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Table IV =<immnmrizes the vesults of the cheostor-
ilant test in housefliex.  Nounce of these compounds were
signifieantly active i contrast 1o the eorresponding
aziridine anadogs previously =tudiced.:

Table Vosummarizes the result= of the evaluation
ol these compounds v the male mousce. None of the
mcethnesnlonate derivarives had aetivity compearable
to that of the correspouding azividine analogs.  How-
ever. the Cre derivative, 40 does =eent to have acdetayed
cffeet ax evidenced by reditetion o itter sizes 1
weeks 140 This effeer = similar to that obrerved
by Jackson i the case of bhusulfan and isopropyl
metimnesulfonate which affeeted stertlity only after
sever] weeks”
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peratnre Tor 2 hre, and hen at refing for another 2 oo The
<olvent wus evaporated fi vacun and the residne was washed with
wiater giving the cmde producr,  Recerystallization from the
solvents indicated (Table 11 gave analytical =amples,

N, \V'-Bis(hydroxyacetyll-«,w-alkylenediamine. -1he \,\''-
bixécarbomethoxyvacetyli-oe-alkylenedinmine (5 mmoll wax
dizzolved in 60 ml of MeOI in which an analytieal amonnt of Na
Lias been dissolved.  The reaction mixuire was stirved at room
temperaire tor 2l Evaporarion of the =olvent in ricno left o
white crv=talline produem . Recrvsiallization (Table 11) gave
analytical samples.

N, N'-Bis(methanesultonyloxvacetyl 1-,w-alkylenediamine.-
Mes0.C1 (4 mmol) in 2 ml of ErO was added slowly with cooling
to the V.V '-bixthydroxyiucetyD-w,w-alkylenediamine (2 nnnaol:
diszolved ina mixiure of 2 ml of pyridine and 4 nil of 14,0, After
<tirring for 2 e at roon temperative, Fia) was evaporated and
ice water was added 1o the residne.  The white precipitate wasx
filtered, dried, and recrvetallized 1AeMe-Kn0) (o give the com-
poands 1 Table TITH

Biological Methods

Housefly Chemosterilant Assay.—--These studies were con-
ducted by the U. 8. Department of Agriendture at its Insects
Affecting Man and Animals Research Laboratory, (Gainesville,
Fla. The method nsed was essentially that previonsly re-
ported.*

Mice Chemosterilant Assay.—-These studies were conducted
by H. . Tong, Stanford Research Institute, by the method
previonsly reported.?

41 6L CL Leldrecqoe, J, Econ. Entomol., 64, 684 (1961).
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nient Program. We wish to thank Mr. Tong for 1he
mice studies and Dro Weldhaas and J. Roos Tor the
hous=eflv studies,
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VI.' Resolution of
(£)-7=Deoxy-16,17.18,20-tetranorcassaic Acid and

Biological Activity of Derived Esters

Cassaine Analogs.

Roprur o CLanke axp SoLJ. Daw
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Recently we desertbed o series of simplified ansdags
af the Erythrophlewnm alkaloid  cassaiune (1) which
were prepared 1noan offort to find o =yothetically
feasible and medieinally aceeptable nnalog of eassaine, a
cardiotonic ageut. These =implified =tructures, ex-
cmplified by formula 2, proved to be only 0.1 o
less) as active ax the natural produet. It was of
immediate conecrn whether at least half of the lox=
of activity could be attributed to the racemie nature
of the syunthetic compounds. Cuassaine iz a xingle
{levorotatory) enantiomer.

AMany efforts at resolving various ricemates at
several stages i1l the synthetic sequences reported ear-

1) Paper V. 2000 Devow o Ry L Clarke, S0 Ueds Gl 11, 1GGY
1 1068).
21 var R. L. Clarke, %, J. Daooe 1% B Shaw, T Go Breavn, ey, G L

Groblewski, and W, V.
a6y

O*Copner, iLid., 10, 482 (1067): (I i, 10, 503
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lier? were unsuccessful. Gottstein and Cheney? have
called attention to the merits of dehydroabietylamine
as a resolving agent. To our considerable delight,
addition of this amine to a 1:1 mixture of (&)-trans
and (Z)-cis acids 8 (isomeric about the exo double
bond) resulted in preferential precipitation of the
amine salt of the (—)-trans acid. The rotation of this
salt and its high yield indicated that it was contam-
inated with some (—)-cis acid salt. However, liberation
of the free acid and recrystallization afforded the
desired (—)-trans enantiomer.

It did not prove possible to separate the (4-)-trans
acid 3 from the complex mother liquors. Yet this (4)
acid was required in order to obtain both optically
active basic esters for biological testing. The most
likely approach at this juncture apparently lay through
resolution of pure (=&)-trans acid 3 (free of the cis
form). Mlultiple recrystallization of a 1:1 cis—trans
mixture of ethyl esters 4?2 enriched the trans isomer
to 93%. Hydrolysis to acid 3 and further recrys-
tallization then afforded a (Z=)-trans acid containing
only 1.69% of the ¢is isomer.

Resolution of this (+)-trans acid 3 was then accom-
plished through its dehyvdroabietylamine salt, but
again with only partial success. The (—)-tians acid was
isolated without difficulty but the (4 )-frans acid could
not be obtained entirely pure. It was then discovered
that the (+)-1-(1-naphthyl)ethylamine* salt of the (4 )-
trans acid 3 iz only one-tenth as soluble in MeOH
as is the diastereoisomeric (4 )-amine-(—)-acid salt.
Separation of the (+)-trans acid 3 in this manner
afforded it in pure form.

In order to have the physical constants of the enantio-
meric salt available to confirm melting points and
rotations, the (—)-1-(I-naphthyl)ethylamine salt of (=)
trans acid 3 was prepared and the free (—) acid subse-
quently regenerated from it. The optical rotatory
disperson data for these enantiomeric acids 3 are
recorded in the Experimental Section.?

Pure (+ )-trans and (—)-trans acids 3 were converted
into the corresponding basic esters 2 by reaction of
the acid chlorides with dimethylaminoethanol.? Eval-
uation of the cardiotonic activity of these enantio-

(3) W.J. Gottstein and L. C. Cheney, J. Org. Chem., 30, 2072 (19865).

(4) Sold as Resoline-A by the Research and Development Department,
Rock Hill Laboratory, Newport, Tenn.

(3) We thank Dr. Yash P. AMyer for determination of these dispersion
curyes.
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meric basic esters in both isolated rabbit heart atrial
strips and in intact dogs according to the methods
reported in the preceding paper of this series' showed
no significant difference in their activities.® Perhaps
this is not too surprising since there is little difference
in the activities of the (4=)-cis and the (=)-trans basic
esters 2 (isomeric about the double bond); also little

__CO,CH.CHN(CH,),
L
H

HO

difference when the rings are fused in a trans-trans, a
cis—trans, or a trans—cts manner.?® Yet the activity
drops significantly when the ridigity afforded by ring B
is eliminated (structure 5).2

Concerning the decomposition of dehydroabietyl-
amine salts, they should be treated with excess base
and the desired acids then liberated from the aqueous
phase. We found that dehydroabietylamine hydro-
chloride is so insoluble in H;O that treatment of dia-
stereoisomeric salts of dehvdroabietylamine with HCI
gives difficult mixtures of free acid and amine hydro-
chloride.

Experimental Section”

Separation of (=% )-trans-Acid 3 Directly from a Mixture of (= )-
cisand (=% )-trans Acids.—A solution of 17.4 g (0.066 mol) of a 43:57
mixture of (% )cis and (= )-trans acids 3% in 250 ml of hot MeOH
was treated with 18.8 g (0.066 mol) of solid dehydroabietyl-
amine.® The amine dissolved and immediately a crystalline pre-
cipitate formed. The mixture was cooled to 45° and the solid (16.4
g) was collected. Recrystallization from 13500 ml of absolnte EtOH
(boiled down to 600 ml and cooled to 5°) afforded 12.5 g of needles,
mp 227-229° dec (evac tube), [a]%D —22.6° (15, in HOAc). A
second recrystallization gave 9.13 g of needles of (— )-trans acid 3
dehydroabietylamine salt, mp 227-228.5° dec (evac tube),
[a] %p —24.60. Anal. (CseHaaNOs) C, H, N

The (~)-trans acid salt (9.0 g) was suspended in 200 m! of Et,O
and 30 ml of 1 N HCl was added. The mixture was shaken well
and filtered to separate a solid. The residue resulting from
concentration of the Et:O layer was added to this solid. The
total solid was shaken with 300 ml of H.0, 20 ml of 2 N NH.,OH
and 100 ml of Et:0. Acidification of the aqueous layer gave a
crystalline acid which was washed well with H.O and air dried.
This acid was recrystallized from 500 ml of MeCN (concentrated
to a 250-ml volume) to give 2.32 g of (— )- trans acid 3, mp 217-219°
(evac tube), [a]®Dp —48.6° (1% in EtOH). A second recrystal-
lization raised the melting point to 219-220° (evac tube); [a]%»
—49.1° (19, in EtOH).

Ethyl(=£)-trans - 3,4,4ac,4b3,5,6,7,8,82,9,10,10a3 - Dodecahy-
dro-73-hydroxy-A2('M.@.phenanthreneacetate (4).—The crude 1:1
mixture of ¢is and trans isomers of this compound (41 g) prepared
as described earlier? was dissolved in 100 ml of cyclohexane and
the solution cooled to give 16.5 g of a 3:7 mixture of cis and trans
isomers. A second recrystallization from evelohexane furnished

(6) We thank Dr. G. E. Groblewski of these laboratories for this biological
information.

(7) All melting points are corrected. Nmr spectral measurements were
made using a Varian A-60 spectrophotometer with (CHj3)4Si as an internal
indicator. Ir spectra were recorded on a Model-21 Perkin-Elmer spectro-
photometer and uv' spectra were measured on a Model 15 Cary spectropho-
tometer. Brinckmann Instruments silica gel grade PFau« was used in l-mm
thickness for preparative plate chromatography. Where analyses are in-
dicated on!y' by symbols of the elements, analytical results obtained for
these elements were within == 0.49%, of the theoretical values.
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15.2 ¢ of needlex; mp 96-114°. Recry=tallization of this mixte
from 150 ml of EtaQ concemrated to 50 ml afforded 7.35 g of
needles, mp 118-126.5°. Recrystallization from hexane three
more times raized the melting point finally to 126-128.5° 5.9
@, 14000 NEOT 28 mp e 20400 ARED 584 1COY and 6.09
cero C==C); nmr peaks at 355 c=C1T), 247 Hz tOCHy o
dnal. (CuyHwO51 CL HL

Thix prodiet was <howic by glpe to comane 93¢ of 4 and T,
of the ¢is isomer with L34, foreigh waterial present.  Further
purification of this frasx saner wies aceomplished inrhe nex
step ax dexcribed below.

(= =lrans-3,4,4a0,4b3,5,6,7 .8,83x,9,10,10a3-Dodecahydro-7 3-
hydroxy-A2Ui.e.phenanthreneacetic Acid 13«---A =olution of
5.7 2 (001 mol of the 3 puare s £ fruns ester (4) in 100 ml of
hot MeOH wax treated with 500l 70010 mol) of 2.V NaOH
=olntion and the mixtare wis refluxed for Lhr, The MeO1T wax
removied by warming G sresn ] 200 mil of HaO and 100 ml of
[0 were added, This mixtare was =haken thoronghly and
then filtered to separate o considerable quantity of andissolved
Na =alt of the produer. The 0 faver from the filuwate was
combined witli the =olid wiid the suspension was made strongly
acidiec with 2N HCL The precipiiaced acid was collected,
ar dried (5.7 ), and recrvsiadlized twice from MeCN 1o aflord
ST gtT Lol (g rans acid 3onp 221-2247 tevac eap.r. A third
recrystallization of w porticar of the prodinet gave she analytical
sample as fine, colorless needles ol mp 225-227° revae tube .
Glpe on the Me ester derivaiive, poepared with CH.N s, showed 1
o contain 1.6, of she o0 omer. Lol (CiglnOq C T
nentralization equivaleny: caled, 2644 tonnd, 261,

Resolution of (== i=/ru1is-3.4,4aa 4b3,5,6,7,8,8a,9,10,10a3-Do-
decahydro-78-hydroxy-A%t1l-a.phenanthreneacetic Acid i3;. -
A =olntion of 3.70 g ‘0.0 molrofthe ¢ == «/rans acid 31 50 ml of
hot MeOI was treased witly i <ot of 400 g (0,014 mol; of
dehyvdroabictylamine g brond of ina MeOH. A crvsalline
=alt precipitated mmediuely. The mnxtire was cooled and
tiltered 1o give 514 ¢ o <olisl. The filieme will be veferred 10
below ax the orfginal tlirat

eerystallization of s sult 1wiee Trom absolute 1O with
cooling only to room temperatire prodiced 2.83 g of needles of 1he
v — trans acid dehydroabieryhonine =ali, mp 232-234° dec tovac
tbe). A third veervsiallizaion gave 240 g of this =alt which
decompozed an 292.5-204.07 vevae tnbes: Jo]®n —10.7° (10
i 11OAc¢), nal. Cadl NS CHN,

The mother liquor {1 the reervstallizaiion of the 519 g of
solid was concentrated 1o il volnnee and 0.47 g of needles was
obtained <howing jej®n =37 170 in 1HHOAc¢rn  Concentration
of the filtrate o drvoess vielded 1.27 ¢ of solid, [e]®n +36°
b0 in HOAe This dextroraratory residae was combined with
the residne from vhe swigivat filivate and this solid was shaken
with 83 ml of HaO, 15 ml of 2.8 NaOH, and 110 ml of Ei,0.  The
Et:0 layer was separared aud washed with two 15-ml portions
ol TLO.  Addification of the combined 10 layer and washings
gave o crystalline precipiiare which was washed well with 11,0
and alr dried: LAT g, [wi¥n +40.5° 017 inEtOH). Multiple re-
erystallization of this enpriched - — ~fruns acid 3 from MeCN Tailed
to raixe the melting poia above 21222160 fa{®n +43.0° (17,
i EtOI ) Isolation of pure = <tras aeid from thix mixure is
deseribed later in this experimuen.

The y — Hrans neid dehydroabienylamuine =ahi deseribed earlier
i thix experiment (225 g+ was shaken wih 85 ml of HaO, 15
ml of 2N NaOH, and 1av mit of B0 ad 1the lavers were sepr-
arnted. The RGO laver wag washed with H.0 and the combined
aeons layers were aeidified wirh 2 N HCl The precipitated
i — plrans acid 3 was collecred, washed with H.0) and dried;  1U2

&,
A sample of this { — </ransacid s deseribed 10087 g, 3.8 mimols
wax converted into itx ¢ — = 1= l-naphithyherhylamine <alt by dis-

solving in 25 mi of hor MO and adding a solution of 0.57 g
V3.3 mmollof the | — =amnce in TOml ol MeOH. Concentration of
the resnlting solution /i coeng 10w 3=l volnme, dilnton with
S35 mlof 60, and filirution gave 131 g 91 rof ( — rbrans acid 3
¢ — 1=t 1-naphthyhethylaomine <ali, mp 229-231° with intumese-
ence (evae tihet. Recrvatallizaoion foon RO mi of MeO1T (with
collcentration w25 mly gave 1O6 g ol colorless plares and prismes,
myp 231-233.5° with iinumesceuee, (ol B0 —27.5° 0 140 in HOAe).
Anar. (CuHeNOG CO HN.

Treatnmentof 0.96 g ot thix - — w=aeld-+ — ~base salt with base in
the n=nal mamner followed by acidification of the agueons =olution
gave o erystalline acid which was recryxtallized from 100 ml of
MeCON with concentration 1o 45 ml. Colorless needlex of (— j-trans

Valo 13

acid 8 were obsained, ap 210-220° 1evae inber: BB 5ic MeOdd
e )10y 23-25° [a]:p\.t —49°, ](XI:auu — 4407, e 21D
Vo 07, falwe +12820°, latun 2000° s S
COL; renweatization equivalent: ealed, 26445 Teand, 261

Pamng o 1the 1.7 gof enriehed 4 wfranis weld deseribed e
the =econd paragraph of this experimen, asolntiow of 1lds <anple
50 ml ol warm MeO1] was trented with a =olationenl L2 g of
o - 1- -naphthyDethy lunine? e d b of MeOTT
and filtraviorcatforded 1.84 gof volorless bladesof the = = fragisend
CAmmmine salt ap 250 231.05° dnunnescenee séevae tabe s b
+ 20027 019, D HHOAe: The tilivate was cancemnrated 1o 0 resi-
dne whieh wes trionrmed twiee with 1900 and then reervsiallized
front 20 ml of MeOIL This was obtained 022 oot sl nebing
it 2UNG 2807 dnlamescence! {evac tnbed.
were recryshidlized fron 150 ml of MeO1E by conceeraraaing tie
=olithnt io 60-m0l and ooling 1o 0°. This process gave Lo goad
blades, mp 23002317 thinamescence; fevae tabe i o 0% 200050
el CRILNO, s CUHLNL

This o4 selrans-eid C= mamine <alt 11,95 g was shukea winles
puxtare of Gyl ol LU 1ombof 2 8 NaOH, ard Sl of Env and
the layvers were separated. The 1O Tayer wes scidified with 2\
HCTand the precipitated « 4 -frans-neid 3 was wished with 1.0
and dried (A7 g One reerysrallizadon from MeCN gove (LOS
g ol colotless peedles, mp 218 -220° fevac tnbe i cad ove turher
reerystallization radsed this meliing point toirs maxinmn q. 219+
220% ¢evae tibe . RD e MeOIT 0 G100y, 233550 T, =4u®,
vl T TSOE Lofun = 0040°, Jales 07w ST SN P
=Pt peds OO C0 T neatralizanions eaaiveadenn:
cabed. 264040 found, 239,

2-Dimethylaminoethyl1 -+ i-/rvis-3,4,4a0,4b5,5,6,7,8,8a0 -
9,10,10a3-Dodecahydro-73-hydroxy-A2tih-@.phenanthreneacetate
2. A solaiore of 0.0 g B4 ol of the o= /s weid
3 ol of MeOH was treated with 340 ml ¢34 mmel of 1.V
agneoas NaCIT wond dhie resaliing =olation was coneerarared 1on
yestdile, by wartnaig v cacna. This residie wis dissolved 1o 15
! cach of absadare IO amd Celdy, the solation wis coneen-
trated to o residue, aed the process was repented. Then 25 ml ol
Cplle wax added and disiilled with 1the resali thiat o dey, coloross
powder wis obtained.

A stirred =ns=pebsiore ol thix Nocsadi o 25wl of dey Ul aed
20 ul of CILN was aintained at 100 15° while 5.0 o
(COCT o wis wdded 1o 4 pin, This mixtre was =tirred Do 2
min - the sane empermnre and was then coneerired oo
residne, 0 < 30% Sy ovaerg. The residie was =nsperaded 2o ml ol
dry Callp and eeared with 6.0 ml of MeoeNCHCHLOH dropwise
with <iirving av 1001537 i 3 miee. Then rhe raixtare wies boiled
o L3 i winh Trequera <trring,.

The cooled reaction snixinre was dilared with 510l o e
10 ot 2 N NTLOTL wad 50 ml of B0, The lavers were sep-
arated and ihe woneans Taver was washed once with 2, These
1560 Tavers were combined, washed with brine, and concenirned
1o a residial ol This oll was chromatographed on <ix e %
40-crn thiek-layer siica gel plates nsivg 3594 MO -PeN1HL
CHCL for developiieot. The principal nv-absorbing bod wie
scraped ot and elnted with freshly distilled THE. It wis heos-
~ary 1o repeat the chiromatographic proces< i order 1o senmve g
smadl quentity of Tess-polar impnrity. Reervetallizaion o the
044 g of ervaiadline prodiet by dissolving 1 25 il of 1o,
filteving 1he =olutb.a throngh ehareod, coneeniyaiing 1o 3 ol
andd dilnting with 20 ml of peprane gave 0.56 g «f colorfess ceedles,
ap 112 115 Reervaollization trom G aond pendae e dlie
sne opper geve W2T o 240 00 of nererial melting w0 180D
1157 Reervsiallizzaion of this sanple by dissolving
of 1200 ond coneennting the solation e 1.5l followed by eooj-

s

Cooling s n®

The condiced erops

15 )

prodaced i different polyvinorphie form ol s hie picdoe
as triangalae plares. T underswent partial mehieg w0 107195
with resolidificrion orad finally melted av UI5=116%0 When the
tempersinre ol the melting podin bath was held o T Tass
Tor 5 min, the ssaaple ldled 1o <how the transitional meliing wasd
shnply meltol wiobe higher taaperainre. T sloaeed Todsn
+305.3% Lhaul. i Cudba NG ( L I, N.
2-Dimethylaminoethy! - i=iru15-3,4,4aa.4bg3,5,6,7.8,8a0 .-

9,10,10a3-Dodecahydro-73-hydroxy-A%"\«.phenanthreneacetate
i2) Thix basie ester swas prepared [rom L4 ¢ of he

w ety acid 3 i sonmeuaier identieal with that desceribed for1he
Coefrans ester 2immediately above. The chromatographed prod-
ael, DSG g, was reervstallized twice from ether axd peris oo~
above to give i g <220, 5 ol colorless reedles, imp 11351180
Lol %y e 50.0°, Vol i Cu N Oy CU TN

Heg 1o — 57



