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Short Synthesis of (+)-Aspicilin via Asymmetric Hexahydroxylation of a Triene 
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Summary: Asymmetric synthesis of the lamembered 
lichen macrolide (+)-aspicilin has been achieved in 14 steps 
and 11% overall yield, starting from an achiral hydro- 
carbon, (3E)-hexadeca-1,3,15-triene. All four stereogenic 
carbinol centers have been introduced by three Sharpless 
asymmetric dihydroxylation (AD) reactions, using both 
AD-mix-8 and AD-mix-a to produce the hexol with very 
high regio- and enantioselectivity (epimeric excess of 88 % 
at position 2,96 % at  positions 3 and 4, and 86 % at position 
15). 

Nature synthesizes polyoxygenated carbon skeletons by 
multistep assembly of polyketide chains followed by 
manipulation of the oxygen functi0ns.l Mimicking nature, 
chemists have also been using carbonyl chemistry as the 
main tool for synthesis of macrolide antibiotics> polyether 
antibiotics? marine toxins,' etc. An alternative strategy, 
one that selectively places the oxygen functions onto a 
naked carbon skeleton, could facilitate the synthesis of 
such compounds. Here, we demonstrate this idea by a 
short synthesis of the lamembered lichen macrolide (+I- 
aspicilin, 1: starting from an achiral, unsaturated hydro- 
carbon. 

Introduction of four stereogenic carbinol centers with 
the correct absolute configuration represents the crucial 
part in any synthesis of aspicilh6 We reasoned that 
hexahydroxylation of triene 2,' using the Sharpless asym- 
metric dihydroxylation (AD) reaction! would engender 
all four asymmetric centers with high enantiomeric purity. 
However, retrosynthetic analysis indicates that in order 
to achieve the 5R96S,7R,18S configuration of aspicilin, this 
operation cannot be carried out in a single AD step. 
Introduction of six oxygen functions into 2 with the 
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absolute configuration shown in 9 (Scheme 1) requires a 
sequence of three regioselective AD steps, using both AD- 
mix-8 and AD-mix-c~.~ Consequently, the question of 
regioselective dihydoxylation of a polyene1° became the 
crucial issue of the entire synthetic strategy. Therefore, 
we studied the relative reactivity of the three double bonds 
in 2 toward AD-mix-8 using increasing amounts of the 
reagent (Table 1). 

The relative proportions of diols 3-5 produced under 
conditions of low conversion (entry 1) indicate that the 
disubstituted double bond is approximately five times 
more reactive than the two monosubstituted ones,ll each 
of which exhibits comparable reactivity. As has already 
been observed in AD reactions with conjugated dienes,l2J3 
dihydroxylation of one double bond strongly inhibits the 
reactivity of the remaining one toward further dihydrox- 
ylation, probably due to increased steric demands. Thus, 
further dihydroxylation of dienes 3 and 4 occurs exclusively 
at  the C-15 double bond, producing tetrols 6 and 7, 
respectively (entries 2-5). The relatively low proportions 
of 7 observed under increased concentration of oxidant 
reflect the high preference of 5 to produce 6 rather than 
7. Expectedly, further dihydroxylation of 6 and 7 to hexols 
appears to be slow even with 0.5 % catalyst (9 % after 8 h 
and 20% after 18 h, entries 4 and 6). This is supported 
by the observed yields of isolated 7 which follow faithfully 
its GC-determined relative proportions in the mixture 
(entries 2-5). 

Isolation of the bis-acetonide 8, [a]D -10.0 (c = 2.50, 
CHCl3), in 80% yield from the AD reaction of 2 (using 2 
or more equiv of AD-mix-8 followed by treatment with 
dimethoxypropane) set the stage for a short and efficient 
synthesis of (+)-aspidin (Scheme 1). The enantiomeric 
purity of 8 was found to be 83% (86% epimeric excess14 
at position 15 and 96% at  positions 3 and 4), as determined 
by lH NMR of the appropriate Mosher ester derivatives.16 
Reaction of 8 with AD-mix-a in 2-methyl-2-propanol-water 
a t  0 OC for 48 h produced the desired (2R)-1,2-dihydroxy 
derivative 9a in 77 % yield, along with 10 7% of its 2 s  epimer. 

Having all asymmetric centers in place, we turned to 
the next key step, i.e., two-carbon extension of the carbon 
skeleton to form an a,@-unsaturated carboxyl function, a 
transformation that could be achieved via Wittig-Horner 
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Scheme 1. 
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0 Key: (a) (i) AD-mix$, MeSOaNHz, t-BuOH-HzO, 0 "C, 8 h; (ii) dimethoxypropane, acetone, TsOH,60 "C, 1 h; (b) (i) AD-mix-a, MeSOzNH2, 
t-BuOH-HzO, 0 OC, 48 h; (ii) TBDMSC1, EtsN, DMAP, rt, 24 h; (iii) methoxyethoxymethyl chloride, i-PrzEtN, DMAP, rt, 18 h; (iv) TBAF, 
THF, rt, 1 h; (c) (i) Me& NCS, toluene, -25 "C, 2 h, then EtsN, rt, 15 min; (ii) triethylphosphonoacetate, NaH, THF, 0 OC, 20 min; (d) (i) 
AcOH, HzO, rt; (ii) (EtO)sCMe, MesSiBr, CHzClz, 0 "C, 1 h; (iii) BusSnH, AIBN, benzene, 80 "C, 2.5 h; (e) (i) LiOH, THF-H20, 40-50 OC, 
12 h, then oxalic acid, 0 "C; (ii) 2,4,6-trichlorobenzoyl chloride, EtsN, THF, rt, 2 h then D W ,  tduene, 90 OC, 3.5 h; (0 (CH2SH)2, BF3, CHzClz, 
0 "C, 2 h. 

olefination of the appropriate aldehyde. To that end diol 
9a was monoprotected to give 9d in a three-step sequence: 
(i) selective protection of the primary alcohol as a silyl 
ether using tert-butyldimethylchlorosilane (1 equiv), tri- 
ethylamine and (dimethy1amino)pyridine in dichlo- 
romethane to produce 9b (97%); (ii) protection of the 
secondary alcohol as a MEM ether using methoxy- 
ethoxymethyl chloride and ethyldiisopropylamine in 
dichloromethane to give 9c (88 % 1; and (iii) desilation with 
tetrabutylammonium fluoride in THF, affording the 
desired alcohol 9d (97 % 1, [a]D +33.6 (c = 3.30, CHCl3). 
The latter alcohol was oxidized withhkhlorosuccinimide, 
dimethyl sulfide, and triethylamine in toluenelB to produce 
the corresponding aldehyde which was immediately re- 
acted with triethyl phosphonoacetate/NaH in THF at 0 
"c to give ethyl enoate 10, [a]D -26.9 (c = 5.09, CHC13). 

Reductive deoxygenation a t  the w-position was carried 
out according to our recently developed approach to 
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the two sets of double doublets at 4.47 and 4.36 ppm (representing the 
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Table 1. Product Distribution in the AD Reaction of 2. 

c7-& 
2 3 

+OH 6H 

6 bH *OH b H  6 

4 

AD 

entry (equiv) (7%) (5%) (%) (%) (%) (%) (%) 
AD-mix-B* 2 3 4 5 6c 7 hexols 

I d  1 64 26 3 5 2 
2 l e  3 52 3 6 36(30) 
3 2 16 2 3 67 (63) 9 3 
4 2'1 1 89(80) 1 9 
5 3 2 83 (77) 6 9 
6 2e 80 20 
All reactions were carried out with 2 (0.25 mmol), AD-mix-6 

(containingeither 0.2or0.5mol% osmium),andmethaneeulfonamide 
(25 mg in entries 1 and 2,50 mg in entries 3 and 4, and 75 mg in entry 
5) in 1:12-methyl-2-propanol/water (5 mL in entries 1 and 2,lO mL 
in entries 3 and 4, and 15 mL in entry 5) at 0 OC for 18 h. The crude 
mixture of diole was converted to the corresponding acetonide 
derivatives by mixing with 1:l acetone/dimethoxypropane and cata- 
lytic TsOH. Product ratio was determined by GC. In some cases 
this GC analysis was confirmed by lH NMR. "The amount of 1.4 g 
of AD-mix+ (usually employed for dihydroxylation of 1 mmol of al- 
kene)'containspotaseiumosmate (0.002mmol),KaFe(CN)8 (3mmol), 
K&Os (3 mmol), and 1,4-bis(9-0-dihydroquinidinyl)phthalazine (0.01 
mmol). Thus, 1 equiv represents here 0.35 g of AD-mix+. "he 
numbers in parentheses represent the yield of isolated bis-acetonide, 
8. This reaction was interrupted after 5 h a t  0 O C .  e Increased 
amounts of potassium osmate (0.005 instead of 0.002 mmol/equiv) 
were employed. f The reaction was interrupted after 8 h. 
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Our synthetic 1 was found to be identical by lH NMR, I3C 
NMR, IR, and MS to the naturally occurring compound.6 

In conclusion, asymmetric synthesis of (+)-aspicilin has 
been achieved in 14 steps and 11 % overall yield, starting 
from an achiral hydrocarbon, hexadecatriene. All asym- 
metric centers have been introduced in two AD steps with 
very high regio- and enantioselectivity, demonstrating the 
advantages of the AD methodology in synthesis of poly- 
oxygenated carbon skeletons.1s 

methylcarbinols using a three-step sequence:13 (i) selective 
hydrolysis of the less sterically hindered acetonide using 
aqueous acetic acid to give diol l la (88%); (ii) conversion 
of this diol to 18-bromo-17-acetoxy derivative l l b  (84%) 
using triethyl orthoacetate and bromotrimethylsilane in 
dichloromethane; and (iii) debromination with tributyltin 
hydride and catalytic AIBN in refluxing benzene to 
produce l l c  (86%), [a]D -21.0 (c  = 2.68, CHC13). The 
two esters within l l c  were hydrolyzed to the protected 
seco-acid of aspicilin using LiOH in aqueous THF (45 "C, 
12 h) which was then lactonized without further purifi- 
cation, using the mixed anhydride approach,BaJ7 to give 
lactone 12, [cY]D -21.9 (c = 2.68, CHCk). Finally, depro- 
tection of 12 was carried out in dichloromethane using 
BF3-Et20 and ethanedithiol,& affording aspicilin, 1, that 
was recrystallized from hexane/diethyl ether to give 
corlorless needles (75%), mp 154-156 "C (ksc 154-156 
"c, lit.5b 153-154 "c), [& = +38.5 (c  = 1.05, CHC13) 
(lit.&+39.4 (c  = 0.868, CHCh), lit.Sb +32 (c = 2.31, CHCls)). 
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