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As part of a program on the use of chiral aziridines in asymmetric synthesis and
catalysis, the enantiopure (N,P) ligand 1, consisting of a C,-symmetric chiral
aziridine and a triarylphosphine unit, was prepared. The synthesis was convergent
and efficient, proceeding in five steps and 37% overall yield from 2-bromotoluene.
The ligand was designed (a) for a study of the asymmetric Pd-catalyzed allylic
substitution reaction, (b) in an attempt to obtain a measure of the trans effect
of phosphorus relative to an aziridine nitrogen, and (c) to compare its perform-
ance with the corresponding chiral phosphinooxazoline species (computational
studies having indicated certain similarities between the two ligand types).
However, the new aziridine species did not provide levels of enantioselectivity
comparable to those obtained with the phosphinooxazoline analogs, and our
results serve to underline once more the difficulties associated with the rational
design of ligands for asymmetric catalysis.

We have earlier reported on the synthesis and use of
bis(aziridines) as chiral ligands for metal mediated reac-
tions.! Especially encouraging results!® were obtained for
the asymmetric palladium catalyzed allylic alkylation?
shown below (>99% ee for the ‘standard’ reaction with
1,3-diphenylpropenyl acetate). However, for this particu-
lar reaction, it quickly became apparent that these ligands
were somewhat limited in scope, NMR studies of putative
catalytic intermediates showing in most cases only weak
coordination between ligand and metal. As a result, only
‘activated’ substrates in which the leaving group was in
a benzylic position gave satisfactory levels of conversion
and enantioselectivity.

Other research groups have also studied chelating N,N-
ligands for palladium catalysis, with varying degrees of

success,® but one of the most exciting recent develop-
ments has involved ligands containing two different
heteroatoms exerting different trans effects on the metal.
In this respect, both N,S-* and N,P-ligands’ have been
used, the latter being generally the more successful.
Encouraged by these observations, we decided to prepare
some ligands such as 1 containing both a chiral aziridine
and a phosphine.

Our design was based on inspection of molecular
models of possible catalytic intermediates, i.e. square
planar Pd(II) m-allyl complexes. One such structure
is shown below, together with the corresponding
six-membered chelate implied in the reaction catalyzed
by the phosphinoaryldihydrooxazole ligands introduced
by the groups of Pfaltz,® Helmchen®® and Williams®®

AC 4 mol% Pd(0) CH(COxMe)2
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Fig. 1. Palladium-catalyzed allylic alkylation using chiral bis(aziridines) as ligands.
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and shown to be highly efficient for the allylic
alkylation reaction.

The present project was also expected to provide some
measure of the trans effect of phosphorus relative to an
aziridine nitrogen and, in order to compare the two types
of ligand in this respect, calculations® were performed
on the model n-allyl complexes shown below.

The calculations suggested fairly similar structures for
the m-allyl species, with considerable differences in the
N-Pd-C,,,s and P-Pd-C,,,, distances in both cases.
Although this seemed promising, we were aware that the
greater conformational freedom of the aziridine ligand
could pose problems concerning the enantioselectivity of
the reaction (vide infra).

Results and discussion

For the synthesis of the ligand we considered the two
retrosynthetic analyses shown below. The first route we
tried (A) relied on the nucleophilic aromatic substitution
of fluorine by phosphorus in the first step, but we were
unfortunately unable to reproduce the high yields
reported in the literature for the reaction involving 2-
fluorobenzaldehyde.” We then turned to the second
approach (B) involving electrophilic phosphorus, and a
simple high-yielding route to the first example of ligands

L.L = m-allyl

Fig. 2. Comparison of chiral aziridine-phosphine and oxazo-
line-phosphine ligands.

of type 1 (R=Ph) is shown below. (We found that a
number of the phosphine intermediates were very sensit-
ive towards air and required the phosphorus to be
protected as the phosphine oxide.)

In the first step, the Grignard reagent from 2-bromo-
toluene (2) was allowed to react with chlorodiphenyl-
phosphine to give 3 in good yield. Oxidation at
phosphorus to give 4 was followed by standard bromin-
ation with NBS, and substitution at the benzylic position
of 5 occurred smoothly upon exposure to (25,35)-2,3-
diphenylaziridine, the synthesis of which is described in
the Experimental. Phosphine oxide 6 was obtained as a
stable crystalline solid. The reagent of choice for the
final step proved to be alane,® and in this way the desired
ligand 1 was obtained in 37% overall yield (five steps
from 2-bromotoluene). The method of synthesis also
allows equally easy access to both enantiomers of the
ligand.

The new ligand was then tested in some palladium-
catalyzed allylic substitution reactions, with the results
shown below. Much to our disappointment, in the ‘stand-
ard’ reaction with 1,3-diphenylpropenyl acetate, ligand 1
proved to be catalytically incompetent (< 30% yield and
<5% ee). Use of both ligand and palladium in stoichio-
metric amounts improved the yield (62%) but not the
enantioselectivity (ca. 8% ee). Furthermore, in contrast
with the case'® with the bis(aziridine) ligand shown in
Fig. 1, we were unable to prepare or isolate the presumed
catalytic intermediate for the reaction involving 1. The
catalytic reaction involving the unsymmetrical acetate
(R =Ph, R"=Me) shown below gave an acceptable chem-
ical yield of a single regioisomer (from attack at the non-
benzylic position) but the ee was still poor (23%).

The disappointingly low levels of selectivity obtained
with the new ligand are presumably due to the flexibility
of the system at the N-CH,-Aryl linkage, leading to the
conformational equilibrium shown below. Allowing for
different orientations of the m-allyl moiety, there would

Fig. 3. Calculated structures of model n-allyl-Pd complexes with aziridine (left) and oxazoline (right) (N,P)-ligands (interatomic

distances in A).
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Fig. 4. Asymmetric palladium-catalyzed allylic alkylation of allylic acetates using ligand 1.

thus be four competing complexes for nucleophilic attack
in the case of the 1,3-diphenyl substrate, and eight for
the (phenyl, methyl) system; this obviously has a deleteri-
ous effect on the enantioselectivity of the reaction.
Although this particular chiral aziridine-phosphine
species leaves a lot to be desired in terms of asymmetric
induction in palladium catalysis, our efforts to develop

/CJ
“Pdl, \©

(Pd "down")

novel (N,P) derivatives as chiral ligands are continuing,
and results will be reported elsewhere.

Experimental

General remarks. 'H (400 MHz) and '3C (100 MHz)
NMR spectra were recorded on a Varian Unity spectro-

— %0

(Pd "up")

(L,L = n-allyl)

Fig. 5. Conformational isomerism of Pd-complexes with ligand 1.
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meter (CDCl;-TMS unless otherwise stated). For '3C
NMR signals the superscripts + and — denote odd and
even numbers of attached protons, respectively. IR spec-
tra were obtained on a Perkin-Elmer 1600 FT-IR instru-
ment. Specific rotation values were measured at 25 °C on
a Perkin-Elmer 241 polarimeter. Mass spectra were
recorded on a VG Autospec-Q instrument equipped with
an electrospray interface. Elemental analyses were per-
formed by Analytische Laboratorien, Gummersbach,
Germany. Tetrahydrofuran (THF) was distilled under
nitrogen from Na-benzophenone; dichloromethane was
distilled under nitrogen from calcium hydride; carbon
tetrachloride was distilled immediately before use;
HPLC-grade acetonitrile was used directly as received.
Silica gel for flash chromatography was purchased from
Grace-Amicon. All reactions involving air- or moisture-
sensitive intermediates were carried out under a dry
argon or nitrogen atmosphere.

2-Methylphenyl(diphenyl) phosphine  3.° Dry THF
(25ml) was added to magnesium turnings (3.08 g,
128 mmol) in a 250 ml three-necked flask fitted with a
reflux condenser and dropping funnel. Approximately
5ml of a solution of dry o-bromotoluene (15 ml,
125 mmol) in THF (50 ml) and a crystal of iodine were
added to the stirring magnesium mixture. After the
reaction had started the rest of the bromotoluene solution
was added dropwise over a period of 1 h. The mixture
refluxed during this time without external heating. The
mixture was then heated to reflux for a further 2 h. The
resulting Grignard reagent was cooled to — 78 °C. Freshly
distilled Ph,PCl (22.3 ml, 125 mmol) was dissolved in
THF (30 ml) and added dropwise to the cooled Grignard
reagent over 10 min. The reaction mixture froze after
it had been stirred for 1 h and was allowed to warm
to room temperature overnight. Saturated aqueous
(NH,),SO, solution (200 ml) was added to the stirred
mixture. The layers were separated and the organic layer
was washed with aqueous (NH,),SO, (2 x 100 ml). The
combined aqueous layers were washed with Et,O
(3x100ml) and the combined organics were dried
(MgSO,) and concentrated under reduced pressure. The
resulting solid was recrystallized from EtOH (50 ml) to
yield the phosphine (29.0 g, 85%) m.p. 68-69°C. R;
(1:19 EtOAc-pentane) 0.58. IR: v, (KBr)/cm™! 1584
(Ar), 1434 (Ph-P). 'H NMR: 7.40-7.21 (12 H, m), 7.13
(1H, t,J 7.4), 6.83 (1 H, t, ddd, J 6.83, *Jpy 4.5 and J
0.8, 3-ArH), 2.44 (3H, d, “py 0.8, Me). 13C NMR:
142.27 (3pc 25.0, 2-ArC), 136.37 (Upc 9.9), 136.0~ (MJpe
12.1), (134.1-125.1)* (several lines), 21.2% (3Jpc 20.5,
Me). MS: m/z 276 (100%, M*). HRMS: Found: M*
276.1047; C{oH;,P requires 276.1068.

2-Methylphenyl(diphenyl) phosphine oxide 4.'° The 2-
methyl(phenyl)diphenylphosphine from above (10.0 g,
36.2 mmol) was dissolved in CH,Cl, (50 ml). The solu-
tion was cooled to 3°C and stirred vigorously as a
solution of NaOCI (15 ml, 10% available chlorine) and
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water (15 ml) was added dropwise. More NaOCI (40 ml,
10% available chlorine) was added at a rate slow enough
to keep the reaction mixture below 20 °C. The reaction
mixture was poured into a mixture of CH,Cl, (50 ml)
and NaOCl solution (40 ml, 10% available chlorine). The
layers were separated and the aqueous phase was further
extracted with CH,Cl, (50 ml). The combined organic
layers were dried (MgSO,) and concentrated under
reduced pressure. The residue was recrystallised from
4:3 hexane-EtOAc (102 ml) to yield the phosphine oxide
(8.39 g). Additional phosphine oxide (1.64g) was
obtained from the mother liquor, and the total product
(10.03 g, 95%) was obtained as prisms m.p. 121-123°C
(from hexane-EtOAc). Ry (1:1 hexane-EtOAc) 0.20.
IR: v (CHCly)/cm™! 1594 (Ar), 1438 (Ph-P), 1174
(P=0). 'H NMR: 7.68-7.61 (4 H, m), 7.56-7.38 (7 H,
m), 7.27 (1 H, ddd, J 7.6, “Jpy 4.0 and J 0.4, 6-ArH),
7.11 (1 H, m), 7.02 (1 H, ddd, */p; 14.0, J 7.6 and 1.2,
3-ArH), 2.45 (3 H, s, Me). 13C NMR: 143.37 (UJpc 7.6,
1-ArC), 133.4% (Jpe 12.1), 132.87 (Upc 102.4, ipso-Ph),
(132.0-131.7)" several lines, 130.8~ (1Jpc 102.5 2-ArC),
128.5% (Jpc 11.4), 125.1% (Jpe 12.9), 21.6% (3Jpc 4.5,
Me). MS: mjz 292 (33%, M*), 291 (54, M—H). HRMS:
Found: M* 292.1011. C,,H;OP requires 292.1017.

2-(Diphenylphosphinoyl)-a-bromotoluene 5.'' The phos-
phine oxide from above (1.50g, 5.14 mmol), NBS
(936 mg, 5.26 mmol) and AIBN (2mg, 0.012 mmol)
were suspended in dry CCl, (47 ml). The mixture was
refluxed overnight and allowed to cool to room temper-
ature. Water (20 ml) and CH,Cl, (20 ml) were added
and the layers were separated. The aqueous layer was
extracted with CH,Cl, (2x20ml) and the combined
organic fractions were dried (MgSO,) and concentrated
under reduced pressure. The residue was purifed by flash
chromatography eluting with 1:1 EtOAc-pentane to
yield the bromide (1.28g, 67%) as plates m.p.118-120°C
(from EtOAc-pentane). R; (1:1 EtOAc—pentane) 0.33.
IR: vy (KBr)/em ™1 1590 (Ar), 1508 (Ar), 1436 (Ph-P),
1187 (P=0). 'H NMR: 7.67-7.41 (12 H, m, Ar), 7.19
(1 H, tdd, J 7.6, 2.0 and 1.2), 7.00 (1 H, ddd, 3/ 14.0,
J 7.6 and 1.2, 3-ArH), 4.99 (2 H, s, CH,Br). *C NMR:
142.77 (¥Jpc 6.8, 1-ArC), (133.3-131.8)" several lines,
131.47 ({pc 104.0), 130.6~ (1Jpc 100.10, (128.5-127.3)*
several lines and 30.9~ (3Jpc 4.6, CH,Br). MS: m/z 291
(100%, M —Br).

(2S,3S)-2,3-Diphenylaziridine. A solution of (1R,2S)-
1,2-diphenyl-2-azidoethanol 1c (3.58 g, 15.0 mmol) and
triphenylphosphine (4.83 g, 18.4 mmol) in THF (50 ml)
was refluxed overnight. The reaction mixture was concen-
trated under reduced pressure and the residue was purifed
by flash chromatography eluting with 19:1 pentane-
EtOAc followed by 3:1 pentane-EtOAc to give the
desired aziridine as a colorless oil (2.42 g, 82%). R (19:1
pentane-EtOAc) 0.12. 'H NMR: 7.40-7.20 (10 H, m,
2xPh), 3.10 (2H, br s, 2xPhCH), 1.36 (1 H, br s,
NH). [o]p +391 (¢ 1.05, CH,Cl,). Anal. Calc. for



Ci4H3N: C, 86.12%; H, 13.10; N, 7.17. Found: C, 86.10;
H, 6.68; N, 7.21.

2 - (Diphenylphosphinoyl) - a.- [ (2S,3S) - 2,3 - dipheny!l -
aziridin-1-yl]toluene 6. A mixture of compound 5
(377 mg, 1.02 mmol), K,CO; (156 mg, 1.13 mmol) and
(25,3S5)-2,3-diphenylaziridine (218 mg, 1.12mmol) in
acetonitrile (20 ml) was stirred at 45°C overnight and
then at 65°C for a further 24 h. The acetonitrile was
then evaporated off under reduced pressure, water
(10ml) was added and the mixture extracted with
CH,Cl, (3x10ml). The combined organic fractions
were dried (MgSO,) and concentrated under reduced
pressure. The residue was purified by flash chromato-
graphy cluting with 4:1 CH, ClL,~EtOAc followed by 1:1
CH, Cl,-EtOAc to yield an oil which was refluxed briefly
in 1:2.4 EtOAc-hexane (9.8 ml). The mixture was then
cooled to yield the desired product as a solid (324 mg).
The mother liquor was concentrated under reduced pres-
sure, refluxed in 1:2 EtOAc-hexane (1.8 ml) and cooled
to yield additional product (97 mg). The total product
(421 mg, 85%) was purified by recrystallization and was
isolated as prisms, m.p. 143-145°C (from EtOAc-
hexane). R; (4:1 CH,CI,-EtOAc) 0.20. IR: vp,,
(KBr)/em ™! 1602, 1590, 1496 (Ar), 1437 (Ph-P), 1185
(P=0). 'H NMR: 7.92 (1 H, dd, J 7.2 and 4.2, 6-ArH),
7.56-7.17 (21 H, m, Ar), 7.13 (1 H, td, J 7.4 and 1.6),
7.04 (1 H, ddd, J 14.0, 7.6 and 0.8, 3-ArH), 3.72 (1 H,
d, J 16.0, ArCH,HyzN), 3.57 (1H, d, J 160,
ArCH, HgN), 3.27 (1H, br s, Ph\CH,CHgzPh), 3.05
(1 H, br s, PhCH,CHgPh). 3C NMR: 1443~ (3Jpc 7.6,
1-ArC), 140.0™ (br, ipso-Ph,CHN), 133.6~ (br, ipso-
PhyCHN), 132.6~ (Jpc 103, ipso-Ph,P), 132.57 (MJpc
102, ipso-PhgP), 129.87 (Upe 101, 2-ArC),
(132.9-125.7)* several lines, 54.0° (3Jpc 4.6, CH,N),
51.1* (NC,HPh), 45.3* (NCzHPh). [o]p, —37.4 (c 1.14,
CH,Cl,). Anal. Calc. for C33H,gNOP: C, 81.63%; H,
5.81; N, 2.89. Found: C, 81.59; H, 5.78; N, 2.92.

2-(Diphenylphosphino )-o-[ ( 28,3S)-2,3-diphenylaziridin-
I-yljtoluene 1. (i) Alane. Dry THF (10 ml) was added
to concentrated sulfuric acid (0.590 g, 6.02 mmol) and
cooled to 0°C before LiAlH, (12.0 ml of a 1 M solution
in THF, 12.0 mmol) was added dropwise to the stirred
mixture. The mixture was allowed to warm to room
temperature and stirred for 1h. The precipitate was
allowed to settle before the solution was used. The
solution was used without titration within 24 h of pre-
paration and presumed to contain approximately 0.54 M
AlH;-THF during that period.

(ii) Compound 6 (76 mg, 0.157 mmol) was dissolved
in dry THF (4 ml) and AlH; - THF (0.630 ml of 2 0.54 M
solution in THF, 0.34 mmol) was added to the stirred
solution at room temperature. The mixture was heated
at 55°C for 30 min before MeOH (3 ml) was added and
the mixture filtered through Celite. The filter cake was
washed with hot THF (3x5ml) and the combined
organics were concentrated under reduced pressure. The

CHIRAL (N,P) LIGAND

residue was purified by flash chromatography eluting
with 19:1 pentane-EtOAc to give the desired phosphine
1 (59 mg, 81%) as a solid, m.p. 47-49 °C (from pentane—
EtOAc). Ry (9:1 pentane-EtOAc) 0.38. IR: vp..
(CHCLy)/cm ™! 1603 (Ar), 1586 (Ar), 1496 (Ar), 1434
(Ph-P). 'H NMR: 7.59 (1 H, dd, J 8.0 and 44),
7.34-7.06 (22 H, m, Ar), 6.77 (1 H, ddd, J 7.6, 4.4 and
1.2), 3.70 (1 H, d, J 15.2, ArCH,HgN), 3.64 (1 H, dd,
J 15.2 and “py 2.0, ArCH,HgN), 3.28 (1 H, br s,
PhCH,CHgPh), 3.07 (1 H, br s, PhCH,CHgPh). [a]p
—49.2 (¢ 1.05, CH,Cl,). The compound was not amen-
able to storage, and no satisfactory elemental analysis
could be obtained. HRMS: Found: M* 469.5668;
C;3H,5 NP requires 469.5679.

The palladium-catalyzed allylic substitution reactions
were carried out as previously described!®® and assign-
ments of absolute configuration and e.e. were made by
comparison of optical rotation data with those in the
literature, 1512
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