
348 l.01. 7 

Synthesis and Biological Properties of Some Unique Cytotoxic Steroids 

Of t i i i i w  tlian 130 sicmiids tested for (.\.totosic, activity in :i growing tii:iniiiialiiin (,ell vulture systciii, :q)prosi- 
The niost artive mnpuunds  a11 c m t n i n  

Two cheniicdly related lactones (111 and YI I ,  the syntheses of 
\vt t i r t i  :ire tlesrriheti i n  this paper, had Il)if, values of 0.2  and 0. IS -, /nil., respectively, ncute 1,I):o values in n1ic.e 
lit’ i ! )  ~ n d  1 IS rng./kg., marginal inhibitory avtivity against S-lSO and T-4 lyniphnia implanted in mice with 1111 

inliihitiiry activity :ig:iinst 8 dditional tiiniors tested I’ii i ii ,o, relatively hiw endocaririe activity at the ( x ) n ( w i -  
tratioris tested, and, in the ( m e  of 111, hliiod levels :AS high as 30 3, /nil. after intraveniins administration of :L high 
dose i i f  this (*onipoiirid to dogs. 13erause of the high :ind ~inusii:il circler of c*ytotcisic,it c i f  tlicse steroids, c ~ i u p l e t i  
\\ i t l i  :L rel:itively 11irv ortlrxr of‘ ~.111ile :mind  tosic, i t ;~  rid endiic*rine :icativity :is \vel1 ~ glilltl I i l i i (K1 levels, tlrc~sc~ 
~ ~ i ~ t i i ~ x i i ~ n c l s  arc Iwlic~vod t o  i iv  interestinrr (~:indid:ttw for vvaluatioii :is  in^ ituiiior :igcirts i n  biith csperiiuent:il 
: i t i i n i :~ Is  and ni:tn 

were found to have repriiducible IDao values helow 10 ?/nil.  
e ring fused to tlie l6,li-positions. 

111 the couiso ot (>xaiiiiriiiig appi.oiiniatcly I50 s t v i -  
oids for cytotouic activity agaiiist mamiiialiaii cell> 
211 ~ z t /  o, 2.5 of these agents \\ere fouiid to  inhibit iepro- 
ducibly the growth of’ KI3 cells .joyc (IDbo) at  a level of 
10 y nil. or less. Of these, only (j  showed an IDju 
of 1 y:ml. or less under the same test conditions. Two 
steroids with high cytotoxic activity, 1 BP-hydroxy-X,ll- 
dioxopregna-4,17(20)-dien-21-oic acid. y-lactone (111) ; 
aiid 30,l [i@-dihydroxy- 1 1-oxo-;a-prep-17 (20) -eii-2 1- 
oiv acid, y-lactoiic (VI) ~verc examiiied for breadth of 
biological activities 111 a \.aiiety of test systems 111 

1 z f ,  o aiid for aiititumor act]\-ity i n  m o  The syiithesis 
atid biological actiyities of’ these compounds aiid thc 
cytotoxic actix ities of certaiii other active steroids arc 
described iii this paper. 

Chemistry.-dUkaliiie hydiolj of methyl 3,  I I -  
clioxo-cza-pregiia-~, 17 (20) -dieii-2 1-oate has beciireport ed 
to  gi1.c a mixture of 3,11 -dioao-cis-pregna--I-, l i(20)- 
dirii-21-oic acid a i d  the @3y-~qome~ ~ 3,ll-diosopregiia- 
4, IMieii-21-oic acid (I) (’oiilwsioii of the 3 , ~ -  
ui i sa tu ia t~ l  acid (I) t o  the cori~spoiidiiig iodolactolic 
(il), iollonetl hy deliydr0iodniatio11~ gave the 1111- 
satui,atrd lactoiic (111). 

do Ho dcozH IV d 

111 0 

‘I’IIC 11.111.1’. hpoctl~U111‘ of tllh lacto11r ( I l l )  d N l \ \ N l  Ill 

addition to  a peak correspoiidiiig to the (“-4 \ iiiyl p o -  
ton, a sigiial at  3.52 c.p.s. due to  the C-20 liydrogeli; 
this provides additional support for the a,@-unsaturated 
lactone structure and eliminates for example the possi- 
hility that the double bond could be a t  l6,17. 111- 

terestingly, the infrared spectrum of (111) showed two 
promiiieiit lactone carbonyl peaks [lSiO aiid 175.; 
cm- I  (Sujol) 1 ;  similar e*xamples of this unusual b u t  
apparently characteristic result ni th  cyclic a,@-ri l i -  

saturated %ring lactoiies have heeii discussed i i i  dctail 
by ,Joiies aiid co-workers.j 

Similarly methyl :’,@-hydroxy-1 l-oso-.ia-pregir- 17- 
(20)-eii-21-oate6 011 basic hydrolysis gave 3@-hydroxy- 
1 l-oxo-rja-pregii-l(i (1 7 ) - ~ i - 2 1  -oic acid (IV) t ogethci. 
\\ itli the a,@-unsaturated acid. Iodolactoiiizatioii of 
the @, y-isomel, gave T’. which followed hy deliydro- 
iodinatioii as 1)efore produced :SP, l(j/3-dihydroxy-l1- 
oso-.Sa-pregii-li((20)-eii-’ll-oic’ acid, y-lactolie ( \ * I )  
.Irctylatioii T\ itli acetic, anhydride in  pyridiiic :~f fo id td  
tlie coiwspoiidiiig :<-acetate ( \ 7 1 1 ) .  do o&o 

*cO ’ VI1 VI11 

.I similar hydrolysis, iodolactoiiizatioii, and tfeliy- 
drolialogenatioii sequence was run with methyl 3 , l l -  
dioso-cis-pregiia-l.~,17(20)-trieii-2l-oate,~ without Lo- 
latiiig the intermediates, to give the uiisaturatrd lactoiit. 

e r t  iuiicxtioii iii tiiesc 1actoiic.b llss I)WII 
coiifiguratioli assuniiiig tlw folniatioil 

of ail iiitei mediatc 1 (ja3lioc-iodoliiun~ bpecies’, attack 1)y 

(T‘III). 
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the iodine occurring from the less hindered a-side,* 
and then reaction of this intermediate with the car- 
boxylate anion to  give a 17a-iodo-lB~-hydroxy lactone. 

Experimental lo 

16p-Hydroxy-17~-iodo-3,ll-dioxopregn-4-en-2l-oic Acid, y- 
Lactone (II).-A solution of 45.5 g. of 3,11-dioxopregna-4,16- 
dien-21-oic acid in aqueous potassium bicarbonate solution, 
prepared from 30 g. of potassium bicarbonate and 1200 ml. of 
ivater, !vas added with stirring to a solution of iodine (160 g.) 
:md potassium iodide (300 g.) in water (2400 ml.). After 4.5 
hr. a t  rooin teniperature, the organic material \vas isolated with 
et,liyl acetat,e. Tlie combined extracts were washed x+h sodium 
thiosulfate solution, sodium bicarbonate solution, and water and 
tlien dried (sodium sulfate). Removal of the solvent and crys- 
tallization of the residue from acetone-Skellysolve B" gave 11, 
vrop 1, 30.5 g., n1.p. 195-205' dec.: crop 2 ,  3.5 g. Further 
crystallization of crop 1 from acetone-Skellysolve B raised the 
1n.p. to 218-221' deu ., . ,,,,, ~ 1773, 1708, 1665, 1618, 1200, 1177, 
1170> 1045, and 1038 cm.-'; kzl:i" 237.5 111~ ( E 16,650). 

.lnul. Calcd. for CZ1H2JO4: C, 53.86; H, 5.30; I, 27.1. 
Found: C, 54.13; H, 5.94; I, 27.4. 
16~-Hydroxy-3,11-dioxopregna-4,17(20)-dien-2l-oic Acid, y -  

Lactone (III).--A solution of 16p-hydroxy-17a-iodo-3,ll-dioxo- 
pregn-4-en-21-oic acid, -,-lactone (34.0 g., 1n.p. 205' dec.) in 
pyridine (200 nil.) was stirred a t  room temperature for 60 hr. 
At the end of this time methylene chloride was added and the 
organic layer n-ashed successively with water, dilute hydrochloric 
acid, sodium bicarbonate solution, and water. The organic layer 
\vas dried over sodium sulfate and the solvent removed to give a 
crystalline solid, which was dissolved in methylene chloride and 
chromatographed on FlorisilB (1500 g.). Elution was effected 
\vitli increasing percentages of acetone in Skellysolve B ; crystal- 
line material was obtained from the 50%; acetone-Skellysolve B 
eluates. These fractions were combined and recrystallized from 
acetone-Skellysolve B to give crop 1, 14.7 g., m.p. 235-238'; 
crop 2, 3.95 g., m.p. 228-233'. Furt'her crystallization of crop 1 
from the same solvent gave 111, m.p. 229-236': 230 m r  
( E  22,500); Y,:'::' 3080, 1770, 1753, 1743, 1697, 1663, 1635, 1605, 
1247, 1233, 1175, 1163, 1133, and 1085 cm.-'. 

Anal. Calcd. for C2LH2404: C, i4.09; H, 7.11. Found: 
C, 73.96; H, 7.30. 

The n.m.r. spectrum showed a singlet a t  58 C.P.S. (C-18 methyl), 
a singlet a t  90 c.p.s. (C-19 methyl), a doublet a t  352 c.p.s. (20-H), 
and a complex multiplet centered at  301 C.P.S. (16-H). 

3~,llp-Dihydroxy-17au-iodo-l l-oxo-5a-pregnan-21-oic Acid, y- 
Lactone. (V).-To a solution of methyl 36-hydroxy-11-oxo- 
5a-pregn-17(20)-en-21-oate (29.1 g.) in methanol (350 nil.) was 
added potassium hydroxide (29.1 g.) in water (100 ml.), and the 
mixture heated under reflux for 3 hr. Isolation was effected, 
after cooling, by pouring the solution into water and the organic 
material was extracted wit'h methylene chloride. The alkaline 
aqueous solution was acidified with dilute hydrochloric acid and 
the acid extracted with ethyl acetate. The ethyl acetate ex- 
tra& were washed ~ i t h  water until neutral, dried (sodium 
sulfate), and the solvent removed in oucuo. Direct crystalliza- 
tion gave crop 1 (from acetone) and crop 2 (from ether) which 
were combined to give 3p-hydroxy-ll-oxo-5ar-pregn-1i(20)-en- 
31-oic acid (6.95 g.), m.p. 270-276". Further crystallization 
from methanol gave m.p. 273-276". 

The mother liquors from this crystallization gave a third crop, 
8.16 g. (from ether), m.p. 176-184". Further crystallization 
from acetone-Skellysolve B (twice) gave 3p-hydroxy-ll-oxo-5o- 
pregn-16( 17)-en-21-oic acid ( I V ) ;  m.p. 188-190"; u ~ ~ ~ : " '  3450, 
3370,2720,2600,1725,1700,1210,1170, and 1030 cm.-'. 

Anal. Calcd. for C21Ha004: C, 72.80; H, 8.i3. Found: C, 
72.64; H, 8.87. 
I V  (1.0 g.) dissolved in a solution of potassium bicarbonate 

(1.6 9.) in 25 ml. of water \\*as added to a solution of iodine (2.5 

(8 )  I.. F. E'ieser and  >I. Fieser, Exprr imt ia ,  4, 285 (1948). 
(9)  E. E. van Tarnelen and  11. Shanima, J .  A m .  C h e n .  Sac., 76, 2315 

(19.51). 
(10) 3leltina points u-ere taken on a Uniinelt apparatus (Arthur H. 

l'lioitias Co., Pliiladelpliia, Pa.)  and  are  corrected. Infrared spectra were 
recorded on a Perkin-Elmer Model 221 spectrophotometer f rom Nujol 
111ii11s. Ultraviolet spectra u-ere taken on 95% ethanol solutions w i n e  a 
Cary Model 1.1 spectrophotometer. 

(11) -4 saturated hydrocarbon fraction, b.g. 64-70°. 

g.) in potassium iodide (6.0 g.) and 50 ml. of v-ater. This mix- 
ture was stirred for 30 min. and then allowed to stand overnight 
a t  room temperature. Isolation was effected by the addition of 
methylene chloride; then the organic solution was washed with 
sodium thiosulfate solution, sodium bicarbonate solution, and 
water and then dried (sodium sulfate). Removal of the solvent 
gave crystalline material which was triturated with methanol 
to give the y-lactone V, m.p. 220" dec. Further crystallization 
from acetone-Skellysolve B gave material, m.p. 223-229' dec.; 
~ ~ ~ ~ 3 5 4 0 ,  1770, 1705,1165,1135, and 1035 em.-'. 

Anal. Calcd. for C Z I H Z ~ I O ~ :  C, 53.34; H, 6.14; I, 26.0. 
Found: C, 53.16; H, 6.40; I, 26.26. 
3~,l6~-Dihydroxy-ll-oxo-5a-pregn-17(20)-en-2l-oic Acid, y- 

Lactone. (VI).-A solution of 3p,16@-dihydrosy-17a-iodo-l1- 
oxo-5~~-pregnan-21-oic acid, y-lactone (14.85 g.)  in pyridine (50 
nil.) was stirred at' room temperature for 3 days. The pyridine 
solution was then diluted with methylene chloride and washed suc- 
cessively wit,h dilute hydrochloric acid, sodium bicarbonate solu- 
tion, and water and then dried (sodium sulfate). Removal of the 
solvent' gave crystalline niat'erial; this was crystallized from ace- 
tone-Skellysolve B to give VI, crop 1, S.5 g., n1.p. 259-264"; UIJp 
2, 0.90 g., m.p. 260-265". Further crystallization fro111 acetone- 
Skellysolve B gave 11i.p. 259-264"; ~ z : ~ ~ ~  3460, l i80,  1733, liO0, 
1640, 1165, 1125, 1080, 1040, 1015 cm.-I: A::: 216 mM ( E  13,300). 

Anal. Calcd. for C21H2804: C, 73.22; H, 8.19. Found: C, 
73.02; H, 8.20. 

The n.ni.r. spectrum showed a singlet a t  65 c.p.s. (C-18 methyl); 
a singlet a t  88 c.p.s. (C-19 methyl); a doublet a t  352 c.p.s. (20-H), 
and a complex multiplet centered a t  304 C.P.S. (C-16 H) .  

16~-Hydroxy-3,11-dioxopregna-1,4,17(20)-trien-2l-oic Acid, 
y-Lactone (VIII).-A suspension of methyl 3,l l-dioxopregna- 
1,4,17(20)-trien-21-oate (29.6 g.) in 500 ml. of methanolwas heated 
to reflux under nitrogen for 3 hr. n.ith potassium hydroxide 
(30.0 g.) dissolved in water (100 nil.). At the end of this time 
most of the methanol \vas removed i n  U U C I ~ O .  The residual 
brown solution was boiled with Darco G (cu. 2.0 g.), filtered 
through Celite, and the solution extracted with methylene chlii- 
ride. The aqueous layer was then acidified and extracted with 
ethyl acetate. The ethyl acetate extracts were washed with 
water, then saturated sodium bicarbonate solution (two 500-nil. 
portions). This sodium bicarbonate solution was then added to 
a solution of iodine (29.6 g.) in potassium iodide (40.0 g.)  in 
water (500 mL). After standing 18 hr. a t  room temperature the 
solution was extracted with ethyl acetate-methylene chloride 
(1: 1) and washed with sodium thiosulfate solution, saturated 
aqueous sodium bicarbonate solution, and water and then dried 
(sodium sulfate). Removal of the solvent and trituration of the 
residue with ether-methanol gave the iodolactane, 2.4 g., m.p. 
205' dec. 

A suspension of this lactone (2.0 g.) was stirred for 3 days a t  
room temperature with pyridine (20 inl.). The mixture was then 
dilut,ed with water and extracted with methylene chloride. The 
organic extracts were washed with ice-cold, dilute hydrochloric 
acid, sodium bicarbonate solution, and water and then dried 
(sodium sulfate). This was 
dissolved in methylene chloride (20 ml.) and chromatographed 
on Florisil (100 g . )  made up in Skellysolve B. Elution with 
increasing proportions of acetone in Skellysolve B gave cryst,al- 
line material from the 25-40% acetone-Skellysolve B eluates. 
These crystalline fractions were combined and crystallized from 
methanol to give crop 1, 0.47 g., n1.p. 216-219': crop 2 ,  0.34 g., 
m.p. 218-219". Further crystallization 
Skellysolve B gave VIII, m.p. 218-220'; 
1670, 1630, 1610, 1235, 1155, 1120, 1070 
22,300). 

Anal. Calcd. for CnlH,204: C, 74.53; H, 6.55. Found: 
C, 74.53; H, 6.81. 

The nn1.r. spectrum showed a singlet a t  42 c.p.s. (C-18 methyl), 
a singlet a t  40.5 c.p.s. (C-19 methyl), a doublet a t  349.5 c.p.s. 
(20-H), and a complex multiplet centered at 298 c.p.s. (16-H). 

3~,16p-Dihydroxy-ll-oxo-5~-pregn-17(20)-en-2l-oic Acid, 
y-Lactone, 3-Acetate. (VI1).-3p, 16p-Dihydroxy-ll-oxo-5a- 
pregn-li(20)-en-21-oic acid, y-lactone (1.0 g.)  was allowed tjg 
stand 18 hr. a t  room temperature with acetic anhydride (2  ml.) 
in pyridine (100 ml.). Isolation was effected by pouring the 
reaction mixture into ice-water and collecting the crystalline 
material formed by filtration, washing thoroughly with water, 
and drying i n  vacuo. This material (810 nig.) was crystallized 
from acetone-Skellysolve B to give the acetate, 0.63 g., n1.p. 
235-240". Further crystallization from acetone-Skellysolve B 

Removal of the solvent gave an oil. 
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inflammatory, diuretic (orally at 5 ,  10, and 20 mg./kg.), and 
mineralcorticoid (I11 only) assays performed in the Upjohn 
Laboratories. l6 

Blood and Urine Levels.-The applicability of the tissue cell 
culture test method" to the determination of blood and urine 
levels of I11 was demonstrated in dogs. Blood levels of 29, 18,17, 
and 17 y/mL were observed a t  15, 30, 60, and 120 min., respec- 
tively, after administration of 113 mg./kg., intravenously. These 
observations were confirmed and extended with this steroid as 
described in another publication.'8 

Discussion 

The marked cytotoxic activity of the steroid lactones 
described above, combined with their relatively low 
order of whole animal toxicity, low order of endocrine 
bioactivity as indicated by the assaysre p9rted here, 
and high blood level makes them unique and interesting 
compounds for further antitumor evaluation. 

Cytotoxicity studies reported by other investi- 
g a t o r ~ ~ ~ , * ~  also have shown marked activities for certain 
of these compounds. The steroid lactones reported 
here mere the most active class of compounds of those 
evaluated simultaneously in the same bioassay system 
in our laboratories. 

Of ten tumors tested in vivo in our laboratories or by 
the CCNSC, only S-180 was inhibited (marginally) 
by these steroids a t  toxic doses. All of the tumors 
tested thus far were transplanted and no studies have 
been reported with spontaneous tumors in animals or 
human tumors in heterologous hosts. 

The early 0bservations~~-~3 that treatment of rats 
with cortisone resulted in atrophy of the thymus, 
adrenals, and lymph nodes was suggestive that certain 
tumor types might respond t'o steroid therapy. Certain 
transplantable tumors, such as the lymphocytic neo- 
plasm P1798, have been very sensitive to certain ster- 

(16) Unpublished data  furnished by Dr. E. hI.  Glenn, n .  Graham, and S. 
Duiresis determined by a modification of the method of Lipschitz. 

(17) C. G. Smith, J. E. Grady,  and F. P. Kupiecki, Proc. A m .  Assoc. 

(18) F. P.  Rupierki, in preparation. 
(19) J. D .  Gabourel and L. Aronoa,  J .  Pharmacol. Exptl. Therap., 136, 213 

(20 )  D. Perlnian, 9. A.  Giuffre, S. ;i. Brindle, and  S. C. Pan,  Proc. SOC. 

(21) D. J. Ingle, G. 11. Higgins, and E. C. ICendall, Anat. Record, 71, 363 

(22) D. J. Ingle and H. L. Mason, Proc. Soc. E ~ p t l .  Bioi. Jfed., 39, 154 

(23) 13. B. Wells and E. C. Kendall, Proc. Stag Mayo Clinic, 15, 565 

Lyster. 
Hadidian, and  Kerpcsar. J .  Pharrnacol. Espll .  Thcrap., 79, 97 (1943). 

Cancer R e s . ,  4, 63  (1063). 

(1962). 

Ezp l l .  Bid .  Med., 111, 623 (1962). 

(1938). 

(1938). 

(1940). 

TABLE I11 
I n  Vivo ANTITUMOR ACTIVITIES CJF CYTOTOXIC STEROIDS 

Dosage, 
m. / 

Corn- kg./ Degree of 
pound day Tumor artiTitg Remarks 

I11 20 5-180 i (59% I)" 
I11 32 T-4 lymphoma - Tested against 

established 
tumor 

established 
tumor 

I11 50 T-4 lymphoma zt Tested against 

VI 40 s-180 rt ( i sr ,  I )  
1'111 6 3 S-180 (solid) - 
VI11 8 0 S-180 (solid) f 
Q 59c/;, inhibition of tumor diameter. 

~ i d s . ~ ~  Other transplantable  tumor^,?^ 26 such as S-180, 
are relatively resistant t v  steroid therapy except a t  toxic 
levels. The clinical use of potent steroids has been 
limited to their use in the treatment of either iieoplasias 
of the lymphoid system or hormonally dependent neo- 
plasias. Intensive therapeutic treatment of neo- 
plasms with steroids may be limited because of the 
hormonal side effects which may interfere either be- 
cause of the metabolic activity, or because of the host's 
psychological response (treatment of males with estro- 
gens or females with androgens). In view of these 
factors, 111, VI and other unique cytotoxic steroid 
lactones are considered interesting candidates for broad 
biological and pharmacological evaluation in animals 
and man where freedom from hormonal effects is to be 
desired. 
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