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vinyloxyboranes, intermediates of Hooz' reaction, are almost exclusively E-isomers which can

be 1somerized to the Z-isomers. Both isomers undergo stereoselective aldol condensations.,

During our search for a general method that achieves a stereoselective aldol condensa-
tlon,l some observations made earlier by KBster2 suggested that the use of vinyloxyboranes
(1, E-1somer; 2, Z-isomer) might provide a solution for this problem. We have closely
examined several reported methods for the preparation of 1 and/or 2 and also the stereoselec-
tivity of each isomer in the aldol reaction.3 In this communication, we wish to describe two
important observations: (1) that the v1nyloxyboranes4 which form as intermediates in Hooz'
reaction (see equation 1)5 are almost exclusively the E-isomers (1), and (2) that it is
possible to isomerize 1 to the corresponding Z-isomers (2). With the stereo-defined vinyloxy-
boranes available, we are now able to clearly demonstrate that the Z-isomers (2) react with
aldehydes to yield the erythro aldol product predominantly (_>__95%)6 and 1n excellent yields,
whereas the gfisomers (l) react somewhat less stereoselectively (70-80%) but still provide

good yields of the threo aldol product.
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The preparation of la-c essentially follows the literature procedure.5 Thus, after the
dropwise (30 min) addition of a 1M solution of a diazoketone (3, 1 equiv) in THF to a 1M solu-
tion of tri-n-butylborane (4, 1 equiv) in the same solvent, the reaction mixture was stirred
for 1 h at the temperature specified in Table 1 and then the solvent was removed (reduced
pressure, room temperature) for NMR spectral measurements. The yields of la-c are near-quan-

titative and the spectral data are consistent with the vinyloxyborane structures (Table 1).
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For la, b, ¢, R=CH3, C6H5CH2, C6H5’ R =C4H9; for 2a, b, <, R=CH3,
CgHsCH,, CHy, R =C4H9;2for 3a, b, ¢, R=CH,, CgHLCH,, C.Hg; for 4,
R=C4H9;lfor 5a, g, <, R =C6H5, C2H5, 2—C3H7; 6a, b, [} R=CH3, C6H5CH2,
CgHgs R™=CyHy, R=C_H_; for 1%, b, ¢, ReCH;, C/H.CH,, C.H., R =C,Hys R™=CH;
for 7d, e, R=C;Hy, R'=C H,, R°=CH,, 2-C.H,

Table 1. Reaction temperature for the preparation of and NMR spectra of la-¢

Reaction 1 a
temp (°C) H NMR spectrum
la 0 § 0.7-1.6 (m, 25H), 1.65 (s, CH,),
1.6-2.1 (m, 2H), 4.68 (tg, J=7.5 and
n1.0 Hz, 1H)
1b 0 § 0.7-1.7 (m, 25H) 1.8-2.3 (m, 2H), 3.30
(s, CEQ—CGHS), 4,70 (t, J=7.5 Hz, 1lH),
7.1 (br s, C6H5)
ic 0 § 0.8-1.7 (m, 25H), 1.9-2.5 (m, 2H), 5.10

(t, J=7.7 Hz, 1H), 7.0-7.6 (m, C_H,)

%one mmol of a sample in 0.15 ml of C6D6 was used for the measurement.

Several methods were investigated to effect the isomerization of la-c to 23;5,7 We
found that when a catalytic amount of lithium phenoxide or pyridine was added to a solution
of E-vinyloxyboranes la-c in benzene, smooth isomerization to the Z-isomers (2a-c) took place
(Table 2). The stereochemical assignments of E to la-c and Z to 2a-c are based on the NMR
spectral correlation proposed earlier for compounds of this type.8

A solution of each stereo-defined vinyloxyborane (0.5M, 1 equiv) and benzaldehyde (5a,
0.5M, 1.1 equiv) or other aldehydes in THF or toluene was allowed to stand at room temperature

for 2 h, and subsequent hydrolysis of the resulting product with agueous 30% H202 in methanol



No. 19

provided the corresponding aldol.

. 9
based on the J value between the two protons attached to the chiral centers.

are summarized in Table 3.
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The stereochemistry assigned to each product is mainly

The results

Table 2. Reaction conditions for the conversion of 1 into 2 and NMR
spectral data of 2a-~-c
Reaction Yield 1 a
conditions of 2 H NMR Spectrum
2a LiOC H, (0.02 equiv) 84 § 0.7-1.6 (m, 25H), 1.71
16h, 22° (s, CEG)’ 1.8-2.1 (m, 2H),
4.58 (br t,J=6.5 Hz, 1H)
2b LioC H, (0.02 equiv) 81 § 0.7-1.7 (m, 25H), 1.8-2.3
16h, 22° (m, 2H), 3.28 (s, 2H), 4.60
(t, J=7.0 Hz, 1H), 7.1 (br s,
CGHS)
2¢ Pyridine (0.50 equiv) 88 § 0.8-1.7 (m, 25H), 1.9-2.5

24h, 80°

L10C6H5(0.02 equiv)

8h, 50°

or

(m, 2H), 5.40 (t, J=7.2 Hz, 1H),

7.0-7.6 (m, C6H5)

2one mmol of a sample in 0.15 ml of C

6

Table 3. Aldol condensation of 1 or 2

a erythro/ comb;medb
Reactant Product threo ratio yield (%)
la + 5a 6a and 7a 1:3 92
b+ 5a 6b and 7b 1:4 88
1lc + 5a 6c and 7¢ 1:3 86
2a + 5a Ia >20:1 90
2+ 52 ™ >20:1 84
2c + 5a ZE >20:1 85
2¢c + 5b zg >20:1 87
2¢c + 5¢ Te >20:1 86
85ee footnote 10. ineld is based on pure vinyloxyborane,

The above

6D was used for the measurement.

reaction sequence represents a net stereoselective conversion of a carboxylic

acad (RCOZH) into an erythro-aldol R—CO-CHRl—CH(OH)R2 and appears to be widely applicable to

a variety of R,Rl, and R2.

In fact, several combinations of these parameters other than those

in the Tables have been found to follow the general pattern, providing stereoselection in

each step of the above sequence, although the complexity encountered in the NMR spectral

analysis precluded definite stereochemical assignments to the products.

Z-vinyloxyboranes produced by other methods such as the 1,4-addition of R

2
B to vinylketones

A mixture of E- and

b,
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and reactions of RZBY with ketone512 can now, in principle, be converted to the thermo-
dynamically more stable Z-isomer in many cases, which renders the present methodology even
more attractive. The mechanistic interpretation of the conversion 3 into 1 is only specula-
tive at the present time.
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