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SYNTHETIC COMMUNICATIONS, 2 2 ( 1 ) ,  151-157 (1992) 

Improved Practical Synthesis of a Prostaglandin and Carbocyclic 
Nucleoside Synthon 

Tomas Hudlickyl, Michael G. Natchus, and Thomas C. Nugent 

Department of Chemistry, Virginia Polytechnic Institute and State University, 
Blacksburg, Virginia 24061, USA 

Abstract: An efficient, four step synthesis of chiral enone 2a [(+)-2,3- 
(isopropylidenedioxy)-4-cyclopentenone] from diol l a  ( X = CI ), available from 
microbial oxidation of chlorobenzene, is described. This synthesis is a vast 
improvement over that previously reported and compares very favorably with 
others in the literature. 

Biocatalysis is rapidly gaining acceptance in the chemical community as a source of 
chiral pool synthons for organic synthesis. Our recent work has focussed on 
microbial oxidation of substituted arenes, originally discovered by Gibson,2 as a 
route to enantiomericly pure cis arene diols of type 1.3 Such work has led to 
preparation from toluene of (+) enone 2a3 which served as starting material for the 
total synthesis of prostaglandin PGE2a4 Previous syntheses of 2a,b have relied 
upon resolution of racemic materials+ enzymatic processes,5 or use of sugars6-11 
as sources of chirality. These compounds have enjoyed widespread popularity as 
precursors to prostaglandins4 and carbocyclic nucleosides of the Neplanocin A 
type.5.6.8 Herein we describe an alternate and improved approach to 2a from 
chlorobenzene diol la.  

6 p P 3 9 - L  &H 

~ &.. OH OR 

l a X = C I  2a R = C(CH3)2 
l b X = B r  2b R = C(CH& 
1c X = CH3 

151 

$ 8  Copyright 0 1992 by Marcel Dekker, lnc. 
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152 HUDLICKY, NATCHUS, AND NUGENT 

In the previous preparation of 2a3 a mixture of hemiacetals 3 generated from 
toluene diol was dehydrated to 2a. Such dehydrations of carbonyl compounds 
have been reported using a l ~ m i n a ; ~ ~ - ~ ~  however, we have experienced difficulty in 
preparing the catalyst with reproducible activity. This resulted in inconsistent yields 
for the transformation of 3 to 2a (5 - 65%). Development of an alternative and 
reproducible route to 2a from an alternate arene diol source became nessecary . 

Alumina V os;)( 7 2 a  

H d  
3 

Borchardt reported a synthesis of (-) 2b from D-gulanolactone 4 which proceeded 
through hydroxylactone 5b.6.7 The recently reported analog 5a was prepared 
from chlorobenzene diol l a  and used in enantiodivergent syntheses of (+) and (-) 
trihydroxyheliotridane,15 (+) and (-) erythrose,I6 and ribon01actone.l~ As the 

7 1  

+ 

3 steps 

28% 

OH 
5a,b 

i-PrOH I PPTS 
1 week/ RT 

0- Li+ 
CH, =P - (OMe), 

THF / -78OC 

41 - 51% 
I 

6a,b 

OR 

O 2  OR 

HO 
OH 

4 

2a,b 

preparation of 5a from l a  was more efficient than the sugar route originating in 4, 

it seemed ideal to intercept the Borchardt synthesis. 
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PROSTAGLANDIN AND CARBOCYCLIC NUCLEOSIDE SYNTHON 153 

Table 1 Formation of Hemiacetal 7a 

CONDITIONS 
CH3C02H / i-PrOH / reflux / 1 . 5 h r  1 7  a 
p-TsOH / i-PrOH / reflux / 1.5hr 2 3  15 

PPTS / i-PrOH / reflux / 1.5hr  21  1 2  

11  

41 - 51 9 

PhH / p-TsOH / i-PrOH / reflux /1.5hr / ml.sieves I g 

PPTS / i-PrOH / RT / 1 week 
PPTS / iPrOH / O°C / 1 month 0 0 

HC104 I iPr0H:acetone (1 :3) / 4OC / 24 hr 36 > 5  

A number of reaction conditions were investigated for the acid catalyzed conversion 
of 5a to 6a and these are summarized in Table 1. Acetal 7 was usually present as a 
minor byproduct, and could be easily separated from desired 6a via flash 
chromatography. The yield of 7a obtained from chlorobenzene compares favorably 
with that obtained by the sugar route. The major operational difference is the 
presence of acid labile isopropylidine group, which however offers advantage of 
easy removal over the cyclohexylidine.18 Optimum conditions were realized by 
letting 5a stand in isopropanol with pyridinium p-toluenesulfonate at room 
temperature for 1 week to give consistent yields of 41 - 51% of 6a. The Wittig 
transformation of 6a t o 2 a  was carried ou t  as described by Borchardt7 and 
proceeded in 28% rather than the reported 80% yield. We were not able to improve 
the yield of this reaction. 

In summary, a short, reproducible synthesis of enone 2a from chlorobenzene diol 
la19 has been accomplished in 5 steps (4 operations) in 12% overall yield. In view 
of our experience with the repetition of some of the published procedures, this is a 
yield superior to our own preparation from toluene3 as well as to those procedures 
we have had the occasion to repeat.20 Enone 2a is an intermediate in the total 
synthesis of (-)-Specionin which will be reported i n  due course elsewhere. 

Experimental Section 
Analytical TLC was performed on silica gel 60F-254 plates (EM Science). Flash 
chromatography was performed on Kieselgelm 60 (EM Science, 230-400 mesh). 
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154 HUDLICKY, N A T C H U S ,  A N D  N U G E N T  

Infrared spectra were recorded on a perkin Elmer 283B, 710B, or a 1600 series m- 
IR instrument. ‘H-NMR spectra were obtained from a Bruker WP-200 or WP-270 
instrument. Chemical shifts are reported in parts per million (ppm) downfield from 
tetramethylsilane as an internal standard (0.OOppm). 

2,3- (Isopropgl idenedios~)-4 ,4-dihydros~butanic  Acid Lactone (5a) .  
Chlorobenzene diol l a  ( 1.00 g, 6.83 mmol) was dissolved in 10 ml of acetone and 

3 ml. of 2,2-dimethoxypropane and stirred with 50 mg of para-toluenesulfonic acid 
at room temperature for 1 h whereupon i t  was neutralized with 1 mL of NaHCOj 
(sat) and evaparated to dryness. The crude oil was taken in 100 mL of ether and 
washed with water and then brine, dried over MgSO4, filtered and evaparated to 

give 1.22 (6.58 mmol, 96 %) of clear oil. The crude mixture was taken i n  100 mL 
of ethyl acetatemd cooled to -78 OC. Oxygen was bubbled through the mixture for 
5 min. followed by ozone enriched oxygen for about 20 min. until the solution 
turned deep blue, and then oxygen again for 5 min. until the mixture was again 
clear. Dimethyl sulfide (15 mL) was added to the solution and the entire reaction 
vessel was stored overnight at -20 OC. The mixture was then evaparated to 
dryness, taken in ether (100 mL) and washed with water and brine. The organic 
layers were dried over MgSO4, filtered, and evaparated to give 1.02 g of crude 
hydroxylactone 5a which is sufficiently clean for the next step. Purification over 

10 % deactivated silica gel with hexane:ethyl acetate (2:l)  delivered a white solid, 
mp = 102 - 104 0C (li t .  = 103 - 104 OC)2’ which matched those previously reported 
i n  the literature 

2 , 3 - ( I s o p r o p y l i d i n e d i o x g ) - 3 - h ~ d r o ~ ~ - 4 - ( 2 - p r o p y l o ~ ~ ) - b u t a n ~ i c  acid 

(5) Method 1. Mydroxylactone 5a (1.01 mg, 5.80 mmol) was dissolved in 2- 
propanol (100 mL) and stirred at room temprature with 100 mg of pyridinium p- 
toluenesulfonate for 1 week whereupon the mixture was neutralized with 1 mL of 
N a H C 0 3  sat and solvent removed under vacuum. The residue was taken in ether 
(100 mL) and washed with water and then brine. The organic layers were dried 
over MgS04,  filtred and evapardted to give x x  mg of crude oil which was purified 

over 10 SBC deactivated silica gel to give 0.514 g (2.38 mmol, 41%) of pure 6a 
whose spectral properties matched those previously published. (IR, NMR).7 [alD 
= -34.60. mp = 36 O C .  Method 2. Hydroxylactone 5a (1.03 mg, 5.92 mmol) 
was dissolved in 75 mL of acetone and 25 mL of 2-propanol and chilled i n  the 
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PROSTAGLANDIN AND CARBOCYCLIC NUCLEOSIDE SYNTHON 155 

refrigerator to 4 OC whereupon HC104 (70 %, 100 PI) was added and the mixture 

placed back in the refrigerator for 24 hours. The solution was then neutralized with 
1 ml of NaHC03 sat. and worked up as in method 1 to deliver 0.460 g (2.13 
mmol, 36%) of pure 6a. 

2,3-(isopropyIidinedioxy)-4-~yclopentenone 2a. Dimethyl methyl 
phosphonate (672 pL, 6.20 mmol) was added via syringe to 10 mL of dry THF 

under argon and cooled to -78 OC followed by slow addition of n-butyl lithium 
(2.58 mL, 2.4 M in hexanes, 6.20 mmol) via syringe. The solution became 

noticeably cloudy. This mixture was stirred at -78 OC for 15 min.whereupon 
isopropoxy lactone 6a (1.03 g, 4.77 mmol) was added via cannula in 4 mL of dry 
THF. The resulting mixture was stirred for 20 min. at -78 OC and then allowed to 
warm to room temperature over 1 h at which time the reaction was quenched with 
NH4CI (sat.) and partitioned between water (10 mL) and ether (100 mL). The 
layers were separated and the organic layer extracted I x  with water and brine. The 
organic layer was then dried over MgSO4, filtered and evaparated to give 640 mg of 
crude oil. The residue was chromatographed over 10% deactivated silica gel with 
hexane : ethyl acetate (3 : I ,  2 : 1) as eluant to give 205 mg (1.34 mmol, 28%) of 
pure enone 2a as white crystals; mp 41 - 42 OC (lit.3 mp 42 OC); [ c r I 2 j ~  +63.4O (c  

1.12, CDC13) (lit.3 [ a ] 2 5 ~  +62.80 (c 0.7, CDC13)), I R  (KBr pellet) 3000, 2940, 

1730, 1380 cm-l; ' € 1  N h l R  (CDC13) d 7.65 (dd, J1 = 5.9, 52 = 2.2 Hz, lH), 6.22 
(d, J = 5.9 Hz, IH), 5.27 (dd, J 1  = 5.5, J2 = 2.2 Hz, I H ) ,  4.46 (d, J = 5.5 Hz, 
lH),  1.42 (s, 6H). 
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References and Notes 

( I )  Recipient of the Research Career and Development Award, 1984 - I989 
National Institutes of Health (A1 - 00564) 
Gibson, D. T.; Hensley, M.;  Yoshioka, H.; Mabry, T. J. Bioc l t cmis t r~  
1970, 9 ,  1626. 

(2) 

D
ow

nl
oa

de
d 

by
 [

M
ic

hi
ga

n 
St

at
e 

U
ni

ve
rs

ity
] 

at
 1

1:
52

 0
2 

Fe
br

ua
ry

 2
01

5 



H U D L I C K Y ,  N A T C H U S ,  A N D  N U G E N T  

Hudlicky, T.; Luna, H.; Barbieri, G.; Kwart, L. D. J .  Am. Chem. Soc. 

1988,110, 4735. 
Johnson, C. R.; Penning, T. D. J .  Am. Chem. SOC. 1986, 108, 5655. 
Deardorff, D. R.; Shambayati, S.; David C. M.; Heerding, D. J .  Org. Chem. 
I988,53, 3614. 
Borchardt, R. T.; Wolfe, M. S.; Anderson, B. L.; Borcherding, D. R.; J .  
Org. Chem. 1990,55, 47 12. 
Borchardt, R. T.; Borcherding, D. R.; Scholtz, S. A. J. Org. Chem., 1987, 
52, 5457. 
Bestniann, H. J.; Roth, D. Synlett 1990, 751; Angew. Chem. 1990, 102, 
99. 
Ali, S. M.; Raniesh, K.; Borchardt, R. T. Tetrahedron Lett. 1990, 31, 1509. 

(10) Berlanger, P.; Prasit, P. Tetrahedron Lett. I988,29, 5521. 
( 1 1 )  Flann, J. C.; Mash, E. A. Synrh. Comm. 1988, 18, 391. 
(12) Hudlicky, T.; Srnak, T. Tetrahedron Lett. 1981,22, 3351. 
( 1  3) Muzart, J. Synthesis 1982, 60. 
(14) Posner, G. H. Angew. Chem. 1978, YO, 527; Angew. Chem. Int. Ed. Engl.  

1978, 17, 487. 
(15) Hudlicky, T.; Seoane, G.; Price, J. D.; Gadmasetti, K. G .  ( in  part) Synlerr 

1990, 433. 

(16) Hudlicky, T.; Luna, H.; Price, J. D.; Rulin, F. Tefrahedron Lett. 1989,30, 
4053. 

(17) Hudlicky, T.; Price, J. Synlert 1990, 159. 
(18) We have experienced difficulty in deprotecting the cyclohexylidine group in 

2b (prepared by Borchardt's route) and compounds derived from i t  using 
various reported procedures. 

(19) Chlorodiol la as well as the bromo-derivative are commercially available 
from Genencor, Int., Rochester, NY and ICI Fine Chemicals, Manchester, 
UK. I t  can also be easily prepared according to the procedure found in 
reference 3 using Gibson's Pp 39D. (For sources of this bacterium, contact 
Professor David Gibson, Dept. of Microbiology, University of Iowa ). 

(20) We have repeated three of the syntheses published. Below is the tabulation of 
overall yields that were reported versus the yields that we were able to obtain 
by repetition in the number of repetitions listed. 

D
ow

nl
oa

de
d 

by
 [

M
ic

hi
ga

n 
St

at
e 

U
ni

ve
rs

ity
] 

at
 1

1:
52

 0
2 

Fe
br

ua
ry

 2
01

5 



PROSTAGLANDIN AND CARBOCYCLIC NUCLEOSIDE SYNTHON 

Reference # Reported Yield(%) Repeated Yield(%) #I of Trials 
3 45 -4 10 

6 18.5 -5 5 

7 44.5 -6 2 

this work 12 12 10 

(21) Beer, D.; Meuwly, R.; Vasella, A. Helv. Chim. Acru 1982,65, 2570. 

1 5 7  

( R e c e i v e d  i n  US 11 J u l y ,  1991) 
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