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Abstract—Some enantiomerically enriched 2-substituted-1,2-dihydroquinolines were obtained by the enantioselective addition of
organolithium reagents to quinoline. 1,2-Diamines were used as external chiral ligands and enantiomeric excesses up to 64% were
obtained.
� 2005 Elsevier Ltd. All rights reserved.
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Scheme 1. Addition of organolithium reagents to quinoline with (�)-

sparteine 6, bisoxazolines 7a–c and (R,R)-dimethoxydiphenylethane 8.
1. Introduction

Substituted 1,2-dihydro- and 1,2,3,4-tetrahydro quino-
line moieties are present in many natural alkaloids1–5

such as martinelline (and martinellic acid),1 virantmy-
cin2 or dynemicin3 and display a broad range of physio-
logical and biological activities in diverse domains of
industrial and pharmacological interest. In the context
of new drug discovery, the synthesis of optically active
hydroquinolines is of great interest for pharmaceutical
research and many approaches have been disclosed to
prepare these compounds. Moreover, these enantiomer-
ically pure compounds have been synthesized by count-
less methods such as aza-Diels–Alder,6 Michael-Aldol
reactions,1c,d rearrangement of indolines,2a intramolecu-
lar ring opening of epoxides,2b radical addition,1b

ring-closing metathesis,7 intramolecular cyclization,8

cycloaddition9 or hydrogenation of substituted quino-
lines.4 However, few approaches rely upon enantioselec-
tive addition to quinoline. Exceptions are the synthesis of
the alkaloid isolated from Galipea officinalis Hancock,
which was prepared by catalytic asymmetric hydrogena-
tion4 of quinolines, using [Ir(COD)Cl]2/MeO-Biphep/I2
as catalyst, or dynemicin3 prepared by enantioselective
addition of Grignard reagent to quinoline.

Previously,10 we have reported the first results obtained
for the enantioselective addition of organolithium re-
agents to quinoline, with catalytic amounts of ligands,
such as (�)-sparteine 6, bisoxazolines 7a–c and Tomi-
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oka�s diether 8. The reactions with these external chiral
ligands gave enantioenriched 2-substituted-1,2-dihydro-
quinolines with an enantiomeric excess of 79% for n-
butyllithium (with the isopropylbisoxazoline 7a) and
up to 67% with phenyllithium in presence of (�)-sparte-
ine 6 (Scheme 1).
Herein, we report our latest results obtained on the
addition of other aryllithium reagents to quinoline in
the presence of (�)-sparteine and/or other diamines as
external ligands. Continuing our general interest in the
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enantioselective addition of organolithium reagents to
imines, with C2 symmetric 1,2-diamines as ligands,11

we tested these new ligands 9a–d and 10a–c (Fig. 1).
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Figure 1. N,N 0-Dimethylcyclohexane-1,2-diamines 9a–d and N,N 0-

tetramethylethane-1,2-diamines 10a–c.
2. Results and discussion

In our previous report, we showed that isopropylbisox-
azoline 7a was more appropriate for the addition of
alkyllithiums (methyl- and butyllithium) whereas for
phenyllithium (�)-sparteine 6 was better. With this
observation in mind, we first tested 1- and 2-naphthyl-
lithiums with both stoichiometric or catalytic amount
of (�)-sparteine 6. These results (Table 1) could serve
as a basis for comparison with the new chiral diamines
9a–d and 10a–c.

Entries 1–3 are taken from our previous data. At first,
we observe that 1-naphthyllithium afforded much lower
enantioselectivity than phenyllithium. 2-Naphthyl-
lithium was more extensively studied. At �78 �C, we
could obtain 78% enantiomeric excess in the presence
of a stoichiometric (1 equiv) amount of (�)-sparteine 6
in ether (entry 5). Interestingly, in the same solvent,
under catalytic conditions, the yield increased to 78%,
and the ee decreased only slightly to 72% (entry 6).
Table 1. Enantioselective addition of 2-naphthyllithiuma on quinoline in the

N

1)                            a) / 6

2) ClCO2Me

1

Li

Entry R Solvent T (�C)

1 Meb Et2O �20, 1 h

2 n-Bub Toluene �80, 1 h

3 Phb Et2O �78, 1 h

4 1-Naphth Et2O �78, 2 h

5 2-Naphth Et2O �78, 2 h

6 2-Naphth Et2O �78, 2 h

712 2-Naphth Toluene �78, 2 h

8 2-Naphth Toluene �78, 2 h

9 2-Naphth Toluene �50, 2 h

10 2-Naphth Toluene �50, 2 h

a 2-NaphthLi was prepared at �50 �C by halogen–metal exchange between 2
b Reaction described in the previous report.10

c Ee were determined by supercritical fluid chromatography (SFC) with colu
Changing the solvent to toluene gave better yield
(84%), but the enantiomeric excess did not increase
(72%, entry 7). If the temperature is increased to
�50 �C, a similar yield of 87% was observed but, as
expected, the ee was worse with 64% (entry 9). With sub-
stoichiometric amounts of (�)-sparteine (20%) at �78 or
�50 �C, the enantiomeric excesses were lowered by
about 10% (61% and 59%, respectively; entries 8 and
10), but the yield strongly decreased to 33% at �78 �C
(entry 8) and 63% at �50 �C (entry 10).

Finally, we could conclude that, unlike 1-naphthyl-
lithium, phenyl- and 2-naphthyllithium reagents gave
the same level of enantioselectivity with (�)-sparteine.

In the addition of aryllithium reagents to acyclic imines,
we had found that N,N 0-tetramethylcyclohexane-1,2-
diamine 9a (TMCDA) was the ligand of choice, afford-
ing up to 91% ee with 1-naphthyllithium.11b In that case,
(�)-sparteine was not an efficient ligand. We wondered
if this would also be the case with quinoline. Accord-
ingly, we extensively tested N,N 0-tetramethylcyclohex-
ane-1,2-diamine 9a (TMCDA) with a variety of
organolithium reagents (Table 2).

The results are rather puzzling. In toluene, phenyl-
lithium gave lower ee�s than with (�)-sparteine 6, both
at �78 or �40 �C (45% and 40%). With substoichiomet-
ric amounts of TMCDA 9a, the ee fell dramatically to
10% and 26%, respectively (entries 2 and 4), whatever
the solvent, toluene or ether.

Surprisingly, it was 1-naphthyllithium which gave the
best results with TMCDA, much better than with (�)-
sparteine. Under similar conditions (ether, �78 �C,
1 equiv of ligand), the ee amounts to 61% (entry 10) in-
stead of 28% (entry 4, Table 1). Slightly better ee was
obtained in a less coordinating solvent such as toluene
(64%, entry 6). The effect of the temperature is not crit-
ical, since, at �40 �C, the ee is still at 59% (entry 8).
presence of (�)-sparteine 6

N

MeO2C
11

Ligand Yield (%) Ee (%)c

1 equiv 69 5

1 equiv 86 19

1 equiv 55 67

1 equiv 86 28

1 equiv 61 78

0.2 equiv 78 72

1 equiv 84 72

0.2 equiv 33 61

1 equiv 87 64

0.2 equiv 63 59

-NaphthBr and n-BuLi.

mn chiralcel OJ.



Table 2. Enantioselective addition of aryl- and alkyllithium to

quinoline in the presence of TMCDA 9a

N N R

CO2Me

1) R-Li  / 9a

2) ClCO2Me

1

  2   R = Me
  3   R = n-Bu      

  4   R = Ph         
  5   R=  1-Naphth
11   R=  2-Naphth

Entry R Solvent T (�C) Ligand Yield

(%)

Ee

(%)

1 Ph Toluene �78 1 equiv 29 45d

2 Ph Toluene �78 0.2 equiv 32 10d

3 Ph Toluene �40 1 equiv 59 40d

4 Ph Toluene �40 0.2 equiv 71 26d

5 Ph Et2O �78 0.2 equiv 37 8d

6 1-Naphtha Toluene �78 1 equiv 75 64e

7 1-Naphtha Toluene �78 0.2 equiv 86 58e

8 1-Naphtha Toluene �40 1 equiv 47 59e

9 1-Naphtha Toluene �40 0.2 equiv 86 45e

10 1-Naphtha Et2O �78 1 equiv 90 61e

11 1-Naphtha Et2O �78 0.2 equiv 52 46e

12 2-Naphthb Toluene �78 1 equiv 19 28e

13 2-Naphthc Toluene �30 1 equiv 73 41e

14 2-Naphthb Et2O �70 1 equiv 26 50e

15 2-Naphthb Et2O �70 0.2 equiv 36 <4e

16 Me Toluene �20 1 equiv 93 13f

17 Me Et2O �20 1 equiv 68 10f

18 n-Bu Toluene �78 1 equiv 83 10f

19 n-Bu Toluene �78 0.2 equiv 34 0f

a 1-NaphthLi was prepared at �70 �C by halogen–metal exchange

between 1-NaphthI and n-BuLi.
b 2-NaphthLi was prepared at �50 �C by halogen–metal exchange

between 2-NaphthBr and n-BuLi.
c 2-NaphthLi was prepared at �30 �C by halogen–metal exchange

between 2-NaphthBr and n-BuLi.
d Ee were determined by supercritical fluid chromatography (SFC)

with column chiralcel OD–H.
e Ee were determined by supercritical fluid chromatography (SFC) with

column chiralcel OJ.
f Ee were determined by Chiral with column Lipodex E.
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Even substoichiometric amount of ligand (20%) is toler-
ated, the ee dropping only from 64% to 58% (entry 7).
Table 3. Enantioselective addition of organolithium reagent to quinoline in th

N

1) R-Li  / L*

2) ClCO2Me

1

Entry R Ligand Solvent T (�

1 Ph 9b (0.2 equiv) Toluene �70

2 Ph 9c (0.2 equiv) Toluene �70

3 1-Naphtha 9b (0.2 equiv) Toluene �70

4 1-Naphtha 9c (0.2 equiv) Toluene �70

5 1-Naphtha 9d (0.2 equiv) Toluene �70

6 n-Bu 9b (0.2 equiv) Toluene �70

7 n-Bu 9c (0.2 equiv) Toluene �70

8 n-Bu 9d (0.2 equiv) Toluene �70

9 Me 9c (0.2 equiv) Toluene �20

10 Me 9d (0.2 equiv) Toluene �20

a 1-NaphthLi was prepared at �70 �C by halogen–metal exchange between 1
b Ee were determined by supercritical fluid chromatography (SFC) with colu
c Ee were determined by supercritical fluid chromatography (SFC) with colu
d Ee were determined by Chiral with column Lipodex.
The addition of 2-naphthyllithium (entries 12–15) gave
similar results as for phenyllithium. Consequently, the
best ee (50%, entry 14) of compound 5 was obtained
with 1 equiv of ligand in ether at �70 �C. The low yield
(26%) could be improved if the temperature of halogen–
metal exchange was higher, near �30 �C (entry 13).
Again, a dramatic drop in ee occurs under substoichio-
metric conditions (entry 15).

Although we knew that TMCDA was not an efficient
ligand for alkyllithium reagents,11a we briefly tested their
behaviour. As expected (entries 16–19), the ee�s are very
low (10–13%) with BuLi and MeLi, both in ether or
toluene.

Diamine 9a having given interesting results, particularly
for the addition of 1-naphthyllithium, we decided to
study cyclohexane diamines 9b–d with bulkier substitu-
ents on the nitrogen atom (Table 3).

Conceptually, with the replacement of the two methyl
groups in TMCDAbyCH2tBu 9b, (CH2)2tBu 9c or benz-
yl 9d groups, each nitrogen of diamines 9b–d, bearing two
different substituents, becomes a stereogenic centre, act-
ing as a relay of the chiral information of the carbon back-
bone.11a We recently reported that diamine 9c had the
best balance between steric hindrance and coordination
ability in the addition of MeLi to imines.11a Therefore,
it is not a surprise to observe that butyllithium gave the
best enantioselectivity (63%)with ligand 9c under substoi-
chiometric conditions (entry 7). This interesting result
was comparable with the one obtained in the presence
of bisoxazoline 7a.10 Diamines 9b and 9d gave almost
racemic material. In view of this result, the stoichiometric
version was not attempted. The low reactivity of methyl-
lithium needed a higher reaction temperature (�20 �C).
Thatmay explain the low enantioselectivity obtainedwith
any ligand (entries 9 and 10). As expected, the results with
phenyllithium and 1-naphthyllithium do not afford high
enantioselectivities, whatever the ligand (entries 1–5).
e presence of substituted N,N 0-dimethylcyclohexane-1,2-diamines 9b–d

N R

CO2Me

2   R = Me
3   R = n-Bu      
4   R = Ph         
5   R=  1-Naphth

C) Time (h) Yield (%) Ee (%), (configuration)

2 47 10,b (R)

3 39 17,b (R)

2 33 <4,c (nd)

2 51 13,c (R)

2 35 5,c (S)

3 53 <4,d (nd)

3 67 63,d (S )

3 58 5,d (nd)

3 99 8,d (S )

3 73 <4,d (nd)

-NaphthI and n-BuLi.

mn chiralcel OD–H.

mn chiralcel OJ.



Table 4. Enantioselective addition of organolithium reagent to quinoline in the presence of substituted N,N 0-tetramethylethane-1,2-diamines 10a–c

N N R

CO2Me

1) R-Li  / L*

2) ClCO2Me

1

2   R = Me
3   R = n-Bu      
4   R = Ph         
5   R=  1-Naphth

Entry R Ligand Solvent T (�C) Time (h) Yield (%) Ee (%), (configuration)

1 Ph 10a (0.2 equiv) Toluene �70 3 68 <4,b (nd)

2 Ph 10b (1 equiv) Toluene �78 2 44 27,b (S)

3 Ph 10b (0.2 equiv) Toluene �78 2 44 <4,b (nd)

4 Ph 10b (1 equiv) Et2O �78 2 20 45,b (S)

5 Ph 10c (0.2 equiv) Toluene �78 2 14 23,b (S)

6 1-Naphtha 10a (0.2 equiv) Toluene �70 2 46 <4,c (nd)

7 1-Naphtha 10b (1 equiv) Et2O �70 2 70 58,c (S)

8 1-Naphtha 10c (0.2 equiv) Toluene �70 2 35 23,c (S)

9 n-Bu 10a (0.2 equiv) Toluene �70 3 55 5,d (R)

11 n-Bu 10b (1 equiv) Toluene �70 2 94 8,d (S)

12 n-Bu 10b (1 equiv) Et2O �70 2 63 8,d (S)

13 n-Bu 10c (0.2 equiv) Toluene �70 2 95 5,d (R)

14 Me 10a (0.2 equiv) Toluene �20 3 99 0d

15 Me 10b (1 equiv) Toluene �20 2 98 7,d (S)

a 1-NaphthLi was prepared at �70 �C by halogen–metal exchange between 1-NaphthI and n-BuLi.
b Ee were determined by supercritical fluid chromatography (SFC) with column chiralcel OD–H.
c Ee were determined by supercritical fluid chromatography (SFC) with column chiralcel OJ.
d Ee were determined by Chiral with column Lipodex E.
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Other non-cyclic 1,2-diamines having an N,N 0-tetra-
methyl substitution, such as 10a–10c were known for
having a different behaviour than the cyclic diamines
9a–9d.11 It was of interest to see if they could induce bet-
ter enantioselectivities. The results are given in Table 4.

Diamines 10a and 10b are derived from inexpensive
ephedrine and pseudo-ephedrine, respectively. Only dia-
mine 10c has a C2 axis of symmetry, whereas diamine
10b, with its trans substituents, has a close resemblance
but not true C2 symmetry.

With its two cis substituents it is clear that there is not a
clear differentiation of space for good stereodiscrimina-
tion with diamine 10a. Indeed, all the results obtained
with this diamine are close to racemic (entries 1, 6, 9
and 14). TheC2 symmetric diamine 10cwas tested in sub-
stoichiometric amounts only. It gave moderate ee�s with
phenyl- (23%, entry 5) and 1-naphthyllithium (23%,
entry 9), but very low yields with butyllithium. Finally,
diamine 10b behaves like a pseudo-C2 symmetric dia-
mine. It gives comparable results as the true C2-diamine
10b. With stoichiometric amounts, the enantioselectivi-
ties reach 45% with phenyllithium in ether (entry 4)
and 58% with 1-naphthyllithium (entry 7). However, in
substoichiometric amounts the results are much poorer.
Equally disappointing (ee <10%) results were obtained
with butyllithium and methyllithium, whatever the sol-
vent or the diamines (entries 9–15).
3. Conclusion

In conclusion, these different studies have shown that N,
N 0-tetramethylcyclohexane-1,2-diamine 9a was the best
ligand for the addition of 1-naphthyllithium since an
enantiomeric excess up to 58% could be obtained in cat-
alytic version, and up to 64 in stoichiometric version.
For 2-naphthyllithium, (�)-sparteine remains the best
ligand with 78% ee in stoichiometric version and 72%
in the catalytic one. It should be noticed that the easily
available new diamine 9c allows the addition of butyl-
lithium with 63% ee. Work is in progress to find new
more efficient diamine ligands of more general
applicability.
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