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SYNTHESIS OF 11-AZAPROSTAGLANDIN ANALOGS 
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11-Deoxy-11-azaprostaglandin derivatives are obtain- 

ed in eight steps, starting from methyl N-ethoxycarbo- 

nylglycinate and ethyl 4-s-butoxycrotonate. The 

synthesis of an aza-analog of the "Corey-lactone" is 

described. 

Recently several reports have appeared in the literature on the 

synthesis of prostaglandin analogs containing a nitrogen atom or 

atoms in ring positions 8 ( 2 ) ,  9 (3), 10 (4), 12 (5), or 8,12 (6). 

So far 11-azaprostaglandin analogs have not been described, and in 

this communication we wish to report our results in this field. 

Ethoxycarbonylpyrrolidone 3 [IR (CHC13) 1760, 1720, 1690, 1670, 

1630, and 1370 cm-l; 'H NMR (CDC13) 6 1.06 (s; C(CH3)3), 3.35 (d, 

J8,12= 2Hz, C8-H of keto form (7)), 3.4 and 3.85 (m, C13-H), and 

4.7 (m, C12-H of en01 form)] was obtained in 46% yield by Michael 

reaction and subsequent Dieckmann cyclization (8) of methyl N- 

ethoxycarbonylglycinate 1 and methyl 4-tert-butoxycrotonate 2 (9) - 
with sodium hydride in benzene at 80' for 2 h. The potassium salt 

of 0-keto-ester 3 ,  prepared from 3 and potassium hydroxide in 



ethanol, was dissolved in dimethyl sulfoxide and alkylated with 

ethyl 7-bromo-5-heptynoate (10) at ambient temperature. Demethoxy- 

carbonylation with lithium iodide in hexamethylphosphoric triamide 

at 120° afforded pyrrolidone 4 [46%; I4 (CHC13) 1765, 1730, 1690, 

and 1370 cm-l; 'H NMR (CDC13) 6 1.12 (s, C(CH~) 3), 1.75 (m, c~-H), 

2.1-2.4 (m, C2-H, c4-H) , 2.45 (m, C7-H) , 2.6 (m, c8-H), and 3.8 

(m, ClO-H)] as an inseparable mixture of cis, 'trans_ isomers. 

Cleavage of the s - b u t y l  ether in 4 with boron trifluoride 
etherate in acetic anhydride, followed by methanolysis in the pres- 

ence of potassium carbonate and purification through a silica gel 

column, provided alcohol 5 [72%; IR ( c H C ~ ~ )  3450, 1765, 1730, and 

1690 cm-l; 'H NMR (CDC13) 6 1.75 (m, C3-H) , 2.10-2.45 (m, C2-H, 

C4-H), 2.55 (m, C7-H), 3.68 (s, CO2CU3), and 3.9 (m, C13-H)]. 

Partial hydrogenation of 5 over 5% palladium on barium sulfate in 

methanol at atmospheric pressure furhished Z-olefin 6 [85%; IR 
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(CHC13) 3450, 1765, 1730, and 1690 cm-l: 'H NMR (CDC13) 6 1.65 (m, 

C3-H) ,  3.65 (s,  C02CH3), 3.85 (m, C13-H), and 5.42 ( m ,  C5-H, C - H ) ] ,  6 

whi le  t h e  s a t u r a t e d  compound 7 /70%; I R  (CHC13) 3450, 1765, 1730, 

and 1690 cm-l: 'H NMR (CDC13) 6 2.30 ( t ,  J= 7 Hz, C2-H) , 2.45 (m,  

C8-H), 3.68 (s, C02CH3), and 3.87 (m,  C13-H)] was ob ta ined  upon 

hydrogenation over  palladium on charcoa l  i n  methanol a t  3-4 atm. 

Both compounds, 6 and 1, were obtained a s  an inseparab le  mixture  

of cis and trans isomers. 

Moffat t  ox ida t ion  [dimethyl su l fox ide ,  1-cyclohexyl-3-(2-morph- 

01inoethyl)carbodi imide metho-E-toluenesulfonate, t r i f l u o r o a c e t i c  

a c i d ,  py r id ine ,  and benzene] of a lcohol  I and subsequent r e ac t i on  

of  t h e  aldehyde, thus  obtained,  wi th  t he  anion of dimethyl 2-0x0- 

heptylphosphonate i n  t e t rahydrofuran  gave i n  71% y i e l d  a mixture  

Of enones 5 [IR (CHC13) 1760, 1730, 1700, 1680, and 1630 cm-l; 

'H NMR (CDC131 6 0.82 ( t ,  J= 7 H z ,  CZO-H) , 2.25 ( t ,  J= 7 Hz, C2-H) , 

2.50 (t, J= 7 Hz, C -H), 3.63 (s, C02CH3), 4.6 (m, CI2-H) ,  6.15 16 

(d ,  J13,14= 16 Hz, C14-H) , and 6.60 (dd,  J13,14= 16 Hz, J12,13= 8 H Z ,  

1 C13-H)] and 9 [ H NMR (CDC13) 6 5.0 (m,  C12-H), 6.19 ( d ,  J13,14= 

16 Hz, C14-H), and 6.60 (dd, J13,14=16Hz, J12,13= 8 H Z ,  C13-H)]. 

Conf igura t iona l  assignment of 5 and 2 was based upon t h e  chemical 

s h i f t s  o f  t he  C12-H's and t h e  v i c i n a l  coupl ing cons tan t s  Jgt12 (11), 

which were 4 Hz (5) and 7 Hz Q) ,  i n  agreement with t h e  correspond- 

i n g  s p e c t r a l  d a t a  of model compounds (12 ) .  

I n  o rder  t o  achieve s e l e c t i v e  reduc t ion  of t h e  C15 carbonyl 

func t ion  (13) t he  mixture  o f  enones was t r e a t e d  wi th  l i t h ium tri- 

sec-butylborohydride i n  t e t rahydrofuran  a t  -78O. However, upon - 
column chromatography on s i l i c a  g e l ,  bes ides  some s t a r t i n g  ma te r i a l ,  

a f r a c t i o n  con ta in ing  hydroxyketones 10 and 11, and a f r a c t i o n  cont- 

a i n i n g  11-aza-PGF1 isomers 12 [45%; I R  (CHC13) 3450, 1730, and 



1680 cm-l; 'H NMR (CDC13) 6 0.9 (t, J= 7 Hz, CZO-H) , 2.32 (t, J= 
7 Hz, C2-H), 3.7 (s, C02CH3), and 5.62 (In, C13-H , C14-H)] were 
isolated. Preparative layer chromatography of the hydroxyketone 

fraction gave a C15 epimeric mixture of 11-aza-PGE1 analog 10 
[18%; IR (CHC13) 3460, 1760, 1730, and 1690 cm-l; 'H NMR (CDC13) 

6 0.9 (t, J= 7 Hz, CZO-H), 2.32 (t, J= 7 Hz, C2-H), 3.7 (s, 

C02CH3), 4.5 (m, Av - 7 Hz, C12-H), and 5.65 (m, C13-8, C14-H)], 'I- 
while enone 11 decomposed. 

Because the above synthesis lacks stereoselectivity a new react- 

ion scheme was designed, leading to an aea-analog of the well-known 

"Corey-lactone"(14). The synthesis starts from the keto-ester 13 

(8), obtained in 53% yield from ethyl N-ethoxycarbonylglycinate and 

diethyl fumarate according to the procedure described for 2. Alkyl- 

ation of the potassium salt of 13 with ethyl bromoacetate in dime- 
thy1 sulfoxide at ambient temperature, followed by decarboxylation 

with aqueous hydrochloric acid in acetic acid at 110' and re-ester- 

ification with ethanol in the presence of sulfuric acid, provided 

a mixture of pyrrolidones 14 [IR (CHC13) 1760, 1740, and 1690 cm-l; 
NMR (CDC13) 6 2.7-3.0 (m, C7-H, C8-H) 1 in 40% yield after column 

chromatography on silica gel. Catalytic hydrogenation of 2 over 

platinum oxide in ethanol at 3-4 atm and subsequent chromatographic 

purification furnished the pure all-trans-hydroxy ester 2 [64%; 

IX (CHC13) 3500, 1720, and 1700 cm-l; 'H NMR ( c D c ~ ~ )  6 2.56 (m, 

C7-H, C8-H) , 3.45 (dd, J9,10B= 4 HZ, JlOa,l0~= 11.5 Hz, CIOB-H) 
and 3.75 (br, exchangeable with D20, OH) 1. The relative configur- 

1 ation was assigned after comparing H NMR spectra of 15 and its 
acetate 16 with those of model compounds (12). 
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Hydroxy-ester 15 was converted wi th  methanesulfonyl ch lo r i de  i n  

py r id ine  i n t o  t h e  corresponding mesylate 17 [58%; I R  (CHC13) 1730, 

1690, 1340, and 1160 an-'; NMR (CDC13) 6 2.55 ( m ,  C8-H) ,  3.05 

(m, C7-H; s ,  CH3S02), 3.7 (dd,  J9,10B= 4 H Z ,  JIOa,lOB= 13 Hz, 

CIOB-H) , and 5.05 ( d t ,  J a tg=  Jg,lOB= 4 H Z ,  Jg,lOa= 6 H Z ,  C9-H) 1,  

which could be transformed i n  high y i e l d  i n t o  t he  l a c tone  a c i d  19 

[98%; I R  (CHC13) 3400-2700, 1780, 1720, and 1700 cm-l; 'H NMR 

(CDC13) 6 5.10 (m,  CS-H) ,  and 6.0 ( b r ,  exchangeable wi th  D20, C02H)] 

upon r e a c t i o n  wi th  aqueous potassium hydroxide i n  t e t rahydrofuran  

and subsequent a c i d i f i c a t i o n  and hea t i ng  a t  60-80° f o r  3 h .  I n  

o r d e r  t o  ob t a in  b e t t e r  analyzable  NMR s p e c t r a ,  l a c tone  a c i d  19 
was t r e a t e d  wi th  aiazomethane t o  a f f o r d  l a c tone  methy.1 ester 2 

[IR (CHC13) 1780, 1740, and 1690 xl; 'H NMR (CDC13) 6 2.52-3.10 

(m, C7-H) ,  3.2 (m,  C8-H) ,  3.65 (m,  CIOa-HI,  3.78 (s, C02CH3), and 

5.58 (m, Cg-H)]. 



R e a c t i o n  o f  m e s y l a t e  17 w i t h  te t rae thylammonium a c e t a t e  i n  re- 

f l u x i n g  a c e t o n e  produced i n v e r t e d  a c e t a t e  g [67%; I R  (CHC13) 1740,  

1690, and  1220 cm-l; 'H NMR (CDC13) 6 2.05 (s,  CH3CO), 3.65-3.8 (m,  

ClO-H) , and 5.35 (m, Cg-H) ] t h a t  c o u l d  b e  c o n v e r t e d  i n t o  l a c t o n e  

e t h y l  ester 21 (85%) upon t r e a t m e n t  w i t h  po ta s s ium hydrox ide  i n  

aqueous e t h a n o l  and subsequen t  a c i d i f i c a t i o n  and h e a t i n g  a t  c a .  70°. 

Reduct ion  o f  t h e  c a r b o x y l  f u n c t i o n  i n  19 w i t h  d i b o r a n e  i n  tetra- 

h y d r o f u r a n  a f f o r d e d  t h e  "Corey-type" l a c t o n e  a l c o h o l  22 [50%;  I R  

(CHC13) 3430, 1785, and  1690 cm-l; 'H NMR (CDC13) 6 1.26 (t ,  J= 7 Hz, 

NC02CH2CE3), 2.45-3.05 (m,  C7-H), 3.08 (m,  C8-H), 3.7 ( b r ,  exchange- 

a b l e  w i t h  D 2 0 ,  O H ) ,  3.7 (m, C13-HI, 4.14 ( q ,  J= 7 Hz,  NC02C132CH3), 

and  5.55 (m, C -H)] from which 1 1 - a z a p r o s t a g l a n d i n  a n a l o g s  s h o u l d  b e  9 

o b t a i n e d  b y  s t a n d a r d  p r o c e d u r e s  ( 1 5 ) .  
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