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Liburicoie neid (1) has been transformed by Glomerella fusoriordes intn 3 0-scen= 3% ehnrieadien-4-n-3,21-
dioie aeid (1In) which possesses nutibacterial activity agaiust Stuphglococens anrens and M ycobacterian toberci-
losis var. BCG.  The strueture »f the aeid i1s discussed and the antibacterial uctivity of severnl of its derivatives

)8 reported.

In further pursuit of our studies of converting the
abundantly available fungal metabolite eburicoic acid
(I) into biologically active steroids we were intrigued by
the cloge similarity in structure between this tetracyclic
triterpenoid acid and the steroid antibiotics cephalo-
sporin P),* helvolic acid® and fusidie acid.* Although
the stereochemistry of these antibacterial agents has
not as yet been fully established there is no doubt that
like eburicoic acid and related acids derived from wood-
rotting fungi, they are tetracyeclic triterpenoids possess-
ing a carboxyl group in the 21-position. It is also of
interest in this connection that the closely related poly-
porenic acids have becn shown to possess antibacterial
activity, polyporenic acid A against Staphylococcus
aureus and polyporenic acid C against M ycobacterinum
phlei and 1. smegmatis.” Nlinor chemical changes
might therefore convert the antibacterially inactive
eburicoic acid into an active substance. In the hope
that such changes might be brought about by mierobial
enzymes we have investigated the susceptibility of
cburicoic acid to transformation by inicroorganisins,
Among the microorganisins found capable of attacking
this substrate with the production of more polar prod-
ucts was the fungus Glomerella fusariordes (AT CC 9552).
Paper chromatograms of broth samples derived fromn
fermentations using this fungus showed spots causing a
clear zone of inhibition when subjected to bioautog-
raphy on agar plates inoculated with Staphylococcus
aureus 209P. When larger scale fermentations werc
carried out with this organism there was obtained after
filtration of the broth and acidification to pH 4.0 a
floceulent precipitate from which isobutyl niethyl ketone
extracted a new erystalline acid. This acid (u.p.
236--238°, [a]p +78° (EtOH) was shown to be 3.4-
geco-AY M2 _ehuricadien-4-ol-3,21-dioie aeid (IIa).

Analysis of the acid and of the derivatives to be de-
scribed indicated the formulu CgHgOs that s, the
composition of eburicoic acid plus two atoms of ox-
vgen,  Titration of the new aeid with base showed
the presence of two acidie groups, both of which could
be esterified with diazomethane to forim an amorphoas

(1) {a) Part 1V J. dm. Chem. Sve., 86, 3471 (1963); 11y authar to wham
inquiries should be addressed, T'he Ben May Laboratory for Caneer Researily,
(fniversity of Chicago, Chicago 37, 11l

(2) B. AL Baird, T G Halsall, B R, H. dones, and G, Lvwe, fooe. Chern.
Soc., 477 (18G1); T, G. Halsall, Y. R, . Junes, aml (0 Lowe, i6id., |4
(1063).

(3) N. L. Allinger and J. L. Coke, J. Urg. Chem., 26, 1552 (1461,

(4) W. O. Godtfredsen aud 8. Vangedal, Tetrakedion, 18, 1020 (INGZ,.
D). Arigoni, W. von Daehne, W. O. Godtfredsen, A. Marquet, aud A. Melera.
Experientia, 19, 521 (1963); IR. Bucourt, M. Legran:d. M. Vigno J. Tessivg,

and V. Delaroff, Compt. Rend., 287, 2679 (19631,
(5) X Maweas, Biochs o J., 80, 518 (1452,

dimethyl ester (IIb). In the expectation that the very
difficultly hydrolyzable 21-carbomethoxy group would
resist saponification the diester was treated with 1 N
KOH in methanol at room temperature to afford in
excellent yield mononiethyl ester acid IIe, characterized
by titration and by an .y, signal at 7 6.36 indicating
a single methoxyl group. A parallel series of experi-
nents was performed with the dihydro acid I1Ia ob-
tained by reduction of the 24(28)-double bond in IIa
with palladium on charcoal. The presence of this
double bond in 1la was further substantiated by the
characteristic n.nr. signal at 7 5.07 (pyridine) and the
CH out-of-plane deformation band at 11.25 g, both of
which are absent in the dihydro acid.

There remaied to be accounted the fifth oxygen
atomn, which was shown to be present as a tertiary hy-
droxyl group by reduction of seco acid ITa with lithium
aluminmn hydride to form triol IVa, which on acetyla-
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tion afforded diacetate IVb. Convincing evidence for
locating this tertiary hydroxyl group at C-4 came from
an examination of the n.m.r. spectra of dicarboxylic
acid IIa, dihydro-21-monomethyl ester IIIb, and triol
IVa. Diacid Ila in pyridine solution possesses a peak
at r 8.52 (six protons), which is absent in eburicoic acid.
The latter displays, instead, a signal corresponding to six
protons at 7 8.97 characteristic of the 4,4-dimethyl group-
ing. Similarly, ITIb and IVa in CDCl; solution possess
peaks equivalent to six protons at r 8.72 and 8.68, re-
spectively, again shifted downfield with respect to the
signals at 7 9.04 and 9.20 for the gem-dimethyl grouping
in methyl eburicoate. This amount of deshielding of
the methyl protons of that grouping in acid Ila and its
derivatives is most satisfactorily accounted for by at-
taching a hydroxyl group at C-4 to take the place of
one of the carbon—carbon bonds in ring A of eburicoic
acid, It is significant, and confirmatory of this assign-
ment, that the signals for the two methyl groups at-
tached to C-4 appear as singlets in seco compounds IITb
and IVa, these methyl groups now being equivalent as
a result of freedom to rotate about the C-4-C-5 bond.
In summary then, we feel that the above facts provide
convincing evidence for the ring A seco structure Ila for
the new metabolite. The latter may be visualized to
arise by a Baeyer—Villiger type oxidation of the 3-ketone
derived from I, followed by hydrolysis of the resulting
seven-membered ring lactone.

__,mélla
0 0”0

Oxidative ring cleavage reactions of this type are not
unknown in the field of microbial transformations. In
faet, one of the first microbial oxidations to be discovered
was the degradation of progesterone to ring-D lactones,®?
which includes among the steps involved two carbon—
carbon cleavage reactions analogous to the Baeyer—
Villiger reaction.® The complete sequence, each step
of which has been characterized by isolation and
tracer studies,? is shown below,

More recently, this reaction has also been found to
occur with (+)-camphor, which in an interesting se-
quence of reactions undergoes hydroxylation and dehy-
drogenation at C-3, followed by carbon--carbon cleavage

(6) J. Fried, R. W. Thoma, and A. Klingsberg, J. Am. Ckem. Soc., 785,
5764 (1953).

(7) D. H. Peterson, S. H. Eppstein, P. D. Meister, H. C. Murray, H. M.
Leigh, A, Weintraub, and L. M. Reineke, ¢bid., 78, 5768 (1953).

(8) The formation in extremely low yield of Windaus' keto acid (A-nor-
3.5-secocholestan-5-on-3-oic acid) by fermentation of cholestenone with
Proactinomyces erythropolis |G. E. Turfitt, Biochem. J., 42, 376 (1948)] may
also be interpreted to involve as the major oxidative steps two Baeyer—
Villiger type reactions, as shown in the following chart, in which the symbol
OH™ stands for the as yet unidentified biochemical equivalent of a peracid.

L;t—’ — ool L 5
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HOOL/I ~ " HOOC /ji HOOC/j:

OHCO

(9) G. 8. Fonken, H. C. Murray, and L. M. Reineke, J. Am. Chem. Soc.,
82. 5507 (1960); G. E. Peterson, R. W. Thoma, D. Perlman, and J. Fried,
J. Bacteriol, T4, 684 (1957): R. L. Prairie and P. Talalay, Biochemistry
2, 203 (1963).
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The 3,4-seco structure IIa of our fungal metabolite
brings to mind a group of naturally occurring triterpen-
oid acids in which ring A has likewise been cleaved be-
tween carbon atoms 3 and 4, namely, dammarenolic
acid (VI),"* 12 nyctanthic acid (VII),?—'4and roburic acid
(VIII).'s  Arigoni, et al.,'* and Whitham! have specu-

VIII

lated on the biogenesis of these acids from well-known
triterpenoid precursors, the former authors postulating a
process illustrated in IX, and the latter a fragmentation
reaction shown in formula X, In view of the demon-
stration that Baeyer-Villiger cleavage of ring A in the

X—0"
A,

triterpenoids may occur enzymatically a mechanism in-
volving such a reaction as g first step followed by an
elimination reaction on the intermediate e-lactone (or
after hydrolysis and conversion of the tertiary hydroxyl
group into a suitable leaving group) deserves serious

(10) W. H. Bradshaw, H. E. Conrad, E. J. Corey, I. C. Gunsalus, and D.
Lednicer, J. Am. Chem. Soc., 81, 5507 (1959),

(11) J. 8. Mills and A. E. A. Werner, J. Chem. Soc., 3132 (1955).

(12) D. Arigoni, D. H. R. Barton, R. Bernasconi, C. Djerassi, J. 8. Mills,
and R. E. Wolff, tbid., 1900 (1960).

(13) J. H. Turnbull, 8. K. Vasistha, W. Wiison, and R. Woodger, bid.,
569 (1957).

(14) G. H. Whitham, ibid., 2016 (1960).

(15) L. Mangoni and M. Belardini, Tetrahedron Letters, 921 (1963).
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consideration as an alternative for the biogenesis of
these naturally occurring seco acids.'®

Glomerella fusarioides had previously been employed
for microbial conversions of steroids and it is interesting
to note the different modes of attack by this organism
on different substrates. Thus, in contrast to the ring
cleavage reaction observed with eburicoie acid, estrone
aund estradiol are hydroxylated 1 the 7a- and 15~
positions,’™ and cortexolone has heen reported to un-
dergo 1le-hydroxylation.!®

The antibacterial activity shown by seco acid IIa on
bioautography was confirmed by a serial dilution assay
using S. aureus 209P, in which this substance showed
activity at a minimum inhibiting concentration (MIC)
of 67 v/ml. The MIC values of all the derivatives of
1Ta desecribed in this paper are listed in Table 1. Ac-

Tapre 1
AMiNIMUM INHIBITING CONCENTRATIONS OF SECO ACIns
TowarD Staphylococens aureus 209P

Cimpomnd MIC, &/l

I1a [t

ITh >100

ITe 2

Iiin 0

I1Th 2

IV >100

A >100
Fusidic acid 0.02

cording to these data saturation of the side-chain double
bond has no effect on activity. The most potent com-
pounds were the 21-methyl ester acids IIe¢ and IIIb.
The neutral diinethyl ester IIb and triol IVa showed 1o
activity even at the highest levels tested. It may
be concluded from these findings that a carboxyl group
in ring A is essential for activity but that a second such
highly polar group at a distant part of the molecule is
detrimental. This latter conclusion is supported by the
finding that glycol V prepared from Ila with osmium
tetroxide showed no activity at 100 v,/ ml.

To obtain a broader picture of their antibiotic activ-
ity, dicarboxylic acid IIa and its monomethyl ester Ilc
were tested in serial dilution assays against the follow-
ing bacteria and fungi: Salmonella schottmuellers,
Pseudomonas aeruginosa, Proteus vulgaris, Candida
albicans, 1'richophyton mentagrophytes, Fusarium bul-
bigenum, and Mycobacterium tuberculosis var. BCG.
Compounds IIa and IIc showed activity against the
last-named organism at MIC values of 9 and 2 v/ml.,
respectively, but were inactive against all the others at
100 ~v/ml.

Experimental

All melting points were taken in a Thomas-Hoover apparatus
and ure corrected for stem exposure. Ultraviolet spectra were
determined on a Cary 11, infrared spectra on a Perkin-Elmer 21,
and nuclear magnetic resonance spectra on a Varian A-60 spec-
trometer in CDCl; or pyridine solution with tetramethylsilane as
internal standard.

Fermentation of Eburicoic Acid with lomerella fusarioides
(ATCC 9552).—Glomerella fusarioides (ATCC 9552) was grown

(16) €. also the elegant synthesis of nyctanthic and roburic acids by oxi-
dative plhotolysis (Quinkert and Heine, Tetrahedron Letters, 1659 (1963)].

(17) A. I. Laskin, P. Grabowich, B. Junta, C. de L. Meyers, awd J.
Fried, J. Urg. Chem., 29, 1333 (1964).

(18) T. Carvajal, U. 8. Patent 2,983,563 (1961).

on a medium containing glucose (10 g.), Difco yeast extract (2.5
g.), KkHPO; (1 g.), agar (20 g.), and distilled waterto11. Surface
growth from slant cultures was suspended in 2.5 ml. of an nqueons
0.01% sodium lauryl sulfate solution and l-ml. portions of the
suspension were used to inoculate ten 250-ml. conical flagks, each
containing 30 ml. of the following sterilized nutrient medium:
dextrose (10 g.), cornsteep liquor (6 g.), NHH.PO, (3 g.), Difeo
veast extract (2.5 g.), CaCO; (2.5 g.), and distilled \\.ltPI' to 1 1.
After 72 hr. of incubation at 25° with continuous rotury agitation
(280 cycles/min., d.l-m vadius), 1047 (v./v.) transfers were
made to seventy 250-ml. conical flasks each containing 50 ml. of
fresh sterilized medium B. The eburicoic acid was added to each
flask in 0.25 wl. of a sterile solution of the steroid in N, N=di-
methylformainide (60 mg./ml.) so that the mediuwin was supple-
nmented with 300 y/mu. of steroid. After 1 week of further in-
cubation as described above, the contents of the flagks were
pooled and filtered through a Seitz X-5 clarifying pad. Dis-
appearance of substrate was followed using the paper ehromato-
graphic systein I1T of Pan, ef al.'® (hexane-t-butyl alecohol-4 .\
NH.OH, 10:3: 10}, and products were separated using a modifica-
tob of the butanol-nmmonia system of Ried und Tederer2 in
whieli the concentration of the NH,OH was 4 & and the ratio of
butanol-NH4OH was 1:1. The filtrate was acidified to pHl 4.0
with glacial aeetic acid and the resulting floceulent precipitate
rollected by filtration.  The filter eake was dissolved in weihyl
isobutyl ketone, the solution filtered, and the filtrate evaporated
to dryness 1n 2aco. The residual material was triturated with
ether und the resulting crystals (349 mg.) recrystallized from ace-
tone. This furnished pure 23,4—56(11—3” H@:ehuriendien-4-ul-
320 -diole acid (TTa); m.p. 236-238°; [w]®p -+78° (¢ 0.54, aleo-
hul) Al %0(), 5.87, 6.10, and 11.25 g; 1wy, (pyridine): 75,07

(28-C'Ho) 4, - dimethyl), 8.65 (19-CH;): neun. equiv
-a() (¢ llCd. 1).
Anal, Caled. Tor CulyQy: €, 74.06; H, 10,05, lound

{after drying at 140° to constant weight):
10.59, 10.50.

The above conditions when applied to 40-1. fermentors yielded
from 18 g. of eburicoic acid (two ferimentors: 300 y of I/ml., 122
hir.) 3.62 g. of methyl isubutyl ketone-soluble materiul, which after
trituration with chloroform afforded 2.22 g. of cryvstalline material.
Recrystallization from acetone gave a total of 1.64 g, of ILa.

The dimethyl ester (11b) of the above acid (300 mg.) was pre-
pared from acid Ila with ethereal diazomethane in methanol (6
vl.). It could not be crystallized.

3,4-Seco-A% "4‘2*>-eburicadien-4-ol-3 21-dioic Acid 21-Methyl
Ester (Il¢).— A solution of 300 mg. of the dimethyl ester of d,4-
seco-AR2t Beburieadien-4-0l-3,21-dioie acid (IIb) in 30l of 67
KOH in methanol was allowed to stand at room temperature for 6
hir,  The mixture was acidified with hydrochloric acid, the meth-
anol wias removed in vacuo, and the suspension extracted with
chlovofarpe. - The chloroform extract was dried over sodium sul-
fate, filtered, and the solvent was removed /n rucrio. The
residue (5316 mg.) on recrystallization trom hexane afforded
255 mg. of pure monomethyl ester Ilc, vip. 148-150°; [wi2%)
4 100° (¢ 0.41, CHCLy: AS2: 300 5.76, 5.84, 6.0, and 1. 23 4.

Anal. Caled. for CoHeOn: Co 7437, H, 1014, Found:
C, 74.33; H, 10.05.

3,4-Seco-A*-eburicen-4-0l-3,21-dioic Acid (IIIa).—To o pre-
reduced suspension of 25 mg. of 106, Pd-on-charconl catalyst in
95’ aleohol (uptake 1.6 l.) was added 25 ing. of 3,4-seco-8.212%
ebwricadien-4-0l-3,21-dioic acid (ITa) in 2 ml. of aleohol. Re-
duction was coniplete after 1.4 ml. of hydrogen had been taken
up (theory L} ml} The solution was filtered and evaporated to
dryness in vacwo.  The erystalline residue upon recrystallization
from methavul gave pure dihydro acid I1la, nup. 242-243°;
Ta) By +03° (¢ 0.4, uleohol): AS¥ 3,00 and 5.88 4.

Anal.  Caled. for CyaHw0O;: C, 73.76; H,
¢, 350: H 1018,

3,4-Seco-A*-eburicen-4-01-3,21-dioic Acid 21-Methyl Ester
(IIIb) ~The dihydro acid T11a (50 mg.) was suspended in 1 ml.
of methanol and methylated with ethereal diazomethane. The
aorplious dimethyl ester recovered upon removal of the solvents
1n vacuo was dissolved in 5 ml. of 667 KOH in methanol and al-
lowed to repain at roov temperature for 6 hr.  The mixture was
then acidified with hydrochloric aeid, the methanol removed 7n
raceo, and the suspension extructed with chloroform.  The
chloroform extract was dried over sodium sulfate, filtered, and

C, T3.61, 73.67; H,

10,38, Tound:

$19) %, C. Pan, A. 1. Laskin, and I’. Principe, J. Chromatog., 8, 32 {1562,
(20) R. L. Reid and M. Lederer, Biorhem. J.. 50, 60 (1661).
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evaporated to dryness ¢n vacuo. The dihydromonomethy! ester
(IIIb) was recrystallized from acetone-hexane and furnished 37
mg. of pure product, m.p. 170-172°; [a]?®p 476° (¢ 0.34, alco-
hol); Mee: 3.05, 5.78, and 5.85 p; n.m.r. (CDCL) 7 6.36 (OCH;),
8.72 (4,4-dimethyl), 8.84 (19-methyl); neut. equiv. 513.

Anal. Caled. for CpHs05: C, 74.09; H,10.49; OCH,, 5.98.
Found: C, 73.93; H, 10.49; OCHs, 6.28.

The above dihydromonomethyl ester IIIb was also obtained
when the monomethyl ester IIc (50 mg.) was hydrogenated in
ethanol (5 ml.) with 50 mg. of 109}, Pd-on-charcoal catalyst.

3,4-Seco-A%24(®.eburicadien-3,4,21-triol (1Va).—A solution of
200 mg. of the 3,4-seco-A%2¢®)_epuricadien-4-0l-3,21-dioic acid
(¥Ia)in 20 ml. of freshly distilled tetrahydrofuran was added drop-
wise over a 15-min. period to a suspension of 200 mg. of lithium
aluminum hydride in 30 ml. of tetrahydrofuran. The mixture was
refluxed for 3 hr. and, after cooling, 0.5 ml. of a saturated so-
dium sulfate solution was added. The suspension was filtered, the
precipitate washed three times with hot chloroform, and the solu-
tion evaporated to dryness in vacuo. The residue (197 mg.) on
recrystallization from acetone gave 160 mg. of pure triol IVa, m.p.
148°149°; |a]®p +89° (¢ 0.59, CHCL); A% 3.08, 6.10, and
11.28 x; nm.r, (CDCl;) 7 5.26 (28-CH.), 6.33 (m 3- and 21-
CH.,), 8.67 (4,4-dimethy!), 8.83 (19-CHs).

Anal. Caled. for CyuHy0O,: C, 7842; H, 11.47.
C, 78.18; H, 11.81.

The diacetate IVb was prepared in pyridine solution with acetic
anhydride.

Found:

STRUCTURES RELATED To MORPHINE.

XXVII 409

3,4-Seco-Ad-eburicene-4,24,28-triol-3,21 -dioic Acid (V).—Toa
solution of 47 mg. of 3,4-seco-A%248)_eburicadien-4-0l-3,21-dioic
acid (ITa) in 3 ml. of dioxane and 0.2 ml. of pyridine was added
dropwise over a 30 min. period a solution of 26 mg. of 0sO, in 3
ml. of dioxane. The solution was allowed to remain at room tem-
perature for an additional hour and then decomposed with Ha,S.
The mixture was filtered over a Celite pad and the filtrate was
evaporated to dryness in vacuo. The residue (58 mg.) was re-
crystallized from ethyl acetate with the aid of Darco G-60 af-
fording glycol acid V, m.p. 233-235°; [«]D +68° (¢ 0.47, alco-
hol); AP 2.95, and 5.85 u; neut. equiv. 260 (caled. 263).

Anal. Caled. for CyHe0O:: C, 69.37; H, 9.77. Found:
C, 69.45; H, 9.65.
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Sodium borohydride reduction of the dihydropyridine base II obtained in the reaction of benzylmagnesium
chloride and 3,4-diethylpyridine methiodide has given 2-benzyl-3,4-diethyl-1-methyl-1,2,5 6-tetrahydropyridine

(III).

This is cyclized by hot hydrobromic acid mainly to «-5,9-diethyl-2-methyl-6,7-benzomorphan (VI) and

(as the hydrochloride) by aluminum bromide to a mixture of VI and the 8 isomer IX as shown by thin film
chromatography. Base IX, essentially to the exclusion of VI, resulted from aluminum bromide cyclization of
trans-2-benzyl-3,4-diethyl-1-methyl-1,2,3,6-tetrahydropyridine hydrobromide (VIII) also synthesized from II

via V, IV, and VIL
diethyl-2’-hydroxy-2-methyl-6,7-benzomorphan (X).
firmed by methiodide rate studies.

The analgesically favorable effect of a properly
positioned phenolic hydroxyl in structures with a
heterocyelic nitrogen (e.g., the morphinans and benzo-
morphans)? has been known for some time. However,
the role of this substituent in tolerance and physical
dependence has not been studied, perhaps because
deoxy compounds of the order of potency of morphine
have not been available.® The high activity displayed
by various 2’-hydroxy-5,9-dialkyl-6,7-benzomorphans,
particularly the g-diastereomers,* provided hope that
nonphenolic compounds® of morphine-like potency are
not implausible. Furthermore, any such deoxy com-

(1) Paper XXVI: J. H. Ager, S. E. Fullerton, E. M. Fry, and E. L. May,
J. Org. Chem., 28, 2470 (1963),

(2) (a) E. L. May in "Medicinal Chemistry."” 2nd Ed., A. Burger, Ed.,
Interscience, New York, N, Y,, 1960, p. 311 ef seq.; (b) E. L. May and J. H.
Ager, J. Org. Chem., 24, 1432 (1959).

(3) N-Methylmorphinan (ref. 2a), although one-fifth as potent as mor-
phine and comparable to pethidine in animal screening tests, has not been
further examined.

(4) J. H. Ager, S. E. Fullerton, and E. L. May. J. Med. Chem., 6, 322
(1963).

(5) Otherwise close congeners of morphine and the morphinans,

The structure and stereochemistry of IX were proved by converting it to the known g-5,9-
The stereochemistry of both VI and IX was also con-
Compounds VI and IX are relatively potent analgesics and VI has no addic-
tion-sustaining capacity in morphine-addicted monkeys.

pound of possibly negligible addiction liability would
not be readily convertible to a product of greater addic-
tion potential, a hazard generally attending hydroxy
compounds (viz., conversion of morphine to heroin?*
and B-dl-methadol to B-dl-acetylmethadol?®¢). Con-
sequently, we have synthesized - and 8-5,9-diethyl-2-
methyl-6,7-benzomorphans (VI, IX), deoxy compounds
selected for study principally on the basis of comparative
results reported earliert in the 2’-hydroxy series,

The synthesis of the a-compound VI was achieved,
as usual, by the Grewe method,”® except that sodium
borohydride® was used instead of palladium-catalyzed
hydrogen in the reduction of the dihydro base IT to 2-
benzyl-3,4-diethyl-1-methyl-1,2,5,6-tetrahydropyridine
(IIT). Cyelization of IIT with hot hydrobromie acid
gave VI in 769 yield. No g-isomer IX could be iso-

(6) H. Isbell, H. F. Fraser, M. H. Seevers, and G. A. Deneau, private
communications.

(7 R. Grewe and A. Mondon, Chem. Ber., 81, 279 (1948).

(8) E. L. May and E. M, Fry, J. Org. Chem., 22, 1366 (1957).

(9) 8. E, Fullerton, J. H, Ager, and E. L. May, ibid., 27, 2554 (1962),



