<
ol
)

group; absorption in dilute HCL Ay 250260 mp (e 580-1000)
(Table IIT).

Hydrolysis and Deamination of 3-p-Chloropheny!-4,5-dihydro-
1-benzazepin-2-one (VIId).—A mixture uf 20 g of benzazepinone
VIId, 650 ml of cancentrated HCL and 60 ml of AcOH acid was
heated under reflux for 4 hr. The solution then was decanted
from a small amount of dark oil, dihited with 230 nil of water,
and cooled to 4-3°. The crystalline hydrolysis produet was
filtered off and dissolved in 2 N NaOM. The alkaline solution
was acldified carefnlly to pI 4.5, wherenpon the 4-(p-amino-
phenyl)-2- (p-chlorophenybDbutyric  aeid  cryswallized. 1t wax
tiltered off and recrystallized fram agueons ethanat (1:13. The
vield of produet was 15.6 g (7397), inp 150-152°.

Anal. Caled for CldCINO.: 0 665 T, 5.0;
Fomud: C, 66.5: H,3.9: N, 3.0,

To a solution of 7 g (0.024 mole) of the ubove weid in 175 ml af
water containing 1 g of NaOIH (0.025 mole), there wax added 1.72
g (0.025 mole) of NuNO.  This =olution was added dropwise
with vigorons stirring to a mixture of 12 ml of water and 12 ml
of concentrated TCL the tenperatnre being maintained au
appraxinately 5%, After (hix addition was completed, stirring
of the =alation was continued for an additional 20 min at 5°.
The diazoniam =alt =olntion wax then divided inta two equal
partz. One half was allowed o react with ethanol and CuS0.,,
the other half was added dropwise to 25 ml of 5075 hypophos-
pharans acid with stivring at 0°. After sifrring the latter portion

N, hN.

D Crarkr, Davm, SHaw, Broww, GroBLEWSKI, AND (’Coxyonr

Vol. 10

for 2 hir at -+ 52, the reaction mixture was allowed to stand iy the
refrigerator for 24 hr.  An oil separated, the supernatant salntion
was decanted, and the oil was dissolved in ether and washed with
dilinte HCL and then repeatedly with 1 .V NaOH.  Acidification
af the NaOH extracts yvielded an oil which was taken up in ether,
waslied with water, and dried.  Removal of the ether left 3.1 g af
1w brawn oil which was extracted with four 50-inl portions of boit-
ing hexane. Removal of the hexane in vacuoe left 1.2 g of 1 light
brown oil which cryvstallized on seeding.  Repeated recerystalliza-
tan from hexsne followed by sublimation gave 4-phenyl-2-p-
clibirophenylbutyric neid, mp 79-817, which was identifiecd by
mixture melting point with an snthentic =ample and by thin
layver chramatography.

Decampasitian of the diazonimm salt with ethanol and Cuxt),
gave less favorable resnlts than the abave described procedine.
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Aualogs of the Erythrophleum alkaloid cassaine (1) have been made in an effort to determine the structural
requirements for the cardiotonic effects prodneed hy this atkaloid.  Noue of these has greater cardiotonic activ-

ity than that shown by cassaine.

The Erythrophlewm alkaloid cassaine (1) has been
recognized for many years as having an intense action
on the heart which is quite like that produced by the
digitalis glycosides.! This rather complex molecule
was synthesized recently by Turner, et al.?

_COOCH, CHzN(CHs).

With the usual optimism of medicinal chemists, we
felt that perhaps the complications of having an oxygen
function at C-7 and methyl groups at C-4, -10, and -14
might not be necessary for cardiotonic activity and that
a modified cassaine, carrying substituents only at C-3
and C-13, might be a useful cardiac drug. The present
paper describes the preparation and biological testing
nf several such simplified analogs together with com-
pounds in which the C-4, -10, and -14 methyl groups
have been in part replaced.

1) Sce F. Erjavec and S. Adamie, Ak, Intern. Pharmacodyn., 166, 251
(1963): 1. L. McCawley, Alkaloids, §, 101 {1955). and references therein.

(2) R. B. Turner, O. Buchardt, E. llerzog, R. 3. Moria, A. Riehel, and
). AL, Sanders, J. Awn. Chem. Sop., 88, 1766 (1066).

The general synthetic reaction utilized in preparing
the requisite a,B-unsaturated basic esters is illustrated
in Scheme I. Triethyl phosphonoacetate reacted with
trieyclie hydroxy ketone 2 to form a 1:1 mixture of
esters 3 and 5 which are isomeric about the double
bond.? This mixture was not separable in our hands
by thin layer chromatography (tle) but its composi-
tion was demonstrable by gas-liquid partition chroma-
tography (glpe). The trans structure (present in 3) is
defined as that in which the carboxyl group lies away
from the bulge of the B ring.

Iu the present work the trans structure is assigned to
that isomer of each pair having the longer glpc retention
time. It is perhaps significant that in four of the five
cases presently reported where pairs of isomers have
heen actually separated, the trans isomer has a sig-
nificantly greater ultraviolet extinction coefficient than
does its ¢is counterpart. In the sixth case the coefhi-
cients were about equal. The cause of such differences

(3) In the large number of Wittig reactions reported liere, we found no
evislence of any stereospecificity in formation of the trans vs. the cis unsato-
rated esters with tlie exception of the case wliere an equatorial methy) group
was present at C-1 (phenanthrene numbering). Here there appeared to be a
preponderance of the frans isomer, A, K. Bose aud R. T. Dahill, J. Org.
Chem., 80, 505 (1963), report obtaining essentially a single isomer from tle
reaction of triethyl phosphonoacetate with 3-keto steroids and H. Kanekn
and M. Okazaki, Tetrahedron Letters, 219 (1966), found that the isnmer
ratio in this reaction coubl be varied hy choice of reaction conditians. These
steroids differ from the presently reported compsminds in having an axial
methyl group “parm’’ to the ketone undergoing reaction which might effecl
shme stereocliemical slirection in the reaction.
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ScHEME 1
_COOC:Hs

- ﬁ ~COOC:H;

5, R=5-OH
6,R=0

is not immediately evident since no influencing struc-
tures seem to lie near the chromophore. A discussion
of this configurational assignment together with that
in the C-10 oxo series and the cassaine series is given in
the paper devoted to 10-oxophenanthreneacetic acid
derivatives.*

Oxidation of the mixture of 3 and 5 with CrO; in
pyridine afforded a mixture of ketones from which
the trans isomer (4) could be obtained essentially pure
by crystallization. It was then hydrolyzed to give the
pure trans acid (7). The mother liquor from separa-
tion of the trans ester (4) was rich in cis ester (6) and
hydrolysis of this mixture allowed separation of the
cis acid (9). Esterification of the mother liquor from
9 with diazomethane furnished more of the cis isomer

_COOR

7,R=H
8, R=CH,CH.N (CHaj)2

9,R=H
10, R=CH;
11, R = CH,CH,N (CHy):

as its methyl ester (10) and hydrolysis of 10 afforded the
purest sample of cis acid 9 obtained in this work.
Treatment of the sodium salts of isomers 7 and 9
with oxalyl chloride followed by dimethylaminoethanol
produced trans (8) and cis (11) basic esters which formed
nicely erystalline, water-soluble hydroehloride salts.
The reaction of the sodium salts with oxalyl chloride
is essentially complete within 5-10 min at room tem-
perature. When a single isomer is at hand, it is neces-
sary at this point to remove excess oxalyl chloride and
to add the required amino alcohol as quickly as possible
since allowance of the acid chloride to stand at room
temperature for an extended period or heating it briefly
with steam following solvent removal causes isomeri-
zation and production of a cis—trans mixture. The
Experimental Section records an instance of complete
equilibration of a trans acid (compound J, Table II)
to a 1:1 mixture of ¢zs and trans basic esters (compound

(4) 8. J. Daum, M. M. Riano, P. E, Shaw, and R. L. Clarke, J. Org.
Chem., 32 1435 (1967).

-
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J, Table III). Although the mechanism of this
isomerization is not proven, it probably involves
carbonium ion formation under the influence of acid
(Scheme IT).

Scueye 11
(l)A
~CoCl . + CH=CCI

\H — —

C

_H
~cocl

Since the present work was directed toward determin-
ing the relationship between structure and activity,
it was necessary to separate the cis and trans isomers
in only a few confirmatory instances because the dif-
ference in cardiotonic activity of these isomers was
minor. The principal inconvenience in working with
such isomer mixtures lay in their broad melting points.

An exceptionally useful technique for purifying many
of the basic esters reported here was that described by
Brown and Kupchan® which involves partition chroma-
tography of basic materials. A dye which is in-
corporated in the stationary phase indicates the degree
of movement and separation of the bases on the column.
This method did not, however, effect separation of our
cis and {rans isomers.

Tables I-TII summarize most of the alkyl esters
(Wittig products), carboxylic acids, and basic esters
presently reported and footnotes to these tables de-
scribe deviations from the standard procedures given
in the Experimental Section. Unless otherwise noted,
the reaction sequence involved ketone — alkyl ester
— acid — basic ester. The tricyclic ketones used in
the preparation of the esters of Table I are described
by Daum, et al.,% with the exception of the ketone pre-
cursors of compounds A and O of Table I which are
described in the Experimental Section.

Examination of Table III reveals the general scope
of the investigation. Compound A has no oxygen
function in either rings A or B. Compounds B-F
and I have the same side chain at C-2 (phenanthrene
numbering) but differ at C-7. Compounds G, H, and
J-Q fall into this same category except that they carry
a C-4b methyl group. Compounds R-Z differ prin-
cipally in the type of side chain at C-2. The amide
Z is the only nonester listed. It should be noted that
compound I' contains a A% bond, compound AA has
an additional methyl group at C-1, compound BB has
two methyl groups at C-8, compounds CC and DD have
rings A and B fused in a ¢is manner and, finally, that
EE has rings B and C fused in a cis manner. Several
additional basic esters are described later owing to
their special mode of synthesis.

Isolation of the primary aminoethyl ester W of
Table III was difficult on account of the propensity for
such esters to rearrange to @-hydroxyamides.” This

(5) K. 8. Brown and 8. M. Kupchan, J. Chromutog., 9, 71 (1962).

(6) 8. J. Daum, P. E. Sliaw, and R. L. Clarke, J. Org. Chem.. 82, 1427
(1967).

(7) See G. Fodor, Acta Chim. Acnd. Sci. Hung.. §, 379 (13534), anl espe-
cially p 389.
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TapLe 1
TrCYCLc o, 8-UNSaTURATED ALKYL KsrEnrs
CHCOOR®
14 R(
trass s Ultraviolet® Yiebi, Fonnd
Compd R! R: R3 R Rs Ratio My, °C P € i Yarmula (o {

AY 11 11 CH; 11 Cll; 1:1 Oitd 224 16,000 N1 CsllOn

Bes 3-0O11 1 11 11 CoIl;  1:1 102-110 223 17,500 09 ClestagOy 74200009
Cr B-O11 I 11 11 Cly  1:1 Oil Cir Oy

1)/ (O)z= 11 11 I Colly  trans 15-06 . 5v 223 18,300 26 st AT w2
I/ O== H 1 11 CIly s 130-141% 223 b7, 100 CirHy0, 4.0 NN
I we-OT1 11 11 1 Colly 1 Oil CiI Oy

(&8 e AP H IT Cll; [ il 235 27,500 510y

CIH,S
i S 11 I 1 ClH; bl Oil (OGNS EEND N
ClLs”

I 3-O1¥ 1 Clly 11 CH; 1 Oil Ca,0;

J Oz 11 ClH, 11 Cll, 1:1 01l ChlTagl)y

K B-O1l 11 Clly I Cdl; 1t Oil ColT30,

1’ O== 11 Cll,; 11 Cil;  6:1 ChsT 150y

A == 1 CI; 11 Co.dl,  1:6 Ciolly0)y

N/ 3-OH I Clt, Cll; CIl;, 7:3 Ol g Oy

() B8-OlL (Cllz):  CIIg 11 Clly  1:1 0Oil Cualln0:

P a-OH 11 11 T Cully  1:1 01l C 1Oy

(1] (O 11 H 1 Colly 1:1 0il CheT1aa0)s

[ B-O11 tH 11 1 Cl, 1:1i 01l C711ag0)y

bt (g =N AR 3-011 11 Cll; 1:1 162-1964 229 25,100 74 Cp 110, RING v

* All found vabies wre within 0,34 of caleulated valnes,  « Ketane precursor deseribed in Experimenal
Section, 7 Tle showed =ingle spot. ¢ Ketone precursor described inref 6./ This preparation is described in detail in the Experimental
Scetion,  # Recrystallized from ether-hexane. * Recrystallized from ether. 7 Prepared by oxidation of compound immediately above
in thi~ thle uxing method to prepare text compound 4; gee Experimental Section. 7 Rings A and B are fused in a /s manuer {4hg,
Nag). * Rings B and C are fused in a ¢is manner (4ae, 10aa). * Keione precursor described in ref 4.

« Measired in 957 ethauol.

This recovered material

amino group was protected through its carbobenzoxy
derivative during ester formation and the resulting ester
(V, Table III) was readily cleaved with trifluoroacetic
acid in 24 hr at room temperature. N rearrangement
occured under these acidic conditions. It proved
possible to streal this aminoethyl ester—trifluoroacetate
salt on silica-coated preparative chromatoplates, de-
velop and elute quickly with tetrahydrofuran (THIY)
containing isopropylamine, and convert the purified
aminoester to its stable hydrochloride salt without
serious deconiposition.

Surprisingly, it is possible to convert 7-hydroxy
unsaturated acids such as D, N, O, and 8 of Table II
directly to 7-hydroxy basic esters by the oxalyl chloride
technique.  Almost  certainly an oxalyl ester-acid
chloride furms at C-7 but treatment of this interme-
diate with dimethylaminoethanol in boiling benzene
(usual treatment in side-chain ester formation) results
in regeneration of the free hydroxyl group at C-7.

Whercas the Wittig reaction producing the esters of
Table 1 vormally proceeds rapidly with negligible
starting material demonstrable in the erude products
by e, reaction of trimethylphosphonoacetate with
ketone 12 always resulted in recovery of about 509 of

unchanged starting material.
then underwent a further 509, conversion under the
same conditions. Fxtending the reaction time, ele-
vating the temperature, or increaging the proportion
of Wittig reagent present failed to produce further
reaction. It is possible that an cquatorial methyl
group adjacent to the carbonyl group eauses formation
of an enol phosphate as a vompeting product which
regenerates starting material during work-up.  Periodic
check of the reaction mixture on silica tle plates always
showed a spot representing this unchanged starting
material.  The same partial Wittig reaction  was
nbserved when an equatorial methyl group was present
in a precursor (13) to methyl 14-epicassaiate but not
when this methyl group was axial.® By analogy with
the Wittig reaction on 13, the predominant compuonent
(709%) of the product from the reaction with 12 was
assigned the trans-cquatorial structure. The minor
product could well have been other than the cis-
equatorial form.?

A first attempt to prepare ester 14 by a Wittig reac-
tion between triethyl a-phosphonopropionate 16 and
the requisite tricyclic ketone failed completely when
dimethoxyethane was used as a solvent, even with a
reflux period of 3 days. With dimethyl sulfoxide as the
solvent,? 14 was isolated in 719, yield. Hydrolysis
and esterification with 2-dimethylaminoethanol con-

18) R. L. Clarke, 8.5, Daum, Po I Sbaw, word B W Kalhig, J. ol
(tiem. Soc., 88, 5865 {11466).

i) T'he uscfulness of this solvent in Wittig reactions bis Leen obssrord
by R. Greenwald, M. Claykovsky, and L3, 0, Carey, J. Oy, Chen., 28, 1128
U3,
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Tapre 11
TRICYCLIC o, B-UNSATURATED ACIDS
CHCOOH
trans:cis Tltraviolet?® Yield, ——Found,? §———
Compd R! R2 Rs Rt ratio Mp, °C A mu € % Formula C H S
A H H CH, H 1:1 169-179¢ 222 15,800 75 CyrHaOs 7.7 10.1
B O== 1T H H cis 220--222¢¢ 221 15,400 80 Csl120;3 73.1 8.4
Ci O— H H H frans  224-227¢¢ 222 16,200 78 CiHnO; 735 8.4
D  «OH H H H 1:1 173-189¢ 223 15,400 80/  C,HuOs 72.6 9.1
Eo 3-OH H H H 1:1 205-207° 54/ C16Ha10y 72.8 9.2
F O== A H H 1:1 194-200¢ 235 25,800 54 C1eHz 05 4.2 7.8
CH.S
G| > H CH, H 254259 221 16,600 75 CrHu0:8 333 18.0
GILS
CH.S
H/ | \ H 1T H 1:1 187-220% 219 16,900 37/ CisHz60-8; 64.3° 8.0 19.0
CH,8"
CI180. .
Ie l > H H H 270-271 221 16,700 92 CisHasOs®  54.0 6.7 15.8
CH.20.
Jm O== H Cli; 138 Ce 194-200¢ 221 16,400  25% CyH»0y 73.9 8.8
Ke O= H CH;, H trans  181-184¢ 221 16,200 66 Ci7H2,0; 73.8 8.7
L» O== H CH; H cis 219-221°¢ 221 16,100 40 C17H20; 74.1 8.7
CH.CH, i
Md | >N H CH;, H Used crude CuHzNO;
CH,CH,
N¢ 3-OH H CH; H 1:1 173-2127 222 16,000 75 Cy7:H260; 73.0 9.3
Qs 3-OH H CH;3 H trans  223-225° 221 16,100 C1:H:60; 3.7 9.6
P 8-OH H CH; H cis 198-200¢ 222 15,300 48 C17H0; 73.3 9.5
Q 8-OH H CH; CH; e TUsed crude CisHzs05
R 3-OH (CHsj), CH; H 1:1 186-190% 222 16,500 43/ C1oH30; 74.8 10.0
S O== H H H 1:1 185-200¢ 222 16,000 72 C61100; 2.8 8.4
T= 8-OH 11 H H 1:1 Used crude CsH2:03
v O= AR 8-OH H 1:1 208-232% 229 24,500 61 C1eHxO4 Y 7.1

¢ Measured in 955, ethanol. ? All analytical values are within 0.3% of those calculated unless otherwise noted. * From ethyl ace-
tate. ¢ This preparation is described in detail in the Experimental Section. ¢In an evacnated capillary. 7 Yield for two steps from
tricyclic ketone. ¢ Prepared from C of Table I. * From acetic acid. ¢ Neutralization equivalent (caled 352.5). 7 Product purified
by chromatography on silica gel coated plates with development by 3:47:50 acetic acid-pentane—ether. * From acetone. ! Analytical
value 0.4, high, ™ Prepared from J of Table I. * Yield for three steps from tricyclic ketoue through I and then J of TableI. ° From
L of TableI. 7 From M of Table I. ¢ FromI of Table I. » From acetone-hexane. *From N of this table by recrystallization three
times from acetone and once from acetonitrile. * Prepared from basic ester M, Table 111, by alkaline hydrolysis in the standard manner.
» From ether. ¢ Rings A and B are fused in a ¢is mauner (4bg, 8a8). * Analytical value 0.5% low. # Riugs B and C are fused ina
cis manner (4ae, 10aa). ¥ Analytical results were erratic over several per cent. Tlc showed a single spot. Compounds gave the
correspondiug basic ester which showed correct analysis.

_~CH; intent to prepare the corresponding dimethylamino-

A ~COOR ethyl ester. In the process of treating the sodium

0 (st salt of acid 22 with oxalyl chloride and dimethylamino-

(C‘ZHQO)leD—CHCOOCsz ethanol, elimination of the hydroxyl group occurred

HO 16 with aromatization of ring A and formation of the
14, R = C,H, phenolic basic ester 19.

15, R = CH,CH,N(CH,)»

verted ester 14 to basic ester 15 as a mixture of cis and
trans isomers.

An analog of the above basic esters wherein ring A
was aromatic (18) was prepared in the standard manner
by a Wittig reaction on ketone 17 followed by hydroly-

R’ R
G o (1)
NG L)
l7;R=CH;{,‘R‘=O 20,R=0

18, R = CH,; R' = CHCOOCH,;CH,N(CHy), :; §=%f}{{%%%%f{s
19, R=H; R'= CHCOOCH,CH.N(CHy, =

sis and esterification with dimethylaminoethanol.
The related phenolic ester 19 came from an unexpected
direction. Ketone 20* was converted through Wittig
product 21 to a C-4b hydroxylated acid 22 with the

Hydrogenation of unsaturated ester 3 in the presence
of Pd—C produced a mixture of compounds 23a which
were epimeric at C-2. These were simply designated
isomers A and B in the absence of a basis for con-
figurational assighment. Isomer A crystallized spon-
taneously from the mixture. Hydrolysis of the mother
liquor afforded isomer B in the form of its acid 23b.
The corresponding pure isomeric basic esters A and B,
23c, were then readily prepared through their acid
chlorides. Neither the isomers of 23a nor those of 23¢

_~CH.COOR

HO

238, R: CzHa
b, R=H
c, R=CH2CH1N(CH3)_’



TasrLe I11
TRICYCLIC a.B-UNSATURATED BAsIC EsTeRs

CHCOOR?

trans:crs Uhiravisiled Vield, P NI KA _—
Comprl Rt R: R3 ratio Mp, °C A, wip € “n: Formmnia : 2] N
A It Cl, CIH,CH,N(CHy). 1:1 192-198e.d 228 17,300 a7 CanlTNO,-HCH 65,2 9.5 0.7e
B 0= 11 CHLCHN(Clig), trans 181183 . 5¢.7 227 18,300 56 Cull5 NO, - 1ICH (5.0 8.6 3.6
C O== H CILCILN(CH3), cis 174.5--175.5000 226 17,400 34 Col I NO; - HCH G4.3 5.7 0.4~
D+ 0= It CHL.CH,N(CH;). 1:1 156--162¢.7 226 18,600 46 CuwHy NO;- HCI 64.7 8.6 9.6¢
s «-0TL 1 CH,CH,N(CII,), 1:1 167-1697 227 17,500 68 CuHgNO; - CILSO, 1 556 5.6 7.6/
F* O== 11 CILCHN(CHa), 1:1 149188+ 235 20,600 28 Cul LgNO;- HCH G0 8.4 NIIE
o (I]sz> CH, CHLCH,N(CHy). 0:1 F16-120/0 52 CoulNOS, ba.w
‘ Cll,S s 230-23207 CaoullyaNOS, - 1 14 07 T
11 NILC(=NII)NHN-=  CH; CH.CH,N(CHy), 1:1 167 dece 228 30, 500 77 Cull3N04-2HCL 55.3 8.3 14.4
CH»80,
I | o > Il CII,CH,N(CHjy). 1:1 255-260¢./ 225 17,800 4G Co TN OGS, - HCH 51.6 7.3 125
CILSO,
D 0= Cll, CH,CIL,N(CIT;), 1:1 146-148! 226 18,700 73 Co HygNOz- CH80,1 50.7 5.4 7.2
K 8-OH CH, CIL,CH,N(CHj;), 4:6 218-23(c.d 227 17,700 58 CalluNOs-11CH 65.1 9.4 9.1¢
Lx B-O1T CH, CH.CH,N(CH;), trans 238-24] .4 228 18,600 CauHpNOg- CHLSO,T1 59.4 8.7 7.2
M 8-OH CIl, CIHCH:N(Cl3). cis 22222444 228 17,700 Ca 115:NO; - CH 80,11 59.2 8.8 7.2
N« 8-OAc CH, CH,CH,N(CIy), {rans 184 - 18%< 227 18,700 9l CoHNO;-11CE 64.7 0.1 5.4
O B8-0Bz CH, CH,CH,N(CHj)., 226~230¢.4 2247 52,800 CuHaoNO,-HCL 65.6 8.4 7.3¢
I 82}1{\IOE CIl, CHLCH,N(CII;), i:1 18018 err 74 CyHy N0 - 1 AS.T 8.4 6.8
2Cl,
v éH Cll >N Clis CH,CH,N(CH3). L:1 280 dee evdgue 43 Cogl1a N0 - 2TICT 62.5 9.4 4.8¢
YASR S § )
1 0= 1 (CHEN(CTy), 1:3 1581657+ 224 15,100 33 CuHyugNO;- CILSO;HT 503 8.5 7o
S 8-O11 1 (CH. ):N(CH;). 176- 184/ 225 17,100 50 Cu HiNOy-11CH 65.5 0.4 0.5
T 0= Cll; (CIL)N(CH;), 1.4:1 130~ 138¢7 223 17,300 25 CoslI;zNO; - HCL 67.1) Ot s
Uy B-OH Cll, CICl5)CH,N(Cl ). i:1 202-2084.¢ 228 17,600 24 CalluNOs- CHuS0,1 500 8.8 6.9
Vi 0= CI1; CILCH,NH, 258-250¢ 40 Crot 1o NO3-1ICI 64.4 S 4 INE
W s-OH I CILCH;N(Cslly)e bl 147-155¢+ 220 16,600 41 Casl1zNOy - HCI 6.9 9.7 0.0
X B-OH 11 CH:CHN(4-CsHr ). LAt 183-185¢.4 207 18,800 37 CaullyNO;-HCH 67 .4 10.0 N
{ "
Y Q= 11 CHCILCHN(CH)CH LTI, [EPE! 1551700 226 18,500 CoHyuNO,- HCH G6 .1 S.6 3.5
Zpws 0= It NHCHCH,N(Cll;)y I 137 1654+ 224 20,900 39 Copl13:N,0p- C1LS0,H 8.0 8.5 G.2”
AAM B-OH Cll, CH,CH,N(ClI;)s 19:1 239-242¢.4 225 17,200 306 CaslT;aN Oy 1CL 66.3 4.3 8.9¢
BBee B-OH CH; CILCILN(CII;), 202-224¢. 228 18,200 50 Cogl T3NO;- HC 66.4 0.5 3.2
CCadd 0= H CILCH:N(CHjy), 1:3 181 -188f 226 15,400 33 CuHyNO,-1ICI 65.2 9.0 3.0
DD¢#dd 4Ol 7 CILCH,N(CII;), Yl 194--195¢.f CulTuNO,- HCH 64.7 0.5 1.0
EEe B-OH 18] CH,CH.N{CHj): i1 184-2027 = 222 18,400 50 CaHuNO;- CH,30,1 5%.2 5.6 Y

+ Measnred in 957 ethanol.  * Al Fannd valnes are within 0.34% of the ealenlated vabies miless o note fodiedes otherwise.  © Thydrochtoride salt. 2 Reerystallized from acctonitrile. ¢ Chlorine
analysis. 7 Reerystallized from acetone. ¢ Contains 0.25 mole of 1O, Anal. Caled: M0, 1.20. Found: 110, E21 " Prepared hy standard procedare bnt ebromatography was nat re-
qnired.  # Methanesidfonate salt. 7 Sulfur analysis.  * Contains a%bond. ¢ Reerystallized fram ethyl acetate. ™ Valne off by 0.4%. » Purified on silica gel conted cliromatoplutes developed
with 1.5:1.8:97 methanal-isopropylimine- CHCl; nstead of by par(ition chromatography.  « Free base. ¢ Dissalved in methanat and precipitated by ether and pentane. # Preporation steseribed
i Lxperimental Section. * Dissolved i methanl and precipitated with ether. < Purificl as by footnake noexcept for nsing a 3:5:94 solveat mixture. * Prepared by rednetion with NaBI..
Sce lxperimental Section. = Tsomer separated by Muetional eryvstallizatioo. See Ixperimental Sceiion.  © Melts with decomposition. = In an evaenated eapillary, = Alzo 272 and 280 mp with
¢ 00 and 800, respectively,  # Prepared normadly exeept that 2-dimethylaminopropanol was nsed. = From acetone with ether adde:l. = This camp i is an canide o7 <irvetione ==CHCONH-
CILCHLN(CHg ). ™ This componad has a 3-CH; graap an C-1 = This compomd hax two C1L; gronps oo C-8. % Ring=s A and B oare fused noseds manner (I3, 8q@). » Rings B and Care
fuzed inoa cis manner (na, Hip
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could be separated by tle but those of 23b were sepa-
rable, isomer B being the more polar.

Biological Methods

The iuitial test for cardiotonic activity was performed in the
izolated appeudage of the rabbit heart. A more advanced evalu-
ation of drug action was made in the dog.

Rabbit.—Appendages were suspended in Tyrode solution at
37° and stimulated by rectangular pulses (supramaximal voltage,
180/min, 10 msec duration) via Pt electrodes. After 75 min the
tyrode solution was replaced with fresh solution and 15 min later
drugs were added. The sequence of drug concentrations (ex-
pressed in terms of the base) was 0.01, 0.05, 0.1, 0.5, 1, 3, and
10 ug/ml with a 10-min interval between each concentration
change. Contractile force was recorded isometrically on a Grass
polygraph by means of a force-displacement transducer.

Dog.—Cardiovasecular activity in anesthetized (pentobarbital,
30 mg/kg iv) spontaneously respiring dogs was recorded on a
Grass polygraph. Blood pressure in the abdominal aorta was
measured by means of a Statham pressure travsducer vig a
polyethylene canbula inserted into the femoral artery. Heart con-
tractile force was measured isometrically by means of a Walton—
Brodie strain gange arch sntnred to the wall of the right ven-
tricle.’® Heart rate was calculated from the force recordings and
cardiac electrical activity was monitored via a lead II electro-
cardiogram. Drngs as salts were dissolved in distilled water
and administered into the femoral vein usually in the sequence
0.25, 0.5, 1, 2, and 4 mg (calculated as free base)/kg of body
weight. Dose-response curves were fitted to the data by eve
and the dose producing a 209 increase in contractile force was
estimated from the regression of the curve. Cumulative doses
were uxed in constricting the dose-response ctirve of ouabain.
In the infusion experiments a constant-speed infusion pump was
used to deliver the drigs to anesthetized animals (pentobarbital,
30mg/kg iv; a-chloralose, 80 mg/kg iv).

Results

Table IV presents the testing results in both the iso-
lated appendage of the rabbit heart and in the intact
dog. Discussion of cardiotonic activity relative to
the structural modification of the cassaine molecule can
be conveniently divided into two parts: (1) that dealing
with alterations in the phenanthrene nucleus, and (2)
that concerning changes in the side chain at C-2.

Changes in the Phenanthrene Nucleus.—The results
show that the substituent at C-3 [cassaine (1) number-
ing] can greatly influence the cardiotonic activity of the
mole. The most active compounds contained an
ethylenedisulfonyl group (I) and an amidinohydrazone
group (H) at this position. Compounds containing
3a- or 33-hydroxyl groups were about equiactive
(E and K). Furthermore, the substitution of a car-
bonyl group (D and J) for a hydroxy group (E) did not
affect activity. However, replacement of the hydroxyl
by a hydrogen atom resulted in a less active compound
(A).

No significant change in cardiotonic activity was
observed upon addition of two methyl groups at C-4
(BB), an equatorial methyl group at C-14 (AA), or
an axial methyl group at C-10 (compare D and J).
It should be noted that cassaine carries an axial methyl
group at C-14,

The preparation of 24 is described in ref 4. This
“ring-demethylated” cassaine seems to be even less
active than the cassaine analogs without a ring-B
oxygen (see Table IV, 24).

(10) T. G. Brown, Jr., and A. M. Lands in “The Evaluation of Drug
Activity,” Vol. 1, D. R. Lawrence and A. L. Bacharach, Ed., Academic
Press Inc.. New York, N. Y., 1964, Chapter 17,
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COOCH:CH,N(CHz)s

IH!E :
HO "0

/O\

24

The manner of fusion of the A/B and B/C rings does
not greatly alter cardiotonic activity. Compounds
CC and DD, having an A/B cis fusion, are slightly less
active than compound EE which has rings B and C
fused in a ¢Zs manner.

Changes in the Side Chain.—The question of rela-
tive activity when the side chain is in the cis vs. trans
configuration was answered by comparing compounds
B with C and L with M. In both instances there is no
major difference in activity. A mixture of B and C is
represented by D and a mixture of L and M (4:6) is
present as K.

Hydrogenation of the double bond of the side chain
(23) caused a diminution in cardiotonic activity.
Decreased activity was also noted with the substitution
of a methyl group on the double-bonded C atom of the
side chain (15). Replacement of the ester linkage by
an amide (Z) resulted in a compound which depressed
contractile force. Elongation of the alcohol portion of
the side chain from dimethylaminoethyl to dimethyl-
aminobutyl (T) had no effect on cardiotonic activity.

The effect of the size of the substituents on the amino
nitrogen was significant. Hydrogen atoms (V) could
be substituted for methyl groups (J) with no loss of
activity. However, the diethyl analog (W) was only
weakly active and the isopropyl analog (X) depressed
contractile force in the dog ventricle.

Toxicity.—Table IV shows that low concentrations
of the synthetic cassaine analogs possess positive ino-
tropic activity in the isolated rabbit appendage. As
the concentration of drug in the bath was increased,
toxic effects were observed, 7.e., arrhythmic beating, a
negative inotropic action, and cessation of beating.
These effects were also observed with ouabain and
cassaine (see Table IV) and are typical of the cardiac
glycosides. A similar sequence of effects was observed
after intravenous administration of single doses of the
synthetic compounds to the intact anesthetized dog
(Table IV). Low doses produced an increase in ven-
tricular contractile force, intermediate doses resulted
in cardiac slowing, and high doses evoked toxic effects,
i.e., A=V block, ventricular ectopic beats, ventricular
fibrillation, and respiratory arrest.

The results of experiments in which L and cassaine
were infused into the femoral vein of the dog are sum-
marized in Table V. Tremors were observed after
15 minin only 1/3 dogs anesthetized with pentobarbital,
whereas clonic—tonic convulsions were observed after
4 and 6 min in 2/3 dogs anesthetized with a-chloralose.
The third dog in the latter group exhibited severe
tremors after 15 min. It would, therefore, appear that
convulsive activity due to the synthetic compound is
readily suppressed by prior administration of barbitu-
rates (but not by a-chloralose), a characteristic shared
by cassaine.!!

(11) M. deV. Cotten, L. I, Goldberg, and R. P. Walton, J. Pharmacol.
Ezptl, Therap.. 106, 94 (1952).
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CARDIOTONIC ACTION AND Taxterry o Cassaineg ANALOGS IN THE
Isauared RABBIT APPENDAGE AND IN THE INTACT ANESTHEPIZEUD Do VENTIICLE
Vi
- — = Ralibit- - - Daose tivh
o Cyrcl prashineing—- .- drmdicing
Arhy thmias s a 201 4 i
i-F)-Inateopis solblucetinn i -lnoCropic et e Mortadiny
No. of effost,” Hlock, effect, Nl forrye. a1 ligh hoses,
Comprl expts e ml? wg ) wg XN e ke e, K
Ouabain 4 0.01-0). | 0.5-1 I 1§ 003
Cazsaine 3 00515 ). 9-1 I ) U {14 479 a0 0.4
A 2 H) B 20 /3 at N
13 4 0. 011 1 2 1 it t/s a2
0/2at 8
C 2 0, 05—1 10 3 1.3 0/1 at S
b 4 0.5 10 H ] 1) iy 3/7 a2
(/2 a4
I 4 () ) -1 045 0/4 ai 4
I | 0.G2 O/t S
(e 2 >4
I .. . 4 {33 2740 a0 2 and 4
1 (i 0. 0.5 ) S-10 {i V.24 /5 at 2 and 47
J 4 0. 05-1 ] 15 o2 04 at S
K I} 0, 1-1 H) 12 ), 7 2/5 ab 4
L. 12 0.5 A-10 1 0.7 b/4at 2
/1 at N
M 2 B 10 -0 ( ) 4 FAsau s
N I [ 0 at 4
0 . I >0
P 2 .. o H-ot) B 7
Q 2 > 10 >10 >10 2 4.5 0/1 20N
I 4 0081 10 8] >2.0 274 at 0.5 and 2y
S 2 0.3 H-10) i (57 1/3 a4
T 4 i 0 3 .78 D430 Fand N
t . S B .93 /1 at 4
V 4 0. 11 D 10 (i [ FFat i
W 2 0.5 1) 2 >N 1)
X 4 0.1-1 5-10 i v
Y ) 2 [ 041 at 6
Z 2 > 1 >10 >l i f 0/3 w4
AA 3 0.6l 273 at boand X
B 5 0. 11 .. 3 | .90 B3 a0 2and ¢
CC 2 3} >10 >10 4 >0 274 a2 and
072 al N
B) I-d > H) > ) B [IRY} n/3at 4
2 I > > 1) 3 0.0 273 at ke
3 0. 51 o= 2 a0 O
2 . 1) 2 I g et oai
20 0, f~1* 104 2 >u
4 0. 5~1 1} B >N 072 00N
RETCS 2 (00 oL 0.5 B 4.0 1173 a0 8
24 2 >11) > > ) 2 >2.0

© A paxitive lidication Involves an increase i1 contractile foree of greater than 100 aver that present at the time o deng addinoe

» Concentrations and doses are expressed iu terms of the base.
pressts cantractile force at doses np to 8 mg/kg.
fTsomer A, 7 A 53~109 increase was nated at 2 mg/kg.

Respiratory arrest and ventricular fibrillation were
observed in the animals anesthetized with both pento-
barbital and ea-chloralose; ventricular ectopic beats
were observed only in the pentobarbitalized dogs (2/3
experiments). The lethal dose with cassaine in one
dog experiment was 2.2 mg/kg.

Experimental Section!?

General Procedure for Wittig Reaction. Ethy! d/-3,4,4aq,-
4b3,5,6,7,8,8a¢,9,10,10a3 - Dodecahydro - 78 - hydroxy - A201) a.
phenanthrenacetate (Mixture of Isomers 3 and 5).—A solution of
sadium ethoxide [prepared from 1.6 g (1.070 g-atom) of sodium
and absalute ethanoll in 120 mb of dry dimethyHormamide

* Respiratory arvest.
¢ Depresses contractile force at 2 mg/kg.
k Isomer B.

4 Ventrienlar fibrilation.  » Asystole. 7 Ple-
Run an isolated gninen pig wirinm,

(DMI) was cooled 10 an iee bath and treated dropwise with o
=olition of 15.5 g (0.070 male) of triethyl phosphonoaretate in
20 wl of dvy DAF with suirring.  The resalting =olniion was
stirmed cold for i min and then a solution of 7.68 ¢ (0.0346 male)
of di-3,4,40a,4D8,5,6,7,%,%1a,9,10,10a8-dodecahydro-7 g-hy droxy-
2(111)-phenanthrone® in 30 mil of dry DMF wax added dropwisc
with stirring. Thix mixtnre was then stirred cold for 15 min anid
at room temperature for 2 hr. It was added to 1.7 L oof 1)
and the mixtire was made acidic with 2 N HCL  The preeipi-

P12) AN melting pnints are correstest.  Nonr specera woere sptnribilles} an
a Varian A-60 sjlectroplhatonleter using MesSi as an interaal reference. Ths
silica gel usesl for eoliunn ehromatography (100-200 mesh) was nlilained
from the Davisou Co., Baltimore, Md. The silica gel nsnd for 1date chon-
matograplly was grale 254, obtainesl from Brinkimaun Insorunenes, Wikt
hary, N. Y.
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TaBLE V
INTRAVENOUS INFUSION OF CarDloTONIC COMPOUNDS INTO ANESTHETIZED DoGS
Time
to give
ventric- Time
Time to ular to give
Rate of Time to rate ectopic convul- Lethality
infusion, contractile slowing, beats, sions, Time,
Compd mg/kg /min force T , min  min min min mg/kg min Remarks
L, 29 sol + 0.41 5.0 .. 45 15 s o Tremors, A-V block, ter-
peutobarbital, minated at 170 miu after
30 mg/kg iv 69.5 mg/kg
1.11 1.3 .. 30 41.1 37 Veutricular fibril, resp ar-
rest at 33 min
1.96 1.3 .. 11.8 6 Resp arrest at 2 min
L, 29 sol + 0.41 3.0 15 Co - Severe tremors, terminated
a-chloralose, 80 at 60 min after 24.5 mg/kg
mg/kg iv 0.90 1.0 4 34.2 38 Clonic~tonic convulsions,
resp arrest, ventricular fi-
bril
1.69 1.5 6 27.9 17 Tremors, clonic~tonic con-
vulsions, ventricular fibril
Cassaine, 0.1°7 sol + 0.0094 100 50 60 2.2 234 A-Y block, ventricular ecto-

pentobarbital, 30
mg/kg iv

tated product was extracted with ether and the extracts were
washed with brine and dried (N2,30;). Removal of the ether
gave al oily residne which pariuially crystallized upon addition
of about 25 ml of ethavol. Dilution of this mixture with 300 ml
of H,O and filtration afforded 10.4 g (100%,) of a crystalline
product, mp 89-101°, which was shown by glpc to be a 1:1
mixture of cis and frans isomers together with 1.69, of an im-
purity. These isomers were not separable ou silica chromato-~
plates developed with pure ether but this chromatographic
process was used to remove the impurity. The isomer mixture
was then recrystallized from ether-hexane to give compound
B (Table I).

Ethy! di-trans-3,4,4a4,4b3,5,6,7,8,8a4,9,10,10a3-Dodecahydro-
7-0x0-A%11.a.phenanthreneacetate (4).—A solution of 25.4 g
(0.087 mole) of ethyl di-3,4,424,4bB,5,6,7,8,824,9,10,10a3-do-
decahydro-78-hydroxy-a2h .« phenanthreneacetate (B, Table I)
in 220 ml of pyridine was added in 2 min with stirriug to a mixture
of 21.9 g (0.22 mole) of CrOQ; and 220 ml of pyridine at room
temperatuire aud the resnlting mixture was stirred overnight.
Ethyl acetate (1.5 1.) was added, the mixture was filtered and the
filtrate was concentrated to a residne by warming under re-
duced pressure. This residue was treated with 400 ml of ether
and a further iusoluble material was removed by filtration.
Coucentration of the ether solution and addition of hexane
afforded 6.13 g of crystalline solid, mp 85-90°. Recrystallization
from evher, with hexane added, gave 5.7 g of the trans isomer,
mp 94-96°. Reworking all of the mother liquors furnished
another 0.75 g of product, mp 94-97° (total yield 26%). The
analytical sample, obtained from a similar experiment, is D
(Table I).

dl-cis-3,4,4aa,4b3,5,6,7,8,8a,9,10,10a3-Dodecahydro-7-oxo-
Atl).a.phenanthreneacetic Acid (9).—The mother liquor resi-
dues from the preceding experiment were dissolved in 500 ml of
959 ethanol, 200 ml of 2 ¥ aqueous NaOH was added, and the
solution was refluxed in a nitrogen atmosphere for 1.25 hr. The
reaction mixture was added to ice-water and neutralized with
acetic acid, and the product was extracted with ether. The
ether extracts were extracted with 2 ¥ NaOH and these extracts
were acidified with 2 & HCL.  The precipitated carboxylic acid
was collected and recrystallized from ethyl acetate to give 4.36
g of the cis acid, mp 206-214°, AZS" 221 mu (e 15,700), aud a
secold crop of 0.28 g, mp 202-213° (18%;). The analytical sam-
ple of this acid (Table II, B) was obtained by hydrolysis of the
pure cis methyl ester (10) using the geueral procedure for hy-
drolysis of alkyl esters.

Methyl di-cis-3,4,4a«,4b3,5,6,7,8,8a4,9,10,10a3-Dodecahydro-
7-0x0-A!".a.phenanthreneacetate (10).—The mother liquor
residues from separation of the cis acid described immediately
above contained 8.22 g (0.0313 mole) of the ¢is and trans un-
saturated carboxylic acids. This solid, mp 180-195°, was dis-
solved in 250 ml of methaiol, 0.10 mole of diazomethane i ether
was added, and the solution was allowed to stand overnight.

pic tachycardia, cessation
of resp, ventricular fibril

The solvent was removed aund the crystalline residue was re-
crystallized from ether by the addition of hexaue to give 2.87 g of
material which melted at 100-130°. Two further recrystalliza-
tions furnished 1.6 g of the cis methyl ester 10 (Table 1, E)
which was shown by glpe to be a single componud.

General Procedure for Hydrolysis of Alky! Esters. dl-irans-
3,4,4a4,4b3,5,6,7,8,8a«,9,10,10a3-Dodecahydro-7-0xo0- A2 1) a-
phenanthreneacetic Acid (7).—A solution of 6.0 g (0.021 mole) of
the ethyl ester (Table I, D) of the title compound in 200 ml of
9567 ethanol was treated with 80 ml (0.16 mole) of 2 N aqueous
NaOH and the solution was refluxed for 1.25 hr under N..
The reaction mixture was cooled, acidified with acetic acid, and
conceutrated under reduced pressure until the ethanol was re-
moved. The prodict was extracted from the resulting mixture
with ether and then extracted from the ether with 2 .V aqueous
NaOH. Acidification of this extract with concentrated HCl
precipitated the product which was collected aud recrystallized
from ethyl acetate to give 4.2 g of the trans acid C (Table II).

General Procedure for Making Basic Esters. 2-Dimethyl-
aminoethyl  dl-trans-3,4,4ax,4b3,5,6,7,8,82¢,9,10,10a3-Dodeca-
hydro-7-0x0-A%(!M.a.phenanthreneacetate (8).—A solution of
4.47 g (0.017 mole) of the trans acid 7 in 100 ml of THF was
treated with 0.92 g (0.17 mole) of sodium methoxide and 1 m}
of H,0. The solvent was then removed by warming under
reduced pressure, 20 ml of absolute ethanol was added and evapo-
rated in the same manner and, finally, two 20-ml portions of dry
benzene were added and evaporated. The vesultiug dry sodium
salt was suspeuded in 150 ml of dry benzene, 3.46 g (0.044 mole)
of pyridie was added, the mixture was immersed in an ice bath,
and 40 ml of oxalyl chloride was added in a fast stream of drops
with stirring. The mixture was removed from the ice bath,
stirred for 10 min, and then concentrated as rapidly as possible
under rediiced pressure using a water bath at 45°.  Application
of heat was stopped as the last of the solvent evaporated and
150 ml of benzene was added followed by 40 ml of 2-dimethyl-
aminoethanol in a rapid stream of dropx with stirring and cooling.
When addition was complete, the mixture was heated on the
steam bath for 5 min, cooled, and dihtted with 1 1. of ether and
600 ml of saturated aquenus Na.CQy.  The layers were separated
and the water layer was washed with ether and discarded.

The combined ether layers were extracted with two 100-ml
portions and oune 50-ml portion of 2 & HCl and the combined
extracts were made basic with NaOH solution. This alkaline
mixttire was extracted with ether and the extracts were washed
with brine and dried (Na,80:). Removal of the ether afforded
4.9 g of a yellow oil which was (by glpe) a trans—ces (96:4) mix-
ture of isomers together with 129 of impurity.

The product was purified by partition chromatography as
described by Brown and Kupchan® The solveut system em-
ployed was a 12:1:2:0.2 mixture of hexane—ethylene dichloride—
methanol-H,0. Supercel (300 g) was wetted with 225 ml of the
polar phase containing 75 mg of brom cresol purple, the color
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of the mixture wis adjusted to # pale ercamy yellow (fainty
acid) by gaseous HCI, and the solid was packed into a column 9
e in diameter.  The sample was dispersed on 10 g of Supercel
and placed on the top of the colunm,  Flution of the colnmn with
the nonpolar phase of the solveut mixtire developed the colunug
the position of all basic material wax elearly revealed by blne
bands,  The product wax recovered either by elition or slicing
of the calquni, depending ot the <eparation of the bands.  Tu the
present enxe the prodinct wos cluted to yield 4.39 g of the hasic
exter nixinre which was free of signifiennt impnrities.

The 4.39 g of oil was dissolved in 200 ml of ether and trewied
with EHE md of cancentrated HCE in 20 ml of ahsolite aleohnl
The precipitated hydrochloride salt was collected and recrys=tal-
lized twice from acetone o give 3.96 g of fruns basic ester,
(Table 111, B). A sample of the free base, regenerated fram
thix xalt, was shown by~ glpe to contain 1o ¢is isomer.

Isomerization during Conversion of a {rans Unsaturated Acid to
a Basic Ester.—A 2.95-g sample of dl-trans-34,4aa,4b,5,6,7,8,-
St 9, 10,10a8-dodecahydro-4bg-methyl-7-oxo - A% 3 @ _phenun-
threnencetic weid (Table 11, K) was converted to its 2-dimnethyl-
minoethyl ester wecording to the general procednre except. for
the et that the reaction time with axalyl chloride was extended
ta 40 min and doring removal of the excess oxalyvt chloride, the
renction mixtiure was heated for sbont 10 min at 45° after the
oxalylt chloride and benzene had evaporaied. The baxic ester
was olated i the ~(andard manner snd converted to it< methane-
sutfonate szt withont chromatngraphy. The crude salt, mp
137 - 142°, weighed 3.5 g (7477) and twu reerystallizations from
cthyl neetare afforded 2.1 g of material melting at 144-147°,
Gilpeom the base regenerated from this salt showed a |: 1 mixtire
af ¢is and teans somers and the melting point of this salt cor-
responded closely wo that of 146-148° fonnd for such an isomer
uixtinre (T'able 111, .J) prepared fronn & mixtinre of o and frans
aeids.

{-3,4,4a0,4b,5,6,7,8,82,9,10,10a3-Dodecahydro-73-hydroxy-
4bg-methyl-2(1H)-phenanthrone 7-p-Toluenesulfonate.—A soln-
tion of 10.0 g (0.043 mole) of dl-3,4,4820,45,5,6,7,8,82,9,10,-
Hig-dadecahydro-7 g-hydroxy-4bg-methyl-2(1H ) -phenanthrone
i H0 ml of pyridine was reated with 9.60 g (0.050 mole) of
p-tobienesntfonyl chloride in 30 il of pyridine and kept aver-
night. at roon emperatire.  The mixure was added o 150
ml of concenunted TICHand 350 ml o7 iece-water and this mixture
wis extreted with ether. The extrack was washed with 2 A
NaOll solntion, dried (MgR0O,), and concentrated ta a residne
o give 16.4 g of the title compomd as an amber ail: AEST 224,
250, 261, 207 md 273 mp (e 12,100, 660, 690, 590, and 470,
respectively ;o A 586, 6.28, 7.30, and 8.52 4. This oil wax
n=ed withont mrther purification in vhe following experiment.

Detosylation of J/-3,4,4a0,4b,5,6,7,8,8ax,9,10,10a3-Dodeca-
hydro-73-hydroxy-4bg-methyl-2(1H)-phenanthrone  7-p-Tolu-
enesulfonate.—~A solution of 16.3 g of the above oily tosylate in
100 ml of s-collidine was heated nuder reflux for 4 hr,  Thesolu-
tion was coaled and ponred into 400 mt of 2 & H,80s  The
acidic mixture was extracted with ether and the extract was
washed with 2.V TLRO,, ThO, and brine, Tt was dried (Mg30,)
and concentrated to o residine wa give 7.0 g of an il which wus
assumied to be o mixuire af A% wnd A=2-phenanthrones.  T'his
mixtnre wies hydrogenated in the following experiment withan
pirification.

Hydrogenation of the Mixture of A%~ and A7-2-Phenanthrones.

A solution of 0.69 g of the mixture of phenanthrones described
in the preceding experiment in 25 ml of ethunol was treated with
0.10 g of 10G% Pd-C and the mixume was shaken in a hydrogen
atmosphere until I molar equiv was absorbed (5 min). The
mixture was filtered and the filtrate was concentrated to a
residite by warming under reduced pressure. The residue was
dissolved in ether and the solution was dried (MgS0O,) and con-
cenirated to give .56 g of crude dl-3,4,4a«,4b,5,6,7,8,8a,9,10,-
10ag-dodecahydro-4bg-methyl-2(1H )-phenanthrone as an amber
ail. It was purified by column chromatography on 15 g of silica
gel with elinvion by 1:9 ether—pentane.  The resulting oily ketone
shawed a single spat by tle, Ab> 5.83 ¢, and an minr peak (CDCly)
at .75 ppm (¢-CIH) with no vinyl hvdrogen peak. This oily
ketaue wis used in the preparation of A, Table I.

Partial Separation of cizs and {rans Isomers of Ethyl di-
3,4,4a0,4b,5,6,7,8,8a,9,10,10a3 - Dodecahydro - 4bs - methyl - 7-
ox0-A% i a.phenanthreneacetate (Table I, L and M).—Oxi-
dation of the 38-0l group of K (Table 1) wuas accomplished
an 26 g by the miethod used for making keto ester 4. Recrystal-
lizution of the crude product anee frinn acetone-hexane and twice

Vol. L0

frout eyclohexane mmished 4.1 g (1600 of M, Table 1, which is
rich in the »is isamer.  All of the mother Hguor residnes wern
combined and rhromatographed on 300 g of <ilica gel. Tihier
pentane (3:57) ehited the desived ester mixtnre withsimz separntion
af the isamers. Thix erystalline material was reerysiatlized
three times fram eyelohexane v give .1 g (2007000 L, Palile 1
which was rich in the trans isamer.

Methy! ,7-3,4,4a,4b,5,6,7,8,8a,9,10,10a3-Dodecahydro-7,3-
hydroxy-13,4b3-dimethyl- A21H) *.phenanthreneacetate (Table I,
N)--Ta a suspension of 2.82 ¢ (0.052 mole) of reagent sadimm
methoxide i 35 ml of dry |2-dimet haxyethine wias added (L0 g
(0.052 1mole) af (rimethyl phoxphonoacetate in 34 ml of dry
2-dimethoxycethane, and the mixore was stirred Jar B bt
roont teniperainre, A =alntioncof 6.5 g (0.026 maoley of 3.4,-baa-
4h,5.06,7.8, 800,09, 10,1048 - dadecnhy dro - 758 - hydraxy - 18,4hg - di-
methyl-20HT -phenanthronet in 700 ml of 1,2-dimethoxyvethane
wis added wnd the conrse of ithe renction was followed by e
Silica plates developed with methanol ether (1:49) showed that
the reaction was abonu 5077 camplete in | hirhot that it progressed
no hiesher even where the mixtnre was reflnxed (84°) b 5 dayvs,
After the reflax periad, 27 mb of ThO and 500 0l of ether were
added and the Inyvers were separated. The arganie layer was
washed with hrine, dried (MgSO45, wnd cancentrated 1o give 9.0 g
of N, Table 1, ax a viscans oil which cantained canzidershle e
reacted ketone,  This mixtnre was hyvdralyzed direetly, giving o
earboxylic seid which was easily <epurable fron ketanie impnrity.
The vield in this reaction was not inereased when o4 Foratio of
Wittig reagent to ketone was nsed.

T similar experiment the proditet was purilied by chrama-
tography on silica gel, a process which did not =eparate the mixenre
of isamers.  This prodnet showed (by glpe) an isomer ratia of 317,

»{/-3,4,4a«,4b,5,6,7,8,8a,9,10,10a3-Dodecahydro-73-hy-
droxy-4bg,8,8-trimethyl-2(1H)-phenanthrone.—A  solution »f
3.4 g (0,013 mole) of 4,400,4b,5,6,7,8,80¢,9, 10-decaliydin-7 8-
hydraxyv-4b3,8,.8-trimethy-2(3H )-phenauthrone? in 30 ml cach of
THF and ether was wdded rapidly ta 300 ml of lignid annnmane
contaliing 10.364 g (1052 g-ntomy of Li. After addition wis cam-
plete the reaction mixtnre was stirred (or b in and <olid NTHUT
wiax then added o discharge the blue calor. The ammanis wis
atlowed v evaporate and ether and T10 were added. The ether
laver wis separated, washed with brine, dried (NaS0,0 and
concentrated.  The residne was recrystallized fram eyvelohexane
W give 01.90 g of pradicei, mp 102-105°, and D.OF g, mp 96 1047,
The residue from the mather Hgaor was chromatographied o
cight 20 X 40 emn =iliea gel enated chramatoplates which were
developed with t:1 cther-pentane.  The prodinet band wis
extriacted and the prodiet was recrystalized fomn eveloheximw
ta give 0.66 g of material, mp FO3-H0S° and 028 gomp 1001007
statal, 2.75 g, SO,

The combined maerial was n=ed i this state of purity withoat
characterization (o form S of Table 1.

»11-7,7-Ethylenedimercapto-3,4,4a,4b,5,6,7,8,8a,9,10,10a3~
dodecahydro - 4bs - methy! - A%« . phenanthreneacetic  Acid
(Table II, G). -A solution of 1.64 g (5.9 mmoles) of #//-3,4 4n0,-
4h,5,6,7,8,842a,9, 10, Has-dodecahydra-dh g-methyl-7-oxo - A= 1ha.
phenanthrenencetic aeid (Table 11, J) in 13 ml of seetic neid wis
treated with 2.0 ml of ethanedithinl followed by 2.0 1l of haran
trifinoride etherate.  No heat was evolved but a erysoalline
precipitate formed immediately.  After i min the mixtire was
dilnted with 15 ml of 110 and filtered.  The filter enke was
washed well with water, air-dried, wnd recry=tallized frsnn 100 1l
of acetie weld ta give 1.56 g of G, Table 11

d1-7,7-(Ethylenedisulfonyl)-3,4,4a«,4b3,5,6,7,8,8a,9,10,10a3-
dodecahydro-A% 1 a.phenanthreneacetic Acid (Compound I,
Table II).- A sohitian of 1.2 g (3.5 mmoles) of d/-7,7-(ethyleie-
dimercapta)-3,4,40a,4b8,5,6,78,880,9,10,10ug-dodecuhydro-
Axhe phenanthireneacetic aeid (Table 11, 11), in 150 ml of ¢ciher
was treated with 8.08 g (17 mmoles) of manoperphthalic aeid in
21 ml of ether. After the solution stood overnight at room tem-
perature, 130 ml of THT was added, and the solniion wus et iar
3 more days.  Fther (500 ml) was added and the sobition was
washed (aturated NuaS0,, NaCl) and then dried (NaSt),i
The subitiion was concentrated to give a cry=talline residne which
was triturated with sbont 20 ml of CHCl and eallected an
filter; 1.13 g, mp 266--267° dec. A second crop of 010 g, mp
267-270°, wiux ubiained by concentration of the CHCly washings
(027 vieldi,  Beerystallizntion from acetane gave componnsd
I, Table I1.

4/{-3,4,4a¢,4b,5,6,7,8,82,9,10,10a3-Dodecahydro-4bs-methyi-
73-pyrrolidino-A2'111.e.phenanthreneacetic Acid (Table I1. M }.
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A mixture of 3.10 g (11.2 mmoles) of J, Table II, 75 ml of benzene,
and 8 ml (96 mmoles) of pyrrolidine was heated under reflux for
4.5 hr with a water separator attached to the system. This
solution was concentrated to a residue by warming under re-
duced pressure and the residue was treated with 50 ml of dry
benzene and 3.5 ml (93 mmoles) of formic acid. The mixture
was heated under reflux for 30 min, cooled, and treated with
1.5 ml of formic acid. Water (60 ml) and ether (100 ml) were
added and the layers were separated. The ether layer was
extracted once with 2 ¥ HCl and discarded. Addition of the
acidic extract to the aqueous portion of the reaction mixture
calsed precipitation of the hydrochloride salt of the product.
Concentrated HCI (3 ml) and 10 m! of brine were added and the
precipitate was collected. It was washed well with acetonitrile
and then ether to give 2.57 g of crude M, Table 11, which was
shitable for conversion to a basic ester.

2-Dimethylaminoethy! dl-3,4,4a«,4b,5,6,7,8,82,9,10,10a8-
dodecahydro -4bgs -methyl-7 - oxo - A2(1H).@.phenanthreneacetate
Amidinohydrazone (Table I1I, H).—A solution of 5.60 g (0.0161
mole) of 2-dimethylaminoethyl dI-3,4,4a«,4b,56,7,88a,9,10,-
t0ag - dodecahydro-4bg-methyl-7-oxo - A2H.a - phenanthrene-
acetale (Table 1II, D) and 1.2 ml of concentrated HCI in 25 ml
of methanol was added to 175 ml of 1 N methanolic HCI in which
had been dissolved 6.0 g (0.044 mole) of aminoguanidine bio-
carbonate. The solution was allowed to stand at room tempera-
ture for 41 hr and was then treated with solid NaHCO; until
nentral. The solvents were removed by warming under re-
duced pressure and the residue was dissolved in 1:4 acetic acid~
water. A small insoluble residue was removed by filtration and
the filtrate was cooled in an ice bath while being made strongly
alkaline with 359, aqueous NaOH. The precipitated product
was collected and dried by addition and evaporation of several
portions of ethyl acetate.

The 6.8-g residue was dissolved in 110 m! of methanol and the
solution was treated with 2.8 ml of concentrated HCl and 500 m}
of ether. This mixture stood for 64 hr and was then filtered to
give 5.45 g of desired amidinohydrazone hydrochloride, mp
180-200° dec. 1t was recrystallized by dissolving it in methanol
and adding ether to give perhaps a different polymorph be-
canse this material (4.07 g) melted at 167° dec (Table III, H).

2-Dimethylaminoethyl d/-3,4,4a«,4b,5,6,7,8,8a,9,10,10a3-
Dodecahydro-73-hydroxy -4bgs - methyl - A20H .« phenanthrene-
acetate (Table III, K).—A 3.65-g sample (10.5 mmoles) of
amorphous J, Table III, was dissolved in 100 m! of methanol
and stirred while 0.53 g of NaBH; was added in small portions,
The solution was allowed to stand overnight at room temperature,
acidified with 2 ¥ H,80s, and concentrated by warming under
reduced pressure until the methanol was removed. The aqueous
residue was diluted with 250 ml of H,0, washed with ether, and
made alkaline with 2 N aqueous NaOH. The precipitated prod-
et was extracted with ether and the extracts were washed
(H:O, brine) and dried (Mg30;). Concentration afforded 3.00 g
of colorless, oily title compound which was converted to its
hydrochloride salt (Table 111, K).

Separation of c¢is and trans Isomers (Table III, L and M) of
2-Dimethylaminoethyl dl-3,4,4ac,4b,5,6,7,8,824,9,10,10a3 - Do-
decahydro-75-hydroxy-4bs-methyl-A2(1H).a.phenanthreneacetate
(Table III, K) by Fractional Crystallization of the Methanesulfo-
nate Salts.—The amorphous base obtained from K of Table 111
(2.3 g, 6.6 mmoles) dissolved in 30 ml of ethy! acetate was treated
with 0.53 g (5.5 mmoles and 179 less than theory through error)
of methanesulfonic acid dissolved in 20 ml of ethyl acetate. The
precipitate which formed was collected and recrystallized three
times from acetonitrile to give 0.74 g (25%,) of solid, mp 232-236°
dec. One further recrystallization afforded the trans isomer
(Table II1, L).

Concentration of each of the three mother liquors separately in
the above separation of the frans isomer of mp 232-236° afforded
the more soluble c¢is isomer in crops of 0.20 g, mp 213-218°;
0.25 g, mp 218-221°; 0.20 g, mp 219-223°; total yield 0.65 g
(22%). A single recrystallization from acetonitrile furnished the
pure cis isomer (Table I1I, M).

2-Dimethylaminoethyl dl-trans-3,4,4a«,4b,5,6,7,8,8a4,9,10,-
10ag - Dodecahydro-73 - hydroxy - 4bg - methyl - A21H).@ . phenan-
threneacetate 7-Acetate (Table III, N).—Compound L, Table 111
(2.00 g), was treated with 25 ml of H,O and 3 ml of 2 N NaOH
solution and the liberated base was separated with ether. The
ether was evaporated and the residual oil was treated with 10 ml
of pyridine and 5 ml of acetic anhydride for 16 hr. This mixture
was diluted with 125 ml of H,O and made strongly basic with 2 ¥
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NaOH. It was extracted twice with ether and the extracts were
washed twice with brine, dried, and concentrated to give 1.78 g
of a viscous, amber oil. The oily acetate was converted to 1.75 g
of its hydrochloride salt, mp 175-180°. Two recrystallizations
afforded N, Table 111.

2-Dimethylaminoethy! d/-3,4,4ac,4b,5,6,7,8,8a«,9,10,10a3-
Dodecahydro-78-hydroxy -4bg -methyl- A208).a. phenanthrene-
acetate 7-Benzoate (Table III, O).—A solution of 0.90 g of the
base from K, Table III, in 50 ml of dry benzene was treated with
0.5 m! of pyridine and 2.0 m! of benzoy! chloride and heated on
the steam bath for 3 min. The solvents were removed by warm-
ing under reduced pressire and the residue was partitioned be-
tween 2 N aqueons NaOH and CH.Cl,. The organic layer was
separated, washed with brine, dried (Na,304), and concentrated to
give 1.3 g of a crystalline residue. This base was dissolved in
hot acetonitrile, 0.3 m} of 8 N alcoholic HC! was added, and the
mixture was cooled to give the hydrochloride salt of the desired
product. One recrystallization from acetonitrile furnished O
of Tahle 111.

2.Dimethylaminoethy! di-3,4,4a,4b,5,6,7,8,8a«,9,10,10a3-
Dodecahydro-73-hydroxy -4bgs - methyl- A?20® .. phenanthrene-
acetate 7-Nitrate (Table III, P).—Nitric acid (909, 8 ml) was
added slowly with stirring at —10 to 0° to 50 ml of acetic an-
hydride. Then a solution of 4.00 g (0.0115 mole) of the free
base of K, Table II1, in 15 ml of CHCIl; was added dropwise with
stirring at —5 to —10° in 15 min. This solution was kept cold
for 1.5 hr and then poured into 400 ml of ice and water. The
mixture was allowed to stand for 1 hr, made alkaline with concen-
trated NH4OH, and extracted twice with ether. The extracts
were washed with brine and concentrated to a residue by warming
under reduced pressure.

The oily residiie was chromatographed on silica gel coated
plates which were developed with 1:1:98 methanol-isopropyl-
amine~CHCl. The loading amounted to about 0.4 g/20 X 40
em plate carrying a l-mm coating of silica gel. The principal
band from the plates afforded an oil whose infrared spectrum
showed no hydroxyl absorption. The oil was desolvated under
reduced pressure at 54°, dissolved in 10 ml of ether, and treated
with 2.0 ml of 6 N alcoholic HCl. The precipitated solid was
hoiled with 15 ml of acetone and the mixture was cooled and
filtered. The crystalline salt was then recrystallized by diluting
a solntion of it in 15 ml of warm methanol with ether to the point
of cloudiness. Colorless blades separated. This mixture was
diluted with 100 ml of ether and filtered to give P, Table III.

2-(Carbobenzoxyamino)ethy! dl-3,4,4ax,4b,5,6,7,8,820,9,10,-
10o3-Dodecahydro-4bg-methyl-7-0x0- A2(H) 2. phenanthreneace-
tate (Table III, V).—A solution of 4.84 g (0.0175 mole) of J, Table
I, in 30 ml of DMSO was treated with 0.99 g (0.018 mole) of
sodium methoxide followed by 4.74 g (0.0183 mole) of benzyl
2-bromoethylcarbamate.!’® This mixture was allowed to stand
for 1.25 hr at room temperature, heated at 100° for 4.25 hr,
cooled, diluted with 150 ml of H,0, and extracted twice with ether.
Concentration of the extracts gave an oil (8 g) which was chro-
matographed on 22 20 X 40 ¢m silica chromatoplates developed
with 1:4 ethyl acetate~CHCl;. The oily product, thus purified,
appeared by tle to be better than 98 pure. It showed Mg
213, 217, and 223 mu (e 18,700, 18,600, and 17,000, respeetively);
ARm 2,99 (ms) (NH), 5.85 (vs) and broad (C=0 and ester),
6.09 (s) (exo C=C), and 6.55 u (s) (NH deformation); nmr
peaks (CDClL) at 7.28 (5 aromatic H), 5.5 (=CH—), 5.18
(N-H), 5.07 (benzvl CH,), 3.42-4.13 (OCH,), and 0.90 ppm
(>CCH;). The 6.13 g of oil (779%,) was cleaved with trifluoroace-
tic acid as described below withotit further characterization.
2-Aminoethyl d!-3,4,4a«,4b,5,6,7,8,82,9,10,10a3-Dodecahydro-
4bB-methyl-7-0x0-A2!M.@.phenanthreneacetate (Table I, W).
—A solution of 3.59 g (0.0079 mole) of the carbobenzoxyamino
ester described in the preceding experiment in 20 ml of commer-
cial trifluoroacetic acid was allowed to stand for 24 hr. The
solution was diluted with 30 ml of pentane, the mixture was
stirred thoroughly, and the supernatant liquid was decanted from
an oily layer. This process was repeated four times. Then 5
ml of ether was added, the mixture was stirred, 50 ml of pentane
was added, and the supernatant liquid was decanted. This
process was repeated twice. The oily product was then diluted
with a few milliliters of acetone and streaked on ten 20 X 40 cm
silica plates which were developed with 3:3:94 methanol~iso-
propylamine~-CHCl;. The principal bands were quickly scraped
off and eluted with 1:19 isopropylamine-THF. The eluate

(13) E. Katchalski and D, B. Ishai, J. Org. Chem., 15, 1067 (1950).
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wils concentrated wooa restdne at 25° under redinced pressie,
the lask wax fliushed free of sopropylunine with nitrogen and oo
additional 25 1 of THI wus added aud evaporatd o remave
trnees of isopropylamine.

The residnal oil wax dissalved 1 50 il of THEF and excess
gascons HCL was added. The amarphoas precipiuwte was
dix=olved in 20 mt of 957 etlumal and this sohidan was dibired
with 10l of accrome Follawed by 50 mil of ether which wis added
11 inerentents to allow the precipitate to erystallize.  The <lighsly
sticky =alid was trivmated with 1O b aof sectane ta give W oof
Tible 111,

N-(2-Dimethylaminoethyl) ,//-3,4,4a,4b3,5,6,7,8,8a,9,10,-
10aB-Dodecahydro-7-ox0-A¥l"e.phenanthreneacetamide
(Table III, Z).-—The acid chbnide of 15, Table I, was prepared
from 2.05 ¢ (7.8 nunalex) of the acid in the standard mamer nxed
fur preparation of basic esters. This acid ehiloride in 40 nad of dry
benzene was (resxted with 0w (1 nnnoles) of N, N-dimethyl-
cthvlenediamine and the mixomre was heated an the steam bath
far & min, Foher and saunated NalCO; were added and the
Lavers were separnred, The ether Taver was extracted with =o
OOt partions of 2V HHCHand the sgneans exunets were heated
an 30° Far 10,75 hr o eleave any commine present fram reaction
a C-30 This aguenas solntioo was nade basic with 357, NaOll1,
the proditet was extracted with ether, and the extraets were
wished with brine, dried (NaX0h), and coneenuated. The re-
sulting 1S g of oil was purified by partitiane ehromatography
(= deseribed o the general procedinre For making basie estersd
using 60 g of Rnpereet. The prineipat baod hirished 116 g of
colortesx oil,  Canversion af this hase to its methunesntfonate
<alt gnve Z, Table T

2-Dimethylaminoethyl ¢/-3,4,4a,4b3,5,6,7,8,8a3,9,10,10a3-
Dodecahydro-7-oxo- 22111 a.phenanthreneacetate (Table I11, CC).

=Thix hasic ester wax prepared in the standird nemuoer om
25 gaf Rof Table . The 2,93 g of basic exter {ram the partition
cohimin was converted 1o its hvdroehloride sale which was re.
ervatallized three times (o give 115 g of the dde compannd,
The combined mather Hgnors fram reervstallization were used in
the next experiment.

2.Dimethylaminoethy! //-3,4,4a0,4b3,5,6,7,8,823,9,10,10a:3~
Dodecahydro-7.~hydroxy-A211.«.phenanthreneacetate (Table
11, DD).---The mother Hguors rom izolation and purifieation of
CC, Table T, were treated with NaOTT sahition and the Hber-
ated haxe was ixalated with ether. This base {127 2) was dis-
sabved in 60hml of 954, ethanol, 150 mg of NaB, i 5 mi of HaO
wils added, and the mixtinre was lefr standing For B au raom
temperatnre. Acetone and dibe HCT were addal el the
cthanal was renoved by worming imder redneed  pressure,
Fother was added, the Ivers were sepmaed, and the ether tayer
wix extracted with 2 N HCL The combined Liyiers were nude
alkaline with NaOt solntion and extracted with ether. ‘These
extracts were washed with brine, dried i NuasSO0, and coneen-
trated ta give 1.2 2 of ernde Gtde campound. Thix was subjected
to partition chromatagraphy as deseribed icdhe general procednre
far mnking basie esters, The rexnbiing pire aning ester wis
canverted o s hvdrochtoride sate, 11 of Table 111,

Ethyl ./-3,4,4a,4b,5,6,7,8,8a,9,19,10a3-Dodecahydro-7 3-
hydroxv-4bg-methyl. A2 .a.phenanthrenepropionate  (14).--A
nuxture of 243 ¢ (0102 mole) of wiethyt phosphonu-2-propis-
nate, Pl g (0402 mole) of parassitin &bintoxite, and 200 ml o
dey DASO was sthrred Tor 1.5 e Ta the vesulting eloudy <ali-
Hon was added SO0 g (0,034 malke) of J-3.4400,4Dh,5,6,7,8 8,7,
0,10, toag-dadecahydra-7g-hydraxy-4bg-methyi-200 T - phenan-
thrane® which dissolved fmmediately.  This <alitioa was hesied
at H8S-60° far 22 hr, couled, neniesdized with 5 ml of acetic acid
and ditnted with 250 ml of snnated salt salntian, The mixtiee
wis extraeted fonre times with ether and the extracts were washed
with brine and concentrated o residne. Chromstography
af the aity residne sm 400 g af <ilica gel nsing F:3 — 2:3 ether
pentane alfarded 7.5 ¢ (7000 of title simponnd. 1t showed a
single =pat an eliramaoplites devetaped with 3:97 methanat-
cther. Glpe indiented o 47:48 ratio of ¢/s=frqus Ixamers with
abant 3¢ impnrity present. Thes prodinet was hydmlvzed with-
ant frther puriticatom.

Jl-3,4,4a0,4b,5,6,7,8,8a,9,10,10a3-Dodecahydro-73-hydroxv-
4b3-methyl. A201 .e.phenanthrenepropionate.- - Thix  hydralvsix
wits i the =tandird mmmer except that the salution was
hented under relnx far 5.8 hr. Salid separated progressively ax
the ether extracts were cineentrmted o drvness. This acid
(SN0 had sueh paar eryvswadlizing properties that it wias useit
withane hther puificanion.
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2-Dimethylaminoethyt «/-3,4,4a+,4b,5,6,7,8,8ax,9,10,10a3-
Dodecahydro-73-hydroxy-4bg-methyl-aA dli.auphenanthrenepro-
pionate 715).- Thix basic ester wus prepared from the cor-
respandiog weid, just described, i (he stondasl manner exeept
that the pradnet was prarified by plite chramatography instesd
of partition chromatography.  Methanaol -isopropytamine -CHCL
2:2:06 was nzed o develop the plates, The resnlting ndy
basic ester was ennveried to its hydrochloride <alt whieh ~alidhi-
fied when trivnreted with acetane. Towaxs dissolved oo minimonm
af methanal and precipitated with ether o give o B35 e
fyaas mixinare af the desired prodiet (100 1L Thix <alt ixsolnhls
I water ta the exteat af 1,57 .

danl. Caled Tor CullyNOG-HCH ) 06,060 H, 9550 UL

Sat N, A0 Fonnd: €, 658, H, 9.8, CL8OS N, 05

Ethyl «/-3,4,4a,9,10,10a3-hexahydro-7-methoxy-" ¢! <.
phenanthreneacetate wias prepared by the reaction of .G g
A8 mole) af wiethyl phosphonoacetate with 7.0 g (0,083
male ) of ketone 17% nxing the general procedure for <ieh Wittie
renctions deseribed carlier. The erade prodinet was chran-
trgraphed oo 350 g of silen gel. Elnton with 19 ether pentane
alforded 5.5 g 007, )b the tite compannd, ALY 2280 2790 0l
O8N e (e 27,000, 2100, and 1950, respectively 1o Tle indieated a
single cotmpoarad. This prodnet was nzed withan further pre-
cessing.

{-3,4,4a¢,9,10,10a3-Hexahydro-7-methoxy-A*#!" @-phenan-
threneacetic acid wax prepared from the ethyl ester deseribl
in the preceding experiment using e general procedire for hy-
dralvsix of suel exvers deseribed earlier. The emde prodie
wils recryvstallized twice Fram nectone-hexane ta give FoS g of
prodnet, mp 173-175.5° Chranttography of the mother hgnors
affurded another 1025 g of materind melting at 173-175° tingal
vield, 43¢0 One additonal reerystallizaton afforded the as-
alytieal swmple: mp 174-175°: AR a0y, 270 and O8NS g
23,700, 2100, mel 1900, respectivelyy: nmre peaks (CHCLD
At 7-7.8 U aramatie 1, 601 ovinget HDand 4.2 ppm (OCHE 6

el Cated for Celha)y: O 74970 L 7400 Fannls
¢, 7500 1,70

2.Dimethylaminoethy! //-3,4,42,9,10,10a3-Hexahydro-7-me-
thoxy-A%11"@.phenanthreneacetate (18) wax prepared  fram
the acid deseribed in the preceding experiment nsing the general
pracedure {or making such esters deseribed curlier.  Chrama-
tagraphy af the ernde hesic ester was 1ot necessary,  Reerystii-
hzation of the hydrochloride salt of ithe ester {rom aeetane
atfarded an 8P vield of material meling at 7318170 Forther
ceervsiatlizaiion (rom acetane affarded the analytieal smmple:
mp F7O-18370 NG 0025 978, and 287 g fe 26,500, 2200, aixd
2000, respectively ioglpe showed o Frbomixune ot eds it
ISUTIELS,

el Cated tor CothbyNO;-HCE €
2.0, FFannd: C, 06.6: H S N, 3.7

2-Dimethylaminoethyl ,//-3,4,4a20,9,10,10a3-hexahydro-7-hy-
droxy-A%"Da.phenanthreneacetate (19) wax prepared in the
standard maner fram T, Table 1T, with uxe of partition chroma-
tagraphy on 60 g af Supercel in the purification process. The
hydrochloride salt cr when triturated with sectone
(058 g, 385 and malied ar 294-219°. Reerystallizavon From
sectane with ether added gave the analyvtical sample: mp 205
DA% A 094 078 and 289 mu (<h (e 23,700, 4650, aud 3650,
respectively toglpe shawed a T: 1 mixtire of ¢/c and teans iomers.

danl. Caled Tor CuIlaNOQg- HCE C 6a.65; H, 7.7 Cl
0.0 Foand: (65,5 H, 7.8, CL O

Hydrogenation of Ethyl (/-3,4,4a.,4b3,5,6,7,8,824.,9,10,10a3-~
Dodecahydro-73-hydroxy- A2 .a.phenanthreneacetate (Table I,
Bj. A sohition af 12,0 g (0.041 male) of the title compame in
300 mil absohite ethanal wis hyvdrogenated at 3.9 kg/em? mol
25° Fr 2.5 hrin the presence of B2 gaf 107y Pd-C. The nnxtre
wax filtered nnd he filonte was concentrated ta s residine hy
worming under rediteed pressire. The residue was dissalved in
ether and precipitated hy addition of a small amomnt of hexane
to give 441 g of material, mp HO-11EA°. Concentration af
the filtrate gave B0 g of material, mp 106-108° (41000 Re-
ervstallization from ether cantaining hexane atforded ethyl /-1~
2,3,4,4a0,4b3,5,6,7,8,824,9,10,10a3-tetradecahydro - 73 - hydroxy -
2t-phenanthreneacetate (isomer A) (23a), mp L10--111°.

S, Caled for CdlygOq: Co 7343 HL 1027,
CL 7380 Ho o2,

The mother liguor residnes were greaily enriched in isomer B
bt de showed no sepuration of these izomers when nsing sitien
plistes develaped with 1)0C] ether or 3:7 pentane-cther.  These
residiies were hydvolyzed ax deseribed in the following experimend.

GO0 HL 5960 N,

Fomnd:
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dl-1,2,3,4,4a0,4b3,5,6,7,8,8a¢,9,10,10a3-Tetradecahydro-73-
hydroxy-2¢-phenanthreneacetic Acid (23b) (Isomer B)—The
mother liquor residues from the immediately preceding experi-
ment were hydrolyzed according to the general procedure to
give the title componund. Two recrystallizations from ethyl
acetate and oue from acetone afforded 3.13 g (299, 2 =teps) of
23b, mp 164-166°. Further recrystallization from acetoue af-
forded the analytical sample, mp 170-176°. Tle analysis, doue
as with isomer A, indicated oue compound was present, &5 0.50.

Anal. Caled for Cille0Q;: C, 72.22; H, 9.83. Fouund:

C,72.3; H,10.1.

dl-1,2,3,4,4ac,4b3,5,6,7,8,8a,9,10,10a3-Tetradecahydro-75-
hydroxy-2¢-phenanthreneacetic Acid (23b) (Isomer A).—The
ester 23a (4.5 g) was hydrolyzed according to the general pro-
cedure and the product was recrystallized once from ethyl acetate
to give 3.95 g (97'%) of the title compound, mp 214-216°. Tlc
analysix ou a silica gel plate using acetic acid~CHCl; (3:97) for
development indicated that oune compound was present, K
0.56. Further recrystallization gave mp 214.5-215.5°.

Anal. Caled for CiHsO;: C, 72.22; I1, 9.83. Found:
C,72.5; H,0.8.

Dimethylaminoethy! 4/-1,2,3,4,4a«,4b3,5,6,7,8,8a,9,10,10a3-
Tetradecahydro-73-hydroxy-2¢-phenanthreneacetate (23c, Iso-
mer A).—This basic ester was prepared from 3.5 g of 23b, izomer
A, in the standard mauner to give 4.3 g of basic oil which was puri-

CassAaINE ANaLogs., IV 593

fied by partition chromatography oun 300 g of Supercel as de-
scribed in the geueral procedure. The major band was eluted
and the recovered oil was converted to 3.2 g (649,) of the hydro-
chloride salt of the title compound, mp 247-251°. Recrystalliza-
tion from methanol with ether added afforded the analytical
sample, mp 255-257°. The free base, liberated from this salt,
could not be distinguished from isomer B base by glpe.

Anal. Culed for CyHsiNOs-HCL: C, 64.24; H, 9.71; Cl,
9.45. Found: C,64.1; H,9.9; Cl,9.5.

Dimethylaminoethy! dl-1,2,3,4, 4a«, 4b3,5,6,7,8,82,9,10,1003-
tetradecahydro-73-hydroxy-2z-phenanthreneacetate (23c) (iso-
mer B) was prepared from 2.2 g of 23b, isomer B, iu the standard
manuer to give 2.53 g (814¢) of the title compound ax its hydro-
chloride salt, mp 196-206°. One recrystallization from acetone
raised this melting point to 202-213° and it was unchaunged upon
further recryx=iallization.

Anal. Caled for CxHyuNOs-HCL: C, 64.24; H, 9.71; Cl,
9.48. Found: C, 644; I, 9.8; Cl, 9.4.
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Basic esters have been made which bear a distant resemblance to the Erythrophleum alkaloid cassaine. These
monocyclic and bicyclic analogs were needed in order to define the role of the skeleton and various substituents

of cassaine in its cardiac action.
The Erythrophleum alkaloid cassaine (1) is reported
to be quite similar to digitalis in its action as a cardiac
stimulant.! Both of these drugs suffer from the dis-

_COOCH:CH,N(CHa).

advantage of producing toxic symptoms in doses only
slightly higher than those producing therapeutic effects.
It was of particular interest to determine the role of
the skeletal structure and the various substituents of
cassaine in the cardiotonie activity and toxicity demon-
strated by this alkaloid. In papers II? and III® of
this series we have described a large number of basic
esters which bear a rather close resemblance to cassaine.
Presently we report some more distant analogs of this
compound.

The bicyclic analog 5 was prepared from the trans
ketone 2. A Wittig reaction using trimethyl phos-

(1) See F. Erjavec and 8. Adamié, Arch. Intern. Pharmacodyn., 188, 251
(1983); E. L. McCawley, 4lkaloids, 5, 101 (1955), and references therein.

12) R. L. Clarke, 8. J. Daum, P. E, Shaw, T. G. Brown, Jr.,, G. E. Grob-
lewski, and W. V. O'Connor. J. Med. Chem., 10, 582 (1967).

(3) 8. J. Daum, M. M. Riano, P. E. Shaw, and R. L. Clarke, J. Org.
Chem. 32, 1435 (1967).

HCOOCH;
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phonoacetate transformed 2 into the «,8-unsaturated
ester 3 which was a roughly 1:1 mixture of ¢is and
trans isomers (about the double bond). No effort
was made in the presently reported work to separate
these isomers since it was found in the series of closer
analogs? that there were only slight differences in the
cardiotonic activity of such cis and trans isomers.

Hydrolysis of ester 3 was accomplished with NaOH
in aqueous ethanol to give carboxylic acid 4. Basic
ester 5 was then formed by the reaction of 2-dimethyl-
aminoethanol on the acid chloride of 4. This acid
chloride was best prepared by treating the sodium salt
of 4 with excess oxalyl chloride in the presence of pyri-
dine. Any intermediate function formed at C-6
from attack there by oxalyl chloride was decomposed
by the treatment with 2-dimethylaminoethanol; the
6-hydroxy basic ester was isolated.? Incidentally, the
B-acetate ester of 5§ was also prepared.

This same sequence of reactions was used in the
preparation of all of the basic esters reported here.



