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for la and lb. The m values are listed in Table I1 for 
comparison. 

Depression of the data points corresponding to log k's 
measured in low nucleophilic solvents from the linear re- 
lationship (eq 1) defined by those measured in relatively 
high nucleophilic solvents, such as the cases of tert-butyl 
bromide" and l,l,l-trifluoro-2-methyl-2-propyl triflates,12 
has been attributed to the assistance by the latter solvents. 
Although different interpretation had been given to the 
tert-butyl system,13 a more recent rebuttalI4 confiied the 
validity of the original proposal.11 Therefore, the deviation 
showed in Figure 1 could be explained similarly. In the 
solvolysis of la a significant acceleration by nucleophilic 
solvents is revealed in association with the large difference 
between and mAEM (0.25).15 This acceleration effect 
is so large that the steric prohibition of solvent intervention 
by an o-CH3 group makes 2 to be less reactive than la in 
nucleophilic solvents. Furthermore, the observed excellent 
linear correlation for log ks in all solvents (R = 0.996) and 
the s d  difference between various m values (0.05 or less) 
also suggest the absence of significant nucleophilic solvent 
acceleration. 

The steric ortho effect might be of different origin.16 In 
the solvolysis of 2 the steric hindrance to the ?r resonance 
in the cationic transition state is likely to be relatively 
unimportant, for an o-methyl group in the corresponding 
chlorides has been found to give a 3.6-fold increment of 
the solvolytic rea~tivity.~ It is likely due to the steric 
hindrance to the solvation of cationic transition states. The 
solvation, and probably the solvent acceleration, will be 
less significant for the substrate having a better leaving 
group. 

The influence of an electron-releasing substituent can 
be shown by comparing the different degree of deviation 
in log k - Y plots. Excellent linear relationships have been 
observed for both the pCH3 derivative lb and the p-SCH3 
derivative IC ( R  > 0.996). However, the small splitting 
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between and mAEM observed for lb (0.11)15 and a 
negligible one for IC (0.05) suggest a small acceleration is 
still present in the former but is essentially abent  in the 
latter. Obviously the more stable the cationic transition 
state involved, the less acceleration due to nucleophilic 
solvent would be necessary. 

Although the application of the multiple regression 
analysis (eq 2)17 of log kla against YB~OPNB~ and NOTs7 
values gave an improved correlation (m = 0.857,1= 0.298 
and R = 0.976), no significant azide effect18 could be de- 
tected in thia study. It is in line with the recent conclusion 

log (k/k,) = mY + 1N (2) 

by Richard and co-workers2 and thus suggests that the 
nature of the solvent acceleration should be different from 
the classical SN2 type interaction. From the recent rec- 
ognition of the importance of the solvation effect on de- 
localized cationic transition states for benzylic sub- 
s t r a t e ~ , * ~ J ~ ~ ~ ~  the acceleration is likely the result of an 
enhanced solvation by nucleophilic solvents. In the acidic 
and electrophilic TFE,P1 a cation will be poorly 
and therefore the depression of ks is resulted. For the 
more reactive substrates, the solvolytic transition states 
will be of less cationic character. In addition, steric hin- 
drance to the adjacent reaction site will diminish the im- 
portance of solvation (vide supra). In either case smaller 
extent of rate enhancement by nucleophilic solvents would 
be expected and indeed was observed. 

Consequently, from the present kinetic study the in- 
tervention of nucleophilic solvents to enhance the solvolytic 
reactivity for tert-cumyl p-nitrobenzoates can be proved. 
The electronic effect of substituents on the aryl ring' 
cannot be the sole origin responsible for the change of 
solvolytic reactivities. More work to find out if this is a 
generalization to other substrates is in progress. 
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Summary: Tetraacetonide 19, which incorporates the 10 
stereogenic centers of (-)-roxaticin, was chosen ae a test 
case to develop a convergent synthesis of alternating poly01 
chains. This synthesis uses a stepwise alkylation of di- 
bromide 16 followed by a stereoselective reductive de- 

cyanation in a three-fold convergent strategy. 

Complex poly01 chains are important structural com- 
ponenta of the polyene macrolide antibiotics such as the 
antifungal agent amphotericin B.2 Several of these 
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polyene macrolide antibiotics have been synthesized in the 
past few years? and a wide variety of related synthetic 
methods have been developed! Our interest in the mode 
of action of polyene macrolide antibioticss lead us to search 
for a practical synthesis of these compounds that would 
be suitable for the preparation of structural analogs? 
Roxatich,' a relatively simple polyene macrolide antibiotic, 
was choeen as a target with which to develop new synthetic 
strategies. We report herein a three-fold convergent 
strategy for synthesis of the poly01 portion of (-)-roxaticin. 

(-)-Roxeticin 
(-)-Roxaticin is a pentaene macrolide with 10 stereogenic 

centers located in the C(12)4(30) section. The tetra- 
acetonide 19 contains the C(12)-C(30) section a i d  is a 
projected synthetic precursor to (-)-roxaticin itself. Com- 
pound 19 can be dissected into three fragments of com- 
parable complexity, compounds 7, 15, and 16, where the 
substituents on these fragments were chosen to facilitate 
assembly using our cyanohydrin acetonide c~upl ings .~~ 
This strategy should be very efficient by virtue of its 3-fold 
convergence and lends itself to the preparation of struc- 
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turd analogs by fragment substitution. The C(24)4(30) 
fragment 7, the C(23)4(19) fragment 16, and the C- 
(12)-C(18) fragment 15 must each be prepared in optically 
pure form. We have previously reported the preparation 
of dibromide 16.& The syntheses of nitriles 7 and 15 are 
illustrated in Schemes I and 11, respectively. 

Synthesis of the C(24)4(30) fragment 7 begins with the 
unsaturated ester 1. Ester 1 was prepared according to 
the method of Helquist8 from isobutyraldehyde by an 
enantioaelective boron aldol reaction] TBS protection, 
reduction, and Wittig reaction. DIBAL-H reduction and 
Ley's catalytic perruthenate oxidationB gave the corre- 
sponding aldehyde 2 in 88% overall yield. The remaining 
stereogenic center was introduced by allyl addition using 
Brown's allyldiisopinocampheylborane (Ip%BCH2CH= 
CH2) reagent prepared from (R)-(+)-a-pinene.'O The 
resulting alcohol was protected as a triethylsilyl (TES) 
ether, oxidized with catalytic Os04 and 1.05 equiv of N- 
methylmorpholine N-oxide (NMO)," and hydrolyzed with 
2:2:1 THF/HOAc/H20 at 23 OC for 3 h. Triol 5 was ob- 
tained in 12% yield by this procedure, whereas the direct 
oxidation of 3 gave triol 5 in only 11% yield accompanied 
by a mixture of products arising from oxidation of the 
internal alkene. The bulky TES group acts to hinder the 
internal alkene rather than to suppress reactions of the 
alcohol. Oxidation of triol 5 with NaI04 produced the 
&hydroxy aldehyde 6 which was used without further 
purification. Cyanide exchange from acetone cyanohydrin 
catalyzed by KzCO3, followed by treatment with acetone, 
2,2-dimethyoxypropane (2,2-DMP), and camphorsulfonic 
acid (CSA) gave cyanohydrin acetonides 7 as a 1:l mixture 
of isomers at the cyanohydrin center in 42% overall yield 
from ester The mixture of isomers is of no conse- 

(8) Kazmierczak, F.; Helquist, P. J. Org. Chem. 1989,54,3988-3992. 
(9) Grifilth, W. P.; Ley, S. V.; Whitambe, G. P.; White, A D. J. Chem. 
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J. Org. Chem. 1986,51,423-439. (c) Racherla, U. S.; Brown, H. C. J. Org. 
Chem. 1991,56,401-404. 
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hexanes whereas the anti isomer had an Rf of 0.34 in the same solvent 
system. 
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double bond in compound 13 was oxidatively cleaved with 
oS04/NM0 and NaI04 to give aldehyde 14. The synthesis 
of cyanohydrin acetonides 15 was completed by the ad- 
dition of TMSCN to aldehyde 14 catalyzed by KCN/1& 
crown-6 complex,17 followed by treatment with acetone, 
2,2-DMP, and CSA. The cyanohydrin acetonides 15 were 
isolated as a mixture of cyanohydrin isomers in 43% 
overall yield from alcohol 8.12 

The three fragments were coupled using our alkylation 
and reductive decyanation method, which allows for the 
stereoselective construction of linear alternating polyole 
using a 1,bdioxane ring as the control Di- 
bromide 16 has C2 symmetry, so only one monodrylation 
product is possible. Overalkylation could be a serious 
problem, however, and it was avoided by using the di- 
bromide in excess. Cyanohydrin acetonide 15 wae de- 
protonated with LiNEt, in THF at -78 "C, 2 equiv of 
dibromide 16 were added, the reaction vessel was trans- 
ferred to a -18 "C MeOH/ice bath, and the bath was 
allowed to warm to 10 "C overnight. The monoalkylated 
product 17 was isolated in 63% yield, and 84% of the 
theoretical unreacted dibromide was recovered. Bromide 
17 was used as the limiting reagent in the second alkyla- 
tion, and the cyanohydrin acetonide 7 was used in 2-fold 
excess. Deprotonation of 7 and alkylation with 17 was 
carried out as described for the first coupling to give the 
adduct 18 in 9190 yield along with a small amount of 
recovered 7. Reductive removal of the cyano groups is 
normally carried out with lithium in ammonia, but model 
studies suggest that the allylic ether present in 18 would 
also be susceptible to reduction. To avoid this difficulty 
dinitrile 18 was added to 10 equiv of lithium di-tert-bu- 
tylbiphenylide (LiDBB)18 in THF at -78 "C, and the re- 
action was stirred for 1 h before being quenched with 
MeOH. The reduced product 19 was isolated in 63% yield 
as a single isomer. The 13C chemical shifts of acetonide 
methyl groups confirm the presence of three syn-chair 
acetonide rings (30.3,30.3,29.8,20.0,19.8,19.0) and one 
anti-twist acetonide ring (24.4,24.4), demonstrating that 
the two new protons are present in axial  position^.'^ 

Tetraacetonide 19 contains the C(12)4(30) subunit and 
all 10 stereocenters of (-)-roxaticin. Compound 19 was 
prepared in 11 steps and 16% overall yield from alcohol 
8, and the 3-fold convergent strategy developed here lends 
itself to the preparation of structural analogs. 

Acknowledgment. Support has been provided by the 
National Institutes of Health (GM43854-01), the Eastman 
Kodak Co., and Eli Lilly and Co. as a 1991 Lilly Grantee. 

Supplementary Material Available: Experimental proce- 
durea for all new compounds (9 pages). This material is contained 
in many libraries on microfiche, immediately follows this article 
in the microfii version of the journal, and can be ordered from 
the ACS see any current masthead page for ordering infomation. 

Scheme 111 
CH3 

B r T B r  
0 0  x l6 

W N  LiNE4,THF 17 
I 

TBS6 
o x o  

91% 1 

LiDBB, THF; ;: ::EN J MeOH 63% 

quence as the C(24) stereogenic center is reset in the next 
step. 

Synthesis of the C(12)-C(18) fragment 15 begins with 
the optically pure alcohol 8. Alcohol 8 was prepared by 
enantioeelective hydrogenation of the corresponding &keto 
eater as described by N o y ~ r i . ~ ~  The corresponding dianion 
was generated by treatment of 8 with LiHMDS in THF 
at -78 "C followed by warming to 0 "C. Frater-Seebach 
alkylation" with Me1 gave a 101 mixture of anti to syn 
stereoisomers, where the anti isomer 9 was isolated in 86% 
yield. Reduction with LAH in THF, followed by treatment 
with acetone, 2,2-DMP, and CSA gave acetonide 10. The 
benzyl group was removed by hydrogenation with Pearl- 
man's catalyst in methanol, and the resulting alcohol was 
oxidized to aldehyde 12 using Swem's procedure.16 As 
with fragment 7, the remaining stereocenter was intro- 
duced using Brown's Ipc2BCH2CH=CH2 reagent prepared 
from (R)-(+)-a-pinene,'O and the relative stereochemistry 
was confirmed by NMR analysis of a derivative.I6 After 
silylation with bis(trimethylsily1)acetamide (BSA), the 
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