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Abst rac t  - The e f f i c i e n t  syntheses of several  new 16-azaestrones and 17-aza-D- 

homoestrones from est rone methyl e the r  a r e  reported. These i nc lude  3-methoxy-17- 

aza-D-homo-1.3.5IlO)-estratrlen-17a-one 12). 3-methoxy-17-aza-D-homo-1.3.5110)- 
estratr len-16-one 1;) and t h e  140 and 148 epimers o f  3-methoxy-16-aza-1.3,50-  

estratr ien-15-one 14 and 5, respect ive ly ) .  Novel ca rb ino l  amide de r i va t i ves  9, 
27b and 28 of t h e  16-azaestrone system were a l s o  prepared. The con f i gu ra t i on  a t  - 
C-14 o f  azaestrones t a n d  ?was suggested on t h e  bas is  o f  thermodynamic arguments, 

supported by evidence der ived from 'H-nmr spectra, and c o n f i m d  by an X-ray 

c r y s t a l  s t r u c t u r e  of t h e  1 4 ~ - l s m e r .  

Dedicated t o  Professor S i r  Derek X.R. Barton on the occasion of h i s  sevdnt ie th  birthday. 

The replacenent o f  one o r  more carbon atoms of a s t e r o i d  molecule w i t h  n i t r ogen  o r  o the r  hetero- 

atoms o f ten  r e s u l t s  i n  useful a l t e r a t i o n s  t o  i t s  b i o l o g l c a l  propert ies.  For  instance, var ious 

a r a s t e r ~ l d s  are repor ted t o  possess an t i bac te r i a l ' ,  antifunga12, hypocho ler tera len ic3  and neuro- 

muscular b lock ing  ac t i v i t y ' ,  and a re  k n m  t o  i n h i b i t  t h e  enrfle 5a-reductase i n  t h e  conversion 

O f  tes tos terone t o  d i h ~ d r o t e s t o s t e r o n e . ~  Consequently, t he re  has been considerable i n t e r e s t  i n  

the synthesis of aza- and o the r  he te rocyc l i c  s tero ids ,  and many such conpounds have been pre- 

pared.6 For the  pas t  few years, we have been i n t e r e s t e d  i n  the  chemistry o f  he te rocyc l i c  azaster-  

o ids  where t h e  n i t r ogen  atom i s  p a r t  o f  a r e a c t i v e  f unc t i ona l  group such as an N-acyl imine7, 

carb ino l  a n ~ i d e ~ ~ ,  o r  N-chlorolactam8 moiety. These conpounds can be obtained by ox ida t i on  o r  

c h l o r i n a t i o n  o f  t h e  corresponding lactams, and a r e  expected t o  b i n d  cova len t l y  t o  t h e i r  receptor  

pro te ins ,  o r  t o  enzymes which transform them. Th is  type o f  behaviour would i n  t u r n  be p o t e n t i a l l y  

useful  i n  a f f i n i t y - l a b e l i n g  s tud ies  o f  s t e r o i d  receptors.  i n  enzyme i n h i b i t i o n ,  and i n  t h e  chemo- 

therapy o f  b reast  and p ros ta te  ~ a n c e r . ~  I n  connection w i t h  t h i s  work, we requ i red a convenient 
r ' 

source o f  O-ring azaestrone lactams 1-5. Despite t h e  p le tho ra  of azasteroids repor ted t o  date, 

t he re  i s  a pauc i t y  of k n w n  syn the t i c  routes  t o  the  des i red 16-aza- and 17-aza-0-homoestrones, and 



o f  compounds 1-5, only lactam I has been prev ious ly  reported.1° We now descr ibe e f f i c i e n t  syn- 

theses of the  novel azaestrones c-i from estrone methyl ether,  as we l l  as a study o f  t h e  stereo- 

chemistry a t  C-14 o f  t h e  isomers 9 and ;. 

RESULTS AND DISCUSSION 

TWO approaches t o  D-homoazasteroids from 17-keto precursors are r e a d i l y  apparent. F i r s t ,  Beckmann 

rearrangements o f  the  corresponding oximes a re  known t o  a f f o r d  ring-expanded 6-lactams, b u t  occur 

reg iose lec t i ve l y  t o  a f f o r d  c h i e f l y  the  17a-aza  isomer^.^"'^ The second approach, which i s  more 

su i t ab le  f o r  t h e  prepara t ion  o f  D-homoazasteroids 2 and J, proceeds v i a  the  c y c l i z a t i o n  o f  a s u i t -  

ab ly  func t iona l lzed D-seco in termedia te  w i t h  a n i t r ogen  nucleophi le.  The synthes is  o f  normal- 

s ized O-r ing azasteroids requ i res  t h a t  an appropr iate c y c l i z a t i o n  step be preceded by t h e  degrada- 

t i o n  o f  one carbon atom from the o r i g i n a l  precursor. This was achieved by a Cur t ius  rearrange- 

b mentLoa o r  by ozonolysis o f  a D-homo en01 lac tone intermediate'o i n  two previous syntheses o f  t h e  

16-aza d e r i v a t i v e  1. 
Synthesis o f  17-Aza-0-Homestrones 2 and 3 - - 
The synthesis o f  t h e  D-homoazasteroid 2 was achieved v i a  the  rou te  shcun i n  Scheme 1. Estrone 

methyl e the r  was converted t o  the  ha l f  e s t e r  !! by a v a r i a t i o n  o f  t h e  method o f  Heer and 

M i e s ~ h e r . ' ~ ' ~ '  Reduction o f  t h e  carboxyl i c  a c i d  moiety o f  8 w i t h  borane-tetrahydrofuran (THFI 
b 

complex produced t h e  hydroxy es te r  9. Spontaneous c y c l i z a t i o n  o f  9 t o  t h e  known10 lac tone 10 
occurred upon standing f o r  several  days, o r  more r a p i d l y  upon treatment w i t h  sodium hydride. 

Lactone g undement ring-opening w i t h  a m n i a  t o  prov ide t h e  h y d r o y  amide 11, which comprises a 
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potential  precursor of lactam 1. However, a more e f f i c i e n t  route  t o  t h e  l a t t e r  coqound was 

devised, wherein hydroxy e s t e r  ?was tosyla ted and the  crude product was reacted with l iqu id  

ammonia i n  methanol a t  100°C i n  a pressure reactor  t o  afford t h e  desired b lac tam 2 i n  91% yield .  

The 7-lactam i w a s  a l s o  obtained from 8 by a var ia t ion of t h e  Curtius rearrangement approach re- 

ported by Kierstead e t  a l . l o a  

a) I,, KOH b) NaOH. H,O, c) CH,N, d) KOH-H$-MeOH e) BHJ THF 0 NaH g) TsCI-pyrldme 

h) Itquid NH,-MeOH, 100 "C, 30-35 am. i) MeOCOCi-E1,N j) NaN, k) C,H,, reflux I) KOH-H20-HO(CH2)20H 



The key intermediate h a l f  e s t e r  8 a lso  served as a convenient source o f  t h e  D-homoazasteroid 2 
(Scheme 2). Reduction o f  8 w i t h  l i t h i u m  t r i - t - bu toxya lun inm hydr ide  produced lac tone 11 i n  64.5% 

y ie ld ,  along w i t h  the  d i o l  11 (15%). An a t tenp t  t o  recyc le  t h e  unwanted d i o l  by Jones ox ida t i on  

t o  11 was on ly  p a r t l y  successfully as the  two hydroxyl  groups proved of comparable r e a c t i v i t y  and 

resu l t ed  i n  a 1:l mix ture  o f  t h e  isomeric lactones 10 and g. Rinyopen ing o f  12 w i t h  l i q u i d  

amnonia i n  methanol a t  100DC af forded t h e  hydroxy amide 14, which was smoothly mesylated i n  the  

presence o f  t r i e thy lam ine  and c y c l i z e d  upon treatment w i t h  sodium hydr ide  t o  prov ide lactam J i n  

58% y i e l d .  

Scheme 2 

a1 LiAlHlO-'Bu13 b) liquid NH3-MeOH. 100 -C. 30-35 O m  c) MsCI-Et3N d) NaH 

Synthesis of 16-Azaestrones 4 and 5 - - 
A s i m i l a r  approach t o  t h a t  shwn  i n  Scheme 2 was attempted f o r  the  synthesis of t h e  normal D-r ing 

lactam isomers Q a n d  2, v i a  aminolysis of 18, the  7-lactone homologue o f  b-lactone 2. Ring-open- 

i n g  and degradation of C-16 i n  estrone methyl e the r  was performed as i nd i ca ted  i n  Scheme 3 v i a  t h e  

indoxyl  15.15 I n  con t ras t  t o  the  androstane ser ies,  ox ida t i ve  cleavage o f  15 t o  aldehyde 16 o r  

the corresponding carboxy l ic  a c i d  w i t h  chromium t r i ox ide16 '17  o r  ozone" gave unsa t i s fac to ry  

resu l ts ,  b u t  ox idat ion  w i t h  sodium per iodate and osmium te t rox ideL8  afforded aldehyde i n  65% 

y ie ld .  The aldehyde was reduced t o  the  corresponding d i o l  w i t h  l i t h i u m  a lm inum hydride, and 

subjected t o  Jones ox ida t i on  t o  produce the 16-oxa lac tone 18 i n  a h i g h l y  s e l e c t i v e  manner, u n l i k e  

the  homologous d i o l  2, which had furnished a 1:l mix ture  o f  isomeric lac tones under s i m i l a r  con- 
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d i t i ons .  Unfortunately,  a11 attempts t o  open l a c t o n e g  w i t h  a m n i m  hydroxide, l i q u i d  amonia  

i n  methanol a t  loo', o r  sodium amide i n  l i q u i d  amonia  fa i led ,  i n  con t ras t  t o  t h e  e f f i c i e n t  

amminolysis o f  t h e  corresponding 6-lactone 12 ( o r  i t s  isomer 10). A poss ib le  explanat ion f o r  t h e  

lack  of r e a c t i v i t y  o f  18 i s  t h a t  i t  undergoes ep imer iza t ion  t o  t h e  thermodynamically 

f a ~ w r e d ' ~ ~ ' ' ~  14p isomer  19 f a s t e r  than r i n ~ o p e n i n g .  Since the normal ly accessible a-face o f  

the  trans-isomer 18 i s  considerably more congested i n  t h e  cis-isomer 2, nuc leoph i l i c  a t t ack  and 

formation o f  the  te t rahedra l  intermediate requ i red f o r  r i n ~ o p e n i n g  i s  suppressed. The recovery 

of epimerized lac tone 19 from these react ions  i s  cons is tent  w i t h  t h i s  explanation. 

A second approach t o  lactams Q and 5 i s  smmarized i n  Scheme 4. Aldehyde 16 was subjected t o  

Jones ox idat ion  and the r e s u l t i n g  crude carboxy l ic  a c i d  was amidated v i a  i t s  acy l  ch lo r i de  t o  

a f fo rd  amide 20. Selec t ive  reduct ion  o f  the  e s t e r  group was ef fected w i t h  l i t h i u m  t r i - t - b u t o w a l -  

m i n m  hydr ide  t o  g i ve  alcohol  21 i n  poor y i e l d ,  accompanied by imide g. An attempt t o  c y c l i z e  

Scheme 3 

a) o~nltrobenzaidehyde. KOH b)CH2N2 cl -0,-Na10, d) LiAIH, el Jones oxidation 1) NaNHz-lrqutd NH3 



21 by mesylat ion and treatment w i t h  base, by analogy t o  the  conversion o f  14 t o  lactam 3, resu l t ed  - 
i n  the fornat ion  of the  n i t r i l e  25 i n  36% y i e l d  and t h e  desired lactam Z20 i n  only 19% y i e l d .  

Th is  was r a t i o n a l i z e d  by assuming t h a t  t h e  i n i t i a l  mesylate can be a t tacked by e i t h e r  t h e  N o r  0 

atom o f  t h e  ambident amide anion t o  a f f o r d  the  desired products 4 and 5, o r  t h e  in termedia te  25, 
respect ively.  Fragmentation o f  t h e  l a t t e r ,  as i l l u s t r a t e d  i n  Scheme 4, accounts f o r  t h e  formation 

of the  unwanted n i t r i l e  23. Somewhat su rp r i s i ng l y ,  p r i o r  conversion o f  the  lnesylate t o  the  i od ide  

(a Sof ter  l eav ing  group) 20 resu l t ed  i n  an even greater  p r o c l i v i t y  f o r  0-at tack2'  and an enhanced 

y i e l d  of n i t r i l e  23. I n  view o f  the  poor y i e l d  i n  both the  reduct ion  o f  20 t o g  and t h e  cyc l i za -  

t i o n  of 2 t o  4 o r  2, t h i s  approach was abandoned. 

x . OM*. I 

a) Jones oxidation b)CICOCOCI c) NH,OH d) LlAIH(0-'Bu), e) MsCI.EtsN 1) NaH g) Nal 
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I n  order t o  avoid t h e  undesired f o m t i o n  of n i t r i l e g ,  c y c l i z a t i o n  a t tenpts  were made wi th  pro. 

tected,  secondary amides 3 and (Scheme 5). These compounds were obtained i n  the same manner 

as t h e  primary amide 2, except t h a t  benzylamine and veratrylamine were employed instead of armon- 

Sshems 5 

a) Jones oxidallon b)CImCOU c) ArCH2NH, d) LIAIH(O-'BU), e ) T s O H - W H  f) Hz-Pd g) Na-llquid NH, 

h) NaBH3CN i) LiBH, j) MsCI-Et,N k) NaH I) K O %  



ium hydroxide. The reduct ion  o f  a a n d 3  w i t h  l i t h i u m  t r i - t -bu toxya lun inun hydride, however, 

d i d  n o t  produce the expected hydroxy amide analogous t o  21 i n  Scheme 4. Instead, p a r t i a l  reduc- 

t i v e  amidation occurred t o  a f f o r d  t h e  c y c l i c  carb ino l  amides 27a and 2. The product 27a under- 

went f a c i l e  acid-catalyzed exchange o f  t h e  hydroxyl group w i t h  methanol t o  produce the methyl 

ether g.22 This  confirms the carb ino l  amide s t ruc tu re  o f  27a and supports our  premise t h a t  

b s tero ida l  carb ino l  amides should r e a c t  w i t h  appropr iate nucleophi les i n  b i o l o g i c a l  systems.' The 

carb ino l  amides are there fore  o f  i n t e r e s t  i n  t h e i r  own r i g h t ,  b u t  un for tunate ly ,  t h e  deprotect ion 

o f  27a and 27b by hydrogenolysis o f  the N-benzyl l inkage cou ld  n o t  be accomplished us ing e i t h e r  

c a t a l y t i c  hydrogenation o r  sodium i n  l i q u i d  a n ~ n o n i a . ~ ~  S im t l a r l y ,  t h e  reduct ion  o f  the  carb ino l  

amide moiety of 2 and 27b to' the corresponding N-benzyllactams w i t h  sodium cyanoborohydrideZ4 

fa i led .  F ina l l y ,  3 was reduced t o  t h e  hydroxy amide 29 w i t h  l i t h i m  borohydride, and 29 was 

cyc l ized t o  the  N-veratry l lactam 2 v i a  the  corresponding mesylate. Careful deprotect ion of 30 
w i t h  sodium i n  l i q u i d  ammonia then a f fo rded a 1:2 mix ture  of t h e  isomeric2s 7-lactams 9 and 5, 

accompanied by a small amount of t h e  B i rch  reduct ion  product 2. When the mix ture  o f  4 and 2 was 

t reated w i t h  potassium t-butoxide i n  t-butanol, i somer iza t ion  o f 4  t o  was v i r t u a l l y  quant i ta-  

t i ve .  Evident ly the  c is - fused 14p-isomer 2 i s  thermodynamically more s tab le  (as i s  the  case i n  

b the corresponding lactones 18 and El0 ) and i s  the  exc lus ive  product o f  equ i l i b ra t i on .  

Stereochemical Assignrent of Azasteroids 4 and 5 - - 
The conf igura t ions  of azasteroids 4 and 2 were t e n t a t i v e l y  assigned as 140 and 14p. respect ive ly ,  

on the bas is  of the  expected greater  thermodynamic s t a b i l i t y  o f  the  C f l  cis-isomer 2. The conf ig -  

u ra t ions  of lactones 18 (140) and 19 (140) were prev ious ly  assigned by 8aranlob on s i m i l a r  thenno- 

dynamic arguments. Furthermore, the  chemical s h i f t  o f  t h e  angular methyl group C-18 i s  0.10 ppm 

fa r the r  downfield i n  the  C/D c i s  lac tone 19 I 6  1.20) than i n  the  t rans  isomer 18 ( 6  1.10). This 

t rend i s  a l so  ev ident  i n  lactams 4 (6  1.09) and 2 (6 1.19), as we l l  as i n  other, carbocyc l ic  140, 

146 s t e r o i d  isomers.z6 F ina l l y ,  the  above s t r u c t u r a l  assignments were unequivocal ly confirmed by 

an X-ray c r ys ta l  s t ruc tu re  o f  t h e  14p-isomer, 2, shown i n  F igu re  1. 

Figure 1 
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EXPERIMENTAL SECTION 

M e l t i n g  p o i n t s  were determined on an A.H. Thomas hot-Stage apparatus and a re  uncorrected. Ir 

spectra were recorded on a N i co le t  5DX spect rmeter ,  us ing  KBr d i sks  f o r  s o l i d  samples and t h i n  

f i lms f o r  o i l s  unless otherwise indicated. 'H- and ' t -Nmr spectra were obta ined a t  200 MHz w i t h  

a Varian XL20O o r  a Bruker AC-E 200 spectrometer, w i t h  COC13 as t h e  so lvent  and e i t h e r  CHC13 o r  

te t ramethy ls i lane as t h e  i n t e r n a l  standard. Mass spectra were recorded on a Kra tos  MS80 o r  a VG 

7070 spectrometer. Opt ica l  r o t a t i o n s  were measured on a Rudolph Autopol I11 po lar imeter  i n  CHCl, 

s o l u t i o n  unless otherwise noted. Elemental analyses were performed by O r .  W.S. L i n  (Un i ve rs i t y  of 

Calgary). Preparat ive TLC was c a r r i e d  o u t  on Analtech 20Q0 cm g lass  p la tes  coated w i t h  1 mm o f  

s i l i c a - g e l  GF, and f l a s h  chromatography was performed w i t h  s i l i c a - g e l  (60-200 mesh). Estrone was 

purchased from t h e  A ld r i ch  Co. o r  t h e  Sigma Co. and was converted t o  estrone methyl e the r  by a 

l i t e r a t u r e  methodz7. Jones reagent was prepared as descr ibed previously.  2B A1 1 o the r  reagents 

were purchased from comnercial sources and p u r i f i e d  by standard methods as necessary. 

Colour less s i n g l e  c r y s t a l s  of 5 were grown by s l a r  evaporat ion o f  a methanol so lu t ion .  A c r y s t a l  

of dimensions 0.11 r 0.28 x 0.42 mm was used f o r  data c o l l e c t i o n  w i t h  an Enraf Nonius CAD-& auto- 

mated d i f f r ac tone te r ,  N i - f i l t e r e d  CuKa r a d i a t i o n  ( A  = 1.5417811, and omegaR8 scans. The c r y s t a l  

System i s  monoclinic, space group PZ1, a = 10.2973(71, b = 5.9939(3), c = 13.5978(6)1, 8 = 

110.244(5)0, V = 787.43(81h3. 2 = 2, d e n s i t y  ( c a l c l  = 1.204 g c m 3  and ir = 6.24 cnrl. Two quad- 

ran ts  o f  data were c o l l e c t e d  t o  a maximm the ta  o f  75'; o f  t h e  4068 re f l ec t i ons  measured, t h e  3912 

r e p l i c a t i v e  data were averaged t o  ob ta in  1779 unique r e f l e c t i o n s  of which 1701 had 1 > 2.0 d l ) .  

The s t ruc tu re  was solved by d i r e c t  methods. A l l  H atoms were i d e n t i f i e d  i n  d i f fe rence F o u r i e r  

syntheses. The f i n a l  cyc les  of l e a s t  squares va r i ed  t h e  pos i t i ons  o f  a l l  atoms, t h e  an i so t rop i c  

thermal parameters o f  t h e  non-H atoms, t h e  i s o t r o p i c  thermal parameters o f  t h e  H atoms, and t h e  

i s o t r o p i c  e x t i n c t i o n  parameter ( f i n a l  value 1.85(5)60-5). The ref inement converged w i t h  a maxi- 

aum s h i f t l e r r o r  of 0.01, R = 0.044. and Rw = 0.041 f a r  t h e  1701 observed r e f l e c t i o n s .  The pro- 

grams used were those o f  the  XTAL 2.2 system.29 The drawing of t h e  molecule was made w i t h  t h e  

program ORTEP Tables o f  coordinates, thermal parameters, bond distances and bond angles a re  

ava i lab le ,  on request, from t h e  authors. 

16-Hydroxy-3-methoxy-16,17-seco-1,3.5(lO)-estratrien-17-oic ac id  m t h y l  e s t e r  (91 - 
The ha l f  e s t e r  8 (3.98 g. 11.5 m o l l  was prepared by t h e  p a r t i a l  s a ~ o n i f i c a t i o n ~ ~  of t h e  d i e s t e r  

7." It was d isso lved i n  40 m1 o f  d r y  THF and borane-THF conplex (14.0 m1 o f  1.0 M s o l u t i o n  i n  - 



THF. 14 mmol) was added dropwise. The reac t i on  mix ture  was s t i r r e d  f o r  30 min under n i t rogen and 

was then quenched w i t h  40 ml of H20. After concentrat ion under reduced pressure, t h e  hydroxy 

es te r  was ex t rac ted w i t h  several po r t i ons  of e the r  and the combined organic ex t rac t s  were washed 

w i t h  H20 and aqueous NaCl, d r i ed  (MgSO,), and evaporated i n  vacuo. m e  crude product was separa- 

t e d  by f l a s h  chromatography ( e l u t i o n  w i t h  40% ethy l  acetate-hexane) t o  a f fo rd  3.75 g (98%) of 9 as 

a homogeneous (TLC) o i l :  Ir 3430, 1726, 1254, 1238 cnrl. The hydroxy e s t e r  9 slowly c y c l i z e d  t o  

the  corresponding l ac tone  g on standing f o r  several days. 

3-Methoxy-17-oxa-D-homo-1,3,5(10)-estratrien-l7a-one (10) - 
The hydroxy es te r  9 (346 mg, 1.00 mmol) was dissolved i n  10 ml o f  d r y  THF and t rea ted  w i t h  sodium 

hydr ide 153 mg of a 50% d ispers ion i n  mineral  o i l ,  1.1 m o l ) .  The reac t i on  mix ture  was s t i r r e d  

f o r  1 h under n i t r ogen  and t h e  s o l u t i o n  was f i l t e r e d  through C e l i t e  and the so lvent  evaporated i n  

V ~ C U O .  The crude product c r y s t a l l i z e d  from acetone-hexane t o  a f f o r d  194.5 mg (65%) o f  lac tone 10; 
np 165-167T; [=ID t84' lc. 2.54). ( l i t . l o b  mp 167-168'C; [=ID +86.5*). 

3-Methoxy-l7-aza-D-hon~l,3.5Il0)-estratrien-17a-one 12) - 
The hydroxy es te r  9 (3.75 g. 11.3 mmol) was s t i r r e d  overn ight  a t  room temperature w i t h  p-toluene- 

su l fony l  ch lo r i de  (4.38 g, 23.0 m o l )  i n  40 ml o f  pyr id ine .  The s o l u t i o n  was poured i n t o  400 ml 

o f  i c e c o l d  4% aqueous NaHCO, and l e f t  overn ight  a t  ODC. The aqueous l a y e r  was separated and the 

o i l y  residue was taken up i n  ether. The organic s o l u t i o n  was washed w i t h  concentrated aqueous 

CuSO,, H20, and aqueous NaC1, d r i e d  IMgSO,), and evaporated unde; reduced pressure t o  a f fo rd  4.68 

g (98%) o f  the  crude tosy la te .  This was dissolved i n  20 ml o f  methanol and t rans fe r red  t o  a pre- 

cooled s ta in less  s tee l  Par r  h i gh  pressure reac t i on  vessel, maintained a t  -78'C. A f t e r  t h e  addi- 

t i o n  o f  50 ml o f  l i q u i d  ammonia, the  reac to r  was sealed and heated f o r  16 h a t  100°C. The reac to r  

was again cooled t o  -78°C. t h e  va lve  o f  the  reac to r  was opened, and a m n i a  was al lowed t o  evapor- 

a te  by s lowly warming t o  room temperature. The remaining so lvent  was evaporated i n  vacuo and t h e  

crude residue was p u r f f i e d  by f l a s h  chromatography ( e l u t i o n  w i t h  40% acetone - chloroform) t o  

a f f o r d  3.08 g (91%1 o f  lactam 2; mp 2lO-212T (sealed c a p i l l a r y ) ;  ColD +127' (c. 0.725); Ir 3180, 

1649, 1498, 1037 c m l ;  '~-Nmr 6 7.24 (d. J = 9 Hz, 1 H),  6.8-6.64 (m, 2 H), 5.58 ( b r  s, exchanged 

i n  020, 1 H), 3.78 (s,  3 H), 3.38 lm, 2 H), 2.89 (m, 2 HI, 2.4-1.3 (conplex, 11 HI, 1.20 (s,  3 HI; 

mass spectrum. mlz ( r e l a t i v e  i n t e n s i t y )  299 (M'. 100). 199 (57). Anal. Calcd f o r  Cl,H2,N02: C. 

76.22; H. 8.42; N. 4.68. Found: C, 76.34; H. 8.59; N, 4.44. 

3-Methoxy-17-oxa-D-hom0-1,3,5(10)-estratrien-l6-one (12) - 
The h a l f  e s t e r  17.12 g, 20.55 mmol) and l i t h i u m  t r i - te r t -bu toxya luminun hydr ide  (16.7 g, 65.8 

mnol) were refluxed i n  100 ml of d ry  THF f o r  2 days. The s o l u t i o n  was cooled t o  room temperature 

and t h e  react ion  was quenched and t rea ted  w i t h  100 ml of 10% aqueous HCl. The s o l u t i o n  was ex- 

t r ac ted  w i t h  th ree po r t i ons  of chloroform and the organic e x t r a c t s  were combined, washed w i t h  5% 
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aqueous Na2C03. H20, and aqueous NaCl, d r i e d  (MgSO,), and evaporated under reduced pressure. The 

crude product was separated by f l a s h  chromatography ( e l u t i o n  w i t h  40% e t h y l  acetate-hexane) t o  

a f f o r d  3.98 (64.5%) o f  t h e  des i red lac tone 2, which was r e c r y s t a l l i z e d  from e t h y l  acetate-hexane. 

mp 173-176T ( l i t . 3 2  mp 18g°C, dec.). The i d e n t i t y  and p u r i t y  o f  t h e  sample was conf i rmed by i t s  

i r  and 'H-nmr spectra, and by i t s  elemental analysis.  Anal. Calcd f o r  C,$,,O,: C, 75.97; H. 

8.05. Found: C, 75.61; H, 8.27. 

Fu r the r  e l u t i o n  a f f o rded  913 mg (15%) o f  3 -methoxy -16 .17 -sec~1 ,3 ,5 (10 ) -es t ra t r i en167 -do1  3, 

which was r e c r y s t a l l i z e d  from acetone: mp 144-145°C ( l i t . l o b  mp 147'C). 

17-Hydroxy-3-methoxy-16.17-seco-1.3,5l10)-estratrien-16-carboxamide (14) - 
The lac tone 12 (3.98 g. 13.25 m l )  was t rea ted  w i t h  40 ml o f  methanol and 70 ml of l i q u i d  amnonia 

i n  a h igh  pressure reac t i on  vessel a t  lOO'C f o r  16h, as descr ibed i n  t h e  prepara t ion  o f  lactam 2. 
A f t e r  removal o f  t h e  solvent, t h e  crude product was r e c r y s t a l l i z e d  from methanol -H20 t o  a f f o r d  

3.59 g (85%) o f  t h e  hydroxy amide 14; mp 182-184Y; ['ID +63' (c. 0.45, MeOH); Ir 3452, 3275, 

3191, 1646, 1617, 1502, 1051 cm';  'H-Nmr 6 7.23 Id,  J = 9 Hz, 1 HI, 6.75-6.63 (m, 2 H), 5.86 l b r  

5, exchanged 020. 1 H), 5.46 ( b r  s, exchanged D20. 1 H), 3.78 (5. 3 H). 3.62-3.52 lcomplex, col-  

lapsed t o  d. J = 12 Hz, upon exchange. 2 H, OH and H-17). 3.24-3.18 (m co l lapsed t o  d, J = 12 Hz, 

upon exchange, 1 H, H-17). 2.91-2.86 (m, 2 H), 2.45-1.25 (complex, 11 HI, 0.70 I s ,  3H); mass spec- 

trum, mlz ( r e l a t i v e  i n t e n s i t y )  317 (M+, < I ) ,  300 (100). 186 (81). Anal. Calcd f o r  C,.$,,NO,: C, 

71.89; H. 8.57: N, 4.41. Found: C, 72.13; H. 8.73: N. 4.52. 

3-Methoxy-17-aza-D-homo-l,3,5(10)-estratrien-16-one (3) - 
Methanesulfonyl c h l o r i d e  (0.92 ml, 11.9 mnol) was added dropr ise  t o  a s o l u t l o n  of t h e  hydroxy 

amide 14 (2.52 g, 7.93 nmol) and t r l e thy lam ine  11.67 ml. 11.9 mnol l  i n  300 ml o f  d ry  THF. The 

reac t i on  mix ture  was S t i r r e d  a t  roan t enpe ra twe  under n i t r ogen  f a r  2 h. The s o l u t i o n  was concen- 

t r a t e d  i n  vacuo and 200 ml o f  e t h y l  acetate were added. The organic s o l u t i o n  was washed tw i ce  

w i t h  aqueous NaCl, d r i e d  (MgSO,), and evaporated under reduced pressure. The mesylate was d is -  

solved i n  25 ml o f  DMF, NaH (1.90 g of a 50% d ispers ion i n  mineral  o i l ,  39.65 mnol) was added. and 

t h e  reac t i on  mix ture  was s t i r r e d  f o r  3 h. The reac t i on  was quenched w i t h  H20 and t h e  s o l u t i o n  was 

a c i d i f i e d  w i t h  10% aqueous HCl t o  pH <1. The r e s u l t i n g  p r e c i p i t a t e  was ex t rac ted  w i t h  d ich loro-  

methane and the combined organic e x t r a c t s  were d r i e d  (MgSO,) and evaporated i n  vacuo. The crude 

product was separated by f l a s h  chromatography ( e l u t i o n  w i t h  50% acetone-chloroform) t o  a f fo rd  1.38 

g 158%) o f  t h e  lactmn 2, which was r e c r y s t a l l i z e d  from chloroformacetone: mp 280-282'C; [*ID +29' 

(c. 2.29): Ir 3191, 1656, 1612, 1491, 1259 cnrL;  'H-Nmr 6 7.21 (d, J = 9 Hz, 1 H), 6.76-6.64 (m, 2 

H). 6.12 ( b r  s, exchanged D20. 1 H), 3.78 (5. 3 H), 3.09 Id.  J = 12 HZ, 1 HI, 2.97 (dd, J = 4, 12 

Hz, col lapsed t o  d, J = 12 Hz upon exchange, 1 HI, 2.89-2.83 (m, 2 H), 2.65 (dd, J = 6, 18 Hz, 1 

HI, 2.38-1.24 (complex, 10 H), 1.01 (s,  3 H1; mass spectrun, m/z ( r e l a t i v e  i n t e n s i t y )  299 lM+, 



100). Anal. Calcd f o r  C19H2,N02: C. 76.22; H, 8.42; N, 4.68. Found: C, 76.48; H, 8.45; N, 4.57. 

3-Methor;y-15-ox+0-no~15,17-sec+1,3,5(101-estatren-17-oc ac id  methyl es te r  (161 - 
The indoxyl idene 15 was prepared as repor ted previously.15 It (8.00 g, 18.5 mmol) was dissolved 

I n  200 m1 o f  dioxane, fo l lowed by the  add i t i on  o f  40 ml of H g ,  050, (47 mg, 0.19 mnol), and pow- 

dered sodium wper ioda te  131.8 g, 148 mmoll. The reac t i on  mix ture  was re f l uxed  f o r  24 h. cooled 

t o  room temperature, and d i l u t e d  w i t h  400 ml of H20. The r e s u l t i n g  p r e c i p i t a t e  was ex t rac ted 

three times w i t h  150 m1 o f  e the r  and the combined organic ex t rac t s  were washed ten  times w i t h  150 

ml of H20, fo l lowed by aqueous NaCl, d r i e d  (MgSO,), and evaporated i n  vacuo. The crude product 

was p u r i f i e d  by f l a s h  chromatography ( e l u t i o n  w i t h  20% e thy l  acetate-hexane) t o  g i ve  3.83 g (65%) 

o f  t h e  aldehyde - 16, which was r e c r y s t a l l i z e d  from methanol: mp 96.5-97.5-C; [ e l u  f96' ( c  0.87); 

Ir 2727. 1736. 1718. 1609. 1499, 1238, 1116. 1034 cnrl; 'H-Nmr 6 9.82 (d. J = 3 Hz, 1 H), 7.21 Id.  

J = 9 Hz, 1 H ) ,  6.76-6.64 (m, 2 H), 3.78 (s, 3 HI, 3.74 (s, 3 H), 2.87-2.80 (conplex, 3 HI, 2.45- 

2.33 (complex. 2 H). 2.05-1.45 (complex, 6 H). 1.28 (s, 3 H); mass spectrum. m/z ( r e l a t i v e  in ten-  

s i t y )  316 (M*, 75), 187 (1001, 159 (981. Anal. Calcd f o r  C19H2,0,: C, 72.13; H, 7.65. Found: 

C. 72.40; H. 7.77. 

3-Methoxy-U-nor-15,17-seco-1,3,5(10)-estratriene-15.17-diol (171 - 
The aldehyde 16 (1.50 g, 4.75 mnol1 i n  10 ml o f  d ry  THF was added dropwise t o  a suspension of 

l i t h i u m  aluminlon hydr ide  1540 mg. 14.2 m l )  i n  20 ml o f  d ry  THF. The reac t i on  mix ture  was s t i r -  

r ed  f o r  1 h a t  room temperature under ni t rogen. The reac t i on  was quenched and t rea ted  w i t h  H20 

and 20% NaOH. The s o l u t i o n  was f i l t e r e d  through C e l i t e  and the f i l t r a t e  was evaporated i n  vacuo. 

The o i l y  residue was separated by f lash chromatography ( e l u t i o n  w i t h  40% acetone-chloroform) t o  

a f f o r d  1.18 g (86%) o f  the  d i o l  11. The product was r e c r y s t a l l i z e d  from acetone and methanol-H20, 

mp 142-144'C; I a l D  +34' (c. 2.37) ( l i t . l o b  mp 147'C; [ e l u  t17'). 

3-Methoxy-16-oxa-14o-1,3,5(10)-estratrien-l5-one (18) - 
The d i o l  11 (1.14 g. 3.93 mmol) was d isso lved i n  50 ml o f  acetone and cooled t o  O'C. Jones rea- 

gent (ca. 1.6 ml)  was added dropwise u n t i l  a f a i n t  co lou r  o f  the  reagent pe rs i s ted  over a pe r i od  

o f  5 min. A f te r  an add i t iona l  10 min a t  O'C t h e  reac t i on  mix ture  was poured i n t o  ice-water and 

the r e s u l t i n g  p r e c i p i t a t e  was ex t rac ted w i t h  several po r t i ons  o f  ether. The combined e the r  ex- 

t r a c t s  were washed w i t h  4% aqueous NaHC03. H20 and aqueous NaC1, d r i e d  (MgSO,), and evaporated i n  

vacuo. The product was r e c r y s t a l l i z e d  from methanol t o  a f f o r d  973 mg (86.5%) o f  t h e  des i red l a c -  

tone - 18: mp 144-146°C; [do t25' (c. 1.805); ( l i t . lobmp 148-149'C; [=I0 +25.5'). 

Attempted r i n p o p e n i n g  o f  lac tone 18 - 
Lactone 2 (177 mg, 0.62 mnol) i n  10 m1 of d r y  THF, was added t o  50 ml o f  l i q u i d  ammonia contain- 

i n g  a t r ace  o f  sodium amide i n  a h igh pressure reac t i on  vessel a t  -78'C. The vessel was sealed 

and s t i r r e d  overn ight  a t  room temperature. A f t e r  removal o f  v o l a t i l e  mater ia l ,  t h e  residue con- 
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s i s t e d  o f  near ly  pure 3-methor;y-16-oxa-14B-1.3,5~10)-estratrien-l5-one (19); which was rec rys ta l -  

l i z e d  from methanol, mp 159-160'C; [do +191" lc .  2.6); ( 1 i t . l o b  mp 161'C; Cola +ZOO"). 

3 - M e t h o r ; y - 1 5 - c a r b a m o y l - O - n o ~ - 1 5 , 1 7 - s e c ~ c  a c i d  methyl es te r  (20)  - 
The aldehyde 16 (5.54 g, 17.5 m o l )  i n  100 ml o f  acetone was s t i r r e d  w i t h  7 m1 o f  Jones reagent 

a t  O°C f o r  1 h. The s o l u t i o n  was poured i n t o  500 m1 o f  ice-water and t h e  r e s u l t i n g  p r e c i p i t a t e  

was ex t rac ted w i t h  several  po r t i ons  o f  ether. The combined organic ex t rac t s  were washed w i t h  

H20 and aqueous NaCl, d r i e d  (MgSO,), and evaporated i n  vacuo. Oxaly l  ch lo r i de  (5.5 ml, 63 m o l )  

was added t o  the  r e s u l t i n g  a c i d  and the reac t i on  mix ture  was s t i r r e d  f o r  3 h a t  room temperature 

under ni t rogen. Excess oxa l y l  ch lo r i de  was then removed under reduced pressure, two separate 

po r t i ons  o f  hexane were added t o  t h e  residue, and t h e  so lvent  was again removed i n  vacuo a f t e r  

each one. The a c i d  c h l o r i d e  was d isso lved i n  20 ml o f  d ry  THF and added dropwise t o  100 ml o f  an 

i ce -co ld  s o l u t i o n  o f  concentrated aqueous NH,OH. The r e s u l t i n g  p r e c i p i t a t e  was ex t rac ted  w i t h  

Several po r t i ons  of e the r  and t h e  combined e the r  e x t r a c t s  were washed w i t h  H20 and aqueous NaCl. 

d r i e d  (MgSO,), and evaporated i n  vacuo. The crude product was separated by f l a s h  chromatography 

( e l u t i o n  w i t h  40% acetone-chloroform) t o  g i ve  4.06 g (70%) of amide 20 as a s o l i d ;  lr 3450, 3360, 

3191, 1720, 1670, 1610, 1501, 1238 cnrl; l ~ - ~ m r  6 7.19 (d, J = 8 Hz, 1 H), 6.75-6.63 lm, 2 H), 

5.85 ( b r  s, exchanged 020, 1 H), 5.30 ( b r  s, exchanged 0 9 ,  1 H), 3.78 (s. 3 H). 3.74 Is .  3 HI.  

2.76 Id, J = 11 Hz) superimposed on 2.98-1.26 (complex, s a t  1.31, t o t a l  14 HI: mass spectrun, mlz 

( r e l a t i v e  i n t e n s i t y )  331 (M+, 4). 286 (24). 43 (100). 

17-Hydroxy-3-methoxy-0-nor-15.17-seco-1.3.5 (10)-estratriene-15-carboxamide (21 1 and 3-Methoxy-16- 

aza-1,3,5(10)-estratriene-15.17-dione (22) - 
The amide 20 (4.06 g. 12.3 m l )  and l i t h i u m  tri-tert-butor;yaluminum hydr ide  (13.10 g. 51.5 m o l )  

were re f luxed i n  100 ml o f  d ry  THF under n i t r ogen  f o r  8 h. The reac t i on  was quenched and t rea ted  

w i t h  150 m1 o f  10% aqueous HCl. The organic l a y e r  was separated, concentrated i n  vacuo and taken 

up i n  dichloromethane. This was washed w i t h  10% aqueous HC1, H20, d r i e d  IMgSO,), and evaporated 

i n  vacuo. The crude product was separated by f l a s h  chromatography t o  a f f o r d  two products. Elu- 

t i o n  w i t h  40% e t h y l  acetate-hexane provided 687 mg (19%) o f  imide 22, which was r e c r y s t a l l i z e d  

from acetone-hexane: mp 220-223°C: [ale -18' (c. 1.085); Ir 3275, 1770, 1732, 1609, 1577, 1498, 

1313. 1253. 1239, 1073. 1034 cnrl; 'H-Mnr 6 7.47 ( b r  5, exchanged 020. 1 H), 7.19 Id .  J = 8 HZ, 1 

H), 6.77-6.66 In, 2 HI, 3.79 (s, 3 HI, 2.96-2.82 (conplex, 3 H), 2.52 (d, J = 11 Hz) superimposed 

on 2.56-1.54 (complex, t o t a l  8 H), 1.31 (s, 3 H); mass spectrum, m/z ( r e l a t i v e  i n t e n s i t y )  299 (M+, 

100). 160 (95). Anal. Calcd. f o r  C18H,,N0,: C, 72.22; H, 7.07; N.  4.68. Found: C. 72.24; H. 

7.14; N, 4.51. 

E l u t i o n  w i t h  40% acetone-ch loro fon afforded 1.19 g (32%) of t h e  des i red product 21, which was 

r e c r y s t a l l i z e d  from acetone: mp 200-202'C; [=lo +34' (c. 1.475, MeOH); Ir 3501, 3367, 3276, 



1670, 1237 cml; IH-Nmr 6 7.22 (d, J = 9 Hz, 1 H), 6.76-6.63 (m, 2 H), 5.98 ( b r  s, exchanged D20, 

1 H), 5.48 ( b r  s, exchanged 020, 1 H), 3.78 (s, 3 H), 3.54 (d, J = 11 Hz, 1 H), 3.34 (d, J = 11 

Hz, 1 H). 2.96-2.83 (complex, 2 H). 2.41 (d, J = 11.5 Hz) superimposed on 2.44-1.26 (complex. 

t o t a l  10 HI, 0.93 (s, 3 H); mass spectrum, m/z ( r e l a t i v e  i n t e n s i t y )  303 (M+, 2). 286 (70). Anal. 

Calcd f o r  Cl8HZ5NO3: C. 71.26; H, 8.31; N, 4.62. Found: C. 71.08; H, 8.35; N, 4.73. 

Attempted c y c l i z a t i o n  o f  hydroxy amide 21 - 
Methanesulfonyl ch lo r i de  (0.20 ml, 2.56 mnol) was added dropwise t o  a s o l u t i o n  o f  t h e  hydroxy 

amide 3 1390 mg, 1.28 m o l l  and t r i e thy lam ine  (0.36 ml; 2.56 mll i n  20 ml o f  d ry  THF a t  0-C 

under nitrogen. The s o l u t i o n  was s t i r r e d  f o r  1 h, 80 ml of e thy l  aceta te  were added, and t h e  

react ion  mix ture  was washed w i t h  aqueous NaCl, d r i e d  (MgSO,), and evaporated i n  vacuo. The r e s i -  

due was dissolved i n  20 ml o f  DMF and NaH 11.22 g of a 50% d ispers ion i n  mineral  o i l ,  25.6 mmol) 

was added. The mix ture  was s t i r r e d  overn ight  a t  room tenperature under ni t rogen, and was then 

quenched, d i l u t e d  v i t h  H20 and a c i d i f i e d  w i t h  10% aqueous H C l  t o  a pH <1. The r e s u l t i n g  p rec ip i -  

t a t e  was ex t rac ted w i t h  several po r t i ons  of e t h y l  aceta te  and t h e  combined organic e x t r a c t s  were 

washed w i t h  H20 and aqueous NaCl. d r i e d  (MgSO,), and evaporated i n  vacuo. The residue was s e p a r  

ated by f lash chromatography ( e l u t i o n  w i t h  10% acetone-chloroform) t o  a f fo rd  two products. The 

l e s s  po la r  conponent afforded 129 mg 136%) o f  17-hydroxy-3rnethoxy-0-nor-15,17-secc-l,3.5~10~- 

es t ra t r i ene -15 -n i t r i l e  (231, as a so l id ;  lr 3450, 2236, 1611, 1501, 1258, 1042 c m L ;  'H-Nmr 6 7.21 

(d, J - 9 Hz, 1 H), 6.77-6.65 (m, 2 H), 3.79 (s,  3 H), 3.69 (d, J = 11 Hz, 1 H), 3.44 (d, J = 11 

Hz, 1 H), 2.96-2.82 (m, 2 H), 2.72 Id, J = 11.5 Hz, 1 H), 2.38-1.26 (complex, 9 H), 1.04 (s, 3 HI; 

mass spectrum, m h  ( r e l a t i v e  i n t e n s i t y )  285 (M*, 100). 199 (53); exact mass ca l cd  f o r  C18H2,N02: 

285.1729, found: 285.1722. The Inore po la r  component gave 71 mg (19%) o f  t h e  des i red product, 

3-methor;y-16-aza-l4@-l,3.5(10)-estratrien-15-one (2) .  which was r e c r y s t a l l i z e d  from e t h y l  acetate: 

mp 187-189'C; [aID +194' (c. 0.21; lr 3241, 1697, 1610, 1502, 1272, 1037 c r l ;  'H-Nmr 6 7.19 id, J 

= 9 Hz, 1 HI, 6.74-6.63 (m, 2 H), 5.59 ( b r  s, exchanged D20, 1 H), 3.78 (s,  3 HI, 3.11 Id, J = 9 

Hz, 1 H), 2.94-2.54 (complex, t o t a l  5 H), 2.29-1.28 (complex, 7 H), 1.19 (s, 3 HI; mass spectrum, 

m/z ( r e l a t i v e  i n t e n s i t y )  285 (M+, 64). 187 (381, 98 (100). Anal. Calcd f o r  Cl8H2,NO2: C, 75.76; H, 

8.12; N, 4.91. Found: C, 75.78; H, 8.34; N, 4.64. The i od ide  24 was prepared by t r e a t i n g  the 

mesylate of g w i t h  excess NaI i n  r e f l u x i n g  acetone. Attempted c y c l i z a t i o n  o f  i o d i d e  24 w i t h  NaH 

i n  OMF, as i n  the  case o f  the  mesylate descr ibed above, resu l t ed  i n  the  formation o f  60% of the  

n i t r i l e  23, i d e n t i c a l  t o  t h e  previous sample. 

N-Ben~yl-15-carbamoyl-3-methoxy-~-O-nor-l5,17-seco-1,3,5(10)-estratrien-17-oic ac id  methyl es te r  

(26a) - - 
The aldehyde 16 11.68 g, 5.31 m o l )  was converted t o  the  a c i d  c h l o r i d e  as i n  the  prepara t ion  of 
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amide 20. The a c i d  ch lo r i de  was taken up i n  5 ml o f  dichloromethane and added dropwise t o  an 

ice-co ld  s o l u t i o n  of benzylamine (2.90 ml, 26.55 nmol) and t r i e thy lam ine  (2.50 m1. 17.7 mmol) 

i n  20 m i  of dichloromethane. The reac t i on  mix ture  was s t i r r e d  f o r  15 min and t h e  r e s u l t i n g  prec i -  

p i t a t e  was f i l t e r e d .  The f i l t r a t e  was evaporated i n  vacuo and t h e  res idue was separated by f l a s h  

chromatography ( e l u t i o n  w i t h  20% e thy l  acetate-hexane) t o  g i ve  1.815 g (81%) o f  t h e  t i t l e  conpound 

26a as a so l i d :  Ir 3288, 1725, 1644, 1500, 1251. 1158 cur'; 'H-Nmr 6 7.36-7.16 (complex, 6 H), - 
6.76-6.64 im, 2 H), 6.16 ( b r  t, J = 5 Hz, 1 HI, 4.56 ldd, J = 15, 7 Hz, 1 H), 4.25 (dd, J = 15, 5 

Hz, 1 H), 3.78 is, 3 HI, 3.53 (s, 3 H), 2.98-2.83 (m, 2 H), 2.68 (d, J - 11 Hz, 1 H), 2.37-2.26 

In, 2 HI, 1.99-1.29 (conplex, s a t  1.29, t o t a l  9 H); mass spect rm,  mh ( r e l a t i v e  i n t e n s i t y )  421 

( M I ,  44), 389 (22). 361 (5). 177 (64), 91  (100); exact mass ca l cd  f o r  C2,H,,N0,: 421.2253; found: 

421.2249. 

N-Benlyl-17-hydroxy-3-methoxy-16-aza-l,3,5(10)-estratrien-15-one (27a) - 
Lith ium t r i - t e r t - bu toxya lm inum hydr ide  (1.34 g. 5.28 m o l l  and t h e  amlde 3 (1.01 g. 2.40 mmoll 

were re f luxed f o r  1 h i n  50 ml o f  d r y  THF. The reac t i on  was cooled t o  O T ,  quenched and t rea ted  

w i t h  10% aqueous HC1 t o  d i sso l ve  t h e  p r e c i p i t a t e d  sa l ts .  The organic l a y e r  was separated, concen- 

t r a t e d  i n  vacuo, d i l u t e d  w i t h  chloroform, washed w i t h  H20 and aqueous NaC1, d r i e d  (MgSO,), and 

evaporated under reduced pressure. The crude product  was r e c r y s t a l l i z e d  from chloroform-acetone 

t o  a f f o r d  483 mg (51.5%) o f  carb ino l  amide 3: mp 220-223'C; [do '57' (c. 0.575); Ir 3276. 1660. . 
1607, 1501, 1241 cur'; 'H-Nmr 6 7.32 (s, 5 H), 7.18 (d, J = 9 Hz, 1 HI, 6.75-6.66 (m, 2 H), 4.75 

(d, J = 15 Hz, 1 H), 4.69 (d, J = 9 Hz, co l lapsed t o  s upon D $  exchange, 1 Hl,  4.24 (d, J = 15 

Hz, 1 H), 3.79 (s, 3 H), 3.07-2.88 (complex, 3 HI, 2.07 (d. J = 9 Hz, exchanged D20) superimposed 

on 2.38-1.50 ( cow lex ,  t o t a l  9 H), 0.95 (s, 3 H); mass spectrum, m h  ( r e l a t i v e  i n t e n s i t y )  391 (Mt, 

241, 228 119). 91  1100). 

N-Benzyl-3,17-dimthoxy-16-aza-1,3.5(10)-estratrien-15-one (281 - 
The carb ino l  amide (97.8 mg. 0.25 m l )  and p-toluenesul fonic a c i d  (2.4 mg) were r e f l u x e d  

f o r  2 h i n  10 ml of methanol. The so lvent  was evaporated i n  vacuo and t h e  crude product was pu r i -  

f i e d  by f l a s h  chromatography ( e l u t i o n  w i t h  40% e t h y l  acetate-hexane) t o  a f f o r d  77.0 mg (76%) o f  

t h e  methyl e the r  28 as a s o l i d  wh i t e  foam: Ir 1702, 1499. 1257, 1085, 1075 cnrl; 'H-Nmr 6 7.38- 

7.29 (m, 5H1, 7.20 (d, J = 9 Hz, 1 H), 6.75-6.67 (m, 2 H), 4.95 id, J = 15 Hz, 1 H), 4.07 (d, J = 

15 Hz, 1 H), 4.00 (s,  1 H), 3.79 (s, 3 H), 3.40 (s,  3 H), 3.08-2.90 (complex, 3 H), 2.38 (d, J = 

11 Hz1 superimposed on 2.42-1.27 (complex, t o t a l  8 H). 0.82 (s. 3 H); mass spectrum. mlz ( r e l a t i v e  

i n t e n s i t y )  405 (M+, 39). 228 (301, 91 (100); exact mass ca l cd  f o r  C26H31N03: 405.2304; found: 

405.2279. 



N-(3,4-Dimthoxybenzyl~-15-carbamyl-3-methoxy-D-nor-15,l7-seco-1,3,5(10~-estratrlen-17-oic a c i d  

methyl es te r  (26b l  - 
The aldehyde 16 (4.95 g, 15.6 mmol) was converted t o  the  a c i d  c h l o r i d e  as i n  t h e  prepara t ion  o f  

amide 20. The ac id  ch lo r i de  was taken up i n  a m a l l  amount o f  d ich loromthane and added dropwise 

t o  an i ce -co ld  s o l u t i o n  o f  3.4-dimethoxybenzylamine (7.00 m1. 46.9 mmol) and t r i e thy lam ine  (6.60 

ml, 46.9 m o l l  i n  100 nl o f  dichloromethane. The mix ture  was s t i r r e d  a t  O°C f o r  30 min. concen- 

t r a t e d  i n  vacuo, and the residue was taken up i n  e thy l  acetate. The s o l u t i o n  was washed w i t h  

H,O and aqueous NaCl and evaporated i n  vacuo. The crude product was p u r i f i e d  by f l a s h  chromato- 

graphy ( e l u t i o n  w i t h  40% e thy l  acetate-hexane) t o  a f fo rd  6.05 g (80%) o f  E. The product  was 

r e c r y s t a l l i z e d  from e t h y l  acetate-hexane: mp 129-13l0C; [=ID +65' (c. 1.941; Ir 3318, 1728, 1654, 

'1516, 1261, 1235, 1028 car1; 'H-Nmr 6 7.18 (d, J = 9 Hz, 1 H), 6.83-6.63 (complex, 5 H1, 6.13 ( b r  

t, J = 6 Hz, 1 H), 4.51 (dd, J = 14, 7 Hz, 1 HI, 4.17 (dd, J = 14, 5 Hz, 1 H), 3.88 (s,  3 H), 3.87 

(s, 3 H I .  3.78 (5, 3H1, 3.50 (s, 3 H), 3.1-2.7 (m, 2 H), 2.65 ( d ,  3 = 11 Hz, 1 H ) ,  2.47-2.26 (com- 

plex. 2 H), 2.04-1.30 (complex, s a t  1.30, t o t a l  9 H); mass spect rm,  m h  ( r e l a t i v e  i n t e n s i t y )  481 

(M+. 53). 449 (52). 421 (6). 151 (100). Anal. Calcd f o r  C2$,SN0,: C, 69.83; H, 7.33; N. 2.91. 

Found: C. 69.60; H, 7.33; N, 2.87. 

N-(3.4-Dirnethoxybenzyl)-17-hydroxy-3-mthoxy-16-aza-l,3,5(10l-estratrien-15-one (27b) - 
The procedure f o r  t h e  prepara t ion  o f  carb ino l  amide 3 was fol lowed t o  a f f o r d  t h e  t i t l e  compound 

27b i n  98% y ie ld .  The product  was r e c r y s t a l l i z e d  from acetone-hexane: mp 174-176'C; [a$, +58' (c. - 
1.0351; Ir 3275, 1653, 1605, 1515, 1257, 1234, 1025 car1; 'H -h r  6 7.17 id, J = 9 Hz, 1 H), 6.89- 

6.65 (conplex, 5 H), 4.68 (d, J = 9 Hz, col lapsed t o  s upon D20 exchange, 1 HI, 4.66 (d, J = 15 

HZ, 1 HI, 4.18 (d, J = 15 HZ, 1 H), 3.87 (5, 3 HI, 3.86 (5, 3 H), 3.78 (s, 3 H), 3.07-2.89 (con- 

plex, 3 H1, 2.19 (d, J = 9 Hz, exchanged D20) superimposed on 2.37-2.17 (complex, t o t a l  3 H), 

1.98-1.51 (complex, 6 H), 0.94 (5, 3 H); m s s  spectrum, mlz ( r e l a t i v e  i n t e n s i t y 1  451 (M', 541, 433 

(371, 282 (311, 151 (721, 43 (100). Anal. Calcd f o r  C2#,$0,: C, 71.82; H ,  7.37; N, 3.10. 

Found: C, 71.73; H. 7.44; N, 2.81. 

1 
(291 - - 
The es te r  26b (2.58 g, 5.36 m o l )  i n  10 ml o f  d ry  THF, was s l a r l y  added t o  a r e f l u x i n g  s o l u t i o n  - 
of l i t h i u m  borohydride (351 mg. 16.1 mnol) i n  30 ml of d r y  THF. Af ter  1 h t h e  reac t i on  was 

quenched and t rea ted  w i t h  10% aqueous HCl, d i l u t e d  w i t h  e thy l  acetate, washed w i t h  H20 and aqueous 

NaCl, d r i e d  (MgSO,), and evaporated t o  a f f o r d  2.305 g (95%) o f  hydroxy amide 29. The product was 

r e c r y s t a l l i z e d  from e thy l  acetate: mp 160-161°C; [=ID t59' (c. 1.111; Ir 3409, 3270, 1652, 1609, 

1516, 1239. 1026 cnrl; 'H-Nmr 6 7.19 (d. J = 9 Hz, 1 H1, 6.88-6.61 (complex, 5 H1. 6.3 ( b r  s, 1 

H), 4.41 (d, J = 6 Hz, 2 H), 3.87 (s, 6 H), 3.77 (s,  3 H), 3.38 id, J = 11 Hz, 1 HI, 3.27 (d, J = 
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11 Hz. 1 HI,  2.93-2.75 (complex. 2 HI. 2.33 (d, J = 11 Hz1 superimposed on 2.35-1.38 (complex. 10 

HI. 0.90 (s, 3 H); mass spectrum, mlz ( r e l a t i v e  i n t e n s i t y )  453 (M+. 411, 435 (291, 151 (871, 43 

11001. Anal. Calcd f o r  C27H35N05: C, 71.50; H, 7.78; N, 3.09. Found: C, 71.63; H, 7.68; N, 3.23. 

N-(3,4-Dimethoxybenzyl)-3-methoxy-16-aza-l,3.5(l01-estratrien-15-one (30) - 
The c y c l i z a t i o n  of hydroxy amide 29 (5.2 g, 11.5 m o l 1  t o  lactam 30 was e f f e c t e d  by t h e  same meth- 

od as described f o r  t h e  prepara t ion  o f  lactam 2. The crude product  was separated by f l a s h  chroma- 

tography ( e l u t i o n  w i t h  50% e thy l  acetate-hexanel t o  a f f o r d  2.87 g (57%) o f  t h e  t i t l e  conpound 30. 
The product was r e c r y s t a l l i z e d  from acetone-hexane: mp 141-143'C; [=lo -32' (c. 1.66); Ir 1678, 

1605, 1501, 1460, 1412, 1239, 1029 c r l ;  'H-Nmr 6 7.17 (d, J = 8 Hz, 1 HI, 6.81-6.65 (complex, 5 

HI, 4.51 (d, J = 14 Hz, 1 H), 4.22 (d, J = 14 Hz, 1 H), 3.87 (s,  3 H), 3.86 (s, 3 HI, 3.78 ( s ,  3 

H1. 3.05-2.81 (complex, 5 H1, 1.95 (d. J = 11 Hz) superinposed on 2.4-1.4 (complex, t o t a l  8 H1. 

0.92 (s, 3 H1; mass spectrun. mlz ( r e l a t i v e  i n t e n s i t y )  435 (w. 201, 322 (151, 151 (461, 43 (1001. 

Anal. Calcd f o r  C,,H,,NO,: C, 74.45; H, 7.64; N, 3.22. Found: C. 74.25; H. 7.84; N. 3.22. 

Deprotect ion o f  lactam 30 - 
L a c t a m 2  (1.19 g. 2.74 m o l l  i n  10 ml of d r y  THF was s lowly  added t o  a r e f l u x i n g  s o l u t i o n  o f  

sodium (632 mg, 27.5 m o l l  i n  75 ml of l i q u i d  amonla. A f t e r  20 mfn t h e  r e a c t i o n  was quenched 

w i t h  s o l i d  amOniUm c h l o r i d e  u n t i l  t h e  dark b lue  co lou r  disappeared. The anmonia was a l l uded  

t o  evaporate overn ight  and the residue was taken up i n  e t h y l  acetate. The s o l u t i o n  was washed 

w i t h  H20 and aqueous NaCl, d r i e d  (MgSO,), and evaporated i n  vacuo. The crude product was separ- 

a ted by f lash chromatography ( e l u t i o n  w i t h  20% acetone-chloroform1 t o  a f f o r d  i n  increas ing order  

of p o l a r i t y :  a) 146 mg o f  3-methoxy-16-aza-14o-1,3,5(10)-estratrien-15-one (Q), which was recrys- 

t a l l i z e d  from acetone: mp 210-213'C; [do +12' (c. 0.7151; Ir 3205, 1691, 1499. 1277. 1255. 1039 

cm'; 'H-Nmr 6 7.19 (d, J = 8 Hz, 1 HI, 6.75-6.65 (m, 2 H), 5.82 ( b r  s, exchanged, 1 H), 3.79 I s ,  

3 HI, 3.14-2.89 (complex, 5 H), 2.39-2.27 (conplex, 2 HI, 1.91 (d, J = 11 Hz1 superimposed on 

1.94-1.41 (complex, t o t a l  6 HI, 1.09 (s, 3 H); mass spectrum, mlz ( r e l a t i v e  i n t e n s i t y l  285 lM+, 

1001, 270 (18). 98 164). Anal. ca l cd  f o r  C18H23N02: C, 75.76; H, 8.12; N, 4.91. Found: C, 75.38; 

H, 8.02; N. 4.80. b) 420 mg of an unseparated mix ture  of t h e  two C-14 isomers 4 and 5. c) 76 mg 

of lactam 5, i d e n t i c a l  t o  an authent ic  sanple prepared from hydroxy amide 21. Tota l  y i e l d  o f  4 
and 5: 82%. i n  a r a t i o  of ca. 1:2 as determined by 'H-NMR ana l ys i s  o f  t h e  o r i g i n a l  crude mixture.  

d) 56.5 mg (8%) o f  16-aza-l4~-4-estrene-3,15-dione (311, which was r e c r y s t a l l i z e d  from acetone: mp 

234-237'C; lolD t148' (c. 0.6551; Ir 3206, 3093, 1693, 1672 cnr'; ' ~ - ~ m r  6 5.84 (s, 1 HI, 5.62 ( b r  

s. exchanged 020. 1 HI, 3.08 (d. J = 9 Hz, 1 H). 2.87 (dd. J = 9, 2 Hz. co l lapsed t o  d. J = 9 Hz 

upon D20 exchange, 1 H), 2.71-1.08 lconplex, s a t  1.20, t o t a l  19 HI; 13C-Nmr 6 199.7 (C-31, 177.4 

(C-151. 166.1 (C-51, 124.5 (C-41, 21.7 (C-181; mass spectrun. m h  ( r e l a t i v e  i n t e n s i t y ) .  273 (MI, 

66). 98 (1001. Anal. Calcd f o r  C1,H2,N02: C, 74.69; H, 8.48; N, 5.12. Found: C, 



74.45; H. 8.31; N. 5.00. 

l s o m r i z a t i o n  o f  lactam 4 t o  lactam 5 - - 
A 1:2 mix ture  of lactams 9 and 2 (200 mg, 0.70 m o l )  and potassium ter t -butox ide (200 mg; 1.78 

m o l l  was re f l uxed  under n i t rogen f o r  30 win i n  20 ml o f  ter t -butanol .  The reac t i on  was quenched 

w i t h  10% HCl and the r e s u l t i n g  p r e c i p i t a t e  o f  KC1 was f i l t e r e d  and t h e  f i l t r a t e  evaporated i n  

vacuo. The residue was taken up i n  e t h y l  acetate and washed w i t h  HZO and NaCl so lu t ion ,  d r i e d  

(MgSO,), and evaporated i n  vacuo t o  a f f o rd  195 mg (98%) o f  pure 2, which was i d e n t i c a l  t o  the  

previous sample. 
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