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Extending our efforts in the search for a cardiac

stimulant, we have prepared another analog related to
the FErythrophlewm ualkaloid cassaine (1).2 We felt

_COOCH,CH,N(CHy),
SH

..NHCOOCH,CH,N (CHy),

that if the group =CHCOOCH,CH,N (CHj;), of 1 were
replaced by the equatorially oriented ~NHCOOCH--
CH,N(CHa;)s, perhaps we could obtain a cardiae stimu-
lant having a much longer duration of activity. The
ease of in vivo hydrolysis of the ester group might be
related to duration of activity. It was hoped that the
equatorial configuration of the side chain would ap-
proximate the configuration demanded by the double
bond of the natural produet and that the unshared
electron pair on the nitrogen might substitute for the
electron character of the double bond, In order to
test this hypothesis, we have prepared the carbamate
2,

The hydroxyl group of the starting material 3 was
protected as its #-butyl ether derivative 4% while the
necessary transformations were made at C-13. The
oxime 5 of 4 was reduced chemically (Na, EtOH), a
procedure which allows assignment of the major
product as the equatorial (@) amine 6 and the minor
product as the axial (8) amine 7. Not being crystal-
line, these amines were characterized by their conver-
sion in the next step of the sequence to crystalline 2-

(1) For paper 1V see R. L. Clarke, 8. J. Daum, P. E. Shaw, T. G. Brown,
Jr.. G. E. Grohlewski, amil W. V. O’Connor, J. Med, Chem., 10, 593 (1967).

(2) See F. Erjavec and 8. Adamic, Arch. Intern. Pharmacodyn., 185, 251
(1965): E. L. McCawley, Alkaloids, 5, 101 (1955), and references therein,

(3) H.C. Bayerman and G. J. Heiszwolf, Rec. Trav. Ckim., 84, 203 (1965).
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chloroethyl carbamates 8 and 9. Reaction of 8 with
dimethylamine afforded the dimethylaminoethyl car-
bamate 10 which was characterized as its hydrochloride
salt. The ¢-butyl ether group in 10 was cleaved by
treatment with trifluoroacetic acid; the compound
isolated was the trifluoroacetate 11. This ester was
hydrolyzed with methanolic NHOH at room temper-
ature to give 2-dimethylaminoethyl dl-N-(1,2,3,4,4aa,-
4b,5,6,7,8,800,9,10,10a8- tetradecahydro-78-hydroxy-
4bB-methylphenanthr-2a-yl)carbamate (2) in good
yield.

Biological Testing.*—Compound 2, upon intravenous
administration in the dog at a dose level of 4 mg/kg,
produced an increase of 309, in ventricular contractile
force, accompanied by a blood pressure drop of 259.3
Ouabain at a dose level of 0.03 mg/kg or cassaine (1) at
a dose level of 0.04 mg/kg produces an increase in ven-
tricular contractile force of 2097 without concomitant
lowering of blood pressure.*

Experimental Section®

dl-73-t-Butoxy-3,4,4a,4b,5,6,7,8,824,9,10,10a3-dodecahy-
dro-4bs-methyi-2(1H)-phenanthrone 2-Oxime (5).—A sohition of
6 g (25 mmoles) of hydroxyphenanthrone 3" in 150 mt of CH,Cl,
was treated with 1 ml of BF; etherate and 1 ml of anhydrous
H:PO,. The latter was prepared by the addition of a calenlated
amonnt of P,0; to 859 H3PO,. Isobutene (150 ml) was added
to the soluition at 10°. The solution was shaken in the Parr
shaker for 5 hr. The reaction mixture was poured into 200 mi of
2 N NH.OH, the layers were separated, and the aquepns layer
was washed with 200 ml of CH,Cl,. The organic layers were
combined and dried (NaySO,). The solvent was removed
nnder reduced pressure to yield an oil that was chromatographed
on 300 g of silica gel. Ether elnted 4.7 g of di-73-t-butoxy-3,-
4,4a0,4b,5,6,7,8,820,9,10,10a3-dodecahydro-4bgs - methyl-2(1H)-
phenanthrone (4) as an oil that wonld not crystallize. The oil,

(4) For details of the experimental metliods of evaluation see R, L. Clarke,
8. J. Daum, P. E. Shaw, T. G. Brown, Jr., G. E, Grohlewski, and W. V.
O'Connor, J. Med. Chem., 10, 582 (1967).

(3) We wish to thank Mr, William V. O'Connor for the biological testing.

(6) All melting points are corrected. Irspectra were recorded on a Perkin-
Elmer Infrared spectrophotometer, Model 21. The silica gel used for column
chromatography (100~200 mesh) was obtained from the Davison Co,, Balti-
more, Md. Silica gel G, purchased from Brinkmann Instruments, Inc., was
used for thin layver chromatography. Where analyses are indicated only by
symbols of the elements analytical results obtained for those elements were
within £0.49% of the theoretical valies,

(7) 8. J, Daum, P. E. 8haw, and R. L. Clarke, J. Org. Chem., 32, 1427
(1967).
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in 23 ml of EtOH, was added to 2.8 g (40 ninoles) of HONH, - HC
in 0 ml of EtOH containing 15 ml of pyridine. The reactian
mixture was refluxed for 2 hr and then left at room temperatire
overnight, Dilution with a large vohime of H.( and filtratian
gave 4.02 g of the title compornd 5 (3947 ), mp 154-136°, A
310 (OH) and 6.17 u (w, >C=N). The analytical sample
(from MeOH ) melted at 160-161°. Anal. (CisHauaNOy) C, H, N,

dl-73-t-Butoxy-1,2,3,4,4a«,4b,5,6,7,8,824,9,10,10a3-tetra-
decahydro-4bs-methylphenanthryl-2«- and -28-amines (6 and
7)-—A solntion af 9.4 g (0.029 mole) of the oxime 5 in 7t) mi of
abxalnte EtOH wax heated nnder refinx while 10 g (0.44 g-ntani
af Nn was added partionwise over a 2.5-In period. At the end
al this timie mare IO and same ice water were added. The
mixtire was extracted (I6t.0) and the ether wax washed (satin-
rmted NaCl).  The aqueaus Iayers were waxhed with anather
partian af ether. The combined erher Inyvers were dried { Naa=())
and the satvent was removed by warming o rarno ta atford 1t
g of an ail. The oil was chromatographed on 1 kg of silica gel
nsing Et0-pentane-MeQOll-/-PrN1L (50:44:53:3) for elution,
Fractions were cambined on the basis af tle analyvsis. The main
fractian afforded 7.2 g of a mixttre af amines.

Partial separatian of the isomers was obtained by using a
method of partition chromatography described by Brown and
Kupchan®  The solvent systemr emploved was a 12:1:2:0.2
mixtnre of hexane-(CICH2)»-NMeOTIT-T1,0. Supercel (40t) g) was
wetted with 300 ml af the palar phase containing 100 mg af
bramacresal pnrple, the colar of the indicatar mixture was
adjusted to a pale creamy vellaw (faintly acidj by gaseons HCY,
and the solid was packed into u calunmim 9 emv in diameter. A
sammple of the mixtnre of amines (6.7 g) was dispersed on ap-
proximately 50 g of Supercel and placed an top of the colmun,
Ehition of the calnmn with the nanpalar phase af the solvent
mixture developed the calimn; the positian of the basic amines
was revealed by twa bands.

The more polar band was abtained by slicing the colnmn and
ehiting the camponent with Et,O--PrN1H,, (20:1). The ail
obtained (2.3 g) gave a major single spot with an ££; of 0.19 and
a trace af impurity at Ry 0.31 (silica gel, Et,O-MeOH-2-PrNH.,,
94:4:3). The less polar band afforded 4.2 g of oil which was a
mixture af the twa umines by tle. The Iatter material was
chromatographed again an 14 silica gel routed plates (Brinkmaim
PFa. silica gel, 20 X 40 ¢em) having a 1-mm caating. The plates
were developed with Et,O0-/-PrNH.~MeOll, (94:3:3). The
major mare polar band afforded another 3.3 g af il having a
single spat by tle identical with the material of £¢ 0.19. The
less polar material afforded 0.4 g of prodnet having a major spat
an a tle analysis (silica gel, Et,O-NMeOH-/-PrN1,, 94:3:3) at
Ry 0.31 with a trace at R; 0.19.

Structnre 6 was assigned to the material of £ 0.19 16277 and
7 ta the material nt R 0.31 (4.5, These amines conld not he
ervstallized.

2-Chloroethy! 4(-N-(73-t-Butoxy-1,2,3,4,4a,4b,5,6,7,8,8ac,-
9,10,10a3-tetradecahydro-4b3 methylphenanthr-2«-yl)carbamate
(8),—The amine 6 (4.4 g, 15 mmoles) was suspended in 50 ml
af ice-water. While the flask was being swirled in an ice bath,
4 g (28 mmoles) of chloroethyl chloroformate was added portion-
wize. When half of the reagent had been added, 10 ml of 2.V
NaOll was andded ta the reaetion mixture followed by the re-
mainder of the chloroethyl chloraformate.  Move 2 N NaOll
(10 ml) was added. ‘The reaction mixture wis swirled acea-
sianally for another 15-30 min while in the ice barh. The oily
contents of the flask salidified and were filtered. The =alid residne
was dissolved in ether. The ether sohition was washed {(dilute
HCL saturated NaCl) and dried (Na.80;). Coneentratian of
the salveut m encio, filtration, and recrystallization af the pre-
cipitate afforded 2.8 g (479¢) af 8. The analytical sample
ffrom It.0) melted at 153-154°. A similar sample had a
3.05 (ms) and 6.50 (NH), 5.04 ¢ (2) (>C=0). Anal. (CyyHy-
CINO;) C, 1, CL
2-Chloroethy! J/-N-(73-t-Butoxy-1,2,3,4,4a,4b,5,6,7,8,8ac,-
9,10,10a3-tetradecahydro-4bs-methylphenanthr-23-yi)carbamate
(9).-—Tn a procedure similar to that used in the above experiment,
1.4 g (1.3 mmoles) of amine 7 afforded 0.4 g (73%) of 9, mp
142-134°.  The analytical sample from cyelohexane melted at
1544-135°  Anal. (CoxHiCINO;) C, H, N.
2-Dimethylaminoethyl «/-N-+(73-(-Butoxy-1,2,3,4,4ac,4b,5,6,-
7,8,8a22,9,10,10a3 - tetradecahydro-4bg - methylphenanthr-2a-yl)-
carbamate (10).--A xalntion af 242 g (6.0 mmoles) af 8 in

(& I N Brawn amd S0 ML Kupeban, J. Chramatog., 9, ©) 11462,
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St ml of MeaNH was heated in a senled glis< tnhe on o steam
bath far 24 hr. ‘The tube was cooled and apened and the excess
Me:NTT was evaparated.  Ether and 2 N NaOIT were added and
the layvers were sepurated.  The ether was washed with satnrated
NaCl. The agueons fayvers were washed again with a portiom ol
ether. The rambined ether lavers were dried N800 and thne
solvent wus removed by warming /n racico to atfford 10, In the
usual manner, 2,17 g (231°7) of cmde hyvdrachloride salt was
abtained, mp 115-125° {gelatinons melt). Twa recrvstallization=
from acetane-cther afforded 1.58 g af 10 hydrochloride, mp 170
180, Adaal. (CalEaN-O, - HCH €, T, N,

2-Dimethylaminoethy! (/-N-(1,2,3,4.42,4b,5,6,7,8,84,9,10,-
10a3-Tetradecahydro-73-hydroxy -4b3 - methylphenanthr-2a-yi)-
carbamate 7-Trifluoroacetate (11).---A =alution af 1.4 g i1
nmpdes) nf 10 ({ree base) in 18 ml of CF,COLT staal i an ice
bath Tor 2.8 hee o The salvent wax rennived at 40° aunxinmm i,
CHLCL and satiated NaHCO,; were added. 'The avers were
separated and the nrganic phase was washed with saturated
NaCland dried tNua30.), and the sobvent was venmved 70 v
Recrystallization of the residue fram ether and then from aceline
afforded .87 g (1 ) af 11, mp 196-197° The analyvtieal smmphe
fram acetane mehed at 100-200°. el (Cull-FuNLO00 N,
1“, ‘_\v_,“-.

2-Dimethylaminoethy! //-N-(1,2,3,4,4a,4b,5,6,7,8,82,9,10,-
10as-Tetradecahydro-73-hydroxy-4bs-methylphenanthr-2a-yii-
carbamate (2).—Camponnd 11 (680 mg, 1.5 mmolex) in 50 md of
MeOlIl containing 1) ml af concentrated NIHLOTE sat 51 romn
temperatire for 1 hr, The mixture wax panred inta <ame ice
and the aqueous mixture was extracted with ether. The ether
was washed with satmrated NaCL o The aqueans Iayvers were
washed with a fresh portien af ether. 'The cambined ether ivers
were dried (Nu.SDp. Cancentration o0 racio atfarded 400 mg
uf 2E8770), mp 133-134°, The analvtical ssuple abiained {rom
other melted ar 134 1353°0 Aped, (CogTTe NGOy CL LN

Silicon-Substituted Medicinal Agents.
Parasympatholytic Activity of
3,3-Dimethyl-1-butanocl Carbamate and
2-Trimethylsilyl-1-ethanol Carbamate’
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In o previous study? it was observed that 3,3-di-
methyl-1-butanol carbamate (1) was a convulsant and
ten times more toxie than its silicon isostere, 2-tri-
methylsilvi-1-ethanol carbamate (2), o muscle relaxant
at high doses,

(CH)CCHLCHLDCONH. (CH)=ICHLCHLOCONTL
1 2
{CH NCHL,CHAOCON T,
3

Both 1 and 2 are similar in structure to earbachol
(3), and it was of interest to determine if these com-
pounds would elicit & muscarinie response i a guinea
pig ileum assay.

After standurdization of the test conditions (sce
Experimental Section), 1 and 2 were assaved and found
to be void of musearinie activity. However, both coni-
pounds were found to be antagonists of the muscarinic

(1} This research was supported Ly Public Health Servive Resear)
Grant GM10122 from the National Institute of General Medical Seiences.

(2) (a) Alfred P. Sloan Fellow, 1965-1969, (b) ‘Tn whom imjuvities shanld
he addressed: Department nf C'Liemistry, University nf Muntana. Missonlt,
Montana 59801.

{3) R.J. Fessenden ami N, D. Conn, J. Med, Chenr . 8, 604 119G3;,
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