
Aminoacetals, easily prepared by condensation of aromatic
aldehydes, secondary amines and alcohols, are reductively cou-
pled by using low valent titanium iodide species to afford the
corresponding coupling products, vicinal tertiary diamines, in
good to high yields under mild reaction conditions.

There are many natural products containing vicinal diamine
function and some of which have interesting biological proper-
ties and are used synthetic precursors in medicinal chemistry.1

Further, vicinal diamines are frequently employed in organic
synthesis, especially in the field of catalytic asymmetric synthe-
sis.  Various synthetic methods were studied intensively for the
preparation of vicinal diamines and one of the most popular pro-
cedures was the coupling of two nitrogen-containing substrates
by carbon–carbon bond forming reaction.  Concerning reductive
coupling of imines affording the corresponding vicinal second-
ary diamines, for example, various effective reducing reagents
were reported,1 among which low valent titanium (LVT) com-
pounds proved to be particularly effective.2 Also, some direct
methods for the formation of vicinal tertiary diamines, that is,
reductive coupling of iminium salts3,4 or aminals4 and deoxy-
genative coupling of amides5 and so on were reported.  Further,
it was reported by Seebach and co-workers3,4 that reductive cou-
pling of the substrates which were synthetically equivalent to
iminium salts by using excess amounts of LVT derived from
titanium(IV) chloride (TiCl4) and potassium or magnesium
afforded the corresponding vicinal tertiary diamines.  In the
above reactions, the substrates were prepared by initial forma-
tion of adducts from aromatic aldehydes and lithium dialkyl-
amides and the subsequent treatment with TiCl4.

Recently, it was reported from our laboratory that a newly
utilized low valent titanium iodide (LVTI) species generated by
treating titanium(IV) iodide (TiI4) with copper or zinc was an
effective reducing reagent in coupling reactions of aldehydes
and dithioacetals to afford various vicinal diols and vicinal
bis(alkylthio) derivatives, respectively, in good to high yields
under mild reaction conditions.6 Therefore, it was expected
that treatment of aminoacetals, which were easily prepared
from aromatic aldehydes, secondary amines and alcohols,7 with
LVTI would afford vicinal tertiary diamines; the reduction was
considered to proceed by selective abstraction of alkoxy group
of aminoacetal because titanium has stronger affinity for oxy-
gen and thus the resulted two radical intermediates coupled to
give the vicinal tertiary diamine.  In this communication, we
would like to report an efficient method for the direct prepara-
tion of various vicinal tertiary diamines by reductive coupling
of aminoacetals with LVTI.

In the first place, α-(diethylamino)benzyl ethyl ether was
used as a substrate in reductive coupling by using supernatant
solution of LVTI generated by treating with TiI4 and copper or

zinc8 in tetrahydrofuran (THF) (Table 1).  Similar to the case of
coupling of dithioacetal,6b addition of copper was not effective
for the present reaction.  On the other hand, desirable reaction
was promoted moderately by addition of zinc which afforded
the corresponding vicinal tertiary diamine, 1,2-bis(diethyl-
amino)-1,2-diphenylethane, in good yield at the temperatures
ranging from room temperature to 55 °C (entries 1–5).  When
zinc was further added to the supernatant solution of zinc-treat-
ed LVTI,9 the coupling proceeded smoothly to afford the
desired vicinal tertiary diamine in excellent yield at the temper-
atures ranging from 0 °C to room temperature.  When the reac-
tions were carried out at lower temperature, this coupling also
afforded the diamines after a prolonged reaction time (entries 6
– 9).  Concerning the amounts of zinc, double molar amounts of
the respective initial and additional zinc to TiI4 gave a most
effective reductant, which promoted the reaction smoothly10

(entries 7 and 10–17).  Incidentally, in the absence of TiI4, that
is, when the reaction was carried out by using only zinc, it did
not proceed at all,11 which indicated that LVTI was essential for
this reaction (entry 18).

Based on the above results, reductive coupling reaction of
various other aminoacetals using the above LVTI was next
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examined (Table 2).  Concerning the amino group in aminoac-
etals, both acyclic and cyclic derivatives were applicable
(entries 1–3).  With regard to the substituents on phenyl groups,
various electron-donating and electron-withdrawing sub-
stituents gave nearly equal influence on reactivities (entries 4–
7).  Furthermore, other substrates which had hetero-aromatic
ring reacted similarly to give the coupling products in good
yields although the yields of these diamines were previously
reported3 to be rather low (entries 8–10).  In addition, various
alkoxy groups and an alkylthio group behaved nearly the same
as leaving group (entries 11–13).  Incidentally, diastereoselec-
tivities of this coupling reaction gave nearly the same results in
all cases (dl / meso ~ 1).

This reaction is thought to proceed as follows; that is, reac-
tive LVTI preferentially abstracts an alkoxy (or alkylthio)
group over an amino group of an aminoacetal because of the
stronger affinity of titanium for oxygen.  And the resulted
naked α-(dialkylamino)benzyl radical intermediates are not
sterically controlled and couple at random conformations to

lead to the formation of a mixture of dl- and meso-diastere-
omers of vicinal tertiary diamine.

Then, reactivities of acetal, dithioacetal and aminoacetal in
reductive coupling by using LVTI in dichloromethane–pivalo-
nitrile (CH2Cl2–

tBuCN)6 or THF were compared (Table 3).  In
the cases of using CH2Cl2–tBuCN as a solvent, dithioacetal
smoothly reacted within 1 h and acetal also coupled in a pro-
longed reaction time while complex mixtures resulted on treat-
ing highly reactive aminoacetal (entries 1–3).  When THF was
used, on the other hand, aminoacetal successfully gave the cou-
pling product while neither acetal nor dithioacetal reacted at all
(entries 4–6).  These results suggested that THF solvated the
LVTI to decrease its reactivity appropriately, and thus the cou-
pling of reactive aminoacetal proceeded smoothly.

Thus, an efficient method for direct preparation of vicinal
tertiary diamines by reductive coupling of aminoacetals was
established by using reactive LVTI in THF under mild reaction
conditions.
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