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Ab~raet: Examination of the behaviors of the chiral amidophosphines 1-14 in the asymmetric 
conjugate addition reaction of lithium organocopper with cludcone and cycionikenone revoalnd that the 
reaction efficiency is governed by many factors including copper salt, solvent, molecular ratio of copper 
and organolithium, and the structure of the subsume. The reaction with cycloalkenone gave the adduct 
in up to 94% ee under the stoichiometric conditions. © 1999 Elsevier Science Ltd. All rights reserved. 
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INTRODUCTION 

An enantioselective conjugate addition is a rapidly developing area in organocopper chemistry, l Clfiral 

modification of heterocuprates has been the representative of these approaches wherein the chiral amides, 

alkoxides, and thiolates are employed as the chiral components of the cuprates. 2 Another interesting and 

recently growing approach is the use of a chiral external ligand as an asymmetric controller) As part of our 

studies directed toward the asymmetric reactions employing the external chiral ligands, 4 we have been 

involved in the design and application of a new chiral ligand for organocuprates. 5 We describe herein in full 

detail that the conjugate addition of lithium cuprate to chalcone and cycloalkenone is highly controllable using 

the chiral bidentate amidophosphine ligands 1-14 designed on the basis of the concept of the metal 

differentiating coordination. 6 

R 1 
1:Me 
2: t-BuCO R 2 Me 

4: Me2NCO 11: SPh 
5: C6F5CO 2 12: NPh 2 ~1 PPh 2 U~ 6: CeHsCO t-B 13: OMe PPh2 
7: 1-NaphCO t-B O 
8: CF3CO 
9: p-Ts 

14 

ASYMMETRIC CONJUGATE ADDITION TO ACYCLIC ¢x,13-UNSATURATED KETONE 

The asymmetric conjugate addition reaction of lithium organocuprate, generated from 3 equiv of 

organolithium and 1.5 equiv of copper iodide in ether, with a,l~-unsaturated phenyl ketones was examined in 

the presence of 1.6 equiv of pivaloylamidophosphine 2. Some of the results are summarized in Table 1. The 

absolute configuration and ee of the proucts were determined by the specific rotation. 7 The efficiency is 

0040-4020/99/$ - see front matter © 1999 Elsevier Science Ltd. All rights reserved. 
PII: S0040-4020(99)00094-0 



3832 M. Kanai et al. /Tetrahedron 55 (1999) 3831-3842 

highly dependent on the I~-substituent of the enone. The methyl substituent is not bulky enough and the 

selectivity was not high (Table 1, entry 1-3). The butyl and phenyl substituents are more bulky and the 

reactions with these enones gave the relatively high efficiency of  17-84% ee (entry 4-9). The 

enantioselectivity is also dependent on the organo-group of the cuprate. The methyl and vinyl groups were 

transferred in relatively high selectivity, but the selectivity by the phenyl group was not so high. 

It is also important that the enantiofacial differentiation is dependent on the organo-group of the cuprate. 

Excepting the vinyl group, all of  the methyl, butyl, and phenyl groups were introduced from the upper face of 

the enones as shown in the Table 1 (entry 1, 4, 6-8). Only the vinyl group was introduced from the bottom 

face of the enones (entry 5, 9, excepting entry 2 ). 

Table 1. Reaction of lithium cuprate controlled by 2 a 

3 eq R4Li 
O 1.5 eq Cul R 4 O 

R 3 A ~ p h  1.6 eq 2 . R 3 . ~ . ~  ph 
Et20, -20 °C 

entry R 3 R 4 yield/% ee/% R/S 

1 Me Bu 95 16 S 

2 Me vinyl 46 7 R 

3 Me Ph 78 0 

4 Bu Me 89 55 R 

5 Bu vinyl 35 50 S 

6 Bu Ph 93 17 R 

entry R 3 R 4 yield/% ee/% R/S 

7 Ph Me 79 84 S 

8 Ph Bu 97 24 S 

9 Ph vinyl 67 73 S 

a The absolute configuration and ee were 

determined by the specific rotation. See ref. 7. 

THE SOLVENT DEPENDENT REVERSAL OF THE ENANTIOFACIAL DIFFERENTIATION 

The effect of the solvent is also remarkable as shown in Table 2. We examined the ligands 1-14 in the 

reaction of lithium dimethyl- and dibutylcuprates with chalcone using ether, toluene, dimethyl sulfide (DMS), 

DME, and THF as the solvent. The enantioselectivities controlled by the ligands 1, 9-13 were marginal, at 

most 5% ee in ether and THF. The reactions of  dimethyl cuprate controlled by 2 gave the ees, 30-84%. The 

highest 90% ee was realized using the phosphine 146 (entry 31). The highest ee 59% in the reaction of 

butylcuprate was observed using the pentaflurobenzoylamidophophine 5 (entry 21). However, the 

corresponding benzoylamide 6 was not effective. 

It is surprising to find that the enantiofacial differentiation is critically governed by the solvent. The 

reactions of  methylcuprate in ether, toluene, and DMS gave the (S)-product in 60-84% ee (entry 1-4), while 

those in TI-1F and DME gave (R)-product in 50 and 30% ees (entry 5, 6). The affect of lithium bromide and 

HMPA is not significant (entry 2, 7). 

The reaction of dibutylcuprate-2 is also governed by the solvent. Reversal of  the enantiofacial 

differentiation was observed in ether and THF (entry 8-10). 

The solvent dependent reversal of enantiofacial differentiation was the generally observed phenomena in 

the reactions controlled by other ligands as shown in Table 2. In the cases using the ligands 3, 4 almost 
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complete reversals of  the enantiofacial differentiation were observed by the reaction of methylcuprate (entry 

11 vs 12, 15 vs 16). In the reaction of butylcuprate-3, although the ee was not so high, the reversal was also 

observed (entry 13 vs 14). 

The origin of these solvent dependent reversals of the enanatiofacial differentiation is attributable to the 

structure variation of  the cuprate coordinated by the bidentate amidophosphine in ether and THF. In ether, the 

amidophosphines act as the bidentate ligand to copper and lithium, while in THF the ligands act as the 

monodentate phosphine, due to the coordination of THF to lithium. 5a,b,8 

Table 2. Reaction of fithium organocuprate with chalcone controlled by 2-8, and 14 a 

3 eq RaLi 
1.5 eq Cul 

0 1.6eq2-14 R 4 0 

P ~ t l  ~ Ph solvent,-20 °C " PI1 ~ Ph 

entry 2-14 R 4 solvent yield/% ee/% R/S entry 2-14 R 4 solvent yield/% ee/% R/S 

1 2 Me ether 79 84 S 17 4 Bu ether 88 16 S 

2 2 Me b ether 89 60 S 18 4 Bu THF 78 2 R 

3 2 Me toluene 87 78 S 19 5 Me ether 72 40 S 

4 2 Me DMS 63 79 S 20 S Me THF 29 14 R 

5 2 Me THF 72 50 R 21 5 Bu ether 87 59 S 

6 2 Me DME 34 30 R 22 5 Bu THF 40 3 S 

7 2 Me ether-HMPA 3 78 S 23 6 Me ether 84 54 S 

8 2 Bu ether 97 24 S 24 6 Me THF 29 14 R 

9 2 Bu toluene 35 2 S 25 6 Bu ether 92 2 S 

10 2 Bu THF 39 30 R 26 6 Bu TI-IF 71 0 

11 3 Me ether 88 71 S 27 7 Me ether 75 20 S 

12 3 Me THF 72 66 R 28 7 Me THF 83 9 S 

13 3 Bu ether 88 19 S 29 8 Me ether 89 37 S 

14 3 Bu THF 59 19 R 30 8 Me THF 86 0 

15 4 Me ether 88 67 S 31 14 Me ether 99 90 S 

16 4 Me THF 70 68 R 32 14 Bu ether 95 11 S 

a The absolute configuration was determined by 
bromide complex was used. 

the specific rotation. See ref. 7. b Methyllithium-lithium 

ASYMMETRIC CONJUGATE ADDITION REACTION WITH CYCIJ )HEXENONE 

The reaction of organocopper-amidophosphine with cycloalkenone was found to be quite different from 

those with chalcone. The conditions used for the reaction of the cuprate with chalcone (Table 2, entry l)  was 

found not to be applicable to give 3-methylcyclohexanone in only 16% ee and 63% yield (Table 3, entry 1). 

Systematic examination of  the reaction of  methylcopper-lithium iodide, prepared from 1.5 equiv of 
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methyllithium and 1.5 equiv of  copper iodide in ether, in the presence of 3 equiv of 2 was carried out. The 

reaction of methylcopper gave the better ee 26% (entry 2). The ee was determined by 13(2 NMR analysis of 

the corresponding diastereomeric ketals prepared with (R,R)-2,3-butanediol. 9 The absolute configuration was 

determined to be R by the specific rotation. ]0 Upon an addition of lithinm bromide, 3c the e¢ was improved to 

55% (entry 3-6). The improvement of the ee was much more significant in the reaction of lithium 

methylcyanocuprate. Upon an addition of 12 equiv of lithium bromide, ee reached to 70% (entry 7, 10). The 

amount of the amidophosphine 2 is also critical to improve the selectivity to 80% ee (entry 8-12). 

Table 3. Effects of copper source, LiBr, and 2 on the reaction of methylcopper with cyclohexenone 

/ 
PP~ 2 

0 t.BU~O 0 

Et20,-20 °C '"Me 

entry CuX 2/eq LiBr/eq yield/% eeY% entry CuX 2/eq LiBrleq yield/% ee/% 

1 a CuI 1.6 0 63 16 7 CuCN 3 0 47 4 b 

2 Cul 3 0 44 26 8 CuCN 0.3 12 86 4 

3 CuI 3 3 69 37 9 CuCN 1.5 12 99 24 

4 CuI 3 6 83 47 10 CuCN 3 12 88 70 

5 CuI 3 12 61 55 11 CuCN 4.5 12 99 76 

6 CuI 3 24 26 52 12 CuCN 9 12 99 80 

a A 3.0 eq of  MeLi was used. 
opposite. 

The reaction temperature was -78 °C. b The absolute configuration was 

The effect of lithium bromide was also confirmed in the 

reaction of  lithium ethylcyanocuprate as summarized in Table 

4. Contrary to the reaction of  methylcyanocuprate, lithium 

ethylcyanocuprate reacted with cyclohexenone at the lower 

temperature of -78 °C. In the absence of lithium bromide, 

the reaction gave the product in 54% ee (entry 1). In the 

presence of  12 equiv of lithium bromide, the selectivity 

reached to 91% ee (entry 3). The addition of fithium chloride 

and iodide is not beneficial (entry 2, 4). The addition of 

lithium cyanide improves the selectivity, while the yield is 

moderate (entry 5). 

The bromide ion is not the origin of the high selectivity, 

because an addition of  ammonium bromide is not beneficial 

(entry 6). 

Table 4. Effect of salt on the reaction 

0 1.5 eq EtU, 1.5 eq CuCN, 0 

Et20, -78 °C "" Et 

entry salt yield/% ee/% 

1 none 62 54 

2 LiCI 77 41 

3 LiBr 89 91 
4 LiI 80 14 

5 LiCN 38 86 
6 Bu4NBr 46 60 
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Although the optimum conditions for the high efficiency was established as above (Table 3, entry 11 and 

Table 4, entry 3), it was necessarily to improve the reaction efficiency of lithium methylcyanocuprate. The 

much more improvement was achieved through the addition of TMSCI-HMPA. 

EFFECT OF TMSCL.HMPA 

Since the reactivity activation of the cuprate by TMSCI is the established method, 11 effect of TMSCI on 

the reactivity was examined with lithium methyl- and other organocyanocuprates (Table 5). Upon an addition 

of 3 equiv of TMSCI, the reaction of methylcyanocuprate proceeded at the lower temperature of  -78 °C to 

afford 3-methylcyclohexanone in 86% ec (entry 2). It is also important to add a mixture of TMSCI and 

cyclohexenone to the cuprate (entry 2 vs 3). The addition of TMSCI along with HMPA was more effective to 

afford the product in 92% ee (entry 4). The addition of HMPA alone was not effective (entry 6). Other TMS 

species were also not effective (entry 7-10). 

However, this procedure is not applicable to the reaction of the more reactive cuprates, lithium ethyl-, 

butyl-, and phenylcyanocuprates (entry 11-16). In the absence of TMSCI-HMPA, the products, 3-ethyl-, 3- 

butyl-, and 3-phenylcyclohexanones were obtained in 91, 90, 73% ees, whereas in the presence of  TMSCI- 

HMPA, these were obtained in 67, 77, and 29% ees. 

Table 5. Effects of TMSCI and HMPA on the reaction of cyanocuprate a 

O O 

12 eq LiBr, 4.5 eq 2 
m 

Et20 '"R 

entry R TMSCI/HMPA temp/°Cyield/% ee/% entry R TMSCi/HMPA temp/°C yield/% ee,/% 

1 Me none -20  99 76 11 Et none -78 89 91 

2 Me TMSCI -78 99 86 12 Et TMSCI/HMPA -78 48 67 

3 b Me TMSCI -78 62 76 13 Bu none -78 97 90 

4 Me TMSCI/HMPA -78 66 92 14 Bu TMSCI/HMPA -78 96 77 

5 Me TMSCI/HMPA -20 99 80 15 Ph none -78 63 73 

6 Me HMPA -20 99 74 16 Ph TMSCI/HMPA -78 67 29 

7 Me TMSBr/HMPA -78 77 40 
a TMSCI and HMPA were each 3 eq to cyclohexenone. 

8 Me TMSI/HMPA -40 18 64 
A solution of TMSCI and cyciohexenone was added to 

9 Me TMSOTf/HMPA -78 73 30 
the cuprate in ether, b Cyclohexeneone was A d0e__d to the 

10 Me TBDPSCI/HMPA -20 27 71 mixture of cuprate and TMSCi. 

OP'IIMIZATION OF THE REACTION C O N D m O N S  

The influence of copper salt is also remarkable as shown in Table 6. Copper thiocyanate and bromide 
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are not exceed copper cyanide (entry 1-3). Unfortunately, lithium dimethylcuprate is not the choice, giving 

14% ee (entry 4). This poor selectivity by lithium dimethylcuprate clearly indicates that an extension to the 

catalytic reaction is not promising. 5,12 

Table 6. Copper salt effect on methylcopper reaction Table 7. Asymmetric reaction of cyanocuprate-2 
with cycloalkenone" 

1.5 eq MeLi, 1.5 eq CuX, ~ (CH~2 n (CH~2 rl" 
12 eq LiBr, 3 eq TMSCI, O 1.5 eq RLi, 1.5 eq CuCN, O 
3 eq HMPA, 4.5 eq 2 12 eq UBr, 4.5 eq 2 

= ""Me (3 eq TMSCI, 3 eq HMPA) 
Et20 Et20, -78 °C R 

entry CuX temp/°C yield/% ee/% 

1 CuCN -78 66 92 

2 CuSCN -10  45 41 

3 CuBr -45 81 45 

4 CuMe a -78 81 14 

a Generated from CuBr and methyllithium. 

Under the optimized conditions, the asymmetric 

conjugate addition reactions of lithium organocyano- 

cuprates with cycloalkenones gave the corresponding 

adducts in high ees and yields as shown in Table 7. 

entry n R yield/% ee/% 

1 1 Et 90 94 

2 1 Bu 99 95 

3 b 2 Me 66 92 

4 2 Et 89 91 

5 2 Bu 97 90 

6 2 vinyl 60 44 

7 2 Ph 63 60 

8 b 3 Me 46 68 

9 c 3 Bu 92 74 

a For the absolute configuration, see ref. 8. 
b TMSCI-HMPA was used. c The absolute 
configuration was not determined. 

The alkyl groups were introduced in higher selectivity than vinyl and phenyl groups. 

The conditions were also applied to the acyclic enone above to give the higher selectivity 44% ee than 

16% (Table 1, entry 1) as shown. 

1.5 eq BuLi, 1.5 eq CuCN, 
0 Bu 0 

M e ~ P  h 12 eq UBr, 4.5 eq 2 ~ M e t ~ , ~ , , ,  p h 

Et20,-78 *(3 
44% ee, 87 % 

It is important to point out that the reaction of the cuprate generated from Grignard reagent, copper 

iodide, and 2 gave the adducts with the absolute configuration opposite to that obtained using lithium 

organocyanocuprate presented above. 5,12 

CONCLUSION 

The fine tuning of  the reaction conditions for the enantioselective conjugate addition reaction of  

organocopper to the acyclic- and cyclic enones was realized with respect to copper source, lithium salt, 

TMSCI, and solvent. As shown in Table 7, methyl, ethyl, butyl, vinyl, and phenyl groups were introduced into 
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cyclopentenone, cyclohexenone, and cycloheptenone to afford the corresponding 3-substituted cycloalkanones 

in 95-44% ee. 

The present study revealed that the fine condition tuning is still essential in realizing high efficiency and 

much more efforts are needed to propose some useful guidances on the structure-enantioselectivity 

relationships for the development of the chiral ligand-mediated asymmetric reaction of organocopper species. 

Acknowledgment: We gratefully acknowledge f'mancial support from Japan Society for Promotion of 

Science (RFFF-96P00302), the Ministry of Education, Science, Sports and Culture, and the Science and 

Technology Agency, Japan. 

EXPERIMENTAL 

1H- and 13C-NMR were recorded in CDCI3 unless otherwise noted. Chemical shift was presented in 

ppm downfield from tetramethylsilane. Data were reported as follows: integration, multiplicity, coupling 

constants (Hz), and assignments where relevant. Mass spectra were recorded under the electron impact (EI) 

conditions. Reactions were monitored by thin-layer chromatography. Melting points are uncorrected. The 

column chromatography was carried out using silica gel. The extract was washed with satd sodium 

bicarbonate, brine, and then dried over magnesium sulfate unless otherwise noted. THF, ether, DME, and 

toluene were distilled from sodium benzophenone ketyl. Ethyl -13 and vinyllithium 14 were prepared according 

to the reported procedure. Titration of all the organometallic reagents was performed according to the 

reported method. 15 Copper iodide, bromide, chloride and thiocyanate were purified by the reported 

procedure. 16 Copper cyanide was dried in vauo at 50 °C over KOH and P205. Lithium cyanide was prepared 

by the reported procedure. 17 The phosphines 1-4 were prepared by the reported procedure. 6,12,18 All of the 

asymmetric reaction products are known compounds and showed identical spectra data. 

General procedure for the asymmetric reaction with the acyclic enone. (S-(+)-3-phenyl- 

butylophenone (Table 1, entry 7). An ether solution of  methyllithium (low halide, 1.9 mmol, 1.3 mL) was 

added dropwise to a suspension of CuI (179 rag, 0.94 mmol) in ether (8 mL) at -20 °C. The solution was 

stirred for 25 rain at -20 °C. A solution of 2 (351 rag, 0.99 mmol) in ether (3 mL) was added and the resulting 

suspension was stirred at -78 °C for 20 rain. A solution of chalcone (130 nag, 0.63 mmol) in ether (5 mL) was 

added dropwise over 5 min at -20 °C and the red suspension was stirred for 1 h and quenched with satd 

NH4CI and 10% NH3. After vigorous stirring for 0.5 h at rt, the mixture was extracted with ether. 

Concentration and chromatography (benzene/hexane, 4/1) gave the adduct (110 nag, 79%) as a colorless oil of 

[a]25 D +12.6 (c 2.62, CC14). The ee was determined to be 84% by the HPLC analysis (Daicel ChiralPak AD, 

i-propanol/hexane 1/30, 0.5 mL/min, (5")-major 14 rain, (R)-minor 17 rain). Thebsolute configuration was 

determined to be S by the specific rotation. 7 IH NMR: 1.2 (d,J=6 Hz, 3H, CH3), 3.0-3.5 (m, 3H), 7.0-7.8 (m, 

1014). IR (CC14): 1690 cm -1. MS m/z: 224 (M+). The lligand 2 was recovered in 67%yield. 

General procedure for the asymmetric reaction with the cycloalkenone. (R)-3-butyleyclohexanone 

(Table 7, entry 5). To a solution of  copper cyanide (1.5 mmol) and lithium bromide (12 mmol) in ether (32 

mL) was added butyllithium (1.5 mmol) in hexane at -78 °C, and the resulting pink solution was stirred for 20 

min at the same temperature. A solution of 2 (4.6 mmol) in ether (16 mL) was added to the solution. The 

whole was stirred for 15 min at -78 °C. A solution of 2-cyclohexenone (n = 2, 1.0 mmol) in ether (4 mL) was 
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added and the whole was stirred for 0.5 h at -78 °C. Usual workup and chromatography 

(dichloromethane/bexane, 4:1) followed by distillation afforded (R)-3-butylcyclohexanone (n = 2, R = Bu) of 

[a]23D +7.21 °(c 1.04, toluene) in 97% yield. 10 The ee was determined to be 90% by 13C NMR analysis of 

the corresponding diastereomeric ketals prepared with (R,R)-2,3-butanediol (p-TsOH in benzene at reflux, 

98% yield). The ligand 2 was recovered in 93% yield. 

(S)-(-)-N.Pentafluorobenzoyl-2-[(diphenyiphosphino)methyl]pyrrolidine (5). Prepared from the 

corresponding amine and pentafluorobenzoyl chloride under the same conditions for 2. 5,12 Purification by 

alumina chromatography (benzenePaexane, 4/1) gave 5 as powder of mp 84-85 °C (pentane) and [a]25D -93.3 

(c 0.85, CHCI3) in 86% yield. IH-NMR: 1.82-2.35 (m, 5H), 3.16-3.76 (m, 3H), 4.35 (m, 1H), 7.10-7.44 (m, 

8H), 7.70 (m, 2H). 13C-NMR: 156.6, 156.1, 128.4-145 (Ar), 56.8 (d, J=23 Hz, CHN), 56.3 (d, J=22 Hz, 

CHN), 47.9, 45.7, 34.8 (d, J=16 Hz, CH2P), 32.2 (d, J=15 Hz, CH2P), 30.8 (d, J=7 Hz), 24.0, 22.1 (Each 

carbon gave two signals due to the amide configurational isomer). IR (neat): 1650 cm -l. MS m/z: 463 (M+). 

Anal. Calcd for C24HI9NOFsP: C, 62.20; H, 4.10; N, 3.02. Found: C, 62.37; H, 4.09; N, 3.29. 

(S)-(-)-N-r-Naphthoyl-2-[(diphenylphesphino)methyi]pyrrolid~e (6). Prepared by the same 

procedure for 5 as amorphous of nap 47-56 °C and [¢x]25 D -133 (c 1.03, CHCI3) in 32% yield. IH-NMR: 

1.59-2.25 (m, 6H), 3.01-3.89 (m, 2H), 4.55 (m, 1H), 6.45, 6.87-7.48, 7.79 (m, 17H, ArH). 13C-NMR: 169.0, 

168.9, 123.7-139.2 (Ar), 56.8 (d, J=23 I-Iz, CHN), 55.4 (d, J=20 H_z, CHN), 48.8, 45.3, 33.8 (d, J=16 l-Iz), 

32.8 (d, J=14 Hz, CH2P), 30.9 (d, J=9 Hz, CH2CH), 30.6 (d, J=10 Hz, CH2CHN), 24.4, 22.1. (Each carbon 

gave two signals due to the amide configurational isomer). IR (CHCI3): 1610 cm -1. MS m/z: 423 (M+). 

Anal. Ceded for C28H26NOP: C, 79.43; H, 6.15; N, 3.31. Found: C, 79.32; H, 6.26; N, 3.22. 

(S)-(-)-N-Benzoyl-2-[(diphenylphosphino)methy]pyrrolidine (7). Prepared by the same procedure for 

$ as powder of mp 92-92.5 °C (ether/hexane, 1:1) and [(1125 D -115 (c 1.41, CHCI3) in 95% yield. IH-NMR: 

1.71-2.26 (m, 5H), 3.12 (ddd, J=4, 4, 14 Hz, 1H, CH2P), 3A3 (m, 2H), 4.41 (m, 1H), 7.26-7.45 (m, 13H, 

ArH), 7.70 (m, 2H, ArH). 13C-NMR: 169.9, 127.2-138.8 (Ar), 55.6 (d, J r20  Hz, CHN), 50A, 32.9 (d, J=12 

I-Iz, CH2P), 31.4 (d, J=9 Hz, CH2CHN), 25.4. IR (KBr): 1610 cm -1. MS m/z: 373 (M+). Anal. Calcd for 

C24I-I24NOP: C, 77.21; H, 6.43; N, 3.75. Found: C, 77.39; H, 6.53; N, 3.78. 

(S)-(-)-N-Trifluoroacetyl-2-[(diphenylplmsphino)methy]pyrrolldine (8). Prepared by the same 

procedure for 5 as colorless prisms of mp 72-74 °C and [a]25 D -89.8 (c 1.24, CHCI3) in 88% yield. 1H-NMR: 

1.95 (m, 5H), 2.92 (ddd, J=4, 4, 13 Hz, 1H, CH2P), 3.53 (m, 2H), 4.14 (m, IH), 7.3 (m, 10H, ArH). 13C- 

NMR: 155.4 (q, J=36 Hz), 138.5 (d, J = l l  Hz, ipsoAr), 136.4 (d, J=7 l-Iz, ipsoAr), 132.4-133.1 (Ar), 128.4- 

128.7 (At), 116.2 (q, J=288 Hz, CF3), 57.6 (d, J=20 Hz, CHN), 46.8, 31.6 (d, J=15 Hz, CI-I2P), 29.6 (d, J=9 

Hz), 24.5. IR (CHC13): 1670 cm -1. MS m/z: 365 (M+). Anal. Calcd for CI9HI9NOF3P: C, 62.47; H, 5.24; N, 

3.83. Found: C, 62.43; H, 5.28; N, 4.04. 

(S)-(-)-N-(4-Methylphenylsulfonyl)-2-[(dlplumylphesphinyi)methy]pyrroUdin~ Prepared by the 

same procedure for 5 after chromatography (AcOEt/hexane, 4/1) as white powder of mp 90-91 °C and [0t]25 D 

-207 (c 0.70, CHCI3) in 78% yield. IH-NMR: 1.46 (ra, IH), 1.76 (m, 2H), 2.14 (m, IH), 2.49 (ddd, ,/---12, 15, 

15 Hz, IH, CH2P), 2.99 (m, IH), 3.28 (ddd, J=2, 8, 15 Hz, 1H, CH2P), 3.45 (m, IH), 3.60 (m, 1H), 7.14 and 

7.34 (d, J~8 Hz, each 2H, Ts), 7.45 (m, 3H), 7.61 (m, 3H), 7.76 (m, 2H), 7.97 (m, 2H). 13C-NMR: 143.3, 

127.3-134.3 (Ar), 55.3, 49.0, 36.4 (d, J=66 Hz, CH2P), 32.1, 23.7, 21.2. IR (CHCI3): 1475, 1160 cm -1. MS 
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m/z: 438 (M+-I). Anal. Calcd for C24H26NO3PS: C, 65.60; H, 5.92; N, 3.19. Found: C, 65.48; H, 5.99; N, 

3.41. 
(S).(-~N-(4.Methylphenylsuifonyl).2-[(diphenylphosphino)methy]pyrrelidh~ (9). A solution of the 

above oxide (1.4 mmol), trichlorosilane and triethylamine (2.1 mmol) in acetonitrile (5 mL) was stirred for 4 h 

at rt. Workup and recrystallization from ether-hexane (1:1) gave colorless prisms of mp 94-95 °C and [~x]25 D 

-290 (c 1.66, CHC13) in 51% yield. IH-NMR: 1.40-1.89 (m, 4H), 2.15 (ddd, J=5, 12, 14 Hz, IH, CI'IzP), 2.38 

(s, 3H), 3.08 (m, 2H), 3.45 (m, 2H), 7.10-7.44 (m, 12H), 7.71 (m, 2H). 13C-NMR: 143.1, 127.4-129.5 (At), 

58.0 (d, J=21 Hz, CHN), 49.4, 36.1 (d, J=13 Hz, CH2P), 31.8 (d, J=9 Hz), 24.1, 21.4. IR (KBr): 1340, 1150 

cm -1. Anal. Calcd for C24H26NO2PS: C, 68.09; H, 6.15; N, 3.31. Found: C, 68.36; H, 6.19; N, 3.19. 

(S)-(-)-N-(2',2'-Dimethylpropionyl)-2-pyrrolidinemethanol. A mixture of L-prolinol (99 retool), 

pivaloyl chloride (99 mmol), and triethylamine (119 mmol) in dichloromethane (50 mL) was stirred for 10 

rain at 0 °C and quenched with satd sodium bicarbonate, and then extracted with dichloromethane. 

Concentration and recrystallization from hexane gave colorless prisms of mp 79.5-81 °C and [a]25D -70.9 (e 

0.97, EtOH) in 82% yield. IH-NMR: 1.28 (s, 9H, t-Bn), 1.5-2.1 (m, 4H), 3.2-3.91 (m, 4H), 4.25 (m, 1H), 4.80 

Cors, IH, OH). 13C-NMR: 179.2, 67.8, 62.4, 48.5, 39.1, 27.5, 27.3, 25.3. IR (neat) 3330, 1585 cm -1. MS 

m/z: 185 (M+). Anal. Calcd for CI0HIgNO2: C, 64.83; H, 10.34; N, 7.56. Found: C, 65.04; H,10.21; N, 7.58. 

(S).(-)-N-(2',2'.Dimethylprolpionyl)-2-[(methylthio)methyl]pyrroHdine (10). A mixture of the 

above alcohol (50 mmol), dimethyl disulfide (68 mmol) and tributylphosphine (68 mmol) in pyridine (70 mL) 

was stirred at rt for 2 d, and quenched with water, and then extracted with AcOEt. Concentration and 

chromatography (AcOEt/hexane, 1/9) gave 10 as a colorless oil of [¢z]25D -64.1 (c 1.36, EtOH) in 64% yield. 

IH-NMR: 1.24 (s, 9H, t-Bu), 1.87 (m, 4H), 2.16 (s, 3H), 2.41 (dd, 1H, J=9, 13 Hz), 2.90 (dd, J=3, 13 H_z, 1H), 

3.63 (In, 2H), 4.30 (m, 1H). 13C-NMR: 176.4, 58.4, 48.2, 39.1, 36.7, 27.9, 27.5, 24.9, 15.6. IR (neat): 1630 

cm -1. MS m/z: 215 (M+). Anal. Calcd for CIIH21NOS: C, 61.35; H, 9.83; N, 6.50. Found: C, 61.26; H, 9.65; 

N, 6.76. 

(S)-(-)-N-(2',2'-Dimethylpropionyl)-2-[(iphenylthio)methyl]pyrrolidine (11). A mixture of the above 

alcohol (7 mmol), diphenyl disulfide (10 mmol) and tributylphosphine (10 mmol) in pyridine (10 mL) was 

stirred at rt for 4 h. Workup and chromatography (AcOEt/hexane, 1/4) gave 11 as a colorless oil of [(x]25 D - 

9.37 (c 1.20, EtOH) in 99% yield. IH-NMR: 1.21 (s, 9H, t-Bu), 1.9 (m, 4H), 2.88 (dd, J=6, 9 I-lz, IH), 3.51 

(dd, IH, J=2, 9 Hz), 3.60 (m, 2H), 4.40 (m, 1H), 7.10-7.50 (m, 5H). 13C-NMR: 176.7, 136.4, 128.8, 128.2, 

125.4, 58.2, 48.5, 39.1, 35.2, 28.0, 27.5, 25.1. IR (neat): 1620 cm -1. MS m/z: 277 (M+). Anal. Caled for 

CI6H23NOS: C, 69.27; H, 8.36; N, 5.05. Found: C, 69.45; H, 8.07; N, 4.97. 

(S)-(+)-N-tert .Butoxycarbonyl .2.[(N' ,N' .dlphenylamino)methyl]pyrrofidine.  A mixture of Nail (83 

mmol) and diphenylamine (83 mmol) in THF (80 mL) was refluxed for 2.5 h. A solution of the corresponding 

tosylate in THF (15 mL) was added at rt and the whole was stirred for 2.5 h, and then satd. NH4CI was added 

and extracted with AcOEt. Concentration and chromatography (ether/hexane, 1/9) gave a pale yellow oil of 

[¢x]25 D +3.46 (c 2.05, EtOH) in 78% yield. IH-NMR: 1.50 (s, 9H, t-Bu), 1.86 (m, 4H), 3.3-4.3 (m, 5H), 6.87- 

7.35 (m, IOH, ArH). 13C-NMR: 154.5, 148.7, 129.2, 121.4, 120.8, 79.8, 55.6, 54.2, 46.6, 29.8, 28.7, 22.7. IR 

(neat): 1690 cm -1. MS m/z: 352 (M+). Anal. Calcd for C22H28N202: C, 74.97; H, 8.01; N, 7.95. Found: C, 

75.18; H, 8.06; N, 7.71. 
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(S)-(-)-N-(2',2'-Dim~thylpropionyl)-2.[(N'N'-diphenylmnino)methyl]pyrroiidine (12). A solution of 

the above Boc derivative (1.1 mmol) and trifluoroacetic acid (21 nunol) in dichloromethane (5 mL) was stirred 

at rt for 26 h. The mixture was concentrated and the resulting black oil was dissolved in dichloromethane (1 

mL) and triethylamine (11 retool). Pivaloyl chloride (5.3 retool) was added at 0 °C and the whole was stirred 

for 20 rain. The reaction was quenched with satd sodium bicarbonate and thenextracted with AcOEt. 

Concentration and chromatography (AcOEt/hexane, 1/9) gave 12 as colorless needles of mp 78-79 °C 

(bexane) and [ot]25 D -41.0 (c 1.53, EtOH) in 73% yield. IH-NMR: 1.22 (s, 9H, t-Bu), 1.85 (m, 4H), 3.48 (dd, 

J=lO, 15 Hz, 1H, CH2NPh2), 3.60 (m, 2H), 4.20 (dd, J=4, 15 Hz, 1H, CH2NPh2), 4.63 (m, 1H), 6.83-7.40 (m, 

10H, ArH). 13C-NMR: 176.9, 148.9, 129.2, 121.2, 57.9, 53.4, 48.0, 39.2, 27.7, 27.1, 25.1. IR (neat): 1620 

cm -!. MS m/z: 336 (M+). Anal. Calcd for C22H2sN20: C, 78.53; H, 8.39; N, 8.33. Found: C, 78.31; H, 8.58; 

N, 8.49. 

(S)-(-)-N-(2',2'-Dimethylpropionyl)-2-(methoxymethyl)pyrrolidine (13). The above alcohol (16 

retool) in THF (20 mL) was added to a suspension of Nail (32 mmol) in THF (10 mL) at 0 °C. After 15 min, 

methyl iodide (81 mmol) was added and the mixture was stirred for 1 h, and quenched with satd NI-hCI, and 

then extracted with AcOEt. Concentration and chromatography (AcOEt/bexane, 1/9) gave 13 as a pale yellow 

oil of [a]25D -85.3 (c 1.03, EtOH) in 94% yield. IH-NMR: 1.25 (s, 9H, t-Bu), 1.92 (m, 4H), 3.33 (s, 3H), 

3.58 (m, 4H), 4.33 (m, 1H). 13C-NMR: 176.2, 72.2, 58.6, 57.8, 47.9, 38.9, 27.4, 26.2, 24.8. IR (neat): 1620 

cm -1. MS m/z: 199 (M+). HRMS. Calcd for CIIH21NO2 (M+): 199.1573. Found: 199.1570. 
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(2) 

References and Notes 

(a) Tomioka, K. Synthesis, 1990, 541-549. (b) Rossiter, B. E.; Swingle, N. M. Chem. Rev. 1992, 92, 771- 

806. (c) Kanai, M.; Nakagawa, Y.; Tomioka, K. J. Syn. Org. Chem. Jpn. 1996, 54, 474-480. (d) Kranse, 

N. Angew. Chem. Int. Ed. Engl. 1998, 37, 283-285. (e) Tomioka, K.; Nagaoka, Y. in Comprehensive 

Asymmetric Catalysis, ed. Jacobsen, E. N.; Pfaltz, A.; Yamamoto, H. Springer, New York, in press. 

Copper speicies: (a) Imamoto, T.; Mukaiyama, T. Chem. Lett. 1980, 45-46. (b) Corey, E. J.; Naef, R.; 

Hannon, F. J. J. Am. Chem. Soc. 1986, 108, 7114-7116. (c) Bertz, S. H.; Dabbagh, G.; Sundararajan, G. 

J. Org. Chem. 1986, 51, 4953-4959. (d) Dieter, R. K.; Tokles, M. J. Am. Chem. Soc. 1987,109, 2040- 

2046. (e) Villacorta, G. M.; Rao, C. P.; Lippard, S. J. ibid. 1988, 110, 3175-3182. (f) Tanaka, K.; Ushio, 

H; Suzuki, H. J. Chem. Soc., Chem. Commun. 1990, 795-797. (g) Rossiter, B. E.; Eguchi, M. 

Tetrahedron Left. 1990, 31,965-986. (h) Dieter, R. K.; Lagu, B.; Deo, N.; Dieter, J. W. ibid. 1990, 31, 

4105-4108. (i) Ahn, K.-H.; Klassen, R. B.; Lippard, S. J. Organometallics, 1990, 9, 3178-3181. (j) 

Rossiter, B. E.; Eguchi, M.; Hernandez, A. E.; Vickers, D.; Medich, J.; Mart, J.; Heinis, D. Tetrahedron 

Lett. 1991, 32, 3973-3976. (k) Rossiter, B. E.; Miao, G.; Swingle, N. M.; Eguchi, M. ibid. 1992, 3, 231- 

234. 

Nickel catalyst: (1) Soai, K.; Hayasaka, T.; Ugajin, S. J. Chem. Soc., Chem. Commun. 1989, 516-517. 
Catalytic reactions: (m) Lambert, F.; Knotter, D. M.; Janssen, M. D.; van Klaveren, M.; Boersma, J.; van 

Koten, G. Tetrahedron Asymmetry 1991, 2, 1097-1100. (n) Knotter, D. M.; Grove, D. M.; Smeets, W. J. 

J.; Spek, A. L.; van Koten, G. J. Am. Chem. Soc. 1992, 114, 3400-3410. (o) Spescha, M.; Ribs, G. Heir. 

Chim. Acta 1993, 76, 1219-1230. (p) Zhou, Q.-L.; Pfaltz, A Tetrahedron Left. 1993, 34, 7725-7728. (q) 



M. Kanai et al. / Tetrahedron 55 (1999) 3831-3842 3841 

Idem, Tetrahedron 1994, 50, 4467-4478. (r) van Klaveran, M.; Lambert, F.; Eijkelkamp, D. J. F. M.; 

Grove, D. M.; van Koten, G. Tetrahedron Lett. 1994, 35, 6135-6138. (s) Wendisch, V.; Sewald, N. 

Tetrahedron Asymmetry 1997, 8, 1253-1257. (t) de "Cries, A. H. M.; Hof, R. P.; Staal, D.; Kellogg, R. 

M.; Feringa, B. L./bid. 1997, 8, 1539-1543. 

(3) (a) Kretchmer, R. A. J. Org. Chem. 1972, 37, 2744-2747. (b) Leyendecker, F.; Laucher, D. Tetrahedron 

Lett. 1983, 24, 351%3520. (c) Idem, Noav. J. Chim. 1985, 9, 13-19. (d) Alexakis, A.; Mutti, S.; 

Normant, J. F. J. Am. Chem. Soc. 1991, 113, 6332-6334. (e) Alexakis, A.; Frutos, J.; Mangeney, P. 

Tetrahedron Asymmetry 1993, 4, 2427-2430. (f) de Vries, A. H.; Meestsma, A.; Feringa, B. L. Angew. 

Chem. Int. Ed. Engl. 1996, 35, 2374-2376. (h) Alexakis, A.; Vastra, J.; Burton, J.; Mangeney, P. 

Tetrahedron Asymmetry 1997, 8, 3193-3196. (i) Stangeland, E. L.; Sammakia, T. Tetrahedron 1997, 53, 

16503-16510. 

Recently reported copper(H) triflate-chiral phosphine approaches: (j) Feringa, B. L.; Pineschi, M.; 

Arnold, L. A.; Imbos, R.; de Vries, A. H. M. Angew. Chem. Int. Ed. Engl. 1997, 36, 2620-2623. (k) 

Alexakis, A.; Vastra, J.; Mangeney, P. Tetrahedron Asymmetry 1997, 8, 7745-7748. (1) Alexakis, A.; 

Burton, J.; Vastra, J.; Mangeney, P. Tetrahedron Asymmetry 1997, 8, 3987-3990. (m) Kn6bel, A. K. H.; 

Escher, I. H.; Pfaltz, A. Synlett 1997, 1429-1431. (n) Keller, E.; Maurer, J.; Naasz, R.; Schader, T.; 

Meetsma, A.; Feringa, B. L. Tetrahedron Asymmetry 1998, 9, 2409-2413. (o) Mori, T.; Kosaka, K.; 

Nakagawa, Y.; Nagaoka, Y.; Tomioka, K. Tetrahedron Asymmetry 1998, 9, 3175-3178. 

(4) (a) Fujieda, H.; Kanai, M., Kambara, T.; Iida, A.; Tomioka, K. J. Am. Chem. Sot:. 1997, 119, 2060-2061. 

(b) Nishimura, K.; Ono, M.; Nagaoka, Y.; Tomioka, K. J. Am. Chem. Soc. 1997, 119, 12974-12795. (c) 

Mizuno, M.; Fujii, K.; Tomioka, K. Angew. Chem. Int. Ed. Engl. 1998, 37, 515-516. (d) Shindo, M.; 

Koga, K.; Tomioka, K. J. Org. Chem. 1998, 63, 9351-9357. 

(5) (a) Kanai, M.; Koga, K.; Tomioka, K. Tetrahedron Lett. 1992, 33, 7193-7196. (b) ldem, J. Chem. Soc., 

Chem. Commun. 1993, 1248-1249. (c) Kanai, M.; Tomioka, K. Tetrahedron Lett. 1994, 35, 895-898. (d) 

Kanai, M.; Tomioka, K. Tetrahedron Lett. 1995, 36, 4273-4274. (e) ldem, ibid. 1995, 36, 4275-4278. (f) 

Nakagawa, Y.; Kanai, M.; Nagaoka, Y.; Tomioka, K. Tetrahedron Lett. 1996, 37, 7805-7808. 

(6) Nakagawa, Y.; Kanai, M.; Nagaoka, Y.; Tomioka, K. Tetrahedron 1998, 54, 10295-10307. 

(7) The absolute configuration and ee of the ketone (R 3 = Me, R 4 = Bu) were determined by the specific 

rotation of the carboxylic acid obtained by the ruthenium oxidation. Levene, P. A.; Marker, R. E. Biol. 

Chem. 1932, 95, 1-24. The absolute configuration and ee of the ketone (R 3 = Me, R 4 = vinyl) were 

determined by the specific rotation of the ethyl (R 4) derivative obtained by Raney-Ni reduction. 

Heppka, G.; Marshall, H.; Nurnberg, P.; Oestreicher, F.; Scherowsky, G. Chem. Ber. 1981, 114, 

25012518. The ktone (R 3 = Me, R 4 = Ph): Leitereg, T. J.; Cram, D. J. J. Am. Chem. Soc. 1968, 90, 

4011-4018. The absolute configuration and ee of the ketone (R 3 = Bu, R 4 = vinyl) were determined by 

the specific rotation of the carboxylic acid (R 4 = Et) obtained by reduction and ruthenium oxidation. 

Meyers. A. I.; Smith, R. K.; Whitten, C. E. ,I. Org. Chem. 1979, 44, 2250-2256. The ketone (R 3 = Bu, 

R 4 = Ph): AhUerecht, H.; Sommer, H. Chem. Ber. 1990, 123, 829-836. The absolute configuration of the 

ketone (R 3 = Ph, R 4 = vinyl) was determined by the specific rotation of the ethyl (R 4) derivative 

obtained by reduction. The ee was determined by a chiral stationary phase HPLC. Soai K.; Hayasaka, 



3842 M. Kanai et al. /Tetrahedron 55 (1999) 3831-3842 

T.; Ugajin, S.; Yokoyama, S. Chem. Left. 1988, 1571-1572. 

(8) For the theoretical mechanistic study of the conjugate addition of lithium orgmmcoprate. Nakamura, E.; 

Mori, S.; Morokuma, K. J. AnL Chem. Soc. 1997, 119, 4900-4910. 

(9) Hiemslra, H.; Wynberg, H. Tetrahedron Left. 1977, 2183-2186. 

(10) The absolute configuration was determined by the specific rotation. Cyclopentanones (3-ethyl: Posner, 

G. H.; Frye, L. L.; Hulce, M. Tetrahedron 1984, 40, 1401-1407. 3-hntyl: Tamura, Y.; Tanaka, M.; 

Funakoshi, K.; Sakai, K. Tetrahedron Left. 1989, 30, 4349-4352). Cyclohexanones (3-methyl: 

Leyendecker, F.; Jesser, F.; Ruhland, B. Tetrahedron Left. 1981, 22, 3601-3604; 3-ethyl, 3-phenyl, 3- 

vinyl: Posner, G. H.; Frye, L. L. Isr. J. Chem. 1984, 24, 88-92. 3-butyl: ref 2b). 3-Methyl- 

cycloheptanone: Djerassi, C.; Burrows, B. F.; Overberger, C. G.; Takekoshi, T.; Gutsche, C. D.; Chang, 

C. T. J. Am. Chem. Soc. 1963, 85, 949-950. 

(11) (a) Corey, E. J.; Boaz, N. W. Tetrahedron Left. 19U, 26, 6015-6018. (b) ldem, ibid. 1985, 26, 6019- 
6022. (c) Alexakis, A.; Berlan, J.; Besace, Y./bid. 1986, 27, 1047-1050. (d) Nakamura, E.; Matsuzawa, 
S. Horiguchi, Y.; Kuwajima, I. ibid. 1986, 27, 4029-4032. 

(12) Kanal, M.; Nakagawa, Y.; Tomioka, K. accompanying paper. 

(13) Gilman, H.; Moore, F. W.; Balne, O. J. Am. Chem. Soc. 1941, 63, 2479-2482. 

(14) Gassman, P. G.; Valcho, J. J.; Proehl, G. S.; Cooper, C. F. J. Am. Chem. Soc. 1980, 102, 6519-6526. 

(15) Kofron, W. G.; Baclawski, L. M. J. Org. Chem. 1976, 41, 1879-1880. 
(16) CuI: Kauffman, G. B; Teter, L. A. Inorg. Synth. 1963, VII, 9. CuCI: Osterlof, J. Acta Chem. Scand. 

1950, 4, 374-385. CuBr: ref. 2d. CuCN: Lipshutz, B. H.; Wilhelm, R. S.; Kozlowski, J. A. J. Org. 

Chem. 1984, 49, 3938-3942. 

(17) Johns, I. B.; Dipietro, H. R. J. Org. Chem. 1964, 29, 1970-1971. 

(18) Hayashi, T.; Konishi, M.; Fukushima, M.; Kanehira, K.; Hioki, T.; Kumada, M. J. Org. Chem. 1983, 48, 

2195-2202. 


