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Einploying a madified Koenigs-Knorr type synthesis, strophanthidin (VI) was coupled with tetra-O-acetyl-«-p-
mannasyl bromide (I) and with tri-O-benzoyl-e-p-rhamnosyl bromide (II) to give, respectively, after saponifica-
tion of the reaction praducts, strophanthidin a-p-mannopyranoside (VII) and strophanthidin a-p-rhamnopyrana-

side (VIII), the latter of which was converted ta a erystalline tri-O-acetyl derivative VIIIa.

Bath cardenolides

VII and VIII have an “unnatural’’ glycosidic linkage, when campared with natural p-hexosides of straphanthidin

haviug the g-anoineric canfiguration, and show a low order of cardiotonic activity.

The non-naturally occurring

8-L-mannose (IIT) was converted to penta-O-acetyl-g-L-mannose (IV) which reacted with hydragen bromide-

neetic acid to give tetra-O-acetyl-a-L-mannasyl bromide.

The latter coupled with strophanthidin (VI) to give,

after removal of the pratecting groups, straphanthidin a-1.-mannopyranoside (6’-hydroxyconvallatoxin) (IX)

which was converted into an amorphous tetra-O-acetyl derivative IXa.

The L-mannoside IX has a potency

(MLD 0.069 mg. kg.~!) superseding that of convallatoxin (6-deoxy-a-L-mannopyranoside of strophanthidin)

and is, therefore, the most potent of all known cardenolides.

These results support our pastulate that deoxy-

genation in the carbohydrate component of a cardenolide leads ta a loss in poteney.

According to Klyne,? cardenolides of natural origin
coutaining sugars of the p-series are invariably 8-ano-
niers while those which contain L-sugars have the
a-anoneric configuration. I'reviously we reported? the
syuthesis of the a-digitoxoside (2,6-dideoxy-a-n-ribo-
hexoside)®® and the a-p-rhamnoside (6-deoxya-D-mart-
noside)® of digitoxigenin (38,148-dihydroxy-53-card-
20(22)-enolide); both possess an “wimatural” glyeo-
sidic linkage aud show surprisingly low potencies
when compared with assay values obtained for seven
hexosides of digitoxigeniu of natural origin.* Th's ob-
servation suggested to us that, in general, the presence
of an a-glycosidic linkage in cardenolides coutaining
b-sugars provided for a molecular couformation an-
satisfactory for optimum cardiotonic activity. In
arder to leud support to this contention, we undertook
the preparation of two additional cardenolides, each to
contain a v-hexose aund to possess an e-glycosidie link-
age. Drior to the work described in this paper the
naturally occurring convallatoxin [6-deoxy-e-L-man-
noside of strophanthidin (VI)] had been considered to
be the most poteut of all eardenolides and, because of
this, we chose to prepare glycosides of strophanthidin
(18,58, 148-trihy droxy - 19-oxocard -20(22) -enolid) (V1)
contalnng p-maunose on the one hand and 6-deoxy-p-
mannose (p-rhamunose®) on the other.

Recent work® in this Laboratory lias yielded informa-
tion which now leaves little doubt that deoxygenation
in the pyranose is, in general, unfavorable for cardio-
tonic activity. According to this, the reverse should be
true and by “oxygenating” the sugar compouent of a
naturally oceurring cardenolide, one should effect au -
crease w1 poteney.  With this in mind, we undertook
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to iuecrease the oxygeu function of the carbohydratc
compouent of the potent convallatoxin by couverting
the C-5 methyl group to a lhydroxymethyl group:
accordingly such a change should result in a substantial
ncrease in potency.

Stable O-acylglycosyl halides prepared from hexoses
of the mannose series (to include p-rhamnose) are in-
variably a-anomers and, owing to the fact that the C-2
acyloxy group is an axial substituent, such derivatives
are at the same time 1,2-{frans halides. Under specified
conditions such halides may undergo displacement at
C-1 with uet retention of configuration’; in fact with
cach of all previously reported syntheses of cardenohides
involving 1.2-trans halides i1 the presence of silver car-
honate, an a-glycoside was formed to exclude both the
alternate 8 anomeric form and au orthoester. Tt
should follow therefore that mamnosyl halides (as well
ax rhamnosyl halides) should give rise to a-cardenolides,
irrespective of which enautiomeric form of the sugar is
imvolved. Iu the present study, thiee new cardenolides
were prepared and the anomerie configuration of each
was shown to be a, as determined by application of
Klvne's rule of molecular rotational additivities.?

The known 2,3 4,6-tetra-O-acetyvl-a-p-mannosyl bro-
mide (I)® was coupled with strophanthidin (VI) in the
presence of silver carbonate, using an azeotropic distil-
lation procedure esseutially the same as that described
by Meystre and Miescher.® The O-acylated cardeno-
lide was not isolated; instead the reaction mixture
was saponified 7n foto, thus rendering all extraneous
carbohydrate material water soluble. Extraction with
orgaunic solveuts gave the desired 36-(a-p-mauno-
pyranasyl)-53,143-dihydroxy-19-oxocard - 20(22)enolide
(VID) in 209¢ vield.

By a similar procedure, strophauthidin (VI) was
treated with 2,3,4-tri-O-benzoyl-a-p-rhamnosyl bro-
mide (I1)™ and, after saponification of the reaction mix-
ture, there was obtained in 569, yield, 33-(6-deoxy-a-n-
mannopyranosyl) - 58,148 - dihydroxy - 19 - oxocard - 20-
(22)-enolide (VIID), which afforded a ervstalliue tri-0)-
acetylated derivative (VIIIa).

(T8 A Thompsan and M. L. Wolfrom in " The Carboliydrates,' W. Pig.
weant, el Avsadeie Press, Inc., New Yark, N, Y., 19457 1. 1.
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In order to increase the oxygen function of the carbo-
hydrate component of the potent convallatoxin it was
necessary to work with the non-naturally occurring
L-mannose, for which an excellent synthesis is provided
by Sowden and Fischer.” In contrast to the experi-
ence of these authors, however, we found that the §-L-
mannose (IIT) thus prepared crystallized with con-
siderable difficulty. When IIT was acetylated uuder
the usual conditions at 0°, 1,2,34,6-penta-O-acetyl-G-
L-mannose (IV) was obtained in 5197 yield. Treat-
ment of IV with hydrogen bromide-acetic acid gave
919, of 2,34 6-tetra-O-acetyl-o-L-mannosyl bromide
(V) which coupled with strophanthidin (VI) to give,
after saponification of the reaction products, 249 of 38-
(e-L-mannopyranosyl)-58,148-19-oxocard-20 (22)-enolid
(6’-hydroxyconvallatoxin) (IX).!! The structure of
the new cardenolide IX was given support by conver-
sion to the tetra-O-acetylated derivative IXa. Al-
though IXa could be obtained only as an amorplious
powder a satisfactory elemental analysis was obtained.

Assay results given in Table I for the two “unnatural”
a-p cardenolides VII and VIII show a low order of
potency when compared with the naturally occurring
convallatoxin as well as with other natural monosides of
strophanthidin,* and are qualitatively in agreement
with our findings with the a-digitoxoside®* and the a-
p-rhamnoside®® of digitoxigenin. On the other hand
6’-hydroxyconvallatoxin (IX), although an a-glycoside,

(10) J. C. Sowden and H. O, L. Fischer, J. Am. Chem. Soc.. 69, 1963
(1947).

(11) The preparation of G-hydroxyconvallatoxin (IX) has been re-
ported sunnmarlly as a “"KOM" in Naturwiss., 50/3, 93 (1963).
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possesses a ‘“‘natural”’ glycosidic linkage owing to the
fact that it contains an 1-hexose. As anticipated, the
additional oxygen function at C-6 of the carbohydrate
component has increased significantly the potency (es-
pecially the molar potency) of IX beyond that of cou-
vallatoxin, and it follows therefore that 6’'-hydroxy-
convallatoxin (IX) displaces couvallatoxin from its long
held position as the most potent of all cardenolides.

TasrLe I
Hexosides of strophanthidin LD/mg.* LD/upmole
a-L-Rhamnopyranoside (convallatoxin)  12.6 7.0
a-p-Rhamnopyranoside® (VIII) 7.2 4.0
a-L-Mannopyranoside (IX)* (8'-
hydroxyconvallatoxin) 14.5 8.2
a-D-Mannopyranoside (VII)® 3.9 2.2

s LD /mg. refer to the number of lethal doses per mg. and may
be obtained simply by taking the reciprocal of the MLD [mean
(geometric) lethal dose in mg./kg., as measured in 10 cats] for a
given cardenolide. 'This inethod of expression, recently inaugu-
rated by Dr. K. K. Chen, Eli Lilly and Co., Indianapolis, Indiaua,
and privately communicated to the authors, is to be commended
in that larger values bespeak of higher potencies, and vice versa.
® The authors are much indebted to Drs. K. K. Chen and Francis
G. Henderson, Eli Lilly and Company, Indianapolis, Indiana,
for carrying out the assays of the three new cardenolides.

Experimental

All melting points were determined using a Kofler hot, stage.

General Procedure for Coupling Reactions.—To a 100-ml.
two-neck flask fitted with a dropping funnel and condenser is
delivered a solution of 500 mg. (1.23 mmoles) of strophanthidin
(VI)in 20 ml. of anhydrous 1,2-dichloroethane. To this solution
is added 700 mg. (2.53 mmoles) of dry, freshly prepared silver
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carbonate.  With efficient magnetic stirring, the flask and con-
tents are heated hy means of an oil bath and approximately one-
half of the salvent is alluwed to distil over ut a moderate rate.
Next, a solution of 2.5 mmoles of the sugar halide (1, II, or Vi
m 100 ml. of anhydraus I,2-dichloroethane is delivered to the
dropping funnel and this solution is added dropwise to the stirring
mixture aver a period of 3.5-4.5 hr.. during which time the solvent(
from the reaction Hask is distilled over at an equal rate.  In this
manner, the volime of the solvent in the reaction flusk is kept
constant.

After completion of the addition of the hromide, an additional
70 mb. of anhydrous 1,2-dichloraethane is added drapwise, with
distillation maintained as in the foregoing. The insoluble silver
salts are filtered und the filtrate is evaparated in racio at 30°.
The sinpy residue is dissolved in 200 ml. of methanol and ta this
solmtion is added 65 mb. of water containing 1.4 g. of patassium
bicurbonate.  After stirring magnetically ut roam temperature
for 10 days, the sohition is concentrated /n racuo at 30° to o vol-
ume of c. 60 ml. Details far the isolation of the eardenolides
VIL VIIT :and IX are to be found in the subsequently deseribesd
mdividual experiments.

338-(a-p-Mannopyranosyl)-53,143-dihydroxy-19-oxo-card-
20(22)-enolide (VII).-—The coupling of strophanthidin (VI) with
4.3,4,6-tetrn-O-ucetyl-a-p-munnosyl hronide (1) and suponifien-
tion of the reaction praducts according to the general pracedure
given resilted in 60 ml. of agqueous sohition which was extracted
successively with cther, chloraform, ehloroform ethanol (91
002 and 9:3), employing three-300 ml. portions of each solvent.
Ifrom the chloraform=ethanal (9:1 and 9:2) extracts, there
was obtained impure material which, when recrystallized 4 times
from ether-methanol, gave pure cardenolide VII, n.p. 259--2G3°,
el 4+787° (¢, 0419, D0C methanol), A2 217 myg (4005
Compound V1I gave a positive Kedde test and when chromate-
graphed on puper by an ascending technique, emploving 1-hn-
tanol saturated with water, had 72: 0.31.

Caled. for [M{[strophanthidin 1 V1) IMiImethyt a-n-
mannapyraneside] 12 #17400° + 17870° = +33250° Caled.
for {M]|strophunthidin (VI3 + [M{{victhyl g-b-mannapyranc-
side]??: 4+ 17400° ~ 16490° = +910°. Faund for [M] [stro-
prhanthidin-e-n-inanmapyranoside (V11 --44100°. The glyeo-
sidie linkage in V1T has therefore the a-configuration.

dnal. Caled. for CoH O C0 61460 H, 747,
61.30; H, 7.49,

33-(6-Deoxy-«-L-mannopyranosyl)-53,143-dihydroxy-19-
0x0-53-card-20(22)-enolide (VIII).-—The coupling of 405 nig.
{1 mmole) of strophanthidin (VI) with 1080 mg. (2 mmoles)
of 2,3, 4-tri-0-henzoyl-e-n-rhaunnosy! bromide (1) und sapanifica-
tion of the reavtion mixture us deseribed (ride supra) resulted m
SO ml of aqueous sahitian which was extracted successively with
threc-200 ml portions each of ether. chloroforin, and chlaraform--
ethanal (9:1).  Fram the e¢bloroform-ethanol (9:1) extracts
there was ohtained 410 mg. of erude material which, when re-
crystallized fram methanol, gave 310 mg. (339 of the n-rhamne-
side( VIIT) as o dihydrate, mop. 240--254°. By drying avernight
a6 [10° (0.1 mm.) VIII was obtained as anhydrous niaterial, and
when placed on a bat stage preheated to 230°, melted at 261
1263°. [afBn 4903.8° (¢ 0.855, methanol), ALY 217 my (4.5,
Componnd VIIT gave a positive Kedde test and when chronii-
tographed ou paper treated with the reverse phase hy a descending
technique, emplaving t-butanol saturated with water, had #o
0.76.

Caled. far [M]]strophanthidin (VI) + methy]l e-n-rhamnopy-
ranoside'¥]: +17,400° + 10,900° = +48,300°.  Cualed. for [M]-
{strophantbidin = (VD) 4+ methyl g-p-rhamnopyranoside® :
+17,400° ~ 17,240° = 4+160°. Found for [M] [strophanthi-
din-e-n-rhamnopyranoside (VI +32,700°,  The glyveosidic
Hnkage in VIIT has there the e-canfignration.

Anal. Caled, for L Hu:Oyr 0 63250 H, 7.69.
C, 63,407 H, 7.88,

Tri-O-acetyl Derivative VIIa.-—-To a sohition of t mb of
acetiv anhydride in 1.5 1nl. of pyridine was added 100 mg. (0.17
mmole) of the cardenalide dihydrate VIII.  After standing at
roon temperature for 24 hr., the solutian was dissolved in chlora-
form-ether (1:3) and was extracted in turn with N sulfuric acd
and water.  After drying over magnesimm sulfate the extract

Found: (',

Found:

by PO Klages aud R Muanreubeeehier, Ao, 535, 182 (19:38).

113) Cualealated from the value of the enrrespouding methiyl a-t-rlaiiine-
vy raniside, given in V. J. Bates aud Assucistos, " Poularimetry, Saechiavicgutey.,
aned the Sngars U, 3. Covernvent Printing Olice, Washinetan, 1L €'
D42, p. THO.

Vol. ¢

wag evaporated (i vacuo and the vily residue was dissolved in
acctane. deeolarized with Darco G-60, and was concentrated to
va. 3 ml. Crystalline material separated on the addition of
ether: this was reervstallized once from acetone-ether, giving
pure VI, woge 162-164° (deco. fol®¥p +73.0° fe 0.886,
CH,Cley. For apalytical purposes the material was dried over-
night at 50° (0.1 mur. v

duad. Cated. fur CiaHpOn: O
GLO7; H, 757,

j3-1.-Mannose {I11).-—The sugar 111 was synthesized follawing
clogely the dircetions of Sowden and TFischer.®  Higher yields
from its phenyihyvdrazone were ohtained when the latter wis
hraught to a high state of purity; this was accamplished by de-
colorizing the hydrazone with Darco (-60 followed hy recrystul-
hzation.  After treatnient of the phenylhydrazone with benzal-
dehivde and and extraction with ehloroform ta remove the henzal-
dehvde phenylhydrazene and  unreucted benzaldehyde, the
aquecns sohitiom was immediately deionized with Ambherlite
MB-1inn excbange resin. - Even this treatment did not allow for
ready eryvstullizetion and only by adding water in increments of
0.5, toahsohite ethonol did we orrive at a solvent which yielded
ervstaline mnterinl,. When water-ethanol (2.5-97.5) was e
ploved, (be go-mpopese (1Y ervstallized, but requuired 5 7
days o doowor even (ben it anoanted te only 30-60¢5 of the
sirttpy - mnterinl obtained caeh thoe. Mo B30-BI12°, e]®y,
P T ming — - FER® cequil. e 237, water).

1,2,3,4,6-Penta-O-acetyl-g-L-mannose (IV).—-T« a stirring
suhition of 2.5 ml. of acctic anlivdride in 3.2 mb of pyridine at 0°
was added, in small portions. 400 mg. (2.8 mmales) of finely paw-
dered g-)onunmese.  After standing far 24 hir. 1t 5°, the mixture
wag poured inte ice water and, after standing for several hr., the
sirupy moterial which separated gradually became crystalline.
Fittration and reerystathizatiom of the material fram 426G aqueons
ethanol yvielded 330 mg. (A1) of the pentancctate IV, mup.
PEB-TIT2, fo] B0 4 25.6° (¢ 0.90, CHCL

dAnal. Caled, Tor CillaOn: C 40203 HL 567
4940 H, 4.7,

2,3,4,6-Tetra-O-acetyl-w-1.-mannosyl Bromide (V). T« Xl
al peetie neid satnrated with hydrogen bromide at 0° was added
2.0 g (503 mmdesy of 12,3 4,0-penta-O-acetyl-g-L-mannose
(IV ), and the mixtnre wus allawed to stand at room temperuture
far 3 br.  1e wus then delivered to a separatary funnel containing
a st quantity of crushed ice, and 200 ml. of ether, previously
cooled to 0°, was added. The ether salution was extracted
rapidly in turn with 100 ml. of ice water, 100 ml. of saturated
aqueous sodium bicarbanate (0%, and 100 ml. of ice wuter.
After separating, the cther sohution was dried over sodium sulfate
and evaporated to dryness at 30° giving a sirup which was dis-
solved in 15 ml of anhydrous ether, followed hy the addition of
15wl of s-hexane,  After stunding i refrigerator overnight,
there was ohtained 1.2 g, of mnire V, nup. A6G-58°, [e]"p—138.9°
(e 080, CHCLy From the mother liquor an additional 0.7 g.
was sbtained, bringing the tatal vield of Vto 1.7 g. (91%).

Anal. Caled. for (0 H0Br: ) 40.8%: H, 4.60; Br. 19.43.
Found: ', 40.60; H, 4.61; Br, 10.20.

33-i«a-l.-Mannopyranosyl)-33,143-dihydroxy-19-0xo0-53-card-
20(22)-enolide (6'-Hydroxyconvallatoxin) (IX).—The caupling
of strophanthidin (V1) with 2,3 4 6-tetra-O-acetyl-a-1.-mannosy!
hromide (V) and suponification of the reaction praducts according
tn the general pracedure given gave 60 ml. of agueaus solution
which was extracted in s maimer identical with that described for
the preparation of the n-mannoside VII, using the same hattery of
solvents.  Frony the chloroform-ethanel (9:1 and 9:2) extracts
there was obituined 240 g, (339) of erude materinl which,
when recrystallized 4 times from ether—ethanol (3:93), gave 170
mg. (13673 of pure 6'-hydroxyeonvallataxin monohydrate {IX 1.
mp. 262-265°, o]0 --0.4%° (¢ 0.42, 90% methanal), 5"
208 me (4.19). The eardenclide gave a positive Redde test and
when chronmtographed on poper by an ascending technique em-
ploying 1-hutanal saturated with wuter. had B¢ 0.31.

Caled. for [M] [strophanthidin (V)] + [M] (mnethyl a-1-
mannopyranosidej: +17400° — 17830° = —450°.  Caled. for
M) [strophanthidin (VI.] + [M] (methyl g-L-mannapyrano-
side) 4 F17400° 4+ 164907 = +33800°,  Found for [M] [stroph-
anthidin-c-L-manaopyrancside (IN)]: +36067°.  The glyeosidic
linkage in 1N bos therefore the a-conbgiration.

Anad. Cabed. for CuHO-HaO: O 39,600 L, 72438,
(.a.70; H7.AL

62.12; M, 715 Fouwd: €.

Found: €,

Feand:

4 Cualeubute-l trow the valae of the eneeesprnaling sellifd Dol
pvrwneside wiven g cefl 14,
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To remove any doubts concerning its eomposition, the cardeno-
lide IX was recrystallized from absolute ether-methanol and was
dried at 150° for 4 hr. (0.1 mm.), giving anhydrous material®®
melting at 265-269°.

Anal. Caled. for CyHuOn:
C,61.72; H, 7.76.

Tetra-O-acetyl-6’-hydroxyconvallatoxin (IXa).—To a solution
of 1 ml. of acetic anhydride in 1.2 ml. of pyridine was added 30
mg. {0.085 mmole) of 6’-hydroxyconvallatoxin monohydrate
(IX). After standing for 24 hr. at 0°, the mixture was poured
into ice water, and was extracted with chloroform—ether (1:3).
The extract thus obtained was washed successively with 59
aqueous sulfuric acid, 59 aqueous sadium bicarbonate, and water.
After drying over sodium sulfate, the extract was filtered and

C, 61.46; H, 7.47. Found:

(15) The desolvation was attended with considerable difficulty. When
the monohydrate IX was hieated atlower teinperatures, even for long periods
of tinie, no desolvation took place. Drying at 150° for periods longer thau
that preseribed (6-8 hr., for example) brought about some decomposition as
evidenced in the analytical results which were high with respect to carbon.
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evaporated @nvacuo, giving 35 mg. (369, ) of the tetraacetate IXa
as amorphous powder. The material was further purified by
chromatography on silicic acid (Fisher Reagent Grade, activated)
and from the chloroform—ether (1:1), methanol-chloroform—ether
(1:49.5:49.5), and methanol-chloroform-ether (5:47.5:47.5)
eluates there was obtained pure IXa as amorphous powder,
m.p. 128-133°. For analytical purposes the material was dried
for 5 hr. at 80° (0.1 mm.).

Anal. Caled. for CxHyO5: C, 60.50; H, 6.86. Found: C,
60.42; H, 7.17.
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New Synthesis and Structure Activity Relationship in the 17-Alkylated Progesterone

Series
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A new synthesis for 17«-alkylated pregnane derivatives, by reductive alkylation of 16-dehydro-20-keto-
pregnanes, is described. Structure-activity relationships in the 17a-alkylprogesterone series are presented

and compared with that of known substances.

The probable biological role of substituents capable of imparting

oral activity to these substances is discussed. The ability of blocking metabolic transformations or inactivation
following oral administration is considered a major factor for activity in this series of steroid hormmone analogs.

Progesterone is the least polar of all steroids of bio-
logical sources.! Besides its importance in pregnancy,
it i1s an intermediate in the biosynthetic pathway of
corticoids, androgens and estrogens.? Perhaps for
this reason of biological economy all hydroxylated
progesterones® are less active than their precursor;
probably polarity and metabolic factors are more im-
portant than stereochemical ones in destroying the
“progestational’’ activity. Molecules with drastically
different stereochemistry like retroprogesterone” and
Ehrensteln’s  14-is0-17-is0-19-norprogesterone®  are
known to be active, but introduction of a single hydroxyl
function in position 11, for instance, of progesteroue is
sufficient to greatly reduce its activity.®

(1) R. V. Short. in '"Hormones in Blood,"' Academic Press, London and
New York, 1961, p. 379 ff.

(2) J. K. Grant, Brit. Med. Bull.. 18, 99 (1962).

(3) One notable exception is 17a-hydroxyprogesterone, devoid of activity
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