. To a soln cooled to — 60°/70°, 3d (1-17g;
3-14 mmoles) in THF (4 ml) was added a soln of ¢-BuOK
(1-995 g, 18 mmoles) in THF (10 ml(1). At —65°, a mixture
of Mel (0-5 ml, 80 mmoles) and THF (0-5 ml) was added
dropwise during 5 min. After stirring for 30 min, the
mixture was treated as usual. The crude product was
chromatographed on silicagel. Elution with benzene-
EtOAc gave 2,2,17a - trimethyl - 17 - hydroxyester 4 en 3 -
one 5d, (0-55g; yield 55%) m.p. 144°— 155° which was
crystallized from hexane-ethylether, m.p. 159°, [a]p +21°
in CHCI; [lit” m.p. 150°-153°, [a]p+34° in CHCl],
Amax 239 — 240 nm (€15,300) v, about 1 665 cm™' broad
(C=0) and 1 605cm™" (C=C), NMR: 0-92 ppm (18-H),
1-04 and 1-08ppm (2-CH;), 1-21ppm (17-CH;) and
5-72 ppm (4-H). CD in EtOH, A¢ = —2-05at 322 nm, + 1-3
at 240 nm, + 9-8 at 210 nm. (Found: C, 79-9; H, 10'5;
C,,H;;0, requires: C, 79-70; H, 10-19%).
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Exp. 2. To a soln of 3d (1-15 g; 3-09 mmoles) in THF
(3-5ml and Mel (2:7ml; 43-4 mmoles) cooled to
— 65°/— 70°, a soln of t-BuOK (2 g; 17-8 mmoles) in THF
(11 ml) was added dropwise (~ 1 hr). After isolation and
hydrolysis of the THP ether in aqueous ACOH at 70°, the
crude product was chromatographed on silicagel. Elution
with benzene-EtOAc (7:3) afforded 2,244, 17a -
pentamethyl - 17 - hydroxyestr - 5 - en 3 - one, 6d, (70 mg,
6-6%) m.p. 135°—140°, which was crystallized from
hexane m.p. 140 — 142°, v, ~ 1696 cm™" (C=0), NMR:
0-92 ppm (18-H), 1-07 and 1-12ppm (2-CH), 1-20 and
1-24 ppm (4-CH;), 1-24 ppm (17-CHs) and 5-61 ppm (6-H).

Further elution with the same solvent gave 5d (645 mg;
yield 66%) m.p. 145°—159° and 28, 17a - dimethyl - 17 -
hydroxyestr - 4 - en 3 - one, 4d, 30 mg, 3-2%) m.p. 140°
[alo: —55° in CHCl, [lit.” m.p. 138°—140°, [a]p = —T72°
in CHCL), Amax =241 nm (e = 14,800), v... broad about
1662cm™ (C=0) 1632 and 1622cm™’ (C==C); NMR:
0-94 ppm (18-H), 1-10ppm, J=7hz (2-CH,), 1-22 ppm
(17-CHs) and 5-73 ppm (4-H), in CDs: 1-08 ppm, J=7hz
(2-CH,); CD in EtOH, Ae = —0-94 at 322nm, — 5-3 at
243 nm and + 5-4 at 210 nm (Found: C, 79:5; H, 10-0;
CH3,0; requires: C, 79-42; H, 10-00%).

Exp.3, Chart 2. Toasolnof 38 {1-11g;2:99 mmoles)in
THF (3-5ml) and Mel (2-7 ml; 43-4 mmoles) cooled to
— 65°/—70° a soln of t-BuOK (0-628 g, 5-6 mmoles) in
THF (3-25 ml) was added dropwise for 30 min. The crude
product isolated in the usual way was chromatographed
on silicagel. Elution with benzene-EtOAc (7:3) afforded
44 0-61 g, 67-5%) m.p. 139°.

Exp. 4. To a soln of 3d (1-19g; 3-2 mmoles) in THF
(3ml), HMPT (0-5ml) and Mel (2-7ml; 43-4 mmoles)
cooled to — 65°, was added dropwise for 40 min, ¢t-BuOK
(0-684g, 6-1 mmoles) in THF (2:75ml) and HMPT
(0-5 ml). Then, the mixture was stirred for 1 hr 30 min at
— 65°. After usual treatment the crude product was
chromatographed on silicagel. Elution with benzene-
EtOAc (7:3) gave 5d (47 mg 4-6%) and 4d (0-684 g, 71%)
m.p. 139°

Exp. 5. To a cooled mixture (—50°) of 3d (1-2g;
3-32 mmoles) in THF (Sml), t-BuOH (4 ml) and Mel
(3 m!), a soln of t-BuOK was added during 50 mins. (1-9¢g
17 mmoles) in ¢t-BuOH (6 ml) and THF (4 ml). According
to TLC the reaction did not progress at this temp. In 1 hr,
the temp was raised to —45° and the reaction slowly
started. In the following hours, the temp was allowed to
reach — 30°, then the methylation was clearly progressing.
The mixture was treated as usual after stirring for 5 hr
30 min. The crude product was chromatographed on
silicagel. Elution with benzene-EtOAc (7:3) gave a first
fraction of surmethylated product 6d (0-17 g) in admixture
with the corresponding C2 monomethylated C4 dimethy-
iated product. Further elution afforded 4,4, 17a -trimethyi-
17-hydroxyestr - S - en 3 - one, 2d, (033 g, 32-5%) m.p.
158°~160° [a]o= —10° in CHCI; [lit.* m.p. 160°— 162°
needles and 168°— 170°rhom. [a]r= —15° in CHCL],
Vmx = 1711cm™  (C=0); NMR: 0-92ppm (i8-H),
1-22 ppm (two-CH,) and 1-27 ppm (one-CH,) (methyls in
C4 and C17).

The following fraction was a monomethylated product
(yield 5%).

In addition, 19-5% of the starting ketone 4d were
recovered.

178 - Tetrahydropyranyloxyandrost - 4 - en 3 - one, 3¢
A soln of 1c (2g; 6:95 mmoles) in ethylether (100 ml),
dihydropyran (2-2 ml) and p-toluenesulfonic acid (50 ml)
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was stirred for 15hr at room temp. The mixture was
poured into NaHCO; aq., and extracted with ethylether.
The resulting crude oil (3c; 2:82g) did not exhibit
hydroxylic IR absorption.

2,2 - Dimethyl - 178 - hydroxyandrost -4 - en 3 - one, S¢
To a cooled soln (— 65°) of 3¢ (1-4g; 3-45 mmoles) in
THF (3-9ml) and Mel (3 ml), a soln of t-BuOK (2-3g;
20-5 mmoles) in THF (11 ml) was added during 1 hr. After
isolation in the usual way, the crude product was
chromatographed on silicagel. Elution with benzene-
EtOAc (8:2) afforded 5S¢ (0-96 g, 88%), m.p. 190° (Kofier),
[a]lo = +49°in EtOH, A.. (EtOH) = 241 nm (¢ = 15,650),
Vmax (CHCL,) broad about 1 661 cm™" (C==0), 1 627 cm™*
(C=C); NMR (CDCl,): 0-81 ppm (18-H) 1-12, 1-19 and
1-3ppm (19-H and 2-CH,), 5-73 ppm (4-H). (Found: C,
79-7; H, 10-4; C;,Hs,0, requires: C, 79-70; H, 10-19%).

(3S, 3a8, 9aS, 9bS) 3-Methoxy - 3a, 8, 8 - trimethyl - 1,2,
3,3a,4,5,8,9,9a,9b - decahydro (TH] benz [e] inden - 7-
one, 9c.

To a soln of 7a (1 g; 4-55 mmoles) in THF (60 ml) and
Mel (5 ml) cooled at — 70°, was added in 1hr, t-BuOK
(5-3g; 47-3 mmoles) in THF (20 ml). The mixture was
stirred for an another hr, and poured into water, The
crude product was chromatographed on silicagel. Elution
with benzene-EtOAc (7:3) gave (0-:37 g; yield 28% an oily
product) identified as (35, 3aS, 9aS, 9bS) 3 - methoxy - 3a,
6, 6, 8, 8 - pentamethyl - 1, 2, 3, 3a, 4,6, 9, 9a, 9b -
decahydro (TH) benz [e] inden -7 - one, v = 1703 cm™"
(C=0), NMR: 0-77 ppm (32-CH,), 1-08 ppm, 1-14, 1-22
and 1-27ppm (four methyls in C6 and C8), 3-38 ppm
(3-OCH,) and 5-55 ppm (5-H). Further elution afforded
0-613 g of compound 9¢ (51-5%), m.p. 63°, Amax = 239 nm
(€ = 14900), vp. = 1662 cm™ (C=0), 1 626cm™"' (C=C),
NMR: 0-93 ppm (3a-CH;), 1-07 ppm (8-CH,), 3-35 ppm
(3-OCHs;) and 5-75 ppm (6-H). (Found: C, 77-5; H, 10-0;
Ci7H:60; requires: C, 77-82; H, 9-99%).

(35, 3a8, 9a8, 95) 3 - Benzoyloxy - 3a, 6, 6 - trimethyl - 1,
2,3,3a,4,6,8,9,9a,9b - decahydro [TH] benz [e] inden -
7 - one, 8b.

To a soln of 7b (25 g, 77 mmoles) in toluene (713 ml)
heated at 100°, was added a soln of 1-46 N NaOtAm
(111-5 ml) in toluene (0-163 mmole). The mixture was kept
at this temp for 10 min, then Mel (385 ml; 0-6 mole) was
added; 10 min later, MeI (28:5 ml; 0-445 mole) was added.
After 15 min at 95°, the mixture was poured into water and
isolated in the usual way. The crude 8b, crystallized from
isopropylic ether gave 15-75g (58%) of ketone m.p.
124° - 128°, Amex =229nm (€ = 13,000), von, =1709cm™
(C=0), NMR: 096 ppm (3a-CH,), 129 and 1-32 ppm
(6-CH,) and 5-59 ppm (5-H).

17a - Methyl 17 - tetrahydropyranyloxy - estr - 4,9 - dien
3 - one, 10b

The THP ether was prepared in usual way from 10a*
(5g; 17-5mmoles), ethyl ether (200ml) and p-
toluenesulfonic acid (0, 1 g). The crude 10b, did not exhibit
hydroxylic IR absorption.

Methylation of dienone 10b

(a) Under kinetic conditions. The crude 10b, was
dissolved in THF (140ml) and Mel (29ml). To this
soln cooled to —35° a soln of t-BuOK (14 g; 0-1 mole)
in THF (140 ml) and HMPT (35 ml) was added during 1 hr
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30 min. Then, this mixture was stirreéd for 1 hr. After the
usual treatment, the crude product was crystallized from
isopropylic ether, and 13 (3-92 g, 71%) was obtained, m.p.
138°, [alp = —291° in EtOH, Amsx =303 nm (e = 20,900),
Veax = 1661 — 1644cm™ (C=0), ~1605c¢cm™' (C=C);
NMR: 1-03ppm (18-H), 1-08 and 1-12ppm (2-CH,),
1-22 ppm (17-CH,), 5-58 ppm (4-H) (Found: C, 80-4; H,
9-4; C,,H;,0; requires: C, 80-21; H, 9-62%).

(b) Under thermodynamic conditions. A soln of 10a
(2:86 g; 10 mmoles) in 0-95 M ¢t-BuOK in t-BuOH (22 ml,
21 mmoles) was refluxed for 5 min. Then, under reflux, a
molar soln of Mel in ¢-BuOH (25 ml) was added in 30 min.
The mixture was acidified with 2 N HCI (1 ml) poured into
water and extracted with methylene chloride. The crude
product was chromatographed on silicagel. Elution with
benzene-EtOAc gave 12 (1-86 g; 60%) m.p. 172°, [alpb=
+93:5° in CHClyy Amax=240nm, (€20,000) vnax
1710 cm™" (C=0), NMR: 0-87 ppm (18-H), 1-18 ppm (one
CH,) and 1-22 ppm (two-CH,) (three methyls at C, and
C,;) and 5-69 ppm (4-H). (Found: C 79-9; H 9-7; C,,H,,0,
requires: C 80-21; H 9-61).

17a - Methyl - 17 - tetrahydropyranyloxyestr - 4, 9, 11 -
trien - 3 - one, 14b

A soln of 14a (2 g; 7-05 mmoles) in ethylether (100 ml),
dihydropyran (2:2 ml) and p-toluenesulfonic acid (50 ml)
was stirred for 17 hr at room temp. The crude 14b, was
isolated in usual way and did not exhibit hydroxylic IR
absorption.

2,2, 17« - Trimethyl - 17 - hydroxyestr - 4,9, 11 - trien 3 -
one, 15

The crude 14b, was dissolved in THF (8 ml) and Mel
(6-15 ml; ~ 0-1 mole). To this soln cooled to — 65°, a soln
of t-BuOK (3-1 g; 27-6 mmoles) in THF (15 ml) was added
in 30 min. After isolation in the usual way, the crude
product was chromatographed on magnesium silicate
(Florisil).* Elution with methylene chloride gave crude 15,
(2:1g) which on crystallisation from isopropyl ether
furnished 15 (1-2 g; 55%), m.p. 137°. An analytical sample
was obtained after recrystallization from EtOAc or
isopropylic ether, m.p. 139°, {a]p = —54° in EtOH, v
between 1657cm™' and 1640cm™ (C=0), ~ 1578 cm™'
(C=C), Amax =342 nm (€ = 30,100), NMR: 1-02 ppm (18-
H), 108 and 1-12ppm (2-CH:), 126 ppm (17-CH,),
5-69 ppm (4-H) 6-33 and 6-52 ppm (two coupled olefinic

*Supplier: Floridin Corp.
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protons at C,, and C,, with J = 10 hz). (Found: C, 80-6; H,
9-0; C,H,50, requires: C, 80-73; H, 9-03).

Acknowledgements—The authors would like to thank V.
Delaroff, R. Smolik, J. Fabian and N. Dupuy for spectra
determination and helpful discussions.

REFERENCES

'2J. M. Conia, Record Chem. Prog. (Krosge-Hooker, Sci.
Libr.), 24, 43 (1963); * A. A. Akhrem, T. V. Ilyukhina and
Yu. A. Titov, Russ. Chem. Rev. 38, 850 (1969); °B. F.
Mundy, J. of Chemical Education 49, 91 (1972); “H. O.
House, Modern Synthetic Reactions (2nd Ed) p. 546.
Benjamin, New York, N.Y. (1972)

’H. J. Ringold and G. Rosenkranz, J. Org. Chem. 22, 602
(1957)

*H. I. Ringold and S. K. Malhotra, J. Am. Chem. Soc. 84,
3402 (1962)

*A. Bowers and H. J. Ringold, Ibid. 81, 424 (1959)

*S. K. Malhotra and H. J. Ringold, Ibid. 86, 1997 (1964)
°L. Nedelec, J. C. Gasc and R. Bardoneschi, Third
International Congress on hormonal steroids. Hamburg
1970, Abstract: Excerpta Medica 210 p. 87/Réference
cited in Organic reactions in steroid chemistry vol. II p.
92 (1972). Edited by J. Fried and J. A. Edwards, Van
Nostrand Reinhold Company, New York
Y. Yamato and H. Kaneko, Tetrahedron 21,2501 (1965)
**E. Toromanoff, Bull. Soc. Chim. Fr, 708 (1962); 1190
(1962); *J. Valls and E. Toromanoff, Ibid. 758 (1961)
°L. Velluz, J. Valls, G. Nomine, Angew. Chem. Inter. Ed.
Engl. 4, 181 (1965)

'“R. A. Lee, C. McAndrews, K. M. Patel and W. Reusch,
Tetrahedron letters 965 (1973); M. Tanabe and D. F.
Crowe, J. Chem. Soc. Chem. Commun, 564 (1973)

""Roussel-Uclaf, French Patents n° 1 305 992 and n° 1 526
963

L. Velluz, G. Nomine, J. Mathieu, E. Toromanoff, D.
Bertin, J. Tessier and A. Pierdet, C.R. Acad. Sci. Paris
250, 1084 (1960)

M. Perelman, J. Am. Chem. Soc. 82, 2402 (1960)

“J. J. Brown and S. Bernstein, Steroids 1, 113 (1963)

L. Velluz, G. Nomine, R. Bucourt and J. Mathieu, C.R.
Acad. Sci. Paris, 257, 569 (1963)

'*B. Tchoubar, Bull. Soc. Chim. Fr, 2069 (1964)

H. J. Ringold and S. K. Malhotra, Tetrahedron Letters
669 (1962)

'8C. Djerassi, L. Miramontes, G. Rosenkranz and F.
Sondheimer, J. Am. Chem. Soc. 76, 4092 (1954)



