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SYNTHETIC COMMUNICATIONS 22(13), 1813-1829 (1992) 

STEREOSPECIFIC SYNTHESIS OF INTERMEDIATES FOR 

11-AZA-11-DEOXY AND 11-AZAPROSTAGLANDIN ANALOGUES 

FROM GARABINOSE 

* 
G.H.Verdoorn , C.W.Holzapfe1, D.H.Braithwaite and A.E.von Platen 

Department of Chemistry and Biochemistry, Rand Afrikaans University, 
P.O.Box 524, Johannesburg, 2000, South Africa 

Abstract: The syntheses of chiral synthons for 11-aza-ll-deoxy and 
11-azaprostanoids are described. The key intermediate in both routes was 
5-0-benzoyl-3 C-(carboxymethy1-2,3-~1actone)-34eoxy-a-G1yxo- 
furanose which is readily available from Garabinose. 

Prostaglandins have been targets of biological and chemical research 

for many years. Thousands of synthetic analogues have been prepared in the 

quest for efficient pharmaceutical agents which are more specific in their 

physiological applications.' This research has often resulted in the 

development of new synthetic methodology which could also be applied in 

other fields of synthetic organic chemistry.2 Several stereoselective routes for 

the synthesis of heterocyclic prostanoids were developed in our laboratories3-* 

and we now report two new and efficient routes for the preparation of 

* 
To whom correspondence should be addressed 
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1814 VERDOORN ET AL. 

synthons for the synthesis of 11-aza-ll-deoxy and 11-azaprostaglandin 

analogues, e.g. 1 and 2, respectively. Several syntheses of pyrrolidine 

analogues of prostaglandins have been reported, including several 

non-stereoselective and stereoselective r o ~ t e s . ~ - ' ~  Carbohydrates proved to 

be useful chiral templates in stereoselective  route^^-^' 18-'0 and were chosen 

for their array of functional groups and chiral centra which could be 

incorporated into the target molecules. 
OH R1 
- - - @ \\" D O H  

\\\" \=-COOH 
. <  - *  

\ri" I 
R OH 

0 

R1 Iiz 

a- 
1 R = H  

2 R = O H  3 r l - H  
0 0  
x 

4 H CH~OBZ 

The bicyclic lactones (3) and (4) are versatile intermediates in the synthesis 

of oxaprostanoids6 and thiapro~tanoids.~ Lactone (2), which is derived from 

from Garabinose2', was recognized as a suitable precursor for the 

preparation of 11-aza and 11-aza-ll-deoxyprostaglandins. Introduction of 

an amine moiety at C-1, followed by SN2 displacement of a leaving group at 

C-4, would result in the inversion of the C 4  absolute configuration to afford 

a product with the correct stereochemistry for further elaboration to an 

11-aza-ll-deoxyprostaglandin (Scheme 1). Using a hydroxylamine moiety 

instead of an amine at C-1 would result in the formation of an 

11-azaprostanoid in which the C-11 carbon atom is isosterically replaced by 
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11-AZA-11-DEOXY AND 11-AZAPROSTANOIDS 1815 

H H 

0 

OR 

0 

2 

L = leaving group 
Scheme 1 

nitrogen (Scheme 1). Prostaglandin analogues in which the C-11 carbinol is 

replaced by a hydroxylamine group have not been reported in the literature 

before. 

Sunthesis of avrrolitfine (1'7). a chiron for 11-aza-11-deomrostaalandins. 

The primary hydroxyl group of diol (h), which was prepared by sodium 

borohydride reduction7 of -4, was selectively reacted with tosyl chloride in 

pyridine to afford the monotosylate (6). €Iowever, during work-up, the basic 

conditions of the reaction mixture resulted in the intramolecular substitution 

of the tosylate by the C 4  hydroxyl group to give quite a significant quantity 

of the deoxygenated compound (2). This undesired reaction could be 

suppressed by working up under acidic conditions at low temperature and the 
product (6) could be isolated in an 88% yield. The alcohol group of 6 was 
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1816 VERDOORN ET AL. 

subsequently reacted with 3,4-dihydro-2H-pyran under acid catalyzed 

conditions to afford a mixture of the R and S tetrahydropyranyl ethers (8). 

Introduction of the nitrogen atom at C-1 was effected by displacement of the 

tosylate with an azide group. It was found that the use of tetra-n-butyl 

ammonium azide22 in dry 1,2-dirnethoxyethane (DME) at 80' C resulted in 

excellent conversion to the C-1 azide (9) and afforded the product in a 

quantitative yield. 

H 

BzO--\" y y  
0 

R' 

5 OH 

6 OH 

8 OTHP 

9 OTHP 

10 O H  

11 OMS 

12 OMS 

fp R1 Ezz 7 

OH 13 H CHzOBz 

OTs 14 COtBut CHZOBZ 

OTs 15 COtBut  CHZOH 

N3 16 COtBut  CHO 

N3 17 COtBut  CH&HCOC5Hl1 

N3 

NHZ 

Acid catalyzed hydrolysis of the THP ethers (9) gave the alcohol (lo) which 

was readily converted into the mesylate (1) in a high yield. Drastic 

conditions for the reduction of the azide group, such as lithium aluminium 

hydride, was incompatible with the two ester moieties in the molecule and 

therefore necessitated the use of a milder reducing agent. The a i d e  (11) in 

MeOH/DME (30:lO) was reduced under 20 psi hydrogen with Raney-Nickel 

as catalyst. Cyclization occurred immediately upon formation of the amine 
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11-AZA-11-DEOXY AND 11-AZAPROSTANOIDS 1817 

(12) and the resultant pyrrolidine (13) was directly treated with pivaloyl 

chloride to give the amide (u). This procedure allowed the conversion of 11 
into 14 in a one-pot reaction in an overall yield of 69%. In the 'H NMR 

spectrum of 14, H-2 appeared as an eight signal multiplet at 6 4.63 with 52,3 

= 3.2 Hz. A similar 52 ,3  value of 2.9 HI, was observed for the sulfur 

analogue21 of 14 which had the benzoyloxymethyl substituent in the 

&position relative to the lactone ring. Given these data and the probability 

that the displacement reaction occurred via a SN2 mechanism, it could be 

assumed that the C-2 substituent was in the &position. 

Sodium methoxide treatment of 14 resulted in saponification of the benzoate 

ester and the resultant primary alcohol (l5) was oxidized using pyridinium 

chlorochromate and anhydrous molecular sieves23 in CHzC12. It was 

important to terminate the reaction after 20 minutes to prevent 

decomposition of the aldehyde (16). Condensation of the crude aldehyde (16) 
with the anion of dimethyl 2-(oxoheptyl)phosphonate gave 

(2S,3R,4R)-N-pivaloyl-3-(carboxymethyl-3,4-~lactone)~-hydroxy- 

2-[3-oxo-(E)-l-octenyl]pyrrolidine (17). This compound can easily be 

converted into 11-aza-ll-deoxyprostaglandin analogues by a sequence of 

standard procedures.6 

Suntlresis of  ( 2 S , ~ 4 R ) - N - b e ~ l o ~ ~ b ~ o u ~ ~ r n ~ u ~  

s-( carboqmdav CS.l~laetone1-4-hvdron/~vrroladane (2Al ~ and 

(2s. SR.dRbN-dukmA?-b enzouloqmethvl-H carbonmrethgl-9.4- 

kzctone)-4-hudromvr olidinc (251 as charons for 11-azavrostaalandam. 

Condensation with an Galkyl oxime ether was considered as a viable 

method of introducing a hydroxylamine moiety into the furanose (4). Oxime 
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1818 VERDOORN ET AL. 

ethers of natural aldoses have been prepared before by the reaction of the 

aldoses with 0-benzyl or O-methyl hydroxylamine h y d r o ~ h t o r i d e . ~ ~ ~ ~ ~  

These reactions were fast and gave the corresponding aldoxime ethers in good 

yields. It was therefore decided to prepare several Galkyloxime derivatives 

of 4 containing different &protecting groups for removal at a later stage in 

the synthesis. 

H 
OR 

0 0 0 

R’ Kz R R 

18 OH =NOBn 19 NHOBn 24 B n  

20 OMS =NOBn 25 CHzCH=CHz 

21 OH =NOCHZCH=CHe 

22 OMS =NOCHZCH=CHz 

23 OMS H,-NHOBn 

Reaction of the hemi-acetal (4) with commercially available 

0-benzylhydroxylamine hydrochloride in pyridine, proceeded smoothly and 

two compounds were obtained upon chromatography of the crude product. 

NMR analysis showed that the major product was a mixture of the syn- and 

anti-isomers of the required acyclic oxime ether (18). The minor product 

was identified as the N-substituted tetrahydrofuran (19) which resulted from 

intramolecular condensation of the C-4 hydroxyl group with the sp2-carbon 

of the oxime ether moiety. Subsequent experiments indicated that only the 

oxime ether (18) was formed in the reaction and that cyclization was 

catalyzed by the acidic silica gel during column chromatography. 

D
ow

nl
oa

de
d 

by
 [

U
ni

ve
rs

ity
 o

f 
A

ri
zo

na
] 

at
 0

8:
39

 1
0 

M
ay

 2
01

3 



11-AZA-11-DEOXY AND 11-AZAPROSTANOIDS 1819 

Crystallization of (18) from diethyl ether also resulted in the undesired 

cyclization reaction. To circumvent this problem, the crude product was 

extracted from the reaction mixture with ethyl acetate, concentrated and 

added to a solution of 5 molar equivalents of mesyl chloride in pyridine. 

This procedure allowed isolation of the mesylate (20) in 87% yield from (4) 

without products arising from the competing cyclization reaction. 

In a similar procedure, O-allylhydroxylamine hydrochloride reacted with 4 in 

pyridine and the resultant (2l) was directly mesylated without isolation and 

purification to afford the acyclic oxime ether (22) in good overall yield. 

Reduction of oxime double bonds can be accomplished in many ways. 

Attempted reduction of 20 to the 0-benzylhydroxylamine (8) with sodium 

cyanoborohydride in acidic medium26 resulted in the formation of a small 

quantity of a highly polar compound (TLC) which was eventually 

transformed into a less polar compound. The resultant product, albeit in low 

yield, was isolated and characterized as the pyrrolidine (24). Intramolecular 

cyclization took place directly after reduction of the double bond and thus 

afforded the required precursor (a) for 11-azaprostanoids. In view of the 

low yield of 10% of this reaction, a method developed by Fujita et d2’ was 

used to reduce 3. This method involves the reaction of 

dimethylphenylsilane (DMPS) with oximes in trifluoroacetic acid (TFA) to 

give the corresponding hydroxylamines. The compounds (20 and 22) are 

stable under acidic conditions and this method proved to be excellent in the 

conversion of the oxime ethers into their corresponding pyrrolidines. For 

example, 8 was dissolved in TFA at room temperature and treated with 

three molar equivalents of DMPS for one hour resulting in complete 
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1820 VERDOORN ET AL. 

reduction of the oxime to the hydroxylamine (a). Stirring of the crude 

product (a) in ethyl acetate in the presence of silica gel, resulted in 

cyclization and the pyrrolidine (24) could be isolated in a yield of 72% from 

the oxime ether (20). Using the same procedure with the oxime ether (z), 
the corresponding pyrrolidine (25) was obtained in a good yield. 

The N-dkoxypyrrolidines (24 and !25) are useful intermediates with the 

correct relative stereochemistry of all chiral centra for direct incorporation 

into the target molecule (2) in which the C-11 carbinol is isosterically 

replaced by a hydroxylamine group. The ylactone serves as connection 

point for the w i d e  chain whereas deprotection of the primary hydroxyl 

group, followed by oxidation and Wittig condensation, would furnish the 

aliphatic side chain. A variety of 11-azaprostaglandin analogues can be 

synthesized from these bicyclic pyrrolidines by incorporating different side 

chains in the molecules. Methods for the removal of the benzyl and ally1 

protecting groups are described in the literature.28J29 

EXPERIMENTAL SECTION 

Melting points were determined with a Kofler hot-stage apparatus and are 

uncorrected. Optical rotations were measured with a Jasco DIP-370 digital 

polarimeter and IR spectra were recorded on a Perkin Elmer 881 

spectrophotometer. NMR spectra were recorded on Bruker WP 80, Bruker 

500 and Varian VXR 200 instruments in the solvents stated using the CHCl3 

or TMS signals as references. A Finnigan-Matt 8200 mass spectrometer was 
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11-AZA-11-DEOXY AND 11-AZAPROSTANOIDS 1821 

used for the recording of mass spectra. Thin layer chromatography was 

performed on pre-coated silica gel PF254 plates and column chromatography 

was done using Merck 60 - 230 mesh silica gel with eluents mixed on volume 

per volume basis. Solvents were distilled prior to use. 

Sunthesis of ~25.3RJR)-N-vivulouJ-~ carbommethu&3.4-tkzctone)- 

14-irl/dro*f+! 3-om-(Eb-l-oetenvljvvrr otidine (17). 

Prevaration of 6 and 7 horn 5. 

The diol (5)7 (1.315 g) in dry pyridine (7 ml) was stirred for 20 hours in the 

presence of tosyl chloride (3 equiv) and dimethylaminopyridine (DMAP) (1 

equiv). After removal of the solvent in ztuezlo below 40’ C, the residue was 

dissolved in ethyl acetate, washed with cdd 1N HC1, dried (Na2S04) and 

evaporated. Crystallization from CHC13 afforded the monotosylate (6) in 

88% yield. Mp. 138 - 141’ C; -41’ (C 1.4, MeOH/DME l:l), vmax 

3500 (OH), 1785 (lactnne C=O), 1720 (ester C=O), 1370 and 1190 

(sulfonate) cm-’; 6 (500 MHz, DMSO-ds) 7.44 - 7.97 (9H, arom. H’s), 4.79 

(IH, dt, Jla,2 = 2.7 and Jlb,2 = 32,s = 8 Hz, H-2), 4.45 (IH, dd, Jla,ib = 11 

and Jla,2 = 2.7 Hz, H-la), 4.35 (lH, dd, Jla,lb = 11 and Jlb,2 = 8 Hz, 

H-lb), 4.11 (lH, dd, J4,5a = 7.1 and J5a,5b = 11.3 Hz, H-5a), 4.09 (lH, dd, 

J4,5b = 4.8 and J5a,5b = 11.3 Hz, H-5b), 3.92 (lH, ddd, J3,4 = 3, J4,5a = 7.1 

and J4,5b = 4.8 Hz, H4), 2.82 (lH, dddd, J2,3 = 8 Hz, J3,3’a = 9.1, J3,3’b = 

6.3 and J3,4 = 3 Hz, H-3), 2.57 ( l a ,  dd, J3,3’a = 9.1 and J3’a13’b = 17.5 Hz, 

H-3’a), 2.54 (1H, dd, J3,3’b = 6.3 and J3’a,3’b = 17.5 Hz, H-3’b), 2.41 (lH, 

d, J = 4.7 Hz, OH) 2.37 (3H, s, CHI); m/z 262 [M - TsOH]’, 140 [M - 

TsOH - BzOH]’. 
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1822 VERDOORN ET AL. 

The mother liquor was subjected to column chromatography (Et0Ac:Hex; 

3:2) to afford 2 (12%), mp. 83 - 85' C, [or]:' 3.3' ( c  4.5, CHC13), d (80 MHz, 

CDC13) 5.61 ( lH,  dd, Jlb,2 = 4 and 52,s = 7.1 Hz, H-2), 4.21 (lH, d, Jla,lb = 

11.2 Hz, H-la), 4.14 ( l H ,  4, J 3 , 4  = J4,5a = J4,5b = 5.9 Hz, HA) ,  3.72 (lH, 

dd, Jla,lb = 11.2 and Jlb,2 = 4 Hz, H-lb); m/e 262 [MI', 140 [M - 

BsOH]'. 

Conversion of 6 into the azido maulate (11). 

The alcohol (6) (15 g) in dry DME (60 ml) and dihydropyran (1.5 equiv) was 

stirred at 0' C in the presence of p-toluene sulfonic acid (0.05 equiv) for 2 

hours. Neutralization with pyridine, evaporation and column 

chromatography (Et0Ac:Hex; 2:3) gave 8 (95%) as an oil, [a]: -8' (c  3, 

CHC13), 6 1.2 - 2.0 (6H, m, OTHP); m/z 434 [M - DHP]'. A solution of 8 

(9.438 g) and tetra-n-butylammonium azide (3 equiv) in dry DME (50 ml) 

was stirred at 80' C for 3 hours. Evaporation of the solvent and 

chromatography (Et0Ac:Hex; 2:3) gave the azide (2) (loo%), [or]: -13' (c 

1.3, CHClS), v,,, 2115 (N3) cm-'. The azide (9) (7 g) was stirred in 70% 

acetic acid (75 ml) at 40' C for 4 hours and the solvent was removed in 

zmezco. A solution of the residue in pyridme (50 ml) was treated with 

methanesulfonylchloride (3 equiv) and DMAP (1 equiv) for 80 hours at  room 

temperature. After concentration, the crude product was washed with 1N 

HC1, water and saturated NaHC03 solution. Chromatography (Et0Ac:Hex; 

2:3) gave the mesylate (11) as an oil, [or]: -27' (c 1.2, CHCl,), Vmax 2120 

(N3), 1270 (sulfonate) cm"; 6 (80 MHz, CDC13) 7.2 - 8.1 (5H, m, arom. HIS), 

5.26 (lH, ddd, J3,4 = 6.3, J4,5a = 3.7 and J4,Sb = 6.1  Hz, H 4 ) ,  4.70 ( l H ,  

ddd, Jlar2 = 4.1, J1br2 = 5.2 and J2,3 = 6 Hz, H-2), 4.59 ( lH,  dd, J4,5a = 3.7 
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11-AZA-11-DEOXY AND 11-AZAPROSTANOIDS 1823 

and J5a,5b = 12.7 Hz, H-5a), 4.43 (1H, J4,5b = 6.1 and J5a,5b = 12.7 Hz, 

H-5b), 3.89 (1H, dd, Jla,lb = 13.7 and Jla,~ = 4.1 Hz, H-la), 3.80 (lH, dd, 

Jla,Ib = 13.7 and Jlb,Z = 5.2 Hz, H-lb), 3.11 (lH, dd, J3,3Ia = 7.4 and 

J3’a,3’b = 14.4 Hz, H 3 ’ a ) ,  3.08 (3H, S, OMS), 2.88 (lH, ddt, 52,s = 6, J3,3’a 

= .f3,3’b = 7.4 and J3,4 = 6.3 Hz, H-3), 2.74 (lH, dd, J3’a,3’b = 14.4 and 

J3,3’b = 7.4 Hz, H3’b) ;  m/z 205 [M - BzO - CH2=NH - N2]+; calc. for 

C~SH~TNSOTS: 383.07881; found: 383.07876. 

Hudrooenatwn of 11 and conversion t o  14. 

The azide (11) (3.525 g) in MeOH/DME (3:l) (40 ml) was reduced under 20 

psi H2 in the presence of Raney-Nickel (3.5 g). The reduction was complete 

after 3 hours and the suspension was filtered through celite. Evaporation of 

the solvent gave an oil which was directly treated with pivaloyl chloride (2 

equiv) and DMAP (0.5 equiv) in pyridine-triethylamine (1:l) for 24 hours. 

After removal of the solvents, the crude product was purified by column 

chromatography (Et0Ac:Hex; 1:l) to give (2S,3R,4R)-N-pivaloy1-2- 

benzoyloxymethyl-3-( carboxymethyl-3,4-~lactone)-4-hydroxypyrrolidine 

(14) in a yield of 71%. The product was crystallized from ether-hexane, mp. 

128 - 130’ C; [a]:’ +77O (C 2.2, CHC13); Urnax 1780 (lactone), 1720 (ester 

C=O), 1630 (amide C=O) cm-’; 6 (500 MHz, CDC13) 7.4 - 8.0 (5H, m, 

arom. H’s), 5.09 (lH, dd, J3,4 = 6.6 and J4,5a = 4.3 Hz, H A ) ,  4.63 (lH, ddd, 

J1la,2 = 5.1, 52,s = 3.2 and Jl’b,2 = 4 Hz, H-2), 4.56 (1H, dd, Jl’a,l’b = 11.3 

and Jl1a,2 = 5.1 Hz, H-l’a), 4.51 (lH, dd, Jl’a,l’b = 11.3 and Jl)b,2 = 4 Hz, 

H-l’b), 4.33 (lH, d, J5a,5b = 12.9 Hz, H-5a), 3.72 (IH, dd, J4,5a = 4.3 and 

J5aI5b = 12.9 Hz, H-5b), 3.05 (lH, dddd, Jll’a,3 = 9.7, Jl”b,3 = 2.8, J2,3 = 

3.2 and J3,4 = 6.6 Hz, H-3), 2.89 (lH, dd, Jl)’a,i”b = 18.3 and Jl”a,3 = 9.7 
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1824 VERDOORN ET AL. 

Hz, H-l”a), 2.56 (lH, dd,  Jl’’a,l”b = 18.3 and Jl”b,3 = 2.8 Hz, H-l”b), 1.23 

(9H, s, C(CH3)3); m/z 260 [M - (CH3)&CO]+, 223 [M - BzOH]’; calc. for 

C19H23NO5: 345.15769; found: 345.15749. 

(ZS, SR.At)-N-PivalovCp! c a t b o m m r e ~ u C S . ~ ~ ~ a ~ a ~ e - ~ ~ - ~ ~ ~ f o ~ ~  

JP-ozo-(E)- l -oct~vflp~ olidine (l?)- 

A solution of the benzoate (l4) (260 mg) in methanol (2 ml) was treated 

with sodium methoxide (750 pJ of a 10 mg/ml Na in MeOH) at  room 

temperature for 3 hours. Neutralization with solid COZ followed by filtration 

and evaporation, gave an oil which was subjected to column chromatography 

(Et0Ac:Hex; 1:l) to afford the alcohol (15) in 55% yield. [a]:’ -47’ ( c  5.3, 

CHC13); vmax 3400 (OH) cm-’; 6 (80 MHz, CDC13) 3.3 (lH, m, OH), m/z 223 

[M - HzO]’. The alcohol (15) (40 mg) in CHzCl, (4 ml) was stirred in the 

presence of anhydrous 4 a  molecular sieves (160 mg) and piridinium 

chlorochromate (4 equiv) for 20 minutes. The reaction mixture was diluted 

with EtOAc (20 ml) and filtered through a mixture of CaS04 and silica gel 

(1:lO). The solvent was evaporated and the crude aldehyde (l6) was used 

without purification in the subsequent condensation reaction. A suspension 

of dimethyl (2-oxoheptyl)phosphonate (37 mg, 2.5 equiv) and NaH (2.5 

equiv) in dry DME (2 ml) was stirred for 30 minutes and the crude aldehyde 

(l6) in DME (2 ml) was added to it. After 20 minutes, the reaction mixture 

was neutralized with acetic acid and the crude product was purified by 

column chromatography (Et0Ac:Hex; 1:l). The product (17) (56%) had 

[a]:’ -56’ (c  0.3 CHC13), vmax 1785 (lactone C=O), 1730 (enone C=O), 

1630 (amide C=O) cm-’; 6 (80 MHz, CDC13) 6.64 (lH, dd,  J~’,z’ = 15.8 and 

JlPr2 = 5.8 Hz, H-l’), 6.10 (IH, dd,  J1’,2’ = 15.8 and 5 2 , ~ ’  = 1.3 Hz, H-2’), 
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11-AZA-11-DEOXY AND 11-AZAPROSTANOIDS 1825 

5.07 (lH, dd, J 3 , 4  = 5.4 and J4,5b = 4.3 Hz, H A ) ,  4.8 - 5.0 (lH, m, H-2), 

4.40 (1H, d, J5a,5b = 13.1 HZ, H-5a), 3.16 (lH, dd, J4,5b = 4.3 and J5a,5b = 

13.1 Hz, H-5b), 2.4 - 3.2 (5H, m, H-l”a, H-l’lb, H-3, H 4 ’ a  and H4’b) ,  

1.28 (9H, s, C(CH&), 1.1 - 1.4 (6H, m, (CH2)3), 0.89 (3H, t, CH3); m/z 335 

[MI’; C ~ C .  for C tgHzgNO4: 335.20977; found 335.20986. 

Conversion of 1 into 20 and 22. 

0-Benzylhydroxylamine hydrochloride (631 mg, 1.1 equiv) was added to a 

solution of 4 (1 g) in dry pyridine. After stirring overnight, the solvent was 

removed in vucuo and the resultant residue dissolved in ethyl acetate. The 

solution was washed with water, dried (NaZSO4) and concentrated. 

Crystallization from EtOAc-Hex afforded the syn-isomer of &3. Mp. 114 - 
116’ C; [a]:’ +looo ( c  1, CHC1,); vmax 1790 (lactone C=O), 1720 (ester 

C=O) crn-l; b (200 MHz, CDC13) 7.22 - 7.98 (lOH, m, arom. H’s), 6.79 (lH, 

d, 51,2 = 4.3 Hz, H-1), 5.10 (lH, m, H-2), 5.06 (2H, s, OCH2Ph), 4.79 (lH, 

m, H 4 ) ,  4.12 (2H, m, H-5a and H-5b), 2.90 (lH, m, H 3 ) ,  2.82 (IH, s, 

OH), 2.63 (2H, m, H-3’a and H-3’b); m/e 383 [MI’. The alcohol (18) was 

dissolved in pyridine and treated with a solution of methanesulfonyl chloride 

(5 equiv) in pyridine for 18 hours. Extraction, evaporation and 

chromatography gave the mesylate (a) in 90% yield, [a]:’ +24O (c  1.1, 

CHC13); 6 (200 MHz, CDC13) 4.97 ( lH,  m, H A ) ,  3.14 (lH, m, H-3); m/z 
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1826 VERDOORN ET AL. 

461 [MI’, 365 [M - MsOH]’; calc. for C22H23N08S: 461.11449; found: 

461.11454. 

In a similar fashion the mesylate (23) of O-allyloxime ether (22) was 

prepared from 4. The mesylate (23) had [a];’ -3’ ( c  1, CHCl,); 6 (200 

MHz, CDC13) 7.40 - 8.03 (5H, m, arom. H’s), 7.11 (lH, d, J1,2 = 4.2 Hz, 

H-1), 5.93 (IH, m, CH=CHz), 5.53 (lH, dd, J1,2 = 4.2 and J2,3 = 6.7 Hz, 

H-2), 5.23 (2H, m, CH=CH2), 5.07 (lH, dd, J3,4 = 2.3 and J4,5 = 5.6 Hz, 

H A ) ,  4.60 (2H, m, CH2CH=CH2), 4.46 (2H, m, H J a  and H 3 b ) ,  3.16 ( lH ,  

m, H-3), 3.07 (3H, s, S02CH3), 2.77 (2H, m, H-3’a and H-3’b); m/z 411 

[MI’; calc. for C18H21NO& 411.09883; found: 411.09894. 

Conversion of 20 and 29 into 2& and 25. 

Dimethylphenylsilane (765 pl, 2.3 equiv) was added to a solution of 20 (1 g) 

in TFA (10 ml). After 1 hour the solvent was evaporated, the residue 

dissolved in ethyl acetate and silica gel was added. Stirring overnight 

resulted in the complete conversion of the starting material. The suspension 

was filtered and the filtrate was evaporated. Chromatography (Et0Ac:Hex; 

1:l) gave the crystalline pyrrolidine (24) (65%). Mp. 81 - 82.5’ C; -3’ 

(c  1, CHC13), Vma, 1779 (lactone C=O), 1722 (ester C=O) em-’; 6 (200 MHz, 

CDCl3) 8.00 - 7.24 (lOH, m, arom. H’s), 5.02 (lH, m, H-4), 4.68 (2H, 

S, CH2Ph), 4,46 (lH, dd, JlPa,1’b = 11.5 and Jl’a,2 = 5.9 Hz, H-l’a), 4.35 

(lH, dd, J1,i’b = 5.9 and Jl’a,l’b = 11.5 Hz, H-l’b), 3.61 (lH, dd, J4,5a = 6.1 

and J5a,5b = 13.4 Hz, H J a ) ,  3.36 (1H, dd, Jl)a,2 = 5.9 and Jl)b,2 5.6 Hz, 

H-2), 3.23 ( lH,  dd, J4,5b = 3.4 and J5a,5b = 13.4 Hz, H-5b), 2.90 (2H, m, 

H-l”a and H 3 ) ,  2.57 (lH, d, Jl”a,l”b = 15.8 Hz, H-1”b); m/z 367 [MI’, 
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11-AZA-11-DEOXY AND 11-AZAPROSTANOIDS 1827 

276 [M - OBn]’, 245 [M - BzOH]’; calc. for C21H21N05: 367.14203; found: 

367.14218. 

DMPS (5 pl, 2.3 equiv) was added to a solution of the oxime (23) (101 mg) 

in TFA (1.5 ml). Quantitative conversion occurred within one hour and the 

solvent was removed in vucuo. The residue was dissolved in EtOAc (10 ml), 

silica gel (250 mg) was added and the suspension was stirred overnight. 

Removal of the solvent and chromatography (EtOAc: Hex; 1:l) afforded 25 

(55%) as a colourless oil, [a]:’ -4’ ( c  1, CHC13); Vmax 1724 (ester C=O), 

1779 (lactone C=O) cm-’; 6 (200 MHz, CDClI) 8.05 -7.41 (5H, m, ,arom. 

H’s), 5.90 (lH, m, CH=CH2), 5.18 (2H, m, CH=CH2), 5.06 (lH, m, HA), 
4.81 (2H, m, CH2CH=CH2), 4.51 (1H, dd, Jl’a,f’b = 11.5 and Jl’a,) = He, 

H-l’a), 4.39 (lH, dd, Jl’a,l’b = 11.5 and J l ’ b , ~  = 5.8 Hz, H-l’b), 3.71 (lH, 

dd,  J4,5a = 6.1 and J5a,5b = 13.4 Hz, H J a ) ,  3.40 (lH, m, H-2), 3.27 (lH, 

dd, J4,5b = 3.4 and Jsa,5b = 13.4 Hz, H-5b), 2.75 (3H, m, CH2C=O and 

H-3); m/z 317 [MI’, 276 [M - isoprene]’, 260 [M - 0-allyl]’; calc. for 

ClyHlgNO5: 317.12637; found: 317.12624. 
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