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Summary: The preparation and use of (R)-(+)- and (8)- 
(-)-5-ethyld-methyl-l,3-dioxolane-2,4-diones for the direct 
preparation of chiral a-hydroxy-a-methylbutyrate esters 
are described. 

Quassimarin (1): like so many other complex quassi- 
noids [e.g., glaucarubinone (2)41, has occupied the attention 
of synthetic and medicinal chemists for approximately 20 
years because of the formidable challenge presented by 
its highly oxygenated pentacyclic carbon framework and 
the continuing studies which have clearly demonstrated 
that quassinoids6 such as 1 and 2 possess marked differ- 

1 

2 

ential solid tumor selectivity.6 Attempts at the synthesis 
of quassimarin have been unsuccessful to date.' One of 
the obstacles to completion of a synthesis of 1 has been, 
in part, the fact that the absolute configuration of the 
a-acetoxy-a-methylbutyrate ester attached at C(15) was 
never established by Kupchan and Streelmad during their 
structure elucidation studies and, to a lesser extent, the 
fact that there are no general methods available for the 
direct preparation of a-hydroxy-a-methylbutyrate esters. 
We detail below the preparation and w e  of (RH+)- and 
(S)-(-)-5-ethyl-5-methyl-1,3-dioxolane-2,4-diones (3) and 
(4), respectively, for the direct preparation of a-hydroxy- 
a-methylbutyrate esters. Also detailed below is the 
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acylation of (-)-pentacyclic alcohol 5 with 3 and 4 which 
permits the synthesis of two diastereomers of quassimarin, 
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thus establishing the configuration of the derived a-hy- 
droxy-a-methylbutyric acid as R. 

Under the assumption that the acetylated a-hydroxy- 
a-methylbutyrate ester present in quassimarin was of the 
same absolute configuration as the a-hydroxy-a-methyl- 
butyrate found in glaucarubinone (2), the known* (S)- 
(+)-2-hydroxy-2-methylbutyric acid (6P was converted 
into 4 by treatment (reflux, 5 h) of 6 with 1.0 equiv of 
triethylamine and 0.67 equiv of triphosgene in tetrahy- 
drofuran.10 Workup provided, after distillation (bp 60- 
62 OC, 1 mmHg), a 70% yield of (S)-(-)-dioxolanedione 4, 
[ ( u ] 2 6 ~  -26.6' (C 2.38, CHC13). 
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Exposure of a 0.06 M solution of pentacyclic alcohol 511 
in methylene chloride containing 1.1 equiv of 4-(dimeth- 
y1amino)pyridine to 2.5 equiv of 4 for 8.5 h at  ambient 
temperature gave rise (75 % ) to pentacyclic a-hydroxy ester 
8. Acetylation (AczO, EtsN, DMAP, CHzClz, 38.5 h) of 8 
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followed by removal of the protecting groups [(l) Mc13 
(15 equiv), NaI (15 equiv), CHsCN-CH2C12 (2:1), 0 "C, 30 
min; (2) BBr3 (15 equiv), CHzC12, -45 OC, 70 minl gave 
rise, in 69 % overall yield, to pentacyclic compound 9 Imp 
284-287 OC dec, [(r]=D +30.7O (c 0.14, CHCl3)I whose 
physical and spectral properties were different from those 
of natural quassimarin published in the l i terat~re .~ 

The above study thus establishes the structure of 
quassimarin as 11. The R-configuration of the C(15) side 
chain was unambiguously confirmed as detailed below by 
synthesis. Treatment of the known8 (R)-(-)-2-hydroxy- 
2-methylbutyric acid (7)9 with triphosgene under the 
identical conditions detailed above afforded after distil- 
lation (bp 58-60 OC, l mmHg) a 64% yield of 3, [a]% 
+28.4O (c 1.29, CHCl3). Treatment of a 0.06 M solution 
of 5 in methylene chloride with 3.5 equiv of dioxolanedione 
3 and 1.6 equiv of 4-(dimethy1amino)pyridine provided, 
after 25 h at  ambient temperature, a 77% yield of 10, 
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[aIz6D -61.2O (c 0.93, CHClS). Upon acetylation [AczO 
(10 equiv), Et3N (20 equiv), DMAP, CH2C12, 21 hl and 
subsequent deprotection [(l) kcla, NaI, C H ~ C N - C H ~ C ~ Z  
(2:1), 0 "C, 25 min; (2) BBr3, CHzC12, -45 OC, 75 minl as 
detailed above, a 70% yield (overall) of crystalline (+)- 
quassimarin (11) [mp 240-241 OC, [a lZs~ +22.4O (c 0.25, 
CHCls) (lit.3 mp 237.5-238.5 "C, [a& +22.4' (c 0.26, 

(11) Preparedm described previouslystartingwith @)-(-)-&-methyl- 
3,4,8,8a-tetrahydro-l,e(W,7H)-naphthalen~one [Moher, E. D.; Collins, 
J. L.; Grieco, P. A. J. Am. Chem. SOC. 1992,114, 27641. 

Table I. Preparation of (23)-a-Hydroxy-a-methylbutyrate 
Esters. 

entry substrate equiv of 3 time, h yieldb ( 7% ) 

4 Choler(lr0l 2 6.5 80 

1.5 5.5 90 

'T- 
a All reactions were conducted at ambient temperature employing 

a 0.1 M solution of substrate in methylene chloride containing 1.1 
equiv of 4-(dimethylamino)pyridine. * Isolated yields. 

CHCl3))l was obtained. The lH NMR spectrum of 
synthetic (+)-ll was identical to that of the natural 
material recorded in the literature. 

The procedure detailed above for the preparation of 
chiral a-hydroxy-a-methylbutyrate esters employing 3 and 
4 is applicable to a variety of alcohols including sterically 
encumbered alcohols. Illustrated in Table I are a number 
of substrates bearing hydroxyl groups which have been 
transformed into (R)-a-hydroxy-a-methylbutyrate esters. 
Reactions are typically conducted in methylene chloride 
a t  ambient temperature employing 1.3-2.0 equiv of 3 and 
1.1 equiv of 4-(dimethy1amino)pyridine. Reactions are 
complete in 1-6.5 h and yieldsare in the range of 7740%. 
The above methodology should be generally applicable to 
a wide range of a-hydroxy-a-substituted alkanoate esters 
employing appropriately substituted 1,3-dioxolane-2,4- 
diones. 
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