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ABSTRACT
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Cyclic amines may be prepared via a sequence of deprotection followed by intramolecular reductive amination of t-Boc-protected amino
ketones under asymmetric transfer hydrogenation conditions. In cases where the corresponding imine reaction proceeds with high

enantioselectivity, this is reflected in the one-step process.

Asymmetric transfer hydrogenation has recently emerged as The Ru(ll)/TsDPEN system also works well for the
an excellent method for the enantioselective reduction of reduction of G=N double bonds. However, this variation has

ketones to alcohols Although a long-established method

been significantly less developed. Noyori has reported that

for ketone reduction, the significant recent increase in interestseveral amines, most particularly tetrahydroisoquinolines, can
in this method has been largely due to the introduction by be prepared by this method in high yield and enantioselec-

Noyori of several new ruthenium(ll)-based catalysis
particular, the monotosylated diamine TsDPEKFigure 1)
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Figure 1. Structures of ligands used for asymmetric transfer
hydrogenation.

tivity.* Vedejs et al. have since extended their woBaker
and Mao have also described the analogous use of Rh(lll)/
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Cp* catalysts It is noteworthy that &N reduction requires
TsDPEN/Ru reagents in formic acid/triethylamine with an

substrate for the reaction under study, as the yield was high.

Our first attempt at effecting a one-pot deprotection/

organic cosolvent such as acetonitrile, dichloromethane, orcyclization/reduction sequence under transfer hydrogenation

DMF. In contrast the popular combination of Ru(ll) with
amino alcohol ligands such a& and 3 (Figure 1) is
incompatible with formic acid and therefore not suitable for
imine reduction.

conditions did, however, result in failure. Analysis of the
reaction mixture revealed th&Boc deprotection had been
unsuccessful, presumably because the pH of the solution was

too high for this process. In view of this we believed that

In the applications described above, the imine was we might have more success if we first performed the
prepared and isolated prior to the key reduction step. We deprotection/cyclization sequence under more strongly acidic
reasoned that the synthetic potential of the method might beconditions and then adjusted the reaction mixture later for
further increased if it was possible to perform the imine the transfer hydrogenation process. After a short series of
formation and reduction in one synthetic step, i.e., through tests we found that the use of 9 volumes of formic acid was

a reductive amination process. This would be particularly
useful for the synthesis of cyclic amines through an intra-
molecular cyclization process. Furthermore, given that the
formic acid/triethylamine (5:2 molar ratio) reductions are
typically carried out at ca. pH 5, we reasoned that this would
be compatible with the reductive amination proceéss.
Toward this end, we identified theBoc-protected amino

ketone4 as a convenient system for our initial studies. The
use oft-Boc is significant because, as well as being a

sufficient to promote fult-Boc removal after 16 h, resulting

in formation of imine6. The reaction was then repeated,
but after the time required to remove titBoc group,
sufficient triethylamine was added to generate a 5:2 formic
acid/triethylamine mixture to which the Ru(ll)/TsDPEN
catalyst was added. Anhydrous acetonitrile was also added

to reproduce the conditions reported as being essential for

imine reductiortt The deprotection and reduction events
could all be conveniently monitored by NMR analysis, which

commonly used protecting group, it may be removed under revealed essentially full reduction #after 24 h at 28C

acidic conditions not dissimilar to those employed for the
formic acid/triethylamine transfer hydrogenation reaction.
Ketone4 is a known compound and was prepared in one
step from thet-Boc-protectedd-lactam 5 following a
literature precedent (Scheme®Ijo assess whether the imine

Scheme 1
Q PhMgBr, Q
NtBoc  THF.-78°C ©)‘\/\/\NHtBoc
55%
5 4

0.25 mol% [(p-cymene)RuCl],,
0.5 mol% (R,R)-TsDPEN 1,

TFA, 5 h. [ HCO,H/Et;N, MeCN, 120h.

82% 94%

derived from4 was convenient for transfer hydrogenation,
we first removed thé-Boc group with TFA to give an amine,
which cyclized readily to6 under the reaction conditions
(92% isolated yield). The reduction @& to amine7 was
achieved through the use of reported Ru(ll)/TsDPEN condi-
tions (with acetonitrile cosolvent) in 94% isolated yield,

although the product was essentially racemic (Scheme 1).

(Scheme 29.To our knowledge this represents the first report

Scheme 2

NHtBoc
1) HCO,H, 9 vol. 16h.
2) Et3N to give 5:2 ratio
with HCO,H.

3) 0.25 mol% [(p-cymene)RuCl],,
0.5 mol% (R,R)-TsDPEN 1,HCO,H/
EtsN, MeCN, 120h.

HN

7 95%

of a reductive alkylation of amines under Ru(ll)/TsDPEN
conditions. Although the yield was good, the product was
again essentially racemic.

Determination of the ee of the producproved difficult,
no success being achieved with either chiral HPLC (OD
column) or europium shift reagents. We were successful,
however, when we employed the pyrrolidine reag@rio
derivatize the amine (Figure 29.Displacement of the
chlorine atom from the chloromethyl position results in
formation of two diastereoisomers in which the methyl
doublet conveniently indicated the ratio of enantiomers.

Despite the low enantioselectivity observed in the reduc-
tion, we were encouraged by the high conversion. To confirm

(9) Typical Procedure.t-Boc-amino-ketone (0.2 g) was stirred in freshly

The method for the determination of ee is described later in distilled formic acid (1.8 mL) for 16 h. The flask was then sealed and cooled

this paper.

Although the reduction had proceeded without any selec-

tivity, we reasoned thatt still represented a good test
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to 0°C; triethylamine (3 mL) was added cautiously with vigorous shaking
until all gas had been readsorbed. In a separate flask a mixtysecgfiiene)
ruthenium(ll) chloride dimer (0.25 mol %) andR12R)-TsDPEN (0.5 mol
%), triethylamine (1 drop), and anhydrous acetonitrile (1 mL) were stirred
at 28°C for 40 min. The catalyst solution was transferred to the formic
acid/triethylamine solution, and the mixture was stirred atQ&intil
complete by NMR. The mixture was made basic (pH19) with saturated
NaCQ; solution and extracted with DCM (X 25 mL). The combined
organics were dried (MgSfand filtered, and the solvent removed under
reduced pressure. The residue was purified by flash column chromatography
(10—15% v/v ethyl acetate/hexane on silica pretreated wigN)gb afford
the amine.
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Figure 2. NMR derivatizing agent for ee determination.
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that the low selectivity was not the result of our modified
conditions, we repeated the reduction@ra substrate that
has been reported to give a product of high enantioselectivity
under normal asymmetric transfer hydrogenation conditions.
Compound was prepared following a literature method and
was successfully reduced to amib@in 95% yield and 88%

ee using TsDPEN in formic acid/triethylamine with aceto-
nitrile as cosolvent (Scheme 8Jor the comparative one-

Scheme 3

0.25 mol% [(p-cymene)RuCl],,
0.5 mol% (R,R)-TsDPEN 1,
HCO,H/Et;N, MeCN, 120h.

95%,
88% e.e.

1) HCO,H, 9 vol. 16h.

2) Et3N to give 5:2 ratio with HCO,H,
3) 0.25 mol% [(p-cymene)RuCl],,
0.5 mol% (R,R)-TsDPEN 1,

NHi{Boc
HCO,H/Et3N, MeCN, 20h.

85%, 88% e.e.

pot cyclization/reduction theBoc-protected materidll was
used as the substrate. Using the protocol described previ
ously, the productOwas formed in 85% yield and 88% ee,
comparable to the result from the direct imine reduction
(Scheme 3). This method represents a viable practical
alternative to reduction of the preformed imiBeit was
pleasing to see that the results were not significantly
deteriorated using the alternative method. We therefore
conclude thab is a poor substrate with regard to enantio-
selectivity in this particular application.

To test the generality of the one-pot method we also

investigated the preparation of the cyclic amines from a series

of compounds (Scheme 4), the results of which are illustrated

Scheme 4

1) HCO,H, 9 vol.16h.

NHtBoc 2y Et,N to give 5:2 ratio with HCO,H,

'
3) 0.25 mol% [(p-cymene)RuCl],, R
0.5 mol% (R,R)-TsDPEN 1,HCO,H/

Et;N, MeCN, 20h.

See Table 1
O
W/NHtBoc
Ph
HN 13
Ph Q
)J\/\/NHtBoc
12 Ph
14

introduction of an aromatic ring on the side of the imine
bearing the lone pair is detrimental to enantioselectivity,
which suggests some sort of steric clash between this group

Table 1. One-Pot Deprotection/Cyclization/Asymmetric
Transfer Hydrogenation af-t-Boc Amino Ketones

R yield, %
0-(MeO)CeH4 78
I’I-(MEO)CGH4 96
p-(MeO)CsH4 94
P(CF3)CeHa 99
m-(CF3)CeH4 98
2-thiophene 20
c-CgH11 98

and a group in the catalyst. An aromatic ring on the side of

the imineoppositethe nitrogen lone pair, by contrast, appears
to be essential for high selectivity (Figure 3).

Ar ring trans to
lone pair: high e.e.

Ar ring cis to
lone pair: low e.e.

in Table 1. In the majority of cases examined the conversionsFigure 3. Relationship of aromatic ring position to extent of
were excellent, although the products were essentially €nantioselectivity in reduction.

racemic. It was also possible to form the seven-membered
ring product 12 from 13 in only 12% vyield (racemic);
however, attempts to form the five-membered heterocyclic
product from14 failed.

The reason for the loss of stereocontrol in the cyclization
of 4, under conditions wher&0 is formed in high ee, is
unclear. Unlike the ketone reduction process, the asymmetric
transfer hydrogenation of imines is less well understood. One (11) Yamakawa, M.; Yamada, I.: Noyori, Rngew. Chem., Int. EQ001,
pattern that does appear to emerge, however, is that theto, 2818.

By analogy with the ketone reduction, it may be the case
that this ring is able to engage inastabilizing interaction
with the #6-ring on the catalyst

This analysis is supported by the original observation by
Noyori that the reduction of the derivative 8fbearing a
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phenyl ring in place of the exocyclic methyl group gives a Swansea EPSRC MS service for MS analysis of certain
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of cyclic amines may be achieved under modified conditions

of asymmetric transfer hydrogenation and that in cases where  Supporting Information Available: Experimental pro-
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substrates, including acyclic imines.
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