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C,-symmetric biaryl ligands, such as BINAP and its analogues,
have found application in many highly enantioselective metal-

catalyzed reactions, such as hydrogenati®iels—Alder addi-

tion,2 and cyclopropanatiohThe success of these ligands is due
not least to the fact that the axial chirality of the ligand is very
well expressed in the steric environment of the active site and
also that the biaryl unit provides structural rigidity; substrate and
reagent are thus brought together at the metal center in highly
ordered circumstances. We were thus somewhat surprised at Itoh’

observatiofthat diiminobiaryl ligand E in conjunction with Ct}

salts gave essentially no enantioselectivity in the catalytic
aziridination of alkenes: a reaction which has been moderated

by bis(oxazoling) and diiminocyclohexarfecomplexes of the

same metal to ee 90%. In this paper we describe the structural .
basis for this anomalous behavior and the subsequent design of

greatly improved catalysts.

A range of ligands E-L” were synthesized in a straightforward

manner by condensation of 2@amino-6,6-dimethylbiphenyl
and aromatic aldehydes. Reactions of racenfiahd L3 with

4\

N

L' Ar = 2,4-CgH3Clp
L2 Ar = 4-CgH,Bu

L3 Ar= 2-naphthyl

L* Ar=2,6-CgHaCl
LS Ar=24,6-CgH,Mes
L% Ar= 10-anthryl

L7 Ar = 4-CgH4NO,

Me’ Ar

Ars N ! Me

[CU(CH3CN)4BF,4 or with [{ CUOTT},(CeHe)] followed by re-

R(+)

crystallization from dichloromethane unexpectedly gave com-
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Figure 1. Molecular structure ofl (hydrogen atoms and triflate
counterions omitted). The structure ®fis closely related (see text).

plexes containing the ions [GLp]?", for example, [Ce(L?),]-
[OTf]» 1 and [Cy(L3),][OTf]» 2. X-ray crystal structures of both
complexes were determiné@nd the molecular structure tfis
shown in Figure 1. The two ligands’lin each molecular unit
have the same relative configuration and form a double-helical
array about two linear 2-coordinate Ccenters. Despite this low
coordination numbét it is clear from space-filling models that
he approach of a further ligand would be severely sterically
indered. One of the most striking features of the structure is the
presence of close edgéace interactions of theert-butyl phenyl
rings, which make a contribution to the stability of the supramo-
lecular structure. The phenomenon of non-covalent interactions
between arene rings is well documenteand for edgeface
nteractions the distances between the two ring centroids are found
in the range 4.57.0 A0 with a theoretical optimum distance of
~5.2 A In 1the centroid-centroid distances are4.99 A. The
structure of2 is similar to that ofl with the exception that in
this case the 2-naphthyl rings are aligned fafaze with
centroid-centroid distances 0£3.7—3.8 A. Again, this appears
to be optimum'! FAB mass spectra of dichloromethane solutions
of these complexes show stromég peaks for the species [@lLy]-
[OTf] " and [CuL,]*, but interestingly no peaks appearing to arise
from a species [Culf]. This suggests very strongly that the major
species in solution are the same as those in the solid state, that
is, the bimetallics.

To reduce the possibility of non-covalent areragene interac-
tions and thus promote formation of monomeric complerés,
proligands with 2,6-disubstituted iminoarene groups were inves-
tigated, for example, and L> The reactions of these compounds
with [Cu(CHsCN)4]BF, followed by recrystallization from dichlo-
romethane gave [Cuf){CHsCN),]BF, 3 and [Cu(L%)(CH:CN),]-

BF, 4 respectively. X-ray crystal structures of both complexes
(e.g., 3, Figure 2) showed that they adopt monometallis
symmetric structures in the solid state. FAB mass spectra of
dichloromethane solutions of these compounds gave no peaks of
higher mass than the monometallic molecular ion [CuL{CH
CN),]". Complexes of tand L° derived from { CuOTH o(CeHe)],

that is, [Cul4(OTf)] and [Cul>(OTf),], behave similarly.

(8) Crystal data forl: Cg;sHg.Cl.CFeN4OsS,, triclinic, P1, a
11.4466(6) Ab = 18.1140(9) /Z\,c = 19.5085(6) Ao = 69.3870(10), B
78.2460(10), y = 82.4430(109, U = 3698.7(3) R, Z = 2, D, = 1.357
cm3, T = 180(2) K,A(Mo Ka) = 0.71073 A. FinalR indices [for 16082
reflections withl > 20(1)]: R; = 0.0536, wR = 0.1247. GOOF orf? =
1.070. Crystal data foB: CzsHeBClgCuFRN4, orthorhombic,Pbca a =
13.2095(5) Ab = 23.9347(5) Ac = 25.5398(10) AU = 8074(5) B, z =
8,D. = 1.521 g cm?, T = 183(2) K,A(Mo Ka) = 0.71073 A. FinaR indices
[for 5276 reflections with > 2¢(1)]: R, = 0.0895, wR = 0.2640. GOOF
onF?=2.131. Data were collected on a Siemens SMART CCD. The structures
were solved by direct methods with additional light atoms found by Fourier
methods.
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accordance with Itohyery poor (entries 1, 2). The monometallic
precatalyst3 and4 were strikingly more efficient. Dissolution
of PhINTs was complete in minutes, isolated yields were good,
and the product ee was dramatically improved (entries 3% 4).
The ligands € and L7 are expected on the basis of steric effects
to form monometallic and bimetallic complexes, respectively. The
corresponding high and low efficiencies were obtained in aziri-
dination (entries 5, 6%

Essentially linear plots were obtained fofgg versus egoduct
for L? and L# thus excluding the possibility that some extreme
non-linear effect might be responsible for the dramatic variation
in catalyst performanc®.We have also found that the enantio-
meric excess of the product obtained does not vary significantly
with % conversion. These results are consistent with the presence
of a catalyst which contains one ligand only and whose nature
does not change during the course of the reaction. In the case of
the predominantly bimetallic precatalysts, the low turnover
Figure 2. Molecular structure of3 (hydrogen atoms and triflate ~ Number is probably associated with the fact that the corresponding

counterion omitted). The structure 4fis very similar. active monometallic species [LCU]s in low concentratiod?
) ) . . N It remains however that the catalysts giving low rates also give
Scheme 1. Catalytic Enantioselective Synthesis of Aziridifie low enantioselectivities. The 2,6-substituents in the most suc-
o o cessful ligands (Bto L% thus appear to have a dual role. First,
59 NTs they discourage the formation of catalytically inactiveM;
AN % 2-4 . . . . . . .
T — bimetallics; an observation that has implications for the design
PhINTS, CHzCl, o of other ligand systems based on biaryldiamines. Second, they

are critically important in determining the steric and electronic
profile of the active site and thus the enantioselectivity, perhaps
via modulation of substrateigand arene-arene interaction®.

- We note in this context that the most successful ligands in
isolated Jacobsen’s diiminocyclohexatieand Suga and co-workers’

5 6

Table 1. Enantioselective Aziridination of Chromeiae

entry ligand Cu sourde temp Ofy(lse(l& ) (m& (f/f) binaphthyldiimine catalysts for cyclopropanatidincorporate 2,6-
disubstituted arene groups.
1 L2 [CU(CHCN)JBFs 1t 53 900 13
3 |
é b %gﬂ,gg:ﬁmﬂg:ﬁ“ ﬁ ;g ffg glg Acknowledgment. P.S. thanks EPSRC for a postdoctoral fellowship
4 L5 [Cu'(CHiCN)j]BFi rt 79 <10 55 (K:M.G.) and SmithKline Beecham for a CASE award (C.J.S.). We thank
5 L6 [Cu(CH:CN)JBF. " 56 <10 65 Eii’filt?:g;r;(tjeflemens Analytical Instruments for grants in support of the
6 L” [CU(CH CN)4BFs 1t 0 900 - '
7 L4 [CU"(CHCN)4[BF4]2 rt 85 <10 85
8 L4  [Cu/(CHsCN)4BF, —40°C 80 300 94 Supporting Information Available: Complete experimental proce-
9 L4 [CU'(CHsCN)J[BF4. —40°C 87 300 99 dures and characterizing data for all ligands and complexes, chiral HPLC

- - traces for6, plots of egyand VS €@roductfor L2 and L4 and crystal data for
2 Use of [(Cu(OTf)2].(CeHg) in place of [CUCHCN)4BF, did not 1-4 (PDF). This material is available free of charge via the Internet at
affect the results significantly. Time until all PhINTs had dissolved http://pubs.acs.org.
¢ Opposite enantiomer to other ligand systeth$he rate of the low
temperature reactions is probably limited by the rate of dissolution of JA994353D
PhINTs at—40 °C.
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i _ i 5 0, Tettrahedron Lett1997 38, 6897.
The complexes of chiral non racemié-tL (ee 99.8%) were (14) Similar variations in efficiency were observed for other alkenes

tested as Cata_'YStS for aziridination of the chroménander including styrenes and cinnamate esters. For examp€uil) catalyzed the
standaré conditions (Scheme 1, Table BIn the case of the aziridination oftrans-ethyl cinnamate tt-ptoluenesulphonyl-2-carboethoxy-

bimetallic precatalysts and2, dissolution of the sparingly soluble ?(;gge?eyr'g;g'rg'tn?e'” 75’."’{;{5 "j(llf)‘dgg?’:;/" 4>gs)de(ggor]%t'zgﬁ/ed).gfl"m”e?‘r:gﬁtes at
. s ; ure, whi u v b b yi vernight.
mvalen,t iodinane nitrene §ourge PhiNTwas not complete after . (15) Rates and enantioselectivities in this reaction are not significantly
900 min, and the enantiomeric excess of the product was, in affected by substitution of the Cu(l) sources for Cu(ll) e.g., (@H;CN),]-
[BF4], (entry 7). See refs 5, 6. Lowering the temperature-#f °C led to a
(12) Typical procedure [Cu(CHsCN)4]BF4 (0.05 mmol) or [Cy(CsHe)]- further improvement in enantioselectivity (entries 8, 9).
[OTf], (0.025 mmol) were placed in a 25 mL round-bottom flask with (16) Kitamura, M.; Suga, S.; Oka, H.; Noyori, R.Am. Chem. S04998
proligand (0.055 mmol) and dichloromethane (10 mL) was added under an 120, 9800.
atmosphere of argon. The mixture was stirred for 10 min before chrofene (17) If a significant proportion of the turnover in the bimetallic systems
(5.0 mmol) was added. The solution was stirred for a further 20 min before was being mediated by achiral catalysts arising directly from([CtkCN)4]-
PhINTs (1.0 mmol) was added in one batch. After the specified interval the BF, or [{CUOTf},(CsHe)], we would expect, on the basis of control
solution was filtered through a plug of silica gel, and the product was separated experiments, the turnover rates to be very much lower. The recent synthesis
from excess chromene using flash chromatography on silica gel using hexane:of soluble PhINTs analogues will allow us to make direct kinetic investigations
ethyl acetate (6:1). Enantiomeric excess was readily determined using chiralin this system: Macikenas, D.; Skrzypczak-Jankun, E.; Protasiewicz,d]. D.
HPLC (Chiralcel OD). Am. Chem. Sod 999 121, 7164.




