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XIV.* SYNTHESIS OF COMPOUNDS WITH A 6-OXA-8-AZASTEROID 

SK ELETON 

L.  N. D o n c h a k ,  V.  A.  K a m i n s k i i ,  UDC 547.867.2'834.2:543.422.4 
a n d  M. N. T i l i c h e n k o  

Compounds with a 6 -oxa -8 -azas t e ro id  skeleton were synthesized from "semicycl ic"  1,5-dike-  
toaes obtained from o-hydroxyacetophenone,  formaldehyde, and, respect ively,  cyclopentanone 
and 2-methylcyclopentane- l ,3-d ione .  

The synthesis of the s implest  compound with a 6 -oxa -8 -azas t e ro id  skeleton (Va) f rom semicycl ic  di- 
ketone Ia was briefly repor ted  in [2]. Continuing r e sea rch  in this direct ion we accomplished the synthesis 
of a c lose r  analog of natural  s teroids  - 17- f l -hydroxy-6-oxa-8-azaes t ra - l ,3 ,5 (10) - t r i ene  (Vb). 
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I,  i l a  R=H, X=H2; b R=CH3, X=O; iV, v a  R=H, Y=H ; IVb R=CHz, Y = O H ; v b  R=CH3, Y=OH 

The react ion of the hydrochloride of the Mannich base of o-hydroxyacetophenone with 2 -me thy l - cyc lo -  
pentane- l ,3-dione  in the presence  of NaOH [3] proved to be the most  suitable method for the preparat ion of 
triketone Ib. The IR spect rum of Ib contains absorption bands of carbonyl  groups of o-hydroxyacetophenone 
(1660 cm -1) and cyclopentanedione (1730 cm -1, shoulder at 1760 cm-1). Absorption is absent at 3200-3600 
cm -1, inasmuch as the OH group is tied up in the form of a chelate. Compound IIb is obtained in almost  
quantitative yield when dry  ammonia is bubbled through a benzene solution of triketone Ib. The IR spect rum 
of IIb in CHC1 z contains an intense band at 1620 cm -1 (C =N),  and the absorption of a nonassociated OH group 
appears  at 3600 cm-1; this cor responds  to the cyclic form of product IIb. R i n g - c h a i n  tau tomer i sm has been 
established for IIa [2]. 

We were unable to convert  IIb di rect ly  to Vb by borohydride reduction as previously descr ibed [2] for 
the convers ion of IIa to IVa, inasmuch as IIb does not undergo dehydration under such mild conditions be-  
cause of the absence of an angular hydrogen. The dehydration of IIb to give III can be accomplished by acidic 

*See [1] for communication XIII. 
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agents (oxalic acid, SOCI 2, KHSO 4, and p-toluenesulfonic acid); because of the instability of product lib with 
respect to the action of acidic reagents, dehydration is accompanied by partial resinification. Better results 
(a yield of ~ 60 %) are obtained when catalytic amounts of p-toluenesulfonic acid are used or in the case of 
dehydration by means of KHSO 4 in dioxane at 50-70 ~ The absorption of a free OH group is absent in the IR 
spectrum of llI. The PMIR spectrum contains a triplet at 5.8 ppm (1 H), which corresponds to a vinyl pro- 

ton (when C = 15). 

Alcohol IVb is formed by reduction of unsaturated ketone Ill with potassium borohydride in dioxane. 
Absorption of OH groups (3620 cm -I) and NIl groups (3300 cm -I) is observed in its IR spectrum; its mass 
spectrum contains an intense peak of ions with m/e 247, and this corresponds to the expected molecular 
weight. Compound IVb reacts readily With 36 % formalin at room temperature to give product Vb. The IR 
spectrum of the latter does not contain the absorption of an N-H bond at 3300 cm-1;~t the same time,' Bohl- 
mann absorption" appears at 2780 cm -I, and this indicates the presence of an O-CH2-N fragment [4].-~The 
m/e value is 259, and this is in agreement with the molecular weight for the proposed formula. 

An examination of the PMIR and IR spectra makes it possible to propose trans-B,/C fusion in products 
Va, b. In particular a large difference in the chemical shifts of the protons of the O--CH2-N group (4.6 ppm 
for the equatorial and 4.0 ppm for the axial group), a considerable geminal constant (Jgem = 8 Hz) [4, 5], 
and the presence of a quartet at 3.2 ppm (1 H) (Jea = 4 Hz, Jaa = 10 Hz), which indicates a proton that is 
axial with respect to the B and C rings when C = 9 [6], are observed. The presence of "Bol'manov absorp- 
tion" in the IR spectra of Va, b is also in agreement with trans-B/C fusion, inasmuch as a trans-diaxial 
orientation of the unshared pair of nitrogen electrons and the adjacent C-H bonds is observed in this case. 

The PMR spectrum of Vb contains a triplet at 3.67 ppm (1 H) with splittings of 8 Hz, which is a char- 
acteristic resonance signal of the 17-c~-proton [7]. Consequently, the 17-hydroxy group occupies the fi posi- 
tion. The other data also provide evidence in favor of trans C/D fusion. In particular the signal of the 18- 
CH 3 group in the PIVIR spectrum of product Vb is shifted only weakly to strong field (singlets at 0.90 and 
0.82 ppm, respectively) as the solvent is changed from CDC13 to C6D6, and this is in agreement with the 
literature data for 8-azaestrone with trans-C/D fusion, whereas the isomer with cis fusion gives a stronger 
shift (0.24 ppm) [8]. The fact that the fl alcohol is formed in the hydride reduction of the keto- "quasi- 
steroid" with trans fusion also indicates trans-C/D fusion to a certain degree [9]. 

Thus we propose the following configuration for Vb: 

We obtained ye t  another  compound (VI) with a 6 - o x a - 8 - a z a s t e r o t d  skele ton f rom the p rev ious ly  d e -  
s c r i b e d  [Va [2] by ace ty la t ion  with acet ic  anhydr ide .  I ts  m o l e c u l a r  ion has  an m / e  value of 259 +. S t ruc ture  
VI follows f rom i ts  IR spec t rum,  in which e s t e r  o r  amide ca rbony l  absorp t ion  is  absent ,  and there  is  a 
b road  absorp t ion  band of a OH group at 3100-3300 cm -1 (in m i n e r a l  oil).  The usua l  t r i a e e t a t e  is  obta ined 
by ace ty la t ion  of product  IVb. I ts  IR s p e c t r u m  conta ins  absorp t ion  at 1650 (amide C =O) ,  1720 ( A r - O - C O - ) ,  
and 1735 em - t  ( A l k - O - C O - ) .  

V! 

An a t t empt  to syn thes ize  the comple te  analog of e s t r o l  f rom o -hyd roxy -p -me thoxyace tophenone  was 
unsuccess fu l ,  inasmuch as  we were  unable to syn thes ize  the a p p r o p r i a t e  t r ike tone .  A product  with m / e  
290, which is  12 uni ts  more  than the value for  the expec ted  t r ike tone ,  was  obtained by reac t ion  of the Man-  
nich base  of o -hyd roxy -p -me thoxyace topheno ne  with 2 - m e t h y l c y c l o p e n t a n e - l , 3 - d i o n e .  The compound, which 
does  not r e a c t  with ammonia ,  is  p robably  the produc t  of condensat ion  of the t r ike tone  with formaldehyde .  

E X P E R I M E N T A L  

The IR s p e c t r a  were  r e c o r d e d  with a UR-20 s p e c t r o m e t e r .  The m a s s  s p e c t r a  were  r e c o r d e d  with an 
MKh-1303 s p e c t r o m e t e r .  The PMR s p e c t r a  were  r e c o r d e d  with a ZKR-60 s p e c t r o m e t e r  with t e t r a m e t h y l -  
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silane as the internal  standard.  The course  of the reac t ions  and the individuality of the substances  were  
monitored by th in- layer  chromatography (TLC) on SilufoL 

1 - (o -Hydroxypheny l ) -3 - ( l ' -me thy l -2 ' , 5 ' -d ioxocyc lopen ty l ) - l -p ropanone  (Ib). A total of 20 ml of 9 N 
NaOH and 5.6 g (50 mmole) of 2 -methylcyc lopentane- l ,3 -d ione  were added to a refluxing solution of 14.7 g 
(65 mmole) of the hydrochlor ide of the Mannich base of o-hydroxyacetophenone in 120 ml of ethanol, af ter  
which the mixture was refluxed for 30 min, cooled with ice, and neutral ized to pH 7 with concentra ted HC1. 
The ethanol was removed by distil lation at reduced p re s su re ,  120 ml of water  was added to the residue,  
and the aqueous mixture was acidified to pH 1 with concentrated HC1 and extracted with benzene. The ex-  
t rac t  was washed with saturated NaHCO 3 solution and water ,  the benzene was removed  by distil lation at 
reduced p ressu re ,  and the residue was c rys ta l l i zed  by t r i turat ion with alcohol to give 7 g (54 %) of a product 
with mp 89-90 ~ (from ethanol). Found: C 69.4; H 6.5%. Cl~H1604. Calculated: C 69.2; H 6.2%. 

8-Hydroxy-5-oxo-9-methyl -2- (o-hydroxyphenyl ) -3 ,4 ,5 ,6 ,8 ,9-hexahydropyr id ine  (IIb). Dry NH 3 was 
bubbled through a solution of 4.7 g of Ib in 40 ml of benzene for 1 h, after  which the mixture was heated to 
remove the excess  NH 3 and filtered to give 4.5 g (96 %) of yellow c rys t a l s  of lib with mp 152-153 ~ Found: 
C 69.8; H 6.7; N 5.0%. C15H17NO 3. Calculated: C 69.5; H 6.6; N 5.4%. 

5-Oxo-9-methy1-2-(o-hydroxyphenyl) -3 ,4 ,5 ,6- te t rahydropyr id ine  (III). A solution of 2.6 g of IIb and 
70 mg of p-toluenesulfonic acid in 80 ml of toluene was refluxed with a Dean--Stark trap for 3 h, af ter  which 
the toluene was removed by distil lation at reduced p ressu re ,  and the residue was c rys ta l l i zed  from pe t ro-  
leum ether  to give 1.4 g (58%) of Ill with mp 118-119 ~ Found: C 74.7; H 6.4; N 5.8%. C15H15NO 2. Calcu-  
lated: C 74.7; H 6.2; N 5.8%. 

5-Hydroxy-9. .methyl-2-(o-hydroxyphenyl)perhydropyr id ine  (IVb). A solution of 0.97 g (4 mmole) of 
III in 9 ml of dioxane was added dropwise with s t i r r ing  to a solution of 0.38 g (7.5 mmole) of KBIt 4 in a mix-  
ture of 4 ml of  wa te r  and 4 ml of dioxane, a f te r  which the mixture was allowed to stand overnight. A total 
of 20 ml of 10 % HC1 was added, the mixture was extracted with ether,  and the aqueous layer  was made alka-  
line with 10 % Na2CO 3 solution. The react ion product was extracted with ether,  the e ther  was removed from 
the ext rac t  by evaporation,  and the residue was c rys ta l l ized  to give 0.75 g (76 %) of IVb with mp 159-160 ~ 
(from b e n z e n e - p e t r o l e u m  ether).  Found: C 72.9; H 8.6; N 5.2%. C15H21NO 2. Calculated: C 72.9; H 8.4; 
N 5.7%. 

17- f l -Hydroxy-6-oxa-8-azaes t ra - l ,3 ,5 (10) t r i ene  (Vb). A 0.6-g (24 mmole) sample of IVb was d i s -  
solved in 7 ml of ethanol, 1 ml of 36 % formalin solution was added, and the mixture was allowed to stand 
overnight. The solvent was removed by distillation, and the residue was t reated with 10 ml of 10 ~c NaOH 
and extracted with ether.  The ether  was evaporated to give 0.45 g (67 ~) of Vb with mp 77-84 ~ (dec., f rom 
petroleum ether).  Found: C 73.5; H 8.1%. Ct6H21NO 2. Calculated: C 74.0; H 8.2%. 

7 -Hydroxy-7 -me thy l -6 -oxa -8 -aza -6 ,  7, 8,9,11,12,13,14,16,17-decahydrocyclopenta[a]phenanthrene (VI): 
A 0.3-g sample of IVa was dissolved in 2 ml of acetic anhydride, during which the mixture heated up spon- 
taneously. After 2 min, VI began to precipitate.  The mixture was filtered after  1 h, and the solid was 
washed with e ther  to give 0.34 g (95 %) of a product with mp 209-211 ~ Found: C 73.2; H 8.4; N 5.3 %. C16H21NO 2. 
Calculated: C 74.1; H 8.1; N 5.4%. 
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