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Abstract: A new, stereocontrolled rearrangement of epoxy sllyl ethers leading to j%sdoxy aldehydes has 
been effected with stotchlomemc use of ex&pnonally bulky, oxygenophthc methylalummum hs(4-bromo- 
2.6-dl-fert-butvlnhenoxlde) (MABRI under rmld conhtlons Used m combmatlon with the Shamless 
asymmemc epoxidanon of &ltc alcdhols, tIus rearrangement represents a new approach to the syntheits of 
various opncally achve phydroxy aldehydes. useful mtermdates m natural product synthesis The mtied 
organoalurnmum reagent, MABR 1s also applicable to the transformahon of a variety of ample epoxldes to 
carbony compounds wtth htgh efficiency and select~vlty Further, the catalync version for the rearrangement 
of epoxy sllyl ethers as well as simple epoxldes has been newly devrsed The scope and lmutatlon of this 
CatdyhC method has ken clanfkd wth various epoxy substrates 

The acid-catalyzed rearrangement of epoxldes to carbonyl compounds IS certainly a well-known 

transformatton and a number of reagents have been elaborated for this purpose 1 Among these, only a few 

reagents have been employed successfully for the rearrangement of funchonahzed epoxldes with respect to the 

efflctency and selecnvlty of the reachon In this context, we have been Interested for some ume m the 

posslblhty of effecting the rearrangement of optically active epoxy sdyl ethers which were readily available 

from allyllc alcohols by Sharpless asymmemc epoxldanon 2 As illustrated m Scheme I, two types of 

rearrangement are concetvable The type-1 rearrangement of epoxy sllyl ethers glvmg Phydroxy carbonyl 

Scheme 1 OSIR, 
_c/p\c* A* --- 

l I I 

Type 1 I Type 11 
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compounds has been recently effected by the use of tltan1um tetrachlonde 3 The type-II transformation, 1f 
successful, would serve as a new and highly convenient access to the synthesis of various opucally active p 

slloxy aldehydes, useful lntermtiates m natural product synthesrs 4.5 

Iruually, we stu&ed the rearrangement of the tert-butyldlmethylsllyl ether of epoxy geranlol 1 Tins IS a 

challenging substrate due to 1ts susceptlb111ty to vanous side-reacuons including olefinlc cychzatlon, 

ehmmanon, and nucleoph111c trapping, upon formation of the mtermerllate carbocanon 3 In fact, attempted 

rearrangement of 1 with several conventional Lewis acids gave nse to none of the desired ps1loxy aldehyde 

2 (Scheme 2) For example, reacaon of 1 wth BF3 OEt2 (2 eqmv) at low temperature afforded fluorohydnn 

5 1n 74% yield, while the chlonnauon product 6 was produced as a major product (52% yield) by T1C4 (2 

equ1v) We mtexpreted the general ticulty us obtam1ng the desired ps1loxy aldehyde 2 as being due to the 

reluctant transfer of the (terr-butyl&methylslloxy)methyl moiety as shown 1n 4 Hence we thought that the 

use of a stencally hindered, oxygenoph111c organoalurmnum reagent rmght be most suitable for effecang the 

1nmal epoxlde-cleavage followed by smooth alkyl transfer, 1n view of the stenc repulsion between a bulky 

organoalummum 11gand and a s1loxymethyl moiety The bulk of the phenoxlde 11gand would also inhibit 1t 

from mteractmg wtth the 1ntermedlilte canon 3 as either a base or a nucleophlle 

Scheme 2 

AnkLosiMe2B”’ MLn 
1 [ TZL” 1 3 OSIMezBut 

Attempted use of methylalummum b1s(2,6-&-tert-butyl-4-methylphenox1de) (MAD), whtch has been 

employed successfully for stereoselectlve actlvanon of the carbonyl mo1etyP resulted 1n only gradual 

formation of p-s1loxy aldehyde 2 at -78 OC, although at -20 OC the reacnon was over after 1 h In marked 

contrast, however, the more Lewis acidic methylalumlnum b1s(4-bromo-2,6-d1-tert-butylphenoxlde), 
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abbreviated to MABR,‘I effected the clean rearrangement of 1 to 2 (99%) at -78 OC in 1 h, showmg the 

importance of the p-bromo substltuent m MABR for rate acceleration of the reaction 8 Less bulky 

&methylalummum 4-bromc+2.6-&-tbutylphenoxlde lowered the yield (63%) of the reactIon (-20 OC for 90 

mm), while methylalummum bls(4-bromo-2.6~dusopropylphenoxlde) afforded the ehmmatlon product 7 

(16% yield) as the major product accompanied by only trace of 2 Consequently, use of two bulky 4-bromo- 

2,6-dl-rerr-butylphenoxy hgands 111 MABR IS crucial for effectmg the smooth rearrangement of 1 

Br 

(M-R) 

With this mformatlon m hand, our attention was focused on the rearrangement of opncally active epoxy 

sllyl ethers which were retily obtamable as both enantlomers by the Sharpless asymmemc epoxldatlon of 

allyhc alcohols followed by sdylanon, as Illustrated m Scheme 3 When the opucally active epoxy tert- 
butyldunethylsllyl ether 8 (98% ee)2b was treated with 2 equv of MABR m CH$& at -78 oC for 40 mm, the 

Scheme 3 
1) wph, 

(+)-DIPT 

t-BuOOH .O 

Ph~OSlMe2Bu~ 

8(99%ee) 

Ph-OH 

PhAOSihtezBut 
2) t-BuM~SiCI 

lmldazole 10 (98%ee) 

f 
OSih!ezBu’ 

- Ph&Ho -78’C 

40 mln 9 

87% (98% ee) 

.’ 
OSiMezBut 

w 

-78’C Ph&HO 

40 min 11 

85% (98% ee) 

correspondmg jkloxy aldehyde 9 ([a]~ -31 80 (c 1 0, CHC13)) was obtamed m 87% yield The opncal 

punty and absolute configuranon of 9 were determmed from the optical rotation of 2-phenylpropanol which 

was denved from 9 by the followmg sequences (Scheme 4) (1) NaBQ, MeOH, (2) MsCl, NEt3. CH2Cl2, 

(3) PhSNa, THF-EtOH, (4) Raney NI, EtOH, (5) BwNF, THF9 Based on the reported optical rotanon 

([alo -19O (c 0 83, benzene)) of the optically pure (S)-2-phenylpropanol, 10 the Q-2-phenylpmpanol ([a]D - 

18 60 (c 0 84, benzene)) denved Tom 9 possesses vutually the same optical punty as the startmg s~lyl ether 

8 Hence, th:s organoalummum-promoted rearrangement proceeds with ngorous transfer of the chuahty of 8 

and the observed stereoselectlvlty can be mterpreted to anse fmm the anrr rmgrahon of the sdoxyrnethyl group 

to the epoxlde moiety Sumlarly, the enanhomenc epoxy sllyl ether 10 (98% ee)2b was equally transformed 
to the enantlomenc Paloxy aldehyde 11 ([a]D +32 30 (c 10, CHC13)) under the same condmons 
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NaBH, 

1) Raney NI 
1 

2) Bu,NF 

OStYe,But 

Ph L OH 12 

I 

1) MsCI/NEt3 
2) PhSHlNaH 

Ph 

[aID -18 6” (c 0.84, benzene) 

Other selected examples of the epoxy alcohol rearrangement (Table I) clearly m&cate the effechveness of 

our approach The rmgratory aptitude on the substitutton patterns of epoxy alcohols should be noted As a 
whole, the facile rmgratton of the alkyl group IS observed m the case of y,+substttutcd epoxy alcohols 

(entnes 5,8,16, and 18) The ymonosubstituted epoxy alcohols possessmg aryl or alkenyl groups are also 

suscepnble toward the rearrangement (entnes 1, 4, 11, and 15) However, epoxy alcohols with other 

subsutuaon patterns do not undergo the desired rearrangement For example, the tert-butyltiethylstlyl ether 
of trans-2,3-epoxy-1-hexanol (ymonoalkylsubsututed epoxy alcohol) was unreacnve wtth MABR after 

several hours at -78 o or -20 oC and gradually decomposed at 0 oC The tert-butykhmethylstlyl ether of Q- 
2,3-epoxy-2-methyl-1-pentanol (j@dtsubstttuted epoxy alcohol) gave 2-[(tert-butyldunethylsdoxy)methyl]- 

2-methylbutanal m 57% yield with mlgratton of the ethyl group under the standard con&ttons (entry 19) 

This rearrangement IS not dependent on the configuration of the P-carbon smce both epoxy geramol and 

epoxy nerol gave nse to the same aldol2 as a sole Isolable product (enmes 5 and 8) The stereochemistry at 

the mlgratmg nloxy carbon 1s ngomusly retained m the rearrangement (enmes 11,15, 16. and 18) For 

example, the essenaally pure erythro isomer 14 (>99%, >98% ee) of the optically active epoxy stlyl ether, 

which was readdy obtamed by the enanaoselecttve epoxldanon of racenuc (E)-4-phenyl-3-buten-2-o&l1 

smoothly rearranged under the influence of MABR (2 eqmv) to produce the opttcally acave, rhreo ps~loxy 

aldehyde 15 exclusively (entry 11) as depicted m Scheme 5 

Scheme 5 
WOP+k (1 es) 

(+)-DIPT (1 2 eq) 
. ..-F 

OH Ph 
WJ 

t-BuOOH (0 5 eq) 
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(>99% crythro) 
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t-BuMq$tCl 
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( 
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87% yield 

Ph OStY+Bu’ 
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Table I Organoaiummum-Catalyzed Rearrangement of Epoxy MyI Ethers 0 

entry epoxy sllyl ether b MABR condmons @-stloxy aldeityde 96 yield ’ 

(mol %) &, h) 

1 ..d 0 : 

2 Ph-OSMe,Bu’ 
200 

2. 

3 8 (98% ee) 10 

4 Ph~OSMe~B”’ 

10 (98% ee) 

5 

6 

7 

200 
20 

10 

-78, 1 
-78, 0 2, 0, 0 5 

-78, 0.2, 0, 1 

99e 

82e 

74e 

(90% ee) L OSiMqBd (Q-2 (90% ee) 

8 200 -78, 1, -40,O 5 98e 
9 20 -78. 0 2, 0, 1 79e 

10 10 -78, 0 2,0, 3 68 e 

14 (~98% ee) 
Ph*CHO 

15 (~98% ee) 

200 
20 
20 
10 

-78, 0 5 
-78, 1, -40. 1, -20, 1 
-40, 0 5 
-78, 0 2, -20, 0 5, 0, 0 5 

87 
74 (2) f 
75 (7)f 

71(7)f 

200 -78. 0 3 OSl+Bu’ 

OSiMe,Bd 
CHO 

93eh 

(2S,3S)-1 (95% ee) 

-78, 0 5 
OslMe2BU’ c 95 

-20, 0 3 Ph*CH0 82d 

-20, 0 3 9 (98% ee) 74d 

-78, 0 5 ,OSIW+Bu’ 85 

Ph-CHO 

11 (98% ee) 

26 
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e*ny epoxy silyl ether b MABR con&aons pslloxy aldehyde % yield ’ 

(mol 8) (‘C, h) 

16 
17 

200 

20 

x ~~OSiMe,Bu’ 

23 

-78,O 5, -20, 2 

h /.CHO 

88 ’ 
-78, 0 2, 0, 5 e 

--OSiMe,Bd 
77 

Y- 27 

18 
;0 

200 -20, 2, 0,7 

S? 

OSiMe,Bd 

I9 &:.e*B”t 200 -20v l 

CHO 82J 

25 

o~OSIMe2But 57 
29 

0 The reachon was camed out m degassed CH2Cl2 solvent by using 0 l-2 eqmv of MABR per 
epoxy sllyl ether under the m&cated reachon condmons b The optically active substrates are 

utilized except the enmes 15 and 19 C Isolated yield d The 112 situ denvanzanon of 9 to the 

alcohol 12 vvlth DIBAH e With NaF-Hz0 workup /Yield of erythro isomer 8 Eryrhrolrhreo 
= 3 1 for the stamng epoxy silyl ether hThe eryrhrolthreo rat10 of the pslloxy aldehyde 1s 1 3 

by 1H NMR analysis 1 Opncally acuve (+)-frans-pqentol(>95% ee by ‘H NMR analysis after 
convcrslon to its (-)- and (+)-MTPA esters) was kindly provided by the Takasago Co Ltd I 
Optically active (+)-czs-plpentol was prepared from (+)-truer-plpentol by the Swem oxldatlon 
followed by reduction with DIBAH. 
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In the present rearrangement on epoxy stlyl ethers, the Legs acid could m pnnciple be reduced to a 

catalytic amount tf MABR can be regenerated wthout being Inactivated by coordination to the aldehy&c 

product or by other side reactions (Scheme 6) 12 The advantages of the catalync version are apparent m the 

areas of economy, ease of large-scale preparaaon and lsolatlon, and the synthetic potential for in ~ztu 

denvatlzatlon of the carbonyl products Accordmgly, we have attempted to develop the catalytic version of 

the epoxy silyl ether rearrangement 

Scheme 6 I @3 

I I I I 
16 

Reaction of rert-butykhmethylstlyl ether 1 of epoxy geramol with MABR (2 equlv) m CHzCl2 at -78 oC 

for 1 h was already shown to gave rearranged pslloxy aldehyde 2 m 99% yield In contrast, when this 

epoxlde was treated with the catalytz amount (20 mol%) of MABR m CHzCl2 at -78 oC, the rearrangement 

proceeded very slowly and vutually stopped after achieving only -20% conversion at this temperature 

Apparently coordmahon of carbonyl oxygen to an alummum reagent 1s stronger than that of epoxlde oxygen, 

thereby requmng the stolchlomemc use of MABR for complenon of the rearrangement Addmon of Me$Kl 

or 4A molecular sieves (activated powder) was not effective m inducing attempted dlssoctatlon of the 

aluminum reagent-carbonyl complex 17 or m captunng the rn SW generated aldehyde 2 However, on 

warmmg to -20 oC the rate of the rearrangement was markedly accelerated and was complete urlthm 30 mm 

to furnish the desired aldehyde 2 m 82% yield 

Several other examples are included in Table 1 Use of NaF-Hz0 workup13 further slmphfies the 

expenmental operation m this catalytic process. It should be noted that the erythrolrhreo stereoselecuon can 

be dmumshed m the case of certam ophcally active epoxy sllyl ethers (enmes 12- 14) Reaction of 14 with 

lo-20 mol% of MABR at -78 - 0 oC gave nse to the desired rhreo-aldehyde 15 accompanied by lsomenc 

erychro-aldehyde as a mmor product (entnes 12-14) Rearrangement of other opacally active substrates 

proceeds nicely (enmes 2,3,6,7,9, 10, and 17) 

The key element of the present mtificatlon 1s the use of a higher reaction temperature (though stdl at or 

below 0 oC) than urlth the stolchlomemc reaction m order to induce the dlssoclatlon of alummum reagent- 

carbonyl complex 16, thereby allowmg the regeneration of MABR for further use m the catalyhc cycle of the 

reacuon (Scheme 6) The facile &ssoclation of complex 16 as well as the smooth rearrangement of epoxldes 



ts apparently ascribable to the exceptronal bulkiness of MABR The less bulky methylalummum brs(4- 

bromo-2,6-drisopropylphenoxtde) was found to be totally meffecttve for the rearrangement of ferf- 

butyldtmetbylstlyI ether 1 of epoxy gerantol 

The bulky alummum reagent, MABR ts also appltcable to the rearrangement of a vanety of sample 

epoxrdes under very mrld condmons wtth high efficrency and selechvtty as mdrcated in Table 2 l4 For 

mstance, whrle attempted reanangement of rerr-butyldtmethylsrlyl ether of epoxy cnronellol wrth BF3 OEt2 

resulted m formanon of a number of products, treatment with MABR produced the rearranged aldehyde (see 

entry 14). Certam drene monoepoxrdes exhrbtted unusual behavior under the tnfluence of MABR (entry 18) 

when compared wrtb the prevtously known transtnon metal (Pdu and Rh*) catalysts 12 Once agarn the amount 

of Lewis acid, MABR can be reduced to 5 mol% for many of the epoxy substrates However, certatn 

substrates cannot be successfully rearranged m the catalytrc process (enmes 7 and 15) For example, 

treatment of termmal epoxtde 18 wtth catalytic MABR (20 mol%) m CH2C12 at -20 Oc for 30 mm afforded 

dunertc alcohol 19 as a major product (Scheme 7). Presumably, this nde reacnon proceeds by uuttal epoxtde 

cleavage followed by trapping of the mtermedtate carbocatton 21 wtth excess epoxtde m preference to the 

normal rearrangement Furthermore, epoxtdes denved from monosubstrtuted olefins and internal dtalkyl- 

subsmuted olefins are unreacnve even with a twofold quannty of MABR. 

Scheme 7 
CHs 

0 Al GlbO 10 

WI9 OH 
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Table 2. Organoalummum-Catalyzed Rearrangement of Epoxldes to Carbonyl Compounds a 
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ew epoxlde MABR condmons 

(mol %I C’C. h) 

product % yield ’ 

1 
2 

3 
4 

5 

6 
7 

8 
9 

10 

11 
12 

13 

14 200 -78, 1, -20, 1 98 

15 20 -20,1,0,2 0 

16 
17 

18 

phAph 2i 

0 

A 
200 

30 
20 

Gel 

Al 
200 

0 
wf19 

20 

18 

Ph 
0 

6 

200 
10 
5 

0 / 0 
200 

20 

??I 
200 

0 

-78, 0 5 
-20, 0 3 

-78, 2, -20, 0 3 CHo 

-20, 0 5 

-20, 0 5 

PI 

-78, 0 5 -20, 0 3 LO WI0 
20 

-78, 0 5 Ph CHO 

-20, 1 -20, 1 (i 

-78, 0 3 

-20, 0 5 
-20, 0 2 

{m 

-78, 1, -20, 4 5 
-20, 1, 0, 2 

-78, 1, -20, 1 5 

93 
95 

94 

77 
58 

96 
0 

98 
96 
91 

87 
90 
84 

73 

0 

90 

a The rearrangement was can-ted out m degassed CH& by using 0 05-2 eqmv of MABR per 

epoxlde under the m&cated condmons b Isolated yield by column chromatography 
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Experimental SectIon 

General. Infrared (IR) spectra were recorded on a I-btachl 260-10 spectrometer 1H NMR spectra 

were measured on a Vanan Gemml-200 spectrometer Analytical gas-11qu1d phase chromatography (GLC) 

was performed on Gasukuro Kogyo Model 370 and Shunadzu W-IA mstruments equipped with a flame 

ionization detector and a capillary column of PEG-HT (0 25 X 25,000 mm) using nitrogen as tamer gas 

Optical rotations were measured on a JASCO DIP-140 digital polanmeter All expenments were camed out 

under an atmosphere of dry argon For thin layer chromatography (TLC) analysis throughout this work, 

Merck precoated TLC plates (sdlca gel 60 GF254, 0 25 mm) were used The products were punfied by 

preparanve column chromatography on s:l:ca gel E Merck 9385 Muzroanalyses were accomplrshed at the 

Institute of Apphed Organic Chermstry, Faculty of Engmeenng, Nagoya University 

In expenments requrmg dry solvents, ether and tenahydrofuran (THF) were freshly dlstllled from sodium 

metal using benzophenone ketyl as mdlcator Benzene, hexane, and toluene were dned over sodium metal 

Methylene chlonde and DMF were stored over 4A molecular sieves In the catalytic process, methylene 

chlonde as solvent was freshly dlstdled before use Pyndlne and tnethylamme were stored over KOH 

pellets Tnmethylalummum was obtamed from Toso-Akzo Chem Co Ltd , Japan Other sunple chermcals 

were purchased and used as such 

Preparation of Epoxides. Various epoxldes were prepared accordmg to one of the following 

procedures (1) simple epox1dauon of oletins with MCPBA, (2) VO(acac)z-catalyzed epoxulauon of allyhc 

alcohols wuh rert-BuOOH, (3) Sharpless asymmemc epoxldauon of allyhc alcohols 2 

Preparation of Epoxy Silyl Ethers. rerr-Butyld1methylnlyl ethers of various epoxy alcohols were 

obtamed by treatment of the epoxy alcohols with tert-butyldlmethylsllyl chlonde (1 l-2 eqmv) and 1rmdazole 

(2-3 equ1v) 1n DMF at -20 - 0 oC for several hours 

Epoxy Sllyl Ether (2S,3S)-1: [a],,% -4 570 (c 1 00, CHCl$, 1H NMR (CDCl,) 6 5 08 (lH, t, J = 

7 5 Hz, C=CH), 3 72 (2H, d, J = 5 Hz, CH2-OS1), 2 88 (lH, t, J = 5 Hz, CH-0), 2 06 (2H, q, J = 10 Hz, 

C=C-CH2), 158 and 1 67 (6H, s, (CH$$=), 142 (2H, m, C-CH2-C), 1 23 (3H, s, CH3-C-O), 0 89 

(9H, s, r-Bu), 0 07 (6H, s, Me$1), IR (hqu1d film) 2960,2940,2865, 1450, 1380, 1250, 1130, 1090,830, 

770 cm-1 Anal Calcd for C16H3202S1 C, 67 53, H, 11 36 Found C, 67 50, H, 11 39 

Epoxy Silyl Ether 8: [a],24 -26 80 (c 1 04, CHC13), lH NMR (CDCl,) 6 7 23-7 37 (5H, m, Ph), 

3 95 (lH, dd, J = 4, 14 Hz, CH-OS1), 3 80 (lH, dd, J = 6, 14 Hz, CH-OS1), 3 78 (lH, d, J = 2 Hz, Ph- 

CH), 3 12 (lH, m, CH-0), 0 89 (9H, s, t-Bu), 0 08 (6H, s, Me$1), IR (11qu1d film) 2955, 2940, 2865, 

1465,1255, 1140,1105,840,780,700 cm- 1 Anal Calcd for C15H24O2S1 C, 68 11, H, 9 17 Found C, 

67 85, H, 9 30 

Epoxy S1lyl Ether 10. [a]oz4 +27 60 (c 1 10, CHC13) Anal Calcd for C15H24O2S1 C, 68 11, H, 

9 17 Found C, 67 97, H, 9 26 
Sdyl Ether of (2R,3S)-2,3-Epoxynerol: [al, 26 +4 030 (c 1 07, CHC13), 1H NMR (CDCl,) 8 

5 08 (IH, m, C=CH), 3 76 (lH, dd, J = 6, 14 Hz, CH-OS1), 3 67 (lH, dd, J = 6, 12 Hz, CH-OS1), 2 87 

(lH, t, J = 6 HZ, CH-O), 2 08 (2H. q, J = 8 5 HZ, C=C-CH2), 158 and 166 (6H, S, (CH3)2C=). l 46 

(2H, m, C-CH2-C), 1 30 (3H, s, CH3-C-O), 0 88 (9H, s, r-Bu), 0 06 (6H, s, Me$1), IR (11qu1d film) 

2960, 2935, 2865, 1455, 1377, 1249, 1085, 831, 771 cm- 1 Anal Calcd for CleH3202S1 C, 67 53, H, 

11 36 Found C, 67 71, H, 1143 
Epoxy Silyl Ether 14: [a]# -23 90 (c 1 22, CHC13), 1H NMR (CDCl3) 6 7 21-7 37 (5H, m, Ph), 

3 87 (lH, dq, J = 4 2,s Hz, CH-OS1), 3 80 (lH, d. J = 2 Hz, Ph-CH.), 2 90 (lH, dd, J = 2.4 2 Hz. CH- 

0), 1 26 (3H, d, J = 8 Hz, CH3), 0 88 (9H, s, r-B@, 0 07 (6H, s, Me$S1), IR (hqu1d film) 2980, 2945, 





6994 
K MARUOKA et al 

The product 6 was further converted to its acetate with Ac20-Py 1H NMR (CDCl,) 6 5 12 (lH, dd, J = 

477 Hz, CH-OAc), 3 94 (lH, dd, J = 4, 11 Hz, CH-OS1), 3 73 (lH, dd, J = 7, 11 Hz, CH-OS1), 2 10 (3H, 

s. COCH3), l 60-l 80 (6H, m, (CH2)3), 1 56 (9H, S, CH3-C-Cl), 0 85 (9H, s, r-Bu), 0 03 (6H, s, Me$Q) 

Rearrangement of the Epoxy S11yl Ether 1 with Methylaluminum Bis(4-bromo-2,6- 
drrsopropylphenoxide). Treatment of 1 (142 mg, 0 5 mmol) 1n CH2C12 (5 mL) with methylalummum 

bu(4-bromo-2,6_dnsopropylphenox1de) (1 mmol) at -78 oC for 1 5 h and at -20 oC for 1 5 h ylelded l-(rerr- 

butyld1methyls1loxy)-3,7-d1methyl-3,6-~ta~en-2-o1 (7) (23 mg, 16% yield) as a major product 1H NMR 

(CDCI3) 6 5 42 (IH, br t, J = 7 Hz, C=CH), 5 08 (IH, br t, J = 7 Hz, C=CH), 4 02 (lH, m, CH-0), 3 61 

(lH, dd, J = 4, 7 5 Hz, CH-OSI), 3 46 (lH, dd, J = 2 5, 7 5 Hz, CH-OS1), 2 70 (2H, br t, J = 7 Hz, =C- 

CH2-C=), 2 59 (lH, d, J = 2 5 Hz, OH), l 68 (3H, s, CH3C=), 1 61 (3H, s, CH3-C=),O 88 (9H, s, t- 

Bu), 0 06 (6H, s, Me$1), IR (hqu1d film) 3394, 2969, 2944, 2874, 1467, 1256, 1114, 839, 779 cm-t 

Anal Calcd for Ct6H3202Sl C, 67 53, H, l l 36 Found C, 67 70, H, 1152 Authentic 7 was prepared 

by treatment of epoxy nerol with T1(OPr1)4 in CH2C12 followed by selective monos1lylat1on with rert- 

BuMeZS1CWy m CH2C12 m the presence of catalync DMAP 5 

Preparation of MABR. To a solution of 4-bromo-2,6-&-tert-butylphenol (2 equv) 1n CH2C12 was 

added at room temperature a 2 M hexane solution of MexAl(1 equ~v) The methane gas evolved unmtiately 

The resultmg colorless solution was stured at room temperature for 1 h and used as a solutton of MABR 1n 

CH$& without any punficahon Other m&ed organoahunmum reagents such as MAD, methylalummum 

bn(4-bromo-2,6-d11sopropylphenox1de), and &methylalummum 4-bromo-2,6-d1-zerr-butylphenox1de were 

prepared m SW from Me3Al and the correspondmg phenols 1n CH2C12 at room temperature for 1 h 

Stoichiometric Procedure for the Rearrangement of Epoxy Silyl Ethers wtth MABR. To a 

solution of the MABR (1 mmol) in CH$& (5 mL) was added an epoxy s1lyl ether (0 5 mmol) at -78 oC and 

the resulhng mixture was steed under the in&cated condmons 1n Table 1 The solution was then poured into 

diluted HCl and extracted with CH&l2 The combined extracts were washed with saturated NaHCO3 and 

dned over Na2SO4 Evaporation of solvents and punficauon of the residue by column chromatography 

(ether/hexane ) gave pslloxy aldehyde m the yields shown m Table I 

Catalyttc Procedure for the Rearrangement of Epoxy Silyl Ethers wtth MABR. To a 

soluuon of the MABR (0 2 mmol) in degassed CH2C12 (5 mL) was added an epoxy s1lyl ether (1 mmol) at - 

78 Oc The rmxture was steed under the 1nticate-d con&tlons 1n Table 1 Then the rmxture was treated wth 

NaF (17 mg, 0 4 mmol) followed by water (5 4 pL, 0 3 mmol) at -20 - 0 oC 13 The entire rmxture was 

vigorously steed at -20 - 0 oC for 20 mm and filtered with the nd of CH&l2 The filtrate was concentrated 

and the readue was punfied by column chromatography on silica gel (&her/hexane = 1 10 to 1 5 as eluants) 

to give @.1loxy aldehyde m the yields shown m Table 1 

(S)-3-(ferf-Butyldimethyls~loxy)-2-phenylpropanal (9): [a]$1 -31 80 (c 1 00, CHC13). lH 
NMR (CDCl3) 6 9 80 (IH, d, J = 2 Hz, CHO), 7 17-7 40 (5H, m. Ph), 4 21 (lH, dd, J = 7, 10 Hz, CH- 

OS1), 3 94 (IH, dd, J = 5 5, 10 Hz, CH-OSI), 3 72 (1H. br t, J = 7 5 Hz, PhCH), 0 82 (9H, s, t-Bu), - 
0 04 and -0 06 (6H, s, Me@), IR (liquid film) 2965,2940,2870, 1725. 1250, 1110, 830, 770,695 cm-l, 

MS, m/e (rel intensity) 207 (lOO), 178 (66), 162 (16), 133 (12), 115 (10) Anal Calcd for Ct5H240$1 C, 

68 11, H, 9 17 Found C, 67 84, H, 9 30 Since the aldehyde 9 was readily susceptible to partial 

racermzatlon 1n the presence of concentrated acl&c 4-bromo-2,6-&-terf-butylphenol at -30 OC, concenuanon 

of the crude extracts and apphcauon of the crude residue to column chromatography should be executed at 

low temperature (0 - 10 oC) Hence, the m s1fu denvanzat1on of 9 to the alcohol 12 IS recommended Thus, 

treatment of epoxy sdyl ether 8 with MABR at -78 oC for 30 mm and subsequent addition of DIBAH (2 
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equv) at this temperature gave nse to the alcohol 12 ([aID 23 +14 60 (c 103. CHCl$) after acuhc workup 
with IN HCl 

(R)-3-(lerf-Butyldimethylsiloxy)-2-pBenylpropanal (11): [aID +32 30 (c 1 00, CHCl$ 
Anal. Calcd for C15H~O$Ji C, 68 11, H. 9 17 FOUIKP C. 68.29, H, 9 10. 

p-Siloxy Aldehyde (S)-2 from (2S,3S)-1: (a]$4 +6 450 (c 1 00. CHCl3); 1H NMR (CDCl3) 6 

9.53 (1H. s, CHO). 5 03 (lH, br t, J = 6 5 Hz. C=CH). 3 67 (lH, d. J = 10 Hz, CH-OSI), 3 54 (IH, d, J 
= 10 Hz, CH-OS1), 188 (2H, m, C=C-CHz), 155 and 164 (6H, s, (CH,)$=), 102 (3H, s, CH,), 0 85 
(9H, s, t-Bu), 0 02 (6H, s, Me$1), IR (liquid film) 2950,2920,2850, 1730, 1455, 1255, 1100, 840,775 
cm-l Anal Calcd for C16H3202S1 C, 67 53, H, 11 36 Found C, 67 32, H, 11 53 

p-Siloxy Aldehyde (S)-2 from Silyl Ether of (2R,3S)-2,3-Epoxy Nerol: [alo +6 020 (c 
1 08, CHC13) 

(2S,3S)-3-(ter~-Butyldimethylsiloxy)-2-phenylbutanal (15): [aID +64 80 (c 1 12, CHCls), 
1H NMR (CDCl3) 6 9 84 (lH, d, J = 3 4 Hz, CHO), 7 16-7 39 (5H, m, Ph), 4 48 (lH, dq, J = 5 5,8 5 
Hz, CH-OS1), 3 50 (lH, dd, J = 3 4 and 8 5 Hz, CH-GO), 103 (3H, d, J = 5 5 Hz, CH3), 0.85 (9H, s, r- 
Bu), 0 05 and 0 07 (6H, s, MQSI), IR (hqmd film) 2946, 2924, 1724. 1268, 1137, 1094,988.837.771. 
695 cm-l Anal Calcd for C16H&@1 C, 69.00, H, 9 43. Found C. 68 78, H, 9 73 

&Siloxy Aldehyde 26 (eryrhrolrhreo rauo = 1 3): tH NMR (CDC1-J 6 9 46 and 9 63 (lH, s. erythro 

and three CHO), 4 44 and 4 63 (lH, m, eryrhro and rhreo CH-OS1), 3 07 (lH, d, J = 10 Hz, U-I-C=O), 
1 92 (2H. br t, =C-CH2), 1.46 (3H, s, =C-CH3). 1 08 and 123 (3H, d, J = 8 Hz, rhreo and eryrhro CH3- 
C-O), 0 80 and 1.01 (6H, S, (CH3)$), 0 82 (9H, s, t-Bu), -0 04 and 0 06 (3H, d, J = 8 0 Hz, erythro and 
three M@1), IR (hqmd film) 2970, 2935, 2874, 1721, 1455, 1247, 1099, 1080, 825,764 cm-l Anal 
Calcd for Ct,H3&S1. C, 70 29, H, 1120 Found C, 70 22, H, 1147 

p-Sdoxy Aldehyde 27: [a],,*4 -2 330 (c 1 18, CHC13), 1H NMR (CDCl3) 6 9 70 (lH, s, CHO), 
3 69 (lH, d, J = 8 Hz, CH-OS1), 2.08 (lH, m, CH), 1 12 (3H, s, CH,), 0 92 (3H, d, J = 6.5 Hz, CH3). 
0 83 (9H, s, t-Bu), 0 79 (3H, d, J = 6 5 Hz, CH3). 0 02 and 0 04 (6H, s, Me2S1), IR (11qmd film) 2955, 

2930, 2855, 1730, 1460, 1385, 1365, 1255, 1110, 1070, 850, 835, 775 cm-l, MS, m/e (rel mtennty) 243 
(17). 227 (lOO), 213 (74) Anal Calcd for C16H3202S1 C, 67 53, H, 11.36 Found C, 67 22, H. 11 50 

/%Siloxy Aldehyde 28: [a],” +50 90 (c 1 00, CHC13), 1H NMR (CDCl3) 6 9 65 (IH, s, CHO), 
3 98 (IH, d, J = 2 Hz, CH-OSI), 2 29 (lH, m, CH), 147-l 87 (4H, m, CH$H2), 1 23 (lH, m, CH), 
1 01 (3H, s, CH3), 0 86 (3H, d, J = 6 5 Hz, CH3), 0 83 (3H, d, J = 6 5 Hz, CH3), 0 81 (9H, s, r-Bu), 
0 00 and 0 03 (6H, s, Me$1), IR (11qu1d film) 2950, 2930, 2850, 1720, 1450, 1380, 1360, 1250, 1120, 
1080,990.830,775 cm-l Anal Calcd for C&3$&$1 C. 67 53, H, 11 36 Found C, 67 37, H, 11 30 

/%Siloxy Aldehyde 29: ‘H NMR (CDCl3) 6 9 53 (lH, s, CHO), 3 65 (lH, d, J = 10 Hz, CH-OS1), 
3 53 (lH, d, J = 10 Hz, CH-OS1), 1 52 (2H, m, C&CH3), 0 98 (3H, s, CH3), 0 84 (9H, s, r-Bu), 0 80 
(3H, t, J = 7.6 HZ, CH2CH3), -0 03 (6H, S, Me$1), IR (11qu1d film) 2970, 2935, 2865, 1731, 1457, 1255, 
1100,835,775 cm-l Anal. Calcd forCt2H2602S1 C, 62 53, H, 11 39 Found C, 62 33, H, 11 68 

Determination of the Optical Purrty and the Absolute Configuration of Aldehyde 9: To a 
solution of the aldehyde 9 (59 mg, 0 22 mmol) 1n MeOH (3 mJJ was added NaBq (8 mg, 0 2 mmol) at 0 

oC The mixture was stirred at 0 oC for 30 mm. poured into bnne, and extracted with ether The 
concentrated crude matenal was punfied by column chromatography on s111ca gel (ether/hexane = 12) to 
furnish (R)-3-(fert-butyl&methylslloxy)-2-phenyl-l-pmpanol(12) (53 mg, 90% yield) [a]u +14 7O (c 1 00, 
CHCl3). tH NMR (CDCl3) 6 7 15-7 36 (5H, m, Ph), 4 05 (lH, ddd, J = 4 5.7.9 Hz, CH-O), 3 90 (2H, 
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d, J = 9 Hz, CH2-OS& 3 86 (lH, ddd, J = 4 5, 7, 9 Hz, CH-0), 3 07 (lH, quintet, J = 9 Hz, PhCH), 2 73 

(lH, dd, J = 4 5,7 Hz, OH), 0 87 (9H, s, t-Bu), 0 03 (6H, s, Me2Sl) 

This alcohol (53 mg, 0 20 mmol) was &solved m CH2C12 (1 5 mL) and tnetbylamme (32 pL, 0 22 

mm01) followed by methanesulfonyl chlonde (18 pL, 0 22 mmol) was added at 0 oC The mixture was 

stn-red at 0 oC for 30 mm and poured mto saturated NaHC03 The crude product was extracted with 

CH2C12, concentrated, and dissolved m EtOH (2 mL) This solution was added at 0 oC to a THF solunon (2 

mL) of sodmm phenylthiolate which was prepared from NaH (50% m 011, 21 mg, 0 6 mmol) and thlophenol 

(70 mL, 0 68 mmol) The whole mixture was stmed at room temperature for 41 h After usual workup, the 

crude matenal was punfied by column chromatography on s&a gel (ether/hexane = 1 100 to 1 50) to give 

rert-butyldlmethylnlyl ether 13 of (S)-2-phenyl-3-(phenylthlo)propanol (65 mg, 90 % yield) tH NMR 

(CDC13) 6 7 10-7 45 (5H, m, Ph), 3 88 (lH, dd, J = 5,10 Hz, CH-OSI), 3 76 (lH, dd, J = 6, 10 HZ, CH- 

OSl), 3 53 (lH, dd, J = 6, 13 Hz, CH-SPh), 3 12 (lH, dd, J = 8, 13 Hz, CH-SPh), 2 99 (lH, m, PhCH), 

0 83 (9H, s, t-Bu), -0 03 (6H, s, Me$l) 

The phenylthlo denvative 13 (65 mg, 0 18 mmol) was &ssolved m EtOH (3 mL) and hydrogenated with 

Raney IV1 (Aldrich) in water (3 mL) under H2 at OoC for 30 mm Flltratton followed by removal of solvents 

UI vacua left the crude matenal which was punfied by column chromatography on s&a gel (ether/hexane = 

1 100) to furrush rerr-butyldlmethylslyl ether of (S)-2-phenylpropanol (33 mg, 72% yield) 1H NMR 

(CDC13) 6 7 11-7 33 (5H, m, Ph), 3 68 (lH, dd, J = 5 5, 10 Hz, CH-OS& 3 57 (lH, dd, J = 7, 10 Hz, 

CH-OSl), 2 88 (lH, qmntet, J = 6 Hz, PhCH), 1 27 (3H, d, J = 7 Hz, CH$, 0 84 (9H, s. r-Bu), -0 05 

(6H, s, Me&) 

The silyl ether (33 mg, 0 13 mmol) was treated with tetrabutylammomum fluonde (0 2 mL of a 1M THF 

solution) in TI-IF (3 mL) at room temperature for 2 h Aqueous workup and punficanon of the residue by 

column chromatography on slhca gel (ether/hexane = 2 3 to 1 1) afforded (S)-2-phenylpropanol (9 3 mg, 
53% yield) [aID -18 60 (c 0 84, benzene) Since the opttcal rotanon value of the optically pure (Q-2- 

phenylpropanol 1s reported to be [a]o - 190 (c 0 83, benzene) 10, the optical punty of the aldehyde 9 was 

found to be -98% ee with the S configuration 

Determination of the Optical Purity of (S)-2. The p-siloxy aldehyde (Q-2 derived from the 

rearrangement of (2R,3S)-1 was converted to the acetal of (-)-2(R),4(R)-pentanedlol with tnethyl 

orthoformate (2 4 eqmv) and catalyuc p-TsOH m benzene at room temperature overnight Its optical punty 

was established to be 95% ee by capillary GLC analysis (PEG-I-IT column 0 25 X 25,000 mm) based on 
separated two peaks tR = 80 7 and 8 1 8 mm at the column temperature of 120 oC 

StereochemIcal Assignment of the three-Aldehyde 15. Authentic eryrhro- and three-3-(fert- 

butyldlmethylsiloxy)-2-phenylbutanals were prepared m two-step sequence from methyl eryrhro-3-hydroxy- 

2-phenylbutanoate and Its rhreo-Isomer, respecnvely 16 

To a solution of bthlum dusopropylarmde (2 4 mmol) m THF (10 mL) was added at -78 oC methyl 

phenylacetate (287 pL, 2 mmol) After 5 mm, acetaldehyde (186 pL, 3 mmol) was added at this temperature 

The mixture was steed at -78 oC for 30 mm and worked up m a usual manner Punficanon of the crude 

matenal by column chromatography on slhca gel (ether/hexane = 1 1 to 2 1) afforded methyl erythro-3- 
hydroxy-2-phenylbutoate (125 mg, 32% yield) and its fhreo-isomer (72 mg, 19% yield)16 methyl eryrhro- 

3-hydroxy-2-phenylbutanoate 1H NMR (CDCl3) 6 7 33 (5H, s, Ph), 4 33 (lH, dq, J = 6 2 and 6 8 Hz, 

CH-0), 3 65 (3H, s, 0CH3), 3 50 (lH, d, J = 6 8 Hz, CH-C=O), 2 34 (lH, d, J = 3 2 Hz, OH), 1 17 (3H, 

d, J = 6 2 Hz, CH3), methyl rhreo-3-hydroxy-2-phenylbutanoate 1H NMR (CDC13) 6 7 27 (5H, m, Ph), 
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4 32 (lH, dq, J = 6 2 and 9 2 Hz, CH-O), 3 66 (3H, s, OCHJ), 3 48 (IH, d. J = 9 2 Hz, CH-C=O), 2 92 

(lH, d, J = 4 4 Hz, OH), 101 (3H, d, J = 6 2 Hz, CH3) 

The erythro-hydroxy ester (98 mg, 0 5 mmol) was treated with rerr-butyl&methyls1lyl chlonde (15 1 mg, 1 

mmol) and mudazole (102 mg, 1 5 mmol) 1n DMF (5 mL) at room temperature for 1 day Usual workup and 

punficatlon of the residue by column chromatography (ether/hexane = 1 15 to 1 10) gave methyl eryrhro-3- 

@err-butyld1methyls1loxy)-2-phenylbutanoate (151 mg, 98% yield) 1H NMR (CDCl3) 6 7 31 (5H, m, Ph), 

4 29 (lH, dq, J = 6 2 and 8 2 Hz, CH-OS1), 3 64 (3H, s, OCH3), 3 48 (lH, d, J = 8 2 Hz, CH-C=O), 

1 19 (3H, d, J = 6 2 Hz, CH$ 0 68 (9H, s, t-Bu), -0 12 (6H, s, MezS1) 

To a solunon of the /3-s1loxy ester (145 mg, 0 47 mmol) 1n toluene (5 mL) was added a 1M hexane 

solution of DIBAH (0 47 mL, 0 47 mmol) at -78 oC The mixture was stirred at -780C for 30 m1n and 

worked up with diluted HCl The crude product was extracted with ether and washed with saturated 

NaHCO3 Punficatlon of the concentrated crude matenal by column chromatography (ether/hexane = 1 20 as 

eluant) furnished erythro-3-(terr-butyld1methyls1loxy)-2-phenylbutan~ (111 mg, 85% yield) IF NMR 

(CDC13) 6 9 83 (lH, d, J = 1 6 Hz, CHO), 7 29 (5H. m, Ph), 4 50 (lH, quintet, J = 6 2 Hz, CH-OS1), 

3 43 (lH, dd, J = 1 6 and 6 2 Hz, CH-C=O), 1 13 (3H, d, ./ = 6 2 Hz, CH3), 0 77 (9H, s, r-Bu), -0 04 

(6H, s, Me#) 

The rhreo-3-(rerr-butyld1me~yls1loxy)-2-phenylbutanal was prepared 1n a similar manner as described 

above 

Determination of the OptIcal Purity of 15. The rhreo-aldehyde 15 was converted to the acetal of 

(-)-2(R),4(R)-pentanedlol or (+)-2(S),4(S)-pentandol with methyl orthoformate (2 4 equ1v) and catalytic p- 

TsOH 1n benzene at room temperature overnight Its optical punty was estabhshed to be >98% ee by 

capillary GLC analysis (PEG-I-IT column 0 25 X 25,000 mm) based on separated two peaks r, = 35 7 and 

36 5 mm at the column temperature of 150 oC 

General Procedure for the Rearrangement of Various Simple Epoxides w&h MABR. To a 
solution of the MABR (0 05 - 2 mmol) 1n degas& CH$Z (5 mL) was added an epoxlde (1 mmol) at -78 

oC The rmxture was shrred under the indicated condltlons 1n Table 2 Then the mixture was worked up 

either with diluted HCl or wth NaF-H20 accordmg to the stoichiomemc or catalytic procedure for the 

rearrangement of epoxy s1lyl ethers with MABR Punficatlon of the crude products by column chromato- 

graphy on silica gel (ether/hexane as eluant) gave carbonyl compounds 1n the yields shown 1n Table 2 

7-(tert-Butyld~methylsiloxy)-2,2,S-tr~methylheptanal: tH NMR (CDC13) 6 9 42 (lH, s, CHO), 

3 59 (2H, m, CH2-OS1), 100 (6H, s, (CH3)2C), 0 86 (9H, s, r-Bu), 0 85 (3H, d, J = 7 Hz, CH3), 0 02 

(6H, s, Me2S1) Anal Calcd for C16H3402S1 C, 67 05, H, 1198 Found C, 66 75, H, 11 86 

(l-Vmylcyclododecyl)carboxaldehyde: tH NMR (CDC13) 6 9 43 (IH, s, CHO), 5 49-5 70 (lH, 

m, C=CH), 4 96-5 09 (2H, m, =CH2), 2 19 (2H. d, J = 7 5 Hz, CH), 1 21-175 (20H, m, CH2) Anal 

Calcd for C15H$ C, 81 02, H, 11 78 Found C, 81 22, H, 11 65 

Alkoxy Alcohol 19: tH NMR (CDCl,) 6 4 83,5 01 (2H, s, C=CH2), 3 80 (2H, s, =C-CHzO), 3 46 

(2H, dq, J = 6 5, 10 0 Hz, -CH20), 2 04 (2H, t, J = 6 5 Hz, -CH2-C=), 192 (lH, t, J = 6 5 Hz, OH), 

1 16 (3H, s, 0-C-CH3), IR (hqu1d film) 3450, 2970, 2940. 2870, 2370, 2330, 1655, 1470, 1380, 1060, 

900 cm-l Anal Calcd for C24H4802 C, 78 19, H, 13 12 Found C, 77 98, H, 13 00 
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