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Oral Act. Hexobuarl- Lllect of compd on reserpine-induced
dose, prior to Meun mndaced livpoddiermia, body temp, °C & SE
mmole/ reserpine Mmolic sleep time, e ~——Hr after adminigtrn—-— —-—w=- = .

Comypel R1 K- kg (? mg/kg)  score min* 0 1 G 2
Control* Normal 166 + 0.1 36.2 = U4 290 = 0.5 2.7 = 0.4
1t 11 NHNH. Increased 2 00 1.6 259 = 0.1 323 £+ 0.7 30.0 = 1.3
1V 11 NHNHCH: Increased [ 1od 36,0 = A1 34.8 = 0.6 33.1 2 0.8
v CH, NHNH: Increagsed 150 L4 366 + 0.2 4.0 £ 0.1 320 = 0.3
Vi CHy NHNHCH: Increased 2106 1.8 363 % 0.l 33.8 + 0.5 329 2 05
IX 1 NHNHCsH; Increaged RN ; 20 367 £ 0.7 %2 & 0.4 3001 ok 1.2
X 11 NHN=C(Cll: Inecreased EATY) 14,9 1.0 #2653 -+ 0.2 #4524+ 0.2 3.4 = 0.2
X1 11 NHN=CHCel1; 70 Increased [ &5t 16,4 == 0.7 361 = 0.1 343 &= 0.3 320 %= 0.6
NI Clly NIHN=C{Clls)s 7 Increased 1.8 Lt = 1.0 G0 = 0.2 w24 = 0.4 813 o 0.7
NII1 Clls NHN=CHC:l; 7 Increased 2.00 (200 = A5t 36,5 = L 323 4+ 0.3 32.3 v
NIV 11 NH—NHNCH(Cll): 0.273 Increased 700 5 o= 0.7 36,0 = 0.2 328 &£ (.8 33.4 B
NV 11 NHNHCH:CH: 0.138 Increased a. 1o 3400 & 24 6.3 o+ D1 S8 = 004 35.6 = 0.4
NVI Clls NHNHCII(CHz). a,.275 Increased . 66 (2.6 = 4.7 3.7 - 002 2 4+ 003 33,9 0.7
NVIY Gl NHNHCHCs14, 0,275 Increased [.R82 6.1 = 2.5 B 15 200 T Y ) B B S (.3 310 £ 0.4
lxpearboxazid (1,138 Increased 0 30 W) = .5 W58 0.2 317w 0.7 342 4 07

* Hexobarbital was given intraperitoneally (55 mg. kg 2 hy
plosis and hypothermia test, and hexobarbital i sleepiug time pradongaiion (est.

ministered.

oi the componnds, listed in Table I, for MAQO inhibitory activity

was earried out as previously reported.?

The tests cousisted of

the reversal of reserpine-induced ptosis and hypothermia and

hexobarbital sleeping-time prolongatiou.

Results and Discussion

The result of the present and previous investigation?

after intabation of the text componnd.

indicates that the reactivity of dimethyl imidazole-
4,5-dicarboxylate and its 1-methy! derivative with
liydrazine was greater than their monoester analogs 1
or II. This higher ratc of reaction of diesters can be
attributed to the existence of a quasi-bicyclic structure
(XVIII), in which the elimination of OR group is
facilitated.

!
0
R
N~ O/
I
o
O\OR
XVIII

IV.

Anthelmintic Quaternary Salts.

“ Control implies rescrpine
¢ The base form rather than the HCL <al¢ was ad-

The variations among the C==0 stretching in the iv
speetra of the esters, however, was not substantial to
render support for the presence or absence of XVIII.

As compared with I, the reactivity of II with hydra-
zines, due to steric and,or electronie influence of the
CHj; group, is retarded.

As illustrated in Table I, the MAO inhibitory ac-
tivity of the imidazole monohydrazides is in general
somewhat higher than their dihydrazide analogs.**
Of particular interest ix the significant activity mani-
fested by XV (see Table 1).  This aetivity at the pres-
ent ean not be related to any particular moiety in the
molecular structure of these imidazolecarbohydrazides.
The absence of comparable activity in XVII, the ring-
methyl-substituted analog of XV, is an indication aof
the necessity for further investigation in the series.

Acknowledgment.-—-The nuthors wish to thank M.
Danald Hayvgood for his efficient assistance io this
nivestigation.
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The synthesis and anthelmintic activity of a group of aminopentadienylideneammnionivm salts ix deseribed.
Compounds in which the N atoms were part of a pyrrolidine or piperidine ring were effective against common
gastrointestinal nematodes of sheep and had prophylactic activity in protecting swine from infections of Ascaris

SHUM.

Sechiff bascs of glutaconaldehyde have been widely
used as chemical intermediates, particularly in the syn-
thesis of azulenes, and have been the subject of exten-
sive spectroscopic investigations. Their effects on bio-
logical systems do not appear to have been investigated

previously, and it was considered of interest to prepare
compounds of this class (Table I) for evaluation as an-
tlielmintics because of their similarity to other eyanine
dyes with known anthelmintic potency.
Chemistry.--The general method of preparation of
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TaBLE I

AMINOPENTADIENYLIDENEAMMONIUM SALTS

[R*=CHC=CHCH=CHR] X~

R)
No. R IR7 X
1 Azetidino® H ClO4
2a Pyrrolidino® H ClO,
2b Pamoate
3a Pyrrolidino ClH; ClO,
3b CH; Pamoate
4 2,5-Dimethylpyrrol- H Cl
idino
Ha 3-Pyrrolino H ClO,
3b H Pamoate
6a Piperidino® H Cl
6b H Pamoate
7a Piperidino CHj; Cl
7 CH; Pamoate
Na 4-Methylpiperidiino H Cl
8b H Pamoate
9 3-Methylpiperidino CHs Cl
10 4-Phenylpiperidino H Cl
11 4-Phenylpiperidino CH; Cl
12 4-Hydroxypiperidino H Cl
13 Hexamethyleneimino H Pamoate
14 Hexamethyleneimino CH; Cl
15 Heptamethylene- H Cl
imino
16 Octamethyleneimino H Cl
17 Morpholino H Cl
18 1,2,3,4-Tetrahydro- H Cl
quinolino
19 1,2,3,4-Tetrahydro- H Cl
6-methoxyquin-
olino
20 1,2,3,4-Tetrahydro- H Cl
isoquinolino
21 4-Phenylpiperazino H Cl
22 I)imethylamino® H ClO,
23 Di(2-hydroxyethyl)- H ClO4
amino
24 Dji-n-propylamino H ClO,
25 Di-n-butylamino H ClO4
26 Diisobntylamino H ClO,
27 Dibenzylamino H Cl
28 N-Methylanilino¢
¢ See ref 2.

ANTHELMINTIC QUATERNARY SALTs. IV
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Yield,
Mp, °C 4 Formula Analyses
184—13:) ?55 (:11H17CIN204 C, 1{, N
186-187 80 CisHaCINO,
210—212 S3 C49H55N405'4H20 N, C, }]f
177-179 C1eHuCIN,O, C H, N
150-152 S0 CHeoN 05 2H,0 C,H N, 0
159-160 46 CyHzsCIN; - 1.5H,0 C, H, N
180-181 CisHizCIN:0, C H, C, N
225-226 20 CuHeNO5 2H,0 C H N
dec
102-103 60 C1:HyCIN; - HyO G, H, C, N
176-178 49 C53H54N405'2H2(,) H, N, O, Cv
185 dec D9 CleHwClNg'HQO C, H; N*
238-239 CysHesN 05 4H,0 C, H, N
106—107 79 CangClNz'l.f}HgO C, H, O, N“
155-138 C5:HpN 0 H:0 C, H N, O
dec
139-140 30 CisHaCIN: - H;0 C, CLN,O; Hi
230-240 89 Cy-HyCIN, C, H,Cl, N
dec
163-164 39 CusHysCIN: - H;0 C, H Cl,N
85—90 30 Cl5H25ClN202'2H20 H, N; Ck
206-207 48 Cs-HrN,04.2H,0 C, H, N
94-9% CisHaCIN; - 1.5H,0 H, N; C¢
dec
15)3—1:.:)5 70 ClgHggClNg'HgO C, H, N
dec
224-225 62 CaHi:CIN: C, H, N
125-128 58 ClgHﬂClNgOg'QHQO H, Cl, Cr
188-189 72 CasHa,CIN: - H:O C,H,C,N, 0
202 62 CosHauCIN,0, - Hi0 C H N
95-100 72 CesHz;CIN: - HyO C H N
204-205 59 CosHauCIN,- 1.5H,0 C, H; Cl»
134-136 47 CsHyCIN;0, C H,CL,N, O
105-106 80 C1-HaCIN:0, C, H, N, 0
208-207 29 CoyHaCIN,O, C, H N, O
91-92 35 CoHaCIN;O, ¢, 1, CL N, O
179-181 29 Cs3H3:CIN; - 1.5H0 C, H; N~

see F. Baumgartner, E. Ginther, and G. Scheibe, Z. Elektrochem., 60, 570 (1956).

and Ranft.
67.88; found, 67.19. H:

8.65; found, 9.23. 7 H: -caled, 10.11; found, 9.40. * C:

caled, 50.56; found, 50.01. = Cl: caled, 7.88; found, 7.44. ° N:

the desired products was the condensation of secondary
amines with 1-(2,4-dinitrophenyl)pyridinium chloride
in aleoholic solvents. Most of the amines reacted
smoothly at room temperature, but some of the prep-
arations required brief periods of reflux. The progress
of the reaction could be observed by the separation of
2,4-dinitroaniline. The dibenzylamino analog was ob-
tained by the condensation of dibenzylamine with gluta-
conaldehyde dianil. The chloride salts of the products
were frequently too hygroscopic for convenient isola-
tion, and the products were isolated as perchlorate and
pamoate salts.

¢ W. Kénig and W. Regner, Ber., 63B, 2823 (1930).
caled, 7.21; found, 6.59. ¢ C: caled, 71.59; found, 72.12.
caled, 53.48;

B N:
found, 53.93. ! C:
caled, 5.93; found. 5.51.

caled, 63.97;

4 S. Diahne and J. Ranft, Z. Phystk. Chem., 224, 65 (1963), reported mp 187° for the perchlorate salt; for photoisomerism
¢ The perchlorate salt was deseribed by Déahne
¢W. Konig, J. Praki. Chem., [2] 69, 134 {1904). / C: calcd,
caled, 9.31; found, 9.78. ¢ N: caled,
found, 64.48. = C:

It was found that, if desired, the products could be

prepared by direct reaction of the amine with glutacon-
aldehyde. Thus, the condensation of pyrrolidine with
glutaconaldehyde gave 1l-pyrrolidyl(2,4-pentadienyli-
dene)-1-pyrrolidinium perchlorate in 389 yield. How-
ever, this direct process offers no practical advantage
over the standard method.

Analogous compounds with Me in the 2 position of
the pentadienyl chain were prepared by treating second-
ary amines with 1-(24-dinitrophenyl)-3-methylpyuri-
dinium chloride. To determine the effect of chain
length on the anthelmintic activity, a number of tri-
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Casiromiestad

N dubies i mice® nemalwles in sheey’ A o i wice? AL M 1 swinet
Acute toxieity In mice® N Lpus .y Laang Liver Lty
comeee=L 150, mg kg Dose, ol worins, Dose. ol feces, Dose. lesions, Dose, lesions,  tarvac,
Conyad 1y Oral my kg <5 redn g ke fooredn e ke ‘o redn Cln (el tUoredn ] redi
| S 25
2 10 100) 10 45 200 05 1t 90 0.0l NN 03
25 100) 003 N3 9N
2h 50 200 50 100 153 hE! 10 () .01 1) 05
20 TS 0 02 65 0O
100 NS
200 100)
BT 10 200 10 05 S0 74
25 100 100 ag
3h 50 SO0 1ot 100 200 72 ) 20) 0,015 60 49
10 70
25 05
1 10 o] 8] 200 vy
o 10} 100 )
100
100
b 50 300 100 10 NT N 30
25 70
ba 10 S0 15 ] o0 67 5 60 (.01 7 96
100 04 [t T~ 0,02 NS H4
6l >1000 >1000 100 GO 200 62 D 70 (.01 64) N
250 100 141 N5 D015 NGO S5
.02 90 O
0.0 096 99
Ta 10 100 100 0 10 30
b 10y S00 150 () 200 44 5 B30 0.01) (1 40
10 70
Na 10 50 ¥ 0 200 065 D 20 0. 01 NN 03
10 60) .03 N3 N
~b 200 750 100 0] 150 72 0015 7N 04
4 10 S0 15 0 [0 () 10 10
10 100 750 750 1) 100 ] 10 30
11 100 750 250 0 100 3} 10 30
12 500 > 1000 750 i} 100 N 10 E
13 500 > 1000 100 0 100 72 10 10 0.015 70 06
14 10 100 50 8] 100 N3

methine and monomethine c¢yauines, with substituents
similar to those of the active pentamethine analogs, were
prepared by standard methods.

Biological Results (Table II).—The compounds were
tested first against infeetions of Nematospiroides dubius
and Ascaris suwm in mice, and most of the members of
the series were subsequently evaluated for effective-
ness against A, suwm in swine and o group of six
gastrointestinal nematodes in sheep.  In contrast to
other eyvanine dyves, this series showed relatively little
species specificity; the active compounds tending to be
generally effective against all the parasites tested.

Tlie most active of the heteroeyelic derivatives were
those in which R was pyrrolidino or 3-pyrrolino (2-5).
The piperidino derivatives (6-12) were generally less
active, and further ring expansion (13-16) caused dras-
tie reduction in activity. The azetidino derivative was
also much less active than the pyrroliding compounds.

Alkyl substitution on the pyrrolidine ring, as in the
2.5-dimethyl derivative 4, did not affeet the aetivity,
but =ubstitution o the piperidine ring had variable
effects. The 4-Me and 4-OH derivatives of piperidine
retained the activity of the unsubstituted compound
with most of the organisms tested, but the 3-Me and
4-Pli analogs were much less active.

Other struetural variations which resulted in reduc-
tion of activity were the replacement of piperidino by
morpholino, tetrahydroquinolino. tetrahydroizoquino-
lino, and 4-phenylpiperazino.

The introduetion of Me in the 2 position of the penta-
ciene chain had o effeet on the activity when R was
pyrrolidino, but tended to reduce the activity when the
R group was larger.

Of those compounds (22-28) which were derived from
noneyclie secondary amines, only the di-i-propylamino
analog 24 showed significant activity; it was of the <ame
ovder of poteney ax the pyrrolidino compound in its ac-
tion against gastrointestinal nematodes in sheep.  No-
nig’s salt (28) showed marginal activity against V.
dubius and 4. suum in mice.

Compounds in which the number of methine groups
1 the conjugated chain was reduced from five to three
or oue (29-31) were totally inactive.

Requirements for anthelmintie activity in this group
of cyanine dyex inchide n pentamethine chain between
{wo N atoms which are part of a five- or six-menibered
ving, o which are substituted with two N-propyl
group=. The potency of the active componnds was not
enhanced by substitution on cither the polymethine
chain or the rings.
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Tasre IT (Continued)

Gastrointestinal
N. dubius in mice? nematodes in sheep® A. suum in mice® ~————A. suum in swinef———
Acute toxicity in mice? No. Eggs/g Long Liver Lung
~——-LDs, mg/kg—— Dose, of worms, Dose, of feces, Dose, lesions, Dose, lesions, larvae,
Compd 1p Oral mg/kg % redn mg/kg Y, redn mg/kg % redn % in feed 9% redn 9, redn
15 10 50 25 0 100 0 25 40
16 10 100 25 0 30 32
17 750 >1000 750 0 200 0
18 200 1500 200 0 30 37 10 B
19 S0 200 30 0 100 0 10 10
20) H0 »00 150 0 10 0
21 500 >1000 500 0 10 30
22 50 100 15 0 30 0 10 30
3 >1000 >1000 500 0 100 0 25 20
24 10 >1000 15 0 25 30 b) 10 0.015 0 0
50 91 10 40
25 10 30 15 ED) ) 20
26 3 200 15 20 b 40
27 200 300 400 0 10 30
28 S0 200 150 20) 200 0 10 30

@ The LDy values recorded in the table are estimates based on acute toxicity studies in which three mice were used per dose level
with an average of eight dose levels for each mode of administration. ¢ Each of three mice which had been infected with 50 N. dubius
larvae several weeks earlier was administered a dose of 15-50 mg/kg orally. A similar dose was administered on the following day.
On the seventh day the mice were sacrificed and a count was made of the number of worms remaining in the intestine. The unmedi-
cated mice had 35-40 wonns; the table records the percentage rednction caased by the action of the test componnd. ¢ The compounds
were tested on sheep which had been experiimentally infected with six species of gastrointestinal nematodes: Haemonchus contortus,
Cooperia curticel, Trichostrongylus colibriformis, 1'richostrongylus axet, Ostertagia circumcincta, and Nematodirus spathiger. The com-
pounds were administered in two equal doses on consecutive days, and the number of eggs per gram of feces was determined during
a 7-day period. The table lists the percentage rednction in the egg count at the end of this period. Nou partienlar species specificity
in anthelmintic action was observed with this series of compounds. ¢ A dose of 10 mg/kg was administered orally to each of three
mice, followed by the administration of an infection of 100,000 embryonated 4. suwm eggs. A second dose of 10 mg/kg was adminis-
tered 4 hr later. After 8 days the mice were sacrificed and the extent of Inng lesions was determined by gross examination of the lungs
for the mmber and size of hemorrhagic areas dne to the migration of the Ascaris larvae. The table lists the percentage reduction in
lung lesions of the treated animals as compared with the unmedicated coutrols. ¢ The test compounds were administered at a level
of 0.01% in feed for a period of 10 days to two pigs in coucrete-floored pens.  An infection of 100,000 embryonated 4. suwm eggs was
administered 3 days after the start of the inclusion of the test compound in the feed. The animals were sacrificed after 10 days. The
percentage reduction in liver lesions due to migrating Ascards larvae in treated animals as compared with controls was determined by
counting the small white scars (“milk spots’) found on the surface of the liver. The number of lesions was 500 or greater in unmedi-
cated coutrols (57 animals); beyond 500 the lesions tended to coalesce and could not be counted separately. The procedure used to
determine the number of larvae in the lungs of the pigs was based on the method described for mice by D). K. Hass (Ph.D. Thesis,
TCniversity of Wisconsin, 1962). In 57 control animals, the number of larvae found after sacrifice varied from a low of 10,000 to a high
of 49,000, for an average value of 25,000.

Experimental Section’ was crystallized from MeOH-EtOAe-Et;O to give the product in
a hydrated form, yield 3.0 g (299%).
1-(Piperidinomethylene)piperidinium Perchlorate (29)—A
mixture of piperidine (4.26 g, 0.05 mole), piperidine perchlorate
(9.28 g, 0.05 mole), and triethyl orthoformate (7.41 g, 0.05 mole)
in EtOH (10 ml) was refluxed for 4 hr and allowed to stand over-
night. The product separated on addition of ether giving 11.2 g

1-(5-Azetidino-2,4-pentadienylidene)azetidinium Perchlorate
(1).>—A solution of azetidine?® (7.0 g, 0.122 mole) in MeOH (52
ml) was added to 1-(2,4-dinitrophenyl)pyridinium chloride (17.3
g, 0.061 mole) in MeOH (75 ml) at room temperature. The

temperature rose spontaneously to 50°, and the suspension was o7 5100170 tiaal < z

allowed to staund overnight. The precipitated 2,4-dinitroaniline g.g)(ié(i;ftnelll’)l‘ez(i'o'\'?‘h‘}iy)r;1im’I;h(E]ETta(I)l?II% mil M?n;glenm(ellltle\vd()a‘)c (32313—1

was filtered, and the filtrate was evaporated to diyness and ex- CL; N Rt B Jo et AR ) s £
, N.

tracted with 11,0 (450 ml), giving a further precipitate of 2,4-
dinitroaniline (1otal 10.8 g, theory 11.2 g). T1ClO, was added to
the aqueous extraet at 0° to give the product, mp 184-185° (from
EtOH), yield 13.9 g (83%7).

3-Methyl-1-{3-(3-methylpiperidino)allylidene]piperidinium
Chloride (30)—The general method of Malhotra and Whiting*
was emploved for the allylidene derivatives. A solution of
! . . . o propiolaldehyde (5.5 g, 0.1 mole) in MeOH (15 ml) was added
et it ompendy exiiig 37 fpted o Table Tver Gty S of e bperde (100 031 o
of reflux were required before the theoretical quantity of 2,4- 82*%69%8(2‘}’1 m )Fat Ot- anci‘the D,(.)hljélcgl gazallowhe% to St‘-a;d at
dinitroaniline was formed. Pamoate salts were prepared by add- § o1 b 11“2.. 1;85 181113 on bv}eldel N ( .mgtﬁ) piperidino)-
ing sodium pamoate to the aqueous solutions of the chloride salts. plcgpeni& » 0P fofhu (0. mna),() 1613 05¢g (681'" 7). . byl
[5-(Dibenzylamino)-2,4-pentadienylidene]dibenzylammonium . s.(c)i.utlon Oh; 15 compoun 8 & 01.04.mo e) I“_llnd. ?‘mft ¥
Chioride (27)—A solution of dibenzylamine (.0 g, 0.04 mole)  Piperidine perchlorate (8.76 g, 0.044 mole) in EtOH (35 ml) was
refluxed for 2 hr. It was passed throngh a column of Amberlite

and glntaconaldehyde dianil hydrochloride (5.7 g, 0.02 mole) in PRV R S
EtOTT (20 ml) was vefinxed for 15 min and allowed to stand over- IRA“‘O(),“){ the « hl“,l ide f”m} Ipvl‘epa{ed h Me(-ﬂ{ (200 11.11) an(% the
clhate was evaporated.  Crystallization of the residue from

mgh} The sobition was evapornted to dryvess avd the residue AcMe-ERO vielded 4.0 g (346 ) of prodact, mp 104-103°.
(1) Melting poimts were laken on a ‘I'lomas—1loover melling poinl Anal. (CsHyuCING - 2H,0) (/l) H)N~

apparatas and are correcled, 1-(3-Piperidinoallylidene )piperidinium Perchlorate (31).—A
(2) F. Dorr, J. Kotschy, and H. Kausen, Ber. Bunsenges. Phys. Chem., solntion of propiotaldehyde (5.5 g, 0.1 mole) in MeOI (15 ml)

69, 11 (1965). The uv spectrum of the perchlorate salt is given, but the was added dropwise to piperidine (9.5 g, 0.11 mole) in MeOll

compound is not otherwise described.
/3) D. H. Wadsworth, J. Org. Chem., 32, 1184 (1967). (4) 8. 8. Mallotra and M. C. Whiting, J. Chem. Seoc., 3812 (1960).
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(25 ml) at 0°, and the solution was allowed to stand overiight.
Fractionation of the solution gave 3-piperidinopropenal, bp 115--
120° (0.3 mm), vield 4.17 g (309%). This product was refluxed
with piperidine perchlorate (6.12 g, 0,033 mole) in 18 ml of EtOH
for 15 min.  The prodnet separated on cooling, vield 7.5 g (82 1,
mp 129-130°. A nal. (CHxCINQ.) C, 11, CL, N, O,
1-(5-Pyrrolidino-2,4-pentadienylidene pyrrolidinium Perchlo-
rate (2a). —Pyrrolidine (14.2 g, .2 mole} was ndded to » <ahition

Vol 12

ol the sodiam enolate of ghhaconaldehyde? (15.6 g, 0.1 nole; in
300 mi of MeOH, The reaction mixture was refluxed for 15 min
apd ecooled.  Acidification with HCIO, vielded the prodnet, mp
1841862, vield 11.5 g (38¢,). The produect was identical with
thot prepared by reaction of pyrralidine with o2 l-dinisro-
pbenyhipyridinbi eblaride.

18 honogiaten, B 59, LIGG (1920

The Effects of Some Steroidal Alkylating Agents on Experimmental

Animal Mammary Tumor and Leukemia Systems'

Monnor E. Wann, G, Savrorn AserNeTHY, Jir., I [ Carnonn, axn Do Jane Tavynor?

Chenistry and Life Seicnees Laboratory, Research Urivmgle Institnte, Leseaerh Trotwngle Park, Nocth Caroliva

Reccieed Febraigy 17, 1060

A weries of stevoid esters of p-] N, N-bix(2-chloroethyl)amino]phenylacetic acid (BCADPAA), steroidal snltidex
ol p-(N,N-bis-2-chloroethylamino thiophenol, and a variety of steroidal ethylemimine derivatives were syn-

thesized and tested for antitimnor activity in a number of experimental tumor systems.

Activity was found only

i1 those instances in which the steroid and potential oncolytic agent. were connected by ester or heterocyclic ether

linkages.

The steroidal BCAPAA esters were of partienlar interext showing excellent inhibition of a DMBA-in-

daced and transplantable mnammary adenocarcinoma, and marked ingrease in sarvival when tested on a variety

of rat lenkemias.

effects and are discussed in detail in the body of the paper.

Factors such as route of administration, vehicle, and the nature of the steroid had definite

The steroidal BCAPAA esters were judged to be lesx

toxie than some of the well-known nitrogen mnstards in general ase.

Steroidal alkylating agents have received sporadic at-
tention as potential antitumor agents for some 15 years.
The workers in this field were hopeful that useful advan-
tage might be made of the lipophilic natare of the ste-
roid molecule in the trausport of various nitrogen and
sulfur mustards or that hormonal steroids such as andro-
gens and estrogens could deliver the alkylating ageut to
a specific target tissue. In his classical treatise on bio-
logical alkylating agents, Ross, reviewing this field up to
1960,3 coucluded that the few steroidal nitrogen mus-
tards prepared at this date had no outstanding anti-
tumor properties. In 1961, Burstein and Ringold made
an androgen nitrogen mustard which was nontoxic at
doses up to 500 mg/kg.* Antitumor activity was not
reported. In 1962, Rao and Price’ made a variety of
steroidal nitrogen mustards, a few of which were re-
ported active i inhibition of the Gardner ascites tumor.
In 1966, Schueider, Hamsher, and Beyler® reported that
a few steroidal ethylenimine derivatives displayved mod-
est activity i an unspecified CsH mouse tumor. The
veports cited in most cases involved compounds in which
the (CICH,CH.);N moiety o1 ethylenimine grouping
was linked to the steroid by an N-C bond. Moreover,
all the references cited were notable for the paucity of
biological data. In contrast to these unpromising re-
sults were the reports of u Russian group,” Degteva,

(1) (a) These studies were sapported by the Endocrine ISvaluation Branch,
Ciencral Laboratories and Clinies, National Cancer lnstitute, National In-
=titates of Health, Detliesda, Md., nuder Contract No. 8A-33-ph-4351.
(b1 Steroids. LNXXIIL, Previous paper in tlds series: F. I. Carroll,
AL Philip, A M. Fergason, aud M., B, Wall, J. Hetecoegelle Chen, 5, 805
(1968).

120 kndeerme Evalwation Jeaael., Genend  Laborcores and Claides,
National Cancer fustitute, Nwionul lrstitutes of Heulth, Betlesdn, Md.

3) W. C. J. Ross, “Biological Alkylating Agenws.' Butterworth and C'w
Lid., London, 1462, p 142.

(4) 8. H. Burstein and H. J. Ringold, J. Ovy. Chewr., 26, 3080 v (461}
1bts paper slso gives a good review of previous stidies.

(3) (. V. Raoand C. C. Price, thidd., 87, 205 (1962).

PGy I, 8. Schneider, J. Hamsher, and R. E. Beyler, Sterotds, 8, 533 (1060

i) W owish to thaenk Dt lhor Masnyk for calling theso studies to o
iwrenlivu, and providing English translation for some of the key refercnces.

Larionov. and coworkers® These workers deseribed
the preparation of 33-hydroxy-d-cholestene p-[N,N-hix-
(chloroethylaminoe Jphenylacetate  which they called
phenesterin (1) and have made detailed studies of the
activity of phenesterin against a variety of solid tumor
svsteins ineluding Sarcoma 45, Walker carcinosurconi,
and alveolar liver carcinoma RS-1,90 and recently in
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brain tumors.™® At levels of 100--200 mg/kg in rats and
mice, and subeutaneous administration in olive oil vehi-
cle, these workers reported remarkable inhibition of the
above-mentioned tumor systems; however. the com-
pound was inactive against Ihrlich and Sarcoma 130
mice tumors.  In addition phenesterin was found to be
relatively nontoxie, with an LDj, for rats (single injec-
tion) of 2.0 g/kg.*  Degtevy, Tanionov, and coworkers
elaimed that the nction of the cholesterol ester was dif-
ferent from that of the parent free acdd™® aud have
stressed the importance of the estor funetion.

With these latter encouraging results in hand, we de-
cided to reinvestigate steroidal nitrogen mustards and
steroidal ethylenimine devivatives with the following ob-
jectives: (w) to prepare a number of steroid annlogs of
phenesterin varving the steroid and the location of the
BCAPAA ester on the sterold selection; (b) 1o prepave
number of steroidal ethylenimines in which the aetive
alkylating tunction would be located on an ester or reac-

(81 fa) L. [0 Kacdopev, €0 N, Degleva, and N. .\ Lesnayva, Vopro bl
8, 12 (1962): (o N, AL Degteva, /il 10052 (1964): (¢) 8.\ Degtera and
.. I, larionoy, 242, 12, 51 (pe6); ) 19 N Shkodinska 5o ML Kard-
yvukova, 0. 3. Vasina, and A, Ya. Berlin, J. Gen. Chem. USSK, 32, H1H
19621




