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Abstract: A new organoaluminum-promoted selective alkylation with several
nucleophiles has been developed which involves the chelation-controlled addition to
fluoro carbonyl compounds with trialkylaluminums via pentacoordinate
organoaluminum complexes. © 1998 Elsevier Science Ltd. All rights reserved.

Organofluorine compounds have been increasingly important in the area of theoretical,
development of various new synthetic methodologies, which are mainly divided into two classes depending on
the reaction pattern, i.e., (i) the electrophilic or nucleophilic fiuorine introduction to organic molecuies,? and (ii)
functional group transformation of organofluorine compounds.3 Our attention has been focused on the latter
approach by taking advantage of a characteristic feature of fluorine atom.* For example, among various metals
to be chelated, aluminum has exceedingly high affinity toward fluorine as evident from the bond strengths in
several diatomic molecules of metal-fluorine: Al-F, 663.616.3 kJ/mol; Li-F, 577421 kJ/mol; Ti-F, 569134
kJ/mol; Si-F, 552.74+2.1 kJ/mol; Sn-F, 466.5t13 kJ/mol; Mg-F, 461.9+5.0 kJ/mol.5 Accordingly,
organoaluminum reagents seem to be quite valuable for fluorine-assisted selective transformation of oxygen-
containing organofluorine substrates.6 Here we wish to report suc

carbonyl compounds as model substrates of our case study (Scheme I).
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First, we carried out the discrimination experiment with 2-fluoro- and 4-fluoroisobutyrophenone in order
to examine the advantage of aluminum reagents over other metal reagents for the high affinity to fluorine and

«

oxygen. Thus, treatment of an e.quimelar mixture of 2-fluoro- and 4-fluoroisobutyrophenone in tolue

ributyltin hydride resulted in formation of two different
alcohols 1 and 2 (82% combined yiein) i i
y lowered by switching the metal reagents from Me3Al to

(1.9:1), MgBr (1.9:1), SiCly (2.3:1), and to SnCly (1:1.3). 7 Use of MeAICI as an aluminum reagen
less satisfactory result.

——
o
—

discrimination ability is dramatica

-

0040-4039/98/$ - see front matter © 1998 Elsevier Science Ltd. All rights reserved.
PII: S0040-4039(98)01508-1



ot

F ? O Lewis acid (2 eq) F o U
toluene
-76 °C, 2h
Lewis acid: MeaAi 82% (34:1)
Bt Al - r’7L (DR 1)
[ & Tal] - VIO V&V
MeaAICI  : 75% (7.3:1)
TiCI(OPr) : 71% (1.9:1)
MgBr, P 71% (1.9:1)
SiCly :12% (23:1)
SnCly 1 17% (1:1.3)
LICIO,4 no reaction

The advantage of aluminum reagents over other metal reagents was also seen in the Lewis acid-promoted
allylation of fluoro carbonyl compounds. Thus, Me3Al-promoted selective allylation of an equimolar mixture of

2- and 4- ﬂuorobenzaldehydcs with allyltributyltin afforded the homoallylic alcohol 3 almost excluswely Agam
esults were obtained with Ti, Mg, Li, Sn, Si

unsatisfactory eagents in terms of chemical

F Lewis acid (2 eq) F OH OH
CHO CHO > SnBy;

K\\\r N (\r (1 eq) i S +\ i A AN

N~ toluene, -78°C  ~F 4 N 4

Lewis acid: MejAl :74% (31:1)

TiCI,(OPrY); : 56% (9.8:1)

MgBr, :18% (7.1:1)

LiCiO,4 T 17% (4.1:1)

SiClq : 30% (3.8:1)

SHC!4 1 84% (3.9:1)

« O%F/0 | O.T .

With this information on the metal effect at hand, our attention has been focused on the diastereoselective
aldol reactions of fluoroaldehydes with ketene silyl acetals in the presence of trimethylaluminum. Despite the

numerous studies for achieving syn-selective aldol reactions with ordinary aldehydes, the corresponding anti-
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f appropriate methodologies.8:2 Indeed, the syn/antt
systems.” We have found that high anfi-selectivity is achieved in the aidol reactions of fiuoro aldehydes with
ketene silyl acetals in the presence of trimethylaluminum. For example, MesAl-induced reaction of o-
fluorobenzaldehyde (5a) with a substituted ketene silyl acetal gave rise to a mixture of fluoro p-hydroxy esters,
6a and 7a with high diastereoselectivity probably due to the effective fixation of carbonyl moiety (6a/7a =
16:1), while the selectivity was dramatically lowered by use of other common Lewis acids such as BF3*OEt,,
TiCl4 and Me3SiOTf.10.11 In contrast, however, o-anisaldehyde (5h) and benzaldehyde (5c¢) exhibited
moderate selectivity (6b/7b = 6¢/7¢ = 5.3:1).10 The importance of chelate formation for obtaining high anti

selectivity was also emphasized by performing the aldol reaction with p- ﬂuorobenzaldehvde (5d), where further

b

decrease of the
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was treated with a ketene silyl acetal in the presence of trimethylaluminum to furnish fluoro g-hydroxy ester 9a
nonin it e d anlaae tesy MM _ £ 1.1 10
apaill Willl gUUU SCICLLUVILY (Fa/1va = U.1.1 1077
1) Lewis acid
(1.2 eq) X X
e toluene 1 NHCI I/\K . '/\K '
”\ //L NCQiMa_ THE I\:)\/\/Oph kv//’k)\/oph
S CHO WATHVIOT tn |'; h I n
2) ~ rL, OH O OH O
5a (X =F) OPh
5b (X = OMe) | (1.2eg) 8a (X =F) 7a (X =F)
5¢ (X = H) 78°G, 1 6b (X = OMe) 7b (X = OMe)
YA 6c (X = Hj 7¢c (X=H)

Lewis acid BF,*OEt, : 70% (6a:7a = 1:1.8)

TiCl : 74% (2.9:1)
AA CINTE . QCo/ (4.4 £\
lVIUsDI\JI P . o9 /o \l. I.U’
MesAl  : 96% (16:1)

: 89% (6b:7b = 5.3:1)
: 88% (6¢c:7c = 5.3:1)

F 1) MezAl (1.2 eq) F -
Y huene  TNHOL TNy ISy

i 1] 1 1
5d 2) Zoph rt,1h OH O OH O
(1.2 eq) 6d 7d
78°C,1h 88% (3.5:1)

X 1) Me,Al (1.2 eq) X X
toluene 1 N HCI = OH O X OH O
CHO | o0 0+ | I

7 OSiMe;  THF  ~F Y ToPh SN oph
y a

5 ] r
sa=p) B Zvop, 1T :
8b (X=H) (1.2 6q) 9a(X=F) 80% (6.1:1) 10a(X=F)
78°C, 1 h 9b(X=H) 94% (2.3:1) 10b (X =H)

The high diastereoselectivity observed herein is ascribed to the effective chelate formation of Me3Al with
fluoro carbonyl compounds via pentacoordinate organoaluminum complexe A. Convincing physical evidence

was obtained by carrying out low temperature 13C and 19F NMR study of these aluminum complexes. The
original signal of carbonyl carbon in fluoro ketone 11a appeared at § 208.5. When 11a was complexed with

_____________ vyl = WA SR

. o .
Me3Al in a 1.1 molar ratic in CD7Cl; at -50 °C, a significant downfield shift of carbonyl carbon was observed at
8 225.0 by 13C NMR analysis. Furthermore, 19F NMR mearsurement of the complex A under similar

X A
conditions showed the F signal at § -117.4 which originally occurred at § -118.02 in 11a.12 These results
indicate the formation of the intermediary pentacoordinate Me3Al complex A.

§-118.02 5-117.14
Ff\ FC-—;!Mea
X" 0 XY 0o

LA L
TR

11a 11a/MesAl complex, A
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