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Abstract:
A comparative study has been made of the performance of differently substituted C2-symmetric

bis(aziridine) ligands in a variety of metal-mediated asymmetric reactions. The metals studied were osmium

(dihydroxylation), palladium (allylic alkylation) and copper (cyclopropanation and aziridination), the

ligands being chosen so as to allow evaluation of both electronic and steric effects. The electronic effects
were most pronounced for wmplcxcs of palladium, which scem to bind rather loosely to this type of ligand

We have earlier reported {1a,b] on the use of C,-symmetric bis(aziridines) as chiral
ligands in a variety of asymmetric transformations (both stoichiometric and catalytic)
mediated by transition metals (Fig. 1). It was demonstrated [1b] that ligands with a two-
carbon tether between the aziridine rings (presumably forming five-membered chelates) are

much superior to the corresponding species with longer tether lengths, irrespective of the
metal used.
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reactions shown above. This set of ligands was chosen in order to study electronic (1a vs.
1b) and steric (1a vs. 1c¢, 1d) effects. The decision to study electronic effects of substituents
was based on knowledge of the special bonding situation [2] in three-membered rings.
Cromwell er al. [3a] have studied "hyperconjugative” stabilisation [3b] in 2,3-disubstituted
aziridines and such effects should also be present in 1a, due to orbital interactions between
the two phenyl moieties transmitted via the "bent” bonds of the three-membered rmg This
effect is maximised when the planes of the aryl grou
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aziridine ring plane (Fig. 2, a). |
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effect of an alternativ
the nitrogen approaches plananty, this requires the m-orbital axis of lhe aryl groups to be
arranged as shown in Fig. 2, b. This could in turn manifest itself in a lower barrier to
pyramidal inversion [4] at nitrogen (since a planar nitrogen is involved in the transition state
for the inversion) and we have found that this is indeed the case, by a comparison of the
inversion barrlers for 1a and lc [5]. While the effects of substituents on nitrogen upon the

are well documented [4], the effects of substituents on
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The first reaction studied was the osmium-mediated dihydroxylation [6] of rrans-
stilbene, and the results are presented in Table 1.

Tabie 1. 0s0y4 QH
1(1 equiv) H _
/\/Ph \ 1 4 /\\/Ph
PH Toluene, -78° Ph H
. OH
Ligand Yield ee % Abs. conf.
1a 90 95 A
1b 75 83 SS
ic 78 33 5,5
1d 61 6 AYRY

For experimental procedure and determination of ee and absolute configuration see ref. [1b].

As far as steric effects are concerned, it is not surprising to note that the ee drops
sharply as the phenyl groups on the ligand become further removed from the coordination
site. Due to its very poor performance, ligand 1d was not considered for the catalytic
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reactions discusscd below. There is also a weak, but appreciable, electronic effect of ligand
1b (vide infra).

For palladium-catalysed asymmetric allylic alkylation [7], 1,3-diphenylpropenyl acetate
has become the standard substrate for testing new ligands (Table 2). Our original ligand 1a
oives escentiallv camnlete acymmetrie inductinn dne tn a strikine deviation from square
ISR OO iivaieil y vvx;;y;vyv ou PP PANAS DATIRS SSLVAVIIN AV VIV IV AV, Dtlll\jll& VIV YV IALIVLL 11Vl D\.iuu.l.\/

planar geometry of the intermediate m-allyl complex [7b]. However, the binding of this

ligand to palladium is not particularly strong since the m-allyl species in the catalytic
reaction decomposes quite readily in solution upon heating above 45° C.

Table 2. QA Pde)/(4 rr}gl?o) CHE;
1 (0 Moive) B
nMnL nl./\ ./\xnk
rr (1] THF’ 23° C ad 1] ~ rn
Ligand Yield % ee % Abs. cont
T1a [+T3) ~ QQ -
i oy 77 K
ib N.R. - -
1c 60 >99 R

For experimental procedure and determination of ee and absolute configuration see ref. [7b].

The introduction of a p-fluoro substituent (1b) [8] would be expected to further weaken
the binding between palladium and the nitrogen lone pairs because of the inductive effect of
fluorine. In practice it was observed that 1i2and 1b did not promote any catalvtic reaction.

not possible either. On the other hand the benzyl substltuted hgand 1c gave the same

ST § D 1t les S Y R metric :. PRI, R | o .M.,“_,m_,..:,m P nn xnllaAdirasea
CACCILIC LVLI Ul db)’ TICU L 11 UULUUU as ld, alid L 1IC preparauvil Ui uic llyl pauaunuu
compiex presented no problems. The complex has been characterised by NMR spectroscopy

and the results of MM2 calculations are shown below. It is instructive to compare the
structure with that of the complex from 1a.
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The deviation from square planarity in B is slightly less than that in A, but the same
type of argument as presented previously [7b,c] can be used to explain the absolute
configuration obtained in the product (attack by the nucleophile at the sterically less
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1b are much less sensitive towards electromc effects compared to the corresponding
pailadium species. Somewhat surprisingly, ligand I¢ gave substantially higher levels of
asymmetric induction. Using the model proposed by Pfaltz [9a] for the rationalisation of the
stereochemical outcome of this type of reaction, it is not clear why the benzyl substituted
derivative should be more efficient, but it must be borne in mind that the observed effect is
dependent on only small differences in the free energy of activation.

Table 3. Cu(l) (1 mol%) 5‘023
1(5 mol%)

CHCI,,0°C o
ee % Abs. conf.
Ligand Yield % trans / cis (trans) (trans)
P on ~ A0 1¢ 2¢
la BZ ..j l \S LV Lady 4&aJ
1b 60 31 58 18, 2§
1c 73 3:1 20 1§, 28

For experimental procedure and determination of ee and absolute configuration see ref. [1b].

Finally, copper catalysed aziridination[1b, 10] of styrene was studied using ligands 1a -
c¢. In contrast to the cyclopropanation reaction, there was now a marked difference between

1a and 1b. Another very m[eresu_n_o feature was the extremely poor performance of 1c; these
rocnlte racte donht an the nraonncal recently advanced hy T'w‘nhcpn 11 who has sucoested a
AN OULLY WAl WL/ L VL LW PL\IV\JU“I A\{\/Vll\-l] AL Y LUl UJ JUvwUoLAL L.l LJ YV LA\ ALY & DhWw s W
close resemblance between the transition states for the cyclopropanation and aziridination
processes. This point is under further investigation
Tahla A AT AW T 12
1QaAwvic *r. Lu\l} 1w /e)
1 (6 mol%) <,NT$
p)-/\ ATT M1 no M Ph\\““‘
CH,Cl,,0°C
Ligand Yield % ee % Abs. conf.
1a 68 33 S
ib 59 9 S
1c 62 7 N

For experimental procedure and determination of ee and absolute configuration see ref. [1b].

Conclusion

In conclusion, we have shown that easily available C,-symmetric bis(aziridines) can act
as ligands for a variety of transition metal-mediated asymmetric syntheses. The best results
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in terms of
asymmetric dihydroxylation and palladium-catalyzed allylic alkylation reactions. An e.e. 0
90% was obtained for the copper-catalyzed cyclopropanation of styrene, while the
corresponding aziridination reaction gave only 33%, at best. As could be expected, steric
effects of the substituents on the aziridine ring carbons play an important role in determining
reactivity and enantioselectivity, but we have also observed an interesting and unusual

electronic effect of a p-fluorophenyl group, particularly in the reactions involving palladium

s}

Experimental

'H-NMR and ""C-NMR spectra were recorded on a Bruker AC-250 or a Varian XL-300
instrument (CDCI1,/TMS). Mass spectra were recorded on a Finnigan MAT INCOS 50
instrument at 70 eV. IR spectra were recorded on a Perkin-Elmer 1600 FTIR instrument.
Enantiomeric excess (e.e.) was determined by chiral HPLC using an OD-H column. Optical

mer 241 polarimeter. Elemental analyses were

University o
over sodium hydride and distilled under nitrogen atmosphere. The synthesis of ligands 1a
[1b], 1c, and 1d [1c] has been described previously. Ligand 1b was synthesised as shown

below.

i
a Asiateia s on Kot AR TTamenla Quadenm Thliian
VICIId, AUslIld. dild IVIIKIO KNCIIH AD, Uppadld, owtutil. 1

77N F
N . TiCIyDME), 5 | | ADmixp
[ | & Li . e MeSO.NHz
N DME r)|\/\ #BUOH-H,0
/

i) CHsC(OMe)s, H*, CH,Cl, ~_F

m~ /F )
V | ii) TMSCI, CH,Cl, o |
R /k N IH) KzCOg, MeOH \ \

L S U DY L T U ¥ ol D'FCRH4 D'FCSHA
/) Ethyleneaiamine, 1 rr ‘? ¥ '
iiy PPhg, DEAD, THF ] ]
nEC L1 r\\ / Y ECH.
lI.JI\16II4 ylv6104
1b
Synthesis of ligand 1b.
) McMurry coupling of p-fluorobenzaldehyde. Commercially available
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equipped with a reflux condenser. Anhydrous DME (150 mL) was added, followed by
lithium wire (3.5 g, 510 mmol) which had been cut into small pieces, etched with methanol

and washed with pentane. The resultant black mixture was refluxed for 1.5 h before
dropwise addition of neat p-fluorobenzaldehyde (5.36 g, 43 mmol). After 20 h of reflux, the
mixture was allowed to cool to room temperature before being diluted with pentane (100
mL) and filtered through celite. Solid material remaining in the reaction flask was extracted
with pentane (3 x 100 mL) and dichloromethane (100 mL), the extracts were filtered through
celite, and the filter cake was washed with dichloromethane (200 mL). The combined

nro'\mcq were PVﬂan"l!’Pd to drvness in vacuo and the residue was

[443 84 W] At A biva v v &S \.;-u v a UL/ BRR LIIG dRRdiiiiiileddl

amount of dichloromethane before be ing filtered through a short plug of silica gel. Removal
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~AF tha caliracmt 1 Vacio gave .LA PR ene cta l am ol A s s 172D
OI e soivent in vacuo gave tne trans kene (2.7 g, ‘)0“/0) as a crystal line solid (m.p. 155 -
13709C) which could be used dlrecuy in the next step. For analysis, a small sample was

purified by flash chromatography on silica gel, eluting first with hexane and then 1% ethyl
acetate in hexane. Rf (EtOAc-hexane, 1:19) 0.41. |H NMR: 7.46 (4 H, m), 7.06 (4 H, m),
6.99 (2 H, s). 13C NMR: 162.4 (d, JCF 244 Hz), 133.3, 127.9 (d, JCF 12.5) 127.2, 115.6 (d,
JCF 18.8). IR (KBr): 2924, 1896, 1601, 1506, 1234, 968, 838. Anal. Calc. for C14H10F2: C,

77,77%; H, 4.66. Found: C, 77.56; H, 4.73.

(i1) Sharpless Asymmetric Dihydroxylation. Commercially available AD-mix 8 (11.3
g) was dissolved in a mixture of tert-butanol (40 mL) and water (40 mL) and cooled with
stirring to 09C before addition of methanesulfonamide (0.77 g, 8.1 mmol) and the alkene
X

from above (1.75 g, 8.1 mmol). The reaction mixture was allowed to reach room
tcmperature <1nw1v and was then stirred for 20 h before addition of Na2S03 (12.13 g, 96.3

mmol). The resultant mixture was stirred for 45 min, and dichloromethane (50 mL) was
added. The phases were separated and the aqueous phase was extracted witl
dichloromethane (3 x 50 mL). The combined organic phases were washed with 2 M KOH
solution (40 mL) and dried over MgSO4. After removal of the solvents, the residue was
purified by flash chromatography (20 - 80% ether in pentanc) to give the chiral 1,2-diol
(3.68 g, 91%) as a crystalline solid (m.p. 82 - 830C). Rf (EtOAc-hexane, 1:1) 0.45. 1H

NMR: 6.99 - 6.81 (8 H, m), 4.49 (2 H, s), 3.56 (2 H, bs). 13C NMR: 162.3 (d, JCF 250),

L9 A \Q 23, 224 11y

1353 (d, JCF 3), 128.5(d, JCF 6.3),115.0(d, ] 19), 78.5. IR (KBr): 3373, 2932, 1893,
1A0Y7T 1814 17727 QQ0O QAN QA8 Anal Mala ".-“— C1 A 1AEANA- M AT T A Q22 FErniind-
19U/, 1914, 1257, 707, 60U, 0J5J. AlldlL. L adIC. 10 L[4[ /ru/. «, U/.2u, 11, 4.05. rUuliu.
ral £ NS, TT A NN [ gy J— Lo V@l » VR BV AU o) () P ol PN

, 67.05; H, 4.90. [ajD +76.8 (¢ 1.0, CH2Cl2).

AN T Tecatoo Lal o 12 ] Lo Ve Y EDIT o Y TA il e A Al e ntbhaea s FON
(111) 10 a SOiutoI11 Of i€ aioi 1o apove (U.Ja 7/ g, L. 14 IINOL) 11 AICHIOTUHICULALIC {2V
mL) under argon was added p-toluenesuifonic acid (5 mg, 0.03 mmol) followed by trimethyi

orthoacetate (0.32 mL, 2.57 mmol). After 1 h, TLC (ethyl acetate - hexane, 1:1) indicated
complete reaction and the volatiles were removed in vacuo. !H NMR analysis of the crude
product indicated that the expected cyclic orthoacetate was the only product formed. The
crude product was dissolved with stirring under argon in dichloromethane and trimethylsilyl
chroride (0.38 mL, 2.99 mmol) was added. The course of the reaction was monitored by
TLC (ethyl acetate - , 1:9) which indicated essentially complete conversion after 3 h

/
iles were removed in vacuo and the residue was dissolved in
AWwad AN AN L 1i AN S LALRNA -~

11% AXNaiNaNs YY Qo WIS3SUVIVLA 22
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mmethanol (20 mL) followed by addition of potassium carbonate (0.59 g, 4.28 mmol). The
resultant mixture was stirred at room temperature for 20 h, filtered, and the solvents were
removed in vacuo. The residue was partitioned between ethyl acetate (50 mL) and brine (20
mL), the phases were separated, and the organic phase was washed with saturated aqueous
ammonium chloride (20 mL) and brine (20 mL). After drying over MgSO4, the organic
phase was evaporated to dryness and the residue was purified by flash chromatography
(ethyl acetate - hexane) to yield the desired trans epoxide (0.33 g, 66% based on the diol) as
a crystalline solid (m.p. 102 - 1059C). Rf (EtOAc- hexane, 1:9) (.55, IH NMR: 7.39 - 7.28

rc
m). 2.83 (2 H. s) 13 NMDR. 147 Q 1A I~ D8Ny 1290 7 T~
i), 3.83 (2 H, s). 12C NMR: 162.8 (d, JCF 250), 132.7 (d, JCF 6.3),

5.5(d,JCF 19), 62.2. IR (KBr) 3002, 1899, 1773, 1605, 1514, 1453,

1228, 862, 82z Anal. Calc. for C14H|0F20: C, 72.41; H, 4.34. Found: C, 72.33; H, 4.44.
[a]D +219.3 (¢ 1.01, CH2Cl12). (This matemal was shown to be of >98% e.e. by chiral
HPLC (Chiralcel OD-H column) after a control experiment with the racemic trans epoxide

prepared by standard mCPBA epoxidation of the alkene from the McMurry coupling
reaction described above.)

a1

(iv) The epoxide from above (1.63 g, 7.02 mmol) was dissolved with stirring under
nitrogen in refluxing THF (3 mL). The source of heat was removed briefly and
ethvlpnedmmme (250 ul 3.72 mmol) was added dmnwme The resultant mixture was

nnnnnnnn ~F flﬂ 1y v\f‘

P-aYel] . ~Antad Anly Nr N Attnte Af nnraanrtad annvida The hrllr‘lr\

dlldl)’blb UL L1 f€Siauc inaicaica Ulu.y VL alllUULILS Ul ulllvdvivu CPUALUL. 11V viuuu
- L_ OTITY AL o n T\ ~am A et T b /Y AA D s I svrmn adAAAd

pfOUUCl was « Up IH LAar (20 mk) 4na Uipnenyipnospnie (2.44 g, 7.0 1oL wds duuct
with stirring under nitrogen at room temperature. The resuitant mixture was cooled to 09C

and diethyl azodicarboxylate (1.46 mL, 9.3 mmol) was added. The mixture was allowed to
reach room temperature and was stirred for 16 h before being partitioned between ether and
water. The organic phase was washed with water, then with brine, dried over MgSO4, and
evaporated to dryness to give a residue which was purified by flash chromatography (40%

ether in pentane) followed by two recrystallisations from hexane (23 mL). There was
obtained 0.770 g (417(7 bas

bbbbbb d 0. % based on the epoxide) of ligand 1b as an analytically pure crystalline
mﬂ;A( n 1258 5§ _ 12600 Re(FtO A hevane 1:23 ) AR 1 IMR- 7 20 (R hm) 7 00 (R
viiu \\Lll.l] 1J0. J 1IJUT ). IN] LA/ AL THUVAQLIV, 1.0 ) VOTO. LI LNLIVEEN. [ 4 \U 11y, UlllJy .UV \U
H, bm), 3.09 (4H, bs), 2.40 (4 H, m). 13C NMR: 162.9 (d, JCF 250), 131.3 (b), 127.5 (b),

115.1 (d, JCF 19), 52.5, 49.5 (b), 45.3 (b). (Some of the mgnals in both the !H and 13C

NMR spectra are broadened at room temperature due to slow pyramidal inversion at

nitro gcn)IR (KBr): 3448, 3069, 2982, 2952, 2851, 1896, 1604, 1509, 1229, 1209, 839, 756.
c. for C30H24F4N2: C, 73.76; H, 4.95. Found: C, 73.87; H, 5.09. [a]D -91.0 (¢
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