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Abstract-A new and efficient method for the preparation of four possible stereoisomers of b- 
alkylhomoallylic alcohols 1 has been developed which is based on the diastereoselective addition of 
nucleophila to optically active a-alkyl-B_trimethylsilyl-/l,y-unsaturated carbonyl compounds. The utility of 
this reaction is demonstrated by the synthe+s of naturally occurring serricomin and corynomycolic acid. 

The diastereo- and enantioselective preparation of /?- 
alkylhomoallylic alcohols 1 and j?-hydroxy-a-alkyl 
ketones 2 has attracted much interest in relation to the 
synthesis of natural products such as macrolide and 
ionophore antibiotics.’ Alcohols 1 have been prepared 
by steroselective addition of allylic metal compounds to 
aldehydes’ or via sigmatropic rearrangements,3 and 
ketones 2 have been prepared effectively by stereo- 
regulated aldol condensations.4 

Recently we have developed’*6 a new and efficient 
method for the preparation of 1 and 2 which is based on 

Me3Si 
1 

the diastereoselective addition of nucleophiles to chiral 
carbonyl compounds (Scheme 1). Thus, the aldehydes 3 
react with Grignard reagents with high diastereoselec- 
tivity atfording the syn-alcohols 4 (“Cram” products),’ 
and the syn-products 4 are selectively converted into 
their diastereoisomers, anti4 (“Cram” products), via 
oxidation to the ketones 5 followed by reduction with 
NaBH,. The products 4 thus obtained can be readily 
converted to 1 and 2 by use of the reactivities of the 
vinylsilyl m0iety.s 

The high selectivity observed in this nucleophilic 
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(b) 

Fig. 1. (a) Stereo view of the supem~olecule including n* 
orbitals. (b) Direction of q ucleophilic attack. 

addition reaction can be explained by the Felkin-Anh 
model.9 Thus, the supermolecule [nucleophile (Nu) 
+carbonyl compound] shown in Fig. 1 is the most 
stable when the vinyl group is perpendicular to the 
carbonyl plane resulting in a n&-n& interaction, 
and nucleophilic attack occurs from the less-hindered 
side to avoid steric interactions.‘O 

Herein we report a general synthetic method for the 
preparation ofthe chiral aIdehyde( and (93and the 
preparation of all possible stereoisomers of homo- 
allylic alcohols 1 and 4 according to Scheme 1.‘10*12 
The utility of the present reaction is demonstrated by 
the stereoselective synthesis of serricornin’ lb and 
corynomycolic acid.’ lc 

RESULTS AND DISCUSSION 

Preparation of the optically active aldehyde 3 
The optically active aldehyde (RF3 was synthesized 

as shown in Scheme 2 starting with the optically active 

(2SJS)epoxide 6 (>95% e.e.), which was readily 
prepared by Katsuki and Sharpless asymmetric 
epoxidation of the corres ooding (EbaIk-Zen-l-o1 
using (+ )-dialkyl tartrate.’ P After protection of 6 as a 
trityl ether,14 7 was treated with l-trimethylsilyl-l- 
alkenylmagnesium bromide in the presence of a 
catalytic amount ofCu1 to give 8 as the sole product.“’ 
Deprotectionofcrude8inaqueousCHCl,COOHgave 
9, which was finally converted to (RF3 by treatment 
with NaIO,. The aldehyde (S)-3 was synthesized using 
the same method starting from (2R,3R)-6, which 
was obtained by the epoxidation of (E)-alk-Z-en-l-o] 
using (-)-dia.lkyl tartrate.” Thus, 3a was prepared 
from 6a1’* and CH,=C(SiMe,)MgBr, 3b from 
6b and CH,=C(SiMe,)MgBr, 3c from 6e and 
CHz=C(SiMe,)MgBr, and 3d from 6d and (Z)- 
MeCH=C(SiMe,)MgBr prepared by hydromagnesia- 
tion16 of 1-trimethylsilyl-1-propyne. The enantio- 
merit purity of 3 thus prepared was confirmed to be 
> 95% by ‘H-NMR spectroscopy using the chiral shift 
reagent (+)-tris[di(perfluoro-2-propoxypropionyl)- 
methanate]praseodymium(III) [( +)-Pr(DPPM)J.” 
The specific rotations and yields of 3 are summarized 
in Table 1. 

Since both enantiomers of 6’ 3 and various Grignard 
reagents of general formula CH(R’)=C(SiMe,)- 
MgBr16 can be readily prepared, the present pro- 
cedure provides a practical and general method for 
the synthesis of a wide variety of the optically 
active aldehydes 3. 

Synthesis of four possible stereoisomers of the 
homoallylic alcohols 1 and 4 

Since wesucceeded in preparing the chiral aldehydes 
3, it is feasible to synthesize the optically active j?- 
alkylhomoallylic alcohols 1 and 4 and the a-alkyl-/?- 
hydroxy carbonyl compounds 2 according to Scheme 
1.’ To confirm the enantiomeric integrity of the 
products during the transformations shown in Scheme 
1, wecaniedout thesynthesisofthefourpossiblestereo- 
isomers of la (R3 = Et) and 4a (R’ = Et) from 3a 
and EtMgBr. The specific rotations of the products la 
(R3 = Et) and 4a (R3 = Et), which are summarized in 
Table 2, indicate that each product has a high optical 
purity. We confirmed this point by converting syn- 
(3S,4S)-la (R’ = Et) and anti-(3S,4R)-la (R3 = Et) to 
the known compounds ll’* and 1!5,19 respectively 
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Table 1. Specific rotations and overall yields of 3 from 6 

Compound R’ R’ Configuration [a]:’ (c in CHCI,) Yield (“/,) 

3s H CH, R +77.0” (1.04) 67 
3a H CH, S -75.6” (0.516) 67 
3b H n-&H, R - 16.7” (1.04) 68 
3e H n-W&, R - 13.3” (0.900) 47 
3d CH, CH, R + 126” (1.04) 53 

(Scheme 3). Protection of syn-(3S,4S)-la (R3 = Et) as a 
triethylsilyl ether followed by ozonolysis afforded the 
aldehyde 11 in 93% yield. On the other hand, 15 was 
prepared as follows. Ozonolysis of the benzyl ether of 
onti-(3S,4R)-la (R3 = Et) followed by Jones oxidation, 
esterification with CH,N, and deprotection afforded 
compound 15. The optical purities of 11 and 15 thus 
prepared were found to be ~095% e.e. by comparison of 
the rotation values in the literature.‘s*‘9 

Synthesis of(4S,6S,7S)-serricornin (16) 
Serricornin (16) is the sex pheromone of the cigarette 

bettle (Lusioderm serricone F), which is a major pest of 
cured tobacco leaves. ” Recently, the absolute 
stereochemistry of serricomin (16) was established by 
Mori et al. as 4S,6S,7S for its open-chain acetate 17.21 
Because of the practical value of serricornin, its 
synthesis has attracted much attention.20b*21*22 We 
synthesized serricomin according to Scheme 4 starting 
with the optically active syn-(3S,4S)-la (R3 = Et) 
prepared as described above. 

2L 17 - 

Hydromagnesiation23 of syn-(3&4S)-la (R’ = Et) 
with i-BuMgCI in the presence of a catalytic amount of 
Cp,TiCl, (10 mol%) in THF followed by treatment 
with gaseous CO2 and addition of formic acid to the 
reaction mixture afforded the lactone 19 in 54% overall 
yield. It should be noted here that lactone 19 has also 
been synthesized via hydroformylation of syn-la (R3 

= Et) and subsequent oxidation of the resulting cyclic 
hemiacetal. as recently reported by Wuts et 01.” 
Methylation of the lactone enolate derived from 19 
proceeded diastereoselectively,25 affording the lactone 
20exclusivelyin86%yield. Reactionof2Owith EtMgBr 
afforded (4S,6S,7Qserricornin (16). The product 16 
wasconvertedintoitsacetate17[[a]~3 - 17.9”(cO.168, 
hexane); Ref. 21b: - 17.7” (c 0.1 SS)] in 68% yield from 
20. The ‘H- and 13C-NMR spectral data of 17 were in 
accord with the values reported in the literature.2’b 

A general synthetic methodfor the preparation of mycolic 
acids 

Mycolic acids, mostly found in nature as esters of 
carbohydrates, are high-molecular-weight fatty acids 
having 28-90 carbon atoms and have the basic 
structure RCH(OH)CH(R’)COOH.26 The stereo- 
chemistry of mycolic acids examined so far have been 
shown to be 2R,3R, as illustrated in formula 21.27 

OH 

COOH A/ 
COOB 

z-c 15H31 i 

21 
22. 

Although these acids have interesting biological 
properties,260nly a few syntheses of racemic forms of 21 
have been reported where the 2,3-anti stereochemistry 
was achieved with rather low stereoselectivities2s 
Furthermore, these methods do not seem to be 
applicable to the synthesis ofenantiomerically pure 21. 
To demonstrate the etfectiveness of our new method 
for the preparation of the optically active S- 
afkylhomoallylic alcohols 1, we next chose 21 as a 

Table2.Absoluteconfigurationandspeciticrotationoflr(RJ = Et)and4a(R’ = Et)prepared 
by the procedure shown in Scheme 1 

4a (R3 = Et)’ Ia (Ra = Et)’ 

Configuration [a]:’ (c in CHCl,) Coafiguration [a];’ (c in CHCI,) 

(3R4S) - 269” ( 1.04)b (3S4S) - 45.0” (0.952)b 
(3R,4R) - 13.9” (1.41)b (3S4R) - 12.2” (0.426)b 
(3S,4R) +26.2”(1.00) (3R.4R) + 45.0” (0.600) 
(3S.4.V + 14.0” (0.998) (3R.4S) + 12.5” (0.880) 

’ Diastereoisomeric purities were > 99%. 
b Optical puritia (co 95%e.e.) weredetermined by converting them to the known compounds 

11 and IS. See text. 
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min at room temp. Usual workup followed by filtration and G. Tsuchihashi, Tetrahedron L.elt. 25, 2479 (1984); 
through a column of silica gel gave the acid. fdem, Ibid. U, 1817 (1984). 

A mixture of the above acid and W/C (300 mg. loo/,) in 
A&Et (30 ml) was stirred at room temp overnight under H,. 
Filtration through a column of silica gel followed by 
evaporation of the solvent gave a white solid, which was 
purified by chromatography on silica gel to afford 22(371 mg, 
90% from 24). the physical data of which [[u];’ + 7.34” (c 1.90. 
CHCI,); m.p. 70-71.5”] were in good agreement with the 
literature values 19a [[aID + 7.5” (c 1.64, CHCI,); m.p. 70.0”]: 
‘H-NMR(CDCl,)60.5-1.8(m).2.14-2.76(m. lH), 3.55-3.93 
(m. 1H). 

13#T. Katsuki and K. B. Sham1ess.J. Am. Chem. Sot. 102.. 5974 
(198O);‘B. E. R0ssiter.T. iats;ki and K. B. Sharpless; Ibid. 
103.464(1981). 

” S. K. Chaudharv and 0. Hemandez. Tetrahedron f&r. 95 
(1979). - 

“This regioselective ring-opening of epoxide with Grignard 
reagents is based on unpublished results of T. Takahashi. 
H. gkumoto and J. Tsu$. 

The spectral data of (+ bcorynomycolic acid methyl ester 
were as follows: ‘H-NMR (CDCI, + D,O) 6 0.7-2.0 (m), 2.42 
(q. J = 6 Hz, IH), 3.68 (s. 3H). 3.5c3.80 (m, IH). 

16F. Sate, H. Ishikawa and M. Sato, Tetrahedron Lat. 2285 
(1981); F. Sate, 1. Organometal. Chem. 285. 53 (1985). 

“N. Ishikawa, H. Honda and F. Yamaguchi, presented at 
the Annual Meeting of the Japan Chemical Society, 
Tokyo, April (1983). 
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