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shown by enzymatic and microbiological® assay to
contain 50%, L-lysine.

The conversion of D-lysine to L-lysine can be
demonstrated manometrically by carrying out the
racemization in the presence of L-lysine decar-
boxylase, as illustrated in Table II.

TaBLE II

RACEMIZATION OF D-LYSINE BY LvopHILIzED CELLS OF
Proteus vulgaris

uM/flask
Reaction system CO: evolved Residual lysined
Complete 16.5 2.7
Minus lyophilized cells 0.7¢ 20.1
Minus decarboxylase 0.0 21.0

@ A Warburg flask containing 13 mg. of lyophilized cells
and 20 p)M of p-lysine in 2 ml. of 0.2 M potassium phos-
phate buffer (pH 5.8), and 5 mg. of L-lysine decarboxylase?
in 0.5 ml. of buffer was incubated at 37° for 2.5 hours;
the reaction was stopped by heating contents for 2 minutes
at 100°. ? Quantitative paper chromatography. ¢ The
?an.lple of p-lysine contained (enzymatic assay) about 5%, L-
ysine.

The simplest explanation of these results is that
Proteus vulgaris contains a lysine racemase.
(8) With Leuconostoc mesenteroides P-60.
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THE ADDITION OF HYDROGEN ATOMS TO SOLID
OLEFINS AT —195°*
Sir:

The addition of H atoms to olefins in the gas
phase at low temperatures is known to occur.! In
an attempt to prepare free radicals in a condensed
matrix, solid olefins were exposed at —195° to H
atoms.? It was found that the H atom addition
occurs and that the rate of hydrogen uptake de-
pends strongly upon the olefin.

The experimental technique used in investigating
this reaction consisted of exposing the olefin, uni-
formly deposited on the inner surface of a spherical,
one-liter bulb immersed in liquid nitrogen, to the
H atoms formed on an incandescent tungsten rib-
bon.? The olefin was introduced into an evacuated
one-liter reaction vessel to a pressure of 2 mm. and
condensed on the surface of a liquid nitrogen filled
2 cc. bulb, positioned near the center of the reaction
vessel. The entire reaction vessel was immersed in
liquid nitrogen and the refrigerant in the 2-cc. bulb
evaporated. In this way the olefin was uniformly
deposited on the reaction vessel walls. Pure hydro-
gen was introduced by diffusion through a heated
palladium thimble. The tungsten ribbon centrally
located in the vessel was heated to 1800° to produce
H atoms. They reach the walls without recom-
bining. The reaction with the olefin was followed
by the pressure decrease.

* This research was performed under the National Bureau of
Standards Free Radicals Research Program, supported by the De-
partment of the Army,

(1) K. H. Gelb and P. Harteck, Ber., 66B, 1815 (1933),

(2) F. O. Rice and M. Freamo, THIS JoURNAL, 78, 548 (1953), have
previously reported an attempt to hydrogenate a solid at llquid nitro-

gen temperature by irradlation with H atoms,
(3) I. Langmuir, ibid., 84, 1310 (1912); 86, 417 (1915),
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Rates of pressure decrease were observed for
propylene, butene-1, isobutene, butadiene-1,3, pen-
tene-1 and hexene-1. Thirty microns of hydrogen
reacted completely with propylene in eight seconds.
Butene-1 and isobutene reacted !/3 and !/y as fast,
respectively. Butadiene-1,3 and pentene-1 reacted
very slowly and incompletely. Hexene-1 showed
no measurable reaction. An analysis of the prod-
ucts of the hydrogen addition to butene-1 showed
that #n-butane, butene-2 and 3,4-dimethylhexane
were formed. These results indicate that H atoms
add to the terminal carbon of butene-1 to give
secondary butyl radicals.* 3,4-Dimethylhexane
results from dimerization while z-butane and bu-
tene-2 arise from a disproportionation reaction.
H atom addition to butyl radicals to give #-butane
cannot be excluded.

At least 809, of the propylene, butene-1 and
isobutene could be hydrogenated at liquid nitrogen
temperatures. It is apparent that considerable
reaction has occurred throughout the bulk of the
solid and that diffusion processes are operative.
Either H atoms diffuse interstitially, or an H atom
transfer from an alkyl radical to the olefin may
effectively transport H atoms through the con-
densed phase.

This interpretation is valid provided the olefin
does not reach the hot tungsten ribbon. A control
experiment was performed using butene-1 and
helium instead of hydrogen. The initially de-
posited butene-1 was the only hydrocarbon found
after warm-up. It can be concluded that heat
transfer from the ribbon to the surface was insuffi-
cient to evaporate the butene-1.

There is no doubt that H atom addition to some
solid olefins can occur at —195°. The analytical
results indicate clearly that alkyl radicals were
formed. It cannot yet be stated whether these
radicals are stabilized in an olefin matrix and under-
go reaction on warm-up, or that they exist only in
small stationary state concentrations.

(4) W.J. Moore and L. A. Wall (J. Chem. Phys., 1T, 1335 (1949)) ob-
tained similar results from a mercury sensitized hydrogenation of
butene in the gas phase,

(5) Guest Scientist, Olin-Mathieson Chemical Corporation,

(6) Guest Scientist, General Electric Co., Cincinnati, Ohlo.

NATIONAL BUREAU OF STANDARDS RaLrH KLEIN®
WasHmneTON, D, C. MiLtoN D. SCHEER®
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THE STRUCTURE OF CITROSTADIENOL, A NATURAL
4o-METHYLSTEROL
Str:

The isolation of citrostadienol {Cy;pHyO = CHpy;
m.p. 162-164°, [«]p +24° (all rotations in chloro-
form)] from Israeli grapefruit and orange peel-oil
was reported recently.! The substance (a com-
panion of B-sitosterol) appeared to be a doubly
unsaturated 38-hydroxy-steroid, except that the
optical rotation data resembled those of the tetra-
cyclic triterpenes rather than the steroids. We
have now shown citrostadienol to be 4«-methyl-
ATLM®)_gtigmastadien-38-0]  (4a-methyl-24-ethyl-
idene-AT-cholesten-38-01) (I).

{1} A. Welzmann and Y. Mazur, J. Org. Chems., In press.
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Hydrogenation of citrostadienol over platinum in
acetic acid yielded iso-citrostenol (IIa) [CjH;0O
(all new substances gave correct analyses); m.p.
152-153°, [a]p +23°]; acetate (IIb) (CyHiOs;
m.p. 129-130°; [a]p +41°). Hydrogenation of
citrostadienol or of iso-citrostenol over platinum in
acetic acid and hydrochloric acid gave citrostanol
(I1Ia) (CyHsO; m.p. 186-187°, [a]p +28°); ace-
tate (I1Ib) (CsHgOs; m.p. 144-145°, [«]p +39°).
Oxidation of IIla with chromium trioxide led to
citrostanone (ITIc) (CypH;O; m.p. 152-153°,
[@]D +19°).

Ad-Stigmasten-3-one (IVa) on direct methylation
with methyl iodide and potassium f{-butoxide in
t-butyl alcohol? gave 4-methyl-A‘-stigmasten-3-one
(IVb) (CsHgO; m.p. 130-131°, [«]D +99°, Amax
251 my, € 15,500) which on reduction with lithium
in liquid ammonia or on catalytic hydrogenation
over palladium and subsequent acid treatment gave
4a-methylstigmastan-3-one (IIIc)? (CyH:O; m.p.
1563-154°, [a¢]p +19°). Further reduction with
lithium aluminum hydride furnished 4e-methyl-
stigmastan-33-ol (I11a) (C;HsO; m.p. 187-188°,
[e]p +-28°); acetate (I1Ib) (CgpHsOs; m.p. 143~
144°, [a]p 4+38°). The synthetic substances IIla,
IITb and IIIc were found to be identical (mixture
m.p., infrared comparison) with citrostanol, citro-
stanol acetate and citrostanone, respectively.
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Citrostadienol on ozonolysis or successive treat-
ment with osmimm tetroxide and periodic acid
yielded acetaldehyde (2,4-dinitrophenylhydrazone)
and one double bond is therefore at A48, The
double bond in iso-citrostenol (IIa) is at A¥!® in
view of its spectrum (Amax 210 mpu, € 10,500)¢ and
the above hydrogenation results. The correspond-
ing double bond in citrostadienol (Amax 209 muy,

(2) Cf. F. Sondheimer and Y. Mazur, Turis Journ~arL, 79, 2906
(1957); N. W. Atwater, sbid., 79, 5315 (1957).

(8) The stereochemistry at C-4 and C-5 is based on evidence ob-
tained in the cholesterol series [G. D. Meakins and O. R. Rodig, J.
Chem. Soc., 4679 (1956); F. Sondheimer and V. Moazur, to be pub-
tished].

(4) Cf. P. Bladon, H. B. Henbest and G. W. Wood, J. Chem. Soc.,
2737 (1952).
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5,500)* must be at A7 or A%, Reaction of I with
excess osmium tetroxide and acetylation in pyridine
(20°) gave a pentol triacetate (35HgOs; m.p. 221-
222°) rather than a pentol diacetate (or a triace-
toxy-anhydro compound).? Cleavage of the un-
acetylated hydroxylation product with lead tetra-
acetate and acetylation gave a substance (n.p. 151~
153°) which was a diketo-aldehyde (ymax 2793
cnm.~1), The second double bond in I is therefore
at A7,

The occurrence of a 4-monomethylated sterol in
nature is of considerable biogenetic interest, since
it represents an intermediate type between the
sterols and the tetracyclic triterpenes.t’

(5) C/. H. Wieland and W. Benend, Ber., 75, 1708 (1942); L. F,
Fieser and M. Fieser, “Natural Products Related to Phenanthrene,’”
Reinhold Publ. Corp., New York, N. Y., 3rd Edition, 1949, p. 291.

(8) Cf. K. Bloch, et al., J. Biol. Chem., 218, 319 (1958); 226, 941
(1937); Federation Proc., 16, 323 (1956); THis Jour~ar, T9, 684
(1957).

(7) Seealso J. S. G. Cox, F. E. Kingand T. J. King, Proc. Chem. Soc.,
290 (1957).
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YEHUDA MAZUR

PREPARATION OF 583,108-ESTRANE-3,17-DIONE AND
RELATED DERIVATIVES AND PROOF OF THEIR
S CONFIGURATION

.

We wish to describe the synthesis of 58,108-
estrane-3,17-dione (II) and two derivatives (III
and IV), and establish the configuration as belong-
ing to the A/B normal series. Furthermore, this
compound II was shown to be identical with
estranedione B, of unknown configuration, obtained
by oxidation of an estranediol B which was isolated
from non-pregnant human urine.! This is of con-
siderable biological importance in that these
estranones and their corresponding alcohols may
represent products of estrogen and 19-norsteroid
metabolism.

Reduction at 1500 p.si. of 19-nortestosterone
with ruthenium dioxide in ethanol followed by
oxidation with N-bromoacetamide produced good
vields of 583,108-estrane-3,17-dione (II} (m.p. 179-
181°; [a]®Dp 4+111.6° (19 in CHCl;). Found for

ClgHggogl C, 7872, H, 970)2
R& R*¢ I (R = R® = OH,
R! = R¢ = 1)
1 3
: 11 (§2> and §4> = C==0)
H | | R! .
/\1/‘\/"“' mt (g = €==0,
’ | R? = OH, R¢ = H)
| I
R—\ N/ v (Re> = €0,
R? H R? = OH, R4 = (C;H;)

Sodium borohydride reduction of this dione II
afforded 58,108-estrane-38,178-diol (I) (m.p. 202—
2040; [a]%D +7.20. Found for C13H3002: C,
77.50; H, 11.20) while sodium~propanol reduction
of dione II yielded the epimer, 583,103-estrane-3a-

(1) R. E. Marker, E. Rohrmann, E. 1.. Wittle and E. J. Lawson,
THis JoURNAL, 60, 1512 (1938).

(2) All melting points are uncorrected. We gratefully acknowledge
valuable assistance by Messrs. G. M. Maciak, W. L. Brown, H. L.
Hunter, elemental analysis; Miss A. VanCamp, X-ray data. All
rotations are done in methanol unless otherwise specified.



