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ASYMMETRIC DIELS-ALDER REACTIONS: WC-SYNTHESIS OF A STABLE SARKOMYCIN PRECURSOR 
(CYCLOSARKOMYCIN)** 

Gihter Linz, John Weetman, A.F. Abdel Hady and Giinter Helmchen* 

Organisch-Chemisches Institut der Universitat, Im Neuenheimer Feld 270, D-6900 Heidelberg 

Sumnary: The first synthesis of enantiomerically pure cyclosarkomycin, a stable, crystal- 
line precursor of the antitumor agent sarkomycin is reported. Key steps are an asymmetric 
Diels-Alder reaction of the (E)-3-bromoacrylate of (R)-pantolactone and introduction of 
oxygen functionality via elimination/R-addition. The synthesis of cyclosarkomycin was ac- 
complished in 9 steps [from (E)-3-bromoacrylic acid1 in 17 % overall yield. 

The antibiotic sarkomycin (1). an antitumor agent, has been a target of numerous syn- 

thetic efforts, commonly directed at the racemic compound'. Recently. we reported syn- 

theses of both enantiomers2 of sarkomycin methyl ester, using a strategy based on the 

retro Diels-Alder reaction . Unfortunately, it was impossible to cleanly characterize or 

use these compounds, because of their high rate of di- and polymerization3. In order to 

provide a more useful route to sarkomycin we undertook an effort dir;;ted at the stable 

lactone 2, first prepared in racemic form by Marx and Minaskanian , from which the 

unstable sarkomycin is obtained by treatment with acid. 
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The synthetic strategy is described in Scheme 1. It was our initial plan (route A) to 

prepare 2 by one-pot oxidative cleavage, lactonisation and decarboxylation of the 

enantiomerically pure rrethylenenorbornene 3. which is readily available from the Diels- 

Alder adduct 44. Despite intense efforts, using a variety of methods (ozonolysis. Ru04- 

oxidation), we were unable to accomplish the step 

less ambitious route B which was successful. Route 

3 - 2. We then turned to the somewhat 

B was inspired by our finding that the 
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bromo substituent of the Diels-Alder adduct 6. obtained from the (E)-3-bromoacrylate of 

(R)-pantolactone and cyclopentadiene, can be replaced by OR upon treatment with alkoxide 

via elimination and conjugate addition. 

Asymmetric Diels-Alder reactions with enoates of (R)-pantolactone (7) (commercially 

available) or (S)-N-methyl-hydroxysuccinimide (8) robtained in one step from (S)-malic 

acidj can be planned with a considerable degree of confidence 5. Thus, the (E)-3-bromo- 

acrylates 9 and 10 (Scheme 2)' were obtained by acid catalyzed esterification (cat. H2S04. 

benzene, reflux, 20 h) of (E)-3-bromoacrylic acid 6 with 7 and 8 in 79 %7 and 63 % yield, 

respectively8. TiCl4-catalyzed DA-reactions with cyclopentadiene proceeded with excellent 

diastereoselectivity (HPLC analysis) to give crystalline major endo- roducts 
J 

which were 

obtained pure by recrystallization [yields of 78 % and 70 % for lla and lib', respec- 
tively). 

Treatment of the ester lla with sodium phenylmethyloxide 10 in THF/DMF 5:1 gave (via elim- 

ination, transesterification and conjugate addition) a mixture of stereoisomers consis- 

ting mainly of 12 (yield: 88 %, Scheme 3). These compounds were found to slowly deterio- 

rate upon storage and, therefore, the mixture was reduced (LAH) to the stable alcohols 

13. MPLC (silica. petrolether/ethyl acetat 8O:ZO) furnished the major,;somer 13a in 79% 

yield and the isomers 13b and 13~ in yields of 11% and 4%. respectively . 

Oxidative cleavage of the double bond of 13a with ozone under a variety of conditions 

gave poor results. Excellent results were obtained by transformation of alcohol,213a to 

the acetate 14 (Ac20, Py, 99 % yield) and oxidation of this with catalytic Ru04 under 

carefully controlled conditions avoiding over-oxidation to the corresponding benzoate. 

The crude product was treated with LiOH (THF/H20) and the resultant hydroxy acid subjec- 

ted to mild acid treatment r7 equiv. of HCI (2N), Et20/THF/H201 to give the crystalline 

lactone 15 (np 85.5-86 "C) in 71 % yield. 

Our initial plan called for debenzylation of 15 followed by oxidation of the resultant 

hydroxy acid to the O-keto acid and decarboxylation. Poor results were obtained. However, 

decarboxylation of 15 according to Barton's method 13 proved to be excellent and gave the 

lactone 16 (oil) in 73 % yield, Subsequent hydrogenolysis furnished the crystalline alco- 

hol 17 rmp 82.5-83 "C, ICII~ = -102.3 (20 "C, c = 2.02. CH2Cl2)l in quantitative yield. 

Oxidation of 17 with (cat.) N(n-Prop)4RuO4 according the method of Ley I4 furnished 

(-)(?S,3R)-cyclosarkomycin (2) in 70 % yield. (-)-2 forms large colourless plates 

imp 59.5-60 "C. [aIT, = -397 (20 "C. c = 2.00, CH2C12)l. 



5601 

Scheme 2 

Br-==+lcoR’ 0.75 equiv. TiCI* 

&Br + “‘@ + Eiers 

0 COOR R’OOC 
CH& I-24 “c 

9 

R’OH 7 = 

10 

R’OH = 8 

endo-exo ratio = 549 lla llb 

ratio of 1 la:1 1 b = 98:2 2 tryst. 
> 99:l 

7 

endo-exo ratio = 38:l lla’ lib’ 

ratio of lla’:llb’= 2:98 J" cvst, 
<< I:99 

Scheme 3 

* 

Br 
/ 

COOR’ 

lla 

d_ 

I 

-* 

a 0CH2Ph 
/ 

b 

COOCHpPh 

12 

L 

+ 

OCH*Ph 
/ 

CH20R 

13a R=H 

14 R = COCH3 Jc 

g 

15 16 R= CH2Ph 
&If 17 R=H 

2 

(a) 6.0 Equiv. of NaOCH2Ph. THF/DMF 5:1, -10 "C to rt, 17 h; (b) LiA1H4, Et20. reflux, 
1 h; (c) Ac20, Py, 3 h; (d) cat. RuC13/NaI04. CC14/CH3CN/H20 1:1:1.5. rt. 3 h; 3.2 equiv. 
of LiOH. THF/H20 5:4, 0 “C, 45 min; 7 equiv. of 2N HCl, Et20, 0 "C to rt, 2 h; (e) 1.0 

equiv. of N-methylmorpholine. 1.0 equiv. of isobutylchloroformate, THF. -15 "C, 10 min; 

1.2 equiv. of N-hydroxy-2-thiopyridone. 1.2 equiv. of NEt3. THF. -15 "C, 1 h: excess 
t-butyl mercaptan, irradiation. THF, r-t, 2.5 h; (f) H2, 10% Pd/C, EtOH, 1.5 h; (g) cat. 
N(n-Prop)4Ru04. 2.0 equiv. of NMO, MS 4& CH2C12, 20 h. rt. 
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