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Regio- and Diastereoselective Aldol Products
through Three-Component Coupling Reactions
of Difluoroboroxy Fischer Carbene
Molybdenum Complexes**

José Barluenga,* Félix Rodriguez,
Francisco J. Fafianas, and Eduardo Rubio

The formation of a large number of carbon —carbon bonds
with high efficiency in the minimal number of chemical steps
is the requirement of modern synthetic design.! In this
context, radical and carbanion chemistry has become a
valuable tool in organic synthesis. However, both reactive
intermediates can be used in a complementary manner and
sequential reactions have been devised to prepare complex
molecules.> 3 On the other hand, despite the importance of
Fischer carbene complexes for the development of novel
organic transformations™ there is only a very limited number
of examples in which these complexes have been used as
precursors of radicals. Thus, tetramethylammonium acyl
chromate complexes are adequate precursors for alkyl and
acyl radicals, which are formed by oxidation with manga-
nese (1! and copper(1n)!® salts.

In 1997 we reported a simple method for generating acyl
radicals from difluoroboroxy Fischer carbene molybdenum
complexes in very mild reaction conditions and in the absence
of an oxidant.! Herein we describe a sequential radical-
anionic three-component coupling reaction of difluoroboroxy
Fischer carbene molybdenum complexes, vinyl ketones, and
aldehydes to give syn-f-hydroxyketones diastereoselectively.
This process is amenable for synthesizing enantiomerically
pure compounds.

The treatment of pentacarbonyl(difluoroboroxycarbene)-
molybdenum complexes 1 (formed by reaction of lithium
pentacarbonyl acyl molybdate and boron trifluoride diethyl
ether complex)” with vinyl ketones 2 and aldehydes 3 in
diethyl ether at temperatures from —60 to 20°C led to f-
hydroxyketones 4. According to the NMR studies the syn
products were formed exclusively (Scheme 1 and Table 1).5 8]

RCHO oH 0 )
OBF, 3 R37N R
(CO)5M°:<R1 1. —60°C —RT .
1 2. H,0 R
4
+ p—
2 R*._CHO OH O
/\H/\R \r » e .
[} X 5 Y
2 1. -60 — —20°C X X
2. H,0 5 R

Scheme 1. Reaction of difluoroboroxycarbenemolybdenum complexes
with vinyl ketones and aldehydes—Formation of syn-f-hydroxyketones 4
or 6.
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Table 1. Synthesis of syn-f-hydroxyketones 4 and 6 from carbene complexes 1, vinyl ketones 2, and aldehydes 3 and 5, respectively.

carbene complex  R! vinyl ketone R? aldehyde R’ R* X Product Yield [% ] de [% ]!
1la c-CsHy 2a H 3a Pr - - 4a 48 -
1a ¢-CsHy 2a H 3¢ 2-Fuld - - 4b 50 -
1b iPr 2a H 3a Pr - - 4c 54 -
1b iPr 2a H 3b Ph - - 4d 49 -
1b iPr 2a H 3¢ 2-Fu - - 4e 51 -
1b iPr 2b Bu 3¢ 2-Fu - - 4f 44 -
1c Bu 2a H 3a Pr - - 4g 320 -
1b iPr 2a H Sa - Me OBn 6al°l 43 78
1b iPr 2a H 5b - Me NBn, 6b 42 >99
1b iPr 2b Bu Sb - Me NBn, 6¢ 37 >99
1b iPr 2b Bu Sc - Bn NBn, 6d 36 >99
1a ¢c-CsHy 2a H Sc - Bn NBn, 6e 34 >99

[a] Based on [Mo(CO)]. [b] Determined by '"H NMR spectroscopy of the crude product. [c] 2-Fu = 2-furyl. [d] Nonane-2,5-dione (25 %) was also isolated.

[e] Both diastereoisomers have been isolated.

As a consequence of the complete syn diastereoselectivity
observed for 4 in all the cases examined we carried out a set of
experiments using chiral aldehydes 5 to study the diastereo-
facial selectivity of this process. Thus, the reagents were mixed
at —60°C, and then the reaction mixture allowed to warm up to
—20°C, and kept at this temperature for 72 hours (Scheme 1
and Table 1). From this procedure we found diastereoselec-
tivities above 99% in most cases. A lower selectivity was
observed only for 6a. In this case, the absolute configuration
of the new stereogenic centers in the major diastereoisomer of
6a was determined from the A values (Ognrpa — Or-mrra)
obtained for the MTPA esters 7 (Figure 1).1) The configura-

MTPAO
_48M
5 +18
o
H
-18\H 9.4
—22] +24 Ph H'//é;1
s
0
29.8
Ph OH OH BnoN °©
W / c-CsHg
NBny \_ — 9
c-CgH
s Ph OH OMTPA
—28]H., ISt
-9
H_jal” T-s6"+31
NBn, *
2 \C-C5H9

10

Figure 1. Diagnostic NMR data for 9 and Ao values (ds — dy) for the (S)
and (R)-MTPA esters of 7 (at 300 MHz) and 10 (at 400 Mhz). Selected
NOE:s observed are indicated by arrows. Bn =benzyl; MTPA = a-meth-
oxy-a-(trifluoromethyl)phenylacetic acid.

tional assignment for compounds 6b — e was made on the basis
of the following transformations on 6 e. First, we prepared diol
8 by reduction with lithium aluminium hydride. The relative
configuration of C(2)-C(4) was clear from NMR studies on
the corresponding acetonide 9 (prepared by treatment of 8
with 2,2-dimethoxypropane and pyridinium-p-toluene sulfo-
nate (PPTS) as catalyst). Thus, the high difference in chemical
shift between the C(2) methyl groups (Ad=104),

chemical shift of the acetal carbon atom (6 =98.9), together
with the observed NOEs between H(4) and H(6) and the
upfield C(2) methyl group correspond to a chair conformation
with a 1,3-syn disposition of H(4) and H(6) (Figure 1).01% 11l
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Finally, the absolute configuration of diol 8 was established as
above through the AJ values of the mono-MTPA esters 10
(Figure 1). 11

A plausible mechanism that explains the formation of (-
hydroxyketones 4 is outlined in Scheme 2. Thus, the equili-
brium between the tautomeric species 1 and 11 is shifted

F2B

0 F2B
(CO)5M0=< . (CO)SMo% [ Pl ] + [(CO)sMOBF,]*
1 11 12 13
co 13
/A 1 2 o 2
12 Rbe —— A~ R
14 15 "(CO)sMo”
o
1 R2
R s B2 9 H,0
= F2 - Ra/\:)l\/Rz 4
{| oBF, :
2 R!
RL = R 17
16

Scheme 2. Mechanism proposed for the formation of syn-S-hydroxy-
ketones 4 and 6.

towards 11, presumably as a consequence of a favorable
interaction between the boron and the molybdenum
atoms,” I which leads to the acyl radicals 12 and the radical
species 13 after the homolytic scission of the carbon —molyb-
denum bond. These acyl radicals 12 surprisingly undergo
decarbonylation!®! to generate the alkyl radicals 14,/' which
then add to vinyl ketones 2 to generate the radical inter-
mediates 15. Further electron transfer from 13 to intermediate
15 with loss of the Mo(CO)s fragment produces boron
enolates 16, which afford the adducts 17 on addition to
aldehydes 3. Finally, hydrolysis of 17 leads to the -hydroxy-
ketone derivatives 4. An explanation of the 1,2-syn induction
in the aldol reaction is possible on the basis of the well known
Zimmermann - Traxler chairlike transition state model™! if
the geometry of the formed enolate is assumed to be
exclusively Z. In our case, the small size of the fluorine atoms
would favor the formation of the Z isomer.[®> 161

The preference for the Felkin-type products (3,4-anti) when
chiral aldehydes 5 were used can be accounted for by

1433-7851/99/3820-3085 $ 17.50+.50/0 3085



COMMUNICATIONS

assuming a nonchelated transition state,['”) as observed in
similar reactions.!'"8! These results reflect a very high degree of
substrate control in the aldol addition of achiral boron
enolates to chiral aldehydes.'®!

It is worth pointing out that the three-component coupling
reaction described here represents an interesting alternative
to the aldol reaction where the main problem of the lack of
regioselectivity for nearly symmetrical ketones is solved
(Figure 2). Further studies on the mechanism and synthetic
applications of this novel transformation will be reported in
due course.

o
H (o]
R3/\E)IVR2|::> Rl/\)J\,Rz + R3CHO
gt / X

Figure 2. Regio and diastereoselective aldol reaction.

Experimental Section.

Preparation of 4 and 6: BF;- OEt, (0.36 mL, 3 mmol) was slowly added at
—60°C to a solution of 1, generated by reaction of hexacarbonylmolyb-
denum (3 mmol) and the corresponding organolithium compound
(3 mmol), in diethyl ether (30 mL), and the mixture stirred for 10 min.
The vinyl ketone 2 and the aldehyde 3 or 5 were then added dropwise at the
same temperature. Stirring was continued while the temperature reached
room temperature (compounds 4) or —20°C (compounds 6). The mixture
was hydrolyzed with water (30 mL), extracted with diethyl ether (3
x 10 mL), and the organic layer dried over anhydrous sodium sulfate. The
solvent was removed at reduced pressure and the crude product purified by
column chromatography (silica gel, hexane/ethyl acetate 40/1). All com-
pounds gave satisfactory analytical data, including elemental analysis, mass
and NMR spectra.
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The tridecanelactam antifungal agents Sch 38516,
Sch 38518, and Sch 39185 isolated by researchers at Scher-
ing — Plough!!l from Actinomadura vulgaris, shown to be active
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