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Abstract— The results obtained in the MgBr,-mediated opening of 2,3-bifunctionalized epoxides are reported. The studies showed that the
chelation control of MgBr, between different functionalities can in some cases be selective. © 2001 Elsevier Science Ltd. All rights reserved.

1. Introduction

Regio- and stereoselective opening of chiral epoxides has
been long since the object of many studies as a route to a
large variety of compounds in optically active form." It is
well known that the nucleophilic attack on unsymmetrical
substituted oxiranes, especially monosubstituted ones,
occurs at the less substituted carbon, but in general the
presence of a C-2 functionality is necessary to better control
the reaction’s regioselectivity.

In principle, there are two reactive sites in C-2 function-
alized epoxides related to the nucleophilic opening of the
epoxy ring (C-2 and C-3); chelation control has been largely
used to direct the opening at the C-3 position through an
1ntermolecular attack of external nucleophlle (Fig. 1, A and
B),? while opening at the C-2 p0§1t10n is presumed due to an
intramolecular nucleophlhc attack® or in ‘non chelating
conditions’ (Fig. 1, ).}

Durlng our studies we have 1nvest1gated extensively the
opemng of epoxy alcohols, esters” and, more recently, alde-
hydes® with metal halides. As reported in Scheme 1 in every
case we established that freshly prepared Mgl,, or the
commercially available MgBr,, was able to direct the halide
to the C-3 position through a previously postulated chelated
complex between the metal (Mg?") and the two oxygens of
the epoxide derivative.

We obtained, only for epoxy esters, C-2 regioselectivity in
the opening using NaX/Amberlyst 15 in acetone (Scheme
2); in absence of any coordination between the metal and the
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two oxygens of a,3-epoxy ester (Na is a poor Lewis acid),
the C-2 position is preferred by the hahde ion because of the
electronic effect of the COOR group.*

Regarding the observed one-pot transformation of o,f3-
epoxy aldehydes, the position of the halide reveals an
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Figure 1. Inter- and intramolecular nucleophilic attack at C-2 functiona-
lized epoxides.
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Scheme 1. MgBr,-mediated opening of C-2 functionalized epoxides.
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Scheme 2. NaX/Amb.15- mediated opening of o,3-epoxyesters.
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Scheme 3. MgBr,-mediated opening of «,3-epoxyaldehyde 1.
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Figure 2. Bifunctionalized epoxides.

Mg-controlled regiochemistry of attack. The same reaction
has already been reported for o,3-epoxyaldehyde 1 having
an alkoxy group at C-4, and in that case the observed regio-
selectivity was opposite (Scheme 3).’

The possibility that the chelation control of MgBr, between
different functionalities could be selective, has prompted us
to further studies on several bifunctionalized epoxides
(Fig. 2).

The selected functional groups are those already investi-
gated in our previous studies, where the use of MgBr,
afforded an excellent regioselectivity toward the C-3
position.

2. Results and discussions
2.1. Preparation of substrates of type D, E and F

Every bifunctionalized epoxide has been synthesized as E
and Z isomer to verify if the chelation control is dependent
on molecular geometry. At the moment we have synthesized
only racemic epoxides since enantioenriched compounds
were not necessary for our studies.

As reported in Scheme 4, (Z) and (E)-4-tert-butyldimethyl-
silyloxy-2,3-epoxybutan-1-ol (2 and 4) and (Z) and (E)-4-
benzyloxy-2,3-epoxybutan-1-ol (3 and 5) have been synthe-
sized from the commercially available (Z)-2-buten-1,4-diol
and (Z)-4-benzyloxy-2-buten-1-o0l, respectively, through
usual and high yielding reactions.®”!

HO ™—-""0H
al 93% for P = TBDMS
PO™N=—"""0H _C, PO’\Le\/\ OH

P = TBDMSi, Bn 2 P =TBDMS (85%)
b 3 P =Bn(82%)

PO~on &> PO_<$nq,

P = TBDMSi (81%)
P = Bn (81%)

4 P =TBDMS (89%)
5 P =Bn (90%)

Scheme 4. Preparation of type D epoxides a:* NaH (1 equiv.), TBDMSICl
(1 equiv.), THF, 0°C; b:’ (1)PDC, CH,Cl,, 0°C (2) NaBH,, MeOH, 0°C; c:"*
Oxone (5 mmol), NaHCO; (7.75 mmol) H,O/(CHj3),CO, rt.

(E)-4-tert-butyldimethylsilyloxy-2,3-epoxybutanal 8 and
(E)-4-benzyloxy-2,3-epoxybutanal 9 have been synthesized
from the corresponding epoxy alcohols using the Swern
oxidation. Since Mg** did not show any selectivity between
the free hydroxy and the protected one (see below), we
chose to use the more stable protected derivatives
(Scheme 5).!"

(2)- and (E)-Methyl-4-tert-butyldimethylsilyloxy-2,3-
epoxybutanoate (10 and 11) have been prepared by oxida-
tion of the corresponding epoxy alcohols with RuCls to the
acid'? and subsequent esterification (Scheme 6).

Since it was not possible to synthesize the benzyloxy
derivative using the same reaction conditions because of a
competitive RuCl; oxidation of the benzylic position, an
alternative synthetic sequence has been used to obtain (Z)-
and (E)-methyl-4-benzyloxy-2,3-epoxybutanoate (12 and
13), as reported in Scheme 7.13:14
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Scheme 5. Preparation of type E epoxides a:'' DMSO, (COCI),, Et;N,
60°C.
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Scheme 6. Preparation of type F epoxides with P=TBDMS a:'? NalO,,
RuCl3, HzO/CC14/CH3CN, rt; b: CH2N2, EtzOA
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Scheme 7. Preparation of type F epoxides with P=Bn a:'"DMSO, (COCI),,
CH,Cl,, 60°C; b:'“PDC, MeOH, DMF.



G. Righi et al. / Tetrahedron 57 (2001) 5649-5656 5651

OH Br
o) C )
MgBr,, Et,O : po.
—=—2 27,
POW OH 2oC PO\/\E/\ OH . \/\:/\ OH
2 P=TBDMS Br OH
3 P=Bn 14a P = TBDMS (42%)  14b P = TBDMS (53%)
15a P = Bn (45%) 15b P = Bn (50%)
o MgBr,, Et,O OH o
PO gbry, 2 PO H
—2 Ll
\/<l/\ OH 20°C PO\/ké/\ OH . \/Y\ OH
4 P =TBDMS Br OH
5 P=Bn 16a P = TBDMS (42%)  16b P = TBDMS (53)%

17a P = Bn (43%)

Scheme 8. Ring opening of type D epoxides.
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Figure 3. Possible cyclic chelates.

2.1.1. Ring opening of epoxides. The four type D substrates
were treated with 3 equiv. of MgBr, at —40°C and in every
case we obtained both regioisomers without any selectivity
(Scheme 8). To improve the regioisomeric ratio, we also
used a lower temperature, but with these conditions the
reaction became too slow.

This result can be explained assuming that the chelate
between Mg”*, epoxide oxygen and free hydroxyl group
(G) has the same stability of that between Mg>", epoxide
oxygen and protected hydroxyl group (H) (Fig. 3) Conse-
quently in this type of substrate the use of MgBr, does not
allow discrimination of the attack position.

The MgBr,-mediated opening of (Z)-isomers of type E
epoxides, followed by an in situ alkylation, have already

17b P = Bn (52%)

been studied by Procter, furnishing the 2-bromo derivatives
as the major product (see Scheme 3).” Our results on the (E)
isomers of type E substrates were in accordance with this
observation, in fact the same reaction conditions provided
an 8:2 mixture of C-2/C-3 regioisomers (Scheme 9).

In thls case the results suggest that the chelate between
Mg?*, epoxide oxygen and aldehydic carbonyl (I) is less
stable than that formed between Mg**, epoxide oxygen
and protected hydroxyl group (C), especially in the (Z)-
isomers. The lower regioselectivity observed in the (E)-
isomers leads to presume that in this case the chelate is
formed with more difficulty with respect to (Z)-isomers.

The obtained results explain the inversion of the regio-
select1v1ty of the MgBr,-attack when an alkyl group is
present in the C-4 pos1t10n (C-3 attack)® instead of an alkoxy
group (C-2 attack).” Fig. 4.

Compounds 10-13 (type F epoxides) were subjected to
MgBr,-mediated ring opening under the same reaction
conditions prev10usly reported for a,(3-epoxy esters
(4 equiv. of MgBr, in Et,0 at —40°C).>

OH
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:Br OH
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18a P=TBDMS (52%) 18b P =TBDMS (13%)

19a P =Bn (51%)

Scheme 9. Ring opening of type E epoxides.
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Figure 4. Possible cyclic chelates.

19b P =Bn (9.7%)

We observed an excellent C-3 regioselectivity only on the
(Z)-isomers, while the (E)-isomers gave a mixture of the two
regioisomeric bromo derivatives in a 1:1 ratio (Scheme 10).

Also in this case, at least for the (Z)-isomer, we supposed
that the regiochemistry of the halide attack is governed by
the formation, in the TS of the reaction, of a chelate
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Scheme 10. Ring opening of type F epoxides.

Figure 5. Possible cyclic chelates.

between Mg”", epoxide oxygen and carboxylic oxygen (M)
which is more likely than that between Mg?", epoxide
oxygen and protected hydroxyl group (N) (Fig. 5).

The loss of regioselectivity observed for the (E)-isomer
could be explained in the same manner seen before for the
compounds 8 and 9.

To confirm this hypothesis we thought that under ‘non-
chelated’ conditions the behaviour of both the (Z) and (E)-
olefins had to be the same. To this end we have performed
the opening of the oxirane ring by NaBr/Amberlyst 15 in
acetone of the compounds 10—13 with the already reported
procedure** obtaining only the C-2 attack for both (Z) and
(E)-isomers (Scheme 11).

Br
0 NaBr, Amb. 15
COOMe &=L AMD. 1o PO/\|/L COOMe
PO TN acetone, -30°C OH
10 P =TBDMS 95% 18 P=H
12 P=Bn 19 P=Bn
|
(0] NaBr, Amb. 15
PO COOMe !
<L acetone, -30°C PO ™" "COOMe
95% OH
11 P =TBDMS 20 P=H
13 P=Bn 21 P=Bn

Scheme 11. Ring opening of type F epoxides under non-chelating condi-
tions.

The reaction proceeds with excellent yield and stereo-
selectivity; moreover, the TBDMS protective group is
removed by the exchange resin. Probably, as already
mentioned, in absence of any coordination between the
metal and the oxygens (Na is a poor Lewis acid), the C-2
position proves more reactive.

3. Conclusions

The studies carried out show that the opening of bifunction-
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Br
20 P =TBDMS (95%)
21 P =Bn (95%)

OH Br
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Br OH

22a P =TBDMS (41%) 22b P = TBDMS (49%)
23a P =Bn (45%)

23b P = Bn (45%)

alized epoxides in MgBr,-chelating conditions leads to
different results depending on the type of substrates;
summarizing we can say:

1. With type D epoxides there is no regioselectivity in the
halide attack.

2. With type E epoxides halide attack « to the carbonyl
group is preferred, especially with (Z)-isomers.

3. With type F epoxides, at least in the (Z)-isomers, halide
attack {3 to the carboxyl group is preferred. In these par-
ticular substrates the NaBr/Amb.15-mediated opening of
both isomers reverses the regioselectivity of the halide
attack.

These results make the type F compounds an attractive
starting material for the synthesis of natural products. In
fact, by changing only the metal halide, we are able to
control the regioselectivity in the opening of the oxirane
ring; the subsequent transformation of halide in amino
group will allow to obtain suitable precursors for the
synthesis of sphingosine, phytosphingosine, aminosugars.'’
Studies regarding these synthetic applications and the
employment of molecular modelling to better understand
the bifunctionalized epoxides behaviour are currently
underway.

4. Experimental
4.1. General

'H and *C NMR spectra were recorded at 200 and 50.3 Hz,
respectively. Reactions were monitored by TLC using
Merck silica gel 60 F-254 plates with UV indicator or/and
visualized with phosphomolybdic acid (10% solution in
EtOH). Flash column chromatography on silica gel was
normally used for purification of the reaction mixtures.
All solvents were purified before use with standard drying
procedures, unless otherwise specified. Elemental analyses
for C, H were performed by the Servizio Microanalisi of the
Dipartimento Chimica of the Universita of Roma ‘La
Sapienza’.

4.1.1. (Z)-4-tert-Butyldimethylsilyloxy-2-buten-1-ol,'° (E)-
4-tert-butyldimethylsilyloxy-2-buten-1-0l,'”” and (E)-4-
benzyloxy-2-buten-1-ol.'® They are known compounds.
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4.2. General preparation procedure for the preparation
of (E)- and (Z)-epoxy alcohol

To a solution of 4-protected-2-buten-1-ol (1 mmol) in
acetone (7.5 mL) and water (5 mL) at 0°C, was added a
mixture of oxone (3.07 g, S mmol) and NaHCO; (0.650 g,
7.75 mmol) in four equal portions at intervals of 15 min;
after 1 h (TLC monitoring), the reaction mixture was
filtered, concentrated and extracted with AcOEt. The
organic layer was dried on Na,SO, and the solvent was
evaporated in vacuo, affording the title compound.

4.2.1. (2R*,3S")-4-tert-Butyldimethylsilyloxy-2,3-epoxy-
butan-1-0l 2," (2R",35")-4-benzyloxy-2,3-epoxybutan-1-
ol 3,20 (25,35™)-4-tert-butyldimethylsilyloxy-2,3-epoxy-
butan-1-0l 4,>' (25%,35")-4-benzyloxy-2,3-epoxybutan-1-
ol 5.2 They are known compounds.

4.3. General preparation of 4-protected-2,3-epoxy-
butanal

4.3.1. Representative procedure for the preparation of
(2R",3R")-4-tert-butyldimethylsilyloxy-2,3-epoxybutanal
6. To a stirred solution of (COCI), (0.1 mL, 1.1 mmol) in
dry CH)Cl, (2.5mL) at —60°C, DMSO (0.12mL,
2.2 mmol) dissolved in CH,Cl, (0.5 mL) was added drop-
wise. Stirring was continued at —60°C for 10 min followed
by addition of 2 (218 mg, 1 mmol) dissolved in CH,Cl,
(1 mL). After 15 min was added Et;N (0.7 mL, 5 mmol)
and then the mixture was allowed to warm to room tempera-
ture. After TLC monitoring, the reaction mixture was
quenched with water (5 mL) and the organic layer sepa-
rated. The aqueous phase was re-extracted many times
with CH,Cl,. The combined organic layer was dried on
Na,SO, and concentrated in vacuo. The crude product was
purified by column chromatography (silica gel, hexane/
ether 9:1) affording 6 (160 mg, 73%) as a pale yellow oil.
Vimax (liquid film): 2950, 1720, 1250, 990 cm ™~ '.'H NMR: &
9.45 (1H, d, J=4.4 Hz, CHO), 3.98 (1H, dd, J=11.2, 2.6 Hz,
SiOCH_H,), 3.88 (1H, dd, J=11.2, 3.8 Hz, SiOCH,H,),
3.42-3.3 (2H, m, CHOCH), 0.84 (9H, s, SiC(CH3)3), 0.03
(6H, s, Si(CHs),).">*C NMR: 8'*C NMR: 8 197.9, 60.2, 59.7,
57.6, 25.7, 18.3, —5.6. C1oH»y03Si (216.35): C 55.52, H
9.32; found C 55.7, H 9.5.

4.3.2. 2R",3R")-4-Benzyloxy-2,3-epoxybutanal 7,>' (2R",
35")-4-tert-butyldimethylsilyloxy-2,3-epoxybutanal 8!’
and (2R",35%)-4-benzyloxy-2,3-epoxybutanal 9.” They
are known compounds.

4.4. General procedure for the preparation of methyl-4-
tert-butyldimethylsilyloxy-2,3-epoxybutanoate

4.4.1. Representative preparation of (25*,3S")-methyl-4-
tert-butyldimethylsilyloxy-2,3-epoxybutanoate 10. To a
vigorously stirred mixture of compound 2 (218 mg,
1 mmol), in CCl; (2 mL), CH;CN (2 mL), H,O (3 mL),
NalO, (877 mg, 4.1 mmol), NaHCO; (420 mg, 5 mmol)
and RuCl;H,O (5 mg, 0.022 mmol) were added. The
mixture was stirred at 20°C for 2 h (TLC monitoring) and
then was filtered on Celite path and extracted with CH,Cl,.
The organic layer was concentrated and to the residue,
diluted in ether, CH,N, was added until the reaction was

complete (TLC monitoring). The reaction mixture was then
concentrated, diluted with EtOAc and washed with NaCl s.s.
The organic layer was dried over Na,SO, and concentrated
in vacuo, affording a crude mixture which was then
cromatographed on silica gel (petroleum ether/EtOAc 8:2)
to give 10 (148 mg, 60%). Colourless oil. v,,.x (liquid film):
2950, 1735, 1250, 940 cm™"."H NMR: & 3.90 (I1H, dd,
J=11.8, 5.5 Hz, SiOCH,Hy), 3.78 (1H, dd, J=12, 5.5 Hz,
SiOCH,H,), 3.69 (3H, s, OMe), 3.56 (1H, d, J=4.5 Hz,
OCHCOOMe), 3.36 (1H, dd, J=5.5, 4.5 Hz, OCHCH,),
0.89 (9H, s, SiC(CH3)3), 0.09 (6H, s, Si(CHs),).">C NMR:
6 168.3,60.4,57.4,52.3,51.7,25.7, 18.2, —5.5. C;1H»,0,4Si
(246): C 53.63, H 9.00; found C 53.7, H 8.2.

4.4.2. (2R",3S")-Methyl-4-tert-butyldimethylsilyloxy-2,3-
epoxybutanoate 11.* This is a known compound.

4.5. General procedure for the preparation of methyl-4-
benzyloxy-2,3-epoxybutanoate

To a solution of 4-benzyloxy-2,3-epoxybutanal (7 or 9)
(1 mmol) and MeOH (0.24 mL, 6 mmol) in dry DMF
(0.39 mL, 5 mmol) PDC (2.25 g, 6 mmol) was added at
room temperature and under N,. The reaction was stirred
for 20 h and then poured in 150 mL of a hexane/50 mL H,O
solution and filtered on Celite pad. The aqueous phase was
extracted with EtOAc (3X50 mL) and the organic layer
washed with NH,ClI s.s., dried over Na,SO,4 and concen-
trated in vacuo, affording a crude mixture which was then
cromatographed on silica gel (petroleum ether/EtOAc 95:5)
to give the title compound.

4.5.1. (25",35")-Methyl-4-benzyloxy-2,3-epoxybutanoate
12 and (2R",3S")-methyl-4-benzyloxy-2,3-epoxybutano-
ate 13.° They are known compounds.

4.6. General procedure for the reaction of type D and F
epoxides with MgBr,?°

To a solution of epoxide (1 mmol) in dry Et,O (10 mL) was
added MgBr;-Et,0 (516.5 mg, 2 mmol). The solution was
stirred at —30°C for 2 h (TLC monitoring), then was filtered
on Celite pad and the solvent evaporated in vacuo. The
residue was then cromatographed on silica gel (petroleum
ether/EtOAc).

Compounds 2, 3, 4, 5, 11 and 13, submitted to MgBr,-
mediated opening, gave mixture of regioisomers
(=50:50). The same reaction on compound 6 and 7 was
already studied by Procter, giving prevalently the C-2 attack
(C-2/C-3=95/5)."

4.6.1. Compounds 14a and 14b. (1.2:1 Mixture of regio-
isomers): '"H NMR: & 4.21-3.85 (4H, m), 3.85-3.72
(2H,m), 2.5 (0.4H, bs, OH), 2.1 (0.6H, bs, OH), 1.9 (0.4
H, bs, OH), 1.7 (0.6 H, bs, OH), 0.88 (9H, s, SiC(CH3)3),
0.09 (6H, s, Si(CH3),). The regioisomeric ratio was deter-
mined after the acetylation of mixture, employing the
integral values corresponding to CHOAc signals (6 5.2
and 5.6).

4.6.2. Compounds 15a and 15b. (1.2:1 Mixture of regio-
isomers): 'H NMR: & 7.35 (5H, s, C¢Hs), 4.55 (2H, s,
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PhCH,0), 4.3-4.21 (1H, m), 4.1-3.95 (1H, m), 3.91 (2H, d,
J=8 Hz, BnOCH,), 3.75-3.5 (2H, m, CH,OH), 3.05 (1.6H,
bs, OH), 2.7 (0.4H, bs, OH). °C NMR: § 137.4, 137.2,
128.5, 128.1, 127.9, 127.8, 73.6, 73.5, 72.2, 71.6, 71.4,
70.1, 64.8, 64.5, 58.0, 54.0. The regioisomeric ratio was
determined after the acetylation of mixture, employing the
integral values corresponding to CHOAc signals (6 5.3 and
5.7).

4.6.3. Compounds 16a and 16b. (1.2:1 Mixture of regio-
isomers): 'H NMR: & 4.15-3.95 (4H, m), 3.95-3.78 (2H,
m), 2.9 (0.4H, bs, OH), 2.7 (0.6H, bs, OH), 1.6 (1H, bs, OH),
0.88 (9H, s, SiC(CH3)3), 0.09 (6H, s, Si(CH3),). C NMR: &
74.6, 73.4, 66.0, 65.2, 64.4, 64.3, 54.9, 51.9, 25.8, 25.7,
18.1, —5.4. The regioisomeric ratio was determined after
the acetylation of mixture, employing the integral values
corresponding to CHOAC signals (6 5.15 and 5.4).

4.6.4. Compounds 17a and 17b. (1.1:1 Mixture of regio-
isomers): '"H NMR: 8 7.35 (SH, s, C¢Hs), 4.55 (2H, s,
PhCH,0), 4.2-4.15 (1H, m), 4.1-3.85 (1H, m), 3.85-3.73
(2H, m, BnOCH,), 3.7-3.52 (2H, m, CH,0OH), 3.3 (2H, bs,
OH). "C NMR: § 137.5, 137.2, 128.2, 128.1, 127.9, 127.8,
73.8,73.4,71.8,71.2,70.5,69.7, 64.3, 63.8, 58.6, 54.5. The
regioisomeric ratio was determined after the acetylation of
mixture, employing the integral values corresponding to
CHOAC signals (6 5.2 and 5.7).

4.7. General procedure for the reaction of type E
epoxides with MgBr,

4.7.1. Representative preparation of (3R",4S™)-3-bromo-
5-tert-butyldimethylsilyloxy-2,4-pentandiol 18a.”” To a
solution of 8 (216 mg, 1 mmol) in dry Et,O (10 mL) was
added MgBr,-Et,O (516.5 mg, 2 mmol). The solution was
stirred for 4 h (TLC monitoring), then MeMgBr (sol. 2 M in
THF, 0.75 mL) was added. After ~4 h (TLC monitoring),
the reaction was quenched with NH,Cl sol. sat., diluted with
Et,0 and the organic layers were dried over Na,SO, and
then evaporated in vacuo. The crude mixture was purified by
flash chromatography (hexanes/EtOAc, 8:2) afforded 18a
(164 mg, 52%). Colourless oil. v, (liquid film): 3220,
2860, 1260, 945, 560 cm™~ '. '"H NMR: & 4.25-4.12 (1H,
m, CH;CHOH), 4.05-3.9 (2H, m, CHBrCHOHCH,0Si),
3.89-3.78 (2H, m, CH,0S1), 2.95 (1H, bs, OH), 2.5 (1H,
bd, /=6.6 Hz, OH), 1.33 (3H, d, /=6.4 Hz, CH;CHOH), 0.9
(9H, s, SiC(CH;)3), 0.11 (6H, s, Si(CH;),). °C NMR: &
75.0, 69.0, 67.1, 63.6, 28.3, 23.7, —3.0. C;;HpsBrO;Si
(313): C 42.17, H 8.04; found C 42.3, H 7.4.

4.7.2. (35" ,4R")-4-Bromo-5-tert-butyldimethylsilyloxy-2,3-
pentandiol 18b. According to the general procedure,
compound 8 (216 mg, 1 mmol) afforded 18b (41 mg, 13%).
Colourless oil. '"H NMR: & 4.3-4.02 (3H, m), 4.02—3.78 (3H,
m), 3.05 (1H, bs, OH), 2.92 (1H, bs, OH), 1.35 (3H, d,
J=17.2 Hz, CH;CHOH), 0.9 (9H, s, SiC(CH3)3), 0.11 (6H, s,
Si(CH;),). *C NMR: 8 73.0, 68.5, 64.5, 61.6, 25.7, 20.0,
—5.5. The regioisomeric ratio 18a/18b was determined on
the crude mixture, employing the integral values correspond-
ing to CH;CHOH signals (6 1.33 and 1.35).

4.7.3. (3R",4S")-3-Bromo-5-benzyloxy-2,4-pentandiol 19a.
According to the general procedure, compound 9 (192 mg,

1 mmol) afforded 19a (148 mg, 51%). Colourless oil. v,
(liquid film): 3200, 3010, 2840, 1060, 550 cm™'. 'H NMR:
8 7.32 (5H, s, C4Hs), 4.61 (2H, s, CH,Ph), 4.3-4.22 (1H, m),
4.05-3.8 (2H, m), 3.78-3.62 (2H, m), 3.1 (1H, bs, OH), 2.6
(1H, bs, OH), 1.34 (3H, d, J=6.4 Hz, CH;CHOH). '°*C NMR:
5 137.1, 128.5, 127.3, 126.8, 74.6, 73.2, 68.3, 67.4, 62.9,
23.5. C;,H,7BrO; (289): C 49.84, H 5.93; found C 49.9, H
5.8.

4.7.4. (35" ,4R")-4-Bromo-5-benzyloxy-2,3-pentandiol 19b.
According to the general procedure, compound 9 (192 mg,
1 mmol) afforded 19b (28 mg, 9.7%). Colourless oil. 'H
NMR: é 7.32 (5H, s, C¢Hs), 4.61 (2H, s, CH,Ph), 4.25—
398 (2H, m), 3.8-3.58 (3H, m), 2.8 (2H, bs, OH), 1.32
(3H, d, J/=6.9 Hz, CH;CHOH). °C NMR: 8§ 137.0, 128.5,
128.2, 127.3, 74.5, 71.9, 68.1, 65.1, 60.8, 21.2. The regio-
isomeric ratio 19a/19b was determined on the crude mixture,
employing the integral values corresponding to CH;CHOH
signals (6 1.34 and 1.32).

4.7.5. (25,35")-Methyl-4-tert-butyldimethylsilyloxy-2-
hydroxy-3-bromobutanoate 20. According to the general
procedure, compound 10 (246 mg, 1 mmol) afforded 16
(313 mg, 95%). Pale yellow oil. v, (li(ﬁuid film): 3250,
2950, 1735, 1250, 1160, 990, 550 cm~'. "H NMR: & 4.61
(1H, dd, J/=5.7, 0.5 Hz, CHOH), 4.28 (1H, ddd, J=8.0, 6.0,
0.5 Hz, CHBr), 3.94 (1H, dd, J,=J,=8.0 Hz, CH,0Si), 3.85
(1H, dd, J=8.0, 6.0 Hz, CH,0Si), 3.85 (3H, s, COOCH,),
2.7 (1H, bd, J=5.7 Hz, OH), 0.88 (9H, s, SiC(CHj3)3), 0.10
(6H, s, Si(CH3),). ?C NMR: 8 172.6, 67.0, 63.5, 54.3, 53.1,
25.6, —5.4, —5.5. C;;Hy;BrO,4Si (327): C 40.37, H 7.08;
found C 40.4, H 6.9.

4.7.6. (25",35")-Methyl 4-benzyloxy-2-hydroxy-3-bromo-
butanoate 21. According to the general procedure,
compound 12 (222 mg, 1 mmol) afforded 21 (290 mg,
95%). Pale yellow oil. vy, (liquid film): 3200, 3010,
1730, 1260, 1060, 550 cm™'. 'H NMR: & 7.34 (5H, s,
CeHs), 4.64 (1H, d, J=0.6 Hz, CHOH), 4.60 (2H, s,
CH,Ph), 4.43 (1H, ddd, J=0.6, 6.8, 8.0 Hz, CHBr), 3.94—
3.61 (2H, m, CH,0Bn), 3.81 (3H, s, OCHs3), 3.15 (1H, bs,
OH). PC NMR: 8 172.4, 128.5, 127.8, 127.7, 73.4, 70.2,
69.4, 53.1, 52.0. C|,H,5BrOy (303): C 47.54, H 4.99; found
C479,H4.1.

4.7.7. Compounds 22a and 22b. (1:1.2 mixture of regio-
isomers): '"H NMR: § 4.52 (0.45 H, dd, J=8, 2.6 Hz,
CHOHCOOEt), 4.48-4.15 (2.55H, m, CHBrCOOE-
t+OCH,CH;), 4.12-3.75 (3H, m, CH,0Si, SiOCH,CHBr,
SiOCH,CHOH), 3.38 (0.45 H, bd, /=5.3 Hz, OH), 3.0 (0.55
H, bd, /=8 Hz, OH), 1.28 (3H, t, /=7.8 Hz, COCH,CH),
0.88 (9H, s, SiC(CH3)3), 0.09 (6H, s, Si(CH3),). >*C NMR: &
171.3, 168.9, 72.2, 71.6, 63.6, 62.04, 52.9, 43.8, 29.6, 25.8,
25.7, 18.2, 14.1, 13.8, —5.5, —5.6. The regioisomeric ratio
was determined after the acetylation of mixture, employing
the integral values corresponding to CHOAC signals (6 5.5,
d and 6 5.2, ddd).

4.7.8. Compounds 23a and 23b. (1:1 mixture of regio-
isomers): "H NMR: 6 7.32 (5H, s, C¢Hs), 4.65 (0.5H, d, J=
0.5Hz, CHOHCOOE), 4.59 (2.5H, s, CHBrCOOEt+
CH,Ph), 4.5-4.35 (0.5H, m, BnOCH,CHBr) 4.2-4.03
(2.5H, m, OCH,CH;3+BnOCH,CHOH), 3.91-3.5 (2H, m,
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CH,OBn), 3.02 (1H, bs, OH), 1.28 (3H, t, J=7.8 Hz,
COCH,CH;).®C NMR: & 1712, 169.4, 137.3, 133.4,
129.7, 1284, 128.3, 127.9, 127.8, 127.7, 73.5, 73.4, 717,
71.6, 69.7, 69.6, 63.3, 50.0, 43.7, 14.2, 13.8.

4.8. General procedure for the reaction of type F
epoxides with NaBr and amberlyst 15

4.8.1. Representative procedure for the preparation of
(2R",3S")-methyl-2-bromo-3,4-dihydroxybutanoate 24.
To a stirred solution of compound 10 (246 mg, 1 mmol) in
acetone (10 mL) at —30°C, NaBr (416 mg, 4 mmol) and
Amberlyst 15 (218 mg, 1 mmol) were added. The mixture
was stirred for 2 h (TLC monitoring), then was filtered on
Celite path and the solvent evaporated in vacuo. The residue
was diluted in CH3CN (2 mL) and Amberlyst 15 (218 mg,
1 mmol) was added to cleavage the formed 3,4-O-isopropyl-
idene derivative. The mixture was stirred for 2 h (TLC
monitoring), then was filtered on Celite path and the solvent
evaporated in vacuo to afford 24 (202 mg, 95%). Pale
yellow oil.vy,, (liquid film): 3250, 2952, 1736, 1260,
1165, 580. '"H NMR: & 4.24 (1H, d, J=7.6 Hz, CHBr),
4.15-4.03 (1H, m, CHOH), 3.85 (1H, dd, J=6.4, 9.2 Hz,
CH,0H), 3.81 (3H, s, OCHj3), 3.75 (1H, dd, J=5.2, 9.2 Hz,
CH,OH), 2.75 (2H, bs, OH).">*C NMR: § 168.3, 72.3, 63.0,
53.1,44.0. CsHyBrO, (213): C 28.19, H 4.26; found C 28.5,
H 3.8.

4.8.2. (257,35")-Methyl-2-bromo-3,4-dihydroxybutano-
ate 26. According to the general procedure, compound 11
(246 mg, 1 mmol) afforded 26 (202 mg, 95%). Pale yellow
oil. v, (liquid film): 3250, 2952, 1736, 1260, 1165, 580.
'H NMR: & 4.25 (1H, d, J=9.2 Hz), 4.05 (1H, ddd, J=2.7,
34, 92Hz, CHOH), 3.98 (1H, dd, J=2.7, 11.4Hz,
CH,OH), 3.83 (1H, dd, J=3.4, 114Hz, CH,0OH),
3.81(3H, s), 2.85 (2H, bs, OH). *C NMR: & 168.1, 72.4,
62.8,53.1, 43.8. CsHyBrO, (213): C 28.19, H 4.26; found C
28.4,H 3.7.

4.8.3. (2R",35")-Methyl-4-benzyloxy-2-bromo-3-hydroxy-
butanoate 25. According to the general procedure,
compound 12 (222 mg, 1 mmol) afforded 25 (290 mg,
95%). Pale yellow oil. v, (liquid film): 3250, 3010,
1730, 1060, 760, 570. '"H NMR: & 7.32 (5H, s, C¢Hs),
4.62 (1H, d, J=4.2Hz, CHBr), 4.54 (2H, s, CH,Ph),
4.18-4.08 (1H, m, CHOH), 3.76 (3H, s, OCHs;), 3.60 (2H,
dd, J=3.8, 6.2 Hz, CH,0Bn), 3.01 (1H, bs, OH). °C NMR:
6 169.5, 137.4,133.4, 129.7, 128.5, 127.9, 73.5, 70.2, 69.7,
53.2, 48.8. C|,H5BrO, (303): C 47.54, H 4.99; found C
48.0, H 4.2.

4.8.4. (25",35™)-Methyl 4-benzyloxy-2-bromo-3-hydroxy-
butanoate 27. According to the general procedure,
compound 13 (222 mg, 1 mmol) afforded 27 (290 mg,
95%). Pale yellow oil. vy, (liquid film): 3250, 3010,
1730, 1060, 760, 570. '"H NMR: & 7.32 (5H, s, C¢Hs),
4.58 (2H, d, J/=1.8 Hz, CH,Ph), 4.38 (1H, d, J=8.7 Hz,
CHBr), 4.17 (1H, dt, J=8.7, 3.5 Hz, CHOH), 3.79 (3H, s,
OCHs), 3.80 (2H, dd, J=3.5, 10 Hz, CH,0Bn), 2.95 (1H, d,
J=7.5Hz, OH). “C NMR: 8 169.5, 133.4, 129.8, 128.5,
128.0, 73.6, 71.6, 69.7, 53.1, 43.7. C;,H;sBrO4 (303): C
47.54, H 4.99; found C 47.9, H 4.2.

Acknowledgements

We thank Ms Daniela Chiorrini for her graphical assistance.
This work was partially supported by University of Rome
La Sapienza (National Project Stereoselezione in Sintesi
Organica: Metodologie ed Applicazioni).

References

1. For recent reviews see: (a) Johnson, R. A.; Sharpless, K. B. In
Catalytic Asymmetric Synthesis; QOjima, 1., Ed.; VCH
Publishers: New York, 1993; pp 103-158. (b) Katsuki, T.;
Martin, V. S. Org. React. 1996, 1-300.

2. (a) Liwschitz, Y.; Rabinsohn, Y.; Perera, D. J. Chem. Soc.
1962, 1116-1119. (b) Caldwell, C. G.; Bondy, S. S. Synthesis
1990, 34-36. (c) Saito, S.; Takahashi, N.; Ishikawa, T.;
Moriwake, T. Tetrahedron Lett. 1991, 32, 667-670.

3. See Ref. 1 and for a very recent example Hayakawa, H.;
Okada, N.; Miyazawa, M.; Miyashita, M. Tetrahedron Lett.
1999, 40, 4589-4592.

4. (a) Bonini, C.; Righi, G.; Rumboldt, G. Tetrahedron 1995, 51,
13401-13407. (b) H. Beherens, C.; Sharpless, K. B. J. Org.
Chem. 1985, 50, 5696-5704.

5. See review (a) Bonini, C.; Righi, G. Synthesis 1994, 225-238.
(b) Bonini, C.; Federici, C.; Righi, G.; Rossi, L. J. Org. Chem.
1995, 60, 4803—-4812. (c) Bonini, C.; Righi, G.; Rumboldt, G.
J. Org. Chem. 1996, 61, 3557-3560. (d) Otsubo, K.; Inanaga,
J.; Yamaguchi, M. Tetrahedron Lett. 1987, 38, 4435-4438.

6. Bonini, C.; Chionne, A.; Righi, G.; Eur J. Org. Chem. 2000,
3127-3131.

7. Wang, S.; Howe, G. P.; Mahal, R. S.; Procter, G. Tetrahedron
Lett. 1992, 33, 3351-3354.

8. Chong, J. M.; Wong, S. J. Org. Chem. 1987, 52, 2596—2598.

9. Parikh, J. R.; Von Doering, E. W. J. Am. Chem. Soc. 1967, 89,
5505-5507.

10. Murray, R. W.; Jeyaraman, R. J. J. Org. Chem. 1985, 50,
7820-7822.

11. Urabe, H.; Matsuka, T.; Sato, F. Tetrahedron Lett. 1992, 33,
4179-4182.

12. Carlsen, P. H. J.; Katsuki, T.; Martin, V. S.; Sharpless, K. B.
J. Org. Chem. 1981, 46, 3936-3940.

13. Mancuso, A. J.; Swern, D. Synthesis 1981, 165-166.

14. O’Connor, B.; Just, G. Tetrahedron Lett. 1987, 28, 3235—
3237.

15. See review Koskinen, P. M.; Koskinen, A. M. P. Synthesis
1998, 1075-1091.

16. Soulie, J.; Ta, C.; Lallemand, J.-Y. Tetrahedron 1992, 48,
443-452.

17. Roush, W.R.; Reilly, M. L.; Koyama, K.; Brown, B. B. J. Org.
Chem. 1997, 62, 8708—-8721.

18. Kizil, M.; Murphy, J. A. Tetrahedron 1997, 53, 16847—-16858.

19. Shibuya, H.; Kawashima, K.; Narita, N.; Ikeda, M.; Kitagawa,
1. Chem. Pharm. Bull. 1992, 40, 1154—1165.

20. Escudier, J.-M.; Baltas, M.; Gorrichon, L. Tetrahedron 1993,
49, 5252-5265.

21. Eppley, A. W.; Totah, N. 1. Tetrahedron 1997, 53, 16545—
16552.

22. Hungerbuehler, E.; Seebach, D. Helv. Chim. Acta 1981, 64,
687-702.

23. Pettersson-Fasth, H.; Riesinger, S. W.; Baeckvall, J.-E. J. Org.
Chem. 1995, 60, 6091-6096.



5656 G. Righi et al. / Tetrahedron 57 (2001) 5649-5656

24. Dunigan, J.; Weigel, L. O. J. Org. Chem. 1991, 56, 6225- 27. Compounds 18a, 18b, 19a and 19b were obtained as single
6227. diastereoisomers. We were not interested in investigating the

25. Azzena, F.; Crotti, P.; Favero, L.; Pineschi, M. Tetrahedron diastereoselectivity of the Grignard addition, but invoking a
1995, 51, 13409-13422. cyclic chelate transition state model, always hypothesized

26. The regiochemistry of the bromine opening was established when an a-substituent capable of coordination is present, we
from 'H NMR spectroscopy, by employing a spin-spin thought about a syn stereoselectivity.

decoupling technique on compounds 20, 21, 24-27 and on
their acetyl derivatives for compounds 14-19.



