2386

5«,683,17a-Trichloropregnan-33-0l-20-one Acetate (VII).%
—M.p. 194-195°; R.d. (¢ 0.051) in octane: [a]ws —59°,
[alme —62°, [alurs —579°, [alms —168°, [alwss —350°.

2a-Fluorocholestan-3-one (IIId),’0 \*0H 280 mgu, log
e 1.25; R.D. (¢ 0,040) in methanol: [a]we +37°, [l
+65°, [alss +0655°, [alwo —532°; R.D. (¢ 0.042) in octanc:

(27) The preparation of this substance by J. S. Mills and O.
Cundiani will be reported in another connection.
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[Qg&lj‘fﬂov [e]ssg +-43°, {als +904°, [a)sse —B76°, [a]omw

2a-Iodocholestan-3-one (IIla),® AL9™ 256-258 mu (log
€ 2.86),% Alexane 260-262 my (log € 2.82); R.D. (¢ (1L.0681) in
mcthaglul: [ee)so +39°, {a)swe +59°, lalys +838°, (o]
Aprpo. PosTaL 2679, MExico, D, F,,
DETROIT, MICHIGAN
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Terpenoids. XXXVII.! The Structure of the Pentacyclic Diterpene Cafestol. On the
Absolute Configuration of Diterpenes and Alkaloids of the Phyllocladene Group?

By CarwL Djerasst, M. Cars? anp L. A, MiTsCHER®
RECEIVED NOVEMBER 14, 1958

Degradation experiments are reported which establish the structure of cafestol in terms of the expression I. Kahweol, a
companion of cafestol, can now be assigned a constitution (XLI) based on the same furanoid phyllocladene system. The
absolute configuration of cafestol at C-5 and C-10 has been established by rotatory dispersion measurements and was shown
to be antzpodal to that of the steroids or diterpenes of the abietic acid class. On the basis of rotatory dispersion measure-
ments and other considerations, it is suggested that gibberellic acid, the Garrya alkaloids and the alkaloids of the atisine
group all are derived from an intermediate which possesses this same sterochemical feature—the C-10 angular substituent

between rings A and B being a-oriented, and that this applies probably also to phyllocladene (see ref. §1),

Rotatory dis-

persion also offers some information on the nature of the B/C ring juncture it phyllocladene.

In two recent preliminary communications®®
there was outlined evidence which led us to propose
structure I for the diterpenoid coffee constituent
cafestol. The present paper is concerned with a
detailed exposition of the experimental data ob-
tained in support for expression I as well as with a
consideration of rotatory dispersion measurements
which permit an assignment of absolute configura-
tion to cafestol and most likely also to an entire
group of related diterpenes and terpenoid alkaloids.

For the sake of clarity, the structural argument
will be presented in terins of structure I, the stereo-
chemistry of C-9 being covered at the end of this
paper.

The presence of a furan ring in cafestol was first
recognized by Wettstein and Miescher.” The
existence of a perhydrophenanthrene system and
the point of attachment of the furan ring were
established in this Laboratory® by converting
cafestol into epoxynorcafestadienone (II),* hy-
poiodite oxidation to the dibasic acid IIT and de-
hydrogenation to an ethylphenanthrol. The latter

was shown® to be Il-ethyl-2-phenanthrol (1V) by

(1) P. Crabbé, S, Burstein and C. Djerassi, Terpenoids. XXXVTI,
Bull. soc. chim. Belg., 67, 632 (1038).

(2) Supported in part by the National Cancer Institute (grant No.
CY-2919) of the National Institutes of Health, U. S. Public Health
Service,

(3) General
1055-1957.

(1) U. 8. Puhlic Health Service predoctorate research fellow, 1356—
1958,

(5) H. Bendas and C. Djerassi, Chemisiry & Iudustry, 1481 (1855).

() C. Djerassi, M. Cais and L. A. Mitscher, Tuis Jourxar, 80, 247
(1458).

(7) A, Wettstein and K, Miescher, Hely. Chim. Acta, 26, 788
(1943). Nuclear maynetic evidence bearing on this point has been
published recently by E. J. Corey, G. Slomp, S. Dev, S, Tobinaga and
1¢. R, Glazier, THis Journar, 80, 1204 (19358).

(8) C. Djerassi, H Bendas and P. Sengupta, J. Org. Chem., 20, 1046
(1955)

() A. Wettstein, H, Fritzsche, I'. Hunziker and K. Miescher, Ileln,
Chim. Aeta, 24, 33215 (1941).

Foods Corporation postdoctorate research fellow,

synthesis'® wvig  1-acetyl-2-methoxyphenanthrene
(Va),'! Huang-Minlon reduction to 1-ethyl-2-
methoxyphenanthrene (Vb) and demethylation
with pyridine hydrochloride!? to IV,

The nature of the glycol systemn of cafestol was
recognized at an early stage by pyrolysist® of
cafestol monoacetate to an aldehyde!* (now known
to be VI) and by glycol cleavage experiments which
furnished formaldehyde®! together with a norke-
tone, epoxynorcafestadienone (II). The keto group
of the latter was shown to be present in a five-
membered ring by application of Blanc’s rule?
and by infrared measurements.’® The nature of
the last unaccounted carbon atom was demon-
strated by infrared examination® and Kuhn-
Roth oxidation! of epoxynorcafestadiene (X)%7—
both pointing toward the presence of an angular
methyl group.

Aside from stereochemical features, the only two
structural points which still remain to be defined
are the locations of the angular methyl group and
of the five-membered ring bearing the glycol func-
tion. We shall first consider the former problem
since its solution will restrict considerably the pos-
sible points of attachment of the cyclopentane
ring.

In our first communication® where structure I
(without the stereochemical implications) was
originally advanced, the angular methyl group was

(10) The experimental details are given in the present paper since
the results were announced only briefly in our preliminary communica-
tion (ref. 3).

(11) E. Mosettig and A. Burger, Tis Journart, 55, 2081 (1933).

(12) V. Prey, Ber., T4, 1219 (1941).

(13) K. H. Slotta and K. Neisser, 7bid., T1, 2342 (1938).

(14) H. Hauptmann and J. Franca, Z. physiol. Chem., 289, 245
(1939).

(15) H. Hauptmann and J. Franca, THIS JourNaAL, 86, 81 (1943).

(16) C. Djerassi, . Wilfred, 1. Visco and A. J. Lemin, J. Org. Chem.,
18, 1449 (1933).

(17) R. D. Haworth, A. 1I. Jubb and J. McKenna, J. Chem. Soc.,
1083 (1955).
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placed at position 10 by analogy to phyllocladene.
As discussed below, the structure of phyllocladene
can be considered as settled except for the location
of the angular methyl group, which could also have
been at C-5 or C-9, C-10 being favored by analogy
to the diterpenes of the abietic acid class. Ap-
parently decisive experimental evidence was ad-
duced by Haworth and Johnstone,'®* who trans-
formed epoxynorcafestadienone (II) into the tetra-
carboxylic acid VII and subjected it to dehydro-
genation, whereupon 4,5-benzindan-1-one (VIII)
and 1l-ethyl-2-methylnaphthalene (1X) were iso-
lated. The formation of these products, notably
the naphthalene IX, was interpreted!® in terms of
a cafestol structure in which the angular methyl
group was located at C-5 rather than at C-10 (I).?
Since VIII and IX could also have been pro-
duced by a process of methyl migration or by re-
duction of the carboxyl group (representing C-4 of
cafestol) as recently has been observed?® with cer-
tain diterpenoid alkaloids, these dehydrogenation
results could still be compatible with our original®
formulation (I). It was uecessary, therefore, to
adduce evidence which was free from the ambigui-
ties inherent in high temperature selenium de-
hydrogenations.

con
H,C
3 COH
Hogc :
HC HO,C
™ v O VIII
oH
—CH.OH .
. COH
CO,H
[0S
—i H 151

|
Z | /\©/
CH,0” HO

C R Va,R=0
CHa b, R=H,

The earlier work of Wettstein and Miescher?!
indicated that the furan ring of cafestol could be
opened by hydrogenolysis and it was decided to
apply this approach to epoxynorcafestadiene (X),
readily obtainable®'” by Huang-Minlon reduction
of epoxynorcafestadienone (IT). The reduction was
performed with platinum oxide in acetic acid solu-

(18) C. W. Brandt, New Zealand J. Sci. Technol., 834B, 46 (1952).

(19) R. D. Haworth and R. A. W. Johnstone, J. Chem. Soc., 1492
1957).

( (20) K. Wiesner, R. Armstrong, M. F. Bartlett and J. A. Edwards,
THIS JOURNAL, T6, 6068 (1954).

(21) A. Wettstein and K. Miescher, Helv, Chim. Acta, 38, 718

(1942),
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tion and the complex reaction mixture was sepa-
rated by careful chromatography. The first
three products eluted from the column were the
hydrocarbon XI and two isomeric tetrahydrofurans
(XII) which were mnot investigated further.
Continued elution produced two isomeric alcohols
XIII and XIV, whose stereochemistry will be
considered below, Oxidation of the more abundant
alcohol XIII afforded an oily ketone (convertible
to an analyvtically pure 2,4-dinitrophenylhydrazone
of wide melting point range) which is believed
to possess structure XV with an axial ethyl
group, since passage over alkaline alumina
transformed it in high yield into a crystalline
isomer XVI (equatorial ethyl group) characterized
by a sharp-melting 2,4-dinitrophenylhydrazone.
This ketone XVI represented the key inter-
mediate for our subsequent investigations and
it should be noted that on the basis of Haworth
and Johnstone’s cafestol structure,!® it would have
to be formulated as XVII. The crucial difference
between these two alternatives is that XVI should
resemble an «-alkylcholestan-3-one while XVII—
with an axial methyl group beta to the ketone—
should behave in a manner similar to friedelin
(XVIIT).

XVIII CH,

XVI

C.H;
XVII

In order to have an adequate model of known
stereochemistry, 4a-ethylcholestan-3-one (XXV)
was prepared by lithium-liquid ammonia reduc-
tion*? of 4-ethyl-A*-cholesten-3-one (XX). The
latter compound was synthesized by two dif-
ferent procedures: (a) direct alkylation? of A*-
cholesten-3-one (XIX) with ethyl iodide, the com-
panion product, 4,4-diethyl-As-cholesten-3-one (X-
XI), being separated by chromatography; (b)
treatment of the enol lactone XXII?** with #-

(22) 4a-Methylcholestan-3-one was prepared by a similar route
(G. D. Meakins and O. R. Rodig, J. Chem. Soc., 4679 (1956); J. L.
Beton, T. G. Halsall, E. R. H. Jones and P. C. Phillips, ibid., 753
(1957); Y. Mazur and F. Sondhesimer, Tris JourNaLn, 80, 5220
(1958)).

(23) N. A, Atwater, ibid., 79, 53315 (1957).

(24) R. B. Turner, ibid., 72, 579 (1950),
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propylmagnesium bromide followed by ring closure
with alkali. Just as with the corresponding lower
homolog,® two by-products, probably correspond-
ing to structures XXIII and XXIV, were encotini-
tered.

Barton® has called attention to the fact that in a
reactive ketone (e.g., cholestan-3-one) reduction
with both lithium aluminum hydride and metal-
alcohol (or ammonia) should lead to the thermo-
dynamically more stable product, namely, the
equatorial alcohol. In accordance with this postu-
late, the identical alcohol, 4«-ethylcholestan-33-ol
(XXVIa), was obtained by reducing 4c«-ethyl-
cholestan-3-one (XXV) with lithium aluminum
hydride or with lithium-liquid ammonia in the
presenice of some methanol.” The equatorial
nature of the alcohol was confirmed by the infra-
red spectrum of the derived acetate XXVIh which
exhibited a sharp type A band®in the 8 u region.

C\Hv C\HIT
$n o8
]
CsH(\ b c‘;H,y\/\V\’
S g
cH; O XXIII C.H? 0t XXIV

OH

~TOXIX XXIT

| \\ ¥

! C.H:: N CJ -
//J\

P N
I p

0 T xXXI
C7H, CoH,

RO :H

215

XXVia.R=H
b.R=Ac

When the ketone XVI, derived from cafestol,
was stbjected to reduction with lithium in liquid
ammonia, there was isolated a homogeneous alcohol
(XXXIa) whose acetate (XXXIb) again exhibited
a type A band,”® typical of equatorial alcohols.
The same alcohol was also the predominant prod-
uct (7097 yield) when the reduction was performed
with lithium aluminum hydride, only a trace of a
second alcohol being formed which we believe to be
the axial epimer XXXII. It should be recalled

(25) T. Sondhcimer and Y. Mazur, THIS JOURNAL, 79, 2006 (1957).

(26) D. H. R. Barton, J. Chem. Soc., 1027 (19533); see also W.
Hiickel, M. Maier, E. Jordon and W, Seeger, Ann., 616, 46 (1958).

(27) This reaction was performed most conveniently directly on
4-ethyl-Ad-cholesten-3-one (XX), the double bond and the carbonyl
group being reduced in one step (see F. Sondheimer, O. Mancera, G.
Rosenkranz and C. Djerassi, THIS JoURNAL, T8, 1282 (1933)).

(28) R. N. Jones, P, Humphries, F. Herling and K, Dobriner, :bid.,
73, 3215 (1951).
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that under similar conditions, lithium aluminum
hydride reduction of friedelin (XVIII) affords in
high vyield the axial alcohol, epifriedelancl.?
Since the ketone XVI {rom cafestol upon reduction
behaves so similarly to 4a-ethylcholestanone
(XXV), we feel justified in assigning to it structure
XVI with the angular methyl group at C-10.
The alternate Haworth-Johnstonel!® expression
XVII would be expected to resemble friedelin
(XVIID).

As far as the stereochemistry of the wvarious
alcohols is concerned, that of 4a-ethylcholestan-
33-0l (XXVTa) follows rigorously from its mode of
formation and the infrared spectrum of its acetate
(XXVIb); a similar statement with virtually the
same degree of certainty can also be made with
respect to the alcohol XXX1Ia of the cafestol series.
In order to obtain independent support as well as
assign relative configurations to the other alcohols
(XIII, XIV, XXXII and LX), resort was taken to
the elegant micro-oxidation procedure of Schreiber
and Eschenmoser® where the rate of oxidation of
certain cyclohexanols has been related with con-
siderable precision to the orientation of the alcohol
(axial faster than equatorial) as well as to the pres-
ence and orientation of alkyl groups alpha and beta
to the alcoholic function, the apparent release in
strain of the resulting ketone speeding the rate of
oxidation. The relevant rate data® together with
certain model alcohols, are listed in Table I and

TanLe I

RELATIVE RATES OF OXIDATION OF ALCOHOLS

Alcohol Half-time, min “

4@-Ethvlcholestan-33-ol (NNVIuw) ~14.5
Alcohol LX ~16.5
Alcohol XXXTa ~16.5
Alcohol XXXIT ~ 4.5
Alcohol XIV ~ 9
Alcohol XITI ~ 6.5
Comparison alcohols?t 3!
Cholestan-38-ol ~46
Cholestan-3e«-ol ~12
2a-Methylcholestan-38-0l ~335
2w-Methylcholestan-3e-ol ~ 7

2 The oxidations were performed at 20.0° as described in
ref. 30 with 1.38 mg. of alcohol in 909 acetic acid and 2
equivalents of chromiwm trioxide; almost exactly one
equivalent of reagent was consumed in each case.

are offered in support of the assigned orientations
of the alcohols reported in this paper. A particu-
larly important comparison is that of the axial
alcohol XXXII #s. the equatorial isomer XXXIa,
the former being oxidized about 3.5 times faster as
is also the case with the model pair (Table I) of
2a-methylcholestan-3a-ol vs. 38-0l.  If the angu-
lar methy! group were located at position 5, then
it would be expected?® that the axial alcohol XXXII
would be oxidized 10-20 times faster than the
equatorial one.

(29) G. Brownlie, F. 8. Spring, R. Stevenson and W, S. Strachan,
J. Chem. Sce., 2419 (1956); S. L. Courtney, R. M. Gascoigne and A. Z.
Szumer, 2bid., 2119 (1956).

(30) J. Schreiber and A. Eschenmoser, Helv. Chim. Acta, 38, 1529
(1055); see also thid., 40, 1391 (1957).

(31) We are greatly indebted to Dr. J. Schreiber and Dr. A, Eschen-
moser (E.T.H., Zurich) for these measurements.
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Additional aund conclusive support could be ob-
tained from bromination experiments. Tuming
first to the model ketone 4ea-ethylcholestan-3-one
(XXV), monobromination led to the equatorial
bromo ketone, 2a-bromo-4a-ethylcholestan-3-one
(XXVII), the position of the bromine atom being
established by dehydrobromination with 2,4-
dinitrophenylhydrazine. The reaction proceeded
as described?®? for 2a-bromocholestan-3-one except
that a longer reaction time was required, and

furnished a  2,4-dinitrophenylhydrazine with
ACHCE 381 mu, typical®® of steroidal Al-3-keto

steroids.

Polybromination of 4«-ethylcholestan-3-one
(XXV) followed the same complicated course
which had already been encountered earlier?* with
a 4a-methyl-3-keto-5a-steroid. Thus tribromina-
tion led to an oily dibromo ketone, which was not
purified, but which could also be obtained by
dibromination of 4-ethyl-A*cholesten-3-one (XX)
in ether—acetic acid solutiou. The latter reaction—
in the case of A‘3-keto steroids—is known® to
yield 2,6-dibromo-A*-3-ketones and the completely
analogous course coupled with the characteristic?®*
ultraviolet absorption maximum at 265 mu requires
that the crude dibromo ketone XXIX be largely
2a,63-dibromo-4-ethyl-Af-cholesten-3-one (XXIX).
Its formation from the saturated 4a-ethylcholestan-
3-one (XXV) can be rationalized readily by as-
suming spontaneous dehydrobromination of an
intermediate 4-bromo derivative, followed by allylic
bromination at C-6. Experimental evidence for
such dehydrobrominations will be presented below
in the cafestol series. The structure of the un-
saturated dibromoketone XXIX was confirmed by
dehvdrobromination with lithium carbonate and
lithium bromide in dimethylformamide® which
furnished an oily trienone (XXXa), characterized
as the 2,4-dinitrophenylhydrazone XXXb (AgEC"
410 mu). The trienone XXXa exhibited ultra-
violet absorption maxima at 227 and 305 mu with
an inflection at 259 mu, in good agreement with the
characteristic triple maxima at 222, 256 and 298
mu observed® with steroidal 1,4,6-trien-3-ones
lacking a substituent at position 4.

The formation of an equatorial 2ea-bromo
derivative XXVII in the monobromination of
4a-ethylcholestan-3-one (XXV) is consistent with
Corey’s generalizations® in the steroid series®®
that an equatorial bromo ketone is more stable than
the corresponding axial bromo isomer, if in the latter
there is present a serious diaxial interaction
(bromine—methyl as in XXVII). Coaversely,
in the absence of such non-bonded interaction, the
axial isomer is preferred and the orientation of the
broniine atom can be determined readily by ul-

(32) C. Djerassi, THrs JourNarL, T1, 1003 (1949).

(33) C. Djerassi and E. Ryan, ¢bid., 71, 1000 (1949).

(34) C. Djerassi and 8. Burstein, tbid., 80, 2593 (1958).

(35) C. Djerassi, G. Rosenkranz, J. Romo, 8. Kaufmann and J.
Pataki, ibid., 72, 4534 (1950).

(36) Cf. R. Joly and J. Warnant, Bull. soc. chim. France, 367
(1958).

(37) E. J. Corey, THIS JOURNAL, 76, 175 (1954).

(38) The situation is considerably more complicated in conforma-
tionally-mobile, monocyclic cyclohexanones (J. Allinger and N. L.
Allinger, Tetrahedron, 2, 61 (1938); C. Djerassi and L. E. Geller, i6:d.,
3, 319 (1958)).
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traviolet,®® infrared® or rotatory dispersion!
measurements. Thus monobromination*? of friede-
lin (XVIII) at positions 2 or 4—where no diaxial
interactions exist with a methyl group in the 8-
position—affords in each case the axial monobromo
friedelin. As a further example, we have ex-
amined the monobromination of 19-nordihydro-
testosterone acetate (XXXIIIa) aud found it to
yield the predicted® axial 28-bromo ketone XXX-
I1Ib; the location of the bromine atom was con-
firmed by dehydrobromination to the Al-3-ketomne.

CgH,7 CsHyr
1
_— >
R
C:H;
XXXa, R=0
b, R=2,4-DNP
Ac
>’< H
H 0 TH
C:H; C.H;
XXXIa,R=H XXXII XXXIlla, X=H
b, R=CH,CO b, X=Br

With the above information at hand, it was felt
that analogous mono- and tribromination experi-
ments in the cafestol series would be decisive in
establishing the site of the angular methyl group.
Monobromination of the ketone XVI in glacial
acetic acid furnished in good yield a crystalline
monobromo derivative, whose equatorial orienta-
tion could be demonstrated by all three physico-
chemical criteria available.??=% As pointed out
above, such an observation is only consistent with
the structural and stereochemical environment
shown in structure XVI and inconsistent with the
alternative expression XVII possessing an angu-
lar methyl group at C-5. 1In order to establish the
position of the bromine atom, the bromoketone
XXXIV was treated with 2,4-dinitrophenylhy-
drazine under standard conditions®? which worked
satisfactorily with the model 2q-bromo-4«-ethyl-
cholestan-3-one (XXVII). Essentially no dehy-
drobromination was observed—a behavior remi-

(39) R. C. Cookson, J. Chem. Soc., 282 (1954).

(40) R. N. Jones, D. A. Ramsay, F. Herling and K. Dobriner, TH1s
JourNaL, T4, 2828 (1952); R. N. Jones, ¢bid., 75, 1839 (1953)

(41) C. Djerassi, J. Osiecki, R. Riniker and B. Riniker, i}id., 80,
1216 (1958).

(42) E. J. Corey and J. J. Ursprung, ibid., 78, 5011 (1956).
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niscent of 2a-bromofriedelin*>* —and a similar
resistance was noted upon treatment with v-
collidine; further comment on this point is made
below in connection with a discussion of the B/C
ring juncture. Dehydrobromination with lithium
carbonate and lithium bromide’® did, however,
vield the expected A!'-3-ketone XXXVa (AEH
231 mu; DNP XXXVb, AZ% 381 my) accom-
panied by some of the A*3-ketone XXXVla.
The isolation of the Al-3-ketone XXXVa confirms
structure XXXIV for the bromoketone and as
shown in the Experimental section, formation of
the A'*-isomer XXXVIa is due to the lability of the
2-bromo ketone XXXIV, which undergoes rear-
rangement and partial elimination on heating in
acetic acid. The location of the bromine atom at
C-2 coupled with the shape of the rotatory dis-
persion curve (vide 1nfra) of XVI establishes the
A/B trans ring juncture of XVI and ipso facto
of cafestol (I) itself.

When the ketone XVI was subjected to the
tribromination conditions used earlier and the
crude bromo compound dehydrobrominated with
lithium carbonate and lithium bromide,®*® there
was obtained an oily trienone to which is assigned
structure XXXVIIa since it exhibited the typical
triple ultraviolet absorption maxima at 232, 2536
and 302.5 mu associated with the 1,4,6-trien-3-
one chromophore. Furthermore, its crystalline
dark-red 2,4-dinitrophenylhydrazone XXXVIIb
possessed an absorption maximum at 410 mu as
was observed already above with the steroid model
XXXbh. The formation of such a trienone is only
possible if the angular methyl group is located at
C-10 (preventing aromatization to a phenol) and
a hydrogen atom is present at C-3.

Bl'\/'\ LN )

2o
0 H T H
CHs C.H,
v XXXV exXva, R-0
b, R=2,4-DNP
P

9

RPN
CQH; CJI'I,
XXXVIla, R=0 XXXVIa, R=0
b, R=2,4 DNP b, R=24 DNF

With the structure and relative stereochemistry
of rings A and B solved, the placement of the five-
membered ring containing the glycol grouping is
simplified considerably. In experiments designed
to elucidate the size of ring D, Wettstein and
Miescher*! noted that the carboxyl groups of the
dibasic acid (III with furan ring saturated) de-
rived from epoxynorcafestanone (II with furan
ring reduced) differed greatly in their reactivity.
In fact, the resistance of one of the carboxyl groups
in the form of its methyl ester toward saponifica-

(13) 2a-Bromofriedelin was treated by us with 2,4-dinitrophenyl-
hydrazine under the same conditions,

(44) A, Wettstein and K. DMiescher. Hele. Chim. Acta, 26, 631
L1ud3).
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tion was only consistent with its location at a ring
juncture and model experiments in the steroid
series were performed?* to support this supposition.
It follows, therefore, that the five-membered ring
had to originate at one of the angular positions,
while the other point of attachment had to be at
one of the ring carbons.® The above bromination—
dehydrobromination experiments eliminate im-
mediately C-5 (hydrogen atom) as well as C-6,
C-7 and C-10% as points of attachment, there
remaining theoretically only four possibilities
(8-13, S-11, 9-12 and 9-14). Direct chemical
evidence bearing on this point is scarce and pertains
largely to the location of the glycol grouping on the
five-membered ring. TUsing structure I (8-13 at-
tachment of cyclopentane ring to the perhydro-
phenanthrene skeleton), then it can be seen that the
glycol moiety could be placed either next (position
13) to the quaternary carbon atoni or two carbon
atoms removed (position 16). Bromination ex-
periments have yielded equivocal results:

In our hands!® bromination of epoxynorcafe-
stanone (I with tetrahydrofuran ring) led to a
crystalline monobromo derivative which was resist-
ant to dehydrobromination with vy-collidine. This
result is, of course, consistent with a carbonyl
group either at C-15 or C-16 since dehydrobromi-
nation would be impossible (absence of §-hydrogen
atom or violation of Bredt's rule). Haworth and
collaborators” report that exhaustive bromination
of the same ketone led to a tribromo derivative,
which seems incompatible with any structure based
on I or II since the substance would have to be
formulated as the 13,13,15-tribromo-16-ketone—
the intermediate A¥%-enol violating Bredt's rule.
A possible explanation of Haworth's results is
that the third bromine atom entered clsewhere in
the molecule, possibly by reaction with the ether
linkage. In order to investigate the number of
replaceable hydrogen atoms adjacent to the
ketone in epoxynorcafestadienone (II), an ex-
change reaction with sodium deuteride in deuterio-
ethanol was performed whereupon incorporation
of two deuterium atoms was noted. As indicated
above, this is consistent with structure II, deute-
rium entering at position 135, while entry at the
bridge head (C-13) is impossible since the enol
would violate Bredt's rule. The only observation
which appears to be helpful in making a decision 1s
the reported” inability of epoxynorcafestadienone
(1I) to undergo condensation with aromatic alde-
hydes. This resistance is of steric origin since
condensation with cthyl formate can be effected!®
and would be much more understandable if the
methylene group were located at C-15% and the
carbonyl group at C-16 as in IT.

At this stage, resort was taken to the rotatory
dispersion approach** by utilizing the nor-ketone

(45) The differential reactivity of the two carboxyl groups did not
permit construction of the five-membered ring by two quaternary car-
bon atoms (e.g., attachment at 9-10 or 8-9).

(468) If any of these carbon atoms were involved, then the trienone
XXXVII would vicolate Bredt's rule.

(47) Hindrance would be particularly pronounced if cafestol pos
sesses a 9a-hydrogen atom since C-15 would then be largely shielded
by a cage structure (see LV).

(18) See C. Djerassi, Buil. soc. chim. France, 741 (1837), for leading
references.
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XXXIX derived from phyllocladene (XXXVIII),!
the only uncertainty (aside from stereochemical
points) being the location of the angular methyl
group and perhaps one of the gem-methyl substit-
uents. The rotatory dispersion curve of this nor-
ketone XXXIX was so strikingly similart® to that
of epoxynorcafestanone (I1 with furan ring reduced)
that we consider this as strong, circumstantial
evidence that the cyclopentane ring of cafestol is
attached at positions 8 and 13. The correctness
of this proposal is strengthened further if omne
considers the biogenetic likeliness that cafestol
arises by a similar path to that occurring with
phyllocladene (XXXVIII) and the Garrya alka-
loids?®0:205L (¢.g., LI), substances in which the nature
of the carbon skeleton has been proved rigorously.
The generation of the furan ring can be visualized
readily by assuming a Wagner—Meerwein rear-
rangement—experimentally demonstrable®? in the
diterpene series—in a precursor such as XL, subse-
quent ring closure being unexceptional. Aside
from the furan ring, cafestol (I) then fits structurally
and biogenetically®® into a class which includes not
only the phyllocladene diterpenes but also a number
of diterpenoid alkaloids. The stereochemical im-
plications of such a conclusion will be discussed
below. It should be noted that, on the basis of
structure I for cafestol, the companion kahweol*
can only be attributed the formulation XLI.

XL

XLI

Absolute Configuration of Cafestol and Related
Diterpenoids.—The key substance in the struc-
ture proof of cafestol was the ketone XVI. The
rotatory dispersion curve*® of its homolog LIX
(vide nfra) was characterized by a negative
Cotton effect curve, which was antipodal to the
positive one exhibited® by 4a-ethylcholestan-3-
one (XXV), and the same statement (see Experi-
mental) applies also to XVI. The identical anti-
podal relationship also was observed in the rotatory
dispersion curves (see Experimental) of 2a-
bromo-4a-ethylcholestan-3-one (XXVII) and the
bromo ketone XXXIV of the cafestol series. Un-
published experiments in our laboratory have al-

(49) C. Djerassi, R. Riniker and B. Riniker, THIS JOURNAL, T8,
6362 (1956).

(50) K. Wiesner and J. A, Edwards, Experientia, 11, 255 (1955).

(51) C. Djerassi, C. R. Smith, A. E. Lippman, S. K. Figdor and J.
Herran, THis JourNaL, 77, 4801, 6633 (1955).

(52) For references see D, H. R. Barton, Quar!. Rev., 3, 36 (1949).

(53) E. Wenkert, Chemistry & Industry, 282 (1953), has already
outlined the common origin of rings C and D in these diterpenes and
alkaloids.

(54) C. Djerassi, O. Halpern, V. Halpern and B. Riniker, Tus
Journ~aL, 80, 4001 (1958).
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ready demonstrated that in safurated 3-keto ster-
oids, the orientation of C-9 has no effect on the
sign of the Cotton eifect.”® Application of the
“octant rule”’’® shows that this will almost cer-
tainly also be the case irrespective of the stereo-
chemistry at C-8 Combining the rotatory dis-
persion results with the bromination evidence dis-
cussed above which requires an A/B f#rans ring
juncture, we can state securely that cafestol n ust
have the absolute configuration at C-5 and C-10 shown
in I and that this is antipodal to the steroids and
diterpenes of the abietic acid group. Further
confirmation of this view is presented in Fig. 1
which contains the rotatory dispersion curves of
4-ethyl-1,4,6-cholestatrien-3-one (XXXa) and of
the cafestol trienone XXXVIla, and which are
again completely antipodal in nature.

We should now like to turn to a consideration of
the relative and absolute configurations in the
areas of the B, Cand D rings. It was noted above
and published earlier® that the coincidence (same
shape and sign of Cotton effect and virtually
identical amplitude) of the rotatory dispersion
curves of the nor-ketones XXXIX and II of the
phyllocladene (XXXVIII) and cafestol (I) series
made it appear very likely that the stereochemical
environment in rings C and D, and probably also
B, is identical. It has now been possible to meas-
ure the rotatory dispersion curve of the keto
acid®” (XLII-XLIX), obtained by degradation of
phyllocladene (XXXVIII), and with the exception
of the location of the angular methyl and one of the
gem-methyl groups, its structure but not its
stereochemistry is secure. Its rotatory dispersion
(Fig. 1) is characterized by a positive Cotton
effect curve and since this represents the first
substance in this series of diterpenoids where in-
formation on the B/C/D junctures can be ascer-
tained, a detailed discussion of its rotatory dis-
persion curve is in order.

Eight enantiomers (XLII-XLIX) are possible
for the keto acid and an analysis of its rotatory
dispersion curve is based on the premise that an
angular carboxyl group can be equated to an angular
methyl group®® Two approaches can be used
to predict the sign of the Cotton effect of the eight
enantiomers. The first!? is an empirical one which
compares the unknown ketone with appropriate
steroid models. Thus XLII can be written as
XLIIa which resembles a 3-keto-38-steroid and
since such ketones exhibit a negative Cotton
effect,”® this would also be predicted for XLII.

(55) Forinstance, both 9a- and 98-ergostan-3-one are characterized
by a single positive Cotton effect of very similar amplitude.

(56) C. Djerassi, W. Kiyne, W. Moffitt, A, Moscovitz and R, B,
Woodward, in preparation. The “octant rule’’ offers a means of pre-
dicting the sign of the rotatory dispersion Cotton effect in cyclohexa-
nones.

(57) We are greatly indebted to Prof. L. H. Briggs, Auckland Uni-
versity College, New Zealand, for this specimen prepared in his labora-
tory.

(58) Earlier work from this Laboratory (ref. 49 and C. Djerassi,
R. Riniker and B. Riniker, THIS JOURNAL, 78, 6377 (1950)) has shown
that angular hydrogen, hydroxyl or methyl produces the same effect.
The only substance with an angular carbomethoxy group which has
been measured is methyl machaerate (C. Djerassi and A. E. Lippman,
ibid., 17, 1825 (1955)) and its negative Cotton effect curve (unpublished
observation) is in accordance with expectation.

(59) C. Djerassi and W. Closson, ibid., T8, 3761 (1956). The
angular methyl group and the angular hydrogen atom can be inter-
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A similar analysis with XLIII (= XLIIIa) would
lead to the prediction of a positive Cotton effect as
has been noted with 3-keto-Sa-steroids, but con-
siderable ambiguity would arise in employing
this approach with the two enantiomers XLIV and
XLV. The octant approach® does not suffer
from this limitation and the predicted sign for the
Cotton effect of the four enantiomers XLII-XLV,
and hence of their antipodes (XLVI-XLIX), is
listed under the structural formulas.®® Since the
observed Cotton effect (Fig. 1) was positive, we
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Fig. 1.—Optical rotatory dispersion curves of 4-ethyl-
1,4,6-cholestatrien-3-one (XXXa) (in methanol), trienone
XXXVIla (in dioxane) and ketoacid XLVIII derived from
phyllocladene (in dioxane).

can reduce the possible representations to four
(XLIIIL,® XLVI, XLVIII and XLIX). Of these,
XLIX has the angular carboxyl group equatorial to
ring C and construction of the five-mmembered ring

changed without affecting the Cotton effect (H. Aebli, C. A. Grob and
E. Schumacher, Hely. Chim. Acta, 41, 779, Fig. 1 (1958)).

(60) It should be noted that the trans-syn-trans enantiomer XLIV
and its antipode XI.VIII cannot exist in an all-chair conformation and
that ring B must be a boat (see W. 8. Johnson, Experieniia, T, 313
(1951)).

(61) It should be noted that of the four possible representations,
only one—XLIII-—has the A/B absolute configuration of the abietic
acid diterpenes (see W. Klyne, J. Chem. Soc., 3072 (1953)). If this
were correct, then the derived nor-ketone (XXXIX) would be repre-
sented by L and it is conceivable that its rotatory dispersion curve could
still be virtually identical (as was shown to be the case®) with that of epoxy-
norcafestanone (II with teirahydrofuran ving), provided the latter possesses
a 9a-hydrogen atom. This uncertainty—cafestol (I} and phyllocladene
(XXXVIII) being antipodal in ring A but possessing identical absolute
configuration in rings B, C and D—cannot be settied definitely at this
time by means of rotatory dispersion, since not enough information is
available on the effect of remote rings upon the rotatory dispersion of a
fused cyclopentanone system as is present in Il and XXXIX.
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of phyllocladene 1s possible ouly if ring C exists as
a boat.

In one of our earlier papers*’ we reported on the
rotatory dispersion of a variety of Garrya alkaloids
of the cuauchichicine series®! and it was noted that
[F-dihydrocuauchichicine (LI) exhibited a nega-
tive Cotton effect curve. Since the carbonyl
group in this alkaloid is at C-15 (cafestol number-
ing system) rather than at C-16 (as in II), the
rotatory dispersion curves*? of II and LI might be
expected to be of antipodal type if their absolutc
configurations in the relevant regions of the molecule
are identical. Indirect support for this supposition
has now been presented in the atisine series (LII)
where a multistage degradation to the phenol
LIII has been performed.®? Its rotation was found
to be strongly negative, in contrast to the positive
one of ring C phenols of the dehydroabietic acid
class. Comnsequently, Dvornik and Edwards®®
suggested that the phenol should be assigned the
absolute configuration LIII—antipodal to that of
the abietic acid class but identical with that of
cafestol (I)—and coupled with earlier stereochemi-
cal conclusions®®?! in the related Garrye alkaloids,
this was expanded to LII for atisine itself. The
close biogenetic relationship of the Garrya alka-
loids, the atisine group and the phyllocladene
diterpenes (including cafestol) can be considered
as extremely likely.®® The relative configuration
in the Garrya alkaloids at C-9 has been assumed to
be opposite to that of the C-10 angular substituent
and we shall comment on this point below. There
exists, however, good evidence® that the five-
membered D ring is pointed away from the basic
nitrogen atom and that the 8-15 bond (see number-
ing in LI) and hence also the 13-16 bond are op-
posite to the angular substituent attached to C-10.

(62) D. Dvornik and O. L. Edwards, Chemistry & [fndusiry, 623
(1958).
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If we now make the attractive, though specula-
tive,’® assumption that all of the phyllocladene
diterpenes and alkaloids possess the same stereo-
chemical feature®! and we examine the four enantio-
meric forms XLIII, XLVI, XLVIII and XLIX
which are consistent with our rotatory dispersion
results, then it will be observed that only two of
them—XLVI and XLVIII—satisfy the observed
relative stereochemical requirement of the Garrya
alkaloids.3® A priori, an anii backbone as in
XLVI would appear more reasonable on grounds
of analogy to the abietic acid series, but it should be
noted that diterpenoids with a syn relationship at
C-9 and C-10 are also known.®

As far as the stereochemistry of C-9 is concerned,
there exist some indications in derivatives of cafestol
that the correct representation may be I with a
Qu-orientation, 7.e. a syn backbone. If we rewrite
the ketone X VI derived from cafestol in conforma-
tional representations consistent with XLVI and
XLVIII, then structures LIV or LV are obtained.
It will be recalled that one difference in the be-
havior of the ketone XVI and the corresponding
steroid model 4a-ethylcholestan-3-one (XXV) was
the increased resistance of the 2-bromocafestol
ketone XXXIV toward dehydrobromination. A
similar resistance has been observed*®* in 2a-
bromofriedelin and has been ascribed*? to the
axial 98-methyl group in XVIII which hinders
removal of a proton at C-1. Turning now to the
conformational representations LIV and LV, it
will be noted that in LIV, rings A and B possess the
same conformation as the steroid model XXVII
and no major difference should be anticipated.
In LV, however, ring B has to exist as a boat and
the 9-11 bond now acquires a quasi-axial character,
similar to the 98-methyl group in friedelin (XVIII)
and resistance toward dehydrobromination can,
therefore, be expected. Furthermore, the slight,
but significant, differences in the ultraviolet
absorption spectra of the trienones XXXa and
XXXVIla might be due to the presence of a syn
backbone in cafestol and the difficulty in effecting
condensation at C-15 in epoxynorcafestadienone
(IT) is also more understandable in a structure
based on LV.¥

Another circumstantial argument in favor of a
syn arrangement at C-9 and C-10 can be presented
from the earlier literature. Wettstein, et al.,% as
well as Haworth and collaborators'”!? have drawn
attention to the fact that in dicarboxylic and
tetracarboxylic acids derived from opening of
ring A of cafestol (e.g., VII), the carboxyl group
originating from C-4 exhibits considerable hin-
drance in so far as saponification of its ester is
concerned, although it can be esterified with al-
cohols and mineral acid (in contrast to the carboxyl
group—e.g., I1I—derived from C-15). If cafestol
is based on conformation LV, then opening of ring
A will now permit conversion of ring B from a boat

(63) See, however, E. Wenkert and J. W, Chamberlin, THIS JOUR-
NAL, 80, 2912 (1958).

(64) B. Green, A, Harris, W. B. Whalley and H. Smith, Chemistry &
Industry, 1369 (1958); H. H. Bruun, R. Ryhage and E. Stenhagen,
Acia Chem. Scand., 12, 789 (1958); B. Green, A, Harris and W, B.
Whalley, J. Chem. Soc., 4715 (1958).

(65) A. Wettstein, F. Hunziker and K. Miescher, Helv. Chim. Acia,
26, 1197 (1943).
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to a chair, a consequence of this change being the
conversion of the (equatorial) carboxyl group
corresponding to C-4 into an axial one. Such a
change would be consistent with the observed
degree of hindrance.

In summary, there seems to be no doubt about the
antipodal stereochemistry of cafestol (I) in so far as
ring A is concerned. Whether this applies to phyl-
locladene®! and the diterpenoid alkaloids cannot be
said with the same degree of assurance although the
circumstantial evidence—rotatory dispersion of the
keto acid XLVI (or XLVIII) and the rotation® of
the phenol LIII—points itn this direction. The
orientation of C-9 is not established, but a syn
backbone seems more likely in the cafestol series
(I with 9a-hydrogen).

CH,

(Ql‘HQ)zOH

An important achievement, which would put
these suggestions on a firm basis, would be an
experimental interconversion of cafestol (whose
absolute configuration at C-5 and C-10 is known)
with a diterpene of the phyllocladene class. The
obvious candidate would be isosteviol,®® which
probably has structure LVI and which exhibits*®
a very strong negative Cotton effect. The ampli-
tude of its dispersion curve is much greater than that
of LT which may only be a reflection of the struc-
tural differences in the rest of the molecule or may
actually represent stereochemical or even skeletal
aberrations. In an attempt to settle this point,
the aldehyde VI was reduced by the Huang-Minlon
procedure to epoxycafestadiene (LVII) and then
subjected to platinum oxide—acetic acid hydro-
genolysis. The alcohol isolated from the hydro-
genation is assigned structure LVIII since oxida-
tion, just as with the lower homolog XIII, af-
forded an oily ketone, which was transformed into
a crystalline one upon passage over alkaline
alumina. The crystalline ketone is represented
as LIX, with an equatorial ethyl function, since it
is stable to hot alkali and is transformed upon
lithium aluminum hydride reduction to an alcohol
formulated as LX by analogy to the reduction of
XVI to XXXIa, as well as on the basis of the
quantitative oxidation results (Table I).3%31 The

(66) E. Mosettig and W. R. Nes, J. Org. Chem., 20, 884 (1955).
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ketone LIX, whose negative rotatory dispersion
Cotton effect already has been reproduced,?*®
was transformed into the thioketal LXI and thence
by Raney nickel desulfurization into the crystalline
hydrocarbon LXII. It was hoped that this hy-
drocarbon or an isomer thereof could be obtained
[rom isosteviol (LVI) by removal of the keto
group, lithium aluminum hydride reduction, fol-
lowed by dehydration with Wagner—Meerwein
rearrangement and reduction. Unfortunately, the
sequence failed at the penultimate stage®” and an
interconversion between cafestol and another
diterpenoid still remains to be realized.

CH;

H HO Y
C.Hs LXI’R:<:] CH, LX

LXII, R=H,

The above discussion of the absolute configura-
tion of cafestol and related diterpenes has a very
definite bearing® on the absolute configuration of
gibberellic acid. Its structure LXIII (no stereo-
chemical connotations) has been established by
Cross, ¢t al.% and its biogenetic relationship to
phyllocladene (XXXVIII)—already apparent on
structural grounds—has been supported recently by
tracer experiments.’”® If the above suggestion is cor-
rect that phyllocladene (XXXVIII), the diterpenoid
alkaloids and cafestol (I) all possess the same abso-
lute configuration, then it follows automatically that
gibberellic acid has the absolute configuration at
positions 2, 3, 4 and 5 outlined in partial formula
LXIV. Even if phyllocladene should not possess
the 38,10@-absolute configuration® assigned to
cafestol (I), then in our opinion the circumstantial
evidence is still in favor of the absolute con-
figuration LXIV for gibberellic acid (LXIII) for
several reasons®:

The biocyclofarnesol skeleton LXV with a
hydroxyl group at C-3 is extremely rare in the

(67) Private communication from Dr. E. Mosettig, National Insti-
tutes of Health, Bethesda, Md.

(68) First discussed by C. D. at the Chemistry Department Collo-
quium of Columbia University, May 7, 1958.

(69) B. E. Cross, J, F. Grove, J. MacMillan, T. P. C. Mulhotland
and N. Sheppard, Proc. Chem. Soc., 221 (1958); B. E. Cross, J. F.
Grove, J. MacMillan and T. P. C. Mulholland, Chemisiry & Industry,
954 (1056),

(70) A. J. Birch, R. W. Rickards and H. Smith, Proc. Chem. Soc.,
192 (1058).
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sesquiterpene and diterpene field. In fact, among
sesquiterpenes until recently there existed only
iresin (LXVI)"! and three of its relatives’ and
these have been shown?®! to have the 338,10a-
absolute configuration depicted in LXVI. Subse-
quently, there was discovered drimenol (LXVII)
which possesses’? the conventional ‘‘steroid” abso-
lute configuration (5«,108) and farnesiferol A
(LXVIII)™ which again belongs to the iresin series
in terms of its absolute configuration. Turning
now to diterpenes, the only ones which contain the
partial structure LXV are cafestol (I) (in terms of
its precursor XIL) and darutigenol (LXIX).™
In other words, every sesqui- and diterpene which
has so far been discovered”® and which contains an
oxygen atom in position 3 of a bicyclofarnesol
skeleton such as LXV possesses the ‘“‘wrong”
58,10a-absolute configuration. Therefore we
should like to suggest that the stereochemical re-
quirements of the enzyme system promoting ring
closure of the open chain sesqui- and diterpenoid
precursor by OH (mechanistically, though not in
terms of absolute configuration, similar to the cy-
clization of squalene™ in the triterpene field) are
such as to yield the 58,10«-absolute configuration.
Since the biogenetic precursor of gibberellic
acid (LXIII) clearly falls within the scope of this
definition (LXV), we predict the absolute con-
figuration LXIV for this plant growth factor and
it will be interesting to see whether proof of absolute
configuration by classical means will bear this out.

HO™ E; .

H
CH, CO.H
LXIII
HO HO™"
LXV
/\
_ |
0=~"0"0 CHOHCH,OH
HO" HO™

H H LXIX

LXVIIL

{71) C. Djerassi, W. Rittel, A, L. Nussbaum, ¥, W. Donovan and
J. Herran, Turs JourNaL, 76, 6410 (1954).

(72) C. J. W, Brooks and K. H. Overton, Proc. Chem. Soc., 322
(1957).

(73) L. Caglioti, H. Naef, D. Arizoni and O. Jeger, fcls. Chim, Acta,
41, 2278 (1918).

(74) J. Pudles, A. Diara and ¥. Lederer, Bull. soc. chim. France,
in press. The position of the angular methyl group has not been settled
completely and it could also be located at C-9 rather than at C-10.

(74a) ApDED IN PROOF.—Recently F. E. King, T. J. King and J. M.
Uprichard, J. Chew. Soc., 3428 (1958), have established the absolute
configuration of cassaine, a diterpenoid which also seems to fall within
our definition LXV. Since this substance was shown to have the usual
absolute configuration of the steroids, it is probable that our hypothesis
has to be refined somewhat based on the complete isoprenoid skeleton
of the particular substance. [t should be noted that cassaine is based
on an isoprenoid pattern which is different from that of the compounds
discussed in this paper.

(75) See K. Bloch, Vitamins and Hormones, 18, 119 (1957}, and
references cited therein.
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Experimental™

Synthesis™ of 1-Ethyl-2-phenanthrol (IV).—A mixture of
0.5 g. of l-acetyl-2-methoxyphenanthrene (Va)!! (m.p.
175°), 0.25 g. of potassium hydroxide, 3.5 cc. of 989 hy-
drazine and 20 ce. of diethylene glycol was heated under re-
flux for 1 hr., the condenser was removed until the tempera-
ture of the vapor rose to 195° and refluxing was continued
for an addjtional 4 hr. 1-Ethyl-2-methoxyphenanthrene
(Vb) was isolated by extraction with ether, washing with
dilute potassium hydroxide and water, drying, evaporation
and recrystallization from heptane; yield 0.34 g., m.p.
142-146° (m.p. 144-146° after high vacuum sublimation).

Anal. Caled. for C;His0: C, 86.40; H, 6.83. Found:
C, 86.31; H, 6.59.

The above methyl ether Vb (200 mg.) was heated at 210°
for 45 min. with 1.0 g. of pyridine hydrochloride,!? water
was added, the precipitate was collected and recrystallized
from dilute ethanol. The colorless crystals (m.p. 150-
152°) were shown to be identical with 1-ethyl-2-phenanthrol
(IV) derived® from cafestol by mixture melting point de-
termination, as well as by coincidence of the ultraviolet8
spectra and X-ray diffraction patterns.”

Anal. Caled. for CsH1O: C, 86.45; H, 6.35.
C, 86.66; H, 6.77.

1-Ethyl-2-phenanthrol 3,5-dinitrobenzoate was prepared
in pyridine solution at room temperature (48 hr.) and re-
crystallized from methyl ethyl ketone, whereupon it ex-
hibited m.p. 249-250°, undepressed on admixture with a
specimen obtained® by dehydrogenation. The X-ray dif-
fraction patterns™ were also identical.

Bromination™ of Epoxynorcafestanone.—A solution of
1.37 g. of epoxynorcafestanone® (II with tetrahydrofuran
ring) of m.p. 130-131° in 10 cc. of glacial acetic acid was
treated dropwise with 12.5 cc. of a solution of 3.0 g. of bro-
mine in 50 cc. of acetic acid. The solution was warmed after
addition of the first few drops of bromine solution, but the
rest of the addition was conducted at room temperature.
After 3 hr., water was added, the bromo ketone was ex-
tracted with ether and the gummy residue (1.4 g.) was re-
crystallized several times from ethanol, whereupon it ex-
hibited m.p. 183-185° (yield 0.65 g.), [a]p —31°. Identical
results were obtained when the bromination mixture was
worked up after 5 min.

Anal. Caled. for CyHyBrO,: C, 62.15; H, 7.41; Br,
21.76. Found: C, 62.26; H, 7.49; Br, 21.81.

No collidine hydrobromide was formed after heating 200
mg. of the bromo ketone with 20 cc. of y-collidine for 90 min.
and unchanged starting material was recovered.

Hydrogenolysis of Epoxynorcafestadiene (X).—Hydro-
gen uptake, corresponding to 2.82 equivalents, ceased
within 2-4 hr. when 4.0 g. of epoxynorcafestadiene (X)3!7
was hydrogenated at room temperature and atmospheric
pressure with 1.60 g. of prereduced platinum oxide catalyst
in 250 cc. of glacial acetic acid. After filtration of the
catalyst, the acetic acid was removed in vacuo and the
residue was hydrolyzed by heating under reflux for 1 hr. with
100 cc. of 19, methanolic potassium hydroxide. The
product (3.55 g. of oil) was isolated by ether extraction and
material (5.0 g.) obtained from two experiments was
chromatographed on 150 g. of Alcoa F-20 alumina (alkaline
reaction) with the following results.

Elution with 400 cc. of hexane afforded 0.38 g. of a color-
less oil, which was distilled at 110° and 0.01 mm. to provide
the analytical sample of the hydrocarbon XI, [«]p —71°.

Anal. Caled. for CigHi: C, 87.62; H, 12.38. Found:
C, 87.19; H, 12.02.

Change of the development solvent to hexane-benzene
(65:35) furnished in the first 600 cc. 1.27 g. of crystals,
m.p. 65-70°, which represent one of the sterecisomeric
forms of the tetrahydrofuran XII, m.p. 72-73° (from ace-

Found:

(76) Melting points were determined on the Kofler block. Unless
noted otherwise, rotations were obtained in chloroform solution. We
are indebted to Miss B. Bach for the infrared spectroscopic measure-
ments and to Mrs. T. Nakano and Mrs. C., Wilkinson for rotatory dis-
persion measurements. The microanalyses are due to Dr. A. Bern-
hardt, Miilheim (Ruhr), Germany.

(77) This experiment was performed by the late Dr. Hillel Bendas
(see ref. 5).

(78) Performed in the Lilly Research Laboratories, Indianapolis,
Ind., through the courtesy of Dr. N. Neuss.
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tone), [a]p —33.5°, no infrared absorption bands in the
hydroxyl! or carbonyl regions.

Anal. Caled. for C3H3O: C, 83.15; H, 11.02; O, 5.83.
Found: C, 82.95; H, 10.91; O, 5.63.

Further washing of the column with the same solvent
pair gave in the second 1.2-1. portion 1.22 g. of colorless
oil, apparently a stereoisomer of the tetrahydrofuran XII,
which was distilled at a bath temperature of 120-130° and

0.01 mm.; [a]D —62°, no infrared hydroxyl or carbonyl
absorption.
Anal. Caled. for CyHyO: C, 83.15; H, 11.02; O, 5.83.

Found: C, 82.90; H, 11.22; O, 6.11.

Elution with benzene or benzene—ether mixtures gave
only negligible amounts of oil, while development of the
chromatogram with ether led to the isomeric alcohols XIII
and XIV. The first 400 ce. provided 0.90 g. (m.p. 104-
114°) of the alcohol XIII, raised to m.p. 130-132° (0.72 g.)
after recrystallization from hexane, [«]D —64°.

The axial character of the alcoholic function, already in-
dicated by the oxidation experiments3®3! summarized in
Table I, is supported further by the observation that no
acetate was formed upon attempted acetylation with acetic
anhydride-pyridine at room temperature overnight.

Anal. Caled. for CyHO: C, 82.54; H, 11.66; O, 5.79.
Found: C, 82.58; H, 11.81; O, 6.07.

The last 600 cc. of ether removed 0.5 g. of oil which crys-
tallized on standing, m.p. 80-98°. Recrystallization from
hexane or pentane afforded apparently dimorphic crystals
of the alcohol XIV, m.p. 94-96° or 104-106°, [«]p —62°.

Anal. Caled. for C;)HzO: C, 82.54; H, 11.66; O, 5.79.
Found: C, 81.97; H, 11.64; O, 6.09.

Oxidation of the Alcohol XIII.—To the aleohol XIII
(0.45 g.) dissolved in 15 cc. of glacial acetic acid was added
at room temperature in portions a solution of 0.17 g. of
chromium trioxide in 10 ce. of acetic acid. After standing
overnight, it was poured into water, extracted with ether,
washed, dried and evaporated. The resulting oil was
chromatographed on 8.0 g. of Merck acid-washed alumina.
Elution with 450 cc. of hexane—benzene (9:1) afforded 0.38
g. of a colorless oil, ASHS 5.84 4; R.D. (¢ 0.16) in methanol:
(e J700 :600, [alsss —80°, [afsors —766°, [alas +144°,
aloes 07

This ketone is believed to be the isomer XV7® because of
its facile transformation into the crystalline isomer XVI and
because it formed readily an analytically pure yellowish-
orange 2,4-dinitrophenylhydrazone (m.p. 140-150°) which
even after four recrystallizations from chloroform—ethanol
exhibited a wide melting point range (165-185°).

Anal. Caled. for CiHiuNO4: C, 66.05; H, 7.54; N,
12.33. Found: C, 66.58; H, 7.64; N, 12.15.

When a solution of 0.38 g. of the o¢ly ketone XV7 in
hexane—benzene (3:2) was passed over 8.0 g. of Alcoa F-20
(basic) alumina, there was obtained 0.36 g. of crystalline
ketone XVI, m.p. 80-88°, raised to m.p. 86-88° after two
recrystallizations from methanol; AEQR 282 my, ASHCW
5.84 u; R.D. (¢ 0.133) in methanol: [alis —64°, [a]sse
—88°, {alser.s ~1536°, [alero +890°, [aless +362°.

Anal. Caled. for C4HyO: C, 83.15; H, 11.02; O, 5.83.
Found: C, 83.42; H, 11.02; O, 5.99.

The crystalline ketone XVI formed a 2,4-dinitrophenyl-
hydrazone, which crystallized as yellow-orange needles,
m.p. 200-202° after a single recrystallization from chloro-
form—ethanol, in contrast to the wide melting point range
of the corresponding derivative of the oily ketone XV.
The analytical sample exhibited m.p. 202-203°.

Anal. Caled. for CousHuNOy: C, 66.05; H, 7.54; N,
12.33. Found: C, 66.27; H, 7.47; N, 12.10.

4-Ethyl-At-cholesten-3-one (XX). (a) By Alkylation of
A4-Cholesten-3-one (XIX).—A solution of 1.1 cc. of ethyl
iodide in 100 cc. of dry #-butyl alcohol was added over a
period of 2.5 hr. to a refluxing solution of 2.0 g. of A4-
cholesten-3-one (XIX) in 60 cc. of ¢-butyl alcohol containing
0.4 g. of potassium. After heating for one additional hour,
20 cc. of water was added and the solvents were removed
in vacuo. The residue was leached with hexane and then
chromatographed on 100 g. of silica gel (Sargent). Hexane-
benzene (8:2) eluted 0.36 g. of 4,4-diethyl-As-cholesten-3-

(79) The ketone is probably aiready contaminated by some of the
isomer XVI.
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one (XXI),” which was recrystallized from ether-methanol,
whereupon it showed m.p. 89-01°, AGHCH 580 4, no selec-
tive high ultraviolet absorption.

Anal. Caled. for CuHzO0-0.5CH;OH: C, 82.93; H,
11.90; O, 5.19. Found: C, 83.23; H, 11.47; O, 5.64.

Further elution with hexane-benzene (1:1) produced an
oil (0.88 g.) which solidified on trituration with methanol.
Once-crystallized material (m.p. 74-81°, AEQH 2351 my,
log € 3.92) was re-chromatographed on 50 g. of Woelm
alumina, thereupon yielding 0.52 g. of 4-ethyl-A¢-cholesten-
3-one (XX), m.p. 83-85°, [a]p 4+ 93°, AEQH 251 mu, log €
4,14, ASH8 5,99 and 6.18 u.

(b) By Reaction of Propylmagnesium Bromide on Enol
Lactone XXII.—A solution of propylmagnesium bromide,
prepared from & cc. of n-propyl bromide, 0.14 g. of magne-
sium turnings and 100 cc. of ether, was added dropwise
with stirring at 0° in an atmosphere of nitrogen, to 1.5 g.
of the enol lactone XXII2?4in 100 cc. of 1:1 ether-benzene
containing 20 mg. of cuprous chloride. The addition re-
quired 20 min. and after heating under reflux for 1.5 hr., the
mixture was poured onto ice and 50 cc. of 6 N hydrochloric
acid. The total product, isolated with ether, was heated
under reflux for 3 hr. with 2.0 g. of sodium hydroxide, 200
cc. of methanol and 10 cc. of water and then left at room
temperature overnight. The solution was concentrated
to one-half its original volume, diluted with water and ex-
tracted with ether. Acidification of the aqueous layer
regenerated 0.43 g. of the keto acid from which the enol
lactone XXII had been prepared.

Evaporation of the ether solution vielded 0.82 g. of oil
which was chromatographed on 23 g. of Alcoa F-20 alumina.
Elution with hexane—benzene (4:1) gave 0.47 g. of 4-ethyl-
At-cholesten-3-one (XX), m.p. 80-87°, raised to 87-89°
after recrystallization from methanol. The spectroscopic
properties of this specimen were identical with those ob-
tained by procedure (a).

Anal. Caled. for CxoHuO: C, 84.40; H, 11.72; O, 3.88.
Found: C, 81.20; H, 12.04; O, 4.19,

The dark red 2,4-dinitrophenylhydrazone crystallized
from chloroform—ethanol, m.p. 264-265°, ASECS 395 my,
log € 4.55.

Anal. Caled. for CguHnNiOs: G,
Found: C, 70.76; H, 8.93.

When the enol lactone was added to the Grignard solu-
tion, there was isolated (by hexane elution in the chromato-
gram) a semi-solid giving a brown color with tetranitro-
methane and which is probably the enol ether XXIII.?%
The more polar product, m.p. 190-193° (from hexane-
benzene), eluted with ether probably has the constitution
XXIV.%

Anal. Caled. for C3H;s0.: C, 80.95; H, 12.31; O, 6.74.
Found: C, 83.44; H, 11.77; O, 7.35.

44-Ethylcholestan-3-one (XXV).—A solution of 200 mg.
of 4-ethyl-A¢-cholesten-3-one (XX) in 25 cc. of dry ether
was added dropwise to 150 mg. of lithium in 100 cec. of liquid
ammonia. After complete addition, the mixture was
stirred for an additional 45 min., excess lithium was de-
stroved with solid ammonium chloride and the ammonia
was allowed to evaporate. The crude product (190 mg.,
m.p. 105-117°) obtained by extraction with ether was
chromatographed on 5 g. of Alcoa alumina (basic) and
eluted with hexane—benzene (9:1). Recrystallization from
ether—methanol yielded 145 g. of colorless crystals, m.p.
120-122°, {a]p 4-38°, ASEC 5.83 u. The rotatory disper-
sion curve, characterized by a positive Cotton effect, has
already been published .5

Anal. Calced. for ngH{,uOI C, 8399, H, 12.15.
C, 83.69; H, 11.92.

The 2,4-dinitrophenylhydrazone crystallized from chioro-
form—ethanol as light orange lustrous plates, m.p. 226-228°,
AERC 370 mu, log € 4.37.

Anal. Caled. for CyuHuN Oy C, 70.67;
9.42. Found: C, 70.29; H, 9.53; N, 9.62.

4q-Ethylcholestan-38-0l (XXVIa). (a) By Lithium Alumi-
num Hydride Reduction of XXV.—A mixture of 120 mg.
of 4a-ethylcholestan-3-one (XXV), 150 mg. of lithiun

70.90; H, 8.84.

Found:

H, 9.15; N,

(79a) Apprp 1IN PROOF.~—J. Jouanneteau and C. Mentzer, Compt.
rend., 246, 2195 (1058), have reported the preparation of this substance
as an oil.

CarL Djyerassi, M. Cats anp L. A. MITSCHER
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aluminum hydride and 15 cc. of dioxane was heated under
reflux for 1 hr., excess reagent was destroyed by the addition
of ethyl acetate and, after pouring into water, the product
was extracted with methylene dichloride. Chromatography
on 5 g. of Alcoa alumina, elution with benzene and recrys-
tallization from pentane led to 85 mg. of the alcohol XX VIa,
m.p. 141-143°, [a]p +24°.

Anal. Caled. for CyHyO: C, 83.58; H, 12.58.
C, 83.62; H, 12.23.

(b) By Lithium-Ammonia Reduction of XX.—4-Ethyl-
At-cholesten-3-one (XX) (200 mg.) in 15 cc. of dioxane was
added to a solution of 150 mg. of lithium in 50 cc. of liquid
ammonia. After stirring for 1 hr., methanol was added
until all the lithium had reacted and a new portion of lithium
metal was added to maintain the blue color for 1 hr. The
reaction mixture was then processed as above to furnish 190
mg. of crystals, m.p. 135-143°; one recrystallization from
pentane afforded the alcohol XXVIa, m.p. 140-143°, unde-
pressed on admixture with the specimen prepared according
to (a). The infrared spectra (carbon disulfide solution) of
the two samples were identical.

The acetate XXVIb, prepared with acetic anhydride—
pyridine at room temperature, crystallized from methanol
as needles, m.p. 105-107°, [a]p $+34°, A% 5.76 u and
sharp type A band?® at 8.03 u.

Anal.  Caled. for CiH;0:: C, 81.16; H, 11.87.
C, 83.80; H, 12.04.

2a-Bromo-4«-ethylcholestan-3-one (XXVII).—A solution
of 0.30 g. of 4a-ethylcholestan-3-one (XXV) in 50 cc. of
glacial acetic acid was treated dropwise at room tempera-
ture with 7.2 cc. of a 0.1 M solution of bromine in acetic acid.
After stirring for 30 min., the solution was poured onto ice,
the bromo ketone was extracted with ether and chromato-
graphed in hexane solution on silica gel. Elution with
hexane-benzene (4:1) afforded 0.28 g. of XXVII[, m.p. 112~
114°, [a]p +33°, \BOHE-CHCE (3.2:1.8) 295 my, log ¢ 1.93,%
AGHCs R.D. (¢ 0.05) in methanol: [alws +50°,

max "t 570 g
leelso +822°, [als; —306°.

Found:

Fouud:

Awnal. Caled. for CuyHyBrO: C, 70.59; H, 10.01; Br,
16.15; O, 3.25. Fouund: C, 70.76; H, 9.73; Br, 16.49; O,
3.04.

The position of the bromine atom wus established by de-
hydrobromination of 85 mg. of XXVII with 45 mg. of 2,4-
dinitrophenylhydrazine in 1 cc. of acetic acid.??> The boiling
solution was concentrated in a current of nitrogen, the
original volume restored by the addition of more acetic acid
and the process was repeated three times. The reddish
2,4-dinitrophenylhydrazone was filtered and recrystallized
twice from chloroform-ethancl to give rosettes of 4a-
ethyl- Al-cholesten-3-one 2,4-dinitrophenylhydrazone
(XXVIID), m.p. 220~-222°, A 381 mu,®? log € 4.39.

Anal. Caled. for CypHeNOy: C, 70.90; H, 8.84; N,
9.45. TFound: C, 71.19; H, 8.73; N, 10.09.
4-Ethyl-1,4,6-cholestatrien-3-one (XXXa). (a) From 4-

Ethyl-Ai-cholesten-3-one (XX)-—A solution of 0.32 g. of
bromine in 9.4 cc. of acetic acid was added dropwise to
0.41 g. of XX dissolved in 40 ce. of dry ether. The reaction
was started at ice-bath temperature® but since bromine up-
take was very slow, it was continued at room temperature.
Removal of the solvents ¢n vacuo, dilution with water and
extraction with ether provided 0.53 g. of the oily 2q,68-
dibromo-A*-3-ketone XXIX, AESH 265 mu, log ¢ 4.13,
which was used directly for the next step. The bromo ke~
tone was dissolved in 15 ce. of redistilled dimethylformamide,
heated to 100° and while stirring there was added 0.45 g.
of anhydrous lithium carbonate and 0.52 g. of anhydrous
lithium bromide. The entire reaction was conducted in an
atmosphiere of nitrogen and after heating overnight, the
trienone XXXa was extracted with ether and purified by
chromatographing twice on 25 g. of alumina. The result-
ing product was still an oil, ARCH 227, 259 (infl.) and 305
mg, log € .22, 3.93 and 4.16; ASES® 6.00, 6.09 and 6.16 u;
R.D. curve reproduced in Fig. 1. A sample for analysis
was distilled at 250° and 0.08 mm.

Anal. Caled. for CeHyuO: C, 83.23; H, 10.85.
C, 84.11; H, 10.36.

For more adequate characterization, the 2,4-dinitrophen-
ylhydrazone XXXb was prepared in ethanol solution and

Found:

{80) Compared to Amax 294 my, log € 1.52, for the parent ketone
XXV measured in the same solvent pair.
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purified by filtration (in benzene) through alumina and re-
crystallization from chloroform—ethanol; m.p. 257-260°,
ASHCE 410 my, log € 4.58, [alsy +140° (¢ 0.017 in dioxane).

Anal. Caled. for CpHgNiO4: N, 9.52. Found: N,
9.77.
(b) From 4q-Ethylcholestan-3-one (XXV).—The tri-

bromination®¢ of 0.41 g. of the ketone XXV in § cc. of gla-
cial acetic acid was conducted at 15° with 14.5 cc. of a bro-
mine—acetic acid solution containing 34 mg./cc. of bromine.
The ketone was originally in suspension but dissolved during
the course of the bromine addition which required 20 min.
After stirring for an additional 4 hr., the oily dibromo ke-
tone XXIX (ALGH 266 mu) was isolated in the usual manner
and dehydrobrominated directly with lithium carbonate
and lithium bromide? exactly as described above. The
oily trienone XXXa (0.38 g.) was again purified by chro-
matography on alumina, whereupon it exhibited AEQE 225,
259 (inflect.) and 307 mu, log € 4.16, 3.92 and 4.14. Its
infrared spectrum was identical with that of the trienone
prepared according to (a) but, for further identification, a
portion was transformed into the dark red 2,4-dinitrophenyl-
hydrazone, m.p. 258-260°, alone or on admixture with the
above described specimen; ASEC® 412 my, log ¢ 4.59.

Anal. Caled. for CisHeNOy: C, 71.39; H, 8.22; N,
9.52. Found: C, 71.58; H, 8.32; N, 9.39.

When 4a-ethylcholestan-3-one (XXV) was dibrominated,
the reaction proceeded in part by disproportionation as re-
ported already for a similar 4a-methyl-3-keto-5a-steroid?+
since chromatography of the dehydrobromination product
afforded two products; the initially eluted oil, AEQE 203
mu, log € 4.03 appeared to be largely 4-ethyl-A%S-cholesta-
dien-3-one and formed a red 2,4-dinitrophenylhydrazone,

m.p. 255-261° (from -chloroform—ethyl acetate), ASHC's
396 mu, log € 4.45.

Anal. Caled. for C35H50N404: C, 7115, H, 853, N,
9.48. Found: C, 71.51; H, 8.92; N, 9.33.

The material eluted later formed a 2,4-dinitrophenylhy-
drazone, m.p. 258-260°, ASES™ 410 my, log ¢ 4.43, which
proved to be identical with XXXb.

Monobromination of 19-Norandrostan-173-0l-3-one Ace-
tate (XXXIIla).—19-Norandrostan-173-0l-3-one 17-acetate
(XXXIIIa)® (100 mg.) in 10 cc. of glacial acetic acid was
treated with a solution of 52 mg. of bromine in 1.9 cc. of
acetic acid. Isolation in the usual manner produced an
oil (112 mg.) which could not be crystallized, even after
chromatography on silica gel. Its structure as 23-bromo-
19-norandrostan-173-ol-3-one acetate (XXXIIIb) was es-
tablished as follows: The spectroscopic evidenced®—4
compared with the corresponding properties of XX XIIIa8!
proves the axial nature of the halogen atom: ASEC? 5.83 u,
AEOH 312 my, log € 1.56; R.D. (¢ 0.066) in methanol:
[a]zo0 +15°, [arlsss +55°, [alsso +710°, [ar]so —276°.

The location of the axial bromine atom at C-2 was con-
firmed by collidine dehydrobromination and conversion of
the crude dehydrobromination product (AESH 229 my, log
€ 3.98) directly into the orange-red A!-19-norandrosten-173-
ol-3-one acetate 2,4-dinitrophenylhydrazone, which could
also be obtained in one step by 2,4-dinitrophenylhydrazine—
acetic acid treatment?? of XXXIIIb, m.p. 246-249° (after
recrystallization from chloroform—-ethyl acetate), ASEC!s 381
mu, log € 4.34.

Anal. Caled. for CyHpNOg: C, 62.89; H, 6.50; N,
11.28. Found: C, 63.02; H, 6.55; N, 10.99.

Reduction of the Ketone XVI. (a) With Lithium and
Liquid Ammonia.—The reduction of 175 mg. of the ketone
XVI in 15 ce. of dioxane was carried out with lithium~
ammonia—-methanol as described above for the reduction of
XX to XXVIa. Recrystallization from hexane-benzene
provided 145 mg. of colorless crystals (in two crops: 65
mg., m.p. 150-153° and 80 mg., m.p. 146-153°), while the
analytical sample of the alcohol XXXIa formed wool-like
clusters of colorless crystals, m.p. 151-153°, [a]p —73°.

(81) Prepared by acetylation of 19-norandrostan-178-ol-3-one
(A. Bowers, H. J. Ringold and R. 1. Dorfman, THis JOURNAL, 79, 4556
(1957)) and recrystallized from ether-hexane: m.p. 95-97°, A\GEOLs
5.80 (shoulder), 5.83 and 7.95 u, AEO¥ 201 myu (log € 1.47); R.D. (¢
0.15) in methanot: [alreo +25°, [alss +27°, [alss +912°, [alwe
—1252°. Anal. Caled. for CaHzOs: C, 74.96; H, 10.06; O, 14.98.
Found: C, 75.13; H, 9.65; O, 15.01.
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Anal. Caled. for CyHypO: C, 82.54; H, 11.66; O, 5.79.
Found: C, 82.69; H, 11.38; O, 5.98.

The acetate XXXIb, prepared in acetic anhydride-pyri-
dine solution at room temperature, crystallized from meth-
anol as beautiful plates, m.p. 101-103°, [a]p —78°, ALH
5.78 and 5.95 u.

Anal. Caled. for CuyHuO,: C, 79.19; H, 10.76; O,
10.056. Found: C, 79.49; H, 10.68; O, 10.29.

(b) With Lithium Aluminum Hydride.—The ketone XVI
(250 mg.) was reduced with lithium aluminum hydride in
dioxane solution exactly as reported above for XXV. One
recrystallization of the crude reaction product furnished
65 mg. of the equatorial alcohol XXXIa, m.p. 150-153°,
[alp —73°, identical with the above described specimen.
Chromatography of the mother liquors on 20 g. of alumina
and elution with benzene—ether (4:1) provided 13 mg. of
solid, m.p. 90~96°, which could be sublimed at 90° and 0.001
mm. On the basis of the micro-oxidation experiments?!
(Table 1), this is almost certainly the axial alcohol XXXII.
Further development of the chromatogram with the same
solvent pair afforded an intermediate fraction—apparently
a mixture of XXXJla and XXXII—and this was followed
by 110 mg. of the equatorial alcohol XX X1Ia, whose infrared
spectrum was identical with that of a sample prepared ac-
cording to (a).

Monobromination of Ketone XVI.—A 200-mg. sample
of the ketone XVI in 10 cc. of acetic acid was treated with
one drop of hydrogen bromide-acetic acid solution followed
by the dropwise addition of 116 mg. of bromine in acetic
acid over a period of 1 hr. The solution was then poured
into ice-water and the bromo ketone XXXIV was isclated
with ether; yield 210 mg., m.p. 117-121°. Recrystalliza-
tion from chloroform—-methanol led to the analytical sample,
m.p. 127-127.5°, whose spectroscopic properties®®~4 (for
comparison see parent ketone XVI) were only consistent
with an equatorial orientation of the bromine atom: AZEC!
5.78 w, NEOH 284 mu, log € 1.83; R.D. (¢ 0.10) in methanol:
lalio —58°%, lalss —78°%, lalos —1505°, [alset+169°.

Anal. Caled. for CypHyuBrO: C, 64.58; H, 8.27; N,
4.53. Found: C, 64.84; H, 8.21; O, 4.71.

The location of the bromine atom at C-2 was proved by
heating a solution of 90 mg. of the bromo ketone XXXIV in
5 cc. of dimethylformamide with constant stirring in an at-
mosphere of nitrogen with 160 mg. of lithium carbonate and
190 mg. of lithium bromide. After 15 hr. at 100°, the
Al-3-ketone XXXVa (61 mg. of semi-solid, AECE 231 my,
log € 3.82) was isolated with ether and was transformed
directly into the 2,4-dinitrophenylhydrazone XXXVb, m.p.
198-199° (from chloroform-ethanol), ASE™® 381 my,% log
e 4.58.

Anal. Caled. for CoysHaNOy: C, 66.35;
12.38. Found: C, 66.19; H, 7.50; N, 12.21.

When the dehydrobromination was attempted with 2,4-
dinitrophenylhydrazine in acetic acid solution in the usual
manner,32 over 709, of bromo ketone could be recovered.s?
A similar resistance toward dehydrobromination was noted
when 32 mg. of the bromo ketone XXXIV was heated under
reflux with 2 cc. of y-collidine. No precipitate was formed
during the first 75 min. and even after heating for 2 hr.,
only 7 mg. (389;) of collidine hydrobromide (water soluble)
was isolated. The crude residue exhibited AESH 239 muy,
log € 3.65, which indicated the presence of some of the Al-
ketone XXXVa contaminated by the A*isomer XXXVla.

The origin of this contamination appears to be thermal
rearrangement of the bromine atom to C-4 and spontaneous
dehydrobromination. This could be supported by two
experiments: (a) When 70 mg. of the bromo ketone was
dissolved in 2 cc. of glacial acetic acid and the solution con-
centrated at 100° in a current of nitrogen, followed by di-
lution with water and extraction with ether, there was ob-
tained 40 mg. of semi-solid with AESH 247 my, log € 3.37.
(b) Repeated recrystallization of the bromo ketone XXXIV
afforded mother liquors, whose infrared spectrum (AGECH
5.78, 6.00, 6.20 u) indicated the presence of some A¢-3-ke-

(82) When the conditions3? were modified by concentrating the
acetic solution on the hot-plate in a current of nitrogen, adding
more acetic acid and repeating this process three times, there was ob-
tained a mixture of reddish rosettes and yellow prisms. A sufficient
amount of the former could be separated manually under the micro-
scope so that its ultraviolet absorption maximum could be determined:
)\g?‘c” 382 my, indicating the formation of a small amount of XXXVb.

H, 7.13; X,
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tone XXXVI. Indeed when 100 mg. of such oily mother
liquor material was heated in acetic acid solution with 65
mg. of 2,4-dinitrophenylhvdrazine, there was obtained a
bright red precipitate which was collected and recrystallized
from chloroform—ethanol affording 45 mg. of 2,4-dinitro-
phenylhydrazone XXXVIb, m.p. 202-204°. The position
of the double bond was indicated?® by the absorption maxi-
mum, ASHC 397 my, log € 4.46.

Anal. Caled. for CopHuN;0i: C,
Found: C, 66.40; H, 7.18.

Tribromination of Ketone XVI.—The ketone XVI (137
mg.) in 5 ce. of glacial acetic acid was treated at room tem-
perature over a period of 10 min. with a solution of 240 mng.
of bromine in 6.5 cc. of acetic acid. The yellow solution
was stirred for 1 hr., diluted with water and the crude
bromo ketone (AEQ® 265 mu, log ¢ 3.95) was dehydrobro-
minated directly by heating for 24 hr. at 100° with 10 cc. of
dimethylformamide, 230 mg. of lithium carbonate and 260
mg. of lithium bromide. Isolation of the dehydrobro-
mination product (88 mg.) was carried out as described above
for 4-ethyl-1,4,6-cholestatrien-3-one (XXXa) and purifica-
tion was performed by chromatography on 10 g. of Alcoa
F-20 alumina. FElution with benzene afforded 63 mg. of the
trienone XXXVIla as a yellowish oil. The substance re-
sisted all attempts at crystallization and the ultraviolet
extinction indicated that the substance was not completely
pure. The presence of the 1,4,6-trienone chromophore,
however, was established quite definitely by the rotatory
dispersion curve (Fig. 1) and the characteristic triple ultra-
violet absorption maxima: AEQH 232, 256 and 302.5 my;
log ¢ 3.89, 3.88 and 3.89. The analytical sample was
distilled at 0.01 mm.

Anal. Caled. for CiyHyO: C, 85.02; H, 9.01; O, 5.97.
Found: C, 84.49; H, 9.61; O, 6.73.

For adequate characterization, a sample of the oily tri-
enone XXXVIIa was transformed into its dark red 2,4-
dinitrophenylhydrazone XXXVIIb, which was purified by
chromatography on acid-washed alumina (benzene elution)
and successive recrystallization from chloroform—ethanol
and chloroform-ethyl acetate; m.p. 216-218°, ASE™™ 410
mu, log €4.38, [als —275° (¢ 0.032 in methanol).

Anal. Caled. for CyHasNyOy: C, 66.94; H, 6.29; XN,
12.49. Found: C, 66.90; H, 6.70; N, 12.07.

Deuterium Incorporation in Epoxynorcafestadienone
(II).83—A mixture of 100 mg. of epoxynorcafestadienone
(II), 3 cc. of 959, deuterioethanol (containing 39 of deu-
terium oxide) and 0.5 cc, of a 209, solution of sodium deu-
teride in deuterium oxide was heated under reflux for 15
min. in an atmosphere of nitrogen and the solvents removed
in vacuo. To the residue was added 3 cc. of 959, deuterio-
ethanol and 0.5 cc. of deuterium oxide and the mixture was
heated under reflux for 10 min. The solvents were again
removed and the exchange treatment was repeated twice.
After the last evaporation, 3 cc. of deuterium oxide was
added (pH of solution above 11), the product was extracted
with ether, dried over sodium sulfate and evaporated to
dryvness to afford 92 mg. of colorless solid which was sub-
limed at 140° and 0.25 mm. for analysis: found, 8.32
absolute atom-; D, which corresponds to exactly 2.0 hy-
drogen atoms of 11 replaced by deuterium.

Epoxycafestadiene (LVII)..—A mixture of 7.6 g. of the
aldehyde VI,181¢ 37 cc. of 85Y; hydrazine hydrate and 150
ce. of diethylene glycol was heated at 95° for 1 hr., 7.0 g.
of potassium hydroxide was added and heating under reflux
was continued for 1 hr. The condenser was removed, heat-
ing was continued until the internal temperature reached
195° and the mixture then was refluxed for 4 hir. Isolation
of the product was performed in the usual manner by ether
extraction followed by distillation at 120° and 0.01 mm.,
which vielded 4.2 g. of LVII, m.p. 67-69°. The analytical
sample was prepared by repeated recrystallization from
methanol and high vacuum sublimation, m.p. 69-70°, [«]D
—156°, no carbonyl absorption in the infrared.

66.35; H, 7.13.

N

(83) We are greatly indebted to Prof. George Biichi and Dr. W. S.
Saari (Massachusetts Institute of Technology) for performing this
experiment.

(84) Deuterium analysis by J. Nemeth, University of lllinois.
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Anal. Caled. for CqHyuO: C, 84.45; H, 9.92. Found:
C, 84.05; H, 9.86.

Hydrogenolysis of Epoxycafestadiene (LVII).--A solu-
tion of 3.0 g. of LVII in 130 cc. of glacial acetic acid was
shaken in an atmosphere of hydrogen with 1.28 g. of pre-
reduced platinum oxide catalyst for 4 hr. (room tempera-
ture) and then at 50~60° for an additional 16 hr. The prod-
uct then was worked up exactly as described above for the
hydrogenolysis of epoxvnorcafestadiene (X), including
saponification with 19, methanolic potassium hyvdroxide
(the formation of acetates was indicated by infrared bands
at 5.80 and 8.0 x) and chromatography. No work was done
on the earlier eluates, which may correspond to hivdrocarbon
and tetrahyvdrofurans (see XI, XI1I), but the alcohol frac-
tion was crystallized fromi methanol to yield 0.6 g. of the
alcohol LVIII, m.p. 120-123°. Further recrystallization
and sublimation #n vacuo raised the m.p. to 124-126°, [a]D
—359°; the rotatory dispersion curve already has been re-
produced .

Anal. Caled. for CoyHyO: C, 82.69; H, 11.80.
C, 83.12; H, 11.53.

Oxidation of 140 mg. of the alcohol LVIII was per-
formed exactly as described above for the lower homolog
XIIT and gave 120 mg. of oily ketone (LIX with equatorial
(a)-ethyl group). This was transformed by passage in 1:1
hexane-benzene solution over basic alumina into 115 mg.
of crystalline ketone LIX, m.p. 60-70°. One recrystalliza-
tion from ethanol and sublimation 7n zecuo provided the
analytical sample, m.p. 81-83°, [«]p —89° (methanol),
AGECl 584 u, whose rotatory dispersion curve already has
been published.?® The ketone remained unchanged when
heated with 29 methanolic potassium hydroxide solution for
1 hir., as demonstrated by determination of m.p., infrared
spectrum and rotatory dispersion.

Amnal. Cualed. for CoHwO: C, 83.27; H, 11.18,
C, 83.32; H, 11.19.

Its wvellow 2,4-dinitrophenylhydrazone was prepared in
glacial acetic acid solution® and recrystallized from chloro-
form-methanol; m.p. 211-212°. Its ultraviolet absorp-
tion maximui, ASESE 368 mu, log e 4.20, was essentially
identical with that (ASEEE 369 mgu, log € 4.24), of friedelin
(XVIII) 2,4-dinitrophenvlhydrazone (m.p. 295-296°).

Anal. Caled. for CyHyuNiOs: C, 66.64; H, 7.74; N,
11.96. Found: C, 66.63; H, 7.74; N, 11.78.

The ethylene thioketal LXI was prepared by adding 0.2
ce. of boron trifluoride etherates to a solution of 165 mg. of
the ketone LIX in 0.2 cc. of ethanedithiol. After a few
minutes, crystals separated and addition of methanol com-
pleted precipitation. The solid (160 mg., m.p. 124-127°)
was collected and recrystallized from methanol-acetone;
m.p. 130-131°, {a]lp —67°, no infrared carbonyl absorp-
tion.

Anal. Caled. for CoHuSe: C, 72.49; T, 9.96.
C, 72.45; H, 10.09.

Desulfurization wus accomplished by heating 160 mg. of
the thioketal LXI with an excess of “W-4 Raney nickel
catalyst in 50 cc. of acctone under reflux for 20 hr. Filtra-
tion of the catalyst, evaporation of the acetone and tritura-
tion of the residue with methanol led to colorless crystals
of the hydrocarbon LXII, which exhibited m.p. 63-64° (40
mg.) after recrystallization from methanol.

Anal. Caled. for CaHy: C, 87.51; H, 12.49.
C, 87.49; H, 12.45.

Lithium Aluminum Hydride Reduction of Ketone LIX.—
The reduction of 100 mg. of the ketone LIX in 10 cc. of di-
oxane was carried out with 100 mg. of lithium aluminum
hydride for 45 min. at 95°. After addition of ethyl acetate
and water, the alcohol LX was extracted with chloroform
and recrystallized from hexane; m.p. 145-146°. The
melting point was unchanged after sublimation and the
oxidation rate is given in Table I.

Angl. Caled. for CoHyuO: C, 82.69; H, 11.80.
C, 82.52; H, 11.65.

DeTrROIT, MICH.
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(83) 1.. F. Fieser, Turs Journar, T6, 1945 (1954,



