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ABSTRACT

- HP(R2),, CF3S03H
NR;
CHyCly, r.t.
Rq = H, Pht
R, = Ph, Cy

A new class of cyclohexane-based P,N-ligands is readily obtained through aziridine ring opening with suitable phosphorus nucleophiles under
acidic conditions. trans-1-Amino-2-diphenylphosphinocyclohexane is resolved with tartaric acid to give the final product in >99% ee. The new

ligands show high stability toward oxidation at the phosphorus atom.

Bidentate ligands are ubiquitous components of many
transition-metal-based catalydt&mong them, chiral IN-
ligands have found applications in a variety of asymmetric

character of the softer phosphorus site. On the other hand,
high oxidation states are better stabilized by the harder
nitrogen site?®* This combination of complementary proper-

processes ranging from allylic substitution to hydrogenation ties of nitrogen and phosphorus has been explored in a

of ketones:® From the reactivity standpoint, a P,N-ligand
contains a combination of hard (nitrogen) and soft (phos-
phorus) center& Within this environment, metal ions can
be stabilized in their low oxidation states by tiv@accepting
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number of carbocyclic environments. For instance, in a recent
example reported by Joneghe hemilabile character of
(dialkylphosphino)-dialkylaminoethane was found to be
crucial for the catalytic activity of the derived platinum
complexes. The formation of putative five-membered met-
allacycles in this system was not observed in the presence
of chelating diphosphine ligands.

We were puzzled by the absence of examples of P,N-
ligands based on thgans-1,2-cyclohexane fragment. The
cyclohexane template is present in a number of useful chiral
ligands for asymmetric cataly$ias a result of its ability to
rigidify the trans configuration of substituents.

We therefore viewed this as an opportunity to explore new
catalytic activity. In this paper we describe our efforts toward
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preparation of a new family of P,N-ligands based on aziridine
ring opening chemistry.

Our recent interest in the synthesis and applications of

functionalized aziridinésprompted us to investigate their
ring opening with phosphine nucleophiles. Readily available
7-azabicyclo[4.1.0]heptanel)(2 was subjected to nucleo-
philic ring opening with diphenylphosphine according to
Scheme 1, yieldingrans-1-amino-2-diphenylphosphino cy-

Scheme 1
NH,
(b .
CH,Cly, r.t. PR,
1 2

a: R = Ph (50%)
b: R = Cy (30%)

HPR,, CF3SO3H

clohexane Za) in 50% vyield. The use of trifluoromethane-
sulfonic (triflic) acid was crucial in order to activate the
aziridine ring toward opening. When trifluoroacetic acid was
utilized in place of triflic acid, rapid oxidation of the
phosphorus center was observed.

Analogously, the opening of aziridink by using dicy-
clohexylphosphine as a nucleophile led to the formation of
trans-1-amino-2-dicyclohexylphosphino-cyclohexage)(as
a white solid in 30% yield (Scheme 1). This opens up to the
possibility of synthesizing a wide variety of P,N-ligands with
different kinds of disubstituted phosphines.

Thetransstereochemistry dtaand its coordinating ability
were confirmed by X-ray analysis (Figure 1) of the bifs
1-amino-2-diphenylphosphino cyclohexane) nickel(ll) di-
(tetrafluoroborate) 3). This complex was formed in 50%
yield during the reaction between 2 equivzd and NiCh-
6H,O in the presence of lithium tetrafluoroborate. The
geometry of3 is square planar, with a bite angle [P(1A)
Ni(1A)—N(1A)] in the 84.6(3j—85.1(3) range'®

The homochiral complex, which containgCa axis, was
the only observed product. The preferred formation of the
ciscomplex as opposed to thensisomer can be attributed
to the highettransinfluence of the PPhgroup with respect
to the NH group??

The results obtained in parent aziridine ring opening led
us to investigate other derivatives of cyclohexene aziridine,
such as 2-(7-azabicyclo[4.1.0]hept-7-yhHisoindole-1,3-
(2H)-dione @), which became readily available using elec-
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Figure 1. Thermal ellipsoid plot of compleR. Selected distances
[A] and bond angles [deg]: NiN1 1.930(9), Ni-N2 1.928(9),
Ni—P1 2.197(3), Ni-P2 2.196(3), N+ Ni—P1 84.6(3), N2Ni—
P2 85.1(3), NENi—P2 175.3(3), N2Ni—P1 172.1(3).

trosynthesis recently developed in our faWe subjected
aziridine 4 to ring opening with diphenylphosphine under
the same conditions as fdr Accordingly, 2{[2-(diphe-
nylphosphino)cyclohexyllamirjelH-isoindole-1,3(#)-di-
one 6) was obtained in 65% vyield (Scheme 2).

Scheme 2
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Using these methods, functionalized hydrazines were easily
prepared and subsequently served as precursors to more
complex ligand$? For instance, the deprotection of the
phthalimide group was achieved using an excess-of
butylamine in refluxing ethanol. This reaction resulted in the
formation of 1-[2-(diphenylphosphino)cyclohexyl]-hydrazine
(6) (Scheme 3).

The resulting hydraziné was directly subjected to reaction
with 2,4-pentanedione to give the pyrazole-based P,N-ligand
trans 1-[2-(diphenylphosphino)cyclohexyl]-3,5-dimethyHi
pyrazole {) in 70% overall yield over two steps (Scheme
3).

The complexation of7 with bis(benzonitrile)palladium-

(I dichloride (1:1 ratio) in dichloromethane providéttans-

(12) (a) Barz, M.; Rauch, M. U.; Thiel, W. Rl. Chem. Soc., Dalton
Trans 1997 2155-2161. (b) Barz, M.; Herdtweck, E.; Thiel, W. Rngew.
Chem., Int. Ed1998 37, 2262-2265.
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1-[2-(diphenylphosphino) cyclohexyl]-3,5-dimethyHipyra-
zole} palladium(ll) dichloride 8) in 80% yield as a yellow
solid. The X-ray analysis @& shows that the complex has a
square planar geometry, with a bite angle [N{P3d(1)-
P(1)] of 83.03(11). The Pd-Cl bondtransto the phosphorus
atom is longer than the orieansto the nitrogen atom [P
Cl1=2.3743(13) A vs PdCI2 = 2.2902(12) A, Figure 2.

e N

& et

Figure 2. Thermal ellipsoid plot of comple8. Selected distances
[A] and bond angles [deg]: PeCl1 2.3743(13), P& Cl2 2.2902-
(12), Pd-N1 2.0480(4), PetP1 2.2389(12), CI2Pd—CI1 92.94-
(5), N1-Pd-P1 83.0(11), N+Pd-CI2 95.2(5), Clt-Pd-P1
168.7(5), N:--Pd—CI2 167.6(11).

An equimolar mixture of ligand@ and Pd(dba)was found

Scheme 4

Pd(dba), (3%)
ligand 7 (3%)

Br B(OH);

55%

K3POy, toluene
60°C

ligands are precursors to active catalysts. The conversion/
time study revealed that the Suzuki coupling was complete
after 8 h.

The ligand2a was successfully resolved usipgtartaric
acid via the formation of the tartrate salt, which was filtered
and recrystallized from water. X-ray analysis carried out on
crystals grown in 95% aqueous ethanol showed that the
enantiomer separated from the racemic mixture HdR(
absolute configuration.

The enantiomerically pure P,N-ligand was then recovered
by dissolving the tartrate salt in 10% sodium hydroxide
solution and extracting the mixture with dichloromethane
(Scheme 5). The enantiomeric excess of the recovered ligand

Scheme 5
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less soluble more soluble
9 10
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65%

23%

(> 99%, 65% yield) was analyzed by converting it into
Mosher acid amidé?® Throughout these manipulations, the
P,N-derivatives showed considerable stability toward air
oxidation. When a solution &fain CDCl; was stirred under
air for 16 h, less than 4% oxidation was observed.

In summary, cyclohexane-based P,N-ligands can be pre-

2-bromomesitylene and phenylboronic acid in 55% yield and
98% selectivity (Scheme 4), indicating that these new P,N-
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during the ring opening step allows one to manipulate
electronic properties of the system. These and related studie%
are in progress and will be reported in due course.

Supporting Information Available: Experimental pro-
edures, characterization data and spectra for compounds
1-10. This material is available free of charge via the
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