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During the synthetic studies of palytoxin, we have 
recognized the unique potential that the Ni(II)/Cr(II)- 
mediated coupling reaction 0ffers.l In our view, this 
reaction has most demonstrated its versatility for cou- 
pling multifunctional substrates, to which conventional 
organometallic reagents are difficult to apply. Indeed, 
it has successfully been used for the key bond-forming 
steps in various syntheses of natural and non-natural 
products.2 However, there is an unsolved problem. The 
example chosen from the halichondrin area illustrates 
this: coupling of 1 with 2 in THF:DMF (4:l) a t  room 
temperature yielded the two possible diastereomers 3 and 
4 in a 1.3:l ratio (Scheme lL3 There is a possibility that 
the stereochemical course inherent to this type of process 
could be overridden by using a suitable chiral ligand, and 
we report our efforts along this line. 

This process appears to involve the activation of the 
carbon-iodine bond via Ni(0) or Ni(I), the transmetala- 
tion of Ni to Cr, and the carbon-carbon bond formation 
via the organochromium reagent.l A catalytic cycle of 
Ni is required for this process to function efficiently, 
suggesting that a chiral ligand for the current purpose 
must meet with the condition that its capacity to form 
metal complexes should not be too strong with Ni but 
should be sufficiently strong with Cr. Several ligands 
known in the literature illustrate the difficulty of meeting 
this condition; for example, the coupling reaction did not 
progress in the presence of 2,2'-dipyridyl, 1,lO-phenan- 
throline, CHIRAPHOS, or 4,4'-disubstituted bis(oxazo- 
 line^).^ Interestingly, we observed that in contrast to 2,2'- 
dipyridyl, the coupling smoothly took place in the presence 
of ~ y r i d i n e . ~  This observation hinted that tuning the 
complexation capacity of 2,2'-dipyridyl might be one of 
the ways to  accomplish our goal. For this reason, we 
synthesized dipyridyls with one or both pyridine rings 
modified, as well as a pyridine with a second heterocycle, 
and tested their effect on the coupling reaction shown in 
Scheme 1. Some of these ligands are listed in Table 1 
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along with an approximate ratio of the diastereomers 
formed. Generally, the coupling reaction proceeded 
smoothly in the presence of dipyridyls with a substituent 
at  the 6-position, whereas no reaction was observed in 
the presence of dipyridyls unsubstituted at  the both 6- 
and 6'-positions. The best ligand thus far identified was 
5d. Using this ligand, we then sought an optimal solvent 
and temperature (Table 2). Interestingly, the homocou- 
pling reaction' was completely suppressed in the presence 
of these ligands. Therefore, even a 1:2 mixture of NiClz 
and CrClz could be used for synthetic purposes. With a 
1:2 mixture of NiClz and CrC12, the rate of coupling was 
dramatically enhanced, and reactions even a t  -20 "C 
became practical (Table 2).6 Thus, the asymmetric 
induction reached an acceptable level for practical use, 
although the current method requires a stoichiometric 
amount of d i ~ y r i d y l . ~ , ~  

The results summarized may suggest that the stability 
and/or reactivity of the Cr- vs Ni-complexes correlates 
to the tendency for the ligands to adopt a nonplanar vs 
coplanar conformation so that the substrate is not 
trapped as an organonickel species. This view appears 
to be consistent with the observation that coupling did 
not progress in the presence of CHIRAF'HOS whereas it 

(5) Coupling in THF containing pyridine at  room temperature gave 
a 1.1:l ratio of 3 and 4. The chiral pyridines A-C were tested for the 
coupling, and the ratio in parentheses represents that of 3 and 4 formed 
with NiC12:CrC12 (1:2) in THF at room temperature. The results 
currently available do not necessarily establish that both the pyridine 
rings of ligands, cf. 5d, are required for a good asymmetric induction. 

W - M e  N w e  N Me w e  Me 

the OMe 6 H  
A'4 (1.2 1) B'Z(1.2 1 )  c ' ~  (no coupling) 

(6) Under the current conditions, even ketones, including enolizable 
ketones, coupled with iodoolefins at  an appreciable rate. However, it 
should be emphasized that because of significant differences in the 
coupling rates between aldehydes and ketones, the selectivity of 
aldehydes over ketones was exclusive even under the new conditions. 
(7) The ligand can be recovered almost quantitatively (see ref 8). 
( 8 ) A  representative procedure for the coupling is as follows. A 

mixture of (-)-5d (817 mg, 2.8 mmol) and NiCldCrC12 (155 mg/309 
mg) in tetrahydrofuran (40 mL) was stirred for 1 h at  room temper- 
ature and then cooled to -20 "C. To this mixture was added a solution 
of 1 (343 mg, 629 pmol) and 2 (533 mg, 2.5 mmol) in tetrahydrofuran 
(40 mL) and stirred for 66 h at  -20 "C. The reaction was quenched by 
adding saturated NHlCl(100 mL) and HzO (100 mL) and then diluted 
with CHzClz (300 mL). Ethylenediamine (5 mL) was added, and the 
mixture was stirred at room temperature for 30 min. The organic layer 
was separated, and the aqueous phase was extracted with ethyl acetate 
(4 x 100 mL). The combined extracts were dried over Mg2S04, filtered, 
and concentrated to give an oil which was subjected to silica gel column 
chromatography (ch1oroform:toluene: ethyl acetate = 25:25:1) to give 
3 (325 mg, 82% yield) and 4 (43.3 mg, 11% yield) in addition to (-)-5d 
(775 mg). 
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Table 3. Table 1. Ligands Tested for the Ni(II)/Cr(II)-Mediated 
Couplinp 

5ni0 : R1=R2=H 

5b" : Rl=Me; Rz=H 

(2.5:l) 
5d" : R1=n-Pr; Rz=H 

(4.2:l) 
50" : Rl=n-Bu; Rz=H 

(3.5:l) 
51'' : R1=n-Pen; R2=H 

(3.8:l) 

(2,Q:lj 
5h" : R,=i-Pr; R2=H 

2.4:l) 
51" : R{=i-Bu; Rz=H 

(2.31) 
51" : R1=i-Pen; R2=H 

(3 1:l) 
5k" : Rl=H; R2=Me 

(1.4:l) 

( i m )  (no 

(2.2:l) 
5c" : R,=Et; Rz=H 

5gl1 : R1=CH Ph; R2=H 

6'' 7" (1.2:l) 
coupling) 

f 'G,  

9'2 (1:l.Z) 

2 
1311'' : n=3 (3.0:l) 
13b:i i n=4 (3.4:l 
13c . 17x5 (3.0:1] 

1 gwCH2j 
14": n=3 (1:l) 

a The ratio in parentheses represents a product ratio (3:4) a t  
room temperature. The product ratio was estimated from PNMR. 

Table 2. Solvents and Temperature Effects (for a 
representative coupling procedure, see ref 8) 

solvent temp ("C) time (h) ratio (3:4)" 

THF 30 1 4.2:l 
0 48 6: 1 

-20 48 8-1O:l 
-40 48 a trace of products 

Et20 30 38 3.6:l 
PhH 30 38 3.9:l 
CHzClz 30 14 2.8:l 
MeCN 30 14 3.3:l 
DMF 30 24 no reaction 
DMSO 30 24 no reaction 

a The ratio of 3 and 4 was estimated from integrations of the 
resonances a t  6.9 ppm (vinyl-H), 6.2 (vinyl-H), 4.5 (allylic-H), 1.2 
(methyl-H) in the 'H NMR spectrum. 

did in the presence of (5')-(-)-BINAF'H to yield a 1.3:l 
mixture of 3 and 4 at room temperature. In addition, 
the ligand 5k was found to exhibit a profile almost 
identical to that of the ligand 5a in terms of the coupling 
rate and the product ratio. 

For the present work, we used the coupling reaction 
shown in Scheme 1 for screening chiral ligands. Un- 
doubtedly, the chiral center(s) present in the aldehyde 1 
has an effect(s) on the degree of asymmetric induction. 
Indeed, the asymmetric induction for coupling 1 with 2 
in the presence of the antipode of 5d was approximately 
1:1.9 at  room temperature. The level of asymmetric 
induction with simple aldehydes was substantially less 

ligand temD time Droduct r a w  
Sd 30°C 1 hr 1.8:l 

-2OOC 48 2.5: 1 

'+CO,Me ~ $cozMe 

NiCIz - CrC12 (1:2) / 
ligand / THF 

ligand temD t ime DrOdUCt fati@ 
Sd 30°C 1 hr 2.2: 1 

-20°C 48 3.1:l 

&Br 

CrC12 (1 :2) / ligand / THF 
uCH0 

ligand temD t ime Droduct ratioa 
5d 30°C 1 hr 4.9: 1 

-20°C 48 6.7: 1 
CHIRAPHOS 30°C 1 1  1: 1 
(S)-(-)-BINAPH 0 "C 1 1  1: 1 

a The product ratio was estimated from integrations of the Me0 
resonances in the 'H NMR spectrum of their Mosher's esters, 
prepared by treatment with (S)-(-)-MTPA, DMAP, DCC, CH2C12. 
The absolute configuration of products is not established. 

(Table 3). In this connection, however, it should be 
emphasized that the synthetic potential of the Ni(II)/Cr- 
(11)-mediated coupling reaction is its unique versatility 
with multifunctional substrates, i.e., at  an advanced 
stage of synthesis in a convergent manner. It is also 
worth noting that these ligands were effective in asym- 
metric induction for other chromium-based reactions such 
as Hiyama-type couplingsg (Table 3). 

In summary, a chiral ligand effective for the Ni(II)/Cr- 
(11)-mediated coupling reaction has been developed for 
the first time. We are currently engaged in further 
improvement of the level of asymmetric induction and 
extension of this process to a catalytic system. 

Acknowledgment. Financial assistance from the 
National Institutes of Health (NS-12108) and the Na- 
tional Science Foundation (CHE-9408247) is gratefully 
acknowledged. 

Supporting Information Available: General procedures 
for t h e  coupling reactions, synthetic schemes, and  general 
procedures for chiral ligand syntheses and  lH NMR d a t a  of 
chiral ligands (11 pages). 
50951065 1 

(9) Okuda, Y.; Hirano, S.; Hiyama, T.; Nozaki, H. J. Am. Chem. Soc. 

(10) Hayoz, P.; von Zelewsky, A. Tetrahedron Lett. 1992, 33, 5165. 
(11) This ligand was prepared via alkylation (LDA/THF, then RI or 

(12)The synthetic scheme for this substance is given in the 

(13) Bolm, C.; Ewald, M.; Felder, M.; Schlingloff, G. Chem. Ber. 

1977,99, 3179. 

RBr/-40 "C) of Sa. 

supporting information. 

1992. 125. 1169. 
(14) Chelucci, G.; Delogu, G.; Gladiali, S.; Soccolini, F. J. Heterocycl. 

Chem. 1986,23, 1395. 


