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Extending our efforts in the search for a cardiac 
stimulant, we have prepared another analog related to 
the Erythrophleum alkaloid cassaine ( l ) . 2 We felt 
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CH3 bH 

1 

.NHCOOCH2CH2N(CH3)2 

CHj H N H 

tha t if the group = C H C O O C H 2 C H 2 N ( C H 3 ) 2 of 1 were 
replaced by the equatorially oriented ~NHCOOCH 2 -
CH2N(CH3)2 , perhaps we could obtain a cardiac 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. I t was hoped that the 
equatorial configuration of the side chain would ap
proximate the configuration demanded by the double 
bond of the natural product and tha t the unshared 
electron pair on the nitrogen might substi tute for the 
electron character of the double bond. In order to 
test this hvpothesis, we have prepared the carbamate 
2. 

The hydroxyl group of the starting material 3 was 
protected as its i-butyl ether derivative 43 while the 
necessary transformations were made at C-13. The 
oxime 5 of 4 was reduced chemically (Na, E tOH) , a 
procedure which allows assignment of the major 
product as the equatorial (a) amine 6 and the minor 
product as the axial (@) 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 IV see R. L. Clarke, S. J. Daum, P. E. Shaw, T. G. Brown, 
Jr., G. E. Groblewski, and W. V. O'Connor, J. Med. Churn., 10, 593 (1967). 

(2) See F. Erjavec and S. Adamic, Arch. Intern. Pharmacodyn., 155, 251 
(1965); E. L. McCawley, Alkaloids. 5, 101 (1955), and references therein. 

(3) H. C. Bayerman and G. J. Heiszwolf, Rec. Trav. Chim., 84, 203 (1965). 

3, R = H; R' = O 
4, R = NC4H9; R' = O 
5, R = *-C4H9; R' = NOH 

"VFT 
6, R = *-C4H9; R' = •/' 

X H 
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7, R = f-C4H9; R' = < 
S H 
-NHCOOCH2CH2Cl 

8, R = <-C4H9; R' = < 
X H 
/NHCOOCHjCHsCl 

9, R = 1-CJI9; R' = < 
TT 
-NHCOOCHsCH,N(CH3)2 

10, R = /-C4H<,; R' = < 
X H 
,NHCOOCH2CH2N(CH3)2 

11, R = F3CCO; R' = < 
X H 

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 
t reatment with trifluoroacetic acid; the compound 
isolated was the trifluoroacetate 11. This ester was 
hydrolyzed with methanolic NH^OH at room temper
ature to give 2-dimethylaminoethyl d/-N-(l,2,3,4,4aa,-
4b,5,6,7,8,Saa,9,10,10a/3-tetradecanydro-7/3-hydroxy-
4b/3-methylphenanthr-2a-yl)carbamate (2) in good 
yield. 

Biological Testing.4—Compound 2, upon intravenous 
administration in the dog at a dose level of 4 mg/kg , 
produced an increase of 3 0 % in ventricular contractile 
force, accompanied by a blood pressure drop of 25%. 5 

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 20% without concomitant 
lowering of blood pressure.4 

Experimental Section6 

^-7/3-<-Butoxy-3,4,4aa,4b,5,6,7,8,8aa,9,10,10a(3-dodecahy-
dro-4b(3-methyl-2(lH)-phenanthrone 2-Oxime (5).—A solution of 
6 g (25 mmoles) of hydroxyphenanthrone 37 in 150 ml of CH2CI2 
was treated with 1 ml of BF3 etherate and 1 ml of anhydrous 
H3P04. The latter was prepared by the addition of a calculated 
amount of P205 to 85% H3P04. Isobutene (150 ml) was added 
to the solution at 10°. The solution was shaken in the Parr 
shaker for 5 hr. The reaction mixture was poured into 200 ml of 
2 Ar NH4OH, the layers were separated, and the aquepus layer 
was washed with 200 ml of CH2C12. The organic layers were 
combined and dried (Na2S04). The solvent was removed 
under reduced pressure to yield an oil that was chromatographed 
on 300 g of silica gel. Ether eluted 4.7 g of ^-7fl-Nbutoxy-3,-
4,4aa,4b,5,6,7,8,8aa,9,10,10aj3-dodecahydro-4b3 -methyl -2(1H)-
phenanthrone (4) as an oil that would not crystallize. The oil, 

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

(5) We wish to thank Mr. William V. O'Connor for the biological testing. 
(6) All melting points are corrected. Ir spectra 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 layer chromatography. Where analyses are indicated only by 
symbols of the elements analytical results obtained for those elements were 
within ±0 .4% of the theoretical values. 

(7) S. J. Daum, P. E. Shaw, and R. L. Clarke, J. Org. Chem., 32, 1427 
(1967). 
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in 2.") ml of EtOH, was added to 2.8 g (40 mmoles) of 110NH.- HOI 
in 50 ml of EtOH containing 15 ml of pyridine. The reaction 
mixture was refluxed for 2 hr and then left at room temperature 
overnight. Dilution with a large volume of H20 and filtration 
gave 4..">2 g of the title compound 5 (59 r

( ) , rap 154-156°, \t"y 
3.10 (OH) and 0.17 y. (w, > C = X ) . The analvtical sample 
(from .MeOHj melted at 160-161°. Anal. (C,:Ji33X02) C, H, X. 

ri(-7/3-/-Butoxy-l,2,3,4,4aa,4b,5,6,7,8,8aa,9,lO,lOa0-tetra-

decahydro-4b/3-methylphenanthryl-2a- and -2/3-amines (6 and 
7'). —-A solution of 9.4 g (0.029 mole) of the oxime 5 in 70 ml of 
absolute EtOH was heated under reflux while 10 g (0.44 g-atoni 1 
of Xa was added portionwi.se over a 2.5-hr period. At the end 
of this time more EtOH and some ice water were added. The 
mixture was extracted (Et..O) and the ether was washed (satu
rated XaCl). The aqueous layers were washed with another 
portion of ether. The combined ether layers were dried (Xa2SO() 
and the solvent was removed by warming in vacuo to afford II) 
g of an oil. The oil was chromatographed on 1 kg of silica gel 
using Et2O-pentane-AIe0IT-/-PrXIF (50:44:3:3 ) for elution. 
Fractions were combined on the basis of tic analysis. The main 
fraction afforded 7.2 g of a mixture of amines. 

Partial separation of the isomers was obtained by using a 
method of partition chromatography described by Brown and 
Kupchan.8 The solvent system employed was a 12:1:2:0.2 
mixture of hexane- (C1CIT),' MeOII- H2o'. Supercel (400 g) was 
wetted with 300 ml of the polar phase containing 100 nig of 
bromocresol purple, the color of the indicator mixture was 
adjusted to a pale creamy yellow (faintly acid) by gaseous HOI, 
and the solid was packed into a column 9 cm in diameter. A 
sample of the mixture of amines (6.7 g) was dispersed on ap
proximately 50 g of Supercel and placed on top of the column. 
Elution of the column with the nonpolar phase of the solvent 
mixture developed the column; the position of the basic amines 
was revealed by two bands. 

The more polar band was obtained by slicing the column and 
elutiug the component with Et20-/-PrXH2 , (20:1). The oil 
obtained (2.3 g) gave a major single spot with an lit of 0.19 and 
a trace of impurity at Rt 0.31 (silica gel, Et20-MeOH-?'-PrXH2 , 
94:3:3). The less polar band afforded 4.2 g of oil which was a 
mixture of the two amines by tic. The latter material was 
chromatographed again on 14 silica gel coated plates (Brinkmann 
PF2,-„i silica gel, 20 X 40 cm) having a 1-nim coating. The plates 
were developed with Et20-/-PrXH2~.MeOIl, (94:3:3). The 
major more polar band afforded another 3.3 g of oil having a 
single spot by tic identical with the material of Rt 0.19. The 
less polar material afforded 0.4 g of product having a major spot 
on a tic analysis (silica gel, E t 2 0 MeOH -/-PrXFI2, 94:3:3) at 
Hi 0.31 with a trace at ft,-0.19. 

Structure 6 was assigned to the material of Rt 0.19 ( 6 2 ' t ) and 
7 to the material at /ff 0.31 (4.5',' ). These amines could not be 
crystallized. 

2-Chloroethyl <J/-N-(7/3-«-Butoxy-l,2,3,4,4aa,4b,5,6,7,8,8aa,-
9,10,10a/3-tetradecahydro-4b/3 methylphenanthr-2a-yl Carbamate 
(8).—The amine 6 (4.4 g, 15 mmoles) was suspended in 50 ml 
of ice-water. While the flask w-as being .swirled in an ice bath, 
4 g (28 mmoles) of chloroethyl chloroformate was added portion-
wise. When half of the reagent had been added, 10 ml of 2 A" 
XaOH was added to the reaction mixture followed by the re
mainder of the chloroethyl chloroformate. More 2 A' XaOH 
(10 ml) was added. The reaction mixture was swirled occa
sionally for another 15-30 min while in the ice bath. The oily 
contents of the flask solidified and were filtered. The solid residue 
was dissolved in ether. The ether solution was washed (dilute 
HOI, saturated XaCl) and dried (Xa2SO.,)- Concentration of 
the solvent in vacuo, filtration, and recrystallization of the pre
cipitate afforded 2.S g (47'>c) of 8. The analytical sample 
(from EwO) melted at 153-154°. A similar sample had X̂ .'V 
3.05 (msj and 0.50 (XII), 5.94 M (s) (>C—0) . Anal. (022H3s-
C1NO,) 0, II, 01. 

2-Chloroethyl t//-N-(70- t-Butoxy-l,2,3,4,4aa!4b,5,6,7,8,8aa,. 
9,10,10a/3-tetradecahydro-4b(3-methylphenanthr-2j3-yl)carbamate 
(9). -In a procedure similar to that used in the above experiment, 
0.4 g (1.3 mmoles) of amine 7 afforded 0.4 g (73f,*) of 9, nip 
132-134°. The analvtical sample from cvclohexane melted at 
134-135°. Anal. (C22H,ls01X03) C, H, X. ' 

2-Dimethylaminoethyl <//-N.(7/3-/-Butoxy-l,2,3,4,4aa,4b,5,6,-
7,8,8aa,9,10,10a/3 - tetradecahydro-4b/3 - methylphenanthr-2a-yl )-
carbamate (10).—A solution of 2.42 g (6.0 mmoles) of 8 in 

• 8) K. S. Brown and S. M. Kupchan, ./. Chromatog., 9, 71 196'2). 

80 ml of Me2XH was heated in a sealed glass tube on a steam 
bath for 24 hr. The tube was cooled and opened and the excess 
.Me2XII was evaporated. Ether and 2 A" XaOH were added and 
the layers were separated. The ether was washed with saturated 
XaOl. The aqueous layers were washed again with a portion ol 
ether. The combined ether layers were dried (Xa.SO,! and the 
solvent was removed by warming in vacuo to afford 10. In the 
usual manner, 2.17 g (81 r

( ) of crude hydrochloride salt was 
obtained, mp 1 15 125° (gelatinous melt). Two recrystallization-
from acetone-ether afforded 1.58 g of 10 hydrochloride, mp 150 
180°. Anal. (C24H44X2O;rII01) 0 , II, X. 

2-Dimethylaminoethyl ,«-N-( l,2,3,4,4a«,4b,5,6,7,8,8aff,9,10,-
lOa3-Tetradecahydro-70-hydroxy-4bfl-methylphenanthr-2«-yl )-
carbamate 7-Trifluoroacetate (11). A solution of 1.3 g (3.1 
mmoles) of 10 (free base) in 18 ml of OF3OO.I1 stood in an ice 
bath for 2.5 hr. The solvent was removed at 40° (maximum!. 
OI1..01.J and saturated XaI10() : i were added. The layers were 
separated and the organic phase was washed with saturate 1 
XaCl and dried (Xa-..S();), and the solvent was removed in vacuo. 
Recrystallization of the residue from ether and then from acetone 
afforded 0.85 g ( 6 1 ' , ) of 11, mp 196 197°. The analytical sample 
from acetone melted at 199-200°. Anal. (0-.II1-F-X4) i i X, 
F, NAP. 

2-Dimethylaminoethyl </,-N-(l,2,3,4,4aa,4b,5,6,7,8,8aa,9,10,-
10a(3-Tetradecahydro-73-hydroxy-4b;3-methylphenanthr-2a-yl)-
carbamate (2).—-Compound 11 (680 nig, 1.5 mmoles) in 50 ml of 
AleOII containing 10 ml of concentrated XdbOII sal at room 
temperature for 1 hr. The mixture was poured into some ice 
and the aqueous mixture was extracted with ether. The ether 
was washed with saturated XaCl. The aqueous layers were 
washed with a fresh portion of ether. The combined ether layers 
were dried (Xa2S()4). Concentration in vacuo afforded 400 nig 
of 2 (87 r , ), mj) 133 134°. The analytical sample obtained from 
ether melted at 134 135°. .1 rial. (C20n3flX2O3) 0 , II, N. 
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Iii a. previous study3 it was observed that 3,3,-di-
methyl-1-butanol carbamate (1) was a convulsatit and 
ten times more toxic than its silicon isostere, 2-tri-
methylsilyl-1-ethanol carbamate (2), a muscle relaxant 
at high doses. 

(OHsUCOIFCIFOOOXlF (CH;,)3SiOH2CH2OOOXH2 

1 2 

(CH; i)3XCH2CH2OCOXH2 

3 

Both 1 and 2 tire similar in structure to carbachol 
(3), and it was of interest to determine if these com
pounds would elicit a muscarinic response in a guinea 
pig ileum assay. 

After standardization of the test conditions (see 
Experimental Section), 1 and 2 were assayed and found 
to be void of muscarinic activity. However, both com
pounds were found to be antagonists of the muscarinic 

(1) This research was supported hy PuMic Health Service Research 
Grant GM10122 from the National Institute of General Medical Sciences. 

(2) (a) Alfred P. Sloan Fellow. 1905-1969. (b) To whom inquiries should 
he addressed: Department ol Chemistry, University of Montana. Missoula, 
Montana 59801. 

(3) R. ,1. Fessenden and M, D. Coon, ,/. Meil. Chem . 8, 61)4 llHti.5). 
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