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The potent hypocholesterolemic properties of 20,25-diazacholesterol (1 ) prompted the synthesis of the 17a- 
epimer (5) in order to determine the effect of altering the stereochemistry of the side chain on  biological activity. 

One approach to  the development of hypocho- 
lesterolemic agents has been the synthesis of com- 
pounds which will inhibit the endogenous synthesis 
of cholesterol. Previous papers in the series described 
the synthesis and potent hypocholesteroleniic properties 
of certain aza-and diazncholest,erols. S o t  only have 
these compounds been shown to inhibit cholesterol 
synthesis in laboratory animals3 arid man,4 but, their 
ability to  interfere with cholesterolgenesis in insects 
has also been 0bserved.j 

Studies with azacholesterols having t’he heteroatom 
:It different positions of the cholesterol side chain 
showed tha t  whereas 23-,  2 4 ,  arid 25-azacholesterol 
had considerable hypocholesterolemic activity in rats, 
thc 20- and 22-azacholesterols werc essentially inactive. 
in this regard. An  examination of mo1ecul:ir models 
revealed tha t  the P orientation of the C-17,20 bond 
would decrease the ability of atoms at the 20 and 22 
positions to interact with :I receptor surface should 
idsorption occur by the st,erically less hindered a-f:\ce 
of the steroid molecule. 2a While n imy other explana- 
tions may :Lccount for the observed :ict,ivitics of t,lic) 
isomeric azacholesterols, it  was of interest t o  exnminc 
what effect altering the stercocheniist’ry of the side 
chnin would have on the biological nctivitm\- of t’hese 
compounds. 

Our first appro:ich to this problem was to determine 
the effect of epimerization :Itj C-17 011 the biological 
properties of 20,2~-diazacholesterol (1) .  The most 
direct route to the 17a epimer ( 5 )  appe:ired to  be 
:minolysis of the lip-tosyloxy derivutivc with the 
appropriate secondary :mine. Severnl l:ibor:itories6 
h:ivc displaced the 17/3-tosyl:itc group with Sa- iind 
subsequcnt’ly reduced t,he resulting 17a-:izido :~ndro- 
stanc derivatives to  17a-nniino steroids. Moreover, 
Davis and con-orl;ers7 found t’h:tt 17a-pyrrolidin-1’- 

* T o  whom correspondence should be addressed. 
(1) (a) Pa r t  V I :  P. D. Iil imstra.  R .  E. Ranney and  11. E. Counsell, 

J .  .?led. Chem., 9, 323 (1966). (17) This work was supported by Grants IIE- 
11271 from the Xational Inst i tute  of Health and PRA-18 from the  American 

Counsell, 1’. I). l i l imstra,  L.  Iu. Sys ted ,  and  I<. E. Ranney,  
J .  d f e d .  Chem., 8, 45 (1965). (IJ) R .  E.  Counsell, P. D. Klimstra,  R .  E.  
l laniiey,  and I). L. Cook, J .  .?fed. Pliarm.  Chem., 6, 720 (1962). ( c )  I<. E. 
Counsell, 1’. D .  li l imstra,  and  R .  E. Ranney,  ibid. ,  6 ,  1224 (1962). 

(3) (a) It. E. Ranney and  It. E. Counsell, F e d .  Proc. ,  F e d .  Amer. S u e .  
1;zp. B id . ,  21, 96 (1902); I’roc. S o c .  E t p l .  B i d .  Xed . ,  109, 820 (1962). 
(b) I?. E. Ranncy,  I). L. Cook, K, E. Hambourger, and  R .  E. Counsell, 
J .  Z’imrmiicol. E z p .  Ther. ,  142, 132 (1963). (e) R .  E. Rannes  and  D.  I,. 
C:ook. A r c h .  I i i t .  I’linrmucodyn., 164, 51 (1965). 

(4) 3.  31. Alartt and  C. R .  Talbert ,  Circulat ion,  28, 763 (1963); J .  11. 
XIartt,  C .  I t .  TallJert, and  G .  E. Lee, . 4 i in .  I n t e r n .  . l i e d . ,  61, 870 (1964);  

and L. \Volfman, . . lrch,Intern, .\led., 116, 336 (1966). 
SvoLoda and  IT, E.  Rohbins, Science, 166, 163i (1967). 

16)  C.  11. Itobinson, C. Ermann, and  L). P. Hollis, Steroids ,  6, 509 (1865); 
h l .  .\lauddin, 13, Caddj-,  J.  J .  Lewis, 31. AIartin-Smith, and  31. F. Sugrue,  
J .  l’hurin. I ’ h a r m ~ : c o l , ,  17, 58 (1965). 

( i )  11, Davis, E.  JV. Parnell ,  anti D. TVarburton, J .  Chem. Soc. ,  C ,  1698 
(1566). 

2 

1 

OTs 

3 

i 

H,C20,C0 & -  \ 

4 

5 

yl-ja-nndrostan-3p-ol could be obtained in 427b > icld 
by treating ;,a-:iiidrostane-3P,l~-diol 3-ucetntc 17-toe- 
ylatc v i t h  pyrrolidine in :I sealed tube a t  liO-lhOo 
in the absence of solvent. 

*%ttempts to prepare 5 directly by heating :indrost-T,- 
ene-3/3,lT-diol 3-acetate 17-tosylate (2) with l-(-V- 
methyl)- (8-dinict hylaniino) propylamine proved un- 
successful. Only traces of aminosteroids could be 
detected. On the other hand, similar tre:atmcnt of 2 
with the primary amine, 3-dimethylarninopropyl~~mixie, 
afforded 17a-(3-dinietl~ylaminopropyl)nmirioandrost- 
.i-en-3P-ol (3) in 23% yield. 

Acetylation of the neutral fraction follon-ed by chro- 
matography on silicic acid treated with Agn‘Oa yielded 
three isomeric 3P-acetoxya1idrostadienes (6, 7, 9) (lS%), 
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:\ndrost-.',-ene-3P,17p-diol diacetate (8) (3yo), arid re- 
covered starting material (2) (14%). The olefinic by- 
products (6, 7, and 9) were identified readily by nmr. 
The more mobile 3P-acetoxyandrostadielie (6) analyzed 
for C21H3UO2. The nmr spectrum showed only one 
tertiary Ale correspoiidirig to the C-19 a t  6 1.03, and 
one secondary ,\le a t  6 1.00 (d, J = 6.5 cps). The 
presence of one vinyl proton a t  6 3.3s corresponding 
to C-G H, and the absence of cyclopropyl protons 
indicated that  the additional double bond was tetra- 
substituted. These results are in agreement with struc- 
ture 6, an 1S-nor-l7~-methyl-l3(14)-androstene sys- 
tem, which may be envisaged as formed by a 1,2 shift 
of the C-1s CH3 to the initially formed C-17 carbonium 
ion and subsequent loss of a proton a t  C-14. 

The second isomeric sndrostadiene eluted from the 
column also analyzed for C ~ I H ~ &  The nmr spectrum 
showed the C-19 Me a t  6 1.13, a vinyl AIe peak a t  1.65, 
and the C-G vinyl hydrogen a t  3.34. Structure 7 
is readily assigned to this product. I t s  formation can 
be viewed as a 1,2 shift of the C-IS Me to the C-17 
carbonium ion, followed by a loss of a proton a t  C-17. 

The more polar 3P-acetoxyandrostadiene 9 also ana- 
lyzed for C21H3~02. The nmr spectrum showed 3 vinyl 
protons a t  6 5.3s (C-6 H) and 3.81 (m, 2 H). The 
C-19 AIe appeared a t  6 1.16 and the C-1s M e  a t  0.80. 
Since both angular Ale groups were present, it was 
apparent tha t  no rearrangement of the C-18 Me had 
occurred. Structure 9 was thus assigned and can be 
viewed as arising by a simple bimolecular elimination 
of the tosylate group. 

The secondary amine 3 mas converted into the de- 
sired diazacholesterol analog 5 by LAH reduction of 
the urethane derivative 4. The corresponding 5,6- 
dihydro analog of l l b  was prepared from 5a-andro- 
stane-3p,l7p-diol 3-acetate 17-tosylate (10) by a similar 
sequence of reactions. 

The configuration of the 17a-aminated products was 
confirmed by nmr spectroscopy. A series of 17a- 

amino androstane derivatives was synthesized by stan- 
dard methods and the nmr spectra in CDCl3 and py- 
ridine compared with the spectra obtained with the 
corresponding 17p epimer. A downfield shift of 2.3- 
5.5 cps was observed for the C-1s ;\le resonances in 
the 17p-amino series when the spectra were taken 
in pyridine. This effect  as not displayed by the 
l7a-amino compounds. I n  this way a pair of epimeric 
C-17 aminosteroids can be easily distinguished. 

Preliminary Biological Results.-20,25-Diazacholes- 
terol (1) and the 17a epimer 5 \\ere found to  be about 
equal in their capacity to inhibit the development of 
tobacco hornvorms.8 On the other hand, 5 was much 
less effective in blocking the dealkylation of sitosterol 
by these insects.* 

The hypocholesterolemic activity of 5 was evaluated 
in male rats made hypercholesterolemic n-ith propyl- 
thiouracil by the method of Ranney and Xhere- 
its 20,2~j-diazacholesterol was found to produce a de- 
monstrable reduction in serum cholesterol at  an oral 
dose of 0.3 mg/l<g, the epimer 5 showed 110 effect a t  
5.0 mg/kg.'O These results are consistent with pre- 
vious studies which have indicated that any structural 
departure from the cholesterol molecule usually leads 
to a marked reduction of hypocholesterolemic activity. 

Experimental Section' 
17a-(3-Dimethylaminopropyl)aminoandrost-5-en-3~-ol (3).- 

4 s o h  of androst-5-eiie-3p,lip-diol 3-acetate 17-t,osylate12 (4.0 
g)  in freshly distd 3-dimethylaminopropylamiiie (6 ml) was 
heated to gentle reflux with stirring under ?T, for 48 hr. The 
solvent was removed completely in E U C I I O ,  and the residue was 
estd x-ith l0yG HC1 and E t20 .  The organic and the aq phases 
were sepd and the latter made alkaline with 10% XaOH s o h .  
The ppt was filtered, washed well with H20, and recrystd from 
dil lIe4CO to give 3 (0.7 g, 23.3%) as colorless needles: mp 
141-143'; [ a ] ~  -91.2'; iimr (CUCh) 6 0.72 (C-18 CH3); nmr 
(pyridine) 6 0.73 (C-18 CH3). 

The E t 2 0  layer from the original extii was washed with dil 
KaHC03 soln and H20 and dried (Na2804). The solvent was re- 
moved in cacuo and the residiie acetylated with AcqO and pyr- 
idine. The usual work-lip afforded a mixtiire of prodiicts (1.6 g)  
which was chromatographed on silicic acid (Nallinckrodt) im- 
pregnated with 5% AgS03. Elution with hexane-CsHs (8:2 ,  
200 ml) gave 17p-methyl-18-norandrosta-5,13(14)-dien-3~-01 
%acetate (6) (200 mg, 8%): mp 84-85"; [ a ] ~  -173"; nmr 
(CDC13) 6 1.00 (d, 3 H, J = 6.5 cps, C-17 CHI).  ,4nal. ( C ~ I H ~ O O , )  
C, H .  

Further elution \vith the same solvent system (500 ml) gave a 
mixture of 6 and 7 (250 mg). This was folloxed by a fraction 
(200 ml) coiitg only 17-methyl-18-norandrosta-5,13(17)-dien- 
30-01 3-acetate (7) (110 mg, 4 .45 ) :  mp 98-99' (from 
RIeOH); [ o ~ ] D  -132"; nmr (CL)Ch) 6 1.63 ( 8 ,  3 H, C-17 CH3). 
Anal. ( C P ~ H ~ ~ O ? )  C, H.  

Elution with hexaiie-C6H6 ( 7 : 3 )  (400 ml) gave androst-5-ene- 

Anal. (CIIH&'?O) C, H.  

3pJ7p-diol diacetate (8 )  (150 mg, 5Yc): mp 162-163" (lit.13 
mu 157-157.5'). 

Elution with hexane-C6H~ (1: l )  afforded the starting material 
2 (550 mg, 13.75Yc). Elation with C ~ H G  gave androsta-5,16- 
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dien-30-01 acetate (9) (200 mg) (6%): nip 89-90' (from 
RIeOH); [ a ] ~  -122"; nmr (CDC13) 6 0.80 (C-18 CHI),  1.16 
(C-19 CHI),  5.58 (C-6 H), and 5.81 (m, C-17 and C-16 vinyl 
protons). And. (C?1H3,02) C, H.  

N-Methyl-S- (3-dimethylamino)propyl-17a-aminoandrost-5- 
en-38-01 (S).-To a s o h  of 3 (0.3 g)  in dry CsHs (7 mi) and 
K(l*:t)3 (I..? ml) a ~ o l n  of EtOCOC1 (0.5 nil) in dry C6H6 (2 nil) 
was added dropwise and the mixture was refluxed for 4 hr. The 
xeaction mixture was then allowed to  cool and washed with 
1LO. The organic phase was sepd, dried (Xa?SO4), and evapd. 
The re-idue was characterized as 4, aiid was used xithout further 
piirificatioii. To a slurry of LL4H (0.3 g)  it1 dioxane a io111 of 4 
(0.2 g) i n  dry dioxane (10 ml) was added, and the mixture was 
refluxed under ?;y for 24 hr. The excess hydride was decompd 
by surcessive dropwise addn of aq dioxane (1:3, 4 ml), 207; 
XaOII soh ,  and 1520. The insol salts were removed by filtratioii 
arid washed with hot dioxane. The filtrate was then evspd 
:tiid the oily re.-idue was extdd with Et,nO. The Et20 ext was 
washed with HZO, dried (Ka2S04), and evapd. The oily rejidiic 
solidified upon addti of H2O. Recrystti from 31eQCO gave 5 

) :  rrip 8-5-87'; [a111 -93.3"; iimr (CI)Cl?i 6 
dine) 6 0.72 (C-18 CIII'I. .lnal. ( C ? ~ I T I I S ~ O )  C, I t .  

17~-(3-Dimethylaminopropyl)amino-5a-androstan-3~-ol i 1 l a ) .  
---A vlri of 5a-androstan-3p,lip-diol :3-ncetatc li-tti-yl- 
ate'? (2.0 g) in freshly distd 3-dirrieth~larniiiopr.op.lanlilif 
ml] was refluxed for 48 hr :iird Jvorked 
The bwio frxc'tioii afforded (2.70 m g ,  1 
iimr (CI)Cl,) 6 0.73 (C-18 CHI) ;  iinir 
CII3'1. Anal.  (C241144N20) C, 11. The 1ieriir:il f r a ~ ~ i n i i  \\-a- 
iiot examined iii  this case. 

S-Methyl-S-(3-dimethylamino)propyl-l7~-amino-5~-a~~~ro- 
stan-30-01 (llb).--Llethylation of l l a  as described atiove :if- 

forded l l b  (345; j which was iwlsted as the dihydrorhloritle .di. 
Recrystn from i-PrOII gave a white solid; nip 278-280' tie(.; 
11mr (of free base) (CI>c13I 6 0.72 (C-18 cII3); iimr ipgridiiie) 6 
0.72 (e-18 ( ? I ~ I ) .  . l ? I / l l .  !C.s€~asC1?1;?0.I-T?O) c! 11. 
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Substituted tetralones were converted into cyclic lactama aiid arnidine,. Nine out of sixteen cyclic arniditie. 
exhibited weak to moderate hypoglycemic activity in the rat. 

Substituted tetralonesl and dihydro- or tetrahydro- 
naphthalenes derived from them2j3 have been studied 
repeatedly in our laboratories in the past 10 years. The 
present report describes the preparation of a number 
of cyclic amidines derived from a variety of substi- 
tuted tetralones and the hypoglycemic activity ex- 
hibited by some of them. 

Scheme I illustrates the types of compounds which 
have been prepared. I n  general, tetralone4 and a 
few 2-aryl substituted tetralones (I) yield only one 
of the two possible lactams when subjected to the 
Schmidt reaction. These lactams are 1,3,4,5-tetra- 
liydro-2H-l-benzazepin-2-ones (11). However, 6- 
methoxy-2-phenyltetralone (I, R = OCHJ gave both 
the acylanilide (11) and the benzamide (111) type 
lactams. Werner and coworkers found tha t  both lac- 
tams were produced when 3- or 4-phenyltetralones were 
subjected to the Schmidt reaction.5 Evans and Lock- 
hart  studied the effects of various substituents of te- 
tralones which guided the course of the Schmidt re- 
action either to afford the acylanilide or the benzamide 
type lactams6 Identification of the isomeric benza- 
zepinones I1 and I11 was facilitated by the ease of 
hydrolytic fission of the acylanilide type lactams (11) 
by hydrochloric acid, in contrast to  the stability of 
the benzamide type lactams (111), which under the 
same conditions were unaffected by acid treatment.fi 
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I n  addition, the uv, ir, and nmr spectra were found 
to be useful tools in the assignment of the correct 
structure to  the isomeric b e n z a z e p i n ~ n e s . ~ ~ ~  We have 
made use of both the spectral and chemical tools in 
the identification of the lactams obtained from the 
tetralones by the Schmidt reaction. Table I shows the 
acylanilide type lactiims, while Table I1 depicts the 
benzamide type lactums. The amidines derived from 
these lactums are compiled in Tables I11 and IV, re- 
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