Tetrahedron Vol 47, No.34, pp 6983-6998 1991

0040-4020/91 $3 00+ 00
Printed 1n Great Britain

© 1991 Pergamon Press plc
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Abstract: A new, stereocontrolled rearrangement of epoxy silyl ethers leading to B-siloxy aldehydes has
been effected with storichiometric use of exceptionally bulky, oxygenophihic methylaluminum bis(4-bromo-
2,6-d1-tert-butylphenoxide) (MABR) under mild conditions Used 1n combination with the Sharpless
asymmetric epoxidation of allylic alcohols, this rearrangement represents a new approach to the synthesis of
various optically active g-hydroxy aldehydes, useful intermediates 1n natural product synthests The modified
organocalurmnum reagent, MABR is also applicable to the transformation of a vanety of simple epoxides to
carbonyl compounds with high efficiency and selectivity Further, the catalytic version for the rearrangement
of epoxy silyl ethers as well as simple epoxides has been newly devised The scope and limatation of this
catalync method has been clarified with various epoxy substrates

The acid-catalyzed rearrangement of epoxides to carbony! compounds 1s certainly a well-known
transformation and a number of reagents have been elaborated for this purpose ! Among these, only a few
reagents have been employed successfully for the rearrangement of functionalized epoxides with respect to the
efficiency and selectivity of the reaction In this context, we have been interested for some time 1n the
possibility of effecting the rearrangement of optically active epoxy silyl ethers which were readily available
from allylic alcohols by Sharpless asymmetric epoxidation 2 As 1llustrated in Scheme I, two types of
rearrangement are conceivable The type-I rearrangement of epoxy silyl ethers giving f-hydroxy carbonyl
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compounds has been recently effected by the use of titantum tetrachlonde 3 The type-1I transformation, if
successful, would serve as a new and lmghly convenient access to the synthesis of various optically acuve -
siloxy aldehydes, useful mntermediates in natural product synthesis 45

Imually, we studied the rearrangement of the ferz-butyldimethylsilyl ether of epoxy geramol 1 This1s a
challenging substrate due to 1ts susceptibility to varnious side-reactions including olefinic cychzation,
elimination, and nucleophilic trapping, upon formation of the intermediate carbocation 3 In fact, attempted
rearrangement of 1 with several conventional Lewis acids gave rise to none of the desired B-siloxy aldehyde
2 (Scheme 2) For example, reaction of 1 with BF3 OEts (2 equiv) at low temperature afforded fluorohydnn
5 1n 74% yield, while the chlorination product 6 was produced as a major product (52% yeld) by TiClg (2
equiv) We nterpreted the general difficulty in obtaiming the desired S-siloxy aldehyde 2 as being due to the
reluctant transfer of the (terr-butyldimethylsiloxy)methyl mozety as shown in 4 Hence we thought that the
use of a sterically hindered, oxygenophilic organoaluminum reagent might be most suitable for effecting the
1mtial epoxide-cleavage followed by smooth alkyl transfer, in view of the stenc repulsion between a bulky
organoaluminum higand and a siloxymethyl moiety The bulk of the phenoxide ligand would also inhibit 1t
from mnteracting with the intermediate cation 3 as either a base or a nucleophile
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Attempted use of methylaluminum bis(2,6-di-tert-butyl-4-methylphenoxide) (MAD), which has been
employed successfully for stereoselective activation of the carbonyl moiety,6 resulted 1n only gradual
formation of B-siloxy aldehyde 2 at -78 °C, although at -20 OC the reaction was over after 1 h In marked

contrast, however, the more Lewis acidic methylaluminum bis(4-bromo-2,6-di-tert-butylphenoxide),
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abbreviated to MABR,7 effected the clean rearrangement of 1 to 2 (99%) at -78 °C 1n 1 h, showing the
importance of the p-bromo substituent in MABR for rate acceleration of the reaction 8 Less bulky
dimethylaluminum 4-bromo-2,6-di-terz-butylphenoxide lowered the yield (63%) of the reaction (-20 ©C for 90
mun), while methylaluminum bis(4-bromo-2,6-dusopropylphenoxide) afforded the ehimination product 7
(16% yield) as the major product accompanied by only trace of 2 Consequently, use of two bulky 4-bromo-
2,6-di-tert-butylphenoxy ligands in MABR 1s crucial for effectng the smooth rearrangement of 1

Br O\AI 0 Br
]
Me

(MABR)

With this information 1n hand, our attention was focused on the rearrangement of optically active epoxy
silyl ethers which were readily obtainable as both enantiomers by the Sharpless asymmetric epoxidation of
allylic alcohols followed by silylation, as 1llustrated 1n Scheme 3 When the optically active epoxy reri-
butyldimethylsilyl ether 8 (98% ee)2b was treated with 2 equiv of MABR in CH;Cl; at -78 OC for 40 mun, the

Scheme 3
1) TI(OPY),
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Ph N"NosiMe, Bt ———
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corresponding B-siloxy aldehyde 9 ([o]p -31 80 (¢ 1 0, CHCl3)) was obtained 1n 87% yield The opucal
punty and absolute configuration of 9 were determined from the optical rotation of 2-phenylpropanol which
was denived from 9 by the following sequences (Scheme 4) (1) NaBHy4, MeOH, (2) MsCl, NEt3, CH,Cl,,
(3) PhSNa, THF-EtOH, (4) Raney Ni, EtOH, (5) BugyNF, THF 9 Based on the reported optical rotation
([a]p -199 (c 0 83, benzene)) of the optically pure (S)-2-phenylpropanol, 10 the (S)-2-phenylpropanol ([ap -
18 6° (c 0 84, benzene)) denved from 9 possesses virtually the same optical punty as the starting silyl ether
8 Hence, this organoaluminum-promoted rearrangement proceeds with nigorous transfer of the chirality of 8
and the observed stereoselectivity can be interpreted to anse from the ant: mugration of the siloxymethyl group
to the epoxide moiety Simularly, the enantiomenc epoxy silyl ether 10 (98% ee)2b was equally transformed
to the enantiomenic (-siloxy aldehyde 11 ([a]p +32 39 (c 1 0, CHCl3)) under the same conditions
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Scheme 4
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Other selected examples of the epoxy alcohol rearrangement (Tabile I) clearly indicate the effectiveness of
our approach The migratory aptitude on the substitution patterns of epoxy alcohols should be noted Asa
whole, the facile migration of the alkyl group is observed 1n the case of ¥,)%disubstituted epoxy alcohols
(entries 5, 8, 16, and 18) The ¥monosubsttuted epoxy alcohols possessing aryl or alkenyl groups are also
susceptible toward the rearrangement (entnies 1, 4, 11, and 15) However, epoxy alcohols with other
substitution patterns do not undergo the desired rearrangement For example, the ters-butyldimethylsilyl ether
of trans-2,3-epoxy-1-hexanol (ymonoalkylsubsututed epoxy alcohol) was unreactive with MABR after
several hours at -78 © or -20 °C and gradually decomposed at 0 ©C The tert-butyldimethylsilyl ether of (E)-
2,3-epoxy-2-methyl-1-pentanol (B,5-disubstituted epoxy alcohol) gave 2-[(tert-butyldimethylsiloxy)methyl]-
2-methylbutanal 1n 57% yield with migration of the ethyl group under the standard conditions (entry 19)
This rearrangement 1s not dependent on the configuration of the f-carbon since both epoxy geraniol and
epoxy nerol gave rise to the same aldol 2 as a sole 1solable product (entmes 5 and 8) The stereochemustry at
the migrating siloxy carbon 1s rigorously retained 1n the rearrangement (entries 11,15, 16, and 18)  For
example, the essentially pure erythro 1somer 14 (>99%, >98% ee) of the optically active epoxy silyl ether,
which was readily obtained by the enantioselective epoxidation of racemuc (E)-4-phenyl-3-buten-2-ol,11
smoothly rearranged under the 1nfluence of MABR (2 equiv) to produce the optically acuve, threo B-siloxy
aldehyde 15 exclusively (entry 11) as depicted 1n Scheme 5

Scheme §
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Table I Organoalumnum-Catalyzed Rearrangement of Epoxy Silyl Ethers 4
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entry epoxy silyl ether b MABR condions  B-siloxy aldehyde % yield ©
mol %)  (°C,h)
OSiMe Bu*
1 /\0/\ 200 -78,05 J: o8 95
2 Ph OSiMe;Bu' 5y 20,03 Ph” NCHO 824
3 8 8% ee) 10 -20,03 9 (98% ee) 744
0 B OSiMe,Bu!
4 eI ~osimeBut 78,05 / 8
10 (98% ee) Ph"”  CHO
11 (98% ee)
o )\/\}(-osaue,au'
A & 0siMe,But ~ CHO
(25,35)-1 (95% ee) (5)-2 (95% ee)
5 200 78,1 99 .
6 20 -78,02,0,05 82
10 -78,02,0,1 74¢
%, y—OSIMe,But
M
CHO
(90% ee) OSiMe,But (5)-2 (90% ee)
8 200  -78,1,-40,05 98 ¢
9 20 -78,02,0,1 79 €
10 10 -78,02,0,3 68 ¢
/{o) j:OSlMezBu‘
PR N~ 0siMe,Bu! Ph” CHO
14 (>98% ee) 15 (>98% ee)
11 200 -78,05 87
12 20  -78,1,-40,1, 20,1 74(2)f
13 20 -40,05 75(Df
14 10 -78,02,-20,05,0,05 nms
15 o 200 78,03 OSiMe,But  938%
t
OSiMe,Bu CHO
22 26
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entry epoxy silyl ether b MABR condiions  B-sioxy aldehyde % yield ¢
@ol %)  (°C, h)

16 -0 200 -78,05, -20, 2 CHO 881
17 i 20 -78,02,0,5 77¢
N [ A OSIMegBu‘
“0SiMe,But
23 27
18 f o 200 -20,2,0,7 82J
OSiMe,Bu!
24
19 o 200 -20,1 57
N)k/osmﬁau' c;></osul.1e2|3u'
25 29

2 The reaction was carried out in degassed CH2Cly solvent by using 0 1~2 equiv of MABR per
epoxy silyl ether under the indicated reaction condittons ¥ The optically active substrates are
utilized except the entnes 15 and 19 ¢ Isolated yield 9 The in situ dertvatization of 9 to the
alcohol 12 with DIBAH ¢ With NaF-Hy0 workup f Yield of erythro isomer & Erythrolthreo
=3 1 for the starung epoxy silyl ether % The erythro/threo ratio of the B-siloxy aldehyde 1s 1 3
by 1H NMR analysis ! Opucally active (+)-trans-pipernitol (>95% ee by IH NMR analysis after
conversion to its (-)- and (+)-MTPA esters) was kindly provided by the Takasago Co Ltd J
Opucally active (+)-cis-piperitol was prepared from (+)-trans-pipentol by the Swern oxidation
followed by reduction with DIBAH.
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In the present rearrangement on epoxy silyl ethers, the Lewis acid could 1n principle be reduced to a
catalytic amount 1f MABR can be regenerated without being macuvated by coordination to the aldehydic
product or by other side reactions (Scheme 6) 12 The advantages of the catalytic version are apparent 1n the
areas of economy, ease of large-scale preparation and 1solation, and the synthetic potential for in suru
dertvatization of the carbonyl products Accordingly, we have attempted to develop the catalytic version of
the epoxy silyl ether rearrangement

Scheme 6 Al
0 OSIR, 0 OSIR,
/e | /\
—C=—CH—C— —C—CH—C—
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Reaction of ters-butyldimethylsilyl ether 1 of epoxy geraniol with MABR (2 equiv) in CH,Cl, at -78 ©C
for 1 h was already shown to give rearranged f-siloxy aldehyde 2 in 99% yield In contrast, when this
epoxide was treated with the catalytic amount (20 mol%) of MABR 1n CH,Cl, at -78 OC, the rearrangement
proceeded very slowly and virtually stopped after achieving only ~20% conversion at this temperature
Apparently coordination of carbonyl oxygen to an aluminum reagent 1s stronger than that of epoxide oxygen,
thereby requuring the stoichiometric use of MABR for completion of the rearrangement  Addition of Me3S1Cl
or 4A molecular sieves (activated powder) was not effective in inducing attempted dissociation of the
aluminum reagent-carbonyl complex 17 or in captunng the in situ generated aldehyde 2 However, on
warming to -20 OC the rate of the rearrangement was markedly accelerated and was complete wathin 30 mun
to furnish the desired aldehyde 2 1n 82% yreld

1 t
)\/\><\OSIMezBu - )\/\><\OSIMezBu + AL

CHO ALy CHO
17 2

Several other examples are included 1n Table 1 Use of NaF-H,O workup!3 further simplifies the
expenmental operation in this catalytic process. It should be noted that the erythro/threo stereoselection can
be diminished 1n the case of certain optically active epoxy silyl ethers (entries 12-14) Reaction of 14 with
10-20 mol% of MABR at -78 ~ 0 °C gave nise to the desired zhreo-aldehyde 15 accompamed by 1somernc
erythro-aldehyde as a munor product (entries 12-14) Rearrangement of other optically active substrates
proceeds nicely (entries 2,3, 6, 7, 9, 10, and 17)

The key element of the present modification 1s the use of a higher reaction temperature (though still at or
below 0 ©C) than with the stoichiometric reaction 1n order to induce the dissociation of aluminum reagent-
carbonyl complex 16, thereby allowing the regeneration of MABR for further use 1n the catalytic cycle of the
reaction (Scheme 6) The facile dissociation of complex 16 as well as the smooth rearrangement of epoxides
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1s apparently ascribable to the exceptional bulkiness of MABR The less bulky methylaluminum bis(4-
bromo-2,6-drisopropylphenoxide) was found to be totally ineffective for the rearrangement of tert-
butyldimethylsilyl ether 1 of epoxy geramol

The bulky alurmnum reagent, MABR 1s also applicable to the rearrangement of a vanety of sumple
epoxides under very mild conditions with high effictency and selectivity as indicated in Table 2 14 For

[ (o]
O\ MABR I
—C=C— —_—— —C—C—

I\ ;

mstance, while attempted rearrangement of fers-butyldimethylsilyl ether of epoxy cironellol with BF3 OEt;
resulted n formation of a number of products, treatment with MABR produced the rearranged aldehyde (see
entry 14). Certain diene monoepoxides exhibited unusual behavior under the influence of MABR (entry 18),
when compared wath the previously known transition metal (Pd® and Rhl) catalysts 12 Once again the amount
of Lews acid, MABR can be reduced to 5 mol% for many of the epoxy substrates However, certain
substrates cannot be successfully rearranged 1n the catalytic process (entries 7 and 15) For example,
treatment of terminal epoxide 18 with catalytic MABR (20 mol%) in CH,Cl; at -20 °C for 30 mun afforded
dimeric alcohol 19 as a major product (Scheme 7). Presumably, this side reaction proceeds by imtial epoxide
cleavage followed by trapping of the intermediate carbocation 21 with excess epoxide 1n preference to the
normal rearrangement Furthermore, epoxides derived from monosubstituted olefins and 1nternal dialkyl-
substituted olefins are unreactive even with a two-fold quantity of MABR.

Scheme 7
CH;
CoHyg 18
stoichiometric use | catalytic use
l MABR MABR l
© AlLy
chy, Ak Cs
® 0 @
Cothis” J¢-H Cotyg™: -H
H c“3 :' H

)\cuo csﬂw\n/\°></OH

CgHyg
20 (96%) 19 (15%)
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Table 2. Organoalummnum-Catalyzed Rearrangement of Epoxides to Carbonyl Compounds @

entry epoxide MABR conditions product % yield b
(mol %) °C, h)
1 o 200 78,05 Ph 93
AP ’ CHO
2 Ph 10 220, 03 ph>_ 95
3 0 200 -78,2,-20,03  CHO 94
4 30 20,05 77
5 20 20,05 58
6 CH 200 -78,05 cH 9%
7 )i? 20 20, 03 3 0
CgHyg 4 CgH,g” “CHO
18 20
8 Ph 200 78,05 Ph  CHO 98
9 10 220, 1 é 9
10 5 -20, 1 91
11 0 200 18,03 o 87
12 <°:©/<1/ 10 -20,05 < ]:j/\n/ 90
o [o]
13 ) 5 -20, 02 84
(o}
/kl/\)\/\oguezsu' Butm,suo/\)\/x cne
14 200 18,1, -20, 1 98
15 20 -20,1,0,2 0
16 o 200 78,1, 20,45 o 73
17 O 20 20,1,0,2 O 0
18 | 200 78,1,-20,15 ==\ cHo 90

a The rearrangement was carried out i degassed CH;Cly by using 0 05~2 equiv of MABR per
epoxide under the indicated conditions ¥ Isolated yield by column chromatography

[#a)
[oerd
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Experimental Section

General. Infrared (IR) spectra were recorded on a Hitach1 260-10 spectrometer 1H NMR spectra
were measured on a Vanan Gemumi-200 spectrometer Analytical gas-liquid phase chromatography (GLC)
was performed on Gasukuro Kogyo Model 370 and Shimadzu GC-8A instruments equipped with a flame
1omzation detector and a capillary column of PEG-HT (0 25 X 25,000 mm) using nitrogen as carrier gas
Optical rotations were measured on a JASCO DIP-140 digital polarimeter All experiments were carried out
under an atmosphere of dry argon For thin layer chromatography (TLC) analysis throughout this work,
Merck precoated TLC plates (silica gel 60 GF2s4, 0 25 mm) were used The products were purified by
preparative column chromatography on silica gel E Merck 9385 Microanalyses were accomplished at the
Institute of Applied Organic Chemustry, Faculty of Engineering, Nagoya University

In expeniments requiring dry solvents, ether and tetrahydrofuran (THF) were freshly disulled from sodium
metal using benzophenone ketyl as indicator Benzene, hexane, and toluene were dried over sodium metal
Methylene chloride and DMF were stored over 4A molecular sieves In the catalytic process, methylene
chlonde as solvent was freshly distitled before use Pyndine and triethylamine were stored over KOH
pellets Trimethylaluminum was obtained from Toso-Akzo Chem Co Ltd , Japan Other simple chemicals
were purchased and used as such

Preparation of Epoxides. Various epoxides were prepared according to one of the following
procedures (1) simple epoxidation of olefins with MCPBA, (2) VO(acac);-catalyzed epoxidation of allylic
alcohols with ter--BuOOH, (3) Sharpless asymmetric epoxidation of allyhic alcohols 2

Preparation of Epoxy Silyl Ethers. ter:-Butyldimethylsilyl ethers of various epoxy alcohols were
obtained by treatment of the epoxy alcohols with fer:-butyldimethylsilyl chlonde (1 1~2 equiv) and imudazole
(2~3 equiv) 1n DMF at -20 ~ 0 OC for several hours

Epoxy Silyl Ether (25,35)-1: {a]p2* -4 57° (¢ 1 00, CHCl3), 1H NMR (CDCl3) 8 508 (1H, t,J =
7 5 Hz, C=CH), 372 (2H, d, J = 5 Hz, CH,-0OS1), 2 88 (1H, t, J = 5 Hz, CH-0), 2 06 (2H, q, J = 10 Hz,
C=C-CH,), 158 and 167 (6H, s, (CH3),C=), 142 (2H, m, C-CH,-C), 123 (3H, s, CH3-C-0O), 0 89
(9H, s, -Bu), 0 07 (6H, s, Me,S1), IR (hquid film) 2960, 2940, 2865, 1450, 1380, 1250, 1130, 1090, 830,
770 cm!  Anal Caled for CigH3,0,51 C, 67 53, H, 1136 Found C, 67 50, H, 11 39

Epoxy Silyl Ether 8: [®]p24 -26 80 (¢ 1 04, CHCl3), IH NMR (CDCl3) § 7 23-7 37 (5H, m, Ph),
395 (1H, dd, J = 4, 14 Hz, CH-OSy), 3 80 (1H, dd, J = 6, 14 Hz, CH-OS1), 3 78 (1H, d, J = 2 Hz, Ph-
CH), 3 12 (1H, m, CH-0), 0 89 (9H, s, ¢-Bu), 008 (6H, s, Me,S1), IR (hquid film) 2955, 2940, 2865,
1465, 1255, 1140, 1105, 840, 780, 700 cm-!  Anal Caled for CysH40,81 C, 68 11, H,9 17 Found C,
67 85, H, 930

Epoxy Silyl Ether 10. [a]p24 +27 69 (¢ 1 10, CHCl3) Anal Calcd for CysH40,81 C, 68 11, H,
917 Found C, 6797, H, 926

Silyl Ether of (2R,3S)-2,3-Epoxynerol: [a]p26 +4 030 (¢ 107, CHCl3), IH NMR (CDCl3) 3
508 (1H, m, C=CH), 376 (1H, dd, J = 6, 14 Hz, CH-OS1), 3 67 (1H, dd, J = 6, 12 Hz, CH-OSy), 2 87
(1H, t, J = 6 Hz, CH-0), 2 08 (2H, q, J = 8 5 Hz, C=C-CH3), 1 58 and 166 (6H, s, (CH3),C=), 1 46
(2H, m, C-CH;,-C), 130 (3H, s, CH3-C-0), 0 88 (9H, s, r-Bu), 006 (6H, s, Me,S1), IR (liquid film)
2960, 2935, 2865, 1455, 1377, 1249, 1085, 831, 771 cm'! Anal Calcd for CygH320,51 C, 67 53, H,
1136 Found C, 6771, H, 1143

Epoxy Silyl Ether 14: {0524 -23 99 (¢ 122, CHCly), IH NMR (CDCl3) & 7 21-7 37 (5H, m, Ph),
387 (1H, dq, J = 4 2, 8 Hz, CH-OS1), 3 80 (1H, d, J = 2 Hz, Ph-CH), 290 (1H, dd, J = 2, 42 Hz, CH-
0), 126 (3H, d, J = 8 Hz, CHj), 0 88 (9H, s, r-Bu), 0 07 (6H, s, Me,S1), IR (hquud film) 2980, 2945,
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2880, 1455, 1250, 1145, 1110, 1095, 830, 770, 685 cm™!  Anal Caled for C)gH 0,51 C, 69 00, H,
943 Found C, 6883, H,971 The optical punty of the erythro epoxy alcohol was found to be >98% ec
by 'H NMR analysis after conversion to the (-)-a-methoxy-a~(trifluoromethyl)phenylacetic acid ((-)-MTPA)
ester

Epoxy Silyl Ether 22 (erythro/threo ratio = 3 1)15: IH NMR (CDCl3) & 3 64 and 3 79 (1H, quintet, J
= 6 4 Hz, erythro and threo CH-OS1), 3 34 (1H, s, =C-CH-0), 276 and 2 81 (1H, dd, J = 6 4, 6 4 Hz,
erythro and threo CH-0), 1 64 and 1 68 (3H, s, threo and erythro CH3-C=), 121 and 126 3H, d, /=64
Hz, threo and erythro CH3C-0), 1 04 and 1 13 (6H, s, (CH3),C), 0 85 (9H, s, -Bu), 0 03 (6H, s, Me,S1),
IR (hquid film) 2960, 2938, 2865, 1456, 1356, 1250, 1106, 990, 900, 830, 770 cm'! Anal Calcd for
Cy9H360,281 C,7029, H, 1120 Found C, 7004, H, 11 20

Epoxy Silyl Ether 23: [a]p?* +58 00 (¢ 1 22, CHCI3), 1H NMR (CDCl3) 8 378 (1H, dd, J =25,
10 Hz, CH-0S1), 294 (1H, d, J = 25 Hz, CH-0), 2 05 (1H, m, CH), 172 (2H, m, CH,), 1 29 (3H, s,
CH3-C-0), 0 88 (9H, s, +-Bu), 0 68 and 0 85 (6H, d, J = 7 Hz, (CH3),C), 0 08 and 0 11 (6H, s, Me,S1),
IR (Liquid film) 2965, 2940, 2870, 1460, 1255, 1095, 1075, 890, 835, 770 cm-l, MS, m/e (rel intensity) 268
(8), 267 (8), 227 (100) Anal Calcd for C;gH3,0481 C, 6753, H, 11 36 Found C, 67 33, H, 11 36

Epoxy Silyl Ether 24: [«]p24 -115 20 (¢ 1 10, CHCl3), tH NMR (CDCl3) § 4 19 (1H, t, J = 5 Hz,
CH-0S1), 296 (1H, d, J = 5 Hz, CH-0), 200 (1H, d, J = 16 Hz, CH), 1 28 (3H, s, CH3-C-0), 0 89 (%H,
s, t-Bu), 0 85 and 0 86 (6H, d, J = 7 Hz, (CH3),C), 0 08 and 0 13 (6H, s, Me,S1), IR (hquid film) 2960,
2935, 2865, 1463, 1456, 1245, 1140, 1097, 983, 875, 827, 767 cm'l  Anal Calcd for CgH3,0,81 C,
67 53, H, 1136 Found C, 6739, H, 1125

Epoxy Silyl Ether 25: 1H NMR (CDCl3) 8 3 55 (2H, s, CHp-0S1), 2 79 (1H, t, J = 6 4 Hz, CH-0),
156 (2H, quntet, J/ = 7 Hz, CH,C-0), 124 (3H, s, CH3C-0), 100 (3H, t, J = 7 4 Hz, CH;CH,), 0 87
(9H, s, t-Bu), 002 and 0 03 (6H, s, Me,S1), IR (hquid film) 2955, 2935, 2860, 1465, 1450, 1245, 1095,
835,770 cm'! Anal Caled for C1Hp60,81 C, 6253, H, 1139 Found C, 62 38, H, 11 54

Rearrangement of 1 with BF3-OEt;. Treatment of 1 (142 mg, 0 S mmol) in CH,Cl, (5 mL) with
BF3 OEt, (123 pL, Immol) at -780C for 15 mun afforded 1-(tert-butyldimethylsiloxy)-3,7-dimethyl-3-fluoro-
6-octen-2-ol (5) (112 mg, 74% yield) as a major product 1H NMR (CDCl3) 8 509 (1H, brt,J = 7 Hz,
C=CH), 3 52-378 (3H, m, O-CHCH,-0S1), 2 60 (1H, s, OH), 2 07 (2H, m, CH,-C=), 1 58 and 1 67
(6H, s, (CH3),C=), 131 (3H, d, J = 22 4 Hz, CH3-C-F), 088 (%H, s, t-Bu), 0 07 (6H, s, Me,S1), IR
(lrquid film) 3540, 2950, 2930, 2850, 1460, 1380, 1250, 1110, 980, 835, 775, 730 cm"!, MS, m/e (rel
intensity) 285 (3), 267 (4), 227 (43), 209 (33), 171 (30), 157 (40), 145 (100) Anal Calcd for
Ci6H330,81F C, 6309, H, 1094 Found C, 6279, H, 1101 Authentc § was prepared by treatment of
epoxy geraniol with Py HF 1n THF followed by selective monosilylation with ter--BuMesS1Cl/Py in CHaCly
1 the presence of catalytc 4-dimethylaminopyndine (DMAP)

Rearrangement of 1 with TiCly. Treatment of 1 (142 mg, 0 5 mmol) 1n CH,Cl; (5 mL) witha 1 M
CH,Cl, solution of T1Cl4 (1mmol) at -789C for 15 mun afforded 1-(rerz-butyldimethylsiloxy)-3,7-dichloro-
3,7-dimethyl-2-octanol (6) (84 mg, 52% yield) as a major product !H NMR (CDCly) 8 3 82 (1H, m, CH-
0), 370 (2H, m, CH,-081), 2 80 (1H, d, J = 2 Hz, OH), 1 60-1 92 (6H, m, CH3), 1 52 and 1 54 (9H, s,
CH3-C-C), 0 87 (9H, s, -Bu), 0 07 (6H, s, Me,S1), 13C NMR (CDCl3) 877 56 (CH-0), 71 09 and 75 68
(C-CI), 63 59 (CH2-0), 40 32 and 46 30 (CH>), 32 58 and 32 78 (CH3-C-Cl), 26 05 (CH3-C-S1), 20 26
(CHy), 18 41 (C-S1), IR (hqud film) 3600, 2970, 2940, 2870, 1460, 1385, 1370, 1250, 1110, 975, 835,
775 cmrl, MS, m/e (rel intensity) 264 (13), 228 (33), 136 (100) Anal Calcd for C16H340581Cl3 C,
5376, H,959 Found C, 5349, H,971
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The product 6 was further converted to its acetate with Ac,0-Py 1H NMR (CDCl3) 6512 (1H, dd, J =
4,7 Hz, CH-OAc), 394 (1H, dd, J = 4, 11 Hz, CH-OS1), 3 73 (1H, dd, J = 7, 11 Hz, CH-OS1), 2 10 (3H,
s, COCH3y), 1 60-1 80 (6H, m, (CH»)3), 1 56 (9H, s, CH3-C-Cl), 0 85 (9H, s, #-Bu), 0 03 (6H, s, Me,S1)

Rearrangement of the Epoxy Silyl Ether 1 with Methylaluminum Bis(4-bromo-2,6-
dusopropylphenoxide). Treatment of 1 (142 mg, 0 S mmol) in CH,Cl; (5 mL) with methylaluminum
bis(4-bromo-2,6-dusopropylphenoxide) (1 mmol) at -78 OC for 1 5 h and at -20 °C for 1 5 h yielded 1-(zert-
butyldimethylsiloxy)-3,7-dimethyl-3,6-octacien-2-ol (7) (23 mg, 16% yield) as a major product 'H NMR
(CDCl3) 8 542 (1H, br t, J = 7 Hz, C=CH), 508 (1H, br t, J = 7 Hz, C=CH), 4 02 (1H, m, CH-0), 361
(1H, dd, J = 4,7 5 Hz, CH-OS1), 346 (1H,dd, J =25, 75 Hz, CH-OS1), 270 (2H, br t, J = 7 Hz, =C-
CH,-C=), 259 (1H, d, J = 25 Hz, OH), 1 68 (3H, s, CH3-C=), 1 61 (3H, s, CHy-C=),0 88 (9H, s, 1-
Bu), 006 (6H, s, Me,S1), IR (liquad film) 3394, 2969, 2944, 2874, 1467, 1256, 1114, 839, 779 cm-!
Anal Caled for CjgH370,81 C, 67 53, H, 1136 Found C, 6770, H, 1152 Authentic 7 was prepared
by treatment of epoxy nerol with Ti(OPrl)4 in CH2Cl followed by selective monosilylation with rerz-
BuMe3S1Cl/Py 1n CH,Cl; 1n the presence of catalytic DMAP 5

Preparation of MABR. To a solution of 4-bromo-2,6-di-zert-butylphenol (2 equiv) 1n CH,Cly was
added at room temperature a 2 M hexane solution of MesAl (1 equiv) The methane gas evolved immediately
The resulting colorless solution was stirred at room temperature for 1 h and used as a solution of MABR 1n
CH,Cl, without any punfication Other modified organoaluminum reagents such as MAD, methylalununum
bis(4-bromo-2,6-dusopropylphenoxide), and dimethylaluminum 4-bromo-2,6-di-zert-butylphenoxide were
prepared in situ from MesAl and the corresponding phenols 1n CH,Cl, at room temperature for 1 h

Stoichiometric Procedure for the Rearrangement of Epoxy Silyl Ethers with MABR. Toa
solution of the MABR (1 mmol) in CH,Cl, (5 mL) was added an epoxy silyl ether (0 5 mmol) at -78 ©C and
the resulting mixture was stirred under the indicated conditions in Table 1 The solution was then poured tnto
diluted HCI and extracted with CH;Cl; The combined extracts were washed with saturated NaHCO3 and
dried over Na,SO,4 Evaporation of solvents and purification of the residue by column chromatography
(ether/hexane ) gave B-siloxy aldehyde in the yields shown in Table I

Catalytic Procedure for the Rearrangement of Epoxy Silyl Ethers with MABR. To a
solution of the MABR (0 2 mmol) 1 degassed CH,Cl, (5 mL) was added an epoxy silyl ether (1 mmol) at -
78 0C The muxture was stured under the indicated conditions in Table 1 Then the muxture was treated with
NaF (17 mg, 0 4 mmol) followed by water (5 4 uL, 0 3 mmol) at -20 ~ 0 ©C 13 The entire mixture was
vigorously stirred at -20 ~ 0 ©C for 20 min and filtered with the aid of CH;Cl, The filtrate was concentrated
and the residue was punfied by column chromatography on silica gel (¢ther/hexane = 1 10to 1 5 as eluants)
to give B-siloxy aldehyde in the yields shown i Table 1

(8)-3-(tert-Butyldimethylsiloxy)-2-phenylpropanal (9): [a]p2! -31 82 (¢ 100, CHCL), 'H
NMR (CDCl3) 8 9 80 (1H, d, / = 2 Hz, CHO), 7 17-7 40 (5H, m, Ph), 4 21 (IH, dd, J/ = 7, 10 Hz, CH-
0S1), 394 (1H, dd, J =55, 10 Hz, CH-OS1), 372 (1H, br t, J = 7 5 Hz, PhCH), 0 82 (9H, s, ¢-Bu), -
004 and -0 06 (6H, s, Me,S1), IR (hquid film) 2965, 2940, 2870, 1725, 1250, 1110, 830, 770, 695 cm-1,
MS, m/e (rel intensity) 207 (100), 178 (66), 162 (16), 133 (12), 115 (10) Anal Calcd for C;sH240281 C,
68 11, H, 917 Found C, 67 84, H, 930 Since the aldehyde 9 was readily susceptible to partial
racemization 1n the presence of concentrated acidic 4-bromo-2,6-di-tert-butylphenol at ~30 °C, concentration
of the crude extracts and application of the crude residue to column chromatography should be executed at
low temperature (0 ~ 10 °C) Hence, the 1n situ derivatization of 9 to the alcohol 12 1s recommended Thus,
treatment of epoxy silyl ether 8 with MABR at -78 °C for 30 mun and subsequent addition of DIBAH (2
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equiv) at this temperature gave rise to the alcohol 12 ([a]p23 +14 69 (¢ 1 03, CHCly)) after acidic workup
with 1N HCl1

(R)-3-(tert-Butyldimethylsiloxy)-2-phenylpropanal (11): [a]p2? +32 30 (¢ 100, CHCl3)
Anal. Calcd for Cy5H40,81 C, 68 11, H, 917 Found- C, 68.29, H, 9 10.

B-Siloxy Aldehyde (S)-2 from (28,35)-1: [a]lp24 +6 450 (¢ 100, CHCl3); IH NMR (CDCl3) &
9.53 (1H, s, CHO), 503 (1H, br t, J = 6 5 Hz, C=CH), 3 67 (1H, d, J = 10 Hz, CH-OS1), 354 (1H, d, J
= 10 Hz, CH-081), 1 88 (2H, m, C=C-CHj,), 1 55 and 1 64 (6H, s, (CH3),C=), 102 (3H, s, CH3), 085
(94, s, t-Bu), 0 02 (6H, s, Me,S1), IR (hquid film) 2950, 2920, 2850, 1730, 1455, 1255, 1100, 840, 775
cm'l  Anal Caled for CygH3,0581 C, 67 53, H, 1136 Found C, 67 32, H, 11 53

B-Siloxy Aldehyde (S)-2 from Silyl Ether of (2R,3S5)-2,3-Epoxy Nerol: [a]p26 +6 020 (c
1 08, CHCl3)

(25,35)-3-(tert-Butyldimethylsiloxy)-2-phenylbutanal (15): [a]p2? +64 82 (¢ 1 12, CHCl3),
1H NMR (CDCl3) 8 9 84 (1H, d, J = 3 4 Hz, CHO), 7 16-7 39 (5H, m, Ph), 448 (1H,dq, J =55,85
Hz, CH-0S1), 3 50 (1H, dd, J = 3 4 and 8 5 Hz, CH-C=0), 1 03 (3H, d, / = 5 5 Hz, CH3), 0.85 (94, s, ¢-
Bu), 005 and 007 (6H, s, Me,S1), IR (hquid film) 2946, 2924, 1724, 1268, 1137, 1094, 988, 837, 771,
695 co!  Anal Caled for CygH60,51 C, 69.00, H, 9 43. Found C, 68 78, H, 9 73

B-Siloxy Aldehyde 26 (erythrolthreo rano = 1 3): 1H NMR (CDCl3) 8 9 46 and 9 63 (1H, s, erythro
and threo CHO), 4 44 and 4 63 (1H, m, erythro and threo CH-OS»1), 3 07 (1H, d, J = 10 Hz, CH-C=0),
192 (2H, br t, =C-CH,), 1.46 (3H, s, =C-CH3), 1 08 and 1 23 (3H, d, J = 8 Hz, threo and erythro CHj3-
C-0), 0 80 and 1.01 (6H, s, (CH3),C), 0 82 (9H, s, t-Bu), -0 04 and 0 06 (3H, d, J = 8 0 Hz, erythro and
threo Me,S1), IR (hqud film) 2970, 2935, 2874, 1721, 1455, 1247, 1099, 1080, 825, 764 cm'!  Anal
Calcd for C1gH360281. C, 7029, H, 1120 Found C, 7022, H, 1147

B-Siloxy Aldehyde 27: [a]p24 -2 330 (¢ 118, CHCl3), 1H NMR (CDCl3) 8 9 70 (1H, s, CHO),
369 (1H, d, J = 8 Hz, CH-0OS1), 2.08 (1H, m, CH), 1 12 (3H, s, CH3), 092 (3H, d, J = 6.5 Hz, CHjy),
083 (9H, s, r-Bu), 079 (3H, d, J = 6 5 Hz, CH3), 002 and 0 04 (6H, s, Me,S1), IR (higwd film) 2955,
2930, 2855, 1730, 1460, 1385, 1365, 1255, 1110, 1070, 850, 835, 775 cm™1, MS, m/e (rel intensity) 243
(17), 227 (100), 213 (74) Anal Calcd for CyjgH3,0,8: C, 67 53, H, 11.36 Found C, 6722, H, 11 50

B-Siloxy Aldehyde 28: [a]p?* +50 90 (¢ 1 00, CHCl3), IH NMR (CDCl3) 8 9 65 (1H, s, CHO),
398 (1H, d, J = 2 Hz, CH-0S1), 2 29 (1H, m, CH), 1 47-1 87 (4H, m, CH,CH,), 123 (1H, m, CH),
101 (3H, s, CH3), 086 (3H,d,J=65 Hz, CH3), 083 (3H, d, /= 6 5 Hz, CH3), 081 (9H, s, 1-Bu),
0 00 and 003 (6H, s, Me,S1), IR (hquud film) 2950, 2930, 2850, 1720, 1450, 1380, 1360, 1250, 1120,
1080, 990, 830, 775 cm'l  Anal Calced for C1gH350,81 C, 67 53, H, 11 36 Found C, 67 37, H, 11 30

B-Siloxy Aldehyde 29: 1H NMR (CDCl3) 8 9 53 (1H, s, CHO), 3 65 (1H, d, J = 10 Hz, CH-081),
353 (1H, d, J = 10 Hz, CH-0S1), 1 52 (2H, m, CH,CHjy), 098 (3H, s, CH3), 0 84 (9H, s, +-Bu), 0 80
(3H, t, J = 7.6 Hz, CH,CH3), -0 03 (6H, s, Me,S1), IR (hiquud film) 2970, 2935, 2865, 1731, 1457, 1255,
1100, 835, 775 cm'l  Anal. Calcd for CyoH60,81 C, 62 53, H, 1139 Found C, 62 33, H, 11 68

Determination of the Optical Purity and the Absolute Configuration of Aldehyde 9: Toa
solution of the aldehyde 9 (59 mg, 0 22 mmol) 10 MeOH (3 mL) was added NaBHj (8 mg, 0 2 mmol) at 0
OC The mixture was sturred at 0 ©C for 30 mun, poured into brine, and extracted with ether The
concentrated crude matenial was punfied by column chromatography on silica gel (ether/hexane = 1 2) to
furmsh (R)-3-(tert-butyldimethylsiloxy)-2-phenyl-1-propanol (12) (53 mg, 90% yield) [alp +14 70 (¢ 1 00,
CHCly), 1H NMR (CDCl3) 8 7 15-7 36 (5H, m, Ph), 405 (1H, ddd, J = 4 5, 7, 9 Hz, CH-0), 3 90 (2H,
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d, J =9 Hz, CH,-0S1), 3 86 (1H, ddd, J = 4 5, 7, 9 Hz, CH-0), 3 07 (1H, quintet, J = 9 Hz, PhCH), 2 73
(1H, dd, J = 4 5, 7 Hz, OH), 0 87 (9H, s, -Bu), 0 03 (6H, s, Me,S1)

This alcohol (53 mg, 0 20 mmol) was dissolved in CH,Cl, (1 5 mL) and triethylamine (32 pL, 022
mmol) followed by methanesulfonyl chloride (18 uL, 0 22 mmol) was added at 0 ©C The mixture was
stured at 0 ©C for 30 mn and poured 1into saturated NaHCO,; The crude product was extracted with
CH,Cl,, concentrated, and dissolved in EtOH (2 mL) This solution was added at 0 ©C to a THF solution (2
mL) of sodium phenylthiolate which was prepared from NaH (50% 1n o1], 21 mg, 0 6 mmol) and thiophenol
(70 mL, 0 68 mmol) The whole mixture was stured at room temperature for 41 h  After usual workup, the
crude matenal was punified by column chromatography on stlica gel (ether/hexane = 1 100 to 1 50) to give
tert-butyldimethylsilyl ether 13 of (S)-2-phenyl-3-(phenylthio)propanol (65 mg, 90 % yield) 1H NMR
(CDCl3) & 7 10-7 45 (5H, m, Ph), 3 88 (1H, dd, J = 5, 10 Hz, CH-OS1), 3 76 (1H, dd, J = 6, 10 Hz, CH-
OS1), 353 (1H, dd, J = 6, 13 Hz, CH-SPh), 3 12 (1H, dd, J = 8, 13 Hz, CH-§Ph), 2 99 (1H, m, PhCH),
0 83 (9H, s, t-Bu), -0 03 (6H, s, Me,S1)

The phenylthio derivative 13 (65 mg, 0 18 mmol) was dissolved 1n EtOH (3 mL) and hydrogenated with
Raney N1 (Aldrich) in water (3 mL) under Hj, at 09C for 30 min Filtration followed by removal of solvents
in vacuo left the crude matenal which was punified by column chromatography on silica gel (ether/hexane =
1 100) to furnish tert-butyldimethylsilyl ether of (§)-2-phenylpropanol (33 mg, 72% yield) !'H NMR
(CDCl3) 6 7 11-7 33 (5H, m, Ph), 368 (1H, dd, J = 55, 10 Hz, CH-OS1), 357 (1H, dd, J = 7, 10 Hg,
CH-0S1), 2 88 (1H, quintet, J = 6 Hz, PhCH), 127 (3H, d, J = 7 Hz, CH3), 0 84 (9H, s, ¢-Bu), -0 05
(6H, s, Me,S1)

The silyl ether (33 mg, 0 13 mmol) was treated with tetrabutylammonium fluoride (0 2 mL of a 1M THF
solution) 1n THF (3 mL) at room temperature for 2h Aqueous workup and punfication of the residue by
column chromatography on silica gel (ether/hexane = 2 3 to 1 1) afforded (§)-2-phenylpropanol (9 3 mg,
53% yield) [olp -18 69 (c O 84, benzene) Since the optical rotation value of the opucally pure (S)-2-
phenylpropanol 1s reported to be [at]p - 199 (¢ 0 83, benzene)10 , the optical punty of the aldehyde 9 was
found to be ~98% ee with the § configuration

Determination of the Optical Purity of (§)-2. The f-siloxy aldehyde (S)-2 derived from the
rearrangement of (2R,35)-1 was converted to the acetal of (-)-2(R),4(R)-pentanediol with tnethyl
orthoformate (2 4 equiv) and catalyuc p-TsOH 1n benzene at room temperature overnight Its optical punty
was established to be 95% ee by capillary GLLC analysis (PEG-HT column 0 25 X 25,000 mm) based on
separated two peaks fg = 80 7 and 81 8 mun at the column temperature of 120 0C

Stereochemical Assignment of the threo-Aldehyde 15. Authentic erythro- and threo-3-(tert-
butyldimethylsiloxy)-2-phenylbutanals were prepared in two-step sequence from methy! erythro-3-hydroxy-
2-phenylbutanoate and 1ts threo-1somer, respectively 16

To a solunon of ithium dusopropylamide (2 4 mmol) in THF (10 mL) was added at -78 ©C methyl
phenylacetate (287 puL, 2 mmol) After 5 min, acetaldehyde (186 pl, 3 mmol) was added at this temperature
The mixture was stured at -78 ©C for 30 mun and worked up 1n a usual manner Punfication of the crude
material by column chromatography on silica gel (ether/hexane = 1 1 to 2 1) afforded methy! erythro-3-
hydroxy-2-phenylbutanoate (125 mg, 32% yield) and 1ts threo-1somer (72 mg, 19% yield) 16 methyl erythro-
3-hydroxy-2-phenylbutanoate 1H NMR (CDClsz) 8 7 33 (5H, s, Ph), 4 33 (1H, dq, J = 6 2 and 6 8 Hz,
CH-0), 3 65 (3H, s, OCH3), 3 50 (1H, d, J = 6 8 Hz, CH-C=0), 2 34 (1H, 4, J = 3 2 Hz, OH), 1 17 (3H,
d, J = 6 2 Hz, CH3), methyl threo-3-hydroxy-2-phenylbutanoate 1H NMR (CDCl3) 8 7 27 (SH, m, Ph),
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432 (1H, dq, J = 6 2 and 9 2 Hz, CH-0), 3 66 (3H, s, OCH3), 3 48 (1H, d, J =9 2 Hz, CH-C=0), 292
(1H, d, J =44 Hz, OH), 101 3H, d, J = 6 2 Hz, CHy)

The erythro-hydroxy ester (98 mg, 0 5 mmol) was treated with rert-butyldimethylsilyl chlonde (151 mg, 1
mmol) and imidazole (102 mg, 1 5 mmol) in DMF (5 mL) at room temperature for 1 day Usual workup and
purification of the residue by column chromatography (ether/hexane = 1 15 to 1 10) gave methyl erythro-3-
(tert-butyldimethylsiloxy)-2-phenylbutanoate (151 mg, 98% yield) 'H NMR (CDCls) 3 7 31 (5H, m, Ph),
429 (1H, dq, J = 6 2 and 8 2 Hz, CH-OS1), 3 64 (3H, s, OCHj3), 348 (1H, d, J = 8 2 Hz, CH-C=0),
119 (3H, d, J = 6 2 Hz, CH3), 0 68 (9H, s, t-Bu), -0 12 (6H, s, Me;S1)

To a solution of the B-siloxy ester (145 mg, 0 47 mmol) 1n toluene (5 mL) was added a IM hexane
solution of DIBAH (0 47 mL, 0 47 mmol) at -78 ©C The muxture was stirred at -78°C for 30 min and
worked up with diluted HCl The crude product was extracted with ether and washed with saturated
NaHCO; Punfication of the concentrated crude matenal by column chromatography (ether/hexane = 1 20 as
eluant) furnished erythro-3-(tert-butyldimethylsiloxy)-2-phenylbutanal (111 mg, 85% yield) !H NMR
(CDCl13) 8 983 (1H, d, J = 1 6 Hz, CHO), 7 29 (5H, m, Ph), 4 50 (1H, quintet, J = 6 2 Hz, CH-OS)),
343 (1H, dd, J = 16 and 6 2 Hz, CH-C=0), | 13 (3H, d, J = 6 2 Hz, CHj3), 077 (9H, s, 1-Bu), -0 04
(6H, s, Me,S1)

The threo-3-(tert-butyldimethylsiloxy)-2-phenylbutanal was prepared 1n a similar manner as described
above

Determination of the Optical Purnity of 15. The threo-aldehyde 15 was converted to the acetal of
(-)-2(R),4(R)-pentanediol or (+)-2(S),4(S)-pentanediol with triethyl orthoformate (2 4 equiv) and catalytic p-
TsOH 1n benzene at room temperature overmight Its optical purity was established to be >98% ee by
capillary GLC analysis (PEG-HT column 0 25 X 25,000 mm) based on separated two peaks g =357 and
36 5 mun at the column temperature of 150 °C

General Procedure for the Rearrangement of Various Simple Epoxides with MABR. To a
solution of the MABR (0 05 ~ 2 mmol) 1n degassed CH,Cl, (5 mL) was added an epoxide (1 mmol) at -78
OC The muxture was stured under the indicated conditions in Table 2 Then the mixture was worked up
either with diluted HC1 or with NaF-H,O according to the stoichiometric or catalytic procedure for the
rearrangement of epoxy silyl ethers with MABR Punfication 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-Butyldimethylsiloxy)-2,2,5-trimethylheptanal: 1H NMR (CDCl3) § 942 (1H, s, CHO),
359 (2H, m, CH,-OSy), 100 (6H, s, (CH3),C), 086 (9H, s, 1-Bu), 085 (3H, d, J = 7 Hz, CH3), 002
(6H, s, Me;S1) Anal Calcd for CygH340,51 C, 67 05, H, 1198 Found C, 6675, H, 11 86

(1-Vinylcyclododecyl)carboxaldehyde: 1H NMR (CDCl3) § 9 43 (1H, s, CHO), 549-570 (1H,
m, C=CH), 496-509 (2H, m, =CH3), 219 (2H, d, J = 7 5§ Hz, CH), 121-175 (20H, m, CH3) Anal
Caled for CysHpgO C, 8102, H, 1178 Found C, 8122, H, 11 65

Alkoxy Alcohol 19: IH NMR (CDCl3) 8 4 83, 501 (2H, s, C=CH»), 3 80 (2H, s, =C-CH0), 3 46
(2H, dq, J =65, 100 Hz, -CH20), 204 2H, t, J = 6 5 Hz, -CH-C=), 192 (1H, t, J = 6 5 Hz, OH),
116 (3H, s, O-C-CH3), IR (hquud film) 3450, 2970, 2940, 2870, 2370, 2330, 1655, 1470, 1380, 1060,
900 cm'! Anal Caled for Cy4uHygO, C, 78 19, H, 13 12 Found C, 77 98, H, 13 00
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