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Abstmetz The readiIy available C,-symmetric bis(a&idines) 1 can acz as ligmds in a variety of 

wm~tric huprjMna&~ns me&ted by tranrition metals. In the best cuses, ~95% cc can be obuintd 

For the past few years we have been expluring rhe use of d&al a&Mines’. for asymmetric 

synthesis and we have shownlb how a&Mines can function as chiml SI&&#ZS (e.g. for the 

emu&selective total synthesis of plactam antibiotics), and as chiral m&&ries for asymmetric 

alkylarion and aldol reactions. We now wish to report on the use of C.+ymmetric bis(aziridines), 1, as 

chid kg& for both stoichiometric and catalytic asymmetric processes mediated by transition metals. 

chidaxiridine- chifaiazilidiae~ miral aziridinc Iigand 
(f-syathesisofcrp8epartms) (fmmymmemc alkylation md aldol) R=rryl,allryl;n=2.3,4. 

Thegeaaralroutetollgrnds1~1)isrgrsimple~mdisonthensdyavaihbilityof 

enantiomerically pure C$symmetric epoxides from chiral l&dioP. The epoxideP (2 eq.) ue 
subjected to ring-opening by a suitable dismine (I eq.), followed by a double Mitsunobu nx&on3 which 

gives the desired ligands in good overaIl yield. The synthetic Apple& is flexible and allows for 0) entry 
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to both enantiomeric series (ii) variation of ring-sobstituhs. (iii) different lengths of the spacer chain, 

(iv) introducrion of extra stereo~ntms in the spacer. if required. So far, our studies have concentrated on 

ligandl(R=Ph,n=2)whicbhasbeenusediatheasymmeaic~~~showninSchemes2-5. 

(7H2>n Mitsunobuv 1 

HN R 

Y 
Ff OH 

overall yield 

sdreme 1. syntfiesls of c,-sac szhidh ligsnds. (a) 0.5 eq. H2N(CH&NH2. A. 

The first feection we studied wss the stoichiomeaic syn~ydroxyMon5*b of Pcuf.Y-stilbene 

mediated by a complex of 1 and OsO, (Sheme 2). l’he bis(aziridine) did indeed function as an 

accelerative ligand (the reaction could be carried out at low temperahue), and the stilbene diol with the 

absolute co&guration shown% was isolated in good chemical yield and in 95% cc. (At this stage we 

prefer not to apeculate on possible mechanist&). 

l(R=Phn=2) fJll OH 
w 

% oso4.tohene, -78T HO ph 
90% 95% cc 

Scheme 2. Stoichiomddc rynnmxric di&ydmxyIsUon using Iigsnd 1. (2-3 eq. Iigsm.I pa 01~04). 

Ifdesired,the~~~dermateastetcoraplexof1cmbeisokaed;aRerhy~l~wmtup 

aad flash chromatography, the ligand is easily recovered for re-use. It is also noteworthy that the product 

of this reaction actually serves as the starting material for synthesis of the enautiomeric ligand! 
With this enceg result in hand, we turned our attention to the more demanding issue of 

caulytic asymmetrk tsyatm& in t&form ofthe paUadium-me&ted feac&nt~~ shown io Scheme 3. 

4% pd(n) 
6%er~-~(R=Fh,n=Z) 

conditions (a) or (b) 
>99% ee 

[UPD -18.70 

(c = 1.1, EtoH) 

schem 3. Catalytic rpymmetdc nucleophilic substitqtion using enz-1. F’do = (a~I~yl)$dC1~ E = CQMe. 
Comtitions (a): 1.5 cq. CH2(CO&fe)2. 1.5 eq. N. O-bis(~ylsilyl), 0.1 cq. KOAc. THP. R. 77%. 
Condkions (b): 1.2 cq. NsCH(CO$vl&. TIfF. rf 89%. 

This process involves nucleopMic attack by the malonate anion on a (d&or&d) squate-planar 

complex formed from the chiral ligand, Pd(II). and racemic 1,3diphenyl-2-propenyl acetate. The 

ah!X.Jute stereochemistry of the producP is consistent with the intermediacy of the stlucture shown 

below (Cbem 3D mptesentation) in which non-bonded iuteractions ate m&uixed. The nuchpbile 

approaches anzi with respect to palladium. and amkcks the less-hindered terminus (C-l) of the n-ally1 

9ystem.A#lrckatC-3ishiadendbyoaeoftbepbeayl~on(beneaTestcrziridlnenlng.(Weere 

cummtlyengagedontbeisolationandBaucarn de?ermhtionofrhe putative %-ally1 iIItcllIB&te). 
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The reaction can be run under twu different sets of conditid, an expetiental advantage of 

the present system being that preformed sodium rn~o~~ can be-used {lotion ZI in Scheme 3). 

Recently, much attention has been paid to copper-catalyzed asymmetric cyclopropanation7~b~ 
and aziri&mation~b, and it was therefore‘of interest to test our ligands in such &acdotts (Scheme 4). 

GOPEt 

Ph 

A Ptl 
as above Ph 

CC&Et 

) 
74% Ph cd- 

H 

63% cc 

Scheme 4. ckitalyttc asylYmK@lc cyclop!mpaMuim uslug llgand 1. 

Althmlgh the kwls of cc obtainee ~f~~rn~~~~~~e~~~~ 

~al~s~~, we are hopeful &at the necessq ~~~e~~~ can be made by fine-tuning of the ligand 

smzture. (For example. in hi impmssive study of asymmetric cyclopropanation, E~ans’~ has pointed out 

the advantage of having 6- rather & S-membered chelates as the catalytic species). With 1. in contrast 

to the Evans ligands. the more easily handled Cu@) triflate can be used in place of tb corresponding 
copper(I) species. The process is nevertheless presumed to involve a Cu(1) complex as the catalyst, with 

the diazorzster acting as the reducing agentg. Me&anistic speculation pertaining to the stextzochemical 

course of the reaction must await further e~en~ti~. 

Finally, copper catalysis of the reaction betureen PhI=NI”s and olefurs in the presem of ligands I 

offers the amusing possibility of using one chiral axlridine to mediate formatlon of another (Scheme 5). 

iO%l(R=ph,n=2) ,T= 
Ph- 5%cuoTforCu(OTfb T//J 

1eg.PhIN-B 
68% 

33% a 

sdmne5.catal~~c -0s uslag ligand 1. 
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As for cyclopqanadotl llaiq tha sama ligand 1, it is apparently immaterial if enc. atarta with 

cuoorcuo;thela#erhas~~~~~tobetbeprue~~species,with~sltetingas 

oxidant.Thc c&antiosclcctivc &idinatiotl of atyrcnc has also pr#vud@#cmatic for f&tcrt+ and the 

dot&d feacttoll tu&miam mmaius obscure; thus, while the ee shoti &ii+ is not impruaaive it is 

ncvcrthclcsa uncouragieg. M-on of the catalytic system and ligaad 6, in m#r to improve 

enaotim, ie u&x woylO. 

Awts. W& thank the &disk acre Scicncc l&urck cowrcfc bs t%mmiaI 
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