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in 25 mlof EtOH, was added to 2.8 g (40 mmoles) of HONH.- FICT
in 50 ml of EtOH containing 15 ml of pyridine. The reaction
mixtire was reflnxed for 2 hr and then left at room temperature
overnight, Dilution with a large volunte of H.O and filtration
gave 4.02 g of the title compound 5 (590 ), mp 154-156°, AL
500 (OH) and 6.17 ¢ (w, >C=N). The analytical sample
(from MeOH ) ntelted at 160-161°. _inal. (C,«HuaNOy) C, H, N,

Jl-73-(-Butoxy-1,2,3,4,4a«,4b,5,6,7,8,8a,9,10,10a3-tetra-
decahydro-4bs-methylphenanthryl-2¢- and -28-amines (6 and
7).—A solntion of 9.4 g (0.029 mole) of the oxinie 5 in 71) ml ol
absolnte FtOH waxs heated nnder reflux while 10 g (0.44 g-atom
of Na was added portionwise over a 2.5-In period. At the end
ol this time more 1O and sonre ice water were added. The
mixtnre was extracted (Kt4)) and the ether was washed (satn-
rated NaCl). The aqneous layers were washed with another
portion ol ether. The combined ether layvers were dried ( Na.=SO)()
and the solvent was removed by warning n vaeno to allord 10
g ol an oil. The oil was chromatographed on 1 kg ol silica gel
using  Kt«O-pentane-MeQIl-/-PrN1le (50:44:3:3) for ebition.
[Practions were combined on the basis of the analvsis. The main
fraction atforded 7.2 g of a mixtare ol amines.

Partial separation of the isomers was obtained by nsing a
method of partition chromatography described by Brown and
Kupchan®  The solvent systemr emploved was a 12:1:2:0.2
mixture of bexane-(CICH. )« NeOI-TT.0.  Snpercel (400 g) was
wetted with 300 ml of the polar phase containing 100 mg of
bhromoceresol pnrple, the color of the indicator mixture was
adjusted to a pale creamy vellow (faintly acid) by gaseous HCL
and the solid was packed nto a colimn 9 ¢ in diameter. A
sample of the mixtnre of amines (6.7 g) was dispersed on ap-
proximately 50 g of Supercel and placed on top of the colnnm,
IEhntion of the colnimn with the nonpolar phase of the solvent
mixture developed the colinmn; the position of the basic amines
was revealed by two bands.

The more polar band was obtaived by slicing the colimp and
eliting the component with Et,0--PrNH,.. (20:1). The oil
obtained (2.3 g) gave a major single spot with an £ of 0.19 and
a trace of mpurity at R 0.31 (silica gel, Er.0-MeOH-7-PrN H.,
04:3:3). The less polar band afforded 4.2 g of oil which was a
mixture of the two mmines by tle. The latter material was
chiromatographed again on 14 stlica gel roated plates (Brinkmann
PTe silica gel, 20 X 40 ¢n) having a l-mint coating.  The plates
were developed with Et,O-/-PrNH.-MeOH, (94:3:3). The
major more polar band afforded another 3.3 g of oil having a
single spot by tle identical with the material of £ 0.19. The
less polar material afforded 0.4 g of prodnet having a major spot
on a tle analysis (silica gel, Et.O-NeOH-7-PrNI1. 04:3:3) mt
£: 0.3 with a trace at R; 0.19.

Struetire 6 was assigned to the miaterial of £ 0.19 16297) and
7 to the material at ¢ 0.31 (4.5¢7). These amines conld vot be
ervstallized.

2-Chloroethy! «(-N-(73-t-Butoxy-1,2,3,4,4a«,4b,5,6,7,8,8ac,-
9,10,10a3-tetradecahydro-4bs methylphenanthr-2«-yl)carbamate
(8)—The amine 6 (4.4 g, 15> mmoles) was suspended in 30 ml
of 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 .\
NaOll was added to the reaction niixture followed by the re-
mainder of the chloroethyl ehloroformate.  More 2 N NaOll
(10 ml) was added. The reaction mixture was swirled oneca-
sionally for another 15-30 min while in the ice bath. The oily
contents of the flask solidified and were filtered. The solid residne
was dissolved in ether. The ether solution was washed (dilnte
HCL satnrated NaCl) and dried (Na«80;). Concentration of
the solvent in vacro, filtration, and recrystallization of the pre-
cipitate afforded 2.8 g (47¢¢) of 8  The analytical sam?}e
(from Tit20)) nrelted at 153-154° A simiilar sample had AREr
5.05 (ns; and 6.50 (N1, 5.94 4 (3) (>C=0). .lnal. (CoHs-
CINOy) C, 1, CL
2-Chloroethy! d/-N-(73-{-Butoxy-1,2,3,4,4a,4b,5,6,7,8,8ac,-
9,10,10a3-tetradecahydro-4bs-methylphenanthr-23-yl)carbamate
(9).-—T1ir a procedure similar to that used in the above experiment,
1.4 g (1.3 mmoles) of aniine 7 afforded 0.4 g (73%) of 9, mp
132-134°.  The analytical sample from evelohexane melted at
134-135°,  nal. (CeHaCINO;) €, H. N,
2-Dimethylaminoethyl d/-N«(73-(-Butoxy-1,2,3,4,4a¢,4b,5,6,-
7,8,8a,9,10,10a3 - tetradecahydro-4bg - methylphenanthr-2«-yl -
carbamate (10).--A solution of 242 g (6.0 mnoles) of 8 in

iR K. & Brown aud S, M. Kupeban, . Chronaatog.. 9. 71 £16682).
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S0 il of MeNH was heated in a sealed glass tinhe anoa steam
bath for 24 hr. The tnbe was cooled and opencd and the excess
MeoNTT was evaporated.  Ether and 2 V NaOIT were added and
the layers were separated. The ether was washed with satnrated
NaCl  The agneons layers were washed againt with a portion ol
ether. The combined ether lavers were dried  Na.SOy snd the
solvent was removed by warming in racuo to attord 10, In the
nanal manner, 217 g (19701 of ernde hyvdrochloride salt was
obtained, mp L15-125° (gelatinons melt).  Two recrystatlizaions
rom acetone-ether afforded 1.58 g of 10 hydrochloride, mp 50
IS0°. lnal. (Caylla NGOy HCL ) N

2-Dimethylaminoethyl «/-N-(1,2,3,4,4a,4b,5,6,7,8,84,9,10,-
10a3-Tetradecahydro-73-hydroxy -4b3 - methylphenanthr-2a-yl -
carbamate 7-Trifluoroacetate (11).---A solntion of 13 g 5.1
nnboles) of 10 (free hase) in 18 ;b of CTSCOAT stood i an jee
bath for 2.5 hro The solvent wis removed at 40° {maximnnt ),
CHLCL and satmated NaHCO were added. The lavers were
separated apd the organic phase was washed with satnrate]
NaClhand dried i NaS000, and the solvent was removed in racan.
Recry=tallization of the residne front ether and (hen front nectone
alforded 0.85 g (6107 ol 11, mp 196-197°. The analy tieal samiple
from acetone prehed at 199-2000  uel. (Cel T FaNLO N,
I, Nav.

2-Dimethylaminoethy! «//-N-(1,2,3,4,4a,4b,5,6,7,8,82¢,9,10,-
10a3-Tetradecahydro-73-hydroxy-4b3-methylphenanthr-2q-yl;-
carbamate (2).—-Compomd 11 (680 mg, 1.5 muoles) i 50 ml ol
MeOH containing 10 ml ol cancentrared NIHLO <at at room
temperatnre Cor | hr. The mixtnre was ponred hio =ome jce
and the agneons wixtnre was extracted with ether. The «ther
wis washed with satnrated NaCl  The agneons lavers were
washed with a fresh portion of ether.  The combined ether Eiyvers
were dried (NoS0;)0 Coneentration in racwo atfforded 400 myg
ol 208700), mp 135 °. The analyvtieal sample obtained (rom

13
ether melted ar 134 135°0 el (CyplTe NGO CL LN

Silicon-Substituted Medicinal Agents.
Parasvmpatholytic Activily of
3,3=-Dimethyl-1-butanol Carbamate and
2-Trimethylsilyl-1-ethanol Carbamate®
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Recetred May 31, 1968

In o previous studv? it was observed that 3.3-di-
methyl-1-butanol carbamate (1) was a convulsant and
ten times more toxic than its silicon isosterc, 2-tii-
methylsilyvl-1-ethanol earbamate (2). @ musele relaxant
at high doses.

(CH,CCHLCHL.OCONTI, i CHy)=1CHL.CHLOCON Hy
1 2
(CHypNCH.OCHLOCON
3

Both 1 and 2 are similar in structure to carbaehol
(3), and it was of terest to determine if these com-
pounds would elicit 1 musearinic response in a guinea
pig ileum assay.

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

(1) This researchi was s(pported l«o Puldic Health Service Researel
Grant GM10122 from tlee National Institute of General Medical Seciences.

(2) (a) Alfred P, Sloan Fellow, 1965-1069, (b) To whom jwuiries slionkl
te addressed: Departinent of C'tiemnistry, University of Moutana, Missoala,
Montana 99801.
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activity of both acetylcholine and ecarbachol. The
dose-response curves of acetylcholine (10=7 A7) antag-
onized by 1 or 2 were identical within experimental
error. The ED; for both 1 and 2 was 0.07 mg/ml
(ca. 4 X 10— AI).

Previous workers have studied acetylearbocholine?
and acetylsilicocholine® and have concluded that these
two compounds act as indirect, nonnicotinie, choliner-
gic agents.  This study implies that both 1 and 2 have
an affinity for the musearinic site but do not possess
intrinsic activity.

Experimental Section

The procedure described by Turner® was followed for bioassay
prurposes. The bath temperature was maintained at 37 = 1°,
and oxygenated Tyrode’s solution was used as the perfusing
fluid. Hexamerhonium bromide (10 mg/l.) was added to the
Tyrode's solution to prevent ganglionic response. The final
bath volume for each run was 30 ml and chemical concentrations
were calenlated accordingly.

The test componnds could only be dissolved in Tyrode’s
solution with the aid of ethanol. Delivery of 1 ml of the test
solution to 29 ml of bath gave a final concentration of 1.6
ethanol. This did not have a significant influence on the muscle
response induced by 1077 M acetyvlcholine.

A typieal run was carried ont it the following mauner. The
ileun: was dissected, then washed with Tyrode'’s solution. Ap-
proximately 5 ¢m of the muscle was attached to a transducer in
the muscle bath (29 ml) and allowed to stand until the sponta-
neotts contractions had subsided. The transducer was connected
to a strip c¢hart recorder. Acetylcholine chloride solution (1 ml)
(final bath concentration 1077 M, 1.6 ethanol) was delivered
to the bath. The amplitude of the strip chart recorder was
adjusted so that the resulting contraction gave a 70-909;, pen
deflection. The muscle was then washed continuously with
Tyrode’s solution until the muscle had relaxed. The wash
solution was drainted, 29 ml of fresh Tyrode's solution was added
to the bath, and the system was allowed to equilibrate. After
the pen deflection was adjnsted, the calibration was repeated
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at least five times during and at the end of the assays of the test
compounds. The average of these values was taken as the 1009,
contraction value for 1077 M acetylcholine for the particular
muscle.

The test compounds were assaved in essentially the same
manner. The initial bath volume was 28 ml. To this was added
1.0 ml of the test solution followed within about 15 sec by 1.0
ml of the acetylcholine solution (final bath concentration,
1077 M ACh). The process was repeated three times and the
average of the pen deflections was taken as the value for that
particular concentration of test compound. This value was
then expressed as a per cent of the contraction value for 1077
M ACh. At least four animals were used for each compound.
The data that were obtained are snummarized in Figure 1.

The test compounds alone gave no mnscle response in the
dose range of 0.30 to 2.5 X 107 mg/ml

Potential Antimalarial Substances.
Antimetabolites of Pantothenic Acid!
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In 1943 it was observed that the survival of the
erythrocytic stages of Plasmodium lophurae, main-
tained intracellularly in duck red cell suspensions in
vitro, was favored by the addition of calcium panto-
thenate to the medium.? Moreover, the development
of Plasmodium gallinaceum in chickens is inhibited by
a deficiency in pantothenic acid (Ia).? These observa-
tions stimulated a search for antimetabolites that might
interfere with the utilization of pantothenic acid by
plasmodia.?7 Among the antipantothenates that
were synthesized and tested earlier.*=7 p-(+ )-phenyl-
pantothenone (Ib) was equiactive with quinine against
P. gallinacewm and twice as potent as quinine against
P. lophurae in the chick.>** In man, Ib exhibited
slight activity against blood-induced vivax malaria
and was tolerated well in doses of 2 g daily for 4 days.?
The pantoyltaurine derivatives VIa and VIb were the

HOCILCCHOHCONH(CH,).R
}
CH;
p-(+)
Ta, R = COOH
b, R = COCsH;

most active compounds synthesized; both were approxi-
mately ten times as potent as quinine against P, gal-
linacewm in chicks.?®

More recently it was shown that pantothenie acid
has no effect on the erythrocytic stages of P. lophurae
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