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Steroidal Dihydro-l,3-oxazines 
as Antitumor Agents 

Research Departiiwnt, CIRA Pharnzuceccticul Products, I n c . ,  S'umrrtit, New JerseU 

lleceiued July  24, 1981 

L)ihydro-nL-oxaziiies were prepared by coridenslttion of hexestrol, stilbestrol, 
equilenin and 17a-ethynylestradiol with formaldehyde and primary amines. 
Estrogenic activity was retained only by the products derived from 17wethynyl- 
estradiol, where some members also showed maximum inhibition of experimental 
adenocarcinoma E0771 in mice. Condensation of 3 ,  17, 20, 23 and 24amino- 
steroids Kith formaldehyde and phenols gave dihydro-ni-oxazines with steroidal 
A'-substituents. Moderate inhibition of E0771 tuniors was found in each class 
of steroids. The A T - (  3or,7~,12a-trihydroxycholan-24-yl)-dih~dro-rri-oxazines dem- 
onstratd hacteriostatic and  antifungal wtivity in vitro. 

In the preceding paper' it was demonstrated that dihydro-m- 
oxazines in general show a specific aiititumor activity, unimpaired by 
the high toxirity usually found with carciriostatic agents. In  an 
effort to enhance the specificity of this activity, thc dihydro-m- 
oxazine moiety was attached to compounds with distinct biological 
functions. I t  was thought that such a linkage could provide a trans- 
port system which IVCJuld direct the dihydro-m-oxazine function to 
selected target sites. 

The importance of hormoiial therapy ill humaii malignancies such 
as prostatic and mammary tumors suggested the steroidal skeleton as 
a suitable component of the proposed biologically bifunctioiial mole- 
cules. When we found that the test system most responsive to &- 
hydro-m-oxazines, adenocarcinoma E0771 in C57/B1 mice was mod- 
erately3 inhibitied by some estrogenic compounds (hexestrol, 17a- 
ethynylestradiol and its methyl ether but not by stilbestrol, estradiol 
or estrone) and by the androgeii Sa-fluoro-1 lp-hydroxy-17a-methyl- 
testosterone, the rationale for a synthesis and biological testing of 
steroidal dihydro-m-oxazines was further strengthened. 

(1) T o  whom inquiries ahould be directed a t  the Cheiriistry Department, Univeisity of 

( 2 )  
(3) 

Vermont, Burlington, Vermont. 
M. E. Kuehne and E. A. Konopkrt, J .  M e d .  Pharm. Chem., 0 ,  287 (1962). 
See reference 2 for biological test method and  (31 luation ratings 



Attachmelit of diliydro-m-oxaziii~s to a steroidal carrier wab ac- 
complished by fusion of the two ring systems and by iibe of steroids a3 
S-substituents on dihydro-m-oxazines. Thus estrogenic compounds 
were utilized to synthesize members of the first class and androstane, 
pregnane, cbholailc. nird l~orchol i~1~(> roridues for t lic N-substituted 
heterocycler. 

Equiltwiir \vas coiideiised wit11 tonnaldrhytic a i ~ d  four primary 
nmines to giL-c the dihydro-m-oxazines ia-(1, in niialogy with the 
products derived from @-iiaphthol.? Siilcc. it has heen shonm2 that, 
antitumor activity of dihydro-nz-cJsnziilcs is often retained by the 
amiiiophenols obtained on hydrolytic cleavage of those heterocyclic 
compounds, the analogous Afannich coondensation product I1 was 
also prepared from eqiiilenin, with a large excess of formaldehyde 
nnd dimethylamint.. 
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I 
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I1 

Condensatioii of ~ h c  poteIit cstrogeii 17Lu-ethyiiylestradiol with 
formaldehyde arid primary amines resulted in two series of isomeric 
dihydro-m-oxazines. Acid hydrolyses of the condensation products 
and colorimetric determination of formaldehyde support the expected 
dihydro-m-oxazine stmctures and rule out aminomethylene condensa- 
tion products of the acetylenic group, which would still be compatible 
with the analytical data. Structural assignments to the chromato- 
graphically separated isomers were based on the expected prepon- 
derance of the 2,3-fused isomers IIla-c over the 3,4-fused isomers 
IVa-c. In addition, i t  was found that each series showed a charac- 
teristic set of infrared absorptioii peaks and that those of the 2,3- 
fused isomers could be correlated with absorption bands of the Man- 
nich condensation products Va,b of 17a-ethynylestradiol and estrone 
mi th formaldehyde and dimethylamine. The nminophenol Vb has 
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since been prepared by Patton4 and rigorous structural assignment 
was obtained by its conversion to the known 2-methylestrone. 

In  the equilenin series, no significant inhibition of the E0771 tumor 
(see Table I) was found with the heterocyclic products Ia-d nor with 
equilenin methyl ether.j Slight, variable inhibition3 of the tumor 
during the treatment period mas produced by the Mannich condensa- 
tion products 11. Of the dihydro-m-oxazines, only the N-phenethyl 
compound Id showed slight) estrogenic activity,6 and this was also 
found in the aminophenolI1. 

Among the products derived from 17a-ethynylestradiol, good3 
inhibition of the E0771 tumor was found with the N-cyclohexyl 3,4- 
fused dihydro-m-oxazine IVb and moderate3 inhibition with the 
N-phenethyl2,3-fused compound IIIc and the Mannich product Vb. 
All compounds of this class (111, IV, V) are estrogenic at high doses.6 

R--N &;@::3&N& 

L 
Ii 

IIIa, R = CHzCeHh IVa, R = C&C& Va, R = 8-OH, a - C s C H  
b, R =i CaHii b, R = CeHii b , R = = O  
C, R = CHzCHzCaHa C, R = CHGH6 

The condensation products of stilbestrol and hexestrol with formal- 
dehyde and primary amines could neither be crystallized nor be con- 
verted to crystalline derivatives. While dihydro-m-oxazines were not 
obtained as completely pure entities, purification through the hydro- 
chlorides, chromatography and precipitation as amorphous powders 
yielded materials with analytical data in rough agreement with 
bisdihydro-moxazine structures VIa-f and VIIa-f . None of these 
materials showed estrogenic activity, and moderate inhibition3 of the 
E0771 tumor was found only with the reaction product VIIa, obtained 
from the condensation of hexestrol with cyclohexylamine and formal- 
dehyde. 

(4) 
(5 )  
(6) 

T. L. Patton, Chem. & Ind. ,  923 (1959); J .  O w .  Chem., P I ,  2148 (1960). 
G. Sandulesco, W. W. Tchung, and A. Girard, Compt. rend., 196, 137 (1933). 
Estrogenic activity was determined through uterotropic response at 1-5 mg. per rat, 

The minimum effect dose administered subcutaneously for 3 dare in ethanol-propylene glycol. 
was not established with these compounds. 
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TABLE I1 
h T I M I C R O B 1 A L  ACTIVITIES in V&O 

Broth method: effective dilution, part per thousands, T. 
_____-____Compounds ______-__ 

XIVa XIVC XIVd XIVe 

Bacteria 

Staph.  aureus 40 T 320 T 80 T 160 T 
B. subtilis 80 T 640 T 320 T 320 T 
E.  Coli 5 T  10 T 5 T  5 T  
Ps. aerugznosa 5 T  10 T T 5 T  

Fungi 

hT. asteroides >I00 T >100T >100T >lo0 T 
Tr. mentagrophytes >100T >100T 1 T >100T 
B. dermatitidis >100T >100T 50 T 50 T 
H.  capsulatum >100T >lo0 T 5 0 T  >100T 
C. albieans 10 T 10 T 1 T  1 T  
Cr . neof ormans 10 T 1 T  1 T  1 T  

R R 

VI, R’ = - 
VII, R’ = H 

il, R = Ce,Hii 
b, R = CH20eHb 
C, R = CH&H*CsHS 
d, R = 2-picolyl 
c, R = 3-picolyl 
f ,  R = CHB 

The steroidal dihydro-m-oxazines WII, IX, Xa-c, XIa-c, XIIa-f, 
XIIIa-c, and XIVa-e were obtained by condensing p-naphthol, p -  
methoxyphenol, p-acetamidophenol, p-bromophenol and p-cresol 
with formaldehyde and the respective 3, 17, 20, 23 or 24-amino- 
steroids. Moderate and persistent growth inhibition3 was produced 
by one derivative of each steroid class (IX, Xc, XIc, XIIe, XIVe). 

The repor ted7 interest in 24-amino-3 a, 7 a, 12 a-trihydroxycholane 
and closely related compounds as antibacterial agents prompted a 
similar examination of our related dihydro-m-oxazines. The data 
in Table I1 indicate retention of this activity and antifungal activity 
in these new compounds. Antibacterial activity of the bromo-di- 
hydro-m-oxazine XIVc exceeded that of 23-guanido-3a,7a, 12a- 

(7) S. P. James, F. Smith, M.  Stacey, and M. Well, J .  Chem. Sac., 6GIi (1946). 
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trihydroxynorcholane, the best derivative previously reported. 
Acknowledgment-Spectral data and elemental analyses were 

obtained in our microanalytical laboratories. It is a pleasure to 
thank Mr. L. Dorfman for his help with analytical problems, Dr. 
C. R. Rehm for colorimetric formaldehyde determinations and Mr. 
B. Korzun and associates for paper chromatographic work. We thank 
Dr. J. Chart for determination of endocrine activities and Mr. J. 
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bacteriostatic and antifungal screening. 
by the continued interest and support of Dr. E. Schlittler. 

The studies were furthered 

Experimentals 
17p-Amino-5~-androstan-3~-ol.-To a refluxing solution of 4.7 g. (15.4 

mmoles) of 17-oximino-5a-androstan-3~-ol, [m.p. 184-186'; reported9 185-186'1 
in 130 ml. of propanol, 10.0 g. (0.43 mole) of sodium was added slowly, in portions. 
The cooled solution was poured into 3 1. of water, the amine collected by filtra- 
tion and washed well with water. Several recrystallizations of the crude product10 
(4.0 g., m.p. 150-152') from methanol and then from methylene chloride-hexane 
gave 2.8 g. (62% yield) m.p. 163-164' (reported," 150' for the product of a Beck- 
mann rearrangement of 20-oximino-5a-pregnan-3p-01). 

Anal. Found: C ,  78.16; 
H, 11.44; N, 4.80. 
2,3-Dihydro-2-(3~-hydroxy-5-androsten-l7-yl and 3p-hydroxy-5a-androstan- 

17-yl and 3~u-hydroxy-5~-androstan-17-yl)-lH-naph[l,2-e] -m-oxazine (Xa, MJI, 
IX).-To a cold solution of 0.38 g. (4.2 mmoles) of trioxymethylene and a trace 
of potassium hydroxide in 5 ml. of methanol was added 2.00 g. (6.2 mmoles) 
of (a) 17p-amino-5-androsten-3p-01 [m.p. 164-165"; reported12 160-162"] or (b) 
1i~-amino-5a-androstan-3&ol [m.p. 163-164'1 or (c) lip-amino-5a-androstan 
3a-01 [m.p. 184-186"; reportedI2 187-188"), respectively, dissolved in 40 ml. of 
methanol, followed by 9.10 g. (6.3 mmoles) of p-naphthol. The reaction mixtures 
were allowed to stand for 1 hr. a t  room temperature under an atmosphere of 
nitrogen and then refluxed for 90 min. With the 3 p-hydroxysteroids the product 
began to crystallize during the initial 10 min.; the 3a-hydroxy compound crystal- 
lized on chilling of the refluxed reaction mixture, giving (a) 2.40 g. (79% yield), 
m.p. 223-224', on recrystallization from methylene chloride-ethanol, 

Anal. Calcd. for C31H39?1T02: C, 81.36; H, 8.59; N, 3.06. Found: C, 
81.05; H, 8.71; N, 3.22. 

(b) 2.56 g. (84% yield), m.p. 227-228", recrystallized from methylene chloride- 
ethanol. 

Anal. Found: C, 80.96; 
H, 9.03; N, 3.02. 

( c )  1.65 g. (54% yield), m.p. 175-176', recrystallized from methylene chloride- 
methanol. 

Anal. Found: C, 80.58; 
H, 9.24; N, 3.29. 

Ultraviolet absorption of products (a), (b), (c): X:;""229 mp (log e 4.81 

Calcd. for C19H33KO: C, 78.29; H, 11.41; N, 4.81. 

Calcd. for C31H41N02: C, 81.00; H, 8.99; N, 3.05. 

Calcd. for C31H41N02: C, 81.00; H, 8.99; N, 3.05. 

(8) Melting points are corrected. 
(9) 

(10) 

(11) 
(12) 

L. Rueicke, M. TV. Goldberg, J. Meyer, H. Brftngger, and J. Eichenberger, Hela. Ckim. 

For stereochemical assignment of 17-aminosteroids see W. C. Shoppee and J. C. P. 

J.  Schmidt-Thorn& Chem. Be?., 88, 895 (1955). 
L. Ruzicka and M. W. Goldberg, Helv. Chim. Acta, 19, 107 (1936). 

Acta, 17, 1395 (1934). 

Sly, J .  Chem. Soc., 345 (1959). 



2fi7,n,,(1ur. e :$.(;l), 277 m p  (log e i3.711, 289 n1p (log E :3.ti2), 8'21 nip [log t 3.371, 
333 mp (log E :3.:35). 

6-Acetamido- and 6-methoxy-2,4-dihydro-3-(3~-hydroxy-5-androst~n-l7-yl)- 
1,3-benzoxazine (Xc, Xb).--A trace of potassium hydroxide and 0.90 g. (10.0 
minole) of triospinethylcnc were dissolved with warming in 7 5  nil. of anhydrous 
propanol, the solntion cooled iii ice and 1.80 g. (15.0 mmoles! of 17p-aniino-~- 
iindrosten-:lp-ol added, then ( t i )  1.86 g. (1 5.0 iiiniol($ of p-incthosyphenol or 
( t i )  2.27 g .  (15.0 niniolt~s) of p-:tc'ctarnitiophc.nol. Tho solutions were refluxed 
under an atmosphere of nitrogen for 15 hr. :<rid then concentrated to  dryness in 
vacuum. (a) The crutics product w:is partially dissolved in 70 ml. of benzene :iritl 

1.6 g. of crJ-st:illine inaterial, in.p,  210 or 230", removrtl by filt.ration; this 
material shomed 110 ultravio1c.t absorption, gave 110 ineltirig point depression 
with that obtained when other phenols were used in the reaction, showed very 
poor behavior on rt:crystallization with persistent decrease in m.p. and is assunicd 
to be t,he methylene diamine formed hy coridensnt,ion of oiie equivalent of forni:tl- 
dehyde and two equivalents of the steroidal aminc. The benzene soluble por- 
t,ion was chromatographed on 60 g. of alumina (Woelm, basic, activity 11). 
Elut,ing wit,h benzene and crystallizing from ether, 2.2 g. of product, m.p. 1:37- 
1-13', n-as obtained. After several recrytallizations from niethyltxie chlorid(L - 
heptane the material was rechromat,ographed OIL 50 g. of alumina i \\*wli11, 
basic, activity 11) and eluted with 2 :  I ~~enzcne:petrolcuiii cthcr giving 2.0 g. 
(28% yield), 1 n . p .  l59-16Oo, aft,er recrystallization from ethrr. 

AnaZ. Calcd. for C28H3&03: C, 76.85; H, 8.98; S, 3.20. Fonnd: C ,  

Ult,raviolet absorption: X:::""'"' 226 nip (log B :l.81), 2.93 nip [log c :3.58), 
An,]". ( 1 1 )  The rcact8ion product \vas 
suspended in 50 Inl. of henzene, the insoluhlo niat~crinl filt,cred off and rccrystul- 
lized from methanol, giving 1.7 g. of m:iterial, 1ii.p. 2:3T-23:3". Iligestion ivith 
250 ml. of chloroform and rncryst.allizatiori of tho itiso1ut)le portion from cth:rii!il 
gave 0.90 g. (1256 yield) vf produrt. m . p  253-254". 

Anal. Calcd. for C9,H4,,S2O3: C:. 71.96: 13, 8.68: S, 6.0:3. l;ouiitl: (', 
74.82; H, 8.79; S, 6.0?. 

Ultraviolet absorption: X ~ ~ ~ ~ '  250 inp (log E 1.12), 280 nip sliltl. (log E 3.451, 
Amin,  2'24 nifi(log E 3.65). Alternativc stteniptsttt these reactions using nicthnnol, 
dioxane or tert-butanol anti other conditions gave poorer yields. 
2,3-Dihydro-2-(17p-hydroxy-2-androstan-3p-yl)-lH-naphth[l,2-e 1 - m -oxazine 

(XIa).-To :t solution of 0.41 g. (4.6 mmoles) of triosymethylenc and n tracc of 
potassium hydroxide in 27 ml. of methanol \vas added 2.0 g. (6.9 nimoitrs) of 313- 
amino-5or-androstan-l7p-ol, m.p. 168-170" (reported13 n1.p. 170-171') arid 0.99 
g. (6.9 mmoles) of p-napthol. .lfter standing under nitrogen for 1 hr. iit room 
temperature and refluxing an additional 30 min., the cooled reaction mixture was 
filtered, giving 2.4 g. of product, m.p. 208-209'; recrystallized from benzene, to 
l .Bg. ,  1n.p. 209-21O0; 50oj,yield. 

-4nal. Calcd. for C81H41N02: C, 81.00; H, 8.99; S,  3.135, Found: C, 80.81 ; 
H, 8.93; S, 3.04. 

76.61; H, 9.10; N,3.25. 

ineLhnnol : 218 nip(log E 3 .75 ) .  253 m p  (log E 2.43) 

mrthsnol 

(13) ,J. .Tuskit and I'. Sorm, Collection Czechuslov.  Chern. Commun. ,  21, 754 (1936) 
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6-Acetamido and 6-methoxy-2,4.dihydro-3-(17p-hydroxy-5cu-androstan-3p- 
yl)-1,3-benzoxazine (XIc and XIb).-To a solution of 0.63 g. (7.0 mmoles) of tri- 
oxymethylene and a trace of potassium hydroxide in 25 ml. of dry propanol was 
added 3.00 g. ( 10.3 mmoles) of 3@-amino-5a-androstan-17~-01, followed by 
(a )  1.56 g. (11.2 mmoles) of p-acetamidophenol or (b) 1.28 g. (10.3 mmoles) of 
p-methoxyphenol. After refluxing under nitrogen for 18 hr., the solvent was re- 
moved in vacuum. From (a)  on crystallization with methanol-ether, 1.3 g. of 
dihydro-?+oxazine was obtained, m.p. 143-145"; yield 27%. 

Anal. Found: C, 74.93; 
H, 9.06; S, 5.99. 

A sample recrystallized from methylene chloride-benzene retained benzene, 
m.p. 208-209". 

Anal. Found: C, 76.51; 
H,  8.90; N, 4.97. 

From ( b )  on trituration with cyclohexane 4.0 g. of amorphous solid was ob- 
tained and chromatographed on 30 g. of alumina (Woelm, neutral, activity 11) 
in benzene. The initial eluate was crystallized from methylene chloride-heptane, 
giving 1.42 g., m.p. 133-134'; yield 32%. 

-4nal. 
2,3-Dihydro-2-(3p-hydroxy-5a-pregnan-20cu- and 2Op-yl and 5-pregnen-2Op- 

yI)-lH-naph[l,2-e] -n-oxazine (XIIa, XIId, XIIIa).-To a cold solution of 0.19 
g. (2.1 mmoles) of trioxymethylene and a trace of potassium hydroxide in 5 ml. 
of methanol was added (a)  1.00 g. (3.15 mmoles) of 20a-amino-5a-pregnan-3p-01 
[m.p. 171-173'; reported14 174-175O] in 25 ml. of methanol or (b)  1.00 g. (3.15 
mmoles) of 20p-amino-5a-pregnan-3p-01 [m.p. 172-174'; reported14 174-176') 
in 15 ml. of methanol or (e) 1.00 g. (3.15 mmoles) of 208-amino-5-pregnen-3p-01 
[m.p. 170-171'; reported14 170-172'1 in 10 ml. of methanol. After the addition 
of 0.45 g. (3.1 mmoles) of 8-naphthol, the reaction mixture was refluxed under ni- 
trogen for 2 hr. giving partial crystallization or oiling out of products from the hot 
solution. After chilling in ice and filtration there was obtained from (a)  on re- 
crystallization from methylene chloride-methanol 0.97 g. of product, 63% yield, 
tn.p. 197-199" dec. 

d n a l .  Calcd. for C33H4jN0~:  C, 81.27; H,  9.30; Tu', 2.87. Found: C, 80.89; 
H,  9.24; N, 2.90. 

Paper chromatographic analysis: E,. 65 using 2 :  1 xylene: butanone saturated 
mith formamide as mobile phase on W l  paper treated mith 1 :  1 formamide:meth- 
anol and lYO benzoic acid. Detection u as by ultraviolet. 

(b)  Yield, 1.20 g., (78%) m.p. 122-133", which on repeated recrystallization 
from methylene chloride-methanol showed fluctuating melting points around 138- 
140" dec. 

Anal. Calcd. for C33H4jN02: C, 81.27; H, 9.30; N, 2.87. Found: C, 81.05; 
H, 9.53; K, 2.91. 

Paper chromatographic analysis: Rf. 85 using the same system as for 20a- 
compound above. Fractional crystallizations or chromatography on alumina, 

Calcd. for CngHtzNnOa: C, 74.64; H, 9.07; K, 6.00. 

Calcd. for C15H48N203: C, 77.19; H, 8.89; K, 5.14. 

Calcd. for C28H41N03: C, 76.49; H, 9.40. Found: C, 76.50; H, 9.52. 

(14) R. A. I,ucas, D. F. Dickel. R. L. Driemirtn, M .  J. Ceglowski. B. L. Hensle, and H. R. 
MacPhillamy, J. Am. Chem. Soc., 82, 5688 (1960). 



(b'oelni, neutral, act,ivity I1 j using 1 : 1 ~,eiizeiie:yetroloutri ether did not cl-ianpo 
the characteristics of the product. 

(c) Crude material, 1.4 g., m.p. 11!)-126", rrcrysttlllized repeatedly from bell- 
zene-petroleum ether and methylenc chloride-inethnnol gave 0.28 g. (18% yield) 
1n.p. 188-189'. 

Anal. Calcd. for C3sH43N02: C, 81.60; 11, 8.92; PT, 2.88. Found: C, 81.6!J; 
H, 9.03; N, 2.62. 

The material could be chromatographetl without, losses on alumina ( Woelni, 
basic, activity 11) using 11 : 4 henezene: petroleum ether. Chroinatography of t'he 
mother-liquor material gave only traces of additional product. Ultraviolet 
absorption of products from ( a  j, (b), (e )  : 229 mb (log e 4.79), 268 m p  (log 

3.62), 278 mp (log e 3.69), 289 m p  (log e 3.60), 321 nip (log E 3.34), 333 mp (log 
c 3.42). 
2,4-Dihydro-6-methoxy-3-(3p-hydroxy-5~-pregnan-Z0~ and 208-yl and 36- 

hydroxy-5-pregnen-20p-yl) -1,3-benzoxazine (XIIb, XIIe, XIIIb) .-To a cold solii- 
tion of 0.38 g. (4.2 mmoles) of trioxymethylene and a trace of potassium hy- 
droxide in 25 mi. of anhydrous propanol was added (a) 2.00 g. (6.30 mmolesi of 
20a-amino-5a-prcgnan-3P-01 or (b )  2.00 g. (6.30 mmoles) of 20,B-amino-5a-preg- 
nan-38-01, or ( c )  2.00 g. (6.30 mmoles) of 20p-amino-5-pregnen-3p-01, then 0.78 
g. (6.30 mmoles) of p-methyoxyphenol, The reaction mixtures mere refluxed 
under nitrogen for 15 hr., concentrated in vacuum to dryness and triturated with 
methanol. From (a )  1.7 g., n1.p. 108-120" d c ~ . ,  of mtlterial \?as obtained and rc- 
crystallized repeatedly from methylcnc c:liloride-nlethanol to give 1.1 g. (31 '0 
yield), n1.p. 125-127'. 

:lnai. Calcd. for C30H4AT03,CIS30H: (I: 74.51; 11, 9.88; X ,  2.80. Found 
(dried at 25"): C, 74.51; €1, 9.75; ?u', 3.33.  

:lnal. Calcd. for CaoH4b?;03: C, 77.01; H, 9.70. Found (tlried a1 110"): 
C, 76.85; H, 9.79. 

From (b),  1.30 g. of product, i1i.p. 100--105" i l w .  rec~rystirlliztvi from Iiiotlij.loiic. 
chloride-methanol to give 1.1 g. (317, yield), 111.11. 110-1 15" t h ~ .  This nlatc~rial 
is n partial methanolatc: the pure compound, n1.1). 155-15G", c:tn I)c oi)t:iined 1)). 
repeated orystnllizatiori from methylciie c,llloritic,~hcptarlc I)ut reverts back t o  the, 
solvated form by addition of methanol. 

&4lnal. Calcd. for C 3 0 H 4 S ~ 0 3 :  C, 77.04; H 7 0 ;  S, 3.00. Found: C, Tti.!E; 
11, 9.75; K, 3.27. 

From (e), 0.75 g. (2196 yield) of product 11-as okititined, after recrystallizntioii 
from methylene chloridc-mdhanol, rrith melting points fluctuating betmen 1 I0 
:rnd 150". A sharply melting rnet>hanol free sample (by analysis) could not be 
obtained even after chromatography on alumina (Woelm, basic, activit.7 Il),  
c,lut,ing the product over ten identical fractions with 3 : 2 benzene: petroleum ether, 
or by cry~t~allization from other solvents, biit methanol was lost by drving at' 
110". 

Anal. Cslcd. for C30H43X03: C, 77.38; H, 9.31; N, 3.01. Found: C, 76.97: 
H, 9.4T; X, 2.88. 

Cltrnviolet absorption of products (a), (b). ( ( 8 ) :  XZ:::""' 227 111p (log e 3.83). 
295 nip (log E 3.57) .  
6-Acetamido-2,4-dihydro-3-(3p-hydroxy-5a-pregnan-2Oa and 2Op-yl and 36- 
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hydroxy-5-pregnen-20p-yl)-1,3-benzoxazine (XIIc, XIIf, XIIIc).-To a eolution 
of 0.39 g. (4.3 mmoles) of trioxymethylene and a trace of potassium hydroxide 
in 30 ml. of anhydrous propanol, 2.10 g. (6.6 mmoles) of (a )  20a-amino-5a-preg- 
nan-36-01, or (b)  208-amino-5a-pregnan-38-01 or (c) 208-amino-5-pregnen-38-01 
were added, followed by 1.00 g. (0.66 mmole) of p-acetamidophenol. The reac- 
tion mixtures were refluxed for 15 hr. under nitrogen, the crude products filtered 
from the cooled solutions, mother-liquors concentrated in vacuum and the residues 
triturated with ethanol to give further small quantities of product. Recrystal- 
lization from ethanol gave (a) 0.95 g. (29% yield) of material, m.p. 247-248'. 

Found: C, 74.83; 
H, 9.49; N, 5.83. 

Anal. 

(b )  furnished 0.80 g. (24% yield), m.p. 245-247". 
Anal. 

(c) gave0.68g. (21Oj, yield) m.p. 249-250". 
Anal. Calcd. for C31H~N203: C, 75.57; H, 9.00; N, 5.69. Found: C, 75.17; 

H, 9.26; N, 5.35. 
Ultraviolet absorption of products, (a), (b), (c): Xz:lf.nol 250 mp (log E 4.12), 

289 mp shld. (log E 3.46). 
23-Amino-3~,12~-dihydroxynorcholane.-After 3 hr. a t  room temperature, a 

solution of 18.0 g. of 3a,12a-diacetoxynorcholic acid, m.p. 205-206' (reported16 
206-207"), from acetylation16 of deoxynorcholic acid, in 20 ml. of thionyl chloride, 
was evaporated to dryness in vacuum, some dry benzene added and then removed 
in vacuum. After trituration with petroleum ether the acid chloride was filtered 
off and added directly, with rapid stirring, to 50 ml. of liquid ammonia. After 
evaporation of the ammonia, the residue was washed well with water and re- 
crystallized from ethyl acetate, giving 10.0 g. (56% yield), m.p. 201-202'. 

Anal. Calcd. for C27H4sNOa: C, 70.25; H,  9.39; N, 3.03. Found: C, 70.49; 
H, 9.51; N, 2.92. 

A solution of 9.0 g. (19.5 mmoles) of the amide diacetate in 90 ml. of dry tetra- 
hydrofuran was added to 5.4 g. (0.15 mole) of lithium aluminum hydride in 900 
ml. of dry tetrahydrofuran over 1 hr. After refluxing for 3 hr., 30 ml. of water 
was added cautiously, then some Filter-Cel, the suspension filtered and the solid 
washed well with ether. After concentrating in vacuo, the crude amine was dis- 
solved in chloroform, an excess of dry hydrogen chloride added, the chloroform 
decanted and the residual amine hydrochloride recrystallized from ethanol-ether 
to give 7.2 g. (92% yield) of salt, m.p. 300-302' 306" or 283' for the 
product obtained by rearrangement of 7-deoxycholic acid hydrazide). 

,4naZ. Calcd. for C23H,lN02.HCl: C, 68.98; H, 10.58; N, 3.49. Found: 
C, 68.56; H, 10.29; N,3.64. 
2,3-Dihydro-2-(3a,7a,l2a-trihydroxycholan-24-yl and 3~~~12a-dihydroxynor- 

cholan-23-yl)-lH-naph[l,2-e]-m-oxazine (XIVa, XIVb).-To a solution of (a) 
1 .OO g. (2.3 mmoles) of 24-amino-3a,7a, 12a-trihydroxycholane hydrochloride 

Calcd. for CalH4~N~OI:  C, 75.26; H, 9.37; X, 5.66. 

Calcd. for Cs1Hd6N203: C, 75.26; H, 9.37; N, 5.66. Found: C, 75.00; 
H, 9.47; N, 5.60. 

(15) 
(16) 
(17) 

T. Kszuno and T. Simisu, J .  Biochsm. (Japan), 19, 421 (1939). 
B. Whitman and E. Schwenk, J .  Am. Chem. Soe., 68, 1865 (1946). 
W. T. Caldwell, ibid. ,  61, 3584 (1939). 



1ni.p. 284"; r e p ~ r t e d l * ~ ' ~  2 i l 0 ]  or (I)) 1.00 g.  ( 2 . 5  ~nmoles) of P:~-uiniiir,-:(~u,l2u- 
tlihydroxynorcholane hydrochloride (n1.p. 30040%") in 3 nil. of methanol, was 
:dded ( a )  3.4 ml. (2 .3  Inmoles) or ( 1 ) )  3.7 nil. ( 2 . j  nimoie) of :3,8(2. methanolic, 
potassium hydroxide ~olution. Pottissinm chloride was filtered off and (a )  0.1 4 
g.  (1.6 mmoles) or ( h )  0.15 g. (1 .7  niniokq) of trioxymethylene, dissolved iu 1 
nil. of methanol with a trace of potassium h>-drosidc :ind ( a )  0.Y1 g. (2A m m o l r ~ )  
or (b)  0.36 g. (2.5 mmoles) of p-naphthol was at l t ld .  The solutions were refluxecl 
iinder nitrogen for 1.5 hr., concentratrd to clryncw in v:iciiiini, the residues dip- 
solved in ethyl acetate, a lit'tle et,her was added, m d  thr preripitate was filtcwd. 
The clear solutions w r e  concent rated t o  dryiievs in vacuum, aiihyclrous henzciir 
was added and the oxazines were precipitated as hydrochloridw hy dropwi 
tion of dry hydrogen chloride in benzeiir. iiolution. The hytirorhlorides rverc' r13- 
crystallized by dropmise addition of a large :mount of vther to : I  solution in a t w v  
nil. of methanol, ( t t )  1n.p. 171-174". 

Anal. Calcd. for CdcHe3SO4.HC1: C, 72.M; t i ,  8.89; ZJ? 2.:3:{. Found: (" ,  

71.08; H, 8.83; N, 2.26. 
( h )  ni.11. 155-156'. 
.lnct/. Calcd. for Ca;H;lXO,.HCl: C:, 73.i2: H, 9.20; S, 2.4:. Found: C, 

73.96; H, 8.98; N, 2.61. 
For biological testing the hydrorhlorides were converted back to the free basrs 

bj- extraction with methylene chloride from a suspension in iced, dilute, aqueous 
sodium hydroxide, giving (a)  0.73 g. (56y0 yield) and (b)  0.70 g. ( 5 : 3 5  yield) of 
amorphous powders. 

Ultraviolet absorption of products (a) arid (b)  as free bases: A::$""' 229 mp 
(log E 4.77), 268 mp (log E 8.60), 2 i8  nip (log E :3.68), 38'3 nip (3.59), 320 nip (lop 
c 3.33)) 333 mp (log E 3.3%).  

6-Bromo, 6-methoxy and 6-methyl-2,4-dihydro-3- (3a,7~~,12~~-trihydroxycholan- 
24-yl)-1,3-benzoxazine (XIVc, XIVd, XIVe).-With stirring, 10.0 g. (23.0 mmolesj 
of 24-amino-3cu,7~~,12cr-trihydroxycholan hydrochloride mas combined Kith 13.0 
nil. (23.2 mmoles) of methsnolic potassium hydroxide, the precipitated potassitini 
rhloride filtered off and with cooling in ice, :L solution of 1.40 g. (15 .5  inmoles) of' 
trioxymethylene and a trace of potassiuni hydroxide in 10 ml. of methanol vierc' 
added, followed by ( a )  4.00 g. (23.1 mmoles) of p-bromophenol, or (b)  2.88 p. 
(,23.1 mmoles) of p-niethoxyphenol! or ( e )  2.50 g. (23.1 iiiinoles) of p-cresol. 
The solutions were refluxed under nitrogen for 15 hr., cooled, concentrated to drj-- 
ness in varuuni and the residues rhromatogrnphd on 200 g. of :ilunlinn (Woelni, 
neutral, activity 11) using as initial solvtnts for ( : t )  30 ml. of 1 : 1 methylene chlo- 
ride:brnsenr; for (b)  30 ml. of kwnzcnr to  Xvhirh 5 ~ n l .  of pr4rol(3um ether was 
:ttlded aftrr solution of the re:ictioii rcsitlut~; for ( c )  200 mi. of bcmeiic.. hftcr 
washing with 500 nil. of 1)Pnzeiie anti 250 nil. of I : 1 I ) e i i z ~ n c ~ :  nnettiylrrit~ chloritlc~. 
the products began to elute a-it,h inethyleno chloride :tnd \vert rrmoved largely k1~. 
17; methanol in methylene chloride. Wgher concentratioii of methanol la ter  
 luted more polar, phenolic material. (Sote:  24-amino-Xm.7a.l Pa-trihydroxy- 
r~holanr is not eluted from a similar coltimti with 1';; hiit rtmlil>- u it11 loc;  nicl t l l -  
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anol in methylene chloride.) The three products could not be crystallized, but 
in each case all chromatogram fractions were found to have equivalent ultraviolet 
maxima, comparable in intensity to model compounds. Precipitation by addition 
of benzene solutions to cold petroleum ether gave: (a )  3.2 g. (24% yield). 

Anal. Calcd. for C32H48BrYO4: C, 65.07; H, 8.19; N, 2.36. Found: C, 
65.35; H ,  8.30; N, 2.32. 

Cltraviolet absorption: X E ~ ~ " " '  227 mp (log E 3.92), 285 mp (log e 3.29), 291 mp 
shld. (log e 3.27). 

(b)  4.3 g. (34% yield). 
Bnal. Calcd. for C33HjlS05: C, 73.16; H, 9.4'9; N, 2.59. Found: C, 73.25; 

Ultraviolet absorption: X ~ ~ ~ h a n o '  227 mp (log E 3.82), 293 m p  (log e 3.59). 
( e )  3.2 g. (26% yield). 
Anal. Calcd. for Ca3H51N04: C, 75.38; H, 9 78; K, 2.66. Found: C, 75.gd; 

H, 10.04; S, 2.66. 
Ultraviolet absorption: X::? 225 mp shld. (log E 3 .77),  282 mp (log e 3.38), 

287 m p  shld. (log E 3.36). 
3'- (Benzyl, cyclohexyl, methyl and phenethy1)-2',4'-dihydro-17-keto-1,3,5(10), 

6,8-estrapentaeno[3,4-e] -1',3'-oxazine (Ia, Ib, IC, Id).-A trace of potassium 
hydroxide and 0.30 g. (3.3 mmoles) of trioxymethylene were dissolved in 2 ml. of 
methanol, the solution was cooled in ice and 5.0 mmoles of the respective amine 
(0.50 g. benzylamine, 0.49 g. cyclohexylamine, 0.15 g. methylamine in 10 ml. of 
methanol, 0.60 g. phenethylamine) added, then 1.30 g. (4.9 mmoles of equilenin 
and 75 ml. of methanol. The solutions were left under nitrogen for 1 hr. a t  20", 
then refluxed for 2 hr., cooled and the crystalline products filtered off. Concentra- 
tion of the mother liquors yielded further small quantities of the oxazines. Re- 
cr>rstallization from methylene chloride-ethanol gave: (a) 1.50 g. (77% yield) 
of A--benzyl oxazine, m.p. 188-189". 

Anal. Calcd. for C27H27N02: C, 81.58; H, 6.88; N, 3.52. Found: C, 81.55; 
H, 6.99; N, 3.59. 

(b)  1.60 g. (84% yield) of ,V-cyclohexyl oxazine, m.p. 192-103". 
Anal. 

( c )  1.20 g. (76y0 yield) of 5-methyl oxazine, m.p. 190-192'. 
Anal. Calcd. for CzIHZ3N02: C, 78.47; H, 7.21; N, 4.36. Found: C, 78.92; 

( d )  1.70 g. (84% yield) of AV-phenethyl oxazine, n1.p. 148-149'. 
Anal. Calcd. for C2BH&O2: C, 81.72; H, 7.10; X, 3.40. Found: C, 81.83; 

H, 7.24; N, 3.61. 
In  each case the product could be chromatographed in benzene on 50 g. of 

alumina (Roelm, activity 111, basic) without loss of material or change in melting 
points. 

3'-Benzyl, cyclohexyl and phenethyl-2',4'-dihydro-l7~~-ethynyl-l7p-hydroxy- 
1,3,5(10)-estratrieno[2,3-e] - and [3,4-e] -1',3'-oxazine (IIIa, b, c and IVa, b, e).%- 
Addition of (a) 1.10 g. (10.1 mmoles) of benzylamine, or (b) 1.00 g. (10.1 mmoles) 
of cyclohexylamine or (c) 1.22 g. (10.1 mmoles) of phenethylamine to a cold solu- 
tion of 0.65 g. (7.2 mmoles) of trioxymethylene and a trace of potassium hydroxide 

H, 9.73; K, 2.65. 

Calcd. for CzsH31N02: C, 80.17; H, 8.02; ?J, 3.60. Found: C, 79.94; 
H, 8.06; N, 3.60. 

H, 7.32; N, 4.23. 
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in 35 nil. of propanol was followed by 3.00 g. (10.1 mnioles) of lin-ethpylestra- 
diol. After refluxing for 15 hr. under nitrogen, the reaction mixtures were con- 
centrated to  dryness in vacuum, the rcsidues dissolved in 2 :  1 benzene: petroleum 
ether and chromatographed on alumina (Woelm, basic, activity 11). (a )  The 
bulk of the material (2.8 g.) which was contained in the initial fractions mas dis- 
solved in methylene chloride-heptane and crysta!!ized on gradual evaporation 
of the solvent giving 1.4 g. of the 2,3-isomer, recr,vst.allizod to  1.1 g. (21% yield), 
m.p. 94-96". A sample recrystallized repeatedly for analysifi had m.p. 100-101 O ;  
Rf 25 in system d (below) and 50 in syst,em B (below 1 .  

Anal. Calcd. for C ~ ~ H ~ ~ N O ~ - C H ~ C I P : C ,  i0.29; H,  6.89: S ,  2.74 ,  C1, 13.8:4. 
Found: C,70.31; H,6.89: ?j,2.74; C1,13.80 

Alternatively, t,he compound could be purified h,v precipitation from ether-hep- 
tane. 

Anal. 
Fractional precipitation from ether-heptane of the mother liquor material gave 

ilnal. 
(b)  The initial eluate of 3.3 g. was dissolved in cyclohexane and chromata- 

graphed on 50 g. of Florisil. The first fractions were crystallized from heptane, 
giving 0.59 g. of material, m.p. 108-1 13", plus 0.33 g. of gummy crystals and 0.74 
g. of amorphous material. Further 0.51 g. of amorphons material was obtaincd 
by eluting with 1:l benzene: cyclohexane. Rccrystalliaation of t h e  initial matc- 
rial gave 0.20 g. (4.7% yield) of 3,Cisomer; purest sample, m.p.  1.11-143'; I:r 
35 in syst,em A (below). 

Anal. Calcd. for C2aHnN02: C, 80.15; H, 8.89, S,  3.34. Found:20 C, 
79.83; H, 9.19; K, 3.24. 

Amorphous material (2,3 isomer): 1.2 g. (28y0 yield); Rt. 35 in system A 
(below) or 30 in system B (below). 

Anal. Found:2o C, 79.20; 
H, 9.03; N, 3.15. 

(c )  The first eluate fractions contained 2.2 g. of material which on solution in 
methylene chloride-heptane and slow evaporation gave 0.38 g. (8.6% yield) of 
3,4-isomer, m.p. 141-142" on recrystallization; Et. 40 in system B (below). 

Anal. Found:lo C, 80.97; 
H, 8.19; N,  3.49. 

Amorphous material (2,3 isomer), 1.8 g. (-ilT$ yield); Rf. 40 in system B (be- 

Anal. Found: C, 81.44; 
H, 8.12; N, 3.11. 

Paper Chromatography.-System A uaes as mobile phase CHCls saturated with 
formamide, and system B 1 : 1 benzene: CHC1, and 2Y0 pyridine, both on W1 paper 

Calcd. for C29HaZN02: C, 81.46; H, 7.78. Found: C, 80.77; H, 7.93. 

0.4 g. (9% yield) of the 3,4-isomer. Rf90  in system A ,  85 in system R. 
Calcd. for C2gHasNOz: C, 81.46; H, 7.78. Found: C, 81.38; H,  7.88. 

Calcd. for C%3H37x02: C, 80.15; H, 8.89; N, 3.34. 

Calcd. for C30H34N0,: C, 81.59; H, 7.99; N ,  3.18. 

low). 
Calcd. for Ca0 H d O , :  C, 81.59; H, 7.99; ?;, 3.18. 

(20) The dihydro-m-oxaeines derived from ethynylestradiol generally gave, on repeated analy- 
ses, values for C 0.51% lower than calculated an a result of tenacious binding of methylene 
chloride (see above isolation and analyses of N-benzyl compound as 1: 1 complex with methylene 
chloride snd without methylene chloride). Formaldehyde determinations and infrared absorp 
tion (lack of N-H or bonded phenolic 0-H) and absence of change on refluxing with tenfold excees 
of formaldehyde eupport the dihydro-m-oxaaine strueturea. 
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treated with 1 : 1 formamide: methanol and 1% benzoic acid. Detection was with 
SbCL and PtCI,. Ethynylestradiol had Rr 55 in system A and 60 in system B; 
detection with SbCl3 only. 

Infrared Absorption in Chloroform.-All compounds displayed sharp absorption 
a t  3570 em.-' (0-H) and 3280 cm.-l (CEC-H); no broad absorption 2300- 
2700 cm.-l (no hydrogen bonded OH). Prominent differences between the minor 
3,4-isomer and the preponderant 2,3-isomer: 1610 cm.-1 us. 1630 and 1580 cm.-1; 
1490 cm.-l us.  1510 cm.-l; no absorption 1390-1450 cm.-'vs. 1430 cm.-l. 
2-Dimethylaminomethy1-17or-ethynylestradiol and 2-Dimethylaminomethyl- 

estrone (Va, b).-(a) A trace of potassium hydroxide and 2.00 g. (22.2 mmoles) 
of trioxymethylene were dissolved in 15 ml. of propanol, 2.00 g. (6.7 mmoles) of 
ethynylestradiol was added, the solution refluxed under nitrogen and 3.00 g. (66.7 
mmoles) of dimethylamine in 30 ml. of propanol added dropwise. After refluxing 
an additional hr., the reaction mixture was cooled, concentrated to drvness in 
vacuum, the residue dissolved in 1 : 2 benzene: cyclohexane and chroniatographed 
on 45 g. of Florisil. With this solvent 0.62 g. (25% yield) was obtained on re- 
csrystallization from methylene chloride-heptane, m.p. 162-163 '. 

Anal. Calcd. for  C ~ Z H ~ ~ N O ~ :  C, 78.15; H, 8.84; K, 3.96. Found: C, 78.18; 
H, 9.03; K,  3.88. 

( b )  The reaction was repeated with 0.77 g. (2.8 mmoles) of estrone, 1.00 g. (11.1 
mmoles) of trioxymethylene in 20 ml. of 1:4 benzene:ethanol and 1.50 g. (33.3 
mmoles) of dimethylamine in 20 ml. of the same solvent. On concentration and 
crystallization from methylene chloride-ethanol, 0.41 g. (447, yield) was obtained; 
m.p. 167-168" (reported4 166-168"). From equivalent amounts of amine and 
formaldehyde, estrone was recovered unchanged. 

Infrared absorption in chloroform: Both products a t  1590 and 1630 cm.-' 
and broad absorption a t  2300-2700 cm.-1 (bonded OH). In addition, ( a )  a t  
3.570cm.-1(O-H), 3280cm.- l (CrC-H)and(b)  at  1730cm.-1(17-C=0). 

Chromotropic acid tests: the steroidal oxazine (12-15 mg.) was dissolved in 4 
ml. of 3% sulfuric acid and formaldehyde distilled out with steam a t  110-140", 
rollecting 95 ml. of distillate. A chromotropic acid test in SOYo sulfuric acid, 
using an aliquot portion and colorimetric comparison with known standards, 
shoved that 80-9070 of the calculated formaldehyde could be trapped. 2-Di- 
methylaminomethyl-l7~-ethynylestradiol gave the expected blank determination. 
4-Dimethylaminomethylequilenin @I).-A solution of 1.50 g. (5.65 mmoles) 

of equilenin in 22 ml. of a 4 : l  ethanol-benzene mixture was rombined Kith a 
solution of 2.11 g. (23.7 mmoles) of trioxrmethylene and a trace of potassium hy- 
droxide in 8 ml. of the same solvent. To the refluxing solution, under nitrogen, 
5.22 g. (105 mmoles) of dimethylamine in 54 nil. of this solvent mixture was added 
dropwise. After refluxing an additional hr., the reaction mixture was conren- 
trated and 0.42 g. of crude product collected. Chromatography in benzene over 6 
g. of Florisil and recrystallization from methylene chloride-ethanol gave 0.20 g. 
(1  1 cT yield), m.p. 184-180". 

Anal. Calcd. for C21Hd02: C, 77.98; H, 7.79; N, 4.33. Found: C, 77.68; 
H, 7.89; K, 4.35. 

Reaction of Stilbestrol and Hexestrol with Formaldehyde and Amines (VIa-f, 
VIIa-f).-Stilbestrol (5.00 g., 18.7 mmoles), or hexestrol (5.04 g., 18.7 mmoles) 
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were added to cooled solutions of 2.24 g. (26.7 mniolesj of trioxgmethylene and 
0.02 g. of potassium 115-droxidc in 18 ml. of methanol, to \\-hie11 thew :tinines hati 
first heen added: (a)  3.70 g. of c~~c~loitc.x~-l:iiiiiii~~, ( 1 ) )  4.10 g. of henzj.laniine, (('i 
1.52 g. of phenethylaiiiine, (d )  1.03 g. of %-aininoinc:1h;vlp?-ridiIic, ( e )  4.03 g. of 
3-aminomethylpyridine (each 3T.1 m m o l ( ~ ~ ) ,  or t o  :I mixture of ( f )  4.5 g. (37.4 
mmoles) of 25%) aqueous iiiethyl:trtiirto, 6.08 g. (73.0 iniiiolrs) of 387; aqueous 
forinaldehyde and 10 nil. of methanol. T h e  niethylainino reactions m-erc. rrfluxecl 
for BO min. and all other renctions for 3 0  tiiiii. .iftr,r cooling, the roartion i i i i x t u r ~  
were poured into n-atcr, wt rac ted  with tiirthylenc~ chloride, thc. tixtr:ichts coric(w- 
h t e d  to dryness :tnd tho residues passed in benzc.ric, over 20 g. of :tluininn ( \Toelm 
I)nsic, activity 11). dfter c,oric,c,ritr:Ltirig, the cJliitetl ninterid \V:IS dissolved i i i  

et,hrr and treated with :I slight ('xwss of dry h,vtlrochloric :wid i n  cltlier. The 
hydrochlorides were collected l)y filtrntioii, \vnsheti well wit,h ether and :tddod 1 o 
iw cold dilut,e ayueou9 soclium h>drosid(~. 1i:ipiti extr:irtioii u.itli ctther aiid coii- 

rwitration gave nriiorphous Jyhite pow.drr.i which uwv uscvl for 1)iologic:xI testirig. 
A n d .  C:ilrd. for stillwstrol :ant1 ~ : L J  C,$,HlsS?O:: S .  5.44. Forintl: S ,  5 .22 .  

(1) )  Cp6IlasSd)3: S, 5.28, Foiii i t l :  S. 5.00. i,guiiiniy iii:itcri:d, ( I k c w d d ~ :  

S ,  8.(il. ( f )  C?,H,,J,O,: S,  7:N. I ~ o t i i i c l :  S, (j.21. 
A n d .  Calrd. for hexvstrol aiitl (:L) CsrH4u?;~O?: S ,  5.42, E'oiiiicl: S ,  5.24. 

( I ) )  C:$OH11,N20T: N,  5.26.  Found: 4: ( c )  C,xH,,S,O,: S ,  5.00. I :o~i~ i t l :  

10.48. Foimd: ?;, 8.(;.3. ( f )  C171H3?S20:: S.  7 . X .  f~oini(l: S .  3 .  1-l. 

( (1 )  C34H:$siT:40?: S ,  10.52, Fo11nd: S .  c1.78, (i') C34HacSdOn: N, 10.52. I"oti1itl: 

S,  4.56. ( t i )  CatH:<sSIO?: S, 10.48. r i d :  x, 10.07. (?)  c : , JF I J , s J )2 :  S .  
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Among the various t>ypes of alkylating agents which have received 
clinical trial the nitrogen mustards appear to offer the most> promise 

(1) See, 0. R. Petti t ,  M.  V. Kalnins, T. L. Liu, E. G. Thomas, and K. Parent, J .  Ora. Cliem., 

(2) Abstracted in part from the Master of Science 'T(11psis submitted by d. A. Settrpsni to t i i t .  

(3) This investigation was aided by Grants No. T-79.4 nnti T-79T3 Irnm t h e  Ainerirnn 

26, 2563 (1961), for bhe preceding contribution. 
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