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SYNTHETIC COMMUNICATIONS, 25(1 I), 1659-1667 (1995) 

Ni(II)-CATALYZED REGIO- AND DIASTEREOSELECTIVE 

ALLYLATION OF GRIGNARDS REAGENTS TO CHIRAL 

ALLYLIC CYCLIC CARBONATES 

Suk-Ku Kang,* Dong-Gyu Cho, Chan-Hee Park, Eun-Y oung Namkoong, 

and Joon-Seob Shin 

Department of Chemistry, Sung Kyun Kwan University, 

Natural Science Campus, Suwon 440-746, Korea 

ABSTRACT: Reaction of chiral allylic cyclic carbonates with Grignards 

reagent in the presence of NiClJdppe) as a catalyst afforded the alkylated 

(E)-allylic alcohols with high regio- and diastereoselectivity. 

Recently, much attention has been paid to regio- and diastereoselective 

control in the coupling reactions of allylic systems with organometallics.' In the 

literature, alkylation of organomagnesium reagents with allylic alcohols, ethers, 

acetates, or halide in the presence of nickel complexes as catalyst.' 

1659 

Copyright 0 1995 by Marcel Dekker, Inc. 
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1660 KANG ET AL. 

In  connection with our research programs to prepare chiral synthons 

utilizing cyclic  carbonate^,^ we have found that allylic cyclic carbonates are 

good substrates for excellent regio- and diastereoselective allylation reactions to 

form optically active (E)-allylic alcohols with Gngnards reagents in the presence 

of NiCl,(dppe:) as catalyst. 

The results of the reaction of the allylic cyclic carbonates la-c with 

Grignards reagents and subsequent PCC oxidation of the resulting allylic 

alcohols are summarized in  Scheme 1 and Table 1. 

(-)-la (2R, 5R)-% R = Et (5R)-3a R = Et 
(2R, 5R)-2b R = ~ Z B U  (5R)-3b R = ~ Z B U  

Scheme 1 

Reagents and conditions I )  EthlgBr or nBuhlpCl(4 equiv), NiClZ(dppe)(S mol %) 
, THF, 0 'C-vt, 5 h 
(5 mol %), TIIF, 0 'C-rt, 5 h 

11) PCC. CII$3~,  rt, 1 h 111) hleblgBr(4 equiv), NiC12(dppe] 
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1662 KANG ET AL. 

The (2)-allylic cyclic carbonate l a  was reacted with EtMgBr (4 equiv) 

in THF in the presence of NiCl,(dppe) (5  mol %) to afford the (E)-allylic 

alcohol (2R ,  5R)-2a with excellent diastereoselectivity ( >99%) (entry 1). The 

diastereoselectivity was checked by 300 MHz 'H NMR spectrum of (2R,  5R)-  

2a and GC-MS analysis of the acetate of ( 2 R ,  5R)-2a. The absolute 

configuration of the newly introduced stereogenic center at C-5 position of 2a 

was correlated to the known (S)-(+)-4-rnethyl-l-hexan01.~ The (E)-allylic 

alcohol (2R,  5R)-2a was oxidized to a, punsaturated ketone (5R)-3a (entry 

1). Alternatively, the cyclic carbonate l a  was also reacted with n-BuMgC1 (4 

equiv) in the presence of NiCl,(dppe) as catalyst to provide (2R,  5R)-2b, 

which was oxidized to a, punsaturated ketone (5R)-3b (entry 2). This kind of 

chirality transfer was applied to (E)-allylic cyclic carbonate lb. The (E)-allylic 

cyclic carbonate l b  with EtMgBr (4 equiv) gave (2R, 5S)-2a with the same 

diastereoselectivity ( >99%) (entry 3). The compound (2R,  5S)-2a thus 

obtained was oxidized to a,  p-unsaturated ketone (5S)-3a, of which the 

specific optical rotation was compared with that of (5R)-3a. This conversion 

was also applied to l b  with n-BuMgCI (entry 4). Finally, ethyl substituted 

(a-allylic cyclic carbonate l c  with MeMgBr (4 equiv) in the presence of 

NiCl,(dppe) (5  mol %) afforded (2R ,  5S)-2a, which is the other 

diastereoisomer of ( 2 R ,  SS)-2a (entry 5). 

To compare and correlate the absolute configuration of the newly 

introduced stereogenic centers of ( 2 R ,  5R)-2b and ( 2 R ,  5S)-2b, the 

compounds (2R, 5R)-2b and (2R,  5S)-2b were prepared from the reactions of 

cis and trans-substituted allylic cyclic carbonates l a  and lb, respectively, with 

higher order organmuprate nBu,Cu(CN)Li,(Scheme 2).3 The chemical shift for 

the methyl group of ( 2 R ,  5R)-2b thus prepared showed a doublet at 6 0.96, 
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GRIGNARDS REAGENTS 1663 

whereas (2R, 5S)-2b showed at 8 0.97 in 300 MHz 'H NMR. The 

diastereoisomers, (2R, 5R)-2b and (2R ,  5S)-2b, were oxidized with PCC to 

afford the enantiomers (5R)-3b and (59-3b, respectively, and the values of the 

specific optical rotation were compared with each other (entries 6 and 7, 

Table 1). 

la (2R, 5R)-2b (5R)-3b 

lb  (2R, 5S)-2b (5S)-3b 

Scheme 2 

Reagents and conditions: i) nBuLi( 10 equiv), CuCN(5 equiv), BF-j.OEtz( 1 quiv) ,  
THF, -78 O C ,  30 min ii) PCC, CH2C12, 1 h. 

EXPERIMENTAL 

General Procedures 

(3E, 2R, SR)-5-Methyl-3-hepten-l,2-diol 1-0-p-methoxybenzyl 

ether (2a): To a stirred solution of carbonate l a  (100 mg, 0.35 mmol) and 

NiCl,(dppe) (5 mol %) in dry THF (1 mL) at 0 "C under N, was added EtMgBr 

(0.61 mL, 4 equiv, 3 M in ether). After stirring for 5 h at room temperature, the 

reaction mixture was quenched with saturated NH,Cl solution. THF was 
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1664 KANG ET AL. 

evaporated and the residue was separated by SiO, column chromatography 

(EtOAclhexanes = 1 : 2, R,= 0.53) to afford ( 2 R ,  5R)-2a (70.6 mg, 79%). 

'H-NMR( 300 MHz) 6 0.85 (1, 3H, J =  7.0 Hz), 0.96 (d, 3H, J = 6.7 Hz), 

1.30 (m, 2H), 2.05 (m, lH), 2.40 (bs, lH), 3.35 (dd, lH,  J =  9.6, 8.4 Hz), 

3.50 (dd, IH, J = 9.6, 3.3 Hz), 3.80 (s, 3H), 4.30 (m, lH), 4.50 (s, 2H), 

5.37 (ddd, lH, J = 15.5, 6.6, 1.1 Hz), 5.65 (ddd, lH,  J = 15.6, 7.5, 1.1 Hz), 

6.90 (d, 2H, J = 8.7 Hz), 7.30 (d,  2H, J = 8.6 Hz). IR (neat) 3600, 3100, 

2950,2850,1640, 1250 cm-'. MS (mle) 264 ( M ) ,  246, 137, 121 (base peak). 

( 3 E ,  5R)-5-methyl-l-O-p-methoxybenzyloxy-3-heptenone (3a): To 

a stirred solution of (Z?, 5R)-2a (70 mg, 0.27 mmol) in CH,CI, ( 2  mL) at 

room temperature under N, atmosphere was added PCC (87.3 mg, 0.41 

mmol). After stirring for 1 h, the reaction mixture was extracted with ether (15 

mL). The ether layer was evaporated in vacua and the crude product was 

separated by column chromatography (EtOAclhexanes = 1 : 2, R, = 0.60) to 

afford (3E, 5R)-3a (67.2 mg, 95%). 'H-NMR( 300 MHz) 6 0.87 (t, 3H, J = 

8.0 Hz), 1.05 (d, 3H, J = 6.0 Hz), 1.40 (m, 2H), 2.20 (m, lH), 3.82 ( s ,  3H), 

4.20 (s, 2H), 4.55 (s, 2H), 6.25 (dd, IH, J = 16.1, 1.3 Hz), 6.85 (d, lH, J =  

16.1 Hz), 6.90 (d, 2H, J =  8.7 Hz), 7.30 (d, 2H, J =  8.6 Hz). IR (ncat) 2958, 

2929, 2800, 1693, 1615, 1250 cm' .  MS (m/e) 262(M'), 138, 137, 126, 

12l(base peak). 

( 3 E ,  2R, 5S)-5-Methyl-3-hepten-1,2-diol 1-O-p-methoxybenzyl 

ether (2a): 'H-NMR( 300 MHz) 6 0.85 (t. 3H, J = 7.0 Hz), 0.97 (d, 3H, J =  

6.7 Hz), 1.30 (m, 2H), 2.05 (m, lH), 2.40 (bs, lH),  3.35 (dd, IH, J =9.6, 

8.4 Hz), 3.50 (dd, IH, J = 9.6, 3.3 Hz), 3.80 (s, 3H), 4.30 (m, lH), 4.50 (s, 
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GRIGNARDS REAGENTS 1665 

2H), 5.37 (ddd, lH, J = 15.5, 6.6, 1.1 Hz), 5.65 (ddd, lH, J = 15.6, 7.5, 1.1 

Hz), 6.90 (d, 2H, J = 8.7 Hz), 7.30 (d, 2H, J = 8.6 Hz). IR (neat) 3600, 

3100, 2950,2850, 1640, 1250 cm-'. MS (m/e) 264 (M+), 246, 137, 121 (base 

peak). 

(3E, 2R, 5R)-5-Methyl-3-nonen-1,2-diol 1-0-p-methoxybenzyl 

ether (2b): 'H-NMR( 300 MHz) 6 0.85 (t, 3H, J = 7.0 Hz), O.% (d, 3H, J = 

6.8 Hz), 1.25 (m, 6H), 2.10 (m, IH), 2.40 (bs, lH), 3.35 (dd, lH, J = 9.7, 

8.5 Hz), 3.50 (dd, lH, J = 9.6, 3.3 Hz), 3.80 (s, 3H), 4.30 (m, lH), 4.50 (s, 

2H), 5.37 (ddd, 1 H , J  = 15.5, 6.6, 1.1 Hz), 5.65 (ddd, lH, J =  15.6, 7.5, 1.1 

Hz), 6.90 (d, 2H, J = 8.7Hz), 7.30 (d, 2H, J = 8.6 Hz). IR (neat) 3600, 3100, 

2950, 2850, 1640, 1250 cm-'. MS (m/e) 292 (M+), 275, 274, 137, 121 (base 

peak). 

(3E, 2R, 5S)-5-Methyl-3-nonen-1,2-diol 1-0-p-methoxybenzyl 

ether (2b): 'H-NMR( 300 MHz) 8 0.85 (t, 3H, J = 7.0 Hz), 0.97 (d, 3H, J = 

6.7 Hz), 1.25 (m, 6H), 2.10 (m, IH), 2.40 (bs, lH), 3.35 (dd, lH,  J = 9.7, 

8.5 Hz), 3.50 (dd, lH, J = 9.6, 3.3 Hz), 3.80 (s, 3H), 4.30 (m, IH), 4.50 (s, 

2H), 5.37 (ddd, lH, J = 15.5, 6.6, 1.1 Hz), 5.65 (ddd, lH, J = 15.6, 7.5, 1.1 

Hz), 6.90 (d, 2H, J = 8.7 Hz), 7.30 (d, 2H, J = 8.6 Hz). IR (neat) 3600, 

3100,2950,2850, 1640, 1250 cm''. MS (m/e) 292.(M+), 275, 274, 137, 121 

(base peak). 

(3E, 5S)-5-methyl-l-O-p-methoxybenzyloxy-3-nonenone (3b): 'H- 

NMR( 300 MHz) 6 0.87 (t, 3H, J = 8.0 Hz), 1.05 (d, 3H, J = 6.0 Hz), 1.30 

(m, 6H), 2.20 (m, lH), 3.82 (s, 3H), 4.20 (s, 2H), 4.55 (s, 2H), 6.25 (dd, 
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1666 KANG ET AL. 

lH, J = 16.1, 1.3 Hz), 6.85 (d, lH, J = 16.1 Hz), 6.90 (d, 2H, J = 8.7 Hz), 

7.30 (d, 2H, J = 8.6 Hz). IR (neat) 2958,2929,2800, 1693, 1615, 1250 cm". 

MS (m/e) 290(M+), 154, 137,12l(base peak). 

Acknowledgement. Generous financial support by KOSEF-OCRC and 

Ministry of Education( BSFU-943420) is gratefully acknowledged. 
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