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Summary: The tiile epoxy aldehyde (~-98% ee) has been prepared. Its reactions 
with nucleophiles afforded the corresponding adducts with a 
diastereoselectivity up to 86:14. Synthetic versatility of the chiral epoxy silane 
moiety makes this aldehyde a useful conjunctive reagent. 

Addition of nucleophiles to carbonyl compounds having other functional group(s) is a 

potential method in the synthesis of complex molecules, in which the functional group can 

play a dual role (i) to control the relative stereochemistry between itself and the incoming 

nucleophile and (ii) to enable further synthetic elaboration starting from this 

functiona1ity.l) Here we disclose a new entry to such compounds, that is, the title a1dehyde2) 

which has an optically active epoxy silane moiety. 

We have reported a preparation of highly optically active (2S, 3S)-2.3-epoxy-3- 

trimethylsilyl-1-propanol (1) by a catalytic version of the Sharpless asymmetric epoxidation 

(with L-(+)-diisopropyl tartrate) from 3-trimethylsilylallyl alcohoI.3) Oxidation of this 

alcohol should afford the title compound, but it was not trivia1 due to the presence of a 

sensitive epoxy silane moiety. The Swern oxidation (DMSO-(COCl)2/NEt3)4) was of a low 

reproducibility to give a varying amount of a by-product which was frequently the only 

product recovered.5) However, after considerable experimentation, we found a Swern 

version using DMSO-S03.py/NEt36) afforded a satisfactory result: the desired aldehyde 2 could 

be obtained constantly in good yields after workup and simple distillation (eq 1).7) The ee of 

the aldehyde was verified to be ~98% by its reduction (NaBHa) to the parent alcohol 1 whose 

ee was again determined to be >98%. 

Me& &OH 
75-802 

MclSi&CHO 

1 >98%ee 2 >98%ee 

With the aldehyde 2 in hand, we proceeded to survey its reactivity with organometallic 

reagents. Since the nucleophilic additions to aldehydes having trans-a,p-epoxy group are 

known to show low diastereoseIectivities8) except for a certain case where a technique of 

bouble asymmetric synthesis was applied,9) we revisited to see the syn-/anti-selectivity on 

this particular aldehyde 2 (eq 2). Chemoselectivity between aldehyde and epoxy silane, the 
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latter of which is also reactive towards nucleophiles,lO) is another problem. The results are 

summarized in Table 1.1 1) 

Table 1. Reaction of 2 with organometallics 

Me$i..+$.+ 
0 

“R-Metal” MqSi 

* 
R + Me,Si&R 

CHO (1.0-1.6 equiv) ; (2) 

2 syn OH 3 anti OH 

Entry “R-Metal” Conditions 3 synfaniin Yield (%)b 

IO 

11 

12 

CHa=CHCH2MgCI 

PhMgBr 

BuLi/Ti(OiPr)4 (1:l.l) 

Et2Zn/Ti(OiPr)~ (1:l.l) 

BrZnCHzCOZEtd 

O- Na+Li+d 

a O’Bu 

,I + &Cl2 (1:l) 

,I + ZnC12 (1:2) 

THF, -78OC f 39 : 61 __ 

THF, -78°C f 26 : 74 67 

13 Me$iCN/KCN-18-c-6 toluene, -30°C gf 80:20 or 20:80 89g 

“Synlanti ratio determined by ‘H nmr analysis of a crude product. Assignments 

of syn-/anti-structures are described in text. bCombined, isolated yield. ‘R=Et. 

dPrepared according to ref 12. eR=CH2COCH2C02’Bu. jR=CN and the product is the 

silyl ether (ref 13). gYield of a crude sample essentially pure by ‘H nmr. 

BuLi 

11 

BuMgBr 

II 

EtZO, -78°C a 

THF, -78’C a 

Et20, -78°C a 

THF, -78°C a 

Et20, -78°C b 

THF, -78’C C 

hexane, r.t. a 

hexane, -20°C dC 

CHZ(OMe)2+ 0°C e 

29 : 71 

39 : 61 

26 : 74 

36 :64 

46 : 54 

65 : 35 

30 : 70 

14 : 86 

20 : 80 

THF, -78°C fe 40 : 60 43 

75 
__ 

__ 

72 

66 

69 

low 

81 

87 

Alkyllithium and Grignard reagents showed moderate selectivities (l:l--1:3) (entries 1-6) 

which are consistent with our previous resultsi) In general, organozinc reagents showed 

higher anti-preferred selectivities (entries 8, 9, and 12).t4) Et2Zn-Ti(O-i-Pr)4 is noteworthy 

to show the highest value of 14:86 (entry 8) which is also the highest diastereoselectivity 

recorded for reactions of rrans-a,8-epoxy aldehydes with achiral reagents.8*15) This 

selectivity would come from the zinc-titanium reagent itself rather than the trans-silyl 

group remote from the reaction center. The stereochemistries of the products 3a-d were 

determined by their 1H nmr spectra which had been reported previously.1 1) The structure of 

(major-)3e was correlated with that of (major-)3f (eq 3)16) which was shown to be the 

depicted one (anti) based on a derivatizationl7) 

LiCH2C02’Bu 
=- Mc?si+C02%u ( 3 ) 

6H 0 

major-3 e major-3f 



The formation of the cyanohydrin (entry 13) also proceeded with a good diastereoselectivity 

eventhough its mechanism must be quite different from that of organozinc additions. It 

deserves a comment that, at our hands, some reagents such as BuZnI/CuI/BF3.0Et2,18) TiChO-i- 

Pr,ix-BuLi or BuMgBr,l9) and MejSiCN/2n1213) could not be used, resulting in destruction of 2 

due probably to the fragile epoxy silane moiety under these reaction conditions. 

The adducts 3 should be useful intermediates as such or after stereochemical tune, if 

necessary.20) Thus the second extenfion of a carbon chain and/or introduction of a 

functional group can be achieved based on the versatile epoxy silane moiety, broadening the 

utility of 2 as a conjunctive reagent. A few representative reactions are illustrated in 

Scheme I,3,10,21,22) 

Scheme 1 

For example, a reaction of 3e with Et2AICN (1.3 equiv) afforded the a,B-unsaturated 

nitrile 4 without being affected by its hydroxy and ester groups (eq 4j. The compound 5 

prepared from pure anti-3f in 2 steps reacted with Ph2CuLi to give 6 in goad yield, 

demonstrating an introduction of the optically active side chain of HMG-CoA reductase 

inhibitors to an aromatic ring (eq 5).l 7, 

3e 
EtzAICN NC dwCO,Et 

54% dH 

4 

(4) 

MesSI 

anti-3f _ 
co iBu PhzCuLi 

2 
=’ Ph d/CO;Bu ( 5 ) 

90R 

5 6 

In summary. reactions of the new, optically active aldehyde 2 prepared here 

demonstrate its syntheric utility as a conjunctive reagent. Further synthetic applications of 

2 are now under active investigation. 
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