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(nonbonded interactions of e-Me groups in 8-« and -y
are raised in boat forms, and models show that the
czs-1,3-diaxial Me-Ale interaction of 8-8 is not relieved
in the corresponding boat), the sole active member (y)
being about as active as the y-1,2,5-trimethyl isomer.
Ethyl 3-a-phenyltropane-3-g-carboxylate, which is
somewhat more potent than meperdine,!® would be ex-
pected to have a significantly large skew-boat 10
population because the chair conformer 9 is destabilized

e N CO,Et
Me -~ N Ph
COzEr
Ph
9 10
by a-Ph-bimethylene bridge interactions. Spectro-

scopic evidence supports this contention for related
@-ethyl and phenyl ketones.'?

In a recent analysis of stereochemical factors in
narcotic analgetics, Portoghese!'® stated that the con-
formational requirements for most of the 4-phenyl-
piperidine analgetics appear to be minimal. From the
present evidence, however, it is probably more accurate
to state that although a fairly wide range of 4-phenyl-
piperidine conformations are compatible with activity,
those in which the aromatic and piperidine rings ap-
proach coplanarity (as in the skew-boat with phenyl in
the bow-sprit position) may be most effective in evok-
ing a response.

Experimental Section

Where analyses are indicated only by symbols of the elements,
analytical results obtained for those elements were within
+0.49, of the theoretical values.

The pmr spectra were recorded on a Varian A-60 spectrometer
operating at the normal running temperature with TMS as
standard (internal with CDCl; and external with D,O as solvent).
a-1,3-Dimethyl-4-phenyl-4-propionoxypiperidine hydrochloride
(e-prodine), mp 222° (lit.?* 220-221°), and the corresponding
B isomer (B-prodine), mp 199-200° (lit.?* 195-196°), were ob-
tained by heating the o- and B-piperidinols la with propionic
anhydride and pyridine.’®* New esters prepared in this way were
as follows (uncorrected melting points determined with a Buchi-
Tottoli apparatus in capillary tubes).

a-4-Acetoxypiperidine (1b) hydrochloride, mp 216-218°,
from ¢-PrOH-Et,0. Anal. (C;;HsCINO,) C, H, N.

3-4-Acetoxypiperidine (1b) hydrochloride, mp 211-213°,
from EtOH-Me,CO. Anal. C, H, N.

a-4-Butyoxypiperidine (1d) hydrochloride, mp 196-197°, from
EtOH-MeCOEt. Anal. (Ci;H»CINO;) C, H, N.

B-4-Butyroxypiperidine (1d) hydrochloride, mp 202°, from
EtOH-MeCOEt; vmax 3400 cm ™. Anal. C, H, N (low C value
due to water of crystallization).

All of the esters had v near 1720 em~! (ester C=0).
The pK,’ values of the prodiue isomers in 509, EtOH-H.O,
determined by Albert’s and Sergeant’s method,? were «, 7.68 &
0.06, and B, 7.75 & 0.06.
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A recent report? described a selective inhibition by
salicylhydroxamic acid (I) of deoxyribonucleic acid
(DNA) synthesis in Ehrlich ascites tumor cells. Char-
acteristics of the inhibition were similar in some respects
to the actions of hydroxyurea? and of oxamylhy-
droxamic acid,*? the hydroxamic acid analogs of car-
bamic acid and oxamic acid, respectively. Effects on
the synthesis of ribonucleic acid (RNA) and of protein
were nominal and were considered to be of a secondary
nature as a consequence of the lowered rate of DNA
formation. The inhibition by I was further evident
immediately upon adding the compound to the cells;
that is, no preincubation was necessary to evoke the
effect. The rate of DNA synthesis resumed the con-
trol rate upon removal of the inhibitor by washing the
cells, indicating no firm binding to the cells and no ir-
reversible alteration of the cells by the compound.

The work herein described was initiated to determine
the ways in which structural features of compounds
related to I may influence the course of nucleic acid
synthesis in a tumor-cell test system.

Biological Data.—Table I shows the 50 and 909,
inhibitory concentrations of each compound on DNA
synthesis in Ehrlich ascites tumor cells. With one
exception, data are presented as obtained with no
preincubation (z.e., inhibitor and isotopic precursor
were added to the cell suspension simultaneously)
and, also, following 1-hr preincubation of the cells with
each compound prior to addition of the isotopic pre-
cursor. The relative potency of 9 of the 12 compounds
was increased by the 1-hr preincubation period, the
most striking example being that of XII. Slopes of the
regression lines were fairly closely grouped when in-
hibitor and precursor were added simultaneously but
varied erratically following the 1-hr preincubation
period.

Figure 1 shows the effects of each of the 12 compounds
on DNA, RNA, and protein synthesis in Ehrlich ascites
tumor cells. The selectivity of action of I on DNA
synthesis was confirmed; that is, the rate of DNA syn-
thesis was depressed almost 809, after 1-hr exposure of
the cells to the compound with no appreciable diminu-
tion in the rate of RNA or protein synthesis. Com-
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irrecTs oF CERTAIN ARYLHYDEOXAMIC AcIps ON DNA SynThgss
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pounds II, VIII, and XI were initially inhibitory to
DNA synthesis, but activity was reduced upon pre-
incubation, indicating a possible conversion of an ac-
tive agent to an inactive one.  The onset of depression
of RNA syvnthesis by 11 which was coupled with loss of
DXNA-inhibiting capacity was reproducible (three ex-
periments), suggesting conversion of II to an inhibitor
of RNA synthesis. Considering the possibility that
IT may be reduced to the amide, benzamide was tested
for its inhibitory action on RNA synthesis and was
found to be totally inactive in this respect. Com-
pounds VI and VII displayed relative selectivity against
DNA synthesis but only after exposure of the cells for
1-2 hr. Compound XII showed a marked selectivity
against DNA synthesis, and the extent of inhibition
was greater than that obtained with T at the same con-
eentration.  Compound IX virtually completely in-
hibited DNA synthesis, but this was accompanied by
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respeciively. The slope s (he decrease i probit unis Tor ench

almost 509 depression ol the rate of RNA and protein
synthesis.  The most active and selective compounds
were, thus, those with hydroxyl substituents in the
2 and 2,3 positions on the aryvl ring, while addition of
the same group to the 4 position yvielded a virtually
inactive compound. Relatively selective but
active compounds were those with amino proups in
the 4 and 3,5 positions.

Reversibility of the action of cach compound on
DX A gynthesis is shown in Figure 2. With the exceep-
tion of XII when used at the higher coneentration, the
inhibitory action of each was readily abolished upon
removal af the inhibitor by washing the cells with {resh
medium, indicating no firm binding ta, or irreversible
change in, the cells.

Attempts to demonstrate an aetion of each compound
on preformed DNA were done by labeling the DNA of
intact cells with thymidine-*H followed by exposing
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Fignre 1-—Effects of certaln arylhydroxamic acids on DNA, RNA; and protein syuthesis by Ehrlich ascites tmnor eells: @, DNA;

O, RNA; X, protein.
tlien added and samples were removed after 20 niin for analysis.

Cells were incubated with each compound for the interval desiguated vi the abscissa.
Other experimental details are in ref 6.

Isotopic preenrsors were
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Tigare 2.—Reversibility of the iuhibitory actions of arylhydroxamic acids on DNA synthesis in ascites tumor cells: @, no inhibitor
O and X, cells exposed to inhibitor for 30 min at indicated concentrations; solid lines, cells then washed with fresh MEM; dotted lines,

cells then washed with MEM containing the inhibitor at the same concentration as during the initial 30-min exposure.
washings, isotopic thymidine was added, and its hicorporation into DNA was assessed at 20 and 40 min.

are in ref 6.

the cells to each compound for 3 hr at the 909, in-
hibitory concentration.® No depolymerization whatso-
ever of preexisting DN A could be demonstrated.

Experimental Section

Chemistry.—7The previonsly unreported hydroxamic acids
were prepared by the method of Scott and Wood” modified ac-
cording to the solubilities of tlie esters and of the resulting prod-
uets, The methyl or ethyl esters 11sed were obtained commercially
with the exceptions of methyl 2,6-dihydroxybenzoate, which
was prepared by the method of Tomino,® methyl 3-amino-2-
pyrazinoate, prepared according to Ellingson, ef al.,® and methyl

(6) G. R. Gale, J. G. Simpson, and A. B. Smith, Cancer Res., 27, 1186
(1967).

(7) A. W. Scott and B. L. Wood, J. Org. Chem., 8, 515 (1943).

(8) K. Tomino, Yakugaku Zasshi, T8, 1419 (1958).

(9) R. C. Ellingson, R. L. Henry, and F. G. McDonald, J. Am. Chem.
Soc., 87, 1711 (1945).

Following the
Other experimental details

2,3-dihvdroxybenzoate, synthesized according to King, ef al.10
The melting points (Fisher-Johns apparatus, uncorrected) and
analytical data (Galbraith Laboratories, Inc., Knoxville, Tenn.)
are presented in Table II along with the literature values for
the known compounds. With the exception of VII, each of the
hydroxamie acids was recrystallized from H,O nsing activated
carbon. Compound VII was recrystallized from absolute MeOH
by the addition of petroleum ether (bp 30-60°). As indicated in
Table II, it was often necessary to recrystallize twice in order
to obtain analytical purity.

A number of nnsiceessful attempts were made to prepare pure
m-hydroxybenzoylhydroxamic acid. Becatise of its tendency to
form intractable oils, the reaction was performed in the following
manuer which yielded the product actnally tested. A 16-g sample
(0.4 mole) of NaOH was dissolved in 100 ml of H;O and 16.4 g (0.2
mole) of NH.OH-0.5H,80, was added with cooling and stirring
in a N, atmosphere. Methyl m-hydroxybenzoate (15.2 g, 0.1
mole) was added, and the resulting mixture was left for 2 days
with a slow N, purge. After neutralization with 5 ¥ H,SO,,
the solution was evaporated to dryness under vacuum. The
solid was extracted with MeOH and dried twice over MgSO,.

(10) F. E, King, J. H. Gilks, and M. W, Partridge, J. Chem. Soc., 4206
(1955).
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Hydroxainie acid Nu. Mp, “C
Salieyl- 1 177179
Benzo- 11 131-1346
m-Hydroxybenzo- It 4:4-45
p-1lydroxybenzo- 1V 18)5-186
2,6-Dihydroxybenzo- vV 221223
3,5-Diaminobenzo- VI 201-202 dee
p-Aminobenzo- VI 197-200¢
3-Amino-2-pyrazino- VIII 185-18y4
o-Fluorobenzo- IX 140-142
Acetylsalieyl- X 136-1407
m-Aminobenzo- NI 153-155
2,3-Dihydroxybenzo- XII 220-223 dec

= AL Jeanrenaud [Ber., 22, 1270 (1889)] reported mp 176-178°,

Vol. II, Johu Wiley and Sons, Inc., New York, N. Y., 1943, p 67) reported mp 125-12%°,
berg, and T. Wagner-Jauregg [.J. Am. Chem. Soc., 77, 36531 (1955)} reported mp 185° dee,
caled, 54.22; found, 53.71. N

{tbid., 77, 3927 (1955)], reported mp 196° dec. ¢ C:
¢ C:  caled, 55.26; found, 54.79.

The resnlting oil was repeatedly dried nunder vacunm over fresh
P,O; mntil solidification ocenrred.  This material was dissolved
in BtOI1. The solution was filtered and redried to yield a tena-
cionsly hygroscopic solid which had to be manipnlated i a dry
box. The compound melted at 43-45° and gave the following
analytical resnlts, indicative of solvation. Anal. Caled for
C:I:NO;: C, 534.9; H, 4.61; N, 9.15. Found: (, 52.2; H,
5.28; N, 8.20.

The acetylation of salicylhydroxamic acid was couducted asx
described by Urbanski and Falécki.'t The fact that the produet
had a somewhat different melting point but gave an acceptable
analysis saggests that this reaction prodiices an isomeric mixture
rather than a single compound.

Biological Methods.—3Iethods of measnring the rates of DNA,
RNA, and protein synthesis were similar to those described
previonsly.*~8  In general, these cousisted of determining the
extent of incorporation of thymidine-*H, uridine-3H, and L-
lencine-14Cl, respectively, into the acid-insoluble fraction of
Ehrlich ascites tumor cells when incubated at 37° in Eagle's
minimnn essential medinm (MIEM) with Hank’s balanced salt
solution (Microbiological Associates). Componnds to be tested
for ithibitory action were dissolved in DMSO which was at a
final concentration of 197 in the reaction vessels, a concentration
mmoctons to the cells. The washed ascites cells were at a final

(1 T Urbanski and 1, Faiéeki, Rocoiks Cheon., 34, 1283 (1460).

Yiehd, '

I"ortin Analyses (1o, of reeryslus)

Cf. Ixperimental Section

CAINO;, ¢, T, N 46 (13
CILNO, CALN 52 02)
CHNG0, C.TLN 56 (2)
CHTINLO, C, 1N
CT6NL0, O, H,N
(LHFNO. 0, F; CeNe 47 (1)
CHoNO, C,H,~
C;H, N0, H,N: C* 5311)
TN Oy C,1,N 39 (2)

» C. L Haaser aud W. B, Renfrow, Jr, ("Organic Syntheses,” Coll.

* B. E. Hackley, Jr., R. Plapinger, M. Stol-
T W, B, Wrighs, Jr., and J. M. Smith, Jr.
caled, 9.03: foand, 8.51. / Refereuce 11.

suspension of 10, (v/v). The acid-insoluble material was soln-
bilized in hydroxide of ITyamine (Packard Instriment Co.) and
added to a toluene solintion of PPO-POPOP phosphor (Packard).
Radioactivity was measured with a Mark I lignid scintillation
spectrometer (Nuclear Chicago Corp.). Data in Table T are
averages of at least two experiments i1 which the rate of DNA
synthesis was assessed over a range of concentrations of each
compound. Least-squarex analysis of probits against the log
of the concentration vielded linear relationships which permitted
calenlations of concentrations inducing 50 and 90¢{ inhibition.
Data in Fignre | are averages of three experiments. The con-
ceniration chosen for each experiment was approximately that
shown to yield 50¢7 inhibition as estimated from Table I. TTow-
ever, day to day variations in cell suspensious invariably ocenr,
and occasional discrepancies are noted. Specifically, the pharnii-
cological aspects of each compound which were investigated werc
(a) relative potency against DNA synthesis as assessed by least-
squares analysis of dose—response data:*® (b) slopes of the regres-
sion lines;43 (¢) relative selectivity for DNA synthesis;#s (d)
reversibility of the DNA iuhibitory action npon removal of the
inhibitor;® and (e) effect upou preformed DNAS® 7., depoly-
merization, to au acid-<oluble form, of thynidine-*H previonsly
incorporated iuty the DNA of (he cellx.
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Microbiological Transformation of Steroids.
II. The Synthesis of
2a-Methyl-19-nortestololactone!
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Heplacement of the Cyo angular methyl group on the mclens
of androstene-type steroids is known? to produce compounds
which manifest a desirable enhancement of the anabolic-andro-

(1) Takeun in part froimn a thesis presented Ly J. 1. MeCurdy (o (he
Universityv of Tennessee Graduate Scliool for the degree of Master of Science.

(2) L. G, Hersliberger, I2. G. Shipley, and R. K. Meyer, Proe. Soe, Exptl.
Biol. Med, 83, 175 (19533,

genic aciiviiy ratio, while the myotropic activities remain ap-
proximately mnclianged. Since testololactone, the D-ring -
Lictone analog of testosterone, possesses good protein-anabolic
aetivity® and lacks androgenicity, and Al-testololactone ix of
chemotherapeutic efficacy* for the treatment of advanced himan
breast cancer, it was therefore felt that the lacto steroid deriva-
tive of a 19-uoraudrostene compound may be a tumor-regression
agent. This paper deseribes the preparation and characteriza-
tion of 2e-methyl-19-nortestololactone by fermentation with the
fungus, Aspergillus tamarii.s=7

(3) I. Shemano, G. 8. Gorlan, an:d L. liiseuberg, thid., T8, 612 (1951).

(4) A. Segaloff, J. B, Weeth, K. K. Meyer, E. L. Rongone, and M. 11, G,
Cuningham, Cancer, 15, 633 (1962).

() 1>. R. Brannon, J. Martin, A. . Oellsehlager, N. N. Durliam, amwl
.. H. Zalkow, J. Org. Chem.. 80, 760 (1957).

(6) D. R. Brannon, ¥. W, Parrisli, B, J. Wiley, and L. Long, Jr., ihid,
32, 1521 (1467).

{7y R. DL Garreet and J, 1. MeCunly, unpublislied data.



