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Abstract

Diastereomeric pure 8-substituted 2-(2-methoxyphenyl) and 2-(2-hydroxyphenyl)-5,6,7,8-tetrahydro-6,6-dimethyl-5,7-
methanoquinolines were prepared and assessed in the enantioselective palladium catalyzed allylic substitution of 1,3-diphenyl-
prop-2-enyl acetate with dimethyl malonate and addition of diethylzinc to benzaldehyde. Enantioselectivity up to 61% was
obtained. © 2000 Elsevier Science B.V. All rights reserved.
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1. Introduction tion (for instance palladium catalysed allylic substitu-
tions) has been obtained both by a proper choice of
Though an increasing number of asymmetric reac- the substituents bonded to the phosphorous atom and
tion which employ electron tuning of the ligands as a by modifying the oxazoline unit (for instance the ex-
control element to optimize a particular catalytic sys- amples2—4 reported in Scheme 1) [8-12].
tem are appearing in the literature [1,2], at present the  Continuing our interest in the synthesis and ap-
major method to achieve this goal is the modulation plication of chiral pyridine derivatives as ligands for
of the steric requirements of the ligand so to provide metal complexes in enantioselective catalysis [13—16],
optimum steric matching between the catalyst and the we have been attracted by the possibility to modify
substrate(s) [3,4]. the structure ofl by changing the oxazoline ring with
A very important class of chiral ligands for which a tetrahydroquinoline framework. This substitution
steric factors have been well investigated is repre- brings to the new class of ligands whose major
sented by the phosphinooxazolinefs—7]. With this feature, on the basis of a molecular modelling study
kind of ligands the steric control of a particular reac- of the related metal complexes (for instance a palla-
dium(ll) complex), is that the metal is wraped by the
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Scheme 1X = OR, SR, Par, etc.

our viewpoint, this characteristic would markedly —78C for 1 h and then 1 h at@, was quenched with
effect the steric interactions between the ligand and the proper electrophilé-Prl or n-BuBr or PhCHBr)
the substrate, both coordinated to the metal, and soto give the compound$Oa—. Finally, ligands9 and
the stereoselectivity, which is expected to improve as 10a-c were demethylated with pyridinium chloride at
the chirogenic element of the ligand gets closer to the 200°C to afford the phenol derivativelk?2 and11a-—,
metal centre. respectively.
In this paper, a part of a project for the syn-
thesis of compounds of type 5, we report the syn- 2.2 palladium catalyzed allylic alkylation
thesis of some diastereomeric pure 8-substituted
2-(2-methoxyphenyl) and 2-(2-hydroxyphenyl)-5,6,7,  |n contrast to the great variety of P—P, P-N and N-N
8-tetrahydro-6,6-dimethyl-5,7-methanoquinolines and pased ligands, with Cas well as @ symmetry, which
the results obtained with these ligands in the enan- haye proven to induce impressive levels of enantiose-
tioselective palladium catalysed allylic substitution |gctivity in the catalyzed asymmetric C—C bond form-
of 1,3-diphenylprop-2-enyl acetate with dimethyl jng reactions with allylic compounds [18-24], only a
malonate and in the addition of diethylzinc t0 few examples of nitrogen—oxygen ligands have been
benzaldehyde. reported so far [25,26].
Therefore, we decided to examine, in the enan-
tioselective palladium catalysed allylic substitution of

2. Results and discussion 1,3-diphenylprop-2-enyl acetate with dimethyl mal-
onate, these new pyridine—ethers which have two sig-
2.1. Synthesis of the ligands nificantly different donor atoms.

Allylic substitutions were carried out employing
The key intermediate liganél was readily acces- [Pd(n3-C3Hs)Cl], as procatalyst and a mixture of
sible (82% yield) by reaction of)-pinocarvones, dimethyl malonate, N,O-bis(trimethylsilylyacetamide
obtained by oxidation [17] off)-a-pinene (90% ee), (BSA) and potassium acetate in methylene chloride
with 1-phenacylpyridinium iodide7 which was in [27].
turn prepared by reaction of 2-methoxyacetophenone All assessed pyridine—ethers provided unreactive
6 with iodine in pyridine (Scheme 2). palladium catalysts at room temperature and thus no
Then, the red solution of lithiate#l, obtained by reaction product was detected after 12 days. In an at-
treatment with lithium diisopropylamine (LDA) at tempttoincrease the reaction rate a try was carried out
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Scheme 2. (a)2l pyridine; (b) AcOH, AcONH, 120°C, 4 h; (c) pyridine hydrochloride, 20C, 14 h; (d) LDA, THF, 1h at-78C; and
1h at OC; theni-Prl or n-BuBr or PhCHBr, THF, —78°C, then slowly r.t.

at reflux temperature (4C) using ligandLOb. Under Table 1
these conditions a complete conversion of the starting Enantioselective addition of diethylzinc to benzaldelyde
material was achieved after 6 days, but the reaction Zn(C,Hs), / L*

¥
product was obtained in low yield and as a racemic CeHsCHO ——————> CeHs-CH-CoHts
mixture. OH

Ligand Time (h) Vield (%} Ee (%f Configuratiod
2.3. Asymmetric addition of diethylzinc to 12 7 95 44 S
benzaldehyde 1la 14 98 49 S

11b 19 94 61 s

. . . 11c 14 95 52 S
The enantioselective formation of carbon—carbon

bonds through the asymmemc addition of dialkylz- .aReaction carried. out at r.t. in hexane/toluene with a molar
. . . ratio EbZn/aldehyde/ligang= 2/1/0.05.

inc to aldehydes continue to be a very important b Isolated yield.

area in current enantioselective methodology devel-  cpetermined by chiral GC (30m Beta Dex-120 column,
opment [28,29]. Since a number of pyridine—carbinol Supelco).

derivatives have proved to be effective chiral catalysts ~ “Determined from the specific rotation o){1-phenylpro-
[30—32], following our research in this field [33-36], Panol: k1’ —47.6 (CHCk): [38].

we have been evaluating the potential utility of new

ligands 12 and 11a-c in this catalytic process. The position only a moderate increasing of the stereo-
reactions were carried out in hexane—toluene solution selectivity is obtained. The best enantioselectivity is
in the presence of 5mol% of ligands at room tem- achieved with the 8+butyl substituted ligandL1lb
perature. All catalysts gaveSkl-phenyl-1-propanol (61% ee).

in good yield and in moderate enantioselectivities  In summary, we have prepared the oxygen deriva-
(Table 1). The stereochemical outcome mainly de- tives of a new class of chelating ligands of the type
pends on the stereogenic centres in the 5,7-position of5 and demonstrated their catalytic activity in enan-
the tetrahydroquinoline ring (ligantR). In fact, with tioselective palladium catalysed allylic substitutions
the ligands bearing a further substituent on the eighth and asymmetric addition of diethylzinc to benzalde-
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hyde. Further efforts aimed at the preparation and ap- / = 3.0Hz), 2.78 (t, 1H,J = 5.7 Hz), 2.69 (m, 1H),
plication to catalytic asymmetric reactions of sulphur 2.38 (m, 1H), 1.42 (s, 3H), 1.33 (d, 1H,= 9.6 Hz),
and phosphorous derivative ligands of typare in 0.7 (s, 3H). Anal. calcd for ¢H21NO: C, 81.67; H,
progress. 7.58; N, 5.02. Found C, 81.76; H, 7.81; N, 5.11.

3.3. General procedure for the preparationla—c
3. Experimental
A solution of the pyridined (2 mmol) in anhydrous
3.1. General methods THF (2ml) was added at-78°C to a solution of
lithium diisopropylamine (2 mmol) in anhydrous THF
Melting points were determined on a Bichi 510 (10ml). The resulting solution was stirred a#8°C
capillary apparatus and are uncorrected. T for 1 and 3h at 0C. Then a solution of the proper
NMR (300 MHz) spectra were obtained with a Var- €lectrophile (-Prl orn-BuBr or PhCHBr) (2 mmol) in
ian VXR-300 spectrometer. Optical rotations were THF (2ml) was added dropwise a78C. After 0.5h
measured with a Perkin-Elmer 241 polarimeter in a at —78C, the solution was allowed to reach slowly
1dm tube. Elemental analyses were performed on aroom temperature and then treated withGH The
Perkin-Elmer 240 B analyser. Gas chromatographic organic phase was separated and the aqueous phase
analyses were performed by a Perkin-Elmer 8600 extracted twice with CECl,. The combined organic
chromatograph using Heas a carrier gas. A 30m  phases were dried over anhydrous,8@y, the sol-
Beta Dex-120 column (Supelco) was employed. vent was evaporated and the residue was purified by
(—)-Pinocarvone8 was obtained by oxydation of flash chromatography.
(1R)-(+)-a-pinene (90% ee by GLC, Aldrich) [17].
1-[2-(2-Methoxyphenyl)-2-oxoethyl] pyridinium io- 3.4, (5S,7S,8R}()-5,6,7,8-Tetrahydro-6,6-dimethyl-
dide7 was prepared according to a reported procedure 8-(1-methylethyl)-2-(2-methoxyphenyl)-

[37]. 5,7-methanoquinolinéQ#a
3.2. (5S,7S)+)-5,6,7,8-T etrahydro-6,6-dimethyl- Chromatografic eleuent: petroleum ether:ethyl ac-
2-(2-methoxyphenyl)-5,7-methanoquinolfe 9 etate= 95:5; 0.290 g (45%); mp 75°6; [a]3>+15.2

(c 1.5, CHCB); 'H NMR (CDCl) 8: 7.90 (dd, 1H,
J =175,1.5Hz), 7.59 (d, 1H/ = 7.8), 7.30 (dt, 1H,
J =175, 1.2Hz), 7.19 (d, 1HJ = 7.5Hz), 7.06 (t,
1H, J = 7.5Hz), 6.97 (d, 1HJ = 8.1), 3.80 (s, 3H),
2.90 (m, 2H), 2.70 (t, 1HJ = 5.3Hz), 2.60 (m, 1H),
2.52 (dt, 1H,J = 6.0, 1.8 Hz), 1.42 (s, 3H), 1.41 (d,
1H,J = 9.6 Hz), 1.2 (d, 3H,J = 6.6 Hz), 0.86 (d, 3H,

A mixture of 1-[2-(2-methoxyphenyl)-2-oxoethyl]
pyridinium iodide 7 (12g, 33.8 mmol), ammonium
acetate (20g) and glacial acetic acid (46 ml) was
heated at 100C for 10min. Then a solution of
(—)-pinocarvone 8 (5.1 g, 33.8 mmol) in glacial acetic
acid (5ml) was added dropwise and the resulting
solution was heated at 120 for 4h. After cooling ¢ = 6:6H2), 0.65 (s, 3H). Anal. calcd for&H27NO:
the mixture was taken up in4® (11) and extracted ~ C» 82:20; H, 8.47; N, 4.36. Found C, 82.15; H, 7.59;
with ethyl ether (3 mix 200 ml). The combined or- N, 4.21.
ganic phases were dried over anhydrous;$@y,
the solvent was evaporated and the residue was puri-3.5. (5S,7S,8RH()-5,6,7,8-Tetrahydro-6,6-dimethyl-
fied by flash chromatography (petroleum ether:ethyl 8-butyl-2-(2-methoxy phenyl)-5,7-methanoquinoline
acetate= 7:3) to give: 4.15g (44%); mp 103°@; 10b
[oc]zDS + 637 (c 1.8, CHCh); 'H NMR (CDCl)

8: 7.77 (dd,*H, J = 7.8, 1.8Hz), 7.50 (d, 1H, Chromatografic eleuent: petroleum ether:ethyl ac-
J = 7.8Hz), 7.33 (dt, 1H,J = 8.1, 1.8Hz), 7.22 etate= 95:5; 0.396 g (59%); oil;c[]%5+ 157 (c 0.5,
(d, 1H,J = 8.1Hz), 7.06 (dt, 1HJ = 7.5, 0.9 Hz), CHCl); *H NMR (CDCls) 8: 7.89 (dd, 1H,J = 7.8,
6.98 (d, 1H,J = 8.1Hz), 3.85 (s, 3H), 3.18 (d, 2H, 2.1Hz), 7.55 (d, 1HJ = 7.8Hz), 7.32 (dt, 1HJ =
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8.4, 1.8Hz), 7.18 (d, 1HJ = 7.8Hz), 7.08 (t, 1H,

J =75,09Hz), 6.98 (d, 1HJ = 8.1Hz), 3.85 (s,
3H), 3.04 (m, 1H), 2.76 (t, 1HJ = 5.7 Hz), 2.53 (m,
1H), 2.34 (m, 2H), 1.60-1.24 (m, 5H), 1.42 (s, 3H),
1.34 (d, 1H,J = 9.9Hz), 0.94 (t, 3H,J = 7.2Hz),
0.70 (s, 3H). Anal. calcd for £H29NO: C, 82.34; H,
8.71; N, 4.17. Found C, 82.55; H, 7.89, N, 4.11.

3.6. (5S,7S,8RH{()-5,6,7,8-Tetrahydro-6,6-dimethyl-
8-phenylmethyl-2-(2-methoxyphenyl)-5,7-methano-
quinoline 10z

Chromatografic eleuent: petroleum ether:ethyl ac-
etate= 95:5; 0.340 g (46%); oil;d]2® + 73.8 (c 2.1,
CHCL); *H NMR (CDCl3) 8: 7.98 (dd, 1H,J = 7.5,
1.5Hz), 7.63 (d, 1HJ = 7.8 Hz), 7.33-7.22 (M, 6H),
7.18 (d, 1H,J = 7.8 Hz), 7.07 (t, 1H,J = 7.35Hz),
6.95 (d, 1H,J = 8.1Hz), 3.88 (dd, 1HJ = 135,
3.6Hz), 3.8 (s, 3H), 3.4 (d, 1H] = 11.1Hz), 2.73
(m, 2H), 2.52 (m, 1H), 2.09 (m, 1H), 1.44 (d, 1H,
J = 9.6Hz), 1.33 (s, 3H), 0.62 (s, 3H). Anal. calcd
for CogH27NO: C, 84.51; H, 7.37; N, 3.79. Found C,
84.55; H, 7.49; N, 3.65.

3.7. General procedure for the demethylalation of
9andl0a-&

A mixture of the methoxy derivative8 or 10a—c
(0.85mmol) and pyridine hydrochloride (0.13g,
1.1 mmol) was heated at 200 for 14 h under a ni-
trogen atmosphere. After cooling the mixture was
treated with 5% sodium hydroxyde and then neu-
tralized with glacial acetic acid and finally extracted
with chloroform. The organic phase was dried on an-
hydrous NaSQy, the solvent was evaporated and the
residue was purified by flash chromatography to give
pure phenol derivatives.

3.8. (56S,79)+)-5,6,7,8-Tetrahydro-6,6-dimethyl-2-
(2-hydroxyphenyl)-5,7-methanoquinolih2 12

Chromatografic eleuent: petroleum ether:ethyl ac-
etate= 40:1; 1.62 g (72%); mp 122=¢; [a]%5-|-98.5
(c 0.7, CHCB); 'H NMR (CDCl) §: 7.77 (d, 1H,
J = 6.9Hz), 7.62 (d, 1HJ = 8.1 Hz), 7.37 (d, 1H,
J =8.1Hz), 7.26 (m, 1H), 7.00 (d, 1H] = 7.8 Hz),
6.89 (t, 1H,J = 7.8Hz), 3.14 (d, 2H,J = 2.7 Hz),
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2.84-2.68 (m, 2H), 2.40 (m, 1H), 1.43 (s, 3H), 1.31
(d, 1H, J = 9.6 Hz), 0.68 (s, 3H). Anal. calcd for

Ci1sH19NO: C, 81.48; H, 7.22; N, 5.28. Found C,
81.65; H, 7.39; N, 5.15.

3.9. (5S,7S,8R)-()-5,6,7,8-Tetrahydro-6,6-dimethyl-
8-(1-methylethyl)-2-(2-hydroxyphenyl)-5,7-methano-
quinoline 111z

Chromatografic eleuent: petroleum ether:ethyl ac-
etate= 20:1; 1.969g (75%); oil; ¢]3°> — 9.7 (c 0.4,
CHCL); 'H NMR (CDCI3) §: 7.76 (dd, 1H,J
8.1, 1.5Hz), 7.60 (d, 1H/ = 8.1Hz), 7.34 (d, 1H,

J = 8.1Hz), 7.26 (m, 1H), 7.01 (dd, 1H] = 6.9,
1.2 Hz), 6.88 (dt, 1HJ = 7.8, 1.2 Hz), 2.98 (m, 1H),
2.84-2.70 (m, 2H), 2.60 (m, 1H), 2.37 (dt, 1H,=
5.7, 1.8Hz), 1.42 (s, 3H), 1.40 (d, 1H, overlapping),
1.14 (d, 3H,J = 7.2Hz), 0.82 (d, 3HJ = 7.2Hz),
0.62 (s, 3H). Anal. calcd for £H2sNO: C, 82.04; H,
8.20; N, 4.56. Found C, 82.15; H, 8.39; N, 4.45.

3.10. (5S,7S,8R)~)-5,6,7,8-Tetrahydro-6,6-
dimethyl-8-butyl-2-(2-hydroxy phenyl)-5,7-methano-
guinoline 111y

Chromatografic eleuent: petroleum ether:ethyl ac-
etate = 7:3; 1.67g (61%); oil; ¢]3° — 9.6 (c 0.5,
CHCl); 'H NMR (CDCl) 8: 7.76 (dd, 1H,J = 8.1,
1.5Hz), 7.60 (d, 1HJ = 8.1Hz), 7.34 (d, 1HJ =
7.8Hz), 7.30 (dt, 1HJ = 6.6, 1.5Hz), 7.00 (d, 1H,
J = 81Hz), 6.88 (dt, 1H,J = 8.1, 1.2Hz), 3.03
(m, 1H), 2.79 (m, 1H), 2.57 (m, 1H), 2.34 (m, 1H),
1.60-1.20 (m, 6H), 1.44 (s, 3H), 1.33 (d, 1H,=
9.9Hz), 0.95 (t, 3H,J = 7.3Hz), 0.64 (s, 3H). Anal.
calcd for GoH27NO: C, 82.20; H, 8.47; N, 4.36. Found
C, 82.35; H, 8.39; N, 4.47.

3.11. (5S,7S,8R)})-5,6,7,8-Tetrahydro-6,6-
dimethyl-8-(1-methylphenyl)-2-(2-hydroxyphenyl)-5,7-
methanoquinolind1dc

Chromatografic eleuent: petroleum ether:ethyl ac-
etate= 20:1; 1.60g (53%); olil; CE]ZDS + 821 (c 0.8,
CHCL); *H NMR (CDCl) 8: 7.76 (dd, 1H,J = 8.1,
1.5Hz), 7.60 (d, 1HJ = 8.1 Hz), 7.36-7.16 (M, 7H);
7.04 (d, 1H,J = 8.1Hz), 6.88 (t, 1H,J = 7.2Hz),
3.62 (dd, 1H,J = 132, 2.7Hz), 3.30 (d, 1HJ =
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111 Hz), 2.80-2.62 (m, 2H), 2.56 (m, 1H), 2.10 (dt,
1H,J =6.0,2.1Hz), 1.40 (d, 2HJ = 10.8Hz), 1.31
(s, 1H), 0.56 (s, 3H). Anal. calcd forJgH2>s5NO: C,
84.47; H, 7.09; N, 3.94. Found C, 84.35; H, 7.29; N,
3.78.

3.12. Allylic alkylation of 1,3-diphenyl-2-propenyl
acetate with dimethyl malonate: general procedure

A solution of ligand (0.04 mmol, 10 mol%) and
[{Pd3-C3Hs)Cl},] (4 mg, 2.5 mol%) in dry CHCl,
(2ml) was stirred at room temperature for 1 h. This
solution was treated successively with a solution of
rac-(E)-1,3-diphenyl-2-propenyl acetate (0.4 mmol)
in CH2Cl2 (1 ml), dimethyl malonate (1.2 mmol),
N,O-bis(trimethylsilyl)acetamide (1.2 mmol) and an-

hydrous potassium acetate (3.5mol%). The reaction

mixture was stirred until conversion was complete
as shown by TLC analysis (light petroleum:ether
= 3:1). The reaction mixture was diluted with ether

(25ml) and washed with ice-cold saturated aqueous

ammonium chloride. The organic phase was dried

(NaxSOy) and concentrated under reduced pressure.

The residue was purified by flash chromatogra-
phy (light petroleum:ether/3:1) to afford dimethyl
1,3-diphenylprop-2-enylmalonate. The enantiomeric
excess was determined from the-NMR spectrum

in the presence of enantiomerically pure shift reagent

Eu(hfc); splitting of the signals for one of the two
methoxy groups was observed.

3.13. Addition of diethylzinc to benzaldehyde:
typical procedure

A solution of ligand (0.15 mmol) in toluene (3 ml)
was cooled at @C. A 1M solution of diethylzinc in
hexane (6 ml, 6 mmol) was added over a period of
5min. The mixture was stirred at room temperature
for 20 min, cooled at OC, added with benzaldehyde
(0.3ml, 0.323 g, 3 mmol) and then stirred at room tem-
perature for the appropriate time. The reaction mixture
was quenched with 5% %0, (5ml) and extracted
with ether. The organic layer was washed with 5%
HoSOy, saturated NaHC$) and dried over NgSOy.
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= 4:1) to afford pure 1-phenylpropanol. The enan-
tiomeric excess was determined by chiral GC.
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