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Abstract:

The Ca-symmetric bis(aziridine) ligands 1 - § have been screened in the enantioselective
addition of organoiithium reagents to imines. Ligand 1 (used in stoichiometric amounts)
was found to be superior in terms of chemical yield and enantioselectivity, the best result
being 90% yield and 89% e.e. in the addition of vinyllithium to imine 6a. Use of ligand 1
in substoichiometric amounts gave poorer yield and lower enantioselectivity. The
enantioselectivity of the reaction was investigated as a function of substrate, reagent,
stoichiometry and temperature, but no firm mechanistic conclusions could be drawn.
Prehrmnary results with deuterium-labelled methyllithium indicate complexation/exchange

te. © 1998 Elsevier Science Ltd. All rights reserved.
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Introduction. In a recent review, Denmark and Nicaise [1] summarised the current state
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functions (Scheme 1).

0040-4020/98/% - see front matter © 1998 Elsevier Science Ltd. All rights reserved.
P{I: S0040-4020(98)00675-9




—

—

Ln

el

50 P. G. Andersson et al. / Tetrahedron 54 (1998) 11549-11566

L R"Li or R"pZn R

i T

Py Chiral Ligand )\

R H R R"

Scheme 1. Enantioselective addition of organometallics to imines.

amounts (most especially systems which display the phenomenon of ligand accelerated
catalysis [4]). We have already presented some preliminary data [5c] for the addition of
MelLi to imine 6a in the presence of stoichiometric or catalytic amounts of C,-symmetric

bis(aziridine) ligands [5] (Scheme 2) and we now wish to present some new results from a

broader study of this reaction type, using the ligands 1 - 5.
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the first attempt, and proved to be superior to 2 - 5 in all respects (including ease of
preparation) it was chosen for closer evaluation, with further variation of alkyllithium,
stoichiometry, temperature and substrate. It may be noted that in the reactions involving
ligand 1, a (ligand:organolithium) ratio of 2:1 was best for BuLi, while a ratio of 1:2 was

best for MeLi. We shall return to this point later.
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Table 1. Addition of methyi- or butyliithium to imine 6a mediated by ligands 1-5.
Chiral Ligand

OMe i i OMe
/\”/ Bul.i (1 equiv.) /\/
A MeLi (grequiv.) R ).\\/il

N -~ HN S
1 Toluene, -78°C |

PI‘/KH o Ph/‘\*R

6a 7a
Entry  Ligand (equiv)  RinRLi Yield (%)& ee (%)’ Configuration®
1 none Bu 90 - -
2 none Me <10 - -
3 1(2) Bu 44 68 R
4 2(2) Bu 38 36 R
5 3(1) Bu 41 0 -
6 4(1) Bu 45 52 R
7 5(2) Bu 50 <5 R
8 i) e 47 67 A

2 |solated yield after flash chromatography (silica gel, ethyl acetate/hexane or pentane/ether).
bDetermined by HPLC analysis, using a chiral column (Chiralcel OD-H); racemic product synthesized by

s o TRACTA on lemnmd C Qan avmavineamtal oo
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Table 2. Addition of various organolithiums to imine 6a (6b) mediated by ligand 1.

/\M/RI Ligand 1 (1 equiv.) a | R
..)\ RLi(2 equiv.) - /K J

\o

N™ - HN™ ™
/lk Toluene, -78°C /l<
R" H R" R
6a R'=0OMe, R"=Ph 7aR'=0Me,R"=Ph
6b R’ = H, R" = p-MeO-Ph 7b R’ = H, R" = p-MeO-Ph
Entry Imine R in RLI Yield (%) ee (%) Configuration

1 6a Me 47 87 R
2 6a n-Bu 56 61 R
3 6b Ph 78 <5 -
4 6a vinyl 90 89 -
5 6a 2-furyl n.r2 - -
6 6a 2-thienyl n.r2 - -
7 6a 2-picolyl nrd . -

The results of screening some readily available organolithium reagents with ligand 1
are collected in Table 2. In these experiments the (ligand:organolithium) ratio was 1:2. Use
of butyllithium under these conditions gave slightly higher chemical yields as compared to
methyllithium, but the e.e. remained around 60%. For obvious reasons, phenyllithium was

not used in conjunction with 6a, but the result with imine 6b is included in Table 2 (entry 3)
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95°C, entry 1) and the enantioselectivity was steadily eroded as the temperature was
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Table 3. Addition of n-BulLi to imine 6a mediated by ligand 1: variation of stoichiometry.2

Entry Equiv. Buli Equiv. ligand 1 Yield (%) ee (%) Contiguration
1 2 1 58 81 R
2 2 0.1 31 44 R
3 2 4 50 60 R
4 1 4 40 50 R
5 1 2 44 68 R
6 1 1 67 60 R
7 4 2 51 64 R
8 4 1 70 50 R

@ Reactions run in toluene at -78°C.

Table 4. Addition of n-BuLi to 6a mediated by ligand 1(1 equiv.) at various temperatures.?

Entry Temp. (°C) Yield (%) ee (%)
1 -95 75 65
2 -78 67 60
3 -43 69 44
4 20 45 21

@ Reactions run in toluene.

Table 5. Addition of n-BulLi (1 equiv.) to 6a, 8 and 9 mediated by ligand 1(1 equiv.).2
OMe
N _OMe /\I /\I/
0 . I

Entry Imine Yield (%) ee (%)
i 6a 87 60
[s) a A 4A
< Qo Q7 i
e} a no 1N
I =4 T v

@ Reactions run in toluene at -78°C.

[}
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Continuing with the ligand:organolithium ratio of 1:1, we briefly investigated the effect
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yields and poorer enantioselectivity.
Finally, we attempted to obtain some insight on the nature of the reactive species in the

e al 1

rium-labelled methyllithium, according to Scheme 2.

/\IKOMG Ligand 1 (1 equiv.) I/\”/C)Me
PN

! ) RLi (1 equiv.)

b

A — ) HN
Il ii) R'Li (1 equiv.) I,
P H Toluene, -78°C ph/\ R(R)
6a (1 equiv.)
Expt. R R' Ratio CH3 : CDj4 in product
1 CH3 CD3 30:70
2 CD3 CHg 70: 30

Scheme 2. Deuterium-labelling studies of the addition of methyllithium to 6a mediated by ligand 1.

Ligand 1 (1 equiv.) and imine 6a (1 equiv.) were dissolved in toluene under argon at -
78°C. CH,Li (1 equiv.) was added, and after 20 min. CD,Li (1 equiv.) was added. Afte

]

one
hour at -78°C, quenching and workup as described in the Experimental provided a mixture
of addition products, the ratio between undeuterated and deuterated product being measured
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ratios in both experiments being identical within experimental error. This interesting result

obviously warrants further investigation of complexation/exchange phenomena involving

In conclusion, we have screened a variety of chiral bis(aziridine) ligands for the
enantioselective addition of organolithium reagents to imines. The stereoselectivity of the

reaction was found to depend on many parameters, and it is difficult to draw detailed
mechanistic conclusions at this point. Thus, although our best results (90% yield and 89%

e.e.) are on a par with the best in the literature [ 1], we concur with the recent statement [1]



by Denmark and Nicaise: "The search for a new and practical enantioselective addition to

mthetic cheimn € time to come".
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This is particularly true for the catalytic version of the reaction [8].
Acknowledgements. We thank the Swedish Natural Science Research Council, the
Swedish Foundation for Strategic Research, Danish Natural Science Research Council, and
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instrument (CDC1,/TMS). Mass spectra were recorded on a Finnigan MAT INCOS 50
instrument at 70 eV. IR spectra were recorded on a Perkin-Elmer 1600 FTIR instrument.
y chiral HPLC using an OD-H column. Upucai
rotations were recorded on a Perkin-Elmer 241 polarimeter. Elemental analyses were
performed by Mikroanalytisches Laboratorium, Institut fiir Physikalische Chemie,
University of Vienna, Austria. and Mikro Kemi AB, Uppsala, Sweden. Toluene was dried
over sodium hydride and distilled under nitrogen atmosphere. All lithium reagents were
titrated before use [9]. According to the supplier (Aldrich) the methyllithium solution

contained 0.4% LiCl. No attempt was made to determine the halide content (if any) of the

QH
W/\ \///\VJPh .___a—._ PK/\V/.:\.V, Ph bij /O\
P : Ph\/u-,,,, _Ph
OH
(See refs. 10 and 11) 10 11
&j 5 Ph\, o 1 Ph
H h,i
c,d P _-Ph e f 0 Y ﬂ H & _ A
—_— Pn ~ —_— TN N, |‘\/ . —_—— Z
: Y N Y Y om
G B BN
P Ph
12(R=TBS) 13 (R=TBS)
a) AD-mix-B, -BuOH/HO, MeSO,NHj,, 82%. b) (i) MeC(OMe)s3, p-TsOH, CHLCl; (il) TM Cly; (ii1) KLCO3,

= 2
172)
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DMF, rt, 94%.
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MeOH, 83% from 10. ¢c) NaN3, NHCIl, 2-methoxyethanol/H,0, 90°C, 949

¢) PhyP, THF/H;0, reflux, 94% f) Oxalyl chloride, toluene/pyridine, rt, 56% g) BH3TH F cﬂux 69% h) BusNF, THF,
rt.,72 %. 1) PhaP, DEAD, THF, rt, 67%.
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(See ref. 10) 14

a) Ethylenediamine (0.5 equiv.), reflux, 45%. b) PhyP. DEAD, THF, rt, 45%.

Ligand 2
(N 1 A_hntana 2R AR_Ainl 10 wae nhfainad reamm 1 A_dinhanvl_tranc frame 1 2_
\l} Ly T TUUMALIVT LIy JEAN AV A v Y €L VU LALlIIwv ALALAR P ulyll\lll] L1721 AT, LItaiig, 140

compared to that reported for the enantiomer [11c] ([(x] 60°C 146 (c 1.1, CHCI,)). We have

no explanation for this discrepancy, and no further attempts were made to determine the e.e..

(ii) 1,4-butane-2R,3R-diol 10 (8.70 g, 36.0 mmol) was dissolved in methylene chloride
(500 mL). A catalytic amount of p-toluenesulphonic acid was added followed by trimethyl

orthoacetate (5.41 mi, 43.0 mmol). After 48 h the solvenis were removed in vacu
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removed in vacuo to give (2R, 35)-1,4-diphenyl-3-chloro-2-acetoxy-butane. This was
d

carbonate (9.96 ¢. 72.0 mmol) was
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followed by
saturated ammonium chloride (50 mL) and an additional amount of brine (50 mL). The

organics were dried over MgSQ4 and the solvents were removed in vacuo. The residue was

i1 (6.63 g, 83%) as a colourless oil. Ry (EtOAc-hexane, 1:9) 0.49. 'H-NMR(CDCI3) 7.34-
7.16 (10 H, m), 3.0 (2 H, m), 2.91 (2 H, dd, J=14.5, J=5), 2.81 (2 H, dd, J=14.5, J=5). °C-

NMR(CDCl3): 137.2, 128.9, 128.5, 126.6, 58.7, 38.3. IR: vmax(liquid film)/cm™': 3028,
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2976, 2917, 1949, 1879, 1810, 1605, 1496, 1454, 1200, 1190. Anal. Calcd. for C;¢H;6O:
C.85.68; H, 7.19. Found: C, 85.77; H, 7.20. [a] ***"" +21.41 (c 1.06, CH,CL,).

(iii)) The epoxide 11 from above (6.53 g, 29.1 mmol) was dissolved in 2-
methoxyethanol (116 mL) and water (14.5 mL). Ammonium chloride (2.80 g, 52.4 mmol)

and sodium azide (/.93 g, 122.3 mmou were added in that order. The reaction mixture was

stirred at 95°C for 17 h, at which pomt TLC (10% EtOAc/hexane) indicated only a minor

F 32 n
11

=3

and then poured into water (200 mL). The aqueous phase was extracted with ether (3 x 50
mL) and the combined organics were washed with brine (50 mL), saturated ammonium
chloride (50 mL) and dried over MgSQy4. After filtration and removal of solvents in vacuo,
the residue was purified by flash chromatography, eluting with 5:95 EtOAc-hexane to give
azidoalcohol 12 (R=H) (7.78 g, 94 %) as an oil. R¢ (EtOAc-hexane, 1:9) 0.29. 'H-NMR
(CDCly) 7.39-7.20 (10 H, m), 3.88 (1 H, m), 3.67 (1 H, m, J=4.5), 3.05 (2 H, m), 2.82 (2 H,

s & 2 Ay 2217, .00 L2 RAy AL, Tid s eV (& 235 22 SOL (& 23,

m), 1.82 (1 H, dd, J=4.0, J=2.0). *C-NMR (CDCl5): 137.5, 137.4, 129.3, 129.2, 128.7,

17 [e] ~
/

O 177
128.6, 126.8,

™ 712 b | £L£:1 A -] S f\/

~ NL D h s a O A 1. - - . ANND AN
2, 36.3. IR: vmax(liquid film)/cm™': 3426, 3028, 2920,
72.

2108(N3), 1603(Ph), 1495(Ph). Anal. Calcd. for C1sH;7N30O: C, 71.89; H, 6.41; N, 15.

(o))
[
o
L

A 1
4.1,

o,

Found: C, 72.18: H, 6.43; N, 15.92. [(x]ng‘G € +3.35 (¢ 1.02, CH,Cl,).

(iv) The azido alcohol 12 (R=H) from above (7.26 g, 27.2 mmol) and imidazole (2.78
g, 40.8 mmol) were dissolved in dry DMF (40 mL) under an argon atmosphere. 1
(Dimethylethyl)dimethyisilyl chioride (8.19 g , 54.3 mmol) was added neat in portions.
After 42 h the reaction mixture was added to water (100 mL) and ether (200 mL). The
he organic phase was washed with saturated ammonium chlorid

he solvents were removed in vacuo and the
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m), 3.96 (1 H, m), 3.60 (1 H, m), 2.67 (2 H, m), 2.61 (2 H, m), 0.86 (9 H, s), -0.6 (3 H, s), -
0.35 (3 H, s). >*C-NMR (CDCI3) 138.2, 138.0, 129.8, 129.1, 128.6, 128.3, 126.7, 126.4,

76.0, 68.1, 39.2, 36.5, 25.8, 17.9, -4.8, -5.3. IR: vmax(liquid film)/cm™' 3414, 2953, 2856,
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(v) The silyl ether 1Z (R=TBS) from above (9.79 g, 25.6 mmol) and triphenyiphosphine
(8.88 g, 33.9 mmol) were dissolved in THF (45 mL) under an argon atmosphere. Water (20

ame TN fnead METEY AN TN oo AT T 1 el o idicin exran maflicieead L0 01T L. A -~ 1 32.°_ ___ .1
L.} a4l 1I11rC {(4U I11.) WCIC dUdcd dalld UIC I[MHALUIC Wdd ICIIUACU 101 | 1. All 4U0Jl1U0Ildl
amount of tnphenylphospme (3.0 g, 11.4 mmol) was added and the mixture was refluxed for

with CH,Cl; (3 X 60 mL). The organics were dried over MgSQ4, filtered, and the solvents
removed in vacuo. The residue was purified by flash chromatography, eluting with EtOAc-
hexane as a gradient from 1:20 to 1:1. This gave the primary amine corresponding to 12

, 94%) as an

7

=
©

=,
=
=

1:1) 0.38. '"H-NMR (CDCI3) 7.37-7.16 (10 H

NAVEAEN (M ArNx [ ) e 7. LV P ® %

[0],*7C+26.8 (c 1.05, CH2C12).

co
N

fram ahava (
1< auuuc HIULL avuve (

dropwise. After I h, cooling was removed and the mixture was stirred at room temperature

for 17 h. The mixture was added to ethyl acetate (200 mL) and washed with saturated

FEMN TN o X N T\ TL PRGN PR R I S S S U7 RS e |
CUdU4 (OU L) Al WALCT \OU 11L). 1N¢€ COmoIr C agucousd p[ldbe WwWCIC CXlld.LLC WIL Cliyi
acetate (2 X 100 mL). The combined organics were dried over MgSOQy, filtered, and the

with 5% ethyl acetate-hexane to give 13 (5.40 g, 56%) as an oil. R¢ (EtOAc-hexane, 1:9)
5,

0.53. 'H-NMR (CDCl;) 7.45-7.12 (20 H, m), 4,24-4.05 (4 H, m), 3.07 (2 H, dd, J=4.
J=13.0),2.93 (2 H, dd, J=4.5, J=13.0), 2.88-2.76 (4 H, m), 0.94 (18 H, s), 0.06 (6 H, s), -0.30

13 JES— . N -

(6 H, s). '"C-NMR (CDCl3) 158.8, 137.9, 137.6, 129.4, 128.9, 128.4, 128.3, 126.5, 126.3,



(liquid film)/em™! 3392, 3086, 3063,

3028, 2954, 2929, 2886, 2
C,72.35; H, 8.29; N, 3.74.

ara f‘ Thl—\ annpgn

the ph: W parated. The aqueous p
50 mL). The combined organic phases were dried over MgSO,, filtered and the solvents
were removed in vacuo. The residue was purified by flash-chromatography, eluting with 30
% ether-pentane to give the diamine (130 mg, 69%) as an oil. R, (EtOAc-hexane, 1:3) 0.43.
'"H-NMR (CDCl,) 7.39-7.08 (20 H, m), 3.78 (2 H, ddd, J=7.5), 2.89 (7 H, m) 2.72 (7 H, m),
2.02 (Z H, bs), 0.80 (18 H, s), -0.20 (6 H, s), -0.55 (6 H, s). "C-NMR (CDCl,) 139.9 139.5,
129.7, 129.1, 128.4, 128.1, 126.2, 125.9, 75.14, 64.8, 48.9, 38.1, 37.5, 25.9, 17.9, -4.8, -5.6.

under argon atmosphere. Tetrabutylammonium fluoride (18.0 mL, 18.8
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©
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mmol, 1

55
ﬁ
&
=
7

8
in THF) was added and the solution was stirred at room temperature for 36 h.
were removed in vacuo and
and water (20 mL) The phases were separated and the aqueous phase was extracted with
methylene chloride (2 x 50 mL). The combined organics were dried over MgSQ,, filtered
and the solvents removed in vacuo. The residue was purified by flash chromatography,
eluting with 5%-10% methanol-EtOAc to give the desired diaminodiol (1.36 g, 72%) as
crystals (mp 102.0-104.0°C). R, (MeOH-EtOAc 1:9) 0.14. '"H-NMR (CDCl,) 7.39-7.11 (20

H, m), 3.85 (2H, ddd, J=2.5, J=5.0), 2.98-2.56 (12 H, m), 2.42 (6 H, m). "C-NMR

(CDC1,)138.9, 1

IR: uvmax(liquid film)/em' 3384, 3061, 3026, 2927, 1602, 1495, 1454, 1078, 1046.

27 1701 270N 19Q &
J0 147.1 J

, 129.0, 128. 2.(/1 179470 71 8 &)1 /1693

QK
0.4, 1£0.4, /1.9, 0.0, 4 , J0.0

(OS]
=N

Q
7, , .0.

QN IQ- I 70 N 5%
OuU.L0O 1.7 J.d

250°C £
, I, y AN, -U

Q

C,H,N,0,: C, o, (c

1.24, CH,Cly).
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) The diaminodiol from above (1. 2.67 mmol) an

£,
under an argon atmosphere. DEAD (1.26 mL, 8.01

L)
ition. The mixture was stirred at room tempera

peidaiial

mmol) were dissolved in THF (50 m
solu

mmol) was added dropwise to the e for

12 h and precipitation of triphenylphosphine oxide was observed. Solvents were removed in

vacuo and the residue was purified by flash c,hromatography, first eluting 50% EtOAc-

0
(MeOH-EtOAc 1:9)=0.30. '"H-NMR (CDCl,): 7.3

9 L

(2H,dd,1=8,J=26),2.53(2H,dd, ] =8.0,]=26.0), 2.152
.40 (2 H, m). "C-NMR (CDCI) 139.7, 139.4, 131.9, 128.

1603, 1495, 1454, 1119, 1073, 1029, 910. C,,;H,.N,: C, 86.40; H, 7.68; N, 5.93. Found C,
86.46; H, 7.72; N, 5.82. [a],**“+10.9 (¢ 1.27, CH,CL).

Ligand 3
(i) 1,4-benzyloxy-2S,3S-butyloxirane (1.42 g, 5.00 mmol) and ethylenediamine (160
uL, 2.5 mmol) were mixed and refluxed during 3 days under an argon atmosphere. The
reaction mixture was partitioned between ether (50 mL) and water (50 mL). The aqueous

phase was extracted with ether (2 x 50 mL) and the combined organic phases were dried

recovered starting material (100 mg, 7 %). Rf (methanol-methylene chioride, 1:1) 0.45. Ih.
NMR (CDCl3): 7.40-7.23 (20 H, m), 4.49 (4 H, AB, JAB=12.0), 4.491 (4 H, AB,
JAB=11.0), 4.00 (2 H, app. q, J=4.8), 3.69 (2 H, bs), 3.60 (4 H, d, J=5.2), 3.57 (2 H, dd,
J=10.0, J=5.2), 3.52 (2 H, dd, J=10.0, J=5.2), 2.94 (2 H, app. q, J=5.2), 2.81 (4 H, AA'BB").

I3C.NMR: 137.81, 137.6, 128.23, 128.19, 127.76, 127.57, 127.49, 73.15, 71.32, 69.09,

=7 v

68.47, 58.94, 46.15. IR: vmax(liquid film)/cm'i: 3331, 3087, 3063, 3030, 2861, 1496, 1454.

rr T T +

FABMS calcd. for C,H, N,O([M+H]"): 629.3591. Found: 629.
CH,Cl,).

N

361

~ s

-42.9 (¢ 1.05,

27.5°C
27.

p._a

- [ody
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i) VULLIPUUIIU 35 (V.01 g, 1.40 ILHIIVI) Wad UIDOULYOU 111 11D \1J 1ty aau putl unlll di

argon atmosphere. Triphenylphosphine (0.81 g, 3.07 mmol) was added followed by diethyl
azodicarboxylate (0.40 mL, 2.56 mmol). The reaction mixture was stirred for 24 h f

by evaporation in vacuo. The product was purified by a filtration through silica using ether
followed by methanol for elution. The methanol solution was collected and the solvents
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EtOAc-methanol to give 1,2-bis-2R,3R-[(bensyloxymethyl)aziridinyl]lethane 3 (340 m
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4 H, app. s), 3.75 (2 H, dd, J=11.0, J=4.0), 3.62 (2 H, dd,
( A

39.54.1
HuN,O,: C, 77.00: H, 7.48; N, 4.73. Found: C, 77.12: H, 7.27: N, 4.65.
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bis(aziridine) ligands (Table 1, entries 3-7; Table 2, entry 2; Tables 3, 4 and 5.)

5.
To a solution of N-phenylmethylene-4-methoxybenzeneamine 6a (20 mg, 0.090 mmol)

C under an argon atmosphere,

o : -
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exane). The reaction was
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vacuo and the residue was purified by flash-chromatography, eluting with 0-25% ethyl
acetate-hexane to give N-(4-methoxyphenyl)-oa-butylbenzenemethaneamine. The

enantiomeric excess was determined by chirai HPLC using a Chiracel OD-H column (10%
isopropyl alcohol in hexane gave baseline separation, major isomer 11.4 min. and minor

isomer after 10.5 min.). The absolute configuration was determined by comparing both the

optical rotation and the retention times on the chiral column to literature values [6]. The
nhvcical and enectral data were in accord with thoee renorted 71 For vielde and
yll] Diwial [#38RV Y Ul.l\.l\dl—l Al uul—u ¥ Wi il LA AV S W 4 Y LLAX VAL I 1\/1.’\.}1 A L I J A Vi J ANV ANED CRALANS

enantioselectivity, see Tables 1-5.
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(Table 1, entry 8)

To a solution of N—phenylmcthylene—4—methoxybenzeneamine 6a (80 mg, 0.383 mmol)

1 mn ~NOO

in toluene (7.0 mL) at -78°C under an argon atmosphere, was

o)
e
Q
[
—~
—
wn
\C
x
S
Q.
o0
(6%
S B
=
=2
—
—

.85 mL, 0.765 mmol, 0.9 M solution in ether) over 1h. The reaction,

12 h. After reaching room temperature the reaction mixture was added to water (5 mL) and

the layers were separated. The aqueous phase was extracted with ether (3 x 5 mL) and the

combined organic layers were washed with brine (5 mL), dried over MgSQO4, filtered and th

solvents were removed in vacuo. The residue was purified by flash chromatography, elutin

with 5-15 % ether-pentane to give N-(4-methoxyphenyl)-o-methylbensenemethaneamine.

The enantiomeric excess was determined by chiral HPLC using a Chiracel OD-H column

(2% 1sopropyl alcohol in hexane gave baseline separation, major isomer 27.24 min. and
minor isomer after 24.01 min.). The absolute configurati s determined by comparing
both the optical rotation and the retention times on the chiral column to literature values [6]

The physical and spectral data were in accord with those reported (see supplementary

material in ref. 6). For yields and enantioselectivity, see Tables 1 and 2.

dition of Phenvyllithium t

.
Q
,
:
5
~
I

To a solution of N-(p—methoxyphenylmethylene)—benzeneamine 6b (40 mg, 0.189
mmol) and 1 (0.189 mmol) in THF (3.5 mL) at -78°C under an argon atmosphere was added
phenyllithium (0.12 mL, 0.19 mmol, 1.6 M solution in cyclohexane/ether 70/30) over 60
minutes. The reaction was monitored by TLC (50% ethyl acetate/hexane). After 3h the
reaction was quenched by addition of methanol at -78°C. Some silica gel was added to the
reaction mixture and the solvents were removed in vacuo . The residue was immediately

purified by flash chromatography,
r o o r o
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AA'BB’, ], = 8.5), 6.79 (1 H, app. t, J=7.0), 6.62 (2 H, app. d, J=7.5), 5.55 (1 H, 5), 4.30 (1

H, bs), 3.90 3 H, s). '>*C-NMR: 129.1, 128.7, 128.6, 127.3, 127.2, 117.6, 114.1, 113.4,
110.3, 108.8, 62.4, 55.2. IR: vmax(liquid film)/cm™ 3413, 3051, 3027, 2933, 2836, 2360,

pevie s

1888, 1602, 1502, 1463, 1427, 1313, 1249, 1178. Anal. Calcd. for CooH9NO: C, 83.01; H,
6.62; N, 4.84. Found C, 83.27; H, 6.70; N, 4.69. [at] ;> +1.67 (c 0.3, CH;Cl;). No attempt

ke &rc = b . of

was made to determine the absolute configuration of the major enantiomer.

Addition of vinyllithium to 6a (Table 2, entry 4)

To a solution of N-phenylmethylene-4-methoxybenzeneamine 6a (80 mg, 0.38mmol)
and ligand 1 (151 mg, 0.38 mmol) in toiuene (3.5 mL) at - 78°C under an argon atmosphere
was added vinyllithium (0.44 mlL, 0.76 mmol, 1.74 M solution in THF, freshly prepared
from butyllithium and tetravinyltin) [12]. The reaction mixture was stirred for two hours

followed by addition of methanol. Some silica was added to the reaction mixture and the

ethyl acetate in hexane to give N—(p—methoxyphenyl)—a—ethenylbenzenemethaneamine (80

mg, 89%). The enantiomeric excess was determined by chiral HPLC using a Chiracel OD

column to be 89% (10% isopropyl alcohol in hexane gave baseline separation, rnajor isomer

13.76 min. and minor isomer after 11.72 min.). The data obtained were in accord with those

tasmmina

I\T

N’
-
4
QJ

absolute configuration of the major enantiomer.

Addition of butyllithium to 8 (Table 5, entry 2)
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To a solution of N-phenylmethylene-2-methoxybenzeneamine 8 (40
and 1 (78 mg, 0.18 mmol) in toluene (3.5 mL) at -78°C under an argon atmosphere was
added butyllithium (0.11 mL, 0.18 mmol, 1.58 M solution in hexane ). The reaction mixture
was stirred at -78°C for two hours followed by addition of methanol at that temperature.
Some silica was added to the reaction mixture and the solvents were removed in vacuo. The
residue was purified by flash chromatography, eluting with 0-15 % EtOAc-hexane to give
N-(o-methoxyphenyl)-a-butylbenzenemethaneamine (20 mg, 42%) as an oil. The
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column (10% isopropyl alcohol in hexane gave baseline separation, major isomer 9.70 min.

and minor isomer after 13.83 min.). R (EtOAc-hexane, 1:19) 0.41. lH-NMR(CDCb): 7.44-

722 (5H,m), 683 (1 H,dd,J=75,J=15),6.78 (1 H,dt,J=7.5,] = 1.5),6.65 (1 H, dt,
J=7.5, J=1.5), 6.41 (1H, dd, J=8.0, J=1.5), 4.75 (1 H, bs), 4.35 (1 H, app. t, ] = 6.5), 3.96
(3H, s), 1.90 (2 H, m), 1.42 (4 H, m), 0.96 (3 H, app. t, ] = 7.0). ’C-NMR(CDCI3): 146.55,

144.55, 137.35, 128.44, 126,37, 121.11, 116.08, 110.80, 109.18, 58.07, 55.44, 38.79, 28.54,
13.99. IR: vmax(liquid film)/cm™ 3430, 3062, 2932, 2858, 2364, 1603, 1512, 1454, 1427,
1242, 1222, 1176, 1030. Anal. Calcd. for C,;H,,NO C, 80.26; H, 8.61; N, 5.20. Found C,
80.09; H, 8.63; N, 5.21. [ot],** + 6.56 (¢ 0.51, CH,Cl,). No attempt was made to determine

the absolute configuration of the major enantiomer.

Addition of butyllithium to 9 (Table 5, entry 3)
To a solution of 9 (50 mg, 0.24 mmol) and 1 (102 m

mg, l mm d 1 mg,

atmosphere at -78°C in toluene (3.5 mL) was added butyllithium (0.16 mL, 0.24 mmol, 1.53

M in hexane). The reaction mixture was stirred for 2 h followed by addition of methanol at -

[ . am . S i s e . - R |

nts were removed in vacuo and the crude product was purified by
flashchromatography, eluting 0-25% EtOAc-hexane to give N-(4-m thoxyphenyl) a-butyl-
T

trans-2-(2-nentenvll-m
= \h y\ill‘a\/lljl}

neamine (18 mo QQGZ\) as an

2
R NLISSYEAR AT NY x 115, JI /U

determined to be 10% by chiral HPLC using a Chiracel OD-H column (5 % isopropyl

alcohol in hexane gave baseline separation, major isomer 7.97 min. and minor isomer after

. R¢ (EtOAc-hexane, 1:19) 0.28.'H-NMR (CDCl3): 6.74 (2 H, AA"of AA'BB’,
BB” of AA’BB", J,,=8.5), 5.40 (1 H, bt, J=7.0), 3.74(3 H, 5), 3.58(1H

gl ML 7

,2.04 (2 H, app. q,J=7.5), 1.55 (2 H,m), 1.51 (3H,s), 1.34 (4 H,m),
2

7.47 min.

=) v
n
(W)}
o~
[NS) A
'I

(CDCl3): 151.56, 142.13, 134.48, 128 .94

114.57, 114.43, 62.02, 55.76, 34.23, 28.61, 22.59, 20.95, 14.18, 14.06, 11.15. IR:
Vmax(liquid film)/cm™ 3403, 2959, 2932, 2871, 1512, 1244, 1237, 1038, 819. Anal. Calcd

for C,H,,NO C, 78.11; H, 10.41; N, 5.36. Found C, 78.38; H, 10.31; N, 541. [o],"** -0.17
(¢ 0.71, CH,Cl,). No attempt was made to determine the absolute configuration of the major

enantiomer.
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ligand I to give 1-vinyl-8-methoxy-1,2,3,4-tetrahydroisoquinoline.

To a solution of ethoxy-3,4-dihydroisoquinoline (50 mg, 0.31 mmol) and 1 (258

e on eV A & YN Y o o . L _. TQO . 11,1
mg, V.04 minol) in toiuene (5.0 INL) undaer an argon aumospnere at -/6 LU wds added
vinyllithium (0.78 mL, 0.62 mmol, 0.8 M in THF, freshly prepared from butyllithium and
totravinvitin) 121 Tha raastinn miytiura wace ctirrad for 2 nllawead hy additinn af mathananl
wviliQr v il ltlll} llL‘J Al AVAVLIUVLL JLIINALVULW YYD DLV LU o I L UsIvUYVGA U CALVIUIALIVLL Ul 11w ULLILGELIVE

at -78°C. The solvents were removed in vacuo and the crude product was purified by flash-
chromatography eluting 5:95 MeOH-CH,C], to give of 1-vinyl-8-methoxy-1,2,3,4-
tetrahydroisoquinoiine (47 mg, 81 %) as crystais (mp 59.5-60.5°C). The enantiomeric excess
was determined to be 20 % by chiral HPLC using a Chiracel OD-H column (5 % isopropyl

alcohol in hexane gave baseline separation, major isomer 16.5 min. and minor isomer after

18.3 min.). R(1:9 MeOH/CH,Cl,) 0.11. '"H-NMR (CDCL,): 7.00 (1H, d, 8.5), 6.71 (dd, 1H,

I—2 & T—7 &Y £L2 (1T LT A T—8Y S§QY2 (1 1T ) SO /1T T ) SINITH ane A4 TN Q)
J=0.3, J=4.3), 0.05 (1 11, G, 3=£.0), 3.4 (1 1, ), J5.23 (1 0, i), 3.2V (1 n, 4pp. G, j=v.9),
4.42 (1 H, bd, J=7.5), 3.78 (3 H, s), 3.25 (1H, AA' of AA'BB', ],z;=12), 3.02 (1H, m), 2.96-
NELE MU Y D 1E (he I 13~ NAA OCTYCAY 182N 1ANEQ 1241 1799 Q 17Q A
.00 (<1, 1), £.10 (DS, 1 I1) | U3 ) 130V, 14U.306, 150.1, 1£0.7, 140.4,

. IR: vmax(liquid film)/cm™ 3413, 3051, 2836,

AL, TTI1+

1.4 AW 1T
alced. for C ,H, NO({M+H]"): 190.1232.

Found: 190.1232. [a] ,)2¥¢ -21.11 (c 0.94, CH,Cl;). No attempt was made to determine the

D

)
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d C
of deuterated methyl lithium (0.76 mL, 0.378 mmol, 0.5 M in di ethylether) After 1 h the

reaction mixture and the solvents were removed in vacuo. The residue was purified by flash
chromatography, eluting with 0-15% ether-pentane to give 19 mg (22%) as a mixture of the

two pI'OCIUL[S The ratio between the undeuterated and deuterated pr oducts was determined to

be (30:70), by comparison of the '"H-NMR integrals for the methyl and methoxy groups. The
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hysical and spe re in ac 1 those r t upplementary material in
ref. 6)

The above experiment was repeated, with inverse order of addition of the
organolithium reagents. The ratio of undeuterated and deuterated products was determined
to be (70:30).
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