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Abstract: The stemoselectivity in the carbonyl-reduction of a series a-hakwinyl ketones with 
various reducing agents was studied 

Bromoketone 1 is a precursor to the chemically and metabolically stable carbacyclin-analogue Cica- 
prost (2) W,31. 

In the ptaglandin and prostacyclin field much work has been devoted to generate the 15a-hydroxy- 
group m analogues of (2) stereoselectively from the corresponding 15ketone. 
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3 

&BDMS OH TmMS= tett-butyi- 

4 
amemyMyl 

Impressive results have been report& by using special protecting 
cing agents [4,5,6,7] on nonhalogenated vinylketones. 

groups at Cl 1 or certain chiral mdu- 

Less is known about the stereochemistry in the reduction of a-halovinyl ketones [E, 9, lo]. 
The stereochemical outcome of the reduction of bromoketone 1 is not easily predicted because of the 
remote stereocenters and the bromine at C14. To study the stereochemistry of the reduction of 
bromoketon g, 
L-Selectride 

a variety of reducing a ems was tested. The results am shown in table 1. 
or LiBEt3H gave ml&l! y the undesired anti-Cram product 4 (with respect to the Cl6 

methyl group). Reduction under the conditions of Luche (CeCl$NaBH,,) [ll] gave mainly the Cram 
product 3. 

Excellent msul~ were obtained with 1.5 equivalents of diisobu~l-aluminium-2,6_di_tert-butyl-e- 
thyl-phenoxule in toluene at -78’C (Yamamoto method) [12], whtch produced the desired 15acpimer 
3 almost exclusively. 

This method is very sensitive to temperature (entries 9-11). Solvents other than toluene gave lower 
stereoselectivity. 
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In the Dibah/Ionol case a free 11-hydroxy group [4,5,6,7] is not necessary for the stereoselectivity. 
Whether a free 11-hydroxy group would have the same dimcting effect could not be determined, be- 
cause we were not able to &protect bromoketone 1 to the 1 l-hydroxy compound without decomposi- 
tion. 

Table 1: 

No. Red-agent Solvent Temp. Time 

1 

2 

Toluene -78’C 

-78% 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

Dibah-T 

;$.p$&- 

sAlpin@ 
hydrule 

LiBEt3H 

NBu4BH4 

L-Selectride@ 

NaBH,,/W& 

LiBH4 

Dibah/Ionol 

Dibah/Ionol 

Dibah/Ionol 

-78% 

MeC12 

THF 

MeOH 

Toluene 

Toluene 

Toluene 

i-PrOH 

-78% 

ooc 

-78% 

-70% 

-78% 

-78OC 

-5ooc 

-2OOC 

+80°C 

lh 

45 min 

45 mitt 

lh 

4h 

lh 

lh 

3h 

2h 

8h 

6h 

6h 
isopropylate 

3 : 4 

15o 15R 

60.8 : 39.2 

23.3 : 76.7 

11.5 : 88.5 

4.8 : 95.2 

ca. 3: 7 

3.1 : 96.9 

86.4 : 13.6 

68.5 : 31.5 

97.4 : 2.6 

ca. 7 : 3 

no reaction 

88.0 : 12.0 

ca = TLC-estimates 

To explore the SW 
with LSelectride 

selectivity of the reduction further, the following series of ketones was reduced 
, according to the Luche method and the Yamamoto method [13]. 

X=Br, R=n-Pentyl 9 
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The results am shown in table 2. 

No. Ketone Reagent 15a : 156 1131 

Z-16&methyl-14chloro- 

ketone 5 

Z-16&methyl-14&lcW- 
ketone 6 

Z-16&meth~lWromo- 
ketone 

Z-16a-meth 1-14bromo- 
ketone J 

NIB ba%zz Cl, 

EsckctiL@ 

NaR 8 CeCls 
Di On01 
LSelectride@ 

NaR CeCla 
Di baz On01 
L-Selectride@ 

NaR 3 CeCla 
Dib onol 
L-Select&P 

!% : 13.2 

7.i : : $9 

96.5 : 3.5 

8” : zii 

86.4 : 13.6 

R4 . : : z9 

95.9 : 4.1 

z:s 
: 7.3 
: 50.8 

5 E-16~methyl-14 : 
hetone 8 ?i’ : $599 

9; : 5’ 

6 EF”YlPmo- Dibah/Ionol 88.0 : 12.0 

The nonhalogenated ketones 10 to 12 were reduced with 20 Rq. of Dibah/Ionol and gave ca 50:50 
mixtures at approximately 109b conversion. 

Discussion: Reduction with LSele&ide@ 

In,the 16amethyl series reduction with L-Selectride@ gives a ca 1:l mixture of the 15a and 15E 

#%kme the following conformation for the ketone in which the interactions between the bromine 
and the substituents at C-16 are minimized: 

16U-CT-Is laS-CH3 

f 

15a / 15g 

f 

15a / 15g 

50:50 5:95 

In the 16amethyl case one side of the carbonyl group is hindemd by the Cl6methyl group, the other 
is hindemd by the remote 1 I-TRDMS group. 
In ,the 16Emethyl case the hydride attacks from the less hindered side giving the 15Eepimer almost 
exclusively. 

Reductions with MbaMonol and NaRHJCeC13: 

Reduction of the a-halo-enones with Dibah/Ionol or NaRH&eCls gives the 15u-hydmxy-epimers 
with hi 

$ 
stereomlectivity, the Dibah/Ionol method being slightly more selective than the borohydri- 

de/ Ce s method with the 16&epimers. 
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The configuration at Cl6 exhibits little influence on the outcome of the reduction, both Xc+methyl 
and 16Emethyl-ketones giving mainly the 15u-epimer. 
We believe that prior to reduction the metals complex to the carbonyl oxygen. We assume that there is 
also some interaction between bromine and the metals. 
If this is true then one can anticipate that the bulky TBDMS group at C-11 and the large 2.6~tert-bu- 
tyl-4-methyl-phenyl group are on opposite sides of the carbonyl group, the isobutyl group d$venng 
the hydride prefemntrally from the side of the TBDMS group, 

Ilfgr duction of the Z-isomers 1,5,6,7 and 9 irrespective of the co 
‘vmg nse to the 15c+eptmer m the m- 

tguratton at C-16. 

The inverse result is obtained in the reduction of the E-isomer 8, but in this case NaBH.&eCl3 and 
Dibah/Ionol give opposite results. 
The nonhalogenated, 1 l-TBDMS protected ketones 10, 11 and 12 are reduced only sluggishly even 
with a large excess of Dibah/Ionol (20 eq.) and the stereoselectivity is low. 

We thank S.Radau and SMartschinke for analytical work and the spectroscopical department for re- 
cording spectral data 
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