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Summary: The Cu(I) complexes of new bis-oxazolines (3-7) prepared from the corresponding 
amino alcohols and malono-bis-imidate exhibit high enantioselectivity of up to 94 %ee in the 
catalytic cyclopropanation of tr isubsti~ted and unsymmetrical cis-l,2-disubstituted olefins. New 
diazoacetate reagents have also been developed giving high trans/cis ratios of up to 99:1 trans. 

We described recently bis-(4,5-dihydrooxazolyl)methane iigands for the copper-catalyzed 

asymmetric cyclopropanation of olefins with a diazoacetate3 Soon after this disclosure a number 

of publications,  2 including ~ review, 2r have appeared exhibiting the considerable interest 

generated by this ligand design. The ready accessibility and high structural variability of bis- 

(dihydrooxazolyl) derivatives render them particularly attractive. With the use of either the 

Cu(II) complex of 1~ or the copper (i) triflate complex of 2,2~ excellent diastereo~ (trans/cis ratio) 

and enantioselectivity (up to 99%) were achieved in the cyclopropanation of a variety of mono- 

substituted,3 trans-disubstituted, and terminal disubstituted o!efins. Important  applications (see 

below) of this asymmetr ic  reaction also concern trisubstituted and unsymmetr ical  cis-l,2- 

disubsti tuted olefins, for which the ligands of type 1 and 2 failed to provide  acceptable 

enantioselectivities. New ,~_~odified !igands have therefore been sought, and we report herein the 

successful outcome of our efforts, exemplified by the synthesis of (+)-trans-chrysanthemic and 

(+)-trans-permethric acids (92-94 %ee's and 95/5 - 99/1 trans/cis ratios). 4 
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Catalytic cyciopropanations are carried out in a s tandard fashion, using the catalysts 
conveniently prepared from CuC104(CH3CN)4 and a variety of ligands, e.g. 3-7, 5 although CuOTf, 
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CuOtBu ,  C u C 1 0 4 ( C H 3 C N ) 4 ,  and  Cu(lI)  c o m p l e x e s  (wi th  ac t iva t ion)  all  p r o v i d e  c o m p a r a b l e  y ie lds  

and  enan t iose lec f iv i t i e s .  N e w  l igands  3-7 are  eas i ly  s y n t h e s i z e d  f r o m  the  c o r r e s p o n d i n g  a m i n o  

a l coho l s  and m a l o n o - b i s - i m i d a t e  in CH2C12 in the  p r e s e n c e  of  t r i e t h y l a m i n e .  2 ,5-Dimethyl-2 ,4-  

h e x a d i e n e  (8) w a s  s e l e c t e d  as a r e p r e s e n t a t i v e  t r i - s u b s t i t u t e d  o l e f i n  a n d  the  r e su l t s  of  i ts 

c y c l o p r o p a n a f i o n  w i t h  d i azoace ta t e s  (9) are s u m m a r i z e d  in Table  1. 

CO2R 4%COaR 
S 9 trans-10 cis-10 

(For the absolute configuration, see Table 1) 

T a b l e  1. C y c l o p r o p a n a t i o n  of  2 ,5-d imethyl -2 ,4-hexadiene  w i t h  1% Cu(I)  complexes .  

Diastereoselectivity d Enantioselecfivlty e 
Entry_ Ligand a R in 9 b Yield c (Trans / Cis) Trans Cis Config. f 

1 1 l -men thy l  61% 84 : 16 24 16 (+)-IR 
2 2 l~menthyl  60% 84 : !6 24 20 (+)olR 
3 3 1-menthyl 60% 88 : i2 40 25 (+)-iR 
4 4 t -menthy l  68% 90 : 10 72 60 (+)-IR 
5 5 l -men thy l  65% 90 : 10 82 65 (+)-IR 
6 6 !-m~_nthy! 58% 80 : 20 90 80 (+)-!R 
7 6 BHT 60% 92 : 8 92 NDg (+)-IR 
8 7 TMP 76% 85 : 15 88 NDg (+)-IR 
9 7 d -menthy l  70% 86 : 14 90 78 (+)-IR 
10 7 /=menthyl  72% 92 : 8 92 84 (+)~iR 
11 7 DMP 78% 93 : 7 94 NDg (+)-IR 
12 7 BHT 75% 94 : 6 94 NDg (+)-IR 

[ 13 7 DCM 78% 9 5 : 5  94 NDg (+)-1!~ 
(a) in order to ~ n t a i n  the consistency, the iigands i-7 With the same absolute configuration at the 4- 
position are shown in the text and Tables. In actual experiments, the enantiomers of 1, 2, and 3 were 
used. (b) BHT = 2,6-di-tert-butyl-p-tolyl ; TMP = 2,3,4-trSrnethyl-3-pentyl ; DMP = 2,4-dimethyl-3- 
pentyl ; DCM = dicyclohexylmethyl. (c) Isolated after basic workup and column chromatography. 
(d) Determ_A_ned by capillary GLC at a constant temperature~ ranging from 120 °C to 195 ~C (ref. 6)- (e) 
Determined by capillary GLC of the R(-)-octyi ester (ref. 6) (f) Determined by known rotation of the 
corresponding acid. (g) ND stands for "not determined". 

i t  s h o u l d  b e  n o t e d  t h a t  in  t h e  r e a c t i o n s  u t i l i z i n g  l i g a n d s  1-3 t h e  f o r m a t i o n  of  

c h r y s a n t h e m a t e s  (10) p r o c e e d s  wi th  l o w  enan t iose lec t iv i ty  (ent r ies  1-3). In  contrast ,  l i gand  4 w i t h  

a sma l l  m e t h y l  g r o u p  in  the  4 -pos i t ion  a n d  a r e l a t i v e l y  l a rge  p h e n y l  g r o u p  at  the  5 -pos i t ion  

ach ieves  m u c h  h i g h e r  enan t io se i ec t iv i ty  (72 %ee, e n t r y  4). I t  is a p p a r e n t  tha t  subs t i tuen t s  at b o t h  

the 4- and  5 -pos i t ions  p l a y  a crit ical  role. Care fu l  c o n s i d e r a t i o n  of  poss ib le  t rans i t ion  states4, 7 for 

the  Cu( I ) -ca ta lyzed  c y c ! o p r o p a n a t i o n  react ion a l l o w e d  us to focus  on  the s t u d y  of  l igands  5-7. The 

la t ter  t w o  l igands ,  6 a n d  7, h a v e  p r o v e n  the  m o s t  success fu l  (92 %ee, en t r ies  6-10). Fu r the rmore ,  

m o d i f i c a t i o n s  of  R in 9 l e ads  to h i g h e r  t r a n s / c i s  ra t ios  (en t r ies  8-13). Best  resul t s  are  a c h i e v e d  

w i t h  7 and  d i c y d o h e x y l m e t h y l  d i azoace ta t e  (DCM-9)  w h i c h  p r o v i d e  t rans-10 wi th  a 95:5 t r a n s / c i s  
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ratio and 94 %ee (entry 13). Al though 2,6-di-tert-butyl-p-tolyl diazoacetate (BHT-9)8 achieves a 

similarly high t rans/c is  r~tio (entry ]2), DCMo9 offers a definitive advantage:  hydrolyt ic  removal 

of DCM from 10 can be effected under  s tandard  acidic or basic condit ions,  9 while that of BHT 

cannot .  

The use of the Cu-7 complex for the asymmetric  catalysis is not  l imited to the case with 8, 

bu t  can be ex tended  to other t r i subst i tu ted (entries 3-7 of Table 2) and  d isubs t i tu ted  olefins 

(entries 1,2) as well. Note, however,  that enantioselect ion with styrene and  Cu-7 is insignificant 

(36 %ee, ent ry  8), and  therefore the two sets of l igands 1-3 and 6-7 are complementa ry  : high 

selectivity can be achieved for most  types of olefins by proper ly  selecting a l igand from either 
set. 10 

Table  2. Cyclopropanat ion of Cis-di- and Trisubsti tuted Olefins with Ligand 7. 

Diastereoselectivity b Enantioselectivity 
E n t ~  Q!efin R in 9 Yielda (Trans : Cis) Trans Cis 

1 cis-4,4-dimethyI-2-pentene l-menthyl 75% 88 : 12 95 c 80 c 
2 cis-l-phenylpropene t-menthyl 72% 88 : 12 92 c 76 c 
3 ethylidenecyclohexane l-menthyl 54% 86:I4  82 d ND 
4 1,1~diphenyipentene l~menthyi 52% 98 : 2 84 c ND 
5 1,1-dichloro-4-methylpentadiene l-rnenthyl 60% 88 : 12 92 d 85 d 
6 DMP 60% 97 : 3 92 d ND 
7 DCM 62% 99 : I 92 d ND 
8 styrene DC-~ 82% 94 : 6 36 d 20 d 

(a) Isolated after basic workup and column chromatography. (b) Determined by capillary GLC at a 
constant temperature, ranging from 120 ~C to 195 oC. (c) Determined by capillary GLC of the R(-)-octyl 
e~ter (~ee ref. 6). (d) Determined by capillary GLC of the !-menthyl ester ( ~  ref 6), 

In addi t ion  to this un ique  complementar i ty ,  Tables 1 and 2 demonstra te  several features 

consis tent  wi th  earlier observat ions:  1) t r an s / c i s  ratios depend  a lmost  exclusively on the 

structures of the olefin and the R group in 9, bu t  not  on the structure of the catalyst, 2) cis-olefins 

retain their stereochemical integrity, and 3) the absolute configurations of the C(1) centers in the 

trans-  and  cis~cyclopropane products  are the same.3 These fa~s must  be taken into account in 

formula t ing  the reaction mechanism of asymmetr ic  cyclopropanat ion,  which is current ly  under  
inves t iga t ion31  
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Selective base hydrolysis with NaOH in ethanol provides chrysanthemic acid with >100:I 
trans/cis ratio in 84% yield. 
Reaction of DCM-9 with styrene in the presence of the !igand 3-Cu(l) complex was also 
fotmd to provide the cyc!opropane products in 84% yield and 99 %ee with a 94:6 trans/cis 
ratio. This product could be selectively hydrolyzed under basic conditions to the 
corresponding acid with >150:1 trans/cis selectivity in 90% yield. 
In co_n_ju~nction with cydopropanafion, catalytic aziridination is being examined, the ligand 
3.CuOTf complex catalyzes the reaction of styrene with tosyiiminoiodobenzene, giving the 
tosylaziridine product in 91% yield with an 88 %ee (d. ref. 2a). Further work is continuing 
to improve this enantioselectivity utilizing other reagents, olefins, and ligands. 

3*CuOTf r~  
(t moI %) @ . ~ N  

+ TsNIPh CH2Cl2 :D- 

O °C 91% yio.ld 
88 %ce 
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