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Planar Chiral C2-Symmetric Bisferrocenes: Stereoselective
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Abstract: Planar chiral o-substituted ferrocenecarboxaldehydes were treated with samarium diiodide
to give stereoselectively pinacol coupling products with a threo-configuration in good yields. The
resulting dihydroxy! of the product was substituted with stereochemical inversion by an SN1 reaction.
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Enantiomerically pure 1,2-dihydroxy or diamine compounds and the related compounds have found
widespread use as chiral ligands in asymmetric reactions. The optically active 1,2-diols have been conveniently
synthesized by a catalytic asymmetric dihydroxylation of the olefins with high enantioselectivity.! Although the
reductive coupling of carbonyl compounds, pinacol coupling, is the most direct way to synthesize the 1,2-diols,
highly diastereoselective formation of the 1,2-diol is not so easy under most conventional reductive coupling
methods.2 Furthermore, the threo (dl) 1,2-diols could not be obtained in an enantiomerically active form by this
pinacol coupling of the aldehydes or ketones. We have recently reported3 that the planar chiral

tricarbonylchromium complexes of o-substituted benzaldehydes or benzaldimines gave a single reductive

or diamine with the threo-config
i f

&
=
[¢)
=2
1’
(4]
2
<
o
(4]
-
5
—
g
[%2]
g
o
=
-
=
o
v
~
[}
=
4]
o]
(o]
=2
3
=3
o+
=
5
o]
R
a
=
[o]
(4
(=]
-
-
=
4]
o
Lad
o
o
o
=
(=2
o
=]
=
fowg]
-
=4
3
o
-]
=
=}
=
=]
=
=
]
-

g B VA T2 Py iveg ~f €Caces
ica pinacol Coupling o1 1

. e

mixiure of threo {(dl) and eryihiro (imeso)-pinac
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gave a complex mixture of 1,2-diols based on the central and planar chiralities. However, an enantiomerically
pure (+)-(R)-o-methylferrocenecarboxaldehyde (1) (R = Me) was coupled with samarium diiodide at 0 °C to

give the comresponding three pinacol coupling products 2, 3 and 4 in a ratio of 92 : 4 : 4 in 98 % yield (entry 2).
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The reductive coupling at lower reaction temperature (-78 *C) produced a single pinacol coupling 2 (R = Me) with
thenn Annfioneatiam 1n Q) G 2:ald Qirmmilasly tha nlonae Ahival v 2laatholoile]l heaan Ae TAads oiihhaelieiiend
LRI TCULY xugux LIVl Il 74 U y A=318s Olllllldlly, uic Pl idl Llilital -l “.Clllylbllyl, ULIVUILIIV Ul 1VJd 2UL>GUUICU
ferrocenecarboxaldehydes produced the corresponding 1,2-diols 2 with extremely high diastereoselectivity.
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Tabie 1. Pinacoi Coupling of o-Substituted Ferrocenecarboxaidehyde
Entry R Temp ("C)  Yield of diols  Ratio 2 Yield 5 (%)
22 A 07N L NP B |
L3344 (70) 4.3 .49 [a]D (CHCI})
1a 0 95 25:25:50 - 0
2 Me 0 98 92:4:4 0
3 Me -78 92 100:0:0 +89.5 0
4 T™MS 0 88 91:8:1 5
5 T™MS -78 87 93:6:1 +69.5 8
6 I 0 94 92:4:4 0
7 I -718 92 100:0:0 +37.4 0
8 Br -78 93 100:0:0 +44.2 0
96 PPh 41 52:24:24 - 20
10¢ PPh; n 80 30:40:30 ¢
s Tha mncrrmszmAds Y aind D nvn ccnatininne 6 annb el L. T | I
o, 11 COLHPOULIUS & dlil O alC CHAIIOHIICT LU CAlil OUICT WICIT KIS 1TYUIOECll
b; No pinacol coupling of 1 with a-diphenylphosphino substituent proceeded at -78 °C.
c; ref. 5

The relative stereochemistry of the major coupling product 2 (R = [) was determined by a single crystal X-
ray analysis after conversion of the diols to the corresponding acetonide, and found to be the (Sgc.15,25.5k¢)-
configuration (Fig. 1). The structures of the other stereoisomeric coupling products could be easily assigned by
NMR spectra. The compounds 2 and 3 have a Cp-symmetry, while 4 has a C-symmetry conformation.4
However, no obvious diastereoselectivity was observed for the samarium diiodide-mediated pinacol coupling of
a-(diphenylphosphino)ferrocenecarboxaldehyde. Thus, (S)-w-diphenyiphosphino ferrocene 1 (R = PPhy)
reoisomers of the pinacol coupling

y

41 % yield along with ferrocenylmethyl alcohol § of 20 %
. iols 2



5387

coupling of planar chiral a-substituted ferrocenecarboxaldehydes produced exclusively Ca-symmetrical 1,2-diols

2 except the a-(diphenylphosphino)ferrocenecarboxaldehyde.

(Scheme 2). The samarium metal attacks the anti-carbonyl6 of 1 from the exo-side to generate a ketyl radical

x

i

-

=1

(=]

The reaction mechanism for giving the threo-diol 2 as the major product would be proposed as follows

teracty
nllavil

1
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to each other, giving the threo-diol 2. But, with the a-diphenylphosphino substituent, the initially formed ketyl

‘.
v

FeCp

[7e]

C=0/R

anti-:

1

It is well known3 that the substitution at the psuedo-benzylic position of o-ferrocenylethyl acetates and the

FeCp
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MejAl, ~78°C (76%)
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CH,=CHCH,SnBug, BF 3 OEt,, 0°C (90%)
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trantad ath tetemrathe laoliioaiozices o mlura a oiroel o ecila s il oo hiataiial o T T ANTL | W PR Py TR
ucawias It WHTICLH Y IAIUIBAIULLEL TO EIVE a DIHEIC DUCICOUNILG SUDMLILULIOIN PpIoduct 1U (iNU = viC), WILHIOUL any
i LY oy . o s o cmammm ok el A e L7 A1 O L DN [ BPUUES PR - L &
)4 LEOIL O MICT 1SOITICTS O I BCil It proaucts, It 70 7o yic€ia (aCneme 3). oSirmilar y mc treaiment o1
with allyl tributylstanane in the presence of wrifluoroborane etherate afforded a single product 10 (Nu
CHoCH=CH3) in 90 % yield. The relative stereochemistry of 1§ (Nu = Me) was determined by X-ray

crystaiiography, and found to be an Sg¢, 1R,2R,Spc-configuration (Fig. 2).

It is noteworthy that the nucieophilic substitution of 9 via a carbonium ion intermediate proceeded with

stereochemnical inversion, while the (Sg.,R)-o-substituted ferrocenylethyl acetate and the related compounds

afforded the stereochemical retention products by Sy 1-type reaction at the pseudo-benzylic position.89 We are

now actively investigating the development of these Cz-symmetric bisferrocene compounds aschiral ligand in
asymimetric reactions.
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In the case of diastereomeric Sg¢,S-configuration ferrocene, stereoselectivity at the pseudo-benzylic position
for SN1 reaction was largely dependent on the substrate, nucleophile and reaction conditions.



