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yield) of the desired I, bp 151-153° (0.5 mm), n¥p 1.5998; male-
ate salt, mp 141-142°, alone or mixed with authentic material.?
This material was found to be homogeneous by paper chromatog-
raphy and gave satisfactory analyses.

The residue from the distillation was recrystallized from acetone
repeatedly to give 24 g (129, yield) of 2, mp 123-125°. This
material was homogeneous by paper chromatography aud glpe.

Anal. Caled for CssHgNOy: C, 76.08; H, 7.51; N, 10.44;
mol wt, 537. Found: C, 75.80; H, 7.78; X, 10.79; mol wt
(osmometrically), 541.

The dimer did not give a crystalline salt with either HCI or
maleic acid.

5-[0-(0-Acetoxy-N-acetylanllino)benzyl]-5,11-dihydrodibenz-
[b,e][1,4]0xazepine.—A mixture of 4.90 g (0.025 mole) of 5,11-
dihydrodibenz(b,e] [1,4]oxazepine, 1.44 g (0.030 mole) of 509
NaH dispersion in mineral oil, and 50 ml of xylene was stirred
and heated under reflux for 8 hr and filtered, and the filtrate was
concentrated to dryness in vacuo. The residue was extracted
with 500 ml of 19, aqueons NaOH. The insoluble brown amor-
phouns polymeric material was separated by filtration. The
filtrate was treated with 1 g of Darco and refiltered, and the
filtrate was acidified with 109, aqueous H;PO,. The precipitated
solid was collected, dried, dissolved in 15 ml of benzene, chro-
matographed on a 1 X 20 ecm column of Florisil, and eluted with
benzene to give 1.0 g of material, mp 75-84°. In the infrared
this material showed a single strong broad OH plus NH absorp-
tion band centered at ca. 3330 em~L  The solid, 1.0 g, 10 ml of
Ac0, and 0.5 ml of pyridine were kept 18 hr at room temperature
and concentrated in vacuo, and the residue was dissolved in 20 mi
of 1:10 benzene-acetone, chromatographed on Florisil, and
eluted with the same solvent to give a crystalline prodnet, mp 92—
95° dec, » 1670 and 1750 em ! with no absorption at 3330 em~.
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Anal. Caled for 030H25N204I C, 7528, H, 547, acetyl, 17.9.
Found: C, 75.26; H, 5.58; acetyl, 15.4.

5-Benzyl-5,11-dihydrodibenz[b,¢] [1,4]0xazepine.—To 2.50 g
(0.0125 mole) of 5,11-dihydrodibenz[b,e] [1,4]oxazepine in 25 ml
of anhvdrous THF was added 4.28 g (0.025 mole) of benzyl bro-
mide. To the stirred solution was added in 0.5 hr 0.96 g (0.02
mole) of 509 NaH dispersion. The mixture was stirred 18 hr
at room temperature and filtered, the filtrate was concentrated
in vacuo, and the residual solid was recrystallized from pentane
to give 1.65 g (469 vield) of product, mp 84-86°.

Anal. Caled for CxHuNO: C, 83.538; H, 5.97; N, 4.88.
Found: C, 83.55; H, 6.14; N, 4.95.

O,N-Dlacetyl-4-hydroxydiphenylamine.—A solution of 6.0 g
(0.033 mole) of 4-hydroxydiphenylamine, 50 ml of Ac,O, and
0.5 ml of pyridine was refluxed for 1 hr and concentrated to
dryness in vacuo. The residue was recrystallized from hexane
to give 7.2 g (839 yield) of product, mp 117-118°.

Anal. Caled for C¢Hi;:NO;: C, 71.35; H, 5.62; N, 5.21.
Found: C, 71.13; H, 5.49; N, 5.26.

12-Benzyl-11,12-dlhydro-6H-dibenz([b,f] [1,4]oxazecine.—To a
solution of 0.90 g (0.004 mole) of 11,12-dihydro-6H-dibenz[b,f]-
[1,4]oxazocine in 40 ml of anhydrous THF was added 2.5 ml of
1.6 N butyllithium in hexane. The mixture was stirred 1 hr at
room temperature, 0.70 g (0.004 mole) of benzyl bromide in 5 ml
of anhydrous hexane was added dropwise, and the stirring at
room temperature was continued for 48 hr. The solution was con-
centrated in vacuo, and the residue was recrystallized from
petroleum ether (bp 30-60°) to give 0.4 g (339 yield) of product,
mp 70-72°.

A4nal. Caled for CuH,y2NO: C, 83.64; H, 6.35; N, 4.64;
neut equiv, 301. Found: C, 83.19; H, 6.81; N, 4.58; neut
equiv (HCIO; in glacial acetic acid), 298.
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A number of new syuthetic derivatives of the cardenolide, strophanthidin, have been prepared in an attempt
to delineate and compare the structural requirements for activity in three biological systems; .., cytotoxic
activity against human carcinoma of the nasopharynx in tissue culture (KB), inhibition of a brain transport
ATPase, and cardiotonic activity. Strophanthidin was converted to the monoanhydroacetate derivative Vb
and the dianhydroacetate derivative VIb. Epoxidation of Vb yielded a mixture of epoxides (X and XI) in which
the a-epoxide X predominated. Treatment of the mixture with hydrogen chloride in chloroform gave the 5a-
hydroxy-68-chloro derivative VII and the hemiacetal of the 5a-chloro-68-hydroxy derivative IXa. Upon at-
tempted acetylation, VII was largely recovered unchanged, whereas IXa gave the diacetate IXb. Potassium
acetate treatment of VII gave pure X, and similar treatment of IXa gave XI. Epoxidation of VIb gave the
5,6a-14,15a-diepoxide XIII and the 5,68-14,15a-diepoxide XIV. Diepoxide XIII was also obtained by dehydra-
tion of X to XII, followed by epoxidation of XII to XIII. Strophanthidin 3-iodoacetate (XVIIb) was con-
verted to the azidoacetate XVIII; the latter was reduced to the 3-aminoacetate hydrochloride XIX, which
was directly converted to the 3-diazoacetate XX. The results of the biological tests of the foregoing and other
derivatives of strophanthidin indicate that similar structural features are important for activity in each of the
three systems. These results indicate that the receptors for the cardenolides in the three systems may be struc-

turally very similar.

The cardiotonic steroids exert a specific and powerful
action on the heart muscle and have been successfully
used in heart therapy for almost two centuries. Most
therapeutically useful members of the group are
glvcosides, although many aglycones show potent ac-
tivity. Extensive studies have shed considerable light
upon relationships between cardiotonic activity and
structure and configuration of the cardiotonic ste-
roids.?—®

(1) (a) l'umor lnhibitors. XXVI. Part XXV of the series: 8. M. Kup-
chan and M. Mokotoff, J. Med. Ckem., 10, 977 (1967). (b) This investiga-
tion was supported by grants from tlie National lnstitutes of llealth (CA-
04500 and NB-01730) and the American Cancer Society (T-275).

(2) (a) Fellow of the American Foundation for Pharmaceutical Education,
1963-1965. (b) Research Career Awardee of the National lnstitutes of
Health (5-K6-GM-1347).

Cardiotonic steroids have also been shown to be
specific and reversible inhibitors of adenosine triphos-
phatases (ATPases) involved in the active transport of
Na* and IX*+5-8 A preliminary study of structure-
activity relationships among 21 digitalis derivatives
revealed that, in most cases, the ability of a cardiotonic
steroid to block a transport ATPase in vitro paralleled
its activity and toxieity in the intact animal.®

(3) K. K. ClLen, Proceedings of the lst lnternational Pharmacological
Meeting, Stockholm, 1961, Vol. 3, p 27.

(4) Ch. Tamm, ref 3, p 11.

(5) F. G. Henderson and K. K. Clen, /. Mei. Chem., 8, 577 (1965).

(6) 11, J. Schatzmann, Helv. FPhys. Acta, 11, 346 (1933).

(7) 1. M. Glyon, Pharmacol, Rev., 16, 381 (1964).

(8) J. C. Skou, Physiol. Rev., 45, 506 (1065).

(9) K. Repke in "“Drugs and Enzymes,'' B. I3, Brodie and J. R. Gillette,
Ed.. Pergamon Press Ltd., Oxford, 1965, p 65.
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In a third line of investigation, cardiotonic steroids
have recently been shown to possess strong cytotoxie
activity against human carcinoma of the nasopharimx
carried in cell enlture (IKI3).10-12

The present report describes a study of the synthesis
aud biological properties of derivatives of strophanthi-
din. The cardeuolide strophanthidin (Ia) was chosen
as a suitable starting material for chemical modification
for several reasons. Tirst, the aglveone can be pre-
pared easily by mild acid hydrolysis of the commereially
available glyeoside, strophanthin-k.  Second, strophan-
thidin has been shown to possess both eardiotonie ac-
tivity? and effectiveness in inhibiting coupled Na* and
I+ transport.t  Third, strophanthidin constitutes the
aglycone portion of the cyvtotoxic glveoside, cymarin
(Ib).* The strophanthidin derivatives were evaluated
for cytotoxic activity against KB, inhibitory activity
against brain transport ATPase, and cardiotonic ac-
tivity in guinea pig atrial musele. The study was
undertaken to further delineate and compare structural
requirements for each tvpe of biological activity.

(10) S, M. Knoehan, R. L Hewingway, and Ro W, Doskocel, J. Med.
Chen., T, 803 (1964).

(11) 8 M. Kapehan, J. R. Xnox, . F. Kelsey, wid 1. AL Saens Rennuld,
Sedeacc, 146, 1685 (1961).
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Strophanthidin (In) was dehydrated by the method of
Jacobs and Collins®® to vield 38,19-oxido-14-hydroxy-
carda-5,20(22)-dienolide  19-ethylal (II) and 38,19-
oxidocarda-5.14,20(22)-trienolide  19-ethylal  (1II).
Compounds IT and T were separately hydrolyzed with
20¢ HCI to afford 38,14-dihydroxy-19-oxocarda-3,20-
22)-dienolide (Vo) and 38-hydroxy-19-oxocarda-3,14,-
20(22)-trienolide (VIa). Acetvlation of Va and Vla
gave the respective C-3 acetates, Vb and VIb.

To evaluate dertvatives which could act as enzyme
alkylating agents, the next targets chosen were epoxides
of bath the monoanhydro (Vb) and dianhydro (V1b)
compounds.  The acetate Vb was oxidized by mono-
perphthalic acid in ethereal solution to yield 38,14-di-
hydroxy-3,6¢ -cpoxy-19-0x0-5&-card-20(22)-enolide 3~
acetate (IV). Thin laver chromatography on hoth
silica gel and alumina suggested that the product IV was
homogeneous. However, earlier investigators!* have
found that epoxidation of A%-38-steroid alcohols and
their esters leads to mixtures of epoxides in which the
a-epoxides  predominate.  Careful analysis of the
produet obtained by epoxidation of Vb indicated that

i W N eoles sad VDML Collins, o Bl Chene,, §9, 713 11024,
Gy g N Cucllar Ugorer, aned 11,00 Ringold, Fyirohs gyaa,
YA BRI

Pawera, 1.
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a mixture had, indeed, resulted, and that the a-epoxide
was the predominant product.

Treatment of IV with HC! in chloroform gave a mix-
ture of two components. The mixture was separated
by thick layer chromatography, to give, as major com-
ponent,  38,5,14-trihydroxy-68-chloro-19-oxo-5a-card-
20(22)-enolide 3-acetate (VII), in 459 yield, and, as
the more polar minor component, 38,14,19-trihydroxy-
5-chloro-68,19-oxido-Ha-card-20(22)-enolide  3-acetate,
(IXa), in 5% vield (Scheme I). The infrared spectrum
of the minor componeut (IXa) resembled that of the
major component (VII), but there was no evidence of
the C-H stretching at 3.62 p (characteristic of alde-
hydes). Compound IXa is presumed to have origi-
nated by acid-catalyzed hemiacetal formation via
intermediate VIIL.

The assignment of the structures for VII and IXa
was based on the following chemical and physical
evidence. The chlorohydrin VII, upon treatment with
pyridine-acetic anhydride solution, gave recovered
starting material, with only a trace of recyclized epoxide
(IV). Tertiary hydroxyl groups are known not to be
acetylated under the conditions utilized, but secondary
hydroxyls readily react.® However, the hemiacetal
IXa, upon treatment with pyridine-acetic anhydride,
readily formed an acetylated product, 38,14,19-tri-
hydroxy-5-chloro-68,19-oxido-5«-card-20(22)-enolide
3,19-diacetate (IXb), in 889, yield. The nmr spec-
trum of IXb showed signals for CH;CO; at r7.83 (C-19)
and 7.95 (C-3), a vinyl proton at 4.12 (C-22), a hemi-
acetal proton at 3.85 (C-19), and a 6a-proton at 5.70
(as a multiplet); no signal for an aldehyde proton
was observed. The assignments are in accord with
those made recently for a chloro hemiacetal acetate in
the cholestane series.’®

Steroid epoxides usually open to give trans-diaxial
products.” Upon treatment of a steroidal 5,6c-
epoxide with HCI, the product expected is the 5a-
hydroxy-68-chloro compound; since the hydroxyl is
tertiary, it would not acetylate under pyridine-acetic
anhydride conditions. This was found to be the case
with VII. On the other hand, a steroidal 5,66-epoxide
would normally yield a a-chloro-68-hydroxy compound
upon treatment with hydrogen chloride. However, in
the case of VIII, the secondary 68-hydroxyl apparently
formed a hemiacetal with the C-19 aldehyde. The
latter results supported the conclusion that the mono-
epoxide I'V was a mixture of a-epoxide and g-epoxide in
which the a-epoxide was the major component. This
was further borne out when the chlorohydrin VII was
converted to homogeneous 383,14-dihydroxy-5,6a-epoxy-
19-0x0-5a-card-20(22)-enolide 3-acetate (X), in 67%
vield. The hemiacetal IXa was similarly converted
to pure 38,14-dihydroxy-5,658-epoxy-19-0x0-53-card-20-
(22)-enolide 3-acetate (XI), in 6097 yield.!®

The dianhydro acetate (VIb) was also oxidized with
monoperphthalic acid, to afford a product with two
major components (Scheme II). Chromatographic
separation on neutral alumina afforded the less polar
3B-acetoxy-5,68-14,15a-diepoxy-19-0x0-58,14a-card-
20(22)-enolide (XIV), i1 189, vield, and the more polar

(13) P. A. Plattner and W. Lang, Helv. Chim. Acta, 27, 1872 (1944).

(16) M. E. Wolff and J. A. Munoz, J. Org. Chem., 80, 920 (1965).

(17) R. E. Porver and N. 8. Isaacs, Chem. Rev., 59, 737 (1950).

(18) Cf. M. Aklitar and D. H. R. Bar(on, J. Am. Chen. Soc., 86, 1528
(106:1),
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isomer, 38-acetoxy-5,6a-14,15a~diepoxy-19-0x0-5a,-
14a-card-20(22)-enolide (XIII), in 259 yield. The
infrared spectra of both isomers were almost identical
and showed absorption at 3.70 (aldehyde proton),
5.00, 5.72 (carbonyl of lactone), 5.76-5.80 (carbonyl of
acetate and aldehyde), and 6.15 u (C=C of «,8-un-
saturated lactone).

The configurational assignments of the two diepoxides
were based on physical and chemical evidence. The
nmr spectrum of the dianhydro acetate (VIb) showed
signals at 7 4.08 (broad, C-22 and C-6 vinyl protons)
and at 4.65 (multiplet, C-15 vinyl proton), which
disappeared (except the C-22 vinyl proton) upon
epoxidation. Hofer, et al.,’® reported that, in epoxida-
tion of Al4-178-steroids, perbenzoic acid gives exclusively
the 14,15q¢-epoxide. Therefore, it was expected that
oxidation of VIb with the bulky reagent monoper-
phthalic acid would give two products which contained
the 14,15a-epoxide group, but differed in the configura-
tion of the 5,6-epoxide. The less polar or higher R
compouent (XIV) showed signals in the nmr at » 4.16
(C-22 vinyl proton), 6.40 (C-15 epoxide proton), and
6.72 (C-6 epoxide proton, doublet, with J = 1.5-2.0
cps), whereas the more polar or lower E; component
(XIII) showed signals at = 4.19 (C-22 vinyl proton),
6.58 (C-15 epoxide proton), and 6.89 (C-6 epoxide
proton, doublet with J = 2.5 cps). Torli, ef al., have
reported that the signals of steroidal epoxide protons of
o isomers generally appear at a higher field than that of
B isomers. Cross?! reported the J values for 68-protons
(a-epoxides) as 3.3-4.1 cps (doublet) and for 6a-protons
(B-epoxides) as 2.1-2.7 cps (doublet) in steroids with
a C-19 methyl group. The foregoing led to the tenta-
tive formulation of the less polar compound (XIV) as
the 5,68-14,15a-diepoxide and the more polar compound
(XIII) as the 5,6a-14,15a-diepoxide. To seek con-
firmation, the synthesis of one of the diepoxides by an-
other route was undertaken. Since the configuration
of the 5,6e-monoepoxide (X) had been established, this
appeared to be a suitable starting material. Compound
X was smoothly dehydrated to afford a 729, yield of
38-acetoxy-5,6a-epoxy-19-o0xo-5a-carda-14,20(22) - di-
enolide (XII). The umr spectrum of XIT showed =ig-

(19) P. Hofer, H. Linde, and K. Meyer, Helv. Chim. Acta, 45, 1041 (1962).

(20) K. Tori, T. Komeno, and T, Nakagawa, J. Org. Chem., 29, 11306
(1964).

(21) AL DL Ceass, S Ao, Chene. Sie,, 84, 3206 (196G2).
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nals at 7 0.10 (aldehyde proton), 4.12 (C-22 vinyl pro-
ton), 4.68 (C-15 vinyl proton), and 6.79 (C-6 epoxide
proton, doublet, J = 3 eps). Oxidation of XIT with
monoperphthalic acid afforded o 5097 vield of o di-
cpoxide which was identical with XIIT (r. mixture
melting point, and nmr). The latter result offered
strong support for the confignrationnl pes=ignments to
XIH and X1V,

Another class of enzyme alkylating agents Iz com-
prised of haloncctute esters.®?  In recent vears, such
compounds have not only been advanced as potentinl
chemotherapeutic agent=.*" but have found nse as ac-
tive-site-dirceted irreversible inhibitors of enzymes.**
The preliminary results of biological evaluation of the
above-deseribed  strophanthidin derivatives  indicated
that almost all variations in strueture other than in ring
A led to compounds with lessened biological activity.
Consequently, the synthesis of 3-haloacctate esters of
strophanthidin was undertaken.

Strophanthidin 3-bromoncetate (XVIIa), mp 191-
194°, and strophunthidin 3-todoacetate (XVIIb), mp
127-125°, were prepaved ns deseribed  previously . #
The respeetive haloacetates had been reported to have
been prepared carlier; the melting point of the 3-brouo-
acetate was recorded ax 220-222° and tlhut of the 3-
wdoacetate ux 18G--1SN7.% Purther study has shown
that the material of mp 220 2227 15 33,5-dihydroxy-
19-ox0-53-cardn-14,20(22)~dicnolide  -bromoacetate
(XVI)., Strophanthidin (Ia) was treated with thionyl
chloride v pyridine to yield 38,5-dihydroxy-19-oxo0-
SB-carda-14,20(22)-dienolide  (XV).77®  ‘Treatment of
XV with bromoacetyl bromide and pyridine gave m
869 vield of XVIa, mp 214-215° dec.  Direet com-
parison of XVIa with »n sample of the bromoacetate of
Welles, ¢f al.,* confirmed the identity of the materials.
Treatment of XV with iodoacety] chiloride in dioxanc
readily gave 33,5-dihydroxy-19-oxo-53-carda~-14,20(22)-
dienolide 3-iodoacetate (XVIb), mp 162-163° dec, in
3% vield.  The melting point differed from that re-
ported for the lodoacetate of Welles, ef @/l Since o
sunple of the iodoacetate of Welles, ef al.. 15 no longer
available, 1o explanuation of the diserepancy in melting
point is readily apparent.  However, on the basis of the
fact that our iodoacetate of mp 127-128° was converti-
ble to the same strophanthidin 3-azidoacetate (NVIII)
as was obtained from our strophanthidin 3-bromonee-
tate of mp 191--194°, it i= highly probable that our
lodoncetate i 33,5, I4-trihy droxy-19-0x0-58-card-20-
(22)-enolide 3-iodoacetate (NVIID).

Encouraged by the biological activity of XVIIa and
XVIIb as ifrreversible inhibitors of the transport
ATPase, we sought next to prepare a diazoacetate deriv-
attve. Upon trentment with sodinm azide m aqueons
dioxane, strophanthidin 3-iodoacetate (XVIIhH) wuas
converted to 38.5,14-trthydroxy-19-oxo-58-card-20(22)-
enolide 3-nzidoacetate (XVIIT). in 749 vield. The

(220 31, Dixpn el 10 C0 Weldy i “Enzvipes,” 2md ed, Aeademie Press
Ince.. New York, N Y., 1961, ¢ 541,

(23) 8.1 Kyamer, o ol S0 Vol Coacer Fost, 31, 297 (D61,

1241 B R, Daker, J. Pharoa Syi, 83, 347 (18640,

25) 1. 1 Noking M. Moko(ol, wml =0 3L Kupchan, [vor Vel Aeosd,
Sere (8.0 B85, 79T 1101,

1261 0, 8. Welles, R
Bl Med,, 68, 218 (14947,

i27) P0OAL Plactner, AL Segre, and O, Lipnst, Hrely. Chine Jdete, 30, 1132
IO,

P28) G K. Makarichev gowl N K. Abubakirov, J. Gee. Chem, USSH, 32,
2338 (O962),

CAnderson, wond KLOKL Chen, Towes Sovl Faepfl.
/

S. M. Kurcuan, M. Moxororr, . 8. Saxpuy, anp L. 1. Hoxix

Vol. 10

mfrared spectrum showed absorption at 3.61 (C-II of
aldehyde) id 4.72 u (azide). The azidoncetate XVIIIL
could nlso be prepared in 659 vield from the bromo-
acetate XVIIa. While the catalvtic rednction  of
azides 1s known to be fast,?® the reduction of the «.3-
unsaturated lactone of cardenolides is sluggi=h when
a Pd oemtalvst is used Tt wus therefore feasible
selectively redncee the azide (XVIILD with a catalyst of
0% Pd=s8rCO; under 1 atm of hydrogen.  The prodiet
olated was converted with HCL to 38,5, 14-trthvdroxy-
19-0x0-58-curd-20(22)-enolide  S-aminoacetate  hydro-
ehloride (NIX), which was not purtfied but used direetly
for the uext step. The hydrochloride (XIX) wus
dinzotized to afford 38,5, 14-trihydroxy-19-oxo-53-card-
20(22)-enolide 3-dinzoacetate (XX), in 3097 vield from
the azidoaeetate (XVII). The mfrarved spectrum
showed abzorption at 3.63 (aldehvde protouw), .72
(diazo), and 5.90 u (ester carbonyl conjugated with
diazo group).  The ultraviolet spectrum of XX showed
maxima at 249 nu (e 14,700), assigned to the ester ear-
bouyl conjugated with the diazo group. and 217 mp (e
18.100), assigned to the e.g-unsaturated lactone (see
Scheme T1T).
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Catalytic oxygenation of strophanthidol (If) in the
presence of platinum black gave the 3,19-dioxo deriva-
tive XXI. Dehvdration of XXI with trifluovoacetic
acid afforded the known 3,19-dioxo-14-hydroxy-card-
4,20(22)-dienolide (XXII) (Scheme IV).

A control experiment, designed to determine whether
the two irreversible inhibitors XVIIa and XVIIb were
acting at or near the cardiotonie steroid site, required
the preparation of au todouncetate of @ strophanthidin
dertvative known wof to mhibit the transport A'T'Pasc.
Therefore, 38-hydroxy-19-oxo-carda-5,14,20(22)-trienc-
lide 3-iodoacetate (XXIII) wus prepared as reported
elsewhere ™ The nmr spectrum confumed the strue-
ture of XXIIL with signals at 7 0.27 (aldehyde proton),

(293 R. Schroter, " Mredioden der Organiselien Clemis’™ 1Tonben- Wy
Valo 111, 19570 12 539,
(30) W. A, Jacobs awd 3. 1lcidelberger, J. Biol. Cheri., 54, 255 (19225,
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4.04 (multiplet, C-22 and C-6 vinyl protons), 4.65
(C-15 vinyl proton), and 6.34 (singlet, methylene of
iodoacetate).

Experimental Section

Melting points were determined on a Fisher-Johns melting
point stage which had been calibrated with standard samples;
melting points above 220° are uncorrected. Ultraviolet absorp-
tion spectra were determined in 959, ethanol on a Beckman
(Model DK2A) recording spectrophotonmeter. Infrared absorp-
tion spectra were recorded in KBr on a Beckman (Model 5A)
double-beam infrared recording spectrophotometer. Micro-
analyses were performed by Mr. J. F. Alicino, P. O. Box 267,
Metuchen, N. J., and Mr. A. Spang, P. O. Box 111, Ann Arbor,
Mich. Nmr spectra were recorded on a Varian Associates record-
ing spectroneter (Model A60) at 60 Mc/sec in CDCl; (unless
otherwise stated), MesSi as internal standard. Coupling con-
stants (J) are recorded i ¢ps, while chemicals shifts are recorded
in 7 values (ppm).*t Skellysolve B refers to petrolenm ether
fraction boiling at 60-68°. Thin layer chromatography (tle) and
thick layer chromatography (1.0-mm thick) were carried out with
silica gel G and silica gel HFaur56 (unless stated otherwise),
Brinkmann Instruments., Tle plates were sprayed with 39
ceric sulfate solution in 3 N H,S0, and were heated to locate the
spots.  All solvents were evaporated under reduced pressure.
Optical rotations were determined in CHCly (nnless stated other-
wise) In a 1.0-dm tube on a Zeiss-Winkel polarimeter and are
approximated to the nearest degree.

38,19-Oxldo-14-hydroxycarda-5,20(22)-dienolide 19-Ethylal
(I1) and 38,19-Oxidocarda-5,14,20(22)-trlenolide 19-Ethylal
(ID.—Dehydration of strophanthidin (2.000 g, 4.95 mmoles) by
the procedure of Jacobs and Collins!? afforded 1.139 g of crystal-
line material (A) which consisted of two components, according
to tle. A wecond crop (B) of 0.123 g was obtained, which was
shown to consist of ouly the higher £ ecomponent, according to
tle (solvent, 39, CH;0H in CHCl;). The two-component mix-
ture was chromatographed on 50 g of silica gel packed as a slurry
in CHCl;. The higher R: component was eluted with CHCl,
(yield 0.479 g) and was identified as III, mp 226-237° dec,
[«]*D —126° (c 0.61) (lit.13.32 mp 249-251°, 229-235°, and [a]D
—142° —126°, respectively). The second crop (B) was com-
bined with these fractions (total yield 0.602 g, 305;). The lower
R: component was eluted by increasing the polarity to 19; CH;OH
in CHCly; yield 0.360 g (27%) of II, mp 220-226° dec, [«]*D
—39° (¢ 0.51) (lit.1332 mp 223-230°, 197-200° dec, and [a]D
—50°, —44°, respectively).
33,14-Dihydroxy-19-oxocarda-5,20(22)-dienolide (Va) and
acetate (Vb) and 3g-hydroxy-19-oxocarda-5,14,20(22)-trienolide
(Via) and acetate (VIb) were prepared aceording (o Jacobs wed
Collins.!3
33,14-Dihydroxy-5,6:-epoxy-19-0x0-5¢-card-20(22)-enolide
3-Acetate (IV).—The monoanhydroacetate (Vb) (1.60 g, 3.7
mmioles) was dissolved i1e 200 ml of CHCL; and eonccerdrnted 1o

(31) G. V. D. Tiers, J. Phys. Ckem., 62, 1151 (1958).
(32) L. F. Fieser and T. Goto, J. Am. Chem. Soc., 82, 1697 (1960).
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a volume of about 150 ml. The solution was treated initially
with 20 m! of monoperphthalic acid in ether solution® (0.044
g/1.0 ml, titrated®*) and then with another 10 ml 11 hr later, and
the mixture was allowed to stand for another 9 hr. The mixture
was filtered and the filtrate was washed (H.0, twice with satu-
rated NaHCO;, H,0). The organic layer was dried (NayS0,)
and evaporated to a colorless solid foanl. The foam was crystal-
lized from CHCl-Lt,0; vield 1.14 g of colorless crystals (IV),
which appeared as one component on tle (55 CH;0H-CHC]l;).
33,5,14-Trihydroxy-63-chloro-19-ox0-5«-card-20(22)-enolide
3-Acetate (VII) and 38,14,19-Trihydroxy-5-chloro-63,19-oxido-
S5a-card-20(22)-enolide 3-Acetate (IXa)—A solution of 0.704 g
(1.58 mmoles) of the monoepoxide IV in 70 ml of CHCl; (cooled
inice) was treated dropwise with a solution of dry HCl in CHCl;
(approximately 0.4 N by titration). The solutio. cooled in ice,
was stirred for 2 hr and allowed to stand for another 1 hr and
then washed (H,0, 1¢; NaHCQ;, H.0). The organic layer was
dried (Na,80,4) and concentrated to an oil which crystallized
upon treatment with a few drops of acetone. The crystals were
recrystallized from acetone containing a few drops of HCI in
CHCI; to afford 0.284 g of colorless erystalline VII, mp 227-230°
dec. The mother ligunor was evaporated to dryness and chro-
matographed on several silica gel HF thick layer plates (about
0.06 g/plate) with 8¢ CH;O0H-CHC]l; as the mobile phase. Two
bands were extracted, and the upper baud afforded another
0.063 g of VII; total vield 0.347 g (45%7). Recrystallization of
VIT from acetone containing a trace of ICl in CHCl; afforded
the analytical sample: mp 233-255° dec; [a]2p —11° (¢ 0.64,
CH;0H): Amax 3.62 (aldehyde proton), 5.62, 5.72-5.90 (C=0
of lactone, aldehvde and acetate), 6.19 (C=C of «,p-unsaturated
lactone), and 7.97-8.07 u (C-0O-C of acetate).

Anal. Caled for CylluClOr: C, 62.42; H, 6.03.
C, 62.46; 11, 6 8.

The lower band from the aforementioned thick laver chroma-
tography yielded 0.067 g of IXa, which, on crystallization from
acetone—Skellyzalve B, yielded 0.041 g (5%¢) of crystalline IXa,
mp 214-216°. Repeated recrystallizations gave the analytical
sample, mp 214-217°, [«]2D +3° (¢ 0.78, methanol).

Anal. Caled for CHwClO5: C, 62.42; M, 6.03; Cl, 7.37.
Found: C, 62.35; H, 6.97; C], 7.58

33,14,19-Trihydroxy-5-chloro-63,19-oxido-5«-card-20(22)-
enolide 3,19-Dlacetate (IXb).—A solution of 0.025 g (0.052
mmole) of hemiacetal IXa in 1.0 ml of pyridine was treated
with 1.0 ml of Ac,O. The resulting solution was allowed to stand
at room temperature for 21 hr and was then concentrated to
dryness The residue was crystallized from acetone—Skellysolve
B to yield 0.024 g (880%) of IXb, mp 270-273° dec. Repeated
recrystallizations gave the analytical sample of IXb: mp 272-
274° dec; [a]®Dp +23° (¢ 0.71); nmr, 7 3.85 (1 H, C-19 hemi-
acetal H), 412 (1 H, C-22 vinyl H), 4,85 (1 H, m, 3a-H), 5.12
(2 H, C-21), 5.70 (1 H, m, 6e-H), 7.83 (3 H, C-19 COCH;),
7.95 (3 H, C-3 COCH3), and 9.07 (3 H, C-18).

Anal.  Caled for CiHsClOs: C, 62.00; H, 6.75; Cl, 6.78.

Found: C, 62.14; H, 6.87; Cl, 6.90.

38,14-Dihydroxy-5,6 «-epoxy-19-0x0-5«-card-20(22)-enollde
3-Acetate (X)—Chlorohydrin VIT (0.100 g, 0.21 mmole) in 955
ethanol (8 ml) was refluxed for 5 hr with 0.050 g (0.50 mmole)
of KOAc. The mixture was concentrated to dryness and the
colorless residue was extracted with acetone. The acetone suspen-
sion was filtered free of inorganic salt and concentrated to dryness.
The resulting residue was crystallized from acetone-Skellysolve
B to vield 0.061 g (67%,) of the a-epoxide X, mp 265-268° dec.
Repeated recrystallizations afforded the analytical sample, mp
268-271° dec, [a]?®p —33° (¢ 0.93, dioxane).

Anal.  Caled for Cy;HaOs5: C, 67.55; H, 7.26. Found: C,
67.47; H, 7.32.

38,14-Bihydroxy-5,63-epoxy-19-0x0-53-card-20(22)-enolide
3-Acetate (XI)—A solution of IXa (0.025 g, 0.052 mmole) and
0.025 g (0.25 mmwle) of KOAc in 959, ethanol (5 ml) was re-
fluxed for 22 hr. Work-up as for X and ecrystallization from
acetone-Skellysolve B allorded 0.014 g (609) of X1, mip 227-230°
dee.  Repeated recrystallizations Iromt acetone-sSkellysolve B3
gave the analytical sample: mp 229--232° dee¢; [o]¥p —46°
(¢ 0.50); Amax 3.68 (aldehyde proton), 5.60, 5.70-5.90 (C=0 of
lactone, aldehyde and acetate), 6.17 (C=C of «,-unsaturated
lactone), and 7.07-8.08 u (C-0-C of acetate). Tle infrared

Found:

(33) G. D. Payne, J. Org. Chem., 24, 1354 (19539).
(34) H. Bolhme, Org. Syn., 30, 70 (1940).
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spectr (or the a- aad g-epoxides (X and XT) are virtnally ideie
tieal between 2.0 and 8.0 u.

dnals Caled Toe CuldlpnOq: €, G755,
67410 11, T

33-Acetoxy -S,Ga-epoxy 19-0x0-5«~-carda-14,20(22)-dienolide

(XIT).—The epu\lde X (1,050 g, 0.1 inmole) in 1.0 ml of pyridine
was cooled 1 iee. SOCL (0,10 mb 1 0.5 ml of pyridine was also
caoled ircice. The two sohntions were mixed and kept in a freezer
(temperanire about —20°) for 2 hr. The resubting vellow =u=pen-
<ion was taken up iy cold CHCL md washed with eold 50, T1C1
(ewice! and with water (twice). Livaporation of vie dried (Nie-
=050 solntion atorded an oil which on repeated recrystallizations
fron acetone Skellyzalve 3 aitorded 1he apalytieal <ample of
NI mp IRGARTS vy, 7 010 (D H, C-19 aldehvded, 4.12 ¢}
H, C=22 vipyl H), S.68 01 H, Co1a vined 1 505 010 1, my, Ba-l1 e
V20 (2 1L d, ) o= 2 eps, (-.’1,1, G0, dy =5 eps, G811,
S00 31, C3 COCH, and 9,28 ¢ 1, C-1R5,

Anal. Caled (or CulleDa €, 040, 1, 700,
70.24; 11, 7.0

33-Acetoxy-5,63-14,15«-diepoxy-19-0x0-53,14«-card-20(22)-

enolide (XIV) and 33-Acetoxy-5,6c-14,15«-diepoxy-19-0x0-
5a,14«-card-20(22)-enollde (XIII).—-A =olation of 38-ncetoxy-
F-oxoearda- 14,20022)-trienolide {VIh, 0.150 g, 0.36 mniole) in
S mlof CHCly was crewted inidally with 2.0 ml of monoperphthalic
aeid 1n ethiereal <oluion® (0,080 g /ud, 1itrated®),  After standing
at roon (emperatnre Toe 4.5 hr, another 1.0 ml ol the mono-
perphthalic acid solnmion wax added, atd the mixare was allowed
ta stard Tor awenber 20 b The raixture was filtered and the
filtrate wax washed (11,0, twice with satimated NallCQ,,
H,0). The nrganice tayer was dried (NaR0,) and concendrated
o colorless =olid foam (0.159 gt The sohd showed two
close fspot= upon e o aliminnm oxide (CHCL).  The solid
foam (0.110 g) waz chromatographed on g colimm of 7.0 g of
Woelm nentral almmina (wetivity grade I) packed in 30 CHCly
i Celte.  The higher IVr component (0.020 g, 180 ) wax eluted
with 204 CHCL in Celly, while the lower Iy component (0.028
g, 2500 wax cied with 40 CHCL fic Cells. Somewhur
hetter vields were obtained when the solid Toam was chromato-
graphied on 0.5-mm thick ahiuoina HE (Brinkmann) thick layer
plates (CHCL ax mobile phiaset, The edge of the plate wax
spraved with cerie =ulfate reagent o locate the band=.  'The
higher By comporera was erystallized from acetone-Skellysolve
B ro altord XIV: mp 227-250° {«]®®n —60° (¢ 0.35); nmr,
011 (1 11, C-19 aldehyde), 4.16 (1 H, C-22 vinyl 11, 510 (1 11,
A3 (2 H, C- J}),041D(1 1, C-15), ()7 (1 H, d,
L3 (1)( H;), and .23 (3 11,

1, <26, Foaid:

Fomd:

m, Je-11),
J = 1.5-2.0 eps, C-6), 800 (3
C-18).

Anal, Caled G Cuadlg O
67.01; 1, 6.76.

The lower F; component was crystallized from CHCL=E O
to afford XITL: wmp 194-107°: [a]*p —55° (¢ 0.53): nmr, r
0.02 (1 11, C-19 aldehyde), 419 (1 H, , J = 1.5 eps, C-22 vinyl
I, 310 1, m, Se-ll), 531 (21, 4,/ = 15 eps, C-21), 6.58
G, Co0ag 6,80 (1 L, dy o = 20 ops, -6, 802 a3 11, O
COCH,L, .11)(1 0.32 (3 11, C-18).

Arnal. Caled for ColluOq O GTRG:
67,75 1, 6.73.

The 5,6a-14,15a-diepoxide (XI11) wax prepared via an alternate
method 1’)\ opuxidaliun of  3g-aceruxy-3,6a-epoxy-19-0x0-ia-

cardi-14,20(22 }-dienolide {XIT) with monoperphthalic acid i
ether. ’Ihu mixture melting point with a =ample of XIII pre-
pared s above was imdepressed, and the infrared and nmr spec-
trie ol the respective samples were 1dentical.

33,5,14-Trihydroxy-19-carboxy-53-card-20(22)-enolide 3-
Acetate (Ic) and Methyl Ester (Id).—Siraphanihidiic 3-acetate
[ Tey™ iy dioxnwe was oxidized with 3077 H.0, by the procedure
of Barher wid Ehreasteind® o vield =trophanthidinie acid 3-
acetiate (Te). The mv(h\l exter (Id) was prepared according 1o
Koeehiliie nod Reiehstene®
3,19-Dioxo-5,14- dxhydroxy-55-card-20(22)-enollde (XXY).~
Straphao thidol®® (Tf, 0.400 g, 0.99 nunole) i1 60 ml of 507 aqueous
acetane was oxidized 11 an atmosphere of Oy in the presence of
v black (prepared from 0.30 g of Pu04).%® The acetone wax

C,67.85; 1, 6830 Fomd:

1, 6.83. Foaid:

1. Reichxtein and 11, Rosenmund, Phrewm. Acta Hele., 18, 157 (1940}
G o o] N Flaensicin, 4. (g, Chenc, 26, 1230 (189G,
3T (L Roeelihin and T. Reielistein, fele, Chon, et 30, 167111017,
A8y A Hunger amd T, Reichiscein, Ber., 85, 833 (1952),

391 RV AL Sneeden and Ro 13 Torener. /. Am. Chemi. Soc., TT, 190

BREEYH

(30)

M. Kurenax, M. Moxorors, R. 8. SanpuU. axo 1. 15

Hoxiy Vol.

removed by concerdratione and the renciining agnesms solinon
wis extracted with (onr 100-md portions of CHCL. The condined
CHCL extrnets were dried {(NaRO)35 aml te solvent was evapn-
rated.  The cesalting =ali]l foam was ervatidlized tom CHCY
FGO, 1o iddord 0275 g (69 yof NXTL g 206-208° Recry=talh-
zavion v NXXT Trone weerone-Skelly=olve 13 guve the wnbtied
<mmple: mp 210=220°0 ja]®n +32° Lo 0.5, wethaml )y A
206 mu e 17,000 mny, ¢ =003 ) 1, (=10 ;(](1(!11)’(1(-\ »i
hexadenterinacetone.

Anall Caled (e
G814 11, 730,

Componnd - NX1 wies dehydrated  witle 1miflnomacetic aeid
o the known  3,19-dioxo-T4-hydroxy-eardi-4,20{ 22)-die1olide
(XXITL The idrared speetmimn wies =apecimpaosicdile npon Ui
of ap anthemic sample.™

Strophanthidin 18-oxime (Ig) wics pepayed Dy dee raethd vt
Jaeab= and Heidelberger.

33,5-Dihydroxy-19-0x0-53-carda-14,20(22)-dienolide (XV) wix
prepuared by 1he seqoenee of Platiner, e ol and Makarichev
and Abnbakirow,2s

33,5-Dihydroxy-19-o0x0-53-carda-14,20(22)-dienolide 3-Bromo-
acetate (XVIa).---A =ohitiowe of w(b:il) g (0078 mmole) of 14
monaanhydrosirophanthidin (XV), L0153 ml (006 mmole)
pyridbee, and 3.0 ml of dioxime wies treamted with hromaacetyd
bhromide (0.014 ml, 0.16 nunole) wherenpowe s granular preeipi-
tne finrmed,  The yvellow sispension wis =thred fine 1.5 hr and
then =lowly dilnted with T ml of water.  The wier witiadly
canzed  tle solubilizavion of the  gracalar precipitide (st
probably o pyridininm =alt) aud thewe the =eparation of o lighi
vellow c¢rysalliie pradnet. The ervstals were eolleeted witle
water aud air dried; yield 0.034 g (867, of XVIa, mp 200
203° dec. Repeated recrystallizations from 93¢ ethanol gave
colarless ervsials of ‘111(11\(1('11 purity: mp 204-215° dee: [a]Zn
4A16° (¢ 0.99); nmr, 7 —0.13 (1 H, C-19 aldehyvde;, 4.05 1 1 1,
( =22 vinyl 1), 4.67 (2 11, m, C-3e M oand C-15 vinyl Hy, 524

2L dy o= 2 eps, C2210 612 (2101, BrCHL.COL and 9. 1 v
H, C-18).

Anal, Caled for CallyBroe G, 50070 1 6016 Bry 15,70,
Fomal: C, 59.00: 11, 6.12; Br, 1.5.584.

The prednet was shown (o be idenlical widy the hrommaceraie
exter prepared by Welles, ¢ «f,% by aeviation of scrophanthidin
with hromoacery! ehloride. A <ample of (he latter ester (kindly
provided by Dr. R. C. Anderson) =howed mp 209-211°, ard the
mixinre meling poita with XVIa was not depressed.  The
infrared spectra of the respective samples in CHCY were ~nper-
impozable.  The melting point and infrared =pectrmm ditfered
from that of strophanthidin 3-bromoacetate.?

33,5-Dihydroxy-19-ox0-53-carda-14,20(22)-dienolide 3-
Iodoacetate (XVIb).-~A =olutioic of 1d-monaanhydrostrophan-
thidin (NV, 0.031 g, 0.080 ramale) e 2.0 ml of 5077 dioxape
bevzene wius (10110(1 with 0.1 ral of 1odoaeceiyt eliloride*t ayd
wirtied to 43-30° After 1 hr the =olntion wus added dropwise
10 cald Skellv=olve B (75 1al). The rexnluing vellow precipitace
wis collected, wir-dried, and dissolved @ CHCL,  The CHCL
solntion wax wieshed onee with NaoS,0s, vnee withe water, and
dried (N0, CHCL was evaporated 1o leave w light yellow
rexidae. U pon cev=allization Trom 957 ethanol, colorless cry=-
tals (0032 g, 737 (1 of XVIb, mip 152° dee, were obtained.  Re-
peated recrystallizations gave the malytieal sangple: mp 162
163° dee: {a]2n +8° (¢ ()4?’4) nmr, 7 —012 (1 1, C-19 wlde-
livde), 4.10 (1 H =22 \il(\ 1), 4.72 (2 1, m, C-3e-11 and C-15
vinyl H), 5.25 ( H,rl J o= L5 eps, C2D), 6.27 (2 H, TCH.CO),
wied 9.190 3 1, ( SIS0

Anal. (.(l(d far € 1-{‘111)‘.' ('. =% I TAN § PR TR S BB UUS I
Fonrd: €, 54.29; 1, )U?s I, 20820

38,5,14-Trihydroxy-19- oxo-56-card-20(22)-enolide 3-Azldo-
acetate (XVIII). - Strophanthidin 3-iodeacetate® (XVIID, 0.200
g, 0.35 mmole) in 20 nil of dioxane was treated with a =olntion of
0.056 g (088 muole) of NaNy in 4 ml of TLO.  Tle mixture wis
allowed o staod e the dark for 40 hr, after which tmte it wies
diluted with 20 mil ol 11400 and the dioxane was evaporated.
The crystallive precipitate was collected with water and driel
ica vaenmmn desiceator over PaOQ;; vield 0.147 g The precipitate
was erystallized from acetone-Skelly=alve B ro afford a total
vield of XVTII of 0,120 ¢(74%,). Repeated recrystallizations gave

CollaOgr o803 1L 5500 hamd:

GOy XOAL Knceluor, O Sih N WaGai, amed O Y1 Tavels, stdd, 84,
1552 (lue2).
b I Abderhalilen and 3. Guggenheim, Bre. 41, 2852 110085,
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an analytical sample of XVIII: mp 213-215° dec; [a]?>Dp +22°
(¢ 0.55, methanol); Amac 3.61 (C-H of aldehyde) and 4.72 u
(azide).

Anal. Caled for CullpN;0.: C, 61.58; H, 6.82; N, 8.62.
Found: C, 61.61; H, 6.75; N\, 8.71.

34,5,14-Trihydroxy-19-o0x0-53-card-20(22)-enollde 3-Amino-
acetate Hydrochloride (XIX)—A suspension of 0.120 g of 69
Pd-8rCt); in 5 ml of absolute ethanol was equilibrated for 30
min with H, at atmospheric pressure. Strophanthidin 3-azido-
acetate (XVIII, 0.224 g, 0.46 mmole) in 30 ml of absolute ethanol
was added and washed in with another 5 ml of absolute ethanol.
The hydrogenation proceeded for 3 hr, the catalyst was removed
by filtration, and the filtrate was evaporated to dryvness. The
rexidne wax dissolved in purified 'THE,| cooled inn ice, and treated
with an ethanolic solution of dry HCl (about 10 dropx). The
resnlting white suspen=ion was concentrated (o dryuess and used
directly i the next step.
34,5,14-Trihydroxy-19-0x0-53-card-20(22)-enollde 3-Diazo-

acetate (XX).—The aminoacetate hydrochloride (XIX) was dis-
solved in 20 ml of water, filtered free of insoluble material, and
cooled in ice. The cold solution was treated with 0.080 g (1.2
mmoles) of NaNO,, while stirring. The reaction mixture was
kept in the refrigerator overnight. The resulting suspension was
filtered to yield 0.078 g of a peach-colored precipitate (A).
The filtrate was extracted (CHCL) until a drop of the extract
no longer gave a positive test with 3,3-dinitrobenzoic acid.??
The combined extracts were washed once with water and dried
(Nas804). The CHCI; solution was evaporated to an oil which
crystallized with a few drops of acetoue; yield 0.078 g (B).
Product B cousisted mostly of two spots on tle (59 CH;OH-
CHCI;), while product A corresponded to the upper component
of B. Product B was chromatographed on two silica gel HF
thick layer plates (109 CH;OH-CHCI as mobile phase). The
product from the upper band was crystallized from methanol
to atford 0.015 g of XX, mp 213-215° dec. Product A was also
ervstallized from methanol and, in two crops, vielded 0.051 g of
diazoacetate XX, mp 215-217° dec, combined yield 0.066 g
{30%7), based on the quantity of azidoacetate nsed. The lower
band from the ehromatography of product B was obtained as
an almost colorless solid foam (0.018 g) and was shown to be
strophanthidin (Ia) by comparisen of its infrared spectrum with
that of an authentic sample. Repeated recrystallizations of XX
from methanol gave an analyvtical sample: mp 218-220° dec;
[«]®Dp +39° (¢ 0.38, dioxane); Am.x 3.63 (C-H of aldehyde),
4.72 (diazo), and 5.96 u (ester C=0 conjugated with the diazo
group); Amax 249 mu (e 14,700) (C=0 conjugated with diazo
group) and 217 mu (e 18,100) (a,8-unsaturated lactone).

Anal. Caled for Cy:HaN.0:: C, 63.54; H, 6.83; N, 5.93.
Found: C, 63.34; H, 6.98; N, 5.88.

Preparation of ATPase.—Eight guinea pig brains were each
honiogenized in 10 ml of sucrose-EDTA.* The pooled homoge-
nates were centrifuiged at 13,600¢ for 10 min. The supernatant
finid and the loosely packed buff-colored layer were decanted into
a flask and mixed with an equal volume of 1M NaCl and 0.2
vol. of 0.75%; Tris deoxycholate. 'The mixtnre was homogenized
briefly and then centrifuged at 78,5007 for 1 hr. The residue
was resuspended in 160 ml of sucrose-EDTA and centrifuged
again for 1 hr at 78,500g. The pellet was suspended in 10-20
ml of sucrose-EDTA, and the enzyme was stored in a Dry Ice
chest where it retained activity for at least 1 month. The
itransport ATPase’” averaged about 75 umoles of ATP hy-
drolyzed/mg of protein per hr at 37°. The “nontransport
ATPase’” activity was abont 10-209; of that of the “transport
ATPase.”

Incubation of ATPase with Cardenolide Derivatives.—The
enzvme was thawed at room temperature just before use and
suspended in 50 md/ imidazole-HCI buffer, pH 7.1. Preincuba-
tion was carried out at 37° for 30 min with each cardenolide
derivative. The preiiccubation vessels contained 125 md/
imidazole-HCl, pH 7.1, approximately 125-250 ug of protein in
a final volume of 1.0 ml, and the cardenolid derivative (DMF)
at a final concentration of 10—¢ /. Each derivative was tested
for irreversible inhibition after incubation, by washing the enzyme
suspension twice with sucrose-EDTA; the residue was then
suspended in 2.0 ml of 100 mAf imidazole-HCI, pH 7.1. ATPase

(42) I. E. Bush and D. A. H. Taylor, Biockem. J., 52, 643 (1852).
(43) L. E. Hokin and A. Yoda, Proc. Nsitl. Acad. Sci. U. 8., 52, 154
(1964).
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activity was assayed by a slight modification of a previous
method.** The assay tubes contained 0.50 ml of the incubated
suspension (either washed or unwashed), 80 mM imidazole-HCI
(pH 7.1), 2 mM MgCly;, 2 mM Na,ATP, 80 m}{ NaCl, and 16
mM KCl. Incubation was for 20 min at 37°. All assays were
carried out in duplicate with the addition of either 0.05 ml of
water or 0.05 ml of 1 mM ouabain. Protein was measured by
the method of Lowry, et al.¥ The ATPase activity in the pres-
ence of 0.1 mM ouabain is due to the “nontransport ATPase,”
and the increment in activity on omitting onabain is due to the
“transport. ATPase.”

Evaluation for Cytotoxlc Activity.—Assays were performed by
A. D. Little, Inc., Cambridge, Mass., under coutract to the Can-
cer Chemotherapy National Service Center (National Institutes
of Health). The procedires have been described in detail.
The evaluation of assay resnlts for cytotoxic activity toward
cell cultures of himan carcinoma of the nasopharynx (KB) by
the CCNSC is such that a purified compound is considered
active if the averaged ED; of two tests is equal to or less than
4 ug/ml.

Evaluation for Cardlotonic Actlvlty.—Healthy male guinea
pigs (500-700 g) were killed by a blow on the back of the neck
and the hearts were rapidly removed. The atria were quickly
freed of wventricular muscle, fat, and connective tissue and
suspended in 50 ml of modified Krebs-Henseleit solution (pH
7.4 = 0.1)*" into which was bubbled a mixture of 959, 0, and
5% COs at 37°. The modified Krebs—Henseleit solution was of
the following composition: NaCl (6.92 g), KC1 (0.35 g), anhy-
drous CaCl, (0.28 g), KH,PO, (0.16 g), MgS0s.7TH.0 (0.29 g),
NaHCO; (2.1 g), glucose (1.28 g), and enough distilled water to
make 1 1.

Following immersion in the bath, the atria were allowed to
stabilize for 30 min before use. In performing the test, the
spontaneons contractions were recorded for 5 min before addition
of the cardenolide to be tested. The cardenolide was added as
a solution in DMF (final concentration of 10=3 Af, imless stated
otherwise) and the contractions again were recorded for 5 min.
The amplitude of the isometrie contractions was recorded on a
Sanborn recorder (Model No. 150) via a force displacement
transducer. There was a direct linear relationship between the
amplitude of the stylus deflection and the force of contraction
applied to the lever (resting tension of approximately 1 g).
The Krebs—Henseleit solution in the bath was removed and
replaced with fresh solution. The atria were washed in five
changes of Krebs-Henseleit solution and allowed to beat for
about 20 min, during which time the amplitude had diminished
to its original height. The same atrium can respond to give satis-
factory results for a large number of compounds tested.

Biological Results and Discussion

A series of strophanthidin derivatives have been
evaluated for activity in three distinet biological sys-
tems in an attempt to explore possible parallels in
relative effectiveness and modes of action. Certain of
the compounds were selected in order to compare
structure—activity relationships in one or more of the
biological systems with results reported in the literature.
For example, it has been reported that oxidation of the
C-19 aldehyde group of the strophanthus glycosides
destroys the cardiac activity, but that the activity is
usually retained when the aldehyde group is reduced.#®
To evaluate the generality of the latter observations,
strophanthidin was converted to strophanthidinic acid
3-acetate (Ic), strophanthidinic acid 3-acetate methyl
ester (Id), and strophanthidol (If). Similarly, it
has been reported that in cardenolides, saturation of
the double bond in the lactone ring, or dehydrogenation

(44) L. E. Hokin and D. Reasa, Biochim. Biophys. Acta, 90, 176 (1964),

(45) O. H. Lowry, N. .I. Rosenhrough, A. I.. Farr, and R. .I. Randall, J.
RBisl. Chem., 198, 265 (1071).

(46) Cuncer Chemotherapy Repi., 25, 1 (1962).

(47) W. T. Salter and E. A. Runels, Am. J. Physiol.. 165, 520 (1951).

(48) J. W. Wilson in ‘‘Medicinal Chemistry,” A. Burger, Ed., 2nd ed,
lnterscience Publishers, 1ne., New York, N. Y., 1960, Chapter 31.
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of the 38-hydroxyl group, affords a molecule which has
decreased ability to inhibit transport ATPase and to
stimulate ecardiac musecle.® Strophauthidol (If) was
accordingly converted to 3-dehydrostrophanthidin
(XXI), and strophanthidin was converted to 38,5,14-
trihydroxy-19-oxo-58-cardanolide  (XXIV);#*  both
were tested for eytotoxic activity toward KB,

The results of the biological tests of the strophanthi-
din derivatives are tabulated in Table I, The first test
was an evaluation for eytotoxic activity against ecell
cultures of human carcinoma of the nasopharvnx (IKXB).
‘The second test evaluated the componnds for reversible
and irreversible inactivation of transport. A'TPase.
Transport ATPase activity in the presence of car-
dentolide was expressed as a per ceut of the aetivity of
the control sample incubated without cavdenolide.
Irreversible inhibition of the transport A'TDPase was
demonstrated by a failure to regain the control activity
after washing. The third hiological test was an evalua-
tion of the cardiotonic activity of the cardenolides.
Trevan, el al., and Bhatt and MacDonald®! have used
isolated rabbit auricles for the estimation of digitalis
activity. In the present work, it was found sutis-
factory to use isolated, spoutaneously beating atria
from guinea pigs in testing for cardenolide activity.
The responses are expressed in ‘[able 1 as per cent
change in the amplitude of the contraction due to the
cardenolide derivative (final coneentration of 10— 1/,
unless stated otherwise). The control amplitude of
contraction was recorded just prior to the addition of
the cardenolide derivative.

The results in Table I shed light on the effects of
changes in structure among derivatives of strophanthi-
din ou biological activity. It appears that cyvtotoxic
activity in KB is lost when the cis configuration about
rings A/B is ultered.  This is seen in the relative in-
activity of compounds Vb, VII, IXa, X, and XI, as
compared to the parent strophanthidin (In).  Altera-
tion of the ¢is C/D junction also results in loss of ac-
tivity, as evidenced by the results for XV. The reduc-
tion of the C-19 aldehyde to the C-19 carbinol (If) or
conversion to an oxime (Ig) cnuses little change in
activity, whereas conversion to the C-19 carboxylie ncid
(Ie) or its methyl ester (Id) causes loss In aetivity.
The latter observation is in agreement with earlier
reports concerning structural requirements for cardio-
toule activity ®  Saturation of the double boud in the
lactone (XXIV) also dimiishes activity, The one
posttion in which various changes can be made without
loss of eytotoxie activity, and, in fact, with enhance-
nent of activity, is C-3 (e.g., le, XVIIa, XVIIb, XVIII,
XX, und XXTI).

Direct comparison of the ¢y totoxic activity (IXB) with
N'Pase inhibitory activity indicates essentially parallel
results.  Of the eleven compounds which are “active”
m KB, only two (XVIa and XVIb) fail to show at least
a1 7097 inactivation of the transport AT Pase.

Two componnds (XVIIa aud XVIIb) were shown to
be irreversible inhibitors of the transport ATPuase, as
evidenced by only partial reversal of the ATPase in-

1) . Rabald and 1. Kyuns, Zo [thysiol. Chene, 268, 39 (10101,

(30) J. W. T'revan, . Boock, J. Y. Burn, aud J. 11, Gaddupm, (e, S,
Pharm,, 1, 6 (1928),

(51) 3. G. Bhatt and A, D, MacDonald, /. Fhaem, Fheoracdd. 12 733
(1980),
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XX 1,06 13 0% 125
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XXIII 28 1 100 No changet
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“ Uvtotoxie getivity was determived by tests with cell enl-
ires of Inman careinoma of the nasopharynx (KB), and a coni-
poind iz eonsidered wetive if the EDy (do=e that inhibits growth
1o 404, of econtrol growth) is equal to 4 pg/ml or less.  Inhibitory
activity of a gninen pig brain travsport A'TPase i expressed ax
per cent of contral in nuwashed and washed sanmples.  Cardio-
toude activity of the cardenolide derivatives was evaluated on iso-
lnted gninea pig atrin, and the responses ure expressed as per
cerd change (compared to the control) i the amplitude of the
conrtraetiorcdne to chie cardenolide derivative. ¢ Ac35 X 1078 /.
“ Tt has been reported that the ATPase ichibitory activity of
dibydrodigitoxin = ¢/, of that of dighoxin: K. Repke, ref 3,
47,

hibitory activity upon washing. Detaled results of
the study of these two compounds have heen reported
clsewhere.

Comparison of the results of activity in the guines
pig atrial preparation with IKB eytotoxic activity and
transport ATPase inhibitory activity indicates a close
parallel in the relative effectiveness of the compounds
in cach test. It ix noteworthy that strophanthidol
(Ify and strophanthidin 19-oxime (Ig) are extremely
dctive in inereasing the strength of contraction of the
atrial muscle.

The parallelism between evtotoxic activity and in-
hibition of transport ATPase with the different car-
denolides merits comment. It has been shown that
the aetive transport of many amino acids is inhibited by
eardenolides, possibly because of an interrelationship
between wmino acid transport and sodium transport.®*
Inasmuech as tumor cells are very active in accumulating
amino acids,” presumably because of their high amino
acid requirements for growth, it is possible that the mn-

AU T Z0 Csaky, Fadevolivn Prov.. 22, 3 (19635,
i33) 1L N. Chyistensen, T, R, Riggs, . Viselier, aod 1. 3 Valadive, /.
Bint. Chem., 188, 1 (1452¢,
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hibition in growth of nasopharyngeal carcinoma cells
in culture by cardenolides is due to inhibition of amino
acid accumulation.

In any event, the fact that similar structural features
are important for inhibition of transport ATPase, KB
cytotoxic activity, and atrial muscle inotropic activity
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lends support to the view that the receptors for the
cardenolides in the three systems may be structurally
very similar,
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A route to the synthesis of a number of nicotine metabolites bearing a ¢C label adjacent to the pyridine ring
is described. This synthesis, which starts with the condensation of ethyl nicotinate-7-14C and diethyl succinate,
provides ~-(3-pyridyl)-v-oxobutyric acid, +y-(3-pyridyl)hydroxybutyric acid, ~-(3-pyridyl)-y-methylamino-
butyric acid, cotinine, and demethylcotinine, as well as the two alkaloids nicotine and nornicotine. After ad-
ministration of (= )-cotinine-2-14C to the rat, the urine was examined chromatographically for radioactive and
Koenig-positive (pyridine) substances. The general pattern of excretion of the radioactive Koenig-positive
substances resembled those previously encountered in some other species and paralleled that found earlier with
nonisotopic material. The radioactivity of administered (= )-cotinine was eliminated with a high degree of ef-
ficiency (90-97%, of the administered dose), predominantly by way of the urine. Virtually no radioactivity was
encountered in expired air, syggesting little or no conversion to nicotinic acid. Demethylcotinine and y-(3-
pyridyl)-y-oxo-N-methylbutyramide were identified in the urine by isotopic dilution. Similar experiments
where carrier nicotine was employed failed to provide evidence for the reversibility of the metabolic reaction

nicotine — cotinine.

In the metabolism of (—)-nicotine in many mam-
malian species,® (—)-cotinine is one of the early metab-
olites that appears during the course of a long series of
progressive oxidations leading eventually to the urinary
excretion of 3-pyridylacetic acid. The experimental
administration of large quantities of (—)-cotinine to
the dog gives rise to (—)-demethylcotinine, one of the
later intermediates in the series, Chromatographic
studies on human urine after administration of (—)-
nicotine suggest’d the presence of demethylcotinine,
while administration of cotinine gives rise* to no, or
insignificant, urinary excretion of the demethyl com-
pound.

In view of the possible mammalian conversion of
nicotine to nornicotine, a reaction® that was later to
receive positive experimental support*® with rabbit
liver and dog liver preparations, Wada, et al.) ad-
ministered nornicotine to dogs and studied the urinary
metabolites. Among these, demethylcotinine was pres-
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ent. Irom these findings and additional data, there
thus arose the possible alternate routes (Scheme I) to
the formation of demethylcotinine in the dog.

Administration of (—)-nicotine-methyl-1¢C to the rat
gives® rise to significant quantities of #C activity in the
respiratory CO.. This excretion could presumably
reflect several alternate routes of degradation, includ-
ing (a) conversion of nicotine to nornicotine, (b) con-
version of cotinine to demethylcotinine, and (¢) oxida-
tive attacks proceeding initially by way of the pyridine
ring of nicotine,

Conversion of (—)-cotinine to (—)-demethylcotinine
in the rat has already been established® on a semiquan-
titative basis using nonisotopic material.

We were thus led to consider and develop methods for
the synthesis of pyrrolidone-ring-labeled cotinine-!4C
and to determine some aspects of its metabolism and
intermediary role as a nicotine metabolite in the rat.

Experimental Section

General Procedures—Paper chromatograms were prepared
on Whatman No. 1 paper and developed in solvent B, 0.5
N NH.OH-95% EtOH-n-BuOH (1:1:4 by volume), and solvent
C,1 90% formic acid-sec-BuOH-H.0 (14:75:11 by volume).
Thin-layer chromatograms were prepared on silica gel (Eastman
Chromogram Sheet, Type K 301R) and developed in solvent
K112 MeOH-CHCI; (15:85 by volume). Koenig-positive zones
were disclosed as previously described.” Melting points were
determined on the hot stage.
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