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Abstract Novel chtral pyrrobdme-based dunmes wth C2-symmetry 2.3 and their related compounds 4 - 8 were destgned 
and synthesrzed in opttcally pure forms Both (+)_ and c-j-2 were prqared from ophcal actwe tbtosylate 9 3 
was prepared from 3.5&methylhenzaJdehyde through ophcal resolutton and tts absolute stereochetmstry was 
correiated wtth 2,Sdtmethyisuccmate 2i 

.__ 
4 was prepared from (-jdol28 5 - B were prepared from 9 and 11 

Lkslgu of the clural hgand for the enanhoselecttve reactton 1s an important goal m chenucal synthesis 1 v2 In 

preltmmary commumcatlons, we have reported the synthesis of novel C2-symmetnc chual dmmmes 2,3 and 

their application to the highly enantioselective 1, 2-addition of Gngnard reagents to aldehydes3 and 

chhydroxylafion of olefins by osmium tetroxide 4 Our success is atmbutable to the formanon of stencally 

confined complexes of metal with chmd hgands In this full account we descnbe the detads of the synthesis of 

the novel chual pyrrohdme-based chlral dlammes 2,3 and their related compounds 4 - 8 

1 

Fig 1 Destgn of Choral Dlamlne 

Design of Novel Chiral Diamines 

Most successful results in enanhoselectlve asymmetnc synthesis are ascnbable to the well-defined 

asymmetnc environment constructed with choral auxihanes Metal-coordmatable clnral dmmmes are widely 

utilized m the stereocontrol of metal-mduced reactions 295 Our ongmal design of asymmemc environment 

around a metal chelated with dmmme 1s shown m Rg 1 Two bulky groups are located m symmetry to the metal 
center to create a canal envtronment with C2-symmetry, wluch reduce a number of possible conformations m 

stereodetermmmg step 6 In order to reahze this choral environment, we employed an opt~ally achve tram-3,4- 

diarylpyrrohclme as a clural component and linked two of them with carbon cham (Rg 2) tram-2,5- 

Bsubshtuted pyrroh&nes are widely used as clural auxlhanes m dmstereoselechve asymmemc reactions 7-l 1 On 
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the other hand, nuns-3,4-disubstituted pyrrolidines has been scarcely utilized in asymmetric synthesis. This type 

of chiral diamine has the following characters: 1) diamine is expected to work as a bidentated ligand toward a 

metal reagent; 2) the complex 1 of diamine and metal has an unique structure because of its high symmetry; 3) 

conformationally rigid aryl groups provide the well-defined chiral environment around metal center, which 

provide us an expectation of realizing high enantiodifferentiation. We also synthesized analogs of 2, which have 

substituents on 2,2’,5,5’-position 4, a trimethylene linker 5, a 1,2-phenylene linker 6, a 2,2’-biphenylene linker 

7, and a monodentated amine 8. 

(R,R,R,R)-2: Ar = Ph 
(R,R,R,R)-3: Ar = 35Xylyl 

p$N\Ns ;:~_X_N~;: 

(R,R,R,R)-2: X = CH2CH2 
Ph “Ph (R,R,R,R)-5: X = CH&H&H, 

(R,R,R,R)-4 (R,/?,R,R)d: X = 1,2-phenylene 
(R,R,R,R)-7: X = 2,2’-biphenylene 

Fig. 2. Novel Chiral Amines 

Synthesis of Chiral Amines 

Synthesis of Chiral Diamine 2 

PhIa,, 

c/ 
N-Et 

Ph 

(R,R,R,RV 

Synthetic route of 2 is shown in Fig. 3. (3R,4R)-Ditosylate 912 was successfully cyclized with 

benzylamine and the obtained pyrrolidine was hydrogenated with palladium carbon and formic acid to afford 

(3R,4R)-diphenylpyrrolidine 11 in 80 % yield. Ethylene linker was introduced by amidation with oxalyl chloride 

followed by reduction with lithium aluminum hydride to obtain diamine 2 in 8.5 % yield. As both enantiomers of 

9 are available, (R,R,R,R)- and (S,S,S,S)-2 were synthesized in the same manner. 

CH,OTs PhCH,NH2 Ph.,,, Pd-C 

xylene 
NCH*Ph NH 

CH,OTs HCOOH MeOH Ph 

(R,R)-g (R,R)-10 (R/0-11 

(R,R,R,R)-12 

Fig. 3. Synthesis of 2 

(R,R,R,R)-2 
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Synthesis of Chiral Diamine 3 

Synthetic route of 3 is shown in Fig. 4. 3,5Dimethylbenzaldehyde 13l3 and 3,5dimethylbenzyl 

cyanide14 were coupled by potassium cyanide15 to obtain succinonitrile 14 in 50 % yield. After hydrolysis of 

the nitrile with sulfuric acid, the desired &acid 15 was separated from meso-diacid through their barium salts and 

then converted into anhydride 16. Optical resolution was accomplished in high yield by the separation of 

diastereomeric amides with (+)-(R)-benzylmethylamine. The crude amides mixture was recrystallized from 

ethanol to give (3&4S,cxR)-amide 17b, which has higher Rf value on Si02 TLC (benzene-acetone, 2/l) and the 

residue was purified with Si02 column chromatography to give (3R,4R,cxR)-amide 17a, which has lower RJ 

1) H2S04 EtOH 
ArCH,CN KCN Ar 

x 

CN 2) KOH aq. Ar 
ArCHO _) * 

MeOH aq. Ar CN 3) BaCi, Ar 

13 
4) HCI aq. 

rat-1 5 

0 

AcCl 

0 
rat-1 6 

‘3 l4 Ar H,N Ph 

PhH Ar 

(R,R,R)-17a (S,S,R)-17b 

0 

HCI Ar ‘08, 
(R,R,R)-17a - P NY;h 

LiAIH4_Ar+~,,~N~“,h Pd-C 
* 

Ar ‘W, 

JT/ 
NH 

Ar 

(R,t+20a 

AcOH Ar 7 
THF Ar- HCOOH MeOH 

(R,&)-l6a (R,f?,R)-19a 

z;;n $ Nz,;: 2 ;;n +dz;; 

0 
(R,R,R,R)-21 (R,R,W)-3 

Fig. 4. Synthesis of 3 

Ar = 3,5_dimehtylphenyl 

The absolute stereochemistry of 17a was established by chemical method shown in Fig. 5. 17a was 

reduced to alcohol 22 through mixed anhydride with sodium borohydride. Lactonization with hydrochloric acid 

followed by reduction with lithium aluminum hydride gave diol 24. The hydroxyl group was removed by 

tosylation followed by hydride reduction. The aryl groups were oxidized with ozone and the resulting 

dicarboxylic acid was transformed into p-bromophenacyl ester 27 ([a]~ -35’(CHC13)) of known 

stereochemistry16 to establish that 17a has (3R,4R,cxR)-configuration. 



9738 M NAKAJIMA er al 

(R,R,R)-17a 

LIAIH, 
w 

THF 

1) ClCOOEt Et3N THF Ar,,,,, 

2) NaBH, THF 

W,RR)-22 

(RR)-24 (RR)-25 

0 

(RR)-23 

LIAIH, 
* 

THF 

(RR)-26 

1) 03AcOH 
2) H20, p-BrPhCOCH202C.,,, CH, 

* 
3) p-BrPhCOCH2Br I p-BrPhCOCH,O,C CH, Ar = 3,5-Xylyl 

NaCO, EtOH 
(RR)-27 

Fig 5 Correlation of the absolute configuration of dlamine 3 

Both anude 17a, b were transformed mto 3,4_dmrylpyrrohdme 20a,b by successive Imldation, hydnde 

reducuon, then cataly~c hydrogenahon 20b gves the same physlcal data as 2Oa except the signs of theta optical 

rotatton 3 was synthesized from 2oa by anudahon ~th oxalyl chlonde followed by hydnde reduction 

n- ~~-1 .~~~ -_“I _I r\.____.__ 1 3ynmnesis 0J Lturai u~um~ne 4 

(+)-(2R,5R)-1-Benzylpyrrol~Qne-2,5-dnnethanol~8 was chlormated wltb thlonyl chlonde m &oxane and 

the crude product was treated with phenylmagnesmm bromide to obtam 1,2,5-tnbenzylpyrrohdme 29 in 60 8 

yield CatalFc hydrogenahon of 29 with palladmm on carbon and formic acid m methanol gave 2,5- 

cllbenzylp~bdme 30 m 82 % yield Ethylene bnker was mtroduced by anudatlon wltb oxalyl chlonde followed 

by reduchon ~th hthnun alummm hydnde to obtam &amme 4 m 85 8 yield 

HOCH2 J-J 

“I 

GH20H 1) SOC12 THF PhCH2 -0 GH2Ph Pd-C 
w 

2) PhMgBr Et20 HCOOH MeOH 
VW26 Ph 

Y (WWg Ph 

clcococl 
PhCH, JI-J ~~~~CH Ph 

N 
2 

;f 

-‘l$N$_Ng; z’$N\Ns; 
EtsN CH2C12 

Ph Ph 
WV-30 WfJWW (R,RRW 

Rg 6 Synthesis of 4 
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Synthesrs of Ammes 5,6, 7,8 

Dmmme 5 having tnmethylene lmker was synthesized from 3,4-Qphenylpyrrohdme 11 by alkylahon with 

dlbromopropane m 73 8 yield Dlamme 6 havmg 1,2-phenylene lmker was synthesized from 1,2- 
rl.s...,ln..a.&n....nn I..*. “llr.,l..+.~” . . ..*I. .&*,.o.,*,.+s 0 ~.n......* q . ..nn ‘..,‘.+l.~“.“,mi . . tl.a CO....P . ..n..w.nr 0.7 L y..~.rylWr~uUUrurIr.~ “J aln~rarrurl **‘“I U,,“,JL”,S Zw Y1Qll.l.~ I wa.Y ~y”u,L.“.LGu 1.1 LUG Y(uIIs# ul~n”1G. (w ” 

Monoamine 8 was synthesized from 3,4-dlphenylpyrrohdme 11 by acetylahon followed by hydnde reduction 

BrCH2CH&H2Br Ph,,,,, 

K&O, DMF ) PhCNANz;; 

(R,R,R,R)Q 

AcCl Et3N 
wm11 ) N-AC - N-Et 

CH&I* 

(RR)-32 (RR)-6 

Phu,,, 

JI 

CH*OTs 

Ph CH*OTs 

WY-9 

,HN-X-NH, 
w 

Bu,N xylene 
;;n-X--Nz;; 

(R, R, R,R)-6 X=1 ,Bphenylene 
(R, R, R,R)-7 X=2,2’-blphenylene 

Fig 7 Synthesis of 5,6, 7,a 

In summary, novel choral pyrrohdme-based dlammes 2,3 with C2-symmetry and then related compounds 

were synthesized m optically pure forms Duunme 2.3 were successfully employed in enanhoselectlve 1,2- 

addmon of Gngnard reagents to give optically acttve products m high e e ‘s, which will be dtscussed in the 

followmg paper 

Experimental Section 

Meltmg points were measured using a Buchl5 10 melhng pomt apparatus and were not corrected Optical 

rotations were taken with a JASCO DIP-l 8 1 dlg~tal polanmeter IR spectra were taken with a JASCO DS-4O2G 

Infrared spectrometer and expressed m cm -l NMR spectra were taken with a JEOL GSX-400 spectrometer at 

400 MHz, or a JEOL FX- 100 spectrometer at 1OOMHz Chenucal shtft values are expressed in ppm relahve to 

internal tetramethylsdane Abbreviations are as follows s, smglet, d, doublet, t, mplet, q? quartet, rn: multqlet, 

br, broad MS were taken with a JEOL DX-300 mass spectrometer 

(3R,4R)-l-Phenylmethyl-3,4-diphenyipyrrolidine Hydrochloride ((R,R)-10 HCI) A 

solution of benzylamme (45 g, 0 42 mol) m xylene (100 ml) was added dropwlse to a solution of dltosylate 

(R,JZ)-9’2 (66 g, 0 12 mol) m xylene (400 ml) at 12o’C and the whole was shrred under reflux for 10 h After 

cooling down to room temperature, the resultmg preclpttate was filtered off and the filtrate was evaporated m 

vacua The residue was dissolved m dlchloromethane (500 ml) and washed successively with 5 % HCl(2OO ml, 
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100 ml, 100 ml), satd NaHC03 (200 ml, 100 ml, 100 ml), and brme (100 ml) After drymg over Na2S04, the 

solvent was evaporated m vacua A solution of the crude product m ether-methanol (l/l, 400 ml) was saturated 

with HCl gas m Ice bath and evaporated m vacua The residue was recrystalhzed from ethanol (120 ml) - ether 

(50 ml) to obtam (R,R)-10 HCl (36 g, 86 96) as colorless needles of mp 256-257X! [a]: -114’ (c=l 04, 

CHC13) IR (KBr) 2400,800,700 1H-NMR (lOOM, CDC13) 6 3 6-4 0 (6H, m, CHCH2), 4 52 (2H, s, 

NCH2Ph), 6 9-7 9 (15H, m, Ph), 13 2 (lH, brs, NH+) MS m/z 314 (MH+), 313 (M+). 236 (M+-C6H6), 

222 (M+-CH2C6H6) Anal Calcd for C23H23N HCl C, 78 95, H, 6 91, N, 4 00 Found C, 79 16, H, 7 00, 

N, 3 85 

(3R,4R)-3,4-Diphenylpyrrolldine ((R,R)-11) A mixture of (R,R)-10 (32 g, 0 10 mmol) and Pd- 

C (10 %,20 g) m formic acid-methanol (l/l, 200 ml) was smred for 2 d After the catalyst was removed by 

fihrahon, the filtrate was evaporated in vacua After addmon of 15 96 NaOH (50 ml), the rmxture was extracted 

with ether (200 ml, 100 ml, 100 ml) The orgamc layer was washed with bnne (50 ml) and dned over Na2S04 

Concentration followed by recrystakzahon from hexane gave (R,R)-11 (21 g, 94 96) as colorless prisms of mp 

58-59-C [a]? -226’ (c=l 50, CHC13) IR (KBr) 3400, 1600, 1490, 1410 lH-NMR (lOOM, CDC13) 6 

2 30 (lH, s, NH), 2 9-3 8 (6H, m, CHCH2), 7 13 (lOH, s, Ph) MS m/z 223 (M+) Treatmg with MeOH- 

HCl gave (R,R)-11 HCl as colorless needles of mp 250X! (dec) [a]$ -178’ (c=O 991, MeOH), Anal Calcd 

for Cl6Hl7N HCl C, 73 98, H, 6 98, N, 5 39 Found C, 73 76, H, 7 08, N, 5 39 

(3R,3’R,4R,4’R)-3,3’,4,4’-Tetraphenyl-l,l’-oxalyldlpyrrolidine ((R,R,R,R)-(12)): 

Tnethylamme (12 ml, 82 mmol) and oxalyl chlonde (0 35 ml, 4 1 mmol) were added to a soluhon of amme 

(R,R)-11 (1 8 g, 8 2 mmol) m dichloromethane (40 ml) at -78’C under Ar atmosphere and the whole was 

stured for 10 mm at room temperature The reachon nnxture was quenched with water (50 ml) and diluted with 

dichloromethane (100 ml) The organic layer was washed successively with 10 % HCl (20 ml x2), satd 

NaHC03 (20 ml), and brme (20 ml), and dned over NqSO4 Concentrahon followed by recrystalhzatton from 

chloroform-hexane gave (R,R,R,R)-12 (1 7 g, 86%) as colorless needles of mp 223 5-225 5’C [a]g 

-115’(c=160, CHC13) IR (KBr) 1630, 1600, 1490, 1470 lH-NMR (lOOM, CDC13) 6 3 6 (8H, m, CH2), 

4 2 (4H, m, CH) 7 2 (2OH, m, Ph) MS m/z. 500 (M+) Anal Calcd for C34H32N202 C, 81 57, H, 6 44, N, 

5 60 Found C, 81 30, H, 6 44, N, 5 70 

(3R,3’R,4R,4’R)-3,3’,4,4’-Tetraphenyl-l,l’-ethylenedipyrrolidine ((R,R,R,R)-2) 

Dmmide (R,R,R,R)-12 (2 2 g, 4 4 mmol) was added to a refluxmg suspension of LlAlH4 (0.84 g, 22 mmol) 

m THF and the reaction mixture was stn-red under reflux for 2 h Water (0 84 ml), 15% NaOH (0 84 ml), and 

water (2 5 ml) were successively added to the reaction mixture and the resultmg precipitate was filtered off 

Concentration followed by recrystalhzatlon from hexane provided (R,R,R,R)-2 (1 6 g, 77%) as colorless 

needles of mp 86-87°C [al20 D -143’(c=l 60, CHC13) IR (KBr) 2920,2780, 1600, 1490, 1450, 1150 lH- 

NMR (4OOM, CDC13) 6 2 77 (2H, dd, 3=8,9Hz, NCH2CH2N). 2 88 (2H, dd, J=8,9Hz, NCH2CH2N), 2 97 

(4H, dd, J=6, 8Hz, NCH2CH), 3 24 (4H, dd, J=6, 8Hz, NCH2CH), 3 40 (4H, ddd, J=6, 8, 8Hz, CH), 7 l- 

7 3 (20H, m, Ph) 13C-NMR (lOOM, CDC13) 6 53 07 (d), 55 52 (0, 63 11 (t), 126 28 (d), 127 45 (d), 

128 38 (d), 143 82 (s) MS m/z 473 (MH+), 472 (M+) Anal Calcd for C34H36N2 C, 86 40, H, 7 68, N, 

5 93 Found C, 86 16, H, 7 72, N, 6 10 
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(3S,4S)-1-Phenylmethyl-3,4-diphenylpyrrolidine Hydrochloride ((S,S)-lO*HCI): 

Benzylamine (24 ml, 0.22 mol) was added dropwise to a solution of ditosylate (S,S)312 ([a]g +4.6’(c=O.24, 

benzene), 17 g, 0.026 mol) in xylene (200 ml) at 12OC and the whole was stirred under mflux for 24 h. After 

cooling down to room temperature, the resulting precipitate was Ekered off and the filtrate was evaporated in 

vacua. The residue was dissolved in chloroform (200 ml) and washed successively with 10 95 HCI (100 ml x3), 

satd. NaHC03 (100 ml x3), and brine (100 ml). After drying over Na2S04, the solvent was evaporated in 

vacua. A solution of the crude product in ether-methanol (2/l, 150 ml) was saturated with HCI gas in ice bath 

and evaporated in vacua. The residue was recrystallized from ethanol to obtain (S,S)-lO*HCl (5.8 g, 54 %) as 

colorless needles of mp 25Q252’C (dec). [a]g +114’ (c=l.Ol, CHCl3). Spectroscopic data were identical with 

those of (R,R)-lO.HCl. Anal. Calcd for C23H23NaHCl: C, 78.95; H, 6.91; N, 4.00. Found C, 78.73; H, 

6.90; N, 3.74. 

(3S,4S)-3,4-Diphenylpyrrolidine ((S&-11): A mixture of (S,S)-10 (3.0 g) and W-C (10 8, 2.0 

g) in formic acid-methanol (l/l, 40 ml) was stirred for 12 h. After the catalyst was removed by filtration, the 

solvent was evaporated in vacua. 15 % NaOH (50 ml) was added to the residue and the whole was extracted 

with ether (100 ml x3). The organic layer was washed with brine (50 ml) and dried over Na2S04. 

Concentration followed by recrystallization from hexane gave (S,S)-ll(21 g, 94 %) as colorless prisms of mp 
58-59’C. [a]g +226’ (c=1.50, CHC13). Spectroscopic data were identical with those of (Rp)-11. Treating 

with MeOH-HCl gave (S,S)-ll.HCl as colorless needles of mp 25o’C (dec). [a]? +179’ (c=1.05 MeOH), 

Anal. Calcd for C16H17N.HCl: C, 73.98: H, 6.98; N, 5.39. Found C, 73.78; H, 6.97; N, 5.21. 

(3S,3’S,4S,4’S)-3,3’,4,4’-Tetraphenyl-l,l’-oxalyldipyrrolidine ((S,S,S,S)-12): 

Triethylamine (1.3 ml, 9.4 mmol) and oxalyl chloride (0.27 ml, 3.1 mmol) were added to a solution of amine 

(S,S)-11 (1.4 g, 6.3 mmol) in dichloromethane (30 ml) at -78’C under Ar atmosphere and the whole was stirred 

for 10 min at room temperature. The reaction mixture was quenched with water (50 ml) and diluted with 

dichloromethane (50 ml). The organic layer was washed successively with 10 % HCl(20 ml x2), satd. NaHC03 

(20 ml), and brine (20 ml), and dried over Na2S04. Concentration followed by recrystallization from CHC13- 

hexane gave (S,S,S,S)-12 (1.4 g, 89 %) as colorless needles of mp 224-225’C. [a]: +114’(~=1.60, 

CHC13). Spectroscopic data were identical with those of (R,R,R,R)-12. Anal. Calcd for C34H32N202: C, 

81.57; H, 6.44; N, 5.60. Found C, 81.78; H, 6.50; N, 5.51. 

(3S,3’S,4S,4’S)-3,3’,4,4’-Tetraphenyl-l,l’-ethylenedipyrrol~dine ((S,S,S,S)-2): 

(S,S,S,S)- 12 (0.14 g, 0.28 mmol) was added to a refluxing suspension of LiAlH4 (0.30 g, 7.9 mmol) in 

THF and the reaction mixture was stirred under reflux for 10 min. Water (0.30 ml), 15% NaOH (0.30 ml), and 

water (0.90 ml) were successively added to the reaction mixture and the resulting precipitate was filtered off. 

Concentration followed by recrystallization from hexane provided (S,S,S,S)-2 (85 mg, 64 %) as colorless 

needles of mp 85-87X [a]: +138’(c=1.60, CHC13). Spectroscopic data were identical with those of 

(R,R,R,R)-2. Anal. Calcd for C34H36N2: C, 86.40; H, 7.68: N, 5.93. Found C, 86.28: H, 7.60; N, 6.01. 
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3,5-Dimethyibenzaidehyde (13): According to reported procedure,13 2-mtropropane (3 5 ml, 3 9 

mmol) and 3,5-d1methyibenzyl chionde l7 (5 0 g, 3 2 mmoi) were added to a soluhon of sodium ethoxlde (3 5 

mmol) in ethanol 30 ml and the whole was sbrred under reflux for 2 h The resultmg prectpnate was filtered off 

and ether (50 ml), water (30 ml) was added to the filtrate The orgamc layer was washed wnh 15 8 NaOH (10 

ml x2), brme (10 ml) and dned over MgS04 Dtshllatton (85-94’,9 mmHg) gave 14 (3 6 g, 83 %) as colorless 

011 IR (neat) 1700 IH-NMR (lOOM, CDCi3) 6 2 36 (6H, s, CH3), 7 18 (lH, s, p-ArH), 7 40 (2H, s, o- 

ArH), 9 87 (lH, s, CHO) MS m/z 134 (M+) 

2,3-Bis(3,5-dimethyiphenyi)succinonitriie (14): According to reported procedure,16 a mixture of 

aldehyde 13 (2 0 g, 15 mmol), 3,5-Qmethylbenzyi cyamde14(2 2 g, 15 mmol), and NaCN (2 2 g, 45 mmol) m 

aqueous methanol (60 %,12 ml) was stured under reflux for 15 h After cooling down to room temperature, the 

resuitmg precipitate was coilected and recrystaihzed from benzene to obtam 14 (2 1 g. 50 %) as colorless needles 

of mp 206-207’C IR (KBr) 2900,2320,1600 lH-NMR (lOOM, CDC13) 6 2.32 (12H. s, CH3), 4 06 (2H, 

s, CH), 8 81 (4H, s, o-ArH), 8 98 (2H, s, p-ArH) MS m/z 288 (M+), 262 (M+-CN) Anal Calcd for 

C2OH2ON2 C, 83 30; H, 6 99, N, 9.71 Found C, 83.26, H, 7 00, N, 9 61 

trans-2,3-Bis(3,5-dimethyipitenyi)succinic acid (rat-15): A soiutlon of mtnie 14 (50 g, 0 17 
mmol) and 98 8 H2SO4 (500 ml) in ethanol (loo0 ml) was shrred under reflux for 2d After cooling down to 

room temperature, water (500 ml) was added and the mrxture was extracted wttb benzene (500 ml x3) The 

organic layer was washed with satd NaHC03 (500 ml x2), brme (5OOmi), dned over MgS04. and evaporated in 

vacua The mixture of the residue and KOH (30 g) 1n ethanol (500 ml) was sttrred under refiux for 1 h The 

reachon mrxture was evaporated to dryness and the residue was Qssolved 1n hot water (100 ml) A soiutron of 

BaC122H20 (85 g) m hot water (750 ml) was added and the tesultmg preaprtate was collected by fiitrat1on 20 

% HCl(lOO0 ml) was added to the prectpitate and the whole was shrred for 12 h The colorless powder was 

collected by filtrahon and recrystalhzanon gave rat-15 (33 g, 60 %) as colorless needles of mp 254-256’C IR 

(nqol) 1720 lH-NMR (lOOM, DMSO-d6). 2 10 (12H, s, CH3), 3 99 (2H, s, CH), 6.78 (6H, s, Ar), 7 40 

(2H, s, COOH) MS m/z. 326 (M+). 283 (M+-COOH) And Caicd for C2OH22O4 C, 73 60; H, 6 79 Found 

C, 73 72; H, 6 84. 

trans-2,3-Bis(3,5-dimethyIphenyl)succinic anhydride (rue-16): A mixture of acetyi chlonde 

(200 ml) and d1ac1d (rat-15) (19 g) was snrred for 12 h at room temperature Concentration followed by 

recrystalitzatton from benzene-hexane gave rat-16 (14 g, 78 96) as colorless needles of mp 152-153-C IR 

(KBr) 2840, 1850, 1770, 1600, 1200. 920 lH-NMR (lOOM, CDC13) 6 2 30 (12H, s, CH3), 4 23 (2H, s, 

CH), 6 81 (4H. s, o-ArH), 7 00 (2H, s, p&H) MS m/z 308 (M+) Anal Calcd for C2OH2OO3 C, 77 90, 

H, 6.54 Found C, 77 93, H, 6 67 

(2R,3R,aR)- and (2S,3S,aR)-N~(a-Phenylethyi)-3,4-bis(3,5-dlmethylphenyl)succinamic 

acid (17a & b): A soiuuon of anhydnde 16 (24 g, 78 mmoi) and (-)-(R)-a-methyibenzylamme (11 g, 91 

mmoi) m benzene (250 ml) was snrred for 5 h at the room temperature Concentration followed by 

recrystakatton from ethanol (500 ml) provided (3S,4S,aR)-17b (15 g, 42 8) as colorless needles of mp 23 l- 
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232°C The mother hqmd was evaporated in vacua and punfied with S102 column chromatography (benzene- 

acetone, 5/1-l/1) to give (X+#S,aR)-17b (2 0 g, 6 %) and (3R,4R,aR)-17a (17 g, 48 %) as a caramel 

(3R,4R,aR)-17a [a]** D -152’(c=lOO, CHC13) IR (CHCl3) 1710, 1660, 1600 lH-NMR (lOOM, 

CDC13) 8 1 33 (3H, d, J=7Hz CH3), 2 15 (6H, s, CH3). 2 17 (6H, s, CH3). 3 91 (lH, d, J=lOHz, CH), 4 26 

(lH, d, J=lOHz, CH), 5 09 (lH, dt, J=7,8Hz, CH), 5 71 (lH, d, J=8Hz, NH), 6 7-6 8 (6H, m, Xyl), 7 25 

(5H, s, Ph) MS m/z 429 (M+) Anal Calcd for C28H3lNO3 C, 78 29, H, 7 27, N, 3 26 Found C, 78 02, 

H, 7 28, N, 3 14 

(3S,4S,aR)-17b [a]: +218’(c=l 10, CHC13) IR (CHC13) 1710, 1665, 1605, (KBr) 1700, 1635, 

1600 lH-NMR (lOOM, CDCl3) 6 1 41(3H, d, J=7Hz, CH3), 2 14 (6H, s, ArCH3), 2 18(6H, s, ArCH3), 

3 97 (lH, d, J=lOHz, CH), 4 21 (IH, d, J=lOHz, CH), 5 08 (lH, dt, J=7,8Hz, CH), 5 66 (lH, d, J=IHz, 

NH), 6 5-7 3 (1 lH, m, Ar) MS m/z 429 (M+) Anal Calcd for C28H3 lNO3 C, 78 29; H, 7 27, N, 3 26 

Found C, 78 42; H, 7 38, N, 3 20 

(2R,3R,aR)-N-(a-Phenylethyl)-2,3-bis(3,5-dimethylphenyl)succimide ((R,R,R)-Ma): A 

solution of (R&R)-17a (17 g) in cone HCl(50 ml) and acehc acid (200 ml) was shrred under reflux for 24 h 

The reaction rmxture was evaporated in vacua and the residue was dissolved 1n ethyl acetate (300 ml) The 

organic layer was washed successively with water (100 ml x3), satd NaHC03 (100 ml x3), and bnne 100 ml, 

and then dned over MgS04 Concentration followed by recrystalhmon from ethanol (300 ml) gave (R,R,R)- 

Ma (10 g, 68 %) as colorless needles of mp 136-137’C, [a]** D -250 7’(c=l 38, CHC13) IR (KBr) 1760, 

1680, 1600 lH-NMR (lOOM, CDC13) 6 1 88 (3H, d, J=IIHz, CH3), 2 26 (12H, s, CH3Ar), 3 84 (2H, s, 

COCH), 5 57 (lH, q. J=7Hz, NCH), 6 69 (4H, s, o-ArH), 6 92 (2H, s, p-ArH), 7 3-7 5 (5H, m, Ph) MS 

m/z 411 (M+) Anal Calcd for C28H29N02 C, 81 72, H, 7 10, N, 3 40 Found C, 8166, H, 7 21, N, 3 10 

(3R,4R,aR)-N-a-Phenylethyl-3,4-bis(3,5-dimethylphenyl)pyrrolidine ((R,R,R)-19a): A 

solution of (R,R,R)-18a (9 0 g, 22 mmol) 1n THF (50 ml) was added dropwise to a re.flux1ng suspension of 

L1AlHq (5 0 g, 30 mmol) in THF (150 ml) and the whole was stirred under reflux for 1 h Water (5 ml), 15% 

NaOH (5 ml), water (15 ml) were successively added to the reachon mixture and the resultmg preclp~tate was 

filtered off Concentration followed by S102 column chromatography (hexane-ether, 20/l-10/1) gave crude 

(R&R)-19a Treatmg with p~cnc acid (6 2 g) in d1chloromethane and following recrystalhzatlon from ethanol 

(30 ml) gave plcrate of (R,R,R)-19a (9 3 g) as yellow pnsms of mp 148-149 5-C [a]: -76 2’(c=l 00, 

CHC13) IR (KBr) 1625, 1610, 1535, 1360, 1330, 1310, 1260 lH-NMR (lOOM, CDC13) 6 1 85 (3H, d, 

J=7Hz, CH3), 2 17 (6H, s, CH3Ar), 2 22 (6H, s, CH3Ar), 3 O-4 5 (7H, m, CH2&CH), 6 7-6 9 (6H, m, Ar), 

7 46 (5H, s, Ph), 8 97 (2H, s, pit) Anal Cakd for C28H33N C6H3N307 C, 66 65, H, 5 92, N, 9 14 

Found C, 66 42, H, 5 86, N, 9 21 The picrate was treated with NH40H 1n ether to gve pure (R&R)-19a 

(5 8 g, 69 %) as a caramel [alg -69 7’(c=l 30, CHC13) IR (CHCl3) 2900, 1600, 1450, 850 lH-NMR 

(lOOM, CDC13) 6 1 44 (3H, d, J=6Hz, CH3), 2 25 (12H, s, CH3Ar), 2 6-3 5 (7H, m, CH2), 6 7-6 8 (6H, m, 

Ar), 7 2-7 4 (5H, m, Ph) MS m/z 383 (M+), 368 (M+-CH3) 

(3R,4R)-Bis(3,5-dimethylphenyl)pyrrolidine Hydrochloride ((R,R)-20a HCI): A mixture of 

(R,R)-19a (5 0 g) and Pd-C (10 8, 5 0 g) 1n fonmc acid-methanol (l/2,60 ml) was stirred for 2 d After the 

catalyst was removed by filtration, the filtrate was evaporated 1n vacua to dryness 15 % NaOH (50 ml) was 
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added to the residue and the whole was extracted Hrlth ether (100 ml x3) The organic layer was washed with 

bnne (30 ml) and dned over K2CO3 Concentr&on followed by treatmg with MeOH-HCl and recrystallization 

from benzene-ether gave (&RR)-2Oa HCl (3 1 g, 76 %) as colorless needles of mp 223-225’C (dec) [a]g 

-175’(c=l 00, MeOH) IR (KBr) 2600-2900, 1590, 1450, 840 lH-NMR (1OOM. CDC13) 6 2 23 (12H, s, 

CH3Ar). 3 O-3 9 (6H, m, CHCH2). 6 79 (6H, s, Ar) MS m/z 280 (MH+), 279 (M+) Anal Calcd for 

C2OH25N HCl C, 76 05, H, 8 30, N, 4 43 Found C, 75 78, H, 8.31, N, 4 50 

(3S,4S,aR)-N-a-Phenylethyl-2,3-bis(3,5-dimethylphenyl)succ~nimide ((S,S,R)-Mb): A 

soluuon of (S,S,R)-17b (200 mg) m cone HCl(1 ml) and acehc acid (5 ml) was shrred under teflux for 15 h. 

The reaction mixture was evaporated m vacua and the residue was Qssolved m ethyl acetate (30 ml) AiIer 

washmg successively with 10% HCl(l0 ml), satd NaHC03 (1Oml x3), and brme (10 ml), the solvent was dned 

over Na2S04 and evaporated in vacua Recrystalhzahon from ethanol gave (S,S,R)-18b (169 mg, 88 %) as 

colorless needles of mp 125-126’C [a]:: +73 3’(c=l 04, CHC13) IR (KBr) 1770, 1680, 1600 lH-NMR 

(lOOM, CDC13) 6 1 94 (3H, d, J=8Hz, CH3), 2 24 (12H, s, CH3Ar), 3 86 (2H, s, COCH), 5 55 (lH, q. 

J=8Hz, NCH). 6 65 (4H, s, o-ArH), 6 90 (2H, s, p-ArH), 7 2-7 5 (5H, m, Ph) MS m/z 411 (M+) Anal 

Calcd for C28H2gN02 C, 8172, H, 7 10, N, 3 40 Found C, 81 86, H, 7 11, N, 3 36 

(3S,4S)-N-a-Phenylethyl-3,4-bis(3,5-dimethyIphenyl)pyrrolidine ((S,S,R)-19b): A 

soluhon of (S,SJ)-18b (162 mg, 0 39 mmol) m THF (5 ml) was added dropwise to a refluxmg suspension of 

LAM4 (81 mg, 2 1 mmol) m THF (10 ml) and the whole was shrred under reflux for 10 mm Water (0.08 ml), 

15% NaOH (0 08 ml), water (0.24 ml) were successtvely added to the reaction mixture and the resultmg 

prectpitate was filtered off Concentratton followed by S102 column chromatography (hexane-ether, 20/l-10/1) 

followed crude (S,S,R)-19b Treating with ptcnc acid (95 mg) m dichloromethane and following 

recrystalhzahon from ethanol (20 ml) gave picrate of (S,S,#!)-19b (122 mg) as yellow pnsms of mp 211-212’C 

(dec) [a]:: -63 2’(c=l 00, CHC13) IR (KBr) 1625, 1610, 1560, 1360, 1335, 1310, 1295, 1270 lH-NMR 

(lOOM, CDC13) 6 188 (3H, ,d J=7Hz, CH3CH), 2 13 (6H, s, CH3Ar), 2 21 (6H, s, CH3Ar), 2 9-4 5 (7H, 

m, CH2&CH), 6 7-6 8 (6H, m, Ar), 7 46 (5H, ,s Ph), 8 97 (2H, s, pit) Anal Calcd for 

C28H33N C6H3N307 C, 66 65, H, 5 92, N, 9 14 Found C, 66 74, H, 5 93, N, 9 14 The picrate was 

treated with NH40H in ether to give free amine (S,S,R)-19b (76 mg, 60 9%) as a caramel [a]: 

+lOl”(c=l 10, CHC13) IR (CHCl3). 2900, 1600, 1450, 850 lH-NMR (lOOM, CDC13) 6 1 41 (3H, d, 

J=7Hz, CH3), 2 25 (12H. s, CH3Ar), 2 7-3 0 (4H, m, CH2), 3 l-3 3 (3H, m, CH), 6 80 (3H, s, Ar), 6 85 

(3H, s, Ar), 7 2-7 4 (5H, m, Ph) MS m/z 383,(M+), 368 (M+-CH3) 

(3S,4S)-Bis(3,5-dimethylphenyl)pyrrolidine Hydrochloride ((S,S)-20b HCl): A mixture of 

(S,SJ) -19b (50 mg) and W-C (10 8, 30 mg) m fornnc acid-methanol (l/2, 4 ml) was stirred for 2 d After 

the catalyst was removed by hltratton, the filtrate was evaporated tn vacua to dryness 15 ‘45 NaOH was added to 

the residue and the whole was extracted with ether (20 ml x3) The organic layer was washed with bnne and 

dned over K2CO3 Concentration followed by treating with MeOH-HCI and recrystalhzatlon from benzene- 

ether gave (S,S)-2Ob HCl salt as needles of mp 222-224’C, [a]: +17o’(c=O 980, MeOH) Spectroscopic 

data were identical with those of (R,Z+20a Anal Calcd for C2OH25N HCl C, 76 05, H, 8 30, N, 4 43 

Found C, 75 88, H, 8 34, N, 4 29 
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(3R,3’R,4R,4’R)-3,3’,4,4’-Tetrakis(3,5-dimethylphenyl)-l,l’-oxalyldipyrrolidine 

((R,RJ?,R)-21): Tnethylamme (0 44 ml, 3 1 mmol), and oxalyl chlonde (0 027 ml, 0 31 mmol) were added 

to a soluhon of (R,R)-2Oa HCl(0 20 g, 0 63 mmol) m &chloromethane (20 ml) at -78-C under Ar atmosphere 

and the whole was stured for 10 mm at room temperature The reactIon mixture was quenched wtth water (50 

ml) and diluted wtth &chloromethane (100 ml) The orgamc layer was washed successtvely with 10 % HCl (20 

ml x2), satd NaHC03 (20 ml), and brme (20 ml), and dned over Na2S04 Evaporation m vacua followed by 

recrystalhzatton from benzene-hexane gave (R,R,R,R)-24 (0 15 g, 77 %) as colorless needles of mp 219- 

221-C (dec) [a]: -72 6’(c=1.02, CHCl3) IR (KBr) 1620, 1600, 1380 IH-NMR (lOOM, CDC13) 6 2 23 

(24H, s, CH3). 3 5-4 2 (12H. m, CH&CH2) 6 79 (12H, s, Ar) MS m/z 612 (M+) Anal Calcd for 

C42H48N202 C, 82 31, H, 7 89, N, 4 57 Found C, 82 08, H, 7 95, N, 4 53. 

(3R,3’R,4R,4’R)-3,3’,4,4’-Tetrakis(3,5-dimethylphenyl)-l,l’-ethylened~pyrrolidtne 

((R&&R)-3): Diamlde (R,R,R,R)-24 (1 6 g, 2 6 mmol) was added to a refluxmg solution of LtAIH4 (1 0 

g, 26 mmol) m THF (20 ml) and the reacnon mixture was stnred under reflux for 2 h After coohng down to 

room temperature, water (0 84 ml), 15% NaOH (0 84 ml), and water (2 5 ml) were successtvely added to the 

reachon nuxhue and the resultmg preclp~tate was filtered off The filtrate was evaporated m vacua and the residue 
was punfied by S102 column chromatography (benzene-ether, 5/l-2/1) to afford 3 (1 28 g, 84 %) as a caramel 

[a]g -135’(c=l 07 CHC13) IR (CHC13). 1600, 1480,850 1H-NMR (lOOM, CDC13) 6 2 25 (24H, s, CH3). 

2 7-3 4 (16H, m, CH&CH2), 6 84 (12H, s, Ar) MS m/z 584 (M+) Treatmg with HCl-MeOH gave 3 HCI as 

a needles of mp 270-3WC (dec) [a]; -162’(c=102 EtOH) Anal Calcd for C42H52N2 2HCl C, 76 69, H, 

8 27, N, 4 26 Found C, 76 43, H, 8 07, N, 4 47 

(2R,3R,aR)-N-a-Phenylethyl-2,3-bis(3,5-dimethylphenyl)-4-hydroxybutyramide 

((R&R)-22): Tnethylamme (52 mg, 0 51 mmol) and ethyl chlorocarbonate (56 mg, 0 51 mmol) were added 

to a soluhon of acid (R,R,R)-17a (0 20 g, 0 46 mmol) m THF (5 ml) at O’C The reaction mixture was sttrred 

for 1 h and the resultmg preclpltate was filtered off Sodmm borohydnde (44 mg, 1 2 mmol) was added to the 

filtrate and the whole was stirred for 1 5 h at room temperature The reachon rmxture was quenched with 10 % 

HCl (10 ml) and the whole was extracted with ethyl acetate (20 ml x 3) The organic layer was washed 

successively with 10 % HCl(l0 ml), 15 % NaOH (10 ml), brme (10 ml) and dned over Na2S04 Evaporation 

followed by S@ column chromatography (benzene-ethyl acetate, 8/l) afforded 22 (83 mg, 43 96) as a caramel 

[a]: -28 9’(c=O 90, CHC13) IR (CHC13) 1640, 3300 1H-NMR (lOOM, CDC13) 6 1.34 (3H, d, J=7Hz, 

CH3CN), 2 16 (12H, s, CH3Ar), 2 51 (lH, s, OH), 3 5-4 9 (4H, m, CHCH2), 4 9-5 2 (lH, m, PhCH), 6 20 

(lH, d, J=lOHz, NH), 6 70 (3H, s, CH3Ar), 6 82 (3H, s, CH3Ar), 7 24 (5H, s, Ph) MS m/z 415 (M+). 397 

(M+-H20) HRMS Calcd for C28H33N02 415 2675 Found 415 2593 

(2R,3R)-2,3-Bis(3,5-dimethylphenyl)butan-4-olide ((R,R)-23): A suspension of amide 

(R&R)-22 (0 18 g) m 10% HCl(20 ml) was stmed under reflux for 1 h The reaction mixture was extracted 
with CHC13 (20 ml x 3) and the orgamc layer was washed with bnne (20 ml) and dned over Na2S04 S102 

column chromatography (benzene-dlchloromethane, 2/l) followed by recrystalltzatton from CCl4-hexane 

afforded (R,R)-23 (0 13 g, 99 8) as colorless pnsms of mp 98’C [or]2 -233’(c=l 00, CHC13) IFt (KBr) 
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1770 lH-NMR (lOOM, CDC13) 6 2 27 (12H, s, CH3Ar), 3 7-3 9 (2H, m, CH2), 4 2-4 4 (1H. m. CH). 4.6- 

4 8 (lH, CH), 6 8-6 9 m, (6H, m, Ar) MS m/z 294 (M+) Anal Calcd for C2OH2202 C, 81.60, H, 7 53 

Found C, 8148, H, 7 56 

(2R,3R)-2,3-Bis(3,5-dimethylphenyl)-1,4-butanediol ((R,R)-24): A mixture of lactone 

@,I+23 (0 15 g, 0.51 mmol) and LlAlH4 (0 10 g, 13 mmol) m THF (10 ml) was stYred under reflux for 1 h 

Water (0 10 ml), 15 % NaOH (0 10 ml), and water (0 30 ml) were successively added to the reactmn rmxtme and 

the resultmg precipitate was filtered off The filtrate was evaporated and the residue was punfied by St02 column 

chromatography (benzeneethyl acetate, 3/2) followed by recrystalhzation from benzene-hexane to afford (J&R)- 

24 (0 11 g, 72 %) as a colorless prisms of mp 117-118’C [a]g -31 2’(c=l 01, CHCl3). IR(CHCl3) 3400, 

1600, 1260 lH-NMR (lOOM, CDC13) 6 173(2H, s, OH), 2 20 (12H, s, CH3Ar), 3 18 (2H, t, J=4Hz CH), 

3 87 (4H. d, J=4Hz CH2), 6.57 (4H, s. o&H), 6 76 (2H, s. p&H) MS m/z 299 (MH+). 298 (M+), 268 

(M+-CH20) Anal Calcd for C2OH2602’ C, 80.50, H, 8 78 Found C, 80 29, H, 9 05 

(2R,3R)-2,3-Bis(3,5-dimethylphenyl)-1,4-butanediol Ditosylate ((R,R)-25): A solution of 

d101 @,I+24 (0 12 g, 0 39 mmol) and tosyl chlonde (0 23 g, 1.2 mmol) m pyndme (5 ml) was shrred for 2 d 

at room temperature After addmg 10 % HCl(l0 ml), the mixture was extracted with ethyl acetate (20 ml x3) 

The organic layer was washed successtvely with 10 % HCl(l0 ml x 3). satd NaHC03 (10 ml x 2), brme (10 

ml) and dned over MgS04 Punficatlon by prepTLC (S102, hex=-acetone, 3/l) gave (R+)-25 (14 g, 60 %) 

as an ml [a]:: +1 l’(c=l 00, CHC13) IR(CHCl3) 1600, 1360, 1180 lH-NMR (lOOM, CDC13) 6 2 14 

(12H, s, CH3Ar), 2 44 (6H, s, CH3Ar). 3 2-3 4 (2H, m, CH), 3 9-4 2 (4H, m, CH2). 6 21 (4H. s, o-ArH). 

6 82 (2H, s, p-ArH), 7 2-7 4 (4H, m, Ts), 7 6-7 8 (4H, m, Ts) MS m/r 607 (MH+), 606(M+) Ad Calcd 

for C34H3806S2 C, 67 30, H, 6 31. Found C, 67 33; H, 6 33 

(2R,3R)-2,3-Bis(3,5-dimethylphenyl)-1,4-butane ((I!#)-26): A mixture of tosylate (R,R)-25 

( 0 13 g, 0.22 mmol) and L1AU-Q (50 mg. 1 3 mmol) 111 THF (5 ml) was stured under reflux for 1 h After 

addmg 10 % HCl (5 ml), the rmxture was extracted with ether (10 ml x 3) The orgamc layer was washed 

successively wtth 10 % HCl(l0 ml), satd. NaHC03 (10 ml), brme (10 ml) and dned over MgSO4. Punfiction 

by S102 column chromatography (CC4) afforded 26 (48 mg, 83 %) as an oil [a]:: -80.0@=0.980, CHC13) 

IR(CHCl3) 1600, 1450, 1380 lH-NMR (lOOM, CDC13) 6 1 17 (6H, d, J=7Hz, CH3CH), 2 25 (12H. s, 

CH3Ar), 2 8-3 0 (2H, m, CH), 6 7-6 8 (6H, m, Ar) MS m/z 266 (M+) HRMS Calcd for C2OH26 

266 2031 Found 266.1964 

(2R,3R)-Bis(4-Bromophenacyl) 2,3-Dimethylsuccinate ((R,R)-27): Ozone gas was bubbled 

into a soluhon of (R&26 (48 mg. 0 10 mmol) m acetic acid (20 ml) for 10 h at room temperature 35 96 

Hydrogen peroxide (20 ml) was added to the reachon mtxture and the whole was stirred for 12 h at room 

temperature. Platmum black was added to the nuxture to decompose excess hydrogen peroxlde and then filtered 

off. The filtrate was evaporated m vacua to dryness Sodmm carbonate (3 1 mg, 0 29 mmol) m water (1 ml) and 

4-bromophenacyl bronude (163 mg, 0 59 mmol) m ethanol (15 ml) was added to the residue and the whole was 

stmed under reflux for 3 h The rmxture was evaporated and &luted with ethyl acetate (20 ml) The orgamc layer 

was washed with water (10 ml), bnne (10 ml) and dned over MgSOq Punficauon by prepTLC (benzene- 
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acetone, 4/l) followed by recrystalhzation from benzene afforded (R,R)-27 (3 8 mg) as colorless prisms of mp 

18X [a]: -3Y(c=O 38, CHC13) IR (NuJo~) 1740, 1700 lH-NMR (lOOM, CDC13) 6 134 (6H, d, 

J=‘IHz, CH3), 3 O-3 2 (2H, m, CH), 5 32 (4H, s, CH2), 7 5-7 8 (8H, m, Ar) MS m/z 538 (M+), 540 

(M++2), 542 (M++4) Anal Calcd for C22H2006B1-2- C, 48.92, H, 3 73 Found C, 49 08, H, 3 66 

(2R,5R)-1,2,5-Tribenzylpyrrolidine ((R,R)-29) Thlonyl chlonde (20 ml, 0 26 mol) was added 

dropwise to a solution of d1ol (14~)-288 (19 g, 0 086 mol) 1n d1oxane (200 ml) at O’C and the whole was 

shrred for 12 h at rmrn temperature The solvent was evaporated and the residue was suspended in THF (800 

ml) Phenylmagneslum bromide (0 52 mol) 1n ether (300 ml) was added to the suspension and the mixture was 

stmed under reflux for 4 h After coolmg to the room temperature, the whole was poured onto brme 300 ml and 

filtered through cehte pad The organic layer of the filtrate was washed ~th bnne and dned over MgS04. After 

evaporating the solvent, the residue was punfied with S102 column chromatography (hexane-ether, 20/l) 

followed by recrystalhzahon from MeOH to obtain (R,R)-29 (17 7 g, 60 %) as colorless needles of mp 50- 

5l’C [a]: +113’(c=l 00, CHCl3) IR (KBr) 1600, 1490, 1450, 730, 700 lH-NMR (l!IOM, CDC13) 6 

1 2-l 9(4H, m, CH2CH2), 2 33 (2H, dd, J=5, 7Hz, PhCH2C), 2 9-3 3 (4H, m, CH2&CH), 3 84 (lH, d, 

J=7Hz, PhCH2N), 4 13 (lH, d, J=7Hz, PhCH2N), 6 9-7 5 (15H, m, Ph) MS m/z 341 (M+), 264 (M+-Ph), 

250 (M+-CH2Ph) And Calcd for C25H27N C, 87 93, H, 7 97, N, 4 10 Found C, 88 07, H, 8 08, N, 4 12 

(2R,SR)-2,SDibenzylpyrrolidine Hydrochloride ((R,R)-30 HCI) A mtxture of (R,R)-29 

(2 0 g, 5 8 mmol) and W-C (10 %, 1.2 g) 1n formic acid-methanol (l/3, 20 ml) was stured for 12 h at room 

temperature After the catalyst was removed by filtration, the solvent was evaporated in vacua 15 96 NaOH (20 

ml) was added to the residue and the whole was extracted with ether (2Oml x 3) The orgamc layer was washed 

with bnne (20 ml) and dned over Na2S04 Concentration followed by treating with EtOH-HCl and 

recrystalhzafion from acetone to obtam 3O*HCl (1 2 g, 82 %) as colorless needles of mp 179-18o’C [al: 

-29 o’(c=lO2, EtOH) IR (KBr) 2800,1600,1580,1490, 1410,750,700 lH-NMR (lOOM, CDC13) 6 15- 

2 1 (4H, m, CH2CH2), 2 99 (2H, dd, J=7, 7Hz, CH2Ph). 3 54 (2H, dd, J=7, 7Hz, CH2Ph), 3 8-4 1 (2H, m, 

CH), 7 20 (lOH, s, Ph) MS m/r 252 (MH+), 251 (M+). 160 (M+-CH2Ph) Anal Calcd for Cl8H2lN HCl 

C, 75 11, H, 7 70, N, 4 87 Found C, 74 89, H, 7 89, N, 4 94 

(2R,2’R,SR,5’R)-2,2’5,5’-Tetrabenzyl-l,l’-oxalyldipyrrolidine ((R,R,R,R)-31) 

Tnethylamlne (0 44 ml, 1 2 mmol) and oxalyl chlonde (0 017 ml, 0 20 mmol) were added to a solution of 

(R,R)-30 HCl(0 10 g, 0 40 mmol) m &cNoromethane (5 ml) at -78-C under Ar atmosphere and the whole was 

shrred for 10 mm at room temperature The reaction rmxture was quenched with water (50 ml) and diluted with 

d1chloromethane (100 ml) The orgamc layer was washed successively with 10 8 HCl (10 ml x3), satd 

NaHC03 (10 ml x3), and bnne (15 ml),and dned over MgS04 Concentrahon followed by recrystalhzahon from 

benzene-hexane gave (R&R&31 (0 15 g, 77 8) as colorless needles of mp 238-C [a]: +44’(c=l 00, 

CHC13) IR (KBr) 1620, 1570, 1550, 1370, 720, 690 IH-NMR (lOOM, CDC13) 6 15-l 9 (8H, m, 

CH2CH2), 2 42 (2H, dd, J=6, 7Hz, CH2Ph), 2 64 (2H, dd, J=6, 7Hz, CH2Ph), 3 01 (2H, dd, J=2, 6Hz, 

CH2Ph), 3 42 (2H, dd, J=2, 6Hz, CH2Ph), 4 4-4 6 (2H, m, CH), 7 l-7 3 (20H, m, Ph) MS m/z 556 (M+), 

465 (M+-CH2Ph) Anal Calcd for C38H40N202 C, 8198; H, 7 24, N, 5 03 Found C, 81.84, H, 7 35, N, 

5 14 
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(2R,2’R,5R,5’R)-2,2’5,5’-Tetrabenzyl-l,l’-ethylenedlpyrrolidine ((R,R,R,R)-4) Dtamlde 

(R,R,R,R)31 (0 63 g, 1 1 mmol) was added to a refluxlng solution of LlAlH4 (0.22 g, 5 5 mmol) 1n THF 

(10 ml) and the reaction mixture was stirred under reflux for 20 mm After cooling down to the room 

temperature, ether (30 ml), water (0 22 ml), 15% NaOH (0 22 ml), and water (0 66 ml) were successively added 

to the reachon rmxture and the resultmg preclpltate was filtered off The filtrate was evaporated in vacua and the 

residue was recrystallized from hexane to afford (R&l?$)-4 (0 51 g, 84 %) as colorless pnsms of mp 84 S- 

85 5’C [al~+129’(c=l 10, CHC13) IR (KBr) 1600, 1490, 1450,750,700. lH-NMR (1OOM. CDC13) 6 

1 3-l 8 (8H, m, CH2CH2), 2 31 (4H, dd, J=5, 8H2, CH2Ph), 2 9-3.4 (12H. m. CHCHz), 7 16 (20H, s, 

Ph) MS m/z 529 W-I+), 528 (M+), 437 (M+-CH2Ph) Anal. Calcd for C38H44N2 C, 86.32, H, 8 39, N. 

5 30 Found C, 86.08; H, 8 58, N, 5.34 

(3R,3’R,4R,4’R)-3,3’,4,4’-Tetraphenyl-l,l’-trimethylenedipyrrolidine ((R,R,R,R)+: A 

solution of (R,R)-ll(0 20 g, 0 90 mmol), 1,3-d1bromopropane (0 045 ml, 0 44 mmol), and K2CO3 (0 13 g. 

0.94 mmol) m DMF (5 ml) was stmed under reflux for 3 h The -on mixture was dduted ~th ethyl acetate 

(50 ml) and washed with brine (50 ml x2) After drymg over Na2S04, concentration followed by 802 column 

chromatography (benzeneethyl acetate, 3/1-l/1) gave 5 (0 16 g, 73 46) as a caramel 1H-NMR (1OOM) & 1.7- 

3 4 (18H, m, CHCH2), 7 17 (20H, s, ArH) MS m/z 486 (M+) HRMS calcd for C35H38N2 486.3033 

Found 486 2978 Treated with MeOH-HCl followed by recrystalhmon gave 5 2HCl as colorless needles ~th 

mp 250-27o’C (dec), [alp-142’(c=lOO, MeOH) IR (KBr) 3450, 2500, 1600, 1490, 1450 Anal calcd for 

C35H38N2 2HCI*3/4H20 C, 73 35, H, 7 30; N, 4 89 Found C, 73 41, H, 7.03, N, 5.06 

(3R,3’R,4R,4’R)-3,3’,4,4’-Tetraphenyl-l,l’-(1,2-phenylene)dipyrrolidine ((R,R,R,R)- 

6): A solution of tosylate (R,R)-9 (1 0 g, 1 8 mmol), o-phenylenediamlne (0 10 g, 0 9 mmol), and tn-n- 

butylamme (2 0 ml, 0 84 mmol) in xylene (10 ml) was stmed under reflux for 3 d Punficahon of the crude 

mixture with S102 column chromatography (hex--benzene, 4/l) gave (R,R,R,R)d (0 18 g, 19 96) as a 

caramel [a];-91 2’(c=O.950 CHC13) IR (CHC13) 1600, 1590, 1500, 1450,700 IH-NMR (4OOM. CDC13) 

6 3 60 (8H, br), 3 75 (4H, br), 6 95 (2H, br), 7 05 (2H, br), 7 l-7 3(20H, m, Ar) l3C-NMR (lOOM, 

CDC13) 6 51 55 (d), 58 38 (t), 116 47 (d), 121.14 (d), 126 57 (d), 127 68 (d), 128.50 (d), 141 69 (s), 142 19 

(s) MS m/z 520 (M+) Treatmg with p1cnc acid gave (R,R,R,R)-6 picrate as a yellow needles of mp 178- 

18o’C (dec) [a]g-74 9” (c=l.lO, CHC13) Anal Calcd for C38H36N2 C6H3N307 C, 70.48, H, 5 24, N, 

9 34 Found C, 70 52, H, 5 30, N, 9 38 

((R,R,R,R)-7): A solution of tosylate (R,R)-9 (1 0 g, 1 8 mmol), 2,2’-b1phenylenedlam1ne (0 17 g, 0 9 

mmol), and m-n-butylamme (2 1 ml, 18 mmol) 1n xylene (10 ml) was shrred under reflux for 3 d. Punficaaon of 

the crude mixture with S102 column chromatography (hexane / benzene = 4 / 1) followed by recrystallrzahon 

from ethyl acetate gave (R,R,R,R)-7 (0.20 g, 37 96) as a colorless needles of mp 200-201’C [a]:-27 8’ 

(c=lO5 CHC13) IR (KBr) 1590, 1490, 1470, 1450, 1440, 1330,750,690 1H-NMR (400M, CDC13) 6 

3 3-3 6 (12H, m), 6 8-6 9 (4H, m), 7 O-7 5 (24H, m) l3C-NMR (lOOM, CDC13) 6 52 40 (d), 52 46 (d), 

57 59 (t), 58 35 (t), 114 16 (d), 115 13 (d), 118 19 (d), 118 37 (d), 126 83 (d), 127,53 (d), 127 65 (d), 127,83 
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(d), 127,18 00, 128 38 (d), 128 73 (d), 129 37 (d), 131 00 (d), 132 47 (d), 133 02 (d), 141 18 (s), 141 46 (s), 

146 10 (s), 147 18 (s) MS m/z 596 (M+) And Calcd for C44H4ON2 C, 88 55, H, 6 76, N, 4 69 Found 

C, 88 47, H, 6 81, N, 4 70 

(3R,4R)-l-Acetyl-3,4-diphenylpyrrolidine ((R,R)-32) Tnethylamme (0 65 ml, 3 8 mmol) and 

acetic anhydnde (0 35 ml, 4 7 mmol) were added to a solution of (R,R)-11 (0 70 g, 3 1 mmol) m 

&chloromethane (20 ml) at -78’C under Ar atmosphere and the whole was stmed for 10 mm at room temperature 

Water (50 ml) and dlchloromethane (100 ml) were added to the reachon mixture The organic layer was washed 

successively with 10 % HCl (20 ml x2), satd NaHC03 (20 ml), and bnne (20 ml), and dned over Na2S04 

S102 column chromatography (benzene-ethyl acetate, l/l) followed by recrystalltzatlon from benzene-hexane 

gave 32 (0 75 g, 88 %) as colorless needles of mp 144-145’C (dec) [a]: -1 lo’(c=l 08, CHC13) IR (KBr) 

1630, 1440, 760,700 IH-NMR (lOOM, CDC13) 6 2 11 (3H, s, CH3), 3 4-3 7 (4H, m, CH2). 3 9-4 3 (2H, 

m CH), 7 l-7 3 (lOH, m, Ar) MS m/z 266 (MH+), 265(M+) Anal Calcd for C18Hl9NO C, 81 48, H, 

7 22, N, 5 28 Found C, 8161, H, 7 29, N, 5 41 

(3R,4R)-3,4-diphenyl-1-ethylpyrrolidine ((R,R)-8): Amide (R,R)-32 (0 69 g, 2 6 mmol) was 

added to the refluxmg soluhon of L1AlH4 (0 70 g, 18 mmol) m THF and the reachon mixture was stirred under 

reflux for 10 mm After cooling down to the room temperature, water (0 70 ml), 15% NaOH (0 70 ml), and 

water (2 1 ml) were successively added to the reaction rmxture and the resulhng precqtate was filtered off The 

filtrate was evaporated m vacua and the residue was punfied with Al203 column chromatography (benzene.) to 

afford (R,R)-8 (0 64 g, 98 %) as a caramel [a]?-155’(c=l 11, CHC13) IR (CHCl3) 2800-3000, 1600, 

1490,1450, 1150,700 lH-NMR (lOOM, CDC13) 6 1 18 (3H, t, J=7 Hz, CH3), 2 5-3 5 (8H, m, CHBrCH2). 

7 23 (lOH, s, Ar) MS m/z 252 (MH+), 251 (M+) Treating with HCI-MeOH gave 7 HCl as needles of mp 

234-244’ (dec) [a]g-15o”(c=l 01, MeOH) Anal Calcd for C18H21N HCl C, 75 11, H, 7 70; N, 4 87. 

Found C, 75 19, H, 7 73, N, 5 02 

fl Resent Address The Institute of Saenhfic and Industnal Research, Osaka Umversity, Ibarak~, Osaka 

567, Japan 

REFERENCES AND NOTES 

1 Kagan, H B Choral Llgands for Asymmetnc Catalysts In Asymmetrrc Synthesrs Vol 5 

Momson, J D Ed , Academic Press New York 1985, pp l-39 

2 Tormoka, K Synfhesrs 1990, 541-549 

3 (a) Tomloka, K , NakaJima, M , Koga, K Chemrstry Lett 1987, 65-68, (b) Tomloka, K., 

NakaJima, M , Koga, K Tetrahedron Lett 1987,28. 1291-1292 

4 (a) Tomloka, K , NakaJlma, M , Koga, K J Am Chem Sot 1987,109, 6213-6215, (b) 

Tomloka, K , NakaJlma, M , htaka, Y , Koga, K Tetrahedron Left 1988.29, 573-576, (c) 



9750 M NAK~A et al 

5 

6 

7 

8 

9 

10 

11. Chen, L -y , Ghosez, L Tetrahedron L&t 1998,31,44674470 

12 Berova, N D , Kurtev, B J Tetrahedron 1969.25, 2301-2311 

13 Hass, H B.; Bender, M L Org Synth , Co11 Vol 4 pp 932-934 

14 Schonne, A, Braye, E , Bruylaant. A Bull Sot Chum Belg 1953,62, 155-171 

15 Davis. R B , Ward, J A Org Synth , Co11 Vol 4 pp. 392-395 

16 Fbggs, N V , Stevens, J D Awt J Chem 1966.19, 683-700 

17 Cannone, P; Lelcht. L C Can J Chem 1%7,45, 1761-1765 

Tonuoka, K , NakaJlma, M , Koga, K J Chem Sot , Chem Commun 1989, 1921-1922, (d) 

Tormoka, K , NakaJlma, M , Koga, K Tetrahedron Lett 1990,31, 1741-1742 

Chxal bidentated tertiary dtamme with C2-symmetry (a) Mazaleyrat, J -P , Cram, D J J Am 

Chem Sot 1981,103, 4585-4586, (b) Columbo, L , German, C , Poll, G , Scolastlco, C 

Tetrahedron 1982,38, 2725-2727, (c) Tokles, M ; Snyder, J K Tetrahedron Lett 1986.27, 

3951-3154, (d) Yamada, T, Narasaka, K Chemtstry Lett 1986, 131-134, (e) Kanoh, S ; 

Muramoto, H , Maeda, K , Kawaguchl, N , Motel, M , Suda, H Bull Chem Sot J’n 1988.61, 

2144-2146, (f) Hirama, M , Chshl, T , Ito, S J Chem Sot , Chem Commun 1989.665-666, (g) 

Jansen, J F G A, Fennga, B. L J Chem Sot , Chem Commun 1989, 741-742. 

Wh~tesell, J. K Chem Rev 1989,89, 158 l-1590 and references cited therem 

Whitesell, J K ; Felman, S W J Org Chem 1977.42, 1663-1664 

(a) Kawananu, Y , Ito, Y ; Qtagawa, T , Tamguch~, Y , Katsuh, T , Yamaguchl, M Tetrahedron 

Lett 1984,25, 857-860, (b) Katsukl, T, Yamaguchl, M J Syn Org Chem , Jpn 1986,44, 

532-544 and references cited themn 

Whltesell, J K , Mmton, M A, Chen, K -M J Org Chem 1988,53, 5383-5384 

Porter, N A., Scott, D. M., L.acher, B., Geese, B , Zeitz, H G., Lmdner, H. J J Am Chem Sot 

1989,111, 8311-8312 


