3202

found the C.D. spectra to consist of multiple peaks
over the range 320-360 myu (see Fig. 1). The center
of these peaks is in the wave length region at
which the R.D. curves in methanol cross the zero
degree line.

TABLE I
RoTaTorY DispersioNn DaTa
Zero
degree
crossing,
Compound R.D. peak mu mu
Sugiol (I, Ry = Ry = Me,

R8 = H) R‘ = 'i-Pr,

R; = OH) Plain up to 340 cee
Sugiol benzoate 355 331
Nimbiol (I, Ry = Ry =

R‘ = Me) R3 =

H, R; =0H) Plain up to 350 .
Nimbiol benzoate 350 335
7-Oxototarol (I, Ry = Ry =

Me, R; = i-Pr, Ry =

OH, Ry = H) Plain up to 300 e
7-Oxototarol benzoate 353 331
7-Oxototarol methyl ether 367 350°
7-Oxopodocarpic acid (I, Ry

= Me, Rz = COOH, Rg

= Ry = H, Rs = OH) 342 312
Methyl 7-ox0-O-methyl-

podocarpate 346 318*
Methyl 7-0x0-O-methyl-13-

acetyl podocarpate 340 315°
7-Oxo0-O-acetyl-podocarpic

acid 354 325
Methyl 7-oxo-dehydroabie-

tate (I, Ry = CO;Me,

Rg = Me, R; =

i-Pr, Ry = H) 350 325

¢ By extrapolation.

TABLE IT
ULTRAVIOLET ABSORPTION DATA
Compound AMeOR, MRS MRS

7-Oxototarol benzoate 233 (23,340) 656 34
283 ( 2,662)
296 ( 2,300)

Methyl 7-oxopodocarpate 225 (12,200) 4,200 41
277 (15,700)

Methyl 7-oxo-O-methyl- 230 (14,300) 1,300 49

13-isopropyl podo- 279 (13,350)

carpate
Sugiol benzoate 291 61

In view of the multiple peaks in the C.D. spectra
of these conjugated ketones, one has to expect
corresponding multiple peaks in their ultraviolet
spectra. It is known® that ketones conjugated
with a double bond, e.g., testosterone, show cor-
responding multiple peaks in their R.D. and
ultraviolet spectra.

Finding a diterpenoid (methyl O-methyl-7-
oxopodocarpate) of adequate solubility in iso-
octane, its R.D. and ultraviolet spectra were
determined in this non-polar medium. The R.D.
spectrum (see Fig. 1) now revealed a set of multiple
peaks in the same area where the C.D. peaks occur
for this type of compound.’ The ultraviolet

(7) Solvent effects on optical rotatory dispersion have been attri-
buted to various factors including shifts in absorption spectra and
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spectrum in isodctane (Aisetase 358 (149), 345
(415), 331 (626), 310 (686), 291 (2683), sh 282,
sh 276, 267.5 (17,727), 226 (17,141), 219.5 (17,568))
shows a close correspondence with the C.D. and
the R.D. curves.

Djerassi and co-workers® have reported the
absence of any noticeable ultraviolet absorption
peaks (in methanol) in the region where 2a-
iodocholestane-3-one shows a Cotton effect curve.
We have now studied the C.D. of this ketone (in
dioxane) and find a peak at 295 mu. Cholestane-3-
one has a peak at 299 my in its C.D. spectrum.
The ultraviolet absorption spectrum of 2a«-iodo-
cholestane-3-one in isodctane or in carbon tetra-
chloride failed, however, to show any absorption
maxima in the 300 mu region.

According to Eyring and co-workers? the rota-
tional strength Ry of a chromthore is related to
an induced dipole moment, uc*, and a magnetic
dipole moment, uxn¥, as shown in the equation:
Ry = pe&um®. For ultraviolet absorption, the
greater the induced electric dipole moment the
greater is the intensity of transition. To account
for the strong C.D. and R.D. spectra of the di-
terpenoid ketones and 2a-iodocholestane-3-one
and the corresponding exceedingly weak ultra-
violet absorption maxima, one has to assume that
for these chromophores the induced electrical
dipole moment is very small, but the magnetic
dipole moment is sufficiently large.
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econformational changes in the molecule; see N. C. Knelen, N. J.
Krause, T. O. Carmichael and O. E. Weigang, J. Am. Chem. Soc.,
84, 1738 (1962), and C. Tanford, ibid., 84, 1747 (1962).

(8) E.V. Condon, W. Alta1 and H, Eyring, J. Chem. Phys., B, 763
(1937).
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THE EFFECT OF RADIATION ON THE REACTIONS
OF RECOIL CARBON-11 IN AMMONIA!
Sirs:

The ammonia system? in which carbon-14 recoil
atoms?® are produced by the N!4(n,p)C!* reaction
was the first in which essentially all of the radio-
active carbon produced could be accounted for in
isolable and identifiable species.

One of the factors affecting the chemistry of the
system is the radiation* from all sources that the

(1) Research performed under the auspices of the U, S. Atomic
Energy Commission,

(2) J. Y. Yang and A, P. Wolf, J. Am. Chem. Soc., 83, 4488 (1960).

(8) The literature prior to 1960 has been reviewed in A. P. Wolf,
Ann, Rev. Nucl. Science, 10, 259 (1960).

(4) Cf.ref. 2 and A. P. Wolf, C. S, Redvanly and R, C. Anderson,
J. Am. Chem. Soc., 19, 3717 (1957).
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system gets while the nuclear transformation pro-
ducing carbon-14 is going on. Studies have been
made in which the unwanted reactor radiation has
been reduced; the samples have been encased in
lead® and in bismuth.® This procedure allowed the
reduction of the radiation in each instance by about
a factor of ten. Studies to date using carbon-11
have involved low but fixed levels of radiation.’—10
It has been pointed out® that reactor studies in-
volve such high doses that the systems (particu-
larly gaseous and to a lesser extent liquid and solid)
involved may have reached a ‘‘saturation” region
with respect to radiolytic processes and that a small
reduction in dose may not appreciably change the
observed chemistry.

The production of carbon-11 by a N(p,a)C!
reaction is almost ideally suited to studying the
chemistry of energetic carbon. A high level of
activity is readily obtained, and the radiation dose
can be varied by a factor of 105.

Irradiations of gaseous ammonia, purified as
previously described,? were carried out with a 10
Mev proton beam from the Brookhaven 60” cyclo-
tron. Beam intensities varied from 0.1 to 5.0
ua. and exposure times were from 5 seconds to
10 minutes. The gas, at one atmosphere, was
contained in a 50 ml.,, water-cooled, aluminum tank
with a 3 mil aluminum window. Products were
identified by carrier methods using gas chroma-
tography for separations. Activities in each sample
were determined by counting the effluent of the gas
chromatograph.? Total gaseous activity was found
to be in constant proportion to the number of
protons traversing the target at all dose levels
studied, thus the percentage yields at all dose
levels can be compared to one another.

The variation of yield of methane-C!* and methyl-
amine-C!! is plotted as a function of dose in Fig. 1.

Here as in the case of the carbon-14 work? it is
again apparent that the major products are meth-
ane and methylamine. Significantly, we now have
been able to demonstrate a product dose depend-
ence. It is noteworthy that above 0.1 ev./
molecule (~5 X 107 rads), product composition
characteristic of the “saturation’® region for this
system is observed. !

The results clearly suggest that at least part of
the methane-C!* is produced by radiolysis of the
primary products in this system. Two experi-
ments were done to check this hypothesis. Since
we assume the conversion of methylamine mole-
cules to be dependent on the concentration of radio-
Iytically produced species then we should be able
to increase the yield of methylamine-C!! by a large
increase in the total methylamine concentration.
First, small amounts of methylamine were added
to the ammonia before irradiation to act as a pro-

(5) A. G. Schrodt and W. F. Libby, J, Am. Chem. Soc., 78, 1270
(19586).

(6) C. Brunello and R. Muxart, Bull. Soc. Chim. France, 16 (1960).

(7) B. Suryanarayana and A. P. Wolf, J. Phys, Chem., 62, 1369
(1958).

(8) C.MacKay and R. Wolfgang, J. Am. Chem, Soc., 88, 2399 (1961).

(9) C.E.Langand A, F. Voigt, J, Phys, Chem., 65, 1542 (1961),

(10) C. MacKay, P. Polak, H, E. Rosenberg and R, Wolfgang,
J. Am. Chem. Soc., 84, 308 (1962).

(11) Most reactor studies reported to date are in this region and
above, up to about 10-20 e.v./molecule, Product composition also
can vary according to the phase at any given dose.”
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Fig. 1.—~Methane-C!!-methylamine-C!! yields as a function
of dose to the system.

tector for the methylamine-C!' which is formed.
With 0.13 vol. 9, CH;NH; (dose = 0.74 e.v./
molecule) and 2.1 vol. 9, CH:NH; (dose = 0.73
e.v./molecule) added, the methylamine-C!! yield
went from an expected 39, to a found yield of 6
and 129, respectively.

Secondly, methane-C! and methylamine-C!!
were produced at intermediate doses (e.g., 3 X
10—2 e.v./molecule; expect yields, C1'H; = 809,
CUH;NH, =¢ 209,). The systems then were
subjected immediately to further irradiation by the
proton beam which had been attenuated by alumi-
num foils to below 3 Mev. (approximate threshold
for carbon-11 production). A total dose of 3.9
e.v./molecule was then delivered to each sample.
The yields characteristic of the ‘saturation”
region were observed.

It is clear that reduction of methyl-C!!-amine
to methane-C!! in the ammonia environment can-
not be brought about by the direct radiolysis of the
labeled methyl-C!l-amine but that reduction must
involve as a first step either interaction with
charged or with excited ammonia molecules re-
sulting from the radiolysis of the total system.
Reduction by hydrogen atoms can also be con-
sidered. Methyl-C!! radicals are probably in-
volved to a minor extent only.!? Reasonable
mechanisms will be detailed in the full paper.

These experiments can leave no doubt that there
is reaction between the “primary’” products and
one or more of the reactive species produced during
the accompanying radiolysis.!® It does not follow
that the range 0.1 to 0.01 e.v./molecule, need be
the critical range for all gaseous systems since
the result will clearly depend on the radiation
chemistry of each individual system,

At low dose levels, a third species (139 yield at
3 X 107* e.v./molecule, 199, yield at 1 X 10—*
e.v./molecule) as yet unidentified appears in vary-
ing yield. The material is trapped on the first
few millimeters of a cetyl alcohol gas-liquid chro-
matography column and is readily reduced over

(12) R. H. Schuler, private communication.

(13) The high yield of methyl-Cl4-amine found in irradiated erys-
talline ammonium bromide (high dose), P. E, Vankwich and J. D.
Vaughan, J. Am. Chem. Soc., 76, 5851 (1954), might be expected if we
consider that the reaction between a recoil produced species and a

radiolytically produced species probably is diffusion controlled under
these conditions,
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Raney nickel to give C!MH;NH,. Possible one
carbon species with this behavior are methylen-
imine, cyclodiazomethane and diaminomethane.
One carbon species may be the precursor of both
methane and methylamine. The mechanism of
the primary process is not dealt with here but will
be considered in the full paper dealing with these
experiments, unreported data and work in progress
on this system.

Acknowledgments.—The authors wish to ac-
knowledge the invaluable assistance of Dr. C.
Baker, head of the BNL 60” cyclotron group. We
also wish to acknowledge the help of Drs. G.
Stocklin and D. Christman in carrying out some of
the carbon-11 determinations.

(14) Institute of Pharmaceutical Chemistry, University of Rome,

Visiting Associate Chemist, Brookhaven National Laboratory, 1961—
1962.

CHEMISTRY DEPARTMENT FuLvio Cacace!4
BROOKHAVEN NATIONAL LABORATORY

Upron, L. 1., NEw YorRK
RECEIVED MaY 2, 1962

ArLFrRED P. WoLr

STEROIDS. CCIL! A NEW ROUTE TO

STEROIDS

19-NOR

Sir:

The increasing importance of 19-nor steroids,?
particularly in the field of oral contraception,® has
made it attractive to investigate new routes to this
class of compounds which do not proceed zia Birch
reduction® of ring A aromatic precursors, since the
latter reaction in particular is inconvenient for
large scale operations.

Recently we* and others®~" described chemical
methods for the direct oxygenation of the C-19
methyl group, a primary prerequisite for the sub-
sequent conversion to 19-nor steroids. However,
none of these approaches offered a facile synthesis
of 19-nor-A*-3-ketones.

The conversion of several A®-38-alcohols into
their corresponding 19-nor-A’-3-ketones by an
efficient process® is now described, which is exempli-
fied by the conversion of pregnenolone acetate (I)
into 19-norprogesterone (VIII) in an over-all
yield of 379

Addition of hypobromous acid (N-bromoacet-
amide and aqueous perchloric acid) to pregnenolone

(1) Steroids CCI, P. Crabbé and J. Romo, Ciencia, in press.

(2) (a) D. A, McGinty and C. Djerassi, Ann. N. ¥. Acad. Sci., 71,
500 (1958); (b) G. Pincus and A. P. Merrill, **Control of Ovulation,”
Ed. by C. A. Villee, Pergamon Press, New York.

(3) A. J. Birch and H. Smith, Quart. Rev. (London), 12, 17 (1958).

(4) (a) A. Bowers, I.. C. Thafiez, M, E. Cabezas and H. J. Ringold,
Chem. and Ind. (London), 1299 (1960); (b) A. Bowers, E. Denot,
L. C. Ibafiez, M. E. Cabezas and H. J. Ringold, J. Org. Chem., 27,
1862 (1962),

(3) D. H. R. Barton, J. M. Beaton, L, E. Geller and M. M. Pechet,
J. Am. Chem. Soc., 82, 2640 (1960); M. Akhtar and D. H. R. Barton,
ihid., 88, 2213 (1961); D. H. R. Barton and J. M. Beaton, 7bid., 84,
199 (1962).

(6) J.S. Mills and V. Petrow, Chem. and Ind. (London), 946 11961).

(7) Ch. Meystre, K. Heusler, J. Kalvoda, P. Wieland, G. Anner
and A. Wettstein, Experientia, 17, 475 (1961).

(8) Recently G. Gardi and C. Pedrali, Gagz. Chim. Ital., 91, 1420
(1461), also M, Akhtar and D. H. R. Barton, J. Am. Chem. Soc., 84,
1496 (1962), described the synthesis of 19-nor steroids from A5-33-
hydroxyandrostenes by processes utilizing an uliraviolet light irradia-
tion procedure as the key step. Also ¢f. R. Kwok, T, Jen and M.
Wolff, Abstracts 141st Meeting of the American Chemical Society,
March 1962, p. 43-N.
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acetate (I) in dioxane solution gave Jo-bromo-
pregnane-383,68-diol-20-one 3-acetate (II) (m.p.
165-167°, [a]p +6.5°.% Found for CyHyBrOy:
C, 60.36; H, 7.81; Br, 17.79; O, 14.17). Treat-
ment of IT with 1.2 moles of dry lead tetraacetate
in anhydrous benzene*’ afforded 63,19-oxido-5a-
bromopregnane-38-0l-20-one acetate (III) (m.p.

152-154°, [a]p +58°, »EB 9070 cm.—!. Found
for CyHzBrOs: C, 61.18; H, 7.31; Br, 17.91;

O, 13.97). Mild alkaline hydrolysis of III gave
the corresponding 38-alcohol IV (m.p. 179-180°,
[alp +61°. Found for CyHyuBrO;: C, 61.52;
H, 7.70; Br, 20.19) which was oxidized with
chromium trioxide in aqueous acetic acid and then
directly converted with zinc dust in isopropyl
alcohol’! (reflux 24 hours) into 19-hydroxy-A®
pregnene-3,20-dione (V). Treatment of V with
oxalic acid in ethanol afforded 19-hydroxypro-
gesterone (VI) (m.p. 169-171°, [a]p +182°, Amax.
243 my, log € 4.22. Found for C»H3,0;: C, 76.07;
H, 9.11; O, 14.69). Oxidation of VI with 8 N
chromic acid in acetone solution furnished the cor-
responding 19-carboxylic acid VII (m.p. 147-149°,
[a]D +94°, Amax 243 myp, log € 4.19. Found for
CuHp04: C, 73.43; H, 8.22; O, 18.33) smoothly
converted by acidic methanol®® to 19-norproges-
terone!® (VIII) (m.p. 142-144°, [a]D 4+141°).

In a similar manner dehydroisoandrosterone
acetate (IX) gave 19-norandrostene-3,17-dione!*
(XV) (m.p. 166-168°, [a]p +127°, Amax 239 my,
log ¢ 4.23) vie 5a-bromoandrostane-38,63-diol-17-
one 3-acetate (X),*.15 63,19-oxido-5a-bromoandro-
stane-33-ol-17-one acetate (XI) (m.p. 187-188°,
[a]D +390. Found for CleggBrO4f C, 59.24,‘
H, 7.04; Br, 18.99), its corresponding 38-ol XII
(m.p. 209-211°, [a]p +38°. Found for Cie-
HyBrO,: C, 59.74; H, 7.13; Br, 20.71), 19-hy-
droxy-At-androstene-3,17-dione!® (XIII) (m.p. 168—
170°, Amax 243 mu, log € 4.21) and the 19-carboxy-
lic acid XIV?® (m.p. 148-150°, [a]p +242°, Amax
244 mu, log ¢ 4.18. Found for CisHxOs: C,
72.13; H,7.69; O, 20.27).

19-Nor-17«-acetoxyprogesterone (XXIII) also
was prepared from 17a-hydroxypregnenolone 3,17-
diacetate” (XVI), by an alternate reaction se-
quence.

Reaction of 5a-bromopregnane-38,683,17a-triol-
20-one 3,17-diacetate (XVII) (m.p. 184-186°,
[¢]D —49°. Found for Cy;HauBrOs: C, 58.41;
H,7.31; Br, 16.04; O, 18.23) withlead tetraacetate
gave  68,19-oxido-3a-bromopregnane-33,17 «-diol-
20-one 3,17-diacetate (XVIII) (m.p. 202-208°,

(9) All rotations in chloroform solution and ultraviolet spectra in
939, ethanol.

(10) All compounds with the 68,19-oxide bridge were characterized
by a sharp meaium intensity band between 903-910 cm. ~1.

(11) In contrast to the Sa-bromo-6,19-oxides, the corresponding
5a-chloro-6,19-oxides  [e.g., Ha-chloro-68,19-oxidoandrostane-38-ol-
20-one acetate (m.p. 186—189°, [a}p +53°)] were recovered unchanged
after treatment with zinc in isopropyl aleohol under reflux.

(12) H. Hagiwara, S. Noguchi and M. Nishikawa, Chem. Pharm.
Bull. Japan, 8, 84 (1960).

(13) L. Miramontes, G. Rosenkranz and C. Djerassi, J. Am. Chem.
Soc., T8, 3540 (1951).

(14) A. L. Wilds and N. A, Nelson, J. Am. Chem. Soc., T8, 3366
(1953).

(13) V. Grenville, D. K. Patel, V. Petrow, I. A. Stuart-Webb and
D. M. Williamson, J. Chem. Soc., 4103 (1937).

(16) A.S. Mevyer, Experientia, 11, 99 (1833), reports m.p. 168-170°,

(17) R, B. Turner, J. Am, Chem, Soc., T, 3489 (1953).



