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Abstract: Two types of external, chiral amidophosphine ligands, 1-5, were
prepared. Examination of their behavior in an asymmetric conjugate addition
reaction of organocuprate revealed the possibility for steric tuning to realize high
selectivity. © 1998 Elsevier Science Ltd. All rights reserved.
We have been involved in the development of external, chiral ligands for asymmetric reaction of
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ithium ester enolate,? lithium phosphonate,
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and lithium thiophenolate.” A chiral
amidophosphine 1 was developed for organocuprate to provide an efficient asymmetric carbon-carbon bond-
forming reaction with o,B-unsaturated carbonyl compounds.® In contrast to chirally modified
heterocuprates,” metal-selective coordination is essential for the design of external chiral ligands for
organocopper.8 Powerful external ligands bearing chiral phosphorus have been reported.9 Other than
phosphorus,!0 sulfur is a known coordinating atom to copper, and sulfur-based ligands have been used for
the efficient reaction of organocopper.!! The amidophosphine 1 was designed by us based on the concept of
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We designed 2 based on the metai-selective coordination model shown ifl the figure 1. 1ne aimetnyi
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synthesis of 3 was carm:d out usi.n.g the similar way as that of 2 as shown in the scheme 1. The ligands 4 and
§ were also prepared from L-Glu as shown in Scheme 2.
Pn
o\~ <

Figure 1. The metal selective coordination model for ligand-organocuprate.

The dimethyllactam 9 was prepared from L-glutamic acid according to the reported procedure. 12
Reduction to pyrrohdme protection of amine, and diphenylphosphination of the tosylate gave the

180Cl, /EtOH, 1t, 30 h

2 NHg / CHCIs, 1 b 9 /LPPTS [}\ 1 LDA, RX / THF

t Ry
LA - ~ Vo —_— g
3NaBH,/EtOH, t,5h O N reflux, 4 h U 2 Lga PF;X/ e
0 t —T'
60% H 6 quan
R
R—— R
~/ \_ pTsOH/MeoH R—— OH _LiAH, R—}-—\ OH BocyO, & EtGN_ Rﬁﬂ OH
O~ ‘N' ______ N
\ 3 reflux 07 "N THF N CHoC’n KN
| H H Boc
8 R =Me (96%) 9 R = Me (quant) 10 R = Me (82%) 11 R = Me (quant)
14 R = Bn (73%) 15 R =B n (97%) 16 R = Bn (95%) 17 R = Bn (84%)
R R R
TsCl,
(DMAIE])/ R ? 5 st PhoPNa R Z 5 PI Ph2 4 HCI/ dioxane R % E pl Pha
CH.Cls N THF - dioxane N 2 +BuCOCl, N
e Boc Boc Et3N / CHyClp tBLl‘Cso
12 R = Me (95%) 13 R = Me (85%) 2 R = Me (87%)
18 R = Bn (75%) 19 R = Bn (85%) 3 R = Bn (96%)

Scheme 1. Synthesis of 2 and 3 from L-Glutamic acid.

HIRAL AMIDOPHOSPHINES 2 AND 3
the reaction of lithium dimethylcuprate, prepared from

|NO

E

REACTION MEDIATED BY
The most effective ligand among 1-3

in
chalcone 20 to
cnaicone L9 1o

Cul and low halide methyllithium, with chalcon, give (+)-S-21 in 90% ee as show in Table 1.13 The
ligand 3 bearing the most bulky dibenzyl-pyrrolidine moiety was not so beneficial and mediated the reaction
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to give the selectivity of 72%. These ligands were not effective for the reaction with dibutylcuprate to give
the rather poor selectivity of 11-24%.

Table 1. Asymmetric Reaction of R,CuLi with Chalcone 20 Mediated by 1-3

3.0egqRL
L _ - 1-5 eq Cu' . o -
LN rn 1.6 ligand Pho Ph
20 0 Et,0, —20°C R O 21R=Me

22 R=Bu
run  ligand R yield/% ee/% R/S

p

i i Me 79 84

2 2 Me 99 90 S
3 3 Me 97 72 S
4 1 Bu 97 24 S
5 2 Bu 95 11 S
6 3 Bu 99 23 S

The reaction of butylmagnesium chloride with cyclohexenone 23 giving 2414 was dependent on the
combination of the ligands 1-3 and copper source (Table 2). Generally, the bulky amidophosphines 2 and 3
gave the higher enantioselectivity of over 80% with Cul than CuCN. The highest enantioselectivity of 96%
was realized with 2 and Cul.

Table 2. Asymmetric Reaction of RyCuMgCl with Cyclohexenone 23 Mediated by 1-3

o) 2.4 eq BuMgCi O
[ 1.2 eq CuX J
1.5 eq ligand
‘/ \!I eq ligan _ l/ \I
23\/ Et,0, -20 °C 24\/S\Bu

run ligand X vyield/ % ee/% R/S

1 1 CN 94 8 S
2 1 | 91 8 S
3 2 CN 5 51 S
4 2 | 9% 9% 8
5 3 OCN 6 31 S
6 3 | 94 80 S

The catalytic reaction with 8 mol% of Cul and 32 mol% of the ligands proceeded smoothly at —78 °C
T

3 P A AMAT] A PR PP Aot *n viua A . OV
io giv anon The efficiency of 2 (32 moi%) is the best to give 5-24 in 92% ee

Pre NI ERUNFION Jiuppen gy Hpmpueynpny A !
10 Elve J-Uutyxcycmucx' IONHC ( 1c

> =

(run 2). However, 2 mol% of Cul and 3 mol% of the ligands gave the poorer enantioselectivity, 40, 27, and

g

12% ees with 2, 1, and 3, respectively (run 4-6).

The degree of enantioselectivity demonstrated by the ligands is presumably attributable to the
efficiency in blocking the down face of the chelate shown in Figure 1. The dibenzyl group of 3 would
destabilize the chelation due to too much bulkiness. The ligand 1 would form chelation, which needs much
more bulkiness to block the down face attack. The dimethyl group of 2 would best meet such circumstances.
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The poorer selectivity demonstrated by 3 mol% of the ligands is probably due to the kick out of the
ligands from coordination to copper, and the reaction takes place with copper species free from the ligands
Table 3 Asymmetric Reaction of Butylmagnesium Chloride Catalyzed by Ligands 1-3
O 120 moi% BuMgCi o) 0 120 moi% BuMgCi 0
| 8 mol% Cul Il Il 2 mol% Cul [
@ 32 mol% ligand Q O 3 mol% ligand
Et;0, -20°C EtzO, —20 °C
23 2 24 S Bu 23 2 24 'S Bu
run  Jigand vyield/ % ee/ % R/S run  ligand vyield % ee/ % R/S
1 1 87 80 ) 4 1 83 27 S
2 2 82 92 S 5 2 60 40 S
3 3 80 75 S 6 3 72 12 S

SYNTHESIS OF LACTAMPHOSPHINE LIGANDS 4 AND 5
The synthesis of lactam version with N-methyl and N-benzyl groups was carried out starting from 9 as

shown in the scheme 2.

-—;L\ OH ——J—\ QTHP —— ome
oA DHP. pTsOH 04\“" J—d  NaH,RX o//%.)*‘l p-TSOH/MeOH
=]

reflux, 4 h

N

1

H CHoClo, 1, 2 h H DMF

97 % n,2h

OV\N/ O'I \N/ e - O/ \N
R’ CHoCig, /i, 6 h R THF - dioxane R
nt, 20 min
27 R = Me (99 %) 28 R = Me (75 %) 4 R = Me (62 %)
30 A = Bn (quant) 31 R=8Bn (95 %) 5 R =Bn (62 %)

Scheme 2. Synthesis of 4 and 5.

REACTION MEDIATED BY CHIRAL LACTAMPHOSPHINES 4 AND §

The direction of the carbonyl oxygen affects enantioselectivity, and the ligand 4 gave the product in
marginal ee as shown in Table 5 (run 3, 4). However, as shown in Table 4, 13C-NMR large chemical shift
changes of 4 in toluene-ether (0.1 M) were observed at the carbonyl and its adjacent carbons upon addition

{\f 1 oan I 1‘ Ina ‘)“f‘ at thn f\‘)fkf\ﬁ(‘ “\l\nf‘ﬁl{ tn ﬁhl\(‘f\l’\f\ﬂl(‘ ITnnan qurlifln“ [\F I on ‘ npr lnr‘;{‘at\n(" thﬁ A
AV ) B S \4\1 LU NI g, @Lild Al LIV val UJVLio Uuvliuvag v }JIIUDPIIUIUD u 1T AuIuIvVIL UL 1 \z\i NrULZL,y AUV AGIGE AL T
mnimtniee matal calantius rrmedinatinm g Tha mmes kil A7 ciihotitiinmt ~f £ o ceiion Fatliiea n tha ~nchaneg]
Hiaidly HICLd1-3CICCLI Ve COOTULNdLIon 1 IIC O numy IV-SUDMBLIIUCIIL O O 1H1dY CaUdt jalluit i e calvunyl

oxygen coordination to lithium as has been shown in the reaction of 1 in THF solvent which gives the
opposite enantiofacial selection (Table 5, run 1, 2).

The N-benzyl amidophosphine 5 showed enantioselection of 34% ee in toluene solvent as shown in
Table 5. It is indicative that the absolute configuration of the addition product 21 is the same R as that of the
product 21 obtained with 1 in THF solvent. In THF solvent, coordination of lithium cation to the carbonyl
oxygen of 1 was shown to be absent by NMR study.6
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Table 4 CMR Chemical t change of 4
LiCl0, +CuBr°SMe2
3 (ppm) AS (ppm)  AS (ppm)
Wan
T ) T s
T N ead e 2 _ 40.0 . .
-4\_@ 2 \ / E % 24 7 -_F;I\Q + (.) 2
) I w-) T u./ 1.9
Me 4 Cc4 1384 +0.3 -5.8
1393 +0.2 -4.7
Tahla & Acvreveriatein Doanmtinee ~FRA AU T 2 il /L T A AA_ 1 _c_1L..4 A4 ___1£
A AU J. ADYHHICUIC RCal 11U Ul IVIC)LU UL 1L CUIIdICOINC 4O vICU14lCa Dy L, 94, 4dNa o>
3.0 eq Meli
P Bh 1.5 eq Cul s
P 1.6 eq ligand P Ph
20 o —20°C 21Me O
run linand enlvent uviald/ 9. aa/ 9. /¢
LU~ Ao LR VNIV Wi IGI\W /O wws /Q LA
1 1 Et,0 79 84 S
2 1 THF 72 50 R
3 4 E,0 90 1 R
4 4 THF 98 1 -
5 5 toluene 86 34 R
6 5 THF Q9 0 -

The reaction of butylmagnesium chloride with cyclohexenone was catalyzed by 4 and 5§ as shown in
Table 6. The N-methyl version 4 gave the product in 38% ee. It is interesting that catalytic reaction with 4

gave the higher ec of 48%, though the yield was not so high. The N-benzyl ligand 5 was not effective
Table 6 Asymmetric Reaction of Butylmagnesium Chioride Catalyzed by Ligands 1, 4, and §
(0] 2.4 eq BuMgCl (0] O 120 mol% BuMgC! ﬂ
Il 1.2 ea CuCN il 1l a maloL Cl
Feie oy w-'uvl‘ Q 11V /0 \.Jul
/\“ 1.5 eq ligand /\ m 32 mol% ligand /\
l |
53 EL0,-78°C 54 Bu N Et;0,-78°C  5a Bu
23 2 24 S 23 Cals 24 g

run  ligand yield/ % ee/% R/S run  ligand yield/ % ee/% R/S

1 4 QA an Q A 4 Q7 an Q
i I oY o v i OFf ouU o
2 4 83 38 S 5 4 52 48 S
3 5 84 9 R 6 5 67 6 R
Thus, appropriate steric tuning of the amidophosphine is a promising guide he design of external
chiral lleandg for an orocanaconner reasent
chiral ligands for an organocopper reagent.
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(8)-(+)-(4,4-dimethylpyrrolidin-2-yl)methan-1-ol 10

A suspension of LiAlH4 (798 mg, 21 mmol) and lactam 9 (500 mg, 3.5 mmol) in 30 mL of THF was
stirred under reflux for 8 h. After successive addition of 0.8 mL of water, 0.8 mL of 10% aq NaOH, and 2.4
mL of water, and filtration, the filtrate was concentrated to give a yellow oil (384 mg). Distillation at 10
mmHg and 99 °C gave 10 (82%) as a colorless oil of [0t]20p +29.5 (c 2.46, toluene).

PMR 3: 1.04 and 1.08 (each 3H, s, CH3), 1.24 (1H, dd, J = 6.8, 12.5 Hz, CHp), 1.61 (1H, dd, J = 7.0,
125H7z. CH)Y. 264 PH ¢ CHANY 2238362 M2H m OCHAO CHY A2 (9H hre O NEY OCMD % 27 1
Al RAREy SRR/ Jy &eUT \doddy Sy NAR ANy JoTITITL (TR, My VAANS, VKL J, T4 \&K1, ULD, NI, 1N11) AVIEN UL L.,
1779 204 A0 A RO K ANN £AQ TD (i~ 220N 1NON ,___1 DN NA ALY . L7 T ATV RAQ /1. 170
alLy, II.5, A4, 375, UV, U4.0. IN (IUjOI). 55U, 1UsU Ccm RI U4 (VIeUn + 537 Ci3IN). V1D B/Z: 129
(M*). Anal: Calcd. for C7JH5NO: C, 65.07; H, 11.70; N, 10.84. Found: C, 64.74; H, 12.03; N, 10.62

(5)-(~)-tert-butyi 2-(hydroxymethyl)-4,4-dimethylpyrrolidinecarboxylate 11

A solution of 10 (200 mg, 1.6 mmol), Boc0 (340 mg, 1.6 mmol), and EtzN (0.22 mL, 1.6 mmol) in
CH2Cly (4 mL) was stirred at rt for 2 h. After addition of 2 mL of water, the mixture was extracted with
CH»Cly (10 mL x 3). The extract was washed with 10 mL of satd NaHCO3, and 10 mL of brine, and then
dried over Na3804. Concentration and silica gel column chromatography (PhH/AcOEt = 2/1) followed by
distillation (0.3 mmHg, 102 °C) gave 11 (388 mg, quant) as a colorless oil of [a]25p -28.9 (¢ 1.48, CHCI3).

PMR &: 1.01 and 1.07 (each 3H, s, CH3), 1.27 (1H, dd, J = 10.2, 12.5 Hz, CHa), 1.47 (9H, s, -Bu),
1.78 (1H. dd. J = 7.3. 12.5 Hz. CH»). 2.98 and 3.29 (each 1H. d. 7 = 10.8 Hz. CEbN). 3.60-3.62 (?H. m
z QR 2ix, B, v ey Ldwess ABhiy NoRALJy e U RIS Sk \WAVIE LAy By Y AV U ARdy NRAJANJy VeV T TV \ &k Ry idy
..M 206 AN (1T e MLIIY £91 /1L heo MNLIY MRAAD K. 960 NE 1 N0 A AL £ ANV £ N1 LN A £7 0
AATNSJy D TUTRUL (LD, U, TR ), Josd (10, DI, VT ). UIVIN O, L0.7, 4041, 40,49, 3U.U, 44.0, OV, 1, DU.%, U/.0,
80.3, 157.4. IR (nujol): 3400, 1680 cm~!. Rf0.72 (PhH/AcOEt = 1/1). MS m/z; 229 (M*) al: Calcd. for

C12H323NO3: C, 62.85; H, 10.11; N, 6.11. Found: C, 62.70; H, 10.31; N, 5.91.
(S)-(-)-tert-butyl 4,4-dimethyl-2-[((4-methylphenyl)sulfonyloxy)methyl]pyrrolidinecarboxylate 12

A solution of 11 (380 mg, 1.7 mmol), p-TsCl (382 mg, 2.0 mmol) in a mixture of CH,Cl> (1 mL) and
pyridine (2 mL) was stirred at —2 °C for 16 h. After addition of 2 mL of brine, the mixture was extracted
with CH,Cly (10 mL x 4). The extract was washed with 10 mL of 10% CuSOQy4, 10 mL of satd NaHCO3, 10
mL of water, and 10 mL of brine, and then dried over Na;SO4. Concentration and silica gel column
chromatography (PhH/AcOEt = 2/1) gave 12 (620 mg, 95%) as a colorless solid of mp 85 °C (ether) and

1200 _ A2 0 (- 104 CHCOLY
LX) 5.7 (\C 1.V4, CriLi3).

PMR &: 0.90 and 1.02 (each 3H, s, CH3), 1.33, 1.40 (9H, s, #-Bu), 1.70 (m, 2H, CHy), 2.41 (3H, s, Ar
CH3), 2.82 (1H, d, J = 9.0 Hz CH,N), 3.30 (1H, brd, J = 9.0 Hz, CH,N), 3.73-4.30 (3H, m, CH2O, CH), 7.27

2
and 7.70 (each 2H, d, /= 8.2 Hz, Ar). CMR &: 21.5,25.6, 28.2, 26.2, 36.8, 37.2, 41.4, 42.8, 55.3, 58.9, 59.7,
70.0,70.7,79.4,79.7, 127.8, 129.7, 132.7, 144.6, 154.2. IR (nujol): 1680 1170 cm~!. Rf0.72 (PhH/AcOEt
= 1/1). MS m/z: 383 (M*). Anal: Calcd. for C19Ha9NOsS: C, 59.51; H, 7.62; N, 3.65. Found: C, 59.52; H,
7.48; N, 3.48.
(5)-(-)-tert-butyl 2-[(diphenylphosphino)methyl]-4,4-dimethylpyrrolidinecarboxylate 13

1
Small pieces of sodium (200 mg, 8.8 mmol) were added at 0 °C over 5 min to a solution of PhyPCl

ur 11E1I0UE ) U at

(380 pL, 2.1 mmol) in 2 mL of 1,4-dioxane and stirred under reflux for 6 h. A solution of the tosylate 12
FRAN vy 1 A szl 2o D T A f THID wxra0 addad e N OMN AC e ot nﬁn e MY i tha mivinea wae Filtarad
\JrU 1115, 1.4 HU1VUL) 1 £ 11U VU 11117 Wad auuTlu dat v ., 11 SL 1y 101D LU i1, Ui IIRAWEL wad Lidva
through celite to afford a yellow oil (734 mg). Silica gel column chromatography (PhH/ether = 100/1) gave
13 (471 mg, 85%) as colorless piates of mp 156 °C (CHCI3) and [a]?5p -21.2 (¢ 0.95, CHCl3)
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UJ

. ,34.0(d, J=14.3 Hz), 35.7, 373(dJ-
12.2 Hz), 46.6, 47.5 (d, J = 9.8 Hz), 55.1 (d, J=222 Hz), 58.6, 59.7, 78.9,79.4, 128.5, 128.7, 132.2, 133 5,
134.5, 135.6, 138.3, 139.2, 139.4, 154.8. IR (nujol): 1680 cm~!. Rf 0.48 (hex/AcOEt = 19/1). MS m/z: 397
(M*). Anal: Calcd. for Co4H3NO,P: C, 72.52; H, 8.11; N, 3.52. Found: C, 72.32; H, 7.91; N, 3.32.
(8)-(-)-1-[2-((diphenylphosphino)methyl)-4,4-dimethylpyrrolidinyl]-2,2-dimethylpropan-1-one 2

A 5.1 N HCl in 1,4-dioxane (50 mL, 256 mmol) was added at 0 °C over 20 min to a solution of 13 (2.1
g, 13 mmol) in 1,4-dioxane (50 mL). The mixture was stirred at rt for 1.5 h and then concentrated. The

mixture was treated three times with PhH and concentrated to afford white solid (5.5 g).
A solution of the ahove solid, E

A e solid, Et3N (2.1 mL, 56 mn

o

(=9 <

W)

-

s

-

ot
4

=

E

X

iG of
NaHCO3, 10 mL of water, and 10 mL of brine, and then dried over Na;SO4. Concentration and silica gel
column chromatography (Hex/AcOEt = 9/1) followed by distillation (0.2 mmHg, 200 °C) gave 2 (4.3 g,
87%) as a colorless gum of [0t]25p +59.8 (¢ 0.95, CHCl,).

PMR &: 0.90 and 1.11 (each 3H, s, CH3), 1.16 (9H, s, +-Bu), 1.67 (1H, dd, J = 9.6, 12.5 Hz, CH>), 1.91
(1H, dd, J = 7.6, 12.5 Hz, CHp), 2.09 (1H, dd, J = 9.8, 12.7 Hz, CH,P), 3.35 (1H, ddd, J= 3.2, 6.0, 12.7 Hz,
CH;,P), 3.15 (1H, d, J = 10.2 Hz, CH;)N), 3.55 (1H, d, J = 10.2 Hz, CH3N), 4.25-4.48 (1H, m, CH), 7.20-
7.65 (10H, m, Ar). CMR d: 25.5, 25.6, 27.5,33.6(d, J=12.2 Hz), 38.6,38.7,44.6 (d,J=9.8 Hz), 56 3 (d, J

1£.£ TIL); D00, D0,/

= 17.1 Hz), 60.6, 128.2, 128.3, 128.4, 128.5, 132.5, 132.8, 133.1, 137.3, 137.4, 139.2, 139.3, 176.6. IR

e S ‘)01 IRAEN
(V1™

(neat): 1640 cm~1. Rf 0.60 (PhH/ether = 20/1). MS m/z: 381 ). Anal: Calcd. for Ca4H32NOP: C,
~E CL. 10 O AC. AT D £77 R oS | ol Ly ¥~ ¥ 4 Ty
75.56; H, 8.45; N, 3.67. Found: C, 75.36; H, 8.43; N, 3.68.

(S)-(+)-1-aza-3,3-bisbenzyi-8, 8-dimethyl-7-oxabicyclo[3.3.0Joctan-2-one 14

A solution of 7 (4.0 g, 26 mmol) in 20 mL of THF was added at —78 °C over 20 min to a solution of
LDA (31 mmol) in THF (30 mL) and stirred for 0.5 h. After addition of benzylbroinide (3.7 mL, 31 mmol),
the mixture was stirred at =78 °C for 1 h. A mixture of LDA (34 mmol) and HMPA (6.0 mL, 34 mmol) in
THF (32 mL) was added. After stirring for 40 min, the whole was treated with benzylbromide (4.0 mL, 34
mmol) and stirred at =78 °C for 3 h. After addition of satd NH4Cl (30 mL), the mixture was extracted with

benzene. The extract was washed successively with 30 mL of 10% HCI, 30 mL of NaHSO3, and 40 mL of
brine, and then dried over Na;SQ4. Concentration and silica ge! column chromatography (Hex/AcQOEt =

10/1) gave 14 (6.4 g, 73%) as colorless needles of mp 89 °C (ether) an [a}25D +75.9 (¢ 1.05, CHCI3).

PMR &: 1.19 and 1.45 (each 3H, s, CH3), 1.70 (1H, dd, J = 7.6, 13.1 Hz, CH») 1.88 (1H, dd, J = 6.8,
13.1 Hz, CH»), 2.55-2.71 (4H, m, CH,Ph, CH;0, CH), 3.12 (1H, d, J = 13.2 Hz, CH,Ph), 3.33 (I1H, d, J =
13.2 Hz, CH,Ph), 3.57 (1H, dd, J = 4.9, 7.3 Hz, CH;0), 7.25 (10H, s, ArH). CMR &: 23.7, 26.0, 29.5, 43.6,
44.8, 57.2, 58.3, 70.0, 90.7, 126.6, 126.8, 128.1, 130.0, 130.6, 137.1, 137.6, 172.4. IR (nujol): 1690 cm~!.
Rf 0.80 (Hex/AcOEt = 1/1). MS m/z: 335 (M*). Anal: Calcd. for CooHo5NO32: C, 78.80; H, 7.51; N, 4.18.
Found: C, 79.0; H, 7.56; N, 3.98.
(5)-(+)-3,3-bisbenzyl-5-(hydroxymethyl)pyrrolidin-2-one 15

A solution of 14 (1.0 g, 3.0 mmol) and p-TsOH (6.0 mg, 0.03 mmol) in MeOH

1 2l Ll A= S aenAfal) KRR PT A SRR PV Ain, Axiaax
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under reflux for 1 h and then cancantratad Qilicra sal rnhamn cheamatngranhs (OLIOT AALNLT _ ANIIN oo
eAILLA AVaARMA IVL 2 iy GG uRvil VUL CIIG aAs. DG 1 LULULLITL VIRULNAWUELaplly (WCIHILL/IVICVUIT = 4071 ) gave
TR QKT vne OVTOLN o bl et e £ A WY L 177 O LA r..10& LY NN e 2 7 Y
13037 g, 7/%) CO10MICSS prisins AcOEt) of mp 136 °C and L J<“pD +34.0 (C 1.U, LHUI3).

PMR &: 1.63 (lH,dd,] 6.8, 13.6 Hz, CH>), 1.98 (1H, dd, /= 7.3, 13.6 Hz, CH>), 2.58-2.68 (4H, m,

PhCHj, CH;0), 3.05 (1H, d, J = 12.9 Hz, PhCH»), 3.14 (IH, d, J = 13.5 Hz, PhCHjy), 3.18-3.26 (1H, m,
CH), 3.72 (1H, brs, OH), 3.96 (1H, brs, NH), 7.16-7.28 (10H, m, Ar). CMR &: 29.5, 43.3, 44.2, 51.0, 53.0,
66.1, 126.6, 126.8, 128.2, 130.0, 130.4, 137.0, 137.4, 180.7. IR (nujol): 3450, 3250, 1675 cm~-1. Rf0.12
(hex/AcOEt = 1/1). MS m/z: 295 (M*). Anal: Calcd. for C1gH21NO3: C, 77.26; H, 7.17; N, 4.74. Found: C,
77.12; H, 7.24; N, 4.73.

(8)-(+)-(4, 4-dibenzylpyn’olidin-2-yl)methan-l-ol 16

LlAl_ A {23 o 06]7 1 in 2 ml . of THF and ctirra, s n and alhimina

LY 3§ O VR L& IIMIL L0 LUNS IR U L AAY QARG SuLiTU @l iU AU L OUGL WULRUE GV Aiuiiuia g Coiunn
chraomataoranhv (CHCOL./MAAaH — Q1Y gavae 1£ (D7 1 o ORON\ ne ralaclace gnimn ~f Tev125 L4 & 7~ 1 18
CalVMaOgrapny \(oaj/ivilun = Frij Bave 16 (2/.1 g, 75%0) a8 CO10fiess guin O1 (0 j*p +34.5 (C 1.1,
Fal b fa i PRY
Crili3).

PMR &: 1.61 (1H, dd, J = 6.9 Hz, 13.8 Hz, CHj), 1.95 (1H, dd, J = 8.3, 13.8 Hz, CH»), 2.56-2.67 (6H,
m, CHyPh, CH20, CH2N), 3.07 (1H, d, J = 12.9 Hz, CH,Ph), 3.16 (1H, d, J = 12.9 Hz, CH,Ph), 3.18-3.25
(1H, m, CH), 3.99 (1H, brs, OH), 7.07 (1H, brs, NH), 7.18-7.32 (10H, m, Ar). IR (nujol): 3300 cm~!. Rf
0.44 (MeOH + 1% Et3N). MS m/z: 281 (M*). Anal: Calcd. for C19H23NO: C, 81.10; H, 8.24; N, 4.98.
Found: C, 81.11; H, 8.27; N, 4.73.
(S)-(-)-tert- butyl 4,4-bisbenzyl-2-(hydroxymethyl)pyrrolidinecarboxylate 17

Prepared as a pale yellow gum of [a]25p +20.5 (c 2.40, CHCIl3) in 84% yield from 16 by the same

LI 13 ) 111

procedure for 11.
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126.3, 126.4, 127.9, 128.0, 130.2, 1304, 137.1, 137 6, 156 7. IR (nUJol) 3300, 1680 cm~1. Rf 0.52

(PhH/AcOEt = 4/1). MS m/z: 381 (M*). Anal: Calcd. for Co4H31NOs3: C, 75.56; H, 8.19; N, 3.67. Found: C,

75.42; H, 8.25; N, 3.66.

(S)-(-)-tert-butyl 4,4-bisbenzyl-2-| ((4-methylphenyl)sulfonyloxy)methyl]pyrrolidinecarboxylate 18
Prepared as colorless crystals of mp 97 °C (ether) and [a]25p —21.2 (¢ 5.0, CHCI3) in 75% yield from

A ¢ RN 1767 M (M m (CHAY 242 and 2 SA (2 c OCHY 270 (9 <

A AVAEN W, e S Ll.llu - 11, ﬂ, 12 uu], 1] F\IT au T T \A«ll, lll’ \,114} T ALIVUR et » NS \ lll, ‘l, A2 lj’, s s 4 T \‘All, D,
CH2N), 2.98 (1H, dd, J = 7.9, 11.0 Hz, CH;0), 3.40-3.52 (2H, m, PhCH; CH;0), 3.62-3.73 (1H, m,
PhCHj,), 3.81-4.22 (3H, m, PhCH,, CH), 7.10-7.28 (1211 m, Ar), 7.68 (2H, brd, /= 5.6 Hz, Ar). CMR &

21.5,28.2,28.4,36.9,38.3,42.6,43.1,43.9, 45.1, 45.5, 54.6, 54.8, 69.9, 70.7, 79.6, 719.8, 126.4-130.4, 132.8,
137.4, 137.7, 144.5, 144.6, 153.4, 153.6. IR (nujol): 1690, 1410 cm~!. Rf 0.84 (PhH/AcOEt = 4/1). MS
m/z: 535 (M*+). Anal: Calcd. for C33H37NOsS: C, 69.51; H, 6.96; N, 2.61. Found: C, 69.52; H, 6.94; N, 2.41.
(S)-(-)-tert-butyl 4,4-bisbenzyl-2-[(diphenylphosphino)methyl]pyrrolidinecarboxylate 19

Prepared as white powder of [0t]25p —52.6 (¢ 1.20, CHCI3) in 85% yield from 18 by the same

procedure for 13.
PMR &: 1.37 and 1.39 (9H, s, 1-

25 25 PTR /s 2.UOTEAIRD R332 333 =

2, CHaP), 2.16 (2H, s, CHyN), 2.77-2.80
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(ITH mi CHADY 200/1H A T—-—10N0 U MII.DhY 2192 /1 A 7T _ 117 > MNLI.DLY 2 A7 71T A T _ 10N
\RAE, iliy NeARJR [y &eZ 7 \(111y Uy J = IV R0, AR ML), J 0L \1X1, U, J = 1 1.4 114, XIDIM ), 3.9/ \(i11, U,J = 11Uy
e MIY DY 2 £77 711 2 F _ 11 A XTI £YIT LY N O N NE 11T MTIN AN T oN SANTT A AT ©
nz, CHoPh), 3.67 (IH, 4, / = 11.2 Hz, CH,Ph), 3.83-3.95 (iH, m, CH), 7.07-7.50 (20H, m, Ar). CMR &
28.5,33.8 (d, /= 13.4 Hz), 35.4 (d, J = 13.5 Hz), 41.7, 42.8, 45.2, 53.6, 54.3 (d, J = 19.6 Hz), 79.1126.2,

128.0, 128.2, 128.3, 128.4, 128.7, 130.0, 132.2, 132.5, 132.8, 133.0, 133.2, 132.5, 132.8, 133.0, 133.2, 137.6,
137.8, 137.9, 154.1. IR (nujol): 1680 cm~!1. Rf 0.3 (hex/AcOEt = 9/1). MS m/z: 549 (M*). Anal: Calcd. for
C36H40NO2P: C, 78.66; H, 7.33; N, 2.55. Found: C, 78.67; H, 7.36; N, 2.39.
(8)-(-)-1-[4,4-bisbenzyl-2-((diphenylphosphino)methyl)pyrrolidinyl]-2,2-dimethylpropan-1-one 3
Prepared as colorless prisms of mp 135 °C (ether) and [a]23p +73.7 (¢ 1.15, CHCI3) in 96% yield from
19 by the same procedure for 2.
PMR &: 1.18 (9H, s, -Bu), 1.34 (1H
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139.3, 177.0. IR (IIUJODZ 1590 cm-1. Rf 0.50 (PhH/AcOEt =9/ l). MS m/z: 53 (M*) Anal: Calcd for
CagH4oNOP: C, 81.02; H, 7.55; N, 2.62. Found: C, 81.19; H, 7.54; N, 2.54.
3,3-dimethyl-5-(2-oxanyloxymethyl)pyrrolidin-2-one 25

A solution of 9 (1.0 g, 7.0 mmol), dihydropyrane (0.71 mL, 7.7 mmol), and p-TsOH (12 mg, 0.07
mmol) in CH,Cly (35 mL) was stirred at rt for 2 h. After addition of ether (20 mL), the mixture was washed
with satd NaHCO3 (10 mL) and brine (10 mL), and then dried over Na»SQ4. Concentration and silica gel

[
: ~
3

40.0, 40.1, 50.4, 62.2, 62.3, 71.9, 99.0, 99.3, 182.2. IR (nujol): 3200, 1700, 1260, 1040 cm~!. Rf 0.48
(CHC13/MeOH = 9/1). MS m/z: 227 (M¥). Anal: Calcd. for Ci2H21NO3: C, 63.41: H, 9.31; N, 6.16. Found:
C, 63.32; H,9.38; N, 5.98.
1,3,3-trimethyl-5-(2-oxanyloxymethyl)pyrrolidin-2-one 26

Prepared as a colorless oil of bp 110 °C at 2 mmHg in 89% yield using methyliodide from 25 by the

same procedure for 29.

PMR §: 1.13 and 1.20 (each 3H, s, CH3), 1.56-2.01 (8H, m, CHp), 2.89 (3H, s, NCH3), 3.38-3.75 (3H
m, CH,0, CH), 3.80-3.96 (2H, m, OCH,), 4.60-4.64 (1H, m, OCH); CMR & 19.1,25.2,25.3, 25.7, 28.4,
30.2,34.1,39.8, 56.1, 62.0, 68.5, 98.7, 98.9, 179.8. IR (meat): 1680, 1280, 1050 cm~!. Rf 0.32 (PhH/AcOEt

= 1/1). MS m/z. 241 (M*). Anal: Calcd. for Ci3H23NO3: C, 64.70; H, 9.61; N, 5.80. Found: C, 63.86; H,
9.75; N, 6.00.
3,3-dimethyl-5-(2-oxanyloxymethyl)-1-benzylpyrrolidin-2-one 29

A solution of 25 (16.0 g, 70.8 mmol) in 80 mL of DMF was added dropwise at O °C to a suspension of
NaH (4.25 g, 106 mmol) in 160 mL of DMF and the mixture was stirred at rt for 2 h. After addition of
benzylbromide (10.1 mL, 85 mmol), the whole was stirred at rt for 2h, and then quenched with 40 mL of satd
NH4Cl. The mixture was extracted with CHCl3 (100 mL x 3), which was washed with 10 mL of satd
NaHCOQ2 and 100 mL of brine, and then dried over Na3SQu4. Concentration and silica gel column
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PMR 5 1.17 and 1.28 (each 3H, s, CH3), 1.39-2.0 (8H, m, CHj), 3.19-3.89 (5H, m, OCHj, CH»0,
CH), 4.08-4.50 (2H, m, PhCH3), 4.98-5.10 (1H, m, CH), 7.08-7.33 (5H, m, ArH). CMR §&: 18.5, 18.7, 24.7,
24.9,25.1, 29.8, 36.4, 36.6, 39.3, 44.1, 52.7, 53.0, 61.3, 67.6, 68.2, 98.2, 126.6, 127.2, 127.3, 127.8,136.6,
179.4. IR (neat): 1680, 1260, 1040 cm~!. Rf 0.60 (PhH/AcOEt = 2/1). MS m/z: 317 (M*). Anal: Calcd. for
Ci9H7NO3: C, 71.89; H, 8.57; N, 4.41. Found: C, 71.72; H, 8.42; N, 4.53.
(8)-(+)-5-(hydroxymethyl)-1,3,3-trimethylpyrrolidin-2-one 27

Prepared as a colorless oil of bp 150 °C at 2 mmHg and [a]25p +6.2 (c 1.70, CHCl3) in 99% yield from
26 by the same procedurc for 30.

Anal: Caled. for CgHsNO7: C, 61.12; H, 9.62; N, 8.91. Found: C, 60.98; H, 9.57; N, 8.95.
(S)-(+)-(5-hydroxymethy!)-3,3-dimethyl-1-benzylpyrrolidin-2-one 30
A solution of 26 (1.90 g, 6.0 mmol) and p-TsOH (10 mg, 0.06 mmol) in 20 mL of MeOH was stirred
under reflux for 4 h, and then concentrated. Silica gel column chromatography (CH3Cl/MeOH = 9/1) gave
30 (1.43 g, quant) as white powder of mp 79.0 °C (CHCl3) and [a}25p +78.3 (¢ 1.0, CHCl3).
PMR &: 1.14 and 1.24 (each 3H, s, CH3), 1.81 (2H, m, CH»), 3.39-3.78 (3H, m, CH,0, CH), 4.17 (1
,J = 12.8 Hz, CHyPh), 4.73 (1H, d, J = 12.8 Hz, CHoPh), 7.08-7.39 (5H, m, PhH). CMR §: 25.3, 36.3
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S )-(+)-1 ,3,3-tnmethyl-5-[ ((4-methylphenyl)sulfonyloxy)methyl}pyrrolidine-2-one 28

Prepared as colorless needles of mp 102 °C (ether-CHCRh) and [o]25p +13.7 (¢ 1.30, CHCl3) in 75%
yield from 27 by the same procedure for 12.

PMR &: 1.06 and 1.10 (3H, s, CH3), 1.56 (1H, dd, J= 7.3, 12.8 Hz, CH»), 1.90 (1H, dd, /= 7.9, 12.8
Hz, CHj), 2.43 (3H, s, ArCH3), 2.70 (3H, s, NCH3), 3.40-3.60 (1H, m, CH), 3.91 (IH, dd, J=17.0, 12.0 Hz,
CH-»0), 4.08 (1H, dd, J = 6.4, 12.0 Hz, CH,0), 7.34 (2H, d, J = 8.1 Hz, Ar), 7.73 (2H, d, J = 8.1 Hz, Ar).

CMR &: 21.6, 25.4, 25.6, 28.3, 36.8, 39.7, 55.1, 69.6, 127.8, 130.0, 132.2, 145.3, 179.7. IR (nujol): 1660,
11~1nnm1 DEN 1Y fhav/A~NEs — 171\ 11 (M. Anal: Calcd e N K7 Q4. 1T
11/ il °. NI VU.1Z2 Ui x/AcCEt = i71). LVIQIIU(, 311 Uvl’ ). Adldl, Ld4dicd. 101 L,ljxx_“uu;;o L, J7.00, 11,
6.80; N, 4.50. Found: C, 57.75; H, 6.89; N, 4.39,

(S)-(+)-3,3-dimethyl-5-[((4-methylphenyl)sulfonyloxy)methyl]-1-benzylpyrrolidine-2-one 31

Prepared as a pale yellow oil of [0]25p +39.3 (¢ 1.0, CHCIl3) in 95% yield from 30 by the same
procedure for 12.

PMR &: 1.14 and 1.22 (3H, s, CH3), 1.64 (1H, dd, J = 6.0 13.5 Hz, CH»), 1.88 (1H, dd, J=9.0, 13.5
Hz, CH>), 2.44 (3H, s, ArCH3), 3.44-3.58 (1H, m, CH), 3.60 (1H, d, J = 12.8 Hz, CHyPh), 3.92 ( 1H,dd, J =
5.3, 9.5 Hz, CH,0), 4.10 (1H, dd, J = 3.6, 9.5 Hz, CH»0), 4.98 (1H, d, J = 12.8 Hz, CHPh), 7.03-7.35 (5H,
m, PhH), 7.33 (2h, d, J = 7.5 Hz, Ar), 7.69 (2H, d, J = 7.5 Hz, Ar). CMR &: 21.5, 25.3, 36.2, 39.7, 44 4,

i) 114 AL
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52.1, 69.0, 127.5, 1278 128 1200 13723 13K () 1457 1708 TR (nnial} 162N 1285 1170 ~m—1  DRF

5 ey RATD, Z&LUNy Al Ty Adddy 1AV, ATULLy 27 7.0 AN (UUWUL ). 100V, 1O0JJ, 117V Llil ™
NAR) (hav/ArOVEt — 171y RMC smalfo: QT (RA+) Armale alad Fae . IT. AN . Q. N £END. 1T £ 0. AT 2 L1
VUL \LAS LIRS = K7L ). VRS IIW L. JOF WYL J. Adldl. Al 106 WD SINU4D. U, OJ.UY, 11, DOV, IN, 3.01
Found: C, 64.82; H, 6.39: N, 3.65

(8)-(-)-5-{(diphenyiphosphino)methyi]-1,3,3-trimethylpyrrolidin-2-one 4

Prepared as colorless needles of mp 71 °C (ether) and [01]25p —67.4 (c 1.0, CHCl3) in 62% yield from
28 by the same procedure for 13.

PMR &: 1.05 and 1.18 (3H, s, CH3), 1.68 (1H, dd, J = 7.6, 12.9 Hz, CH3), 1.97 (1H, ddd, J = 3.1, 9.0,
13.2 Hz, CHP), 2.12 (1H, dd, J = 6.9, 12.9 Hz, CHp), 2.74 (1H, ddd, J = 3.1, 3.1, 13.2 Hz, CH,P), 2.77 (3H,
s, NCH3), 3.32-3.50 (1H, m, CH), 7.26-7.50 (10H, m, Ar-H). CMR &: 25.0, 25.8, 27.8, 34.1 (d, J = 14.7 Hz),
40.3,41.9 (d, J = 8.5 Hz), 54.5 (d, J = 21.9 Hz), 128.5, 128.7, 128.8, 130.4, 130.5, 132.3, 132.5, 132.8,
132.9, 136.2, 136.3, 136.5, 136.8, 179.6. IR (nujol): 1680 cm~1. Rf 0.20 (hex/AcOEt = 1/1). MS m/z 325

7

(M*Y., Anal: Calcd. for ChnHAsANQP- C. 7383:- H. 743N 430 Found- C 73 0-H A6 N A9/
18 Jeo ARAAGA. RRAVRS. AV R LA A LA YACE 0 Ny 17000y Ky Fody LNy TeIU, 2 URLIML. oy TS0V, KX, TU, 1N, T.L7
1c\=lﬁ\-:4u.|:.‘|m.. shosphino)methy!l-2.3-dimethvl-1-benzvinyvirolidin-2-on

U3 J=(~)=S-j{{Gipner puuupmuu;nucuxyq-a,a-uuucul_yl 1-DENZYIPpYTITO1UiN-&

Prepared as colorless plates of mp 156 °C (CHCIl3) and [a]25p —50.5 (c
from 31 by the same procedure for 13.

PMR &: 1.08 and 1.25 (3H, s, CH3), 1.68 (1H, dd, J= 6.3, 12.5 Hz, CHp), 1.82 (1H, ddd, J = 3.1, 6.2,
12.7 Hz, CH,P), 2.11 (1H, dd, J = 5.2, 12.5 Hz, CHyp), 2.72 (1H, ddd, J = 3.1, 3.1, 12.7 Hz, CH;P), 3.22-
3.39 (1H, m, CH), 3.90 (1H, d, J = 12.4 Hz, PhCH)>), 5.07 (1H, d, J = 12.4 Hz, PhCH»,), 7.06-7.36 (15H, m,
PhH x 3). CMR §&: 24.9, 25.5, 33.6 (d, J = 14.6 Hz), 40.3, 41.8 (d, J = 9.8 Hz), 43.9, 51.2 (d, J = 22.0 Hz),
127.9, 128.4, 128.5, 128.6, 128.9, 132.1, 132.4, 132.7, 136.3, 136.4, 136.5, 138.3, 179.7. IR (nujol): 1660
cm~!. Rf0.72 (hex/AcOEt = 1/1). MS m/z: 401 (M*). Anal: Calcd. for Co¢HogNOP: C, 77.78; H, 7.03; N,

249 Fo AF7’7<A A7 N 140

3.87. r'ou i H , .70, 1N, 3.0V,

Ml taecrntn ol Al AP el 2 e Jirmentb e bnrcramendn ¢ bl o lacicen ncedenllad ey P 2o ndhenee cnlarneé (O 7Y 172

CUIL) AL dUUILIUVIL UL 1RGN GHECLIYICUPDI dIC U CHAICUNC CORLTUIICU DY 4 111 CUHICL DUIYCIIL (O =T )~ 1,0~
o ~ N

diphenyibutan-i-one 21) (Tabie 1, run 2).

A solution of methyllithium in ether (2.8 mL, low halide, 1.14 mmol) was added to a suspension of Cul
(109 mg, 0.57 mmol) in ether (5 mL) and the whole was stirred at —20 °C for 20 min. A solution of 2 (230
mg, 0.60 mmol) in ether (2 mL) was added at =78 °C and the whole was stirred for 20 min. A solution of
chalcone (79.0 mg, 0.38 mmol) in ether (3 mL) was added dropwise over 5 min and the whole was stirred at
-20 °C for 1 h. A mixture of 10 mL of satd ag NH4Cl and 10 mL of 23% NH4OH was added and the

mixture was stirred for 30 min. After extraction with ether (20 mL x 3), the extracts were washed
successively with 10 mL of 10% HCI, 10 mL of satd NaHCO3, 10 mL of water, and 10 mL of brine, and

E uu‘»u i el288

then dried over MgSOy4. Concentration and followmg silica gel column chromatography (PhH/hex = 2/1) of

S R AN ~ _ .\ "1 /nn I Ao -1 £ 28 L1 L (A NE N C OO
the residue (400 m g ga ve (+)-21 (88 mg, quait) as a colorless oil of [a]*’p +13.6 (¢ 2.25, CCly) S 93 %
([aJ25p +12.6 (c 2.62, CCly).13 PMR &: 1.2 (3H, d, J=6.4 Hz, CH3), 3.0-3.5 (3H, m, CHPh, CH,CO), 7.0-7.8

(10H, m, ArH). IR (neat): 1690 cm~!. Rf 0 46 (PhH/hex = 4/1). MS m/z 224 (M+). HPLC: Daicel
ChiralPak AD, Hex/iPrOH = 30/1, 0.5 mL/min, 250 nm, rt (min), con (%): 17.1, 94.8; 21.3, 5.20, $-90% ee.
The ligand 2 (209 mg) was recovered in 91% yield.
Catalytic conjugate addition of lithium butylmagnesium chloride to cyclohexenone controlled by 2 in
ether solvent (S-(-)-3-butylcyclohexan-1-one 24) (Table 3, run 2).
A suspension of Cul (90 mg, 0.08 mmol) and 2 (115 mg, 0.32 mmol) was stirred in ether (8 mL) at rt
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for 20 mi The susnencion wae canlad ta 7R °C and RuMof™l (D) 80 T 1 12 smaanl) in athae wne addad
LAF 1113232 = IV SWMIpVERISIUIE SY B0 WUNVRWG W fU @i DUIVIER] (V.U L, 1,10 IIIUL) 1H CUICh wad auuaclu

Aftar H) min ctirmin cnhitiomn Af Y awrnlabhaw oo, R L SEPPE Iy L WU S AR (5 T B m

FaSticigpiv ittt g 1 L~CYyC10i1l 1) 1N €CLOCT (£ INL.) was aaacda OPWISC ine

at sual workup and purification by column chromatography
(SiO2, hexane/EtOAc = 4/1) followed by distillation afforded (-)-24 ([0t]25405 ~74.8 (c 1.30, CHCl3)) in
92% ee and 82% yield.

Ee was determined by 13C-NMR analysis of the corresponding diastereomeric ketals prepared with
(R,R)-2,3-butanediol. The absolute configuration was determined by specific rotation.14
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