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Abstract: 2,3-Epwy tosylates may be reduced with D/BAIL-H In CH$lX2 or ether at -40 T 
to I-tusylq-2-alkanois in high (SW-98%) yields. 

Two years ago, we reported that 2.3-epoxy tosylates (1, Scheme 1) may be reduced with excess 

DIBAL-H to provide 2-alkanols.1 When coupled with Sharpless asymmetric epoxidation technology,2 this 

chemistry provided ready access to methyl carbinols of high enantiorneric purity. We felt that a general 

synthesis of enantiopure secondary alcohols 4 could be developed if the reduction could be controlled to stop at 

hydroxy tosylate 2, and have been actively studying this possibility. Recently, a 2-step conversion of 1+2 

involving initial epoxide opening with a halide ion followed by reduction with Bu3SnH was reported.3 It was 

suggested that dimct reduction of 2,3-epoxy tosylates to 2-hydroxy tosylates is not possible. We now report 

that the direct transformation of 1 to 2 with DIBAL-H is possible and. in fact, is a very viable reaction which 

proceeds in high yields. 

Scheme 1 

OH OH 

2 4 

A summary of initial studies with epoxy tosylate la (R = n-Ct&q) appears in Table 1. As expected,’ 

reaction of la with an 3 equivalents of DIBAL-H (CH2C12. -20 “C-m) lead to the fully-reduced methyl carbinol 

3a in high yield. With only one equivalent of DIBAL-H, no reaction was observed. However, the use of two 

equivalents of DIBAL-H at low temperatures (40 “C) gave the desired hydroxy tosylate 2a in moderate yield 

(along with recovered la) with no evidence of the over-reduced 2-alkanol (entry 3). Further increasing the 

amount of DIBAL-H to 3 equivalents allowed for a much faster reaction, and complete conversion of la to 2a 
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was observed within 3 h at at -40 “C (entry 4) or 90 min at -20 “C (entry 5); 2a was isolated in excellent yield 

and, very importantly, no over-reduction was observed. Essentially the same result was obtained with Et20 as 

solvent4 It is intmsting to note that even a large excess of DIBAL-H did not lead to any over-reduction as long 

as the reaction was kept cold (entry 7). 

Table 1. Reactions of Epoxy Tosylate la with DIBAL-H. 

la 

DIRAL-H 
L- ~cIoHa,~s + n+H*,/yCHa 

OH OH 
2a 3a 

Entry equiva solvent 

1 3 CHzC12 

2 1 CH2Cl2 

3 2 CH2C12 

4 3 CH2C12 

5 3 CH2C12 

6 3 Et20 

7 8 Et20 

8 3 THF 

9 3 hexanes 

time (h) 

3 

8 

7 

3 

1.5 

3 

3 

6 

2.5 

Ratio 2a:sab %Yield 2ac 

c2 : >9g od 
__:__ oe 

>98 : <2 58f 

>98 : e2 96 

298 : <2 97 

798 : <2 94 

>98 : <2 95 
-- : __ oe 

<2 : 298 od 

10 2 hexanes -40 2.5 85: 15 64 

a Molar equivalents of DIBALH used relative to la. 
b Ratios were determined by ‘H NMR analysis of crude reaction mixtures; 

>98:<2 indicates that no signals for the minor component were observed. 
C Isolated yields of purified (flash chromatography) 2a. 
d Alcohol 3a was isolated in 98% yield. 
e Starting material was recovered in high (>95%) yield. 
f Starting material (35%) was also isolated. 

In other solvents under the same conditions (3 eq DJBAL-H, -40 “C), varying results were obtained. No 

reaction was observed in THF while complete reduction to alcohol 3a occurred when hexanes was used. These 

results am consistent with the expected decrease in reactivity of DIBALH in mote coordinating solvents.5 

We examined the reduction of other epoxy tosylatese using conditions established with la; results are 

shown in Table 2. These results are largely seif-explanatory but it is worth noting that consistently high yields 

wem observed with both cis- and trans-epoxides and even with the cyclohexyl-substituted epoxide If. 
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Table 2. Preparation of Hydroxy Tosylates 2 from Epoxy Tosy1ates.a 

RI 
3 equiv DIBAL-H 

+ ) Rz OTs 
CH,Cl,. -40 “C 

1 OH 
2 

emy substrate R1 R2 product (0 yleld)b 

1 la n-ClOH21 H 2a (96) 

2 lb H n-C10H21 2a (96) 

3 lc n-Cd13 H 2b (94) 

4 Id H n-w13 2b CW 

5 le H Ph 2c (98) 

6 If H C-C&HI 1 2d (96) 

7 lg CH3 CH3 2g (83)c 
8 lb CH3 w-hid 2h (9i)e 

9 li w-w CH3 2i (76)f 
a For entries l-6. reactions were run for 1.5 h: for entries 7-9.4.5 h. 
b Isolated yields bf purified (flash chromato&phy) products. 
C The crude reaction mixture also contained some of the product arising 

from reduction at C-2 (ratio of C-3:C-2 opening = 15: 1) 
d -II= 4-methyl-3-pentenyl 
e Contaminated with 2i (2h:2i = 2: 1) 
f Contaminated with 2h (2h:2i = 1:7.5). The crude reaction mixture 

also contained some of the product arising from reduction at C-2 (ratio 
of C-3:C-2 opening = 5.5: 1) 

With trisubstituted epoxides such as lg, lh, and li (which bear two alkyl groups at C-3). reaction still 

occurred selectively at C-3 but with some loss in stereochemical purity. Epoxy tosylate lh, derived from 

geraniol.7 reacted with high regioselectivity (none of the 3-hydroxy tosylate was detectedg) but the Zhydroxy 

tosylate was isolated as a 2: 1 (2h:2i) mixture of diastereomers. The stereoisomeric epoxy tosylate li. derived 

from nerol, gave the same products but in a ratio of 1:7.5 (2h:2i) along with small amounts of the 3-hydroxy 

tosylate. These results are consistent with SNl-like reactivity and might be expected given the Lewis acid 

properties of DIBALH. 

The hydroxy tosylates prepared by this methodology should be useful as chiral building blocks for the 

preparation of simple or functional&d 2” alcohols. For example, treatment of 2a, 2b. 2c, and 2d with n-BuLi 

(THF, 0 “C) gave the expected epoxides in yields of 93%. 96%. 98% and 96%. respectively (Scheme 2). It is 

welEdocumentedlO that these terminal epoxides may be transformed into 2O alcohols by reaction with a host of 

nucleophiles including amines,ll alkynylmetallics,l2 azide.13 cyanide,14 malonate,s organocopper reagents,15 

and thiols.*6 It has also been shown that treatment of I-tosyloxy-2-alkanols directly with organocopper 

reagents gives 2’ alcohols.3 
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Scheme 2 

R = n-Cn,H2r, n-CaHls, Ph, c-CeHl, 

In conclusion, we have established conditions for the direct conversion of 2.3-epoxy tosylates to 2- 

hydroxy tosylates with DIBAL-H.17 Given the ready availability of enantlomerically enriched 2,3-epoxy 

tosylates and the multitude of synthetic applications for the products, these results should be of some use. 

We thank the Natural Sciences and Engineering Research Council of Canada for financial support. 
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