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Abstract: Theintermolecular pinacol-like coupling of optically ac-
tiveimineswas performed stereosel ectively with metallic samarium
and a catalytic amount of iodine to give chiral C,-2,2™-ethylenedi-
imino-diethanol derivatives.
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The reductive coupling of optically activeiminesisause-
ful method for the synthesis of chira C,-1,2-ethylenedi-
amine derivatives, which are important as chira catalysts
in stereoselective reactions' and medicinal chemistry.?
Their preparation generally includes optical resolution.®

Metal-promoting coupling of imines has been examined
but stereosel ectivity and chemical yield have not been suf-
ficiently improved.# Only one example of high diastereo-
selectivity was achieved with very bulky and activated
specia imines, tricarbonyl (benzal dimine)chromium com-
plex.

Samarium reagents have quite unique and useful proper-
ties such as long ion radius, high coordination number,
strong Lewis acidity, and high oxophilicity. Recently,
some examples have shown high stereosel ectivity in free
radical reactions by chelation between the Sm(l1l) cation
and oxygen functional groups.® Previously, we reported
diastereoselective Barbier-type alylation of optically ac-
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tive imines with metallic samarium(Sm) and a catalytic
amount of iodine.” The reaction suggests that both nitro-
gen and oxygen atoms of imine may coordinateto Sm(l11)
in an intermediate of the reaction. We observed also that
reductive coupling products of imines were sometimes
produced as by-products.

The mildness and operational simplicity of our new proto-
col with Sm encouraged usto further investigate the scope
and utility with a series of representative chiral imines.
Here we would like to report that intermolecular pinacol-
like coupling of optically active imines was achieved dia-
stereosel ectively with samarium and a catal ytic amount of
iodine to afford chiral C,-2,2'-ethylenediiminodiethanol
derivatives.

The coupling reaction® was affected by the structure of
substrateimines (Figure 1). Both N-benzylideneaniline(1)
and N-benzylidenebenzylamine(2) gave the coupling
productsin good yield (95%) but in low diastereosel ectiv-
ity (dl:meso = 1.4:1). (R)-N-Benzylidene-a-methylbenzy-
lamine(3)° was reacted in 95% and gave better
diastereoselectivity (dl:meso = 5.7:1) than 1 and 2. These
results imply that the diastereoselectivity of the reaction
might be affected by the bulkiness at the a-position of the
nitrogen atom. Among three imines derived from L-valine
derivatives, N-benzylidene-L-valinol(4), methyl N-ben-
zylidene-L-valinate(5), and N-benzylidene-O-methyl-L-
valinol(6a), ether-type 6a was the best substrate for this
coupling reaction. Alcohol type 4 was reduced only at the
C =N double bond to give N-benzylvalinol(7) quantita-
tively. Ester-type 5 was inert under these reaction condi-
tions and the starting material was recovered (90%).
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Various ether-type imines(6) gave the coupling products
(major 8 and minor 9 and/or 10) with accompanying
amines(11) (Table 1).>1° The diastereose ectivity
(8:(9+10)) was from predominantly to 80:20. The ratio of
8 increased when the bulkiness of o substituent R become
more (Ph > i-Pr > Et) (Runs 3, 1, and 2). The bulkiness of
B-substituent R’ also affected the diastereosel ectivity. The
selectivity of 8d (R = Me, R’ = Ph) was higher than that of
8b (R=Et, R =H) (Runs4 and 2).

Unexpectedly, unusual C,-dimer 12 was produced in 8%
yield during the coupling reaction of imine 6g as a by-
product. Its structure was confirmed by the coupling reac-
tion of imine 6h. The compound 12 was produced in 31%
yield with accompanying C,-dimer 8h (Run 8). The rea-
son has not been clarified why the o-methoxy group onthe
phenyl ring was removed and why the CC bond formation
occurred. To our knowledge, such a bond-formation has
no precedent in samarium chemistry.

The absolute configuration of 8 at the newly produced
benzylic center wasR, R(S, 9), if imine 6 had S(R) abso-
lute configuration at the a-position of nitrogen. For exam-
ple, (9-6a gave (R, R)-8a at two benzylic centers. Its
absolute structure was confirmed by the synthesis of 8a
viaanother route (eg. 1). Theknown C,-ester(13) was pre-
pared from (S)-5 by Shono’s method.* The compound 13
was reduced with LiAIH, and then methylated to give 8a.
The X-ray crystallography of 8d further confirmed our ex-
perimental rule (Fig. 2).* It shows that 8d has (RSRRSR)
absolute configuration. These results are useful to visual-
ize the reaction mechanism.
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Proposed Mechanism of the Stereoselective Intermolecular Reductive Imine Coupling

Scheme 1
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Crystal structure of (R,S,R,R,S,R) - 8d
Figure2

The high stereosel ectivity in the coupling of 6 isexplained
by the high coordination number and Lewis acidity of sa-
marium(l11) reagents and the steric interaction of Rand R’
groups.’? Scheme 1 illustrates the proposed mechanism
for the coupling reaction. Imine 6a is reduced with Sm
and a catalytic amount of iodine. The nitrogen and oxygen
atom of the produced imineradical coordinate to the gen-
erated Sm(I11) species.’®* Among three plausible radical
intermediates(8a’, 9a’, 10a’), the steric interaction seems
minimum in 8a’ to give the main product (R, R)-8a (78%
yield).

In conclusion, we have achieved excellent to complete
diastereoselective intermolecular coupling reactions of
optically active imines with Sm and a catalytic amount of
iodine to give C,.2,2-ethylenediiminodiethanol deriva-
tives. Optically active aminoalcohols have extensively
been used as catalysts in alkylation of adehyde with
akyllithium or diakylzinc,' reduction of ketones with
borane or borates,'® and dihydroxylation of a double bond
with osmium tetroxide.l” We aretrying now to use our C,-
chiral compounds for these reactions as asymmetric
ligands.
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When allyl bromide is present in the reaction system,” the
reductive addition of allyl bromide to the imines proceeds
preferentialy.

Crystallographic data for 8d: C4,H,,N,O,, M =508.7,
orthorhombic, space group P2,2,2;, Colorless prism,
a=12.150(4) Ap=20.370(9) Ac = 6.158(2) AV =1524.1
A3,Z=4, andDc = 1.1083 gcn# The reflection data of 1320
reflections with 0€<60° were collected on a Rigaku AFC-5
diffractometer using monochromatedKeuradiation ando—
26 scan technique <13, 0<k<22, (KI<6). The structure
was solved by the direct method and refined by the fullmatrix
least-squares method. The fifavalue was 0.047 for 1260
observed reflectionsyR = 0.052,w = 1/[c?(F)+0.023F]).
Shono et al. reported as follows in Ref. (4c). 1) The
intermolecular coupling of chiral imin®&) did not give
satisfactory stereoselectivity by reduction with zinc and
methanesulfonic acid. 2) The intramolecular coupling of
diimines, in which two molecules &fwere linked by a carbon
chain, gave good stereoselectivity. 3) The stereoselectivity
was explained by steric interaction of isopropy! groups in the
diprotonated intermediate. Shono's method is the most
practical synthesis of chiral 1,2-diarylethylenediamines.
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mild exothermic reaction. After the imine was consumed, it Article Identifier:
turned to purple and the excess of Sm(0) remained at the 1437-2096,E;1999,0,05,0537,0540,ftx,en;Y 04399ST .pdf

bottom. It is generally known that Sm(ll) solution is purple-
blue and Sm(lll) solution is yellowish. The change of the color
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