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Abstract. The synthesis of the new planar chiral heterocy-recorded. The enantiomerically pure title compolislused

clic nitrogen ligand pyrid-2-yl[2](1,4)benzeno[2](5,8)quino- in copper-catalyzed asymmetric cyclopropanation of styrene
lino-phane 1) with [2.2]paracyclophane-skeleton is de- andin asymmetric iridium-catalyzed transfer-hydrogenation
scribed. The enantiomeric resolution is achieved by HPLCof acetophenone.

The CD-spectra df and of its chiral quinoline precursor are

In recent years, homogeneous asymmetric catalysis wittion [7] of the reaction product, the planar chiral [2](1,4)
metal complexes has been a very fast developing fieldenzeno[2](5,8)quinolinopharé& which has not been
of research [1]. Most of the organic reactions in whichdescribed in literature before, we obtained the nittile
prostereogenic compounds can be used, are now fewith this key-compound in hand, we could synthesize
sible under metal-complex-catalysis. The ligands usethe hitherto unknown title compouridin a one-step-

in these reactions, for the most part, possess phosphprocedure, by cobalt-catalyzed cyclisation with acety-
rous donor groups as coordination sites. Nitrogen li{fene (Bénnemann-reaction) [8].

gands, not as numerous as their phosphorous coun

parts, find more and more interest in the last few yeal CH3 CHgBr
too [2]. Planar chirality generated by making use of tF @ﬁ i @ﬁ
unique [2.2]paracyclophane skeleton, however, is ve J —* P
rare both in the field of phosphorous and nitrogen | N N
gands [3]. Recently, we reported the synthesis and eni CHz CHoBr
tiomeric resolution of the first planar chiral 2,2'-bipyri- 3 4

dine with [2.2]paracyclophane skeletd®) &nd its use

in asymmetric catalytic reactions [4]. v
To find out more about the opportunities, which thi: _ii OD N i O

new lead structure for the design of chiral ligands o

fers, we now synthesized pyrid-2-yl[2](1,4)benzenco S

[2](5,8)quinolinophanel)), a planar chiral analogue of 5 6

2-(pyrid-2'-yl)quinoline [5] ).

e (T
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N™ “CN
/
N N= 2 [
H \_/N 7
1 2 8 Scheme 1Reagents and conditions: i, NBS, GQieflux,

7 h, 38%; ii, sol. A4 in EtOH, sol. B: 1,4-bis(mercapto-

. . . methyl)benzene (1 equiv.), KBu (2.3 equiv.) in EtOH
The synthesis df proceededtia the NBS-bromina- (85%); CsCO; in reaction mixture, reflux, 16h, 40%; iii,

tion of 5,8-dimethylquinoline [6]3) leading to the di- P(OMe), , hv (Hg, 180 W), r.t., 18h, 71%; iv, MCPBA (2
bromide4. Cyclisation o#4 under high-dilution condi-  equiv.), CHCI,, r.t., 20h, them,N-dimethylcarbamoyl chlo-
tions with 1,4-bis(mercaptomethyl)benzene generategde (1.3 equiv.), TMSCN (1.3 equiv.), GEl,, r.t., 16h, 70%;
the new dithiaphan® which was irradiated by UV (Hg, v, cyclopentadienyl-1,5-cyclooctadiene-cobalt (4 equiv.),
180 W) in a thiophilic solvent (P(OMg) By cyana- C,H, (1.5 bar), toluene, 120 °C, 20 h, 36%.
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The enantiomers of and6 were separated (base- Table 1 Results of the asymmetric cyclopropanation with lig-
line separation) by HPLC on a Daicel Chiralcel ODand1; for comparison, the results of ligaBdare shown as
semi-preparative column (10 x 250 minethanol, 1.5 Well.
mL/min, R=25 and 32 ming: n-hexane/ethanol=95/5 o
viv, 1.5 mL/min,R, = 28 and 31 min). The resulting S, oee fea A\__.COZEt LA

N, -

CD-spectra of the pure enantiomers are shown in Fi N2 gy
1
ligand trandcisratio ee (%}trans ee (%)cis
s - v 1 20:1 26 26
Mol.CD OD \ 8 19:1 10 23
Y W
’ ¢\ /\ 6 Table 2 Results of the asymmetric transfer hydrogenation
Y with ligand 1. The different temperature-dependence of lig-
S L andsl and8 is apparent.
-10 O [l] OH OH
B Ph/u\ 2-Propanol Ph/'\ * Ph/\
P 0 0 = 0 ligand reaction time (h), 1-phenylethanol ee(%)
Wavelength [nm] temperature (%)
50 1 2,1t 8 -
w0 1, (80 °C) 93 23
Mol. c | 2, (80 °C) 97 20
2L 4, (80 °C) 97 18
7 8 2,rt. 49 25
o LA 4,rt. 70 31
° /\ 16, r.t. 91 31

which ther—Trinteraction, typical for [2.2](1,4)phanes,

T directly influences the 2,2'-bipyridine-structure, shows
or a good activity towards transfer-hydrogenation even at
s , , , , , , , , room temperature. This finding could prove to be use-
200 250 300 350 w0 ful for the design of future ligands. Based upon the li-
Wavelength [nm] gandsl and8, which have proved the usefulness of our

Figure 1 The circular dichroism spectra of the new planar €NCEPt to combine the [2.2]paracyclophane- with the
chiral quinolinophanes ands. 2,2'-bipyridine-structure, it seems well worth now to

optimize these new ligands by further substitution.

To test the effectiveness btoncerning asymmetric _
catalysis and to compare with ligaBdve published Experimental
earlier [4], we used. as chiral ligand in copper-cata- , .
lyzed cyclopropanation of styrene with ethyl diazoace->+8-Bis(bromomethyl)quinoling)
tate and iridium-catalyzed transfer-hydrogenation of5,8-Dimethylquinoline (5.00 g, 0.032 mol) was dissolved in
acetophenone with 2-propanol. The results are summaetrachloromethane (120 mL). NBS (11.4 g, 0.064 mol) and
rized in tables 1 and 2. benzoylperoxide (50 mg) were added, and the mixture was
As shown in table 2, the ligarids practically inac-  kept under reflux for 7 h. After cooling to r.t., the reaction
tive towards transfer-hydrogenation when performed afixture was washed with saturated KHgédlution (50 mL

; . “each, 3x) and water (50 mL each, 4x). The organic layer was
room temperature. This corresponds to the behavio ried (NgSQ,), and the solvent was evaporated. The product

of many other ligands used in this reaction [9]. When, o< isolated b o ‘P
. ; ; . y column chromatography ($iICH,Cl,; R =
the reaction mixture is heated to 80 °C, however, thg) gy A colourless solid was obtained (3.73 g, 38%) melting

reaction is strongly accelerated and must be stoppest 143 °C. 2H NMR (400 MHz, CDC)): &ppm = 4.87 (s,

early enough, in order to produce some enantiomerigH, CH,Br), 5.2 (s, 2H, El,Br), 7.54 (d,J = 7.2 Hz, 1H,

excess. arom.), 7.56 (dd) = 4.1 and 8.6 Hz, 1H, arom.), 7.76 Jd&
This is the difference betwedrand8: Ligand8, in 7.2 Hz, 1H, arom.), 8.48 (dd~ 1.6 and 8.6 Hz, 1H, arom.),
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9.05 (dd,J = 1.6 and 4.2 Hz, 1H, arom.).3C NMR [2](1,4)Benzeno[2](5,8)quinolinophane-N-oxide
(100.6 MHz, CDCJ): dppm = 29.67, 30.22 (CfBr), 122.06,
126.92,128.11, 130.44, 132.82, 134.97, 138.0, 146.53, 150
(arom. C). - EI-MS 317, 315, 313 (3, 6, 3)M236, 234 (82,
82, [M—Br), 155 (100, [M—2B#}), 127 (14,[M—2CHBI]2);

ompound6 (0.20 g, 0.77 mmol) was dissolved in §H,

5 mL) andmetachloroperbenzoic acid (MCPBA) (0.3 g,
1.75 mmol) was added slowly. The reaction mixture was
stirred at r.t. for 20 h. Then it was diluted with &H,

- S 10 mL), washed with 5% NaOH solution (12 X

2,15-Dithia[3](1,4)benzeno[3](5,8)quinolinophar(s) g\n% briz{e {i“?j rﬁﬁ ez;chi,s 2°x) :r?d d?i%(laljtoci/eéﬂs{a‘r.n#hefaa;,:g|’-5 :
Solution A: 1.58 g (5 mmol) af in EtOH (270 mL); solution  vent was evaporatéd vacuoand the residue used without

B: 0.86 g (5 mmol) of 1,4-bis(mercaptomethyl)benzene andurther purification.

1.25 g (11 mmol) of potassiutert-butylate (KQ-Bu) in a o

mixture of EtOH and water (250 mL EtOH, 20 mL@®).  2-Cyano[2](1,4)benzeno[2](5,8)quinolinopha(i

Both §o_|utions were dropped simultanously into a 2L-flaskTo a solution of [2](1,4)benzeno-[2](5,8)quinolinophayie-
containing EtOH (1L) and GEO; (0.20 g). After that, the  oxide (0.11 g, 0.41 mmol) in GBI, (10 mL) was slowly
mixture was kept under reflux _for 16 h, and then the solvengdded\,N-dimethylcarbamoyl chloride (59 mg, 0.55 mmol)
was evaporateid vacuo. The residue was dissolved in {H, in CH,CI, (1 mL). After stirring for 30 min at r.t., TMSCN
(150 mL), filtered and purified by column chromatography (60 mg, 0.6 mmol) in CkCl, (1 mL) was added, and stirring
(SIO,, CH,CI,, Ry = 0.4). A colourless solid melting at as continued for 16 h. The reaction mixture was extracted
168 °C was obtained (0.65 g, 40%)H-NMR (250 MHz,  with ag. NaHCQ (10 mL) and CHCI, (20 mL each, 4x).
CDCl;): d/ppm = 3.7-3.9 (m, 5H, B,), 4.03 (d,J =  The organic layer was washed with brine (30 mL each, 2x),
14.82Hz, 1H, ), 4.27 (dJ=14.75Hz, 1H, €,), 5.12(d,  dried over NaSO, and freed from the solveintvacuo 7 was
J=14.97 Hz, 1H, 6,), 6.09 (ddJ = 1.27 and 8.00 Hz, 1H, solated by column chromatography ($iGH,Cl,; R = 0.7)
arom.), 6.18 (dd) = 1.27 and 8.00 Hz, 1H, arom.), 6.84 (d, as a colourless solid melting at 117 °C (81 mg, 70%). —
J =7.12 Hz, 1H, arom.), 6.85 (d,= 7.12 Hz, 1H, arom.), 14 NMR (400 MHz, CDCJ): dppm = 2.75 (m, 1H; B)),

7.01 (dd,J = 1.70 and 7.87 Hz, 1H, arom.), 7.18 {d+ 2.90-3.1 (m, 5H; 8,), 3.65 (m, 1H; @), 4.20 (m, 1H;
7.29 Hz, 1H, arom.), 7.45 (dd,= 4.25 and 8.45 Hz, 1H, CH,), 5.38 (ddJ = 1.48 and 8.37 Hz, 1H, arom.), 5.52 (dd,
arom.), 8.38 (dd] = 1.80 and 8.42 Hz, 1H, arom.), 8.95 (dd, jJ=1.48 and 8.12 Hz, 1H, arom.), 6.42 (s, 2H, arom.), 6.87 (d,
J=1.80 and 4.25 Hz, 1H, arom.)}3 NMR (62.86 MHz, 3 = 7.39 Hz, 1H, arom.), 6.99 (d,= 7.14 Hz, 1H, arom.),
CDCl;): dppm = 33.22, 35.78, 38.14 (G11120.02, 126.28, 7,57 (d,J = 8.37 Hz, 1H, arom.), 8.00 (d,= 8.37 Hz, 1H,
127.97, 128.34, 128.44, 128.61, 128.80, 130.33, 132.2&rom.). —13C NMR (100.6 MHz, CDG): dppm = 31.26,
132.37,134.74, 134.93, 136.42, 146.91, 148.45 (arom. C). 32,15, 34.44 (C}), 118.24, 122.67, 127.91, 129.26, 130.64,
GC-MSR, = 11.86 min/wz = 323. — EI-MS 325, 324, 323 130.93, 132.24, 132.90, 133.38, 133.91, 134.73, 137.59,
(10, 21, 96, M), 221, 220, 219 (8, 16, 95 [M 5K4]"), 187,  137.61, 139.36, 139.68, 149.82 (arom. C). — GCRIS

186 (27, 41 [M — GHgS]"), 156, 154 (100, 8 [M—£1gS)]”);  10.68 minm/z= 284. — HRMS (GH,¢N,); calcd. 284.1315,
CiH;7NS, Calcd.: C70.55 H5.30 N4.33 S19.82 found 284.1314;

(323.5) Found: C 69.94 H5.27 N4.14 S19.68. C,H,N, Calcd.:C84.48 H567 N9.85

o (284.4) Found: C 83.92 H5.13 N 9.62.
[2](1,4)Benzeno[2](5,8)quinolinophan®)

The sulfide5 (0.87 g, 2.7 mmol) was suspended in P(OMe) 2-Pyridyl[2](1.4)benzenof2](5,8)quinolinopharfe)

(300 mL) and irradiated with UV (Hg, 180 W) at r.t. for 18 h. An autoclave was charged with a solution70(0.25 g,

The trimethyl phosphite was removadvacuo,and6 was  0.88 mmol) and cyclopentadienyl-1,5-cyclooctadiene-cobalt
isolated from the yellowish residue by flash chromatography(0.5 g, 2.2 mmol) in toluene (200 mL). The mixture was stirred
(Si0,; CH,Cl,/acetone = 10/1 VAR = 0.83). A colourless at 120 °C under an acetylene pressure of 1.5 bar for
solid was obtained (0.5 g, 71 %),p. 125 °C. Enantiomeric 20 h, during which the acetylene pressure was kept constant.
resolution: Daicel Chiralcel OD semipreparative column,After cooling to r.t. the solvent was evaporaitegtacuq the

10 x 250 mmirg-hexane/ethanol = 95/5 viv, 1.5 mL/miR = residue dissolved in C)&l, (75 mL), filtered (celite) and

28 and 31 min). 1H NMR (250 MHz, CDC}): dppm =2.8  washed with water (30 mL). The solution was dried over
(m, 1H; H,), 2.95-3.15 (m, 5H; B,), 3.7 (m, 1H; E&l,), Na,SO, and purified by flash chromatography (SiOH,CI,/

4.25 (m, 1H; El,), 5.48 (dJ = 7.89 Hz, 1H, arom.), 5.65 (d, MeOH/NH, = 100/10/1 v/v/v) . From this raw productvas
J=7.89 Hz, 1H, arom.), 6.45 (s, 1H, arom.), 6.8 &l7.21  isolated by column chromatography ($iGH,Cl,/MeOH =

Hz, 1H, arom.), 6.98 (d] = 7.21 Hz, 1H, arom.), 7.30 (dd, 100/1 v/v;R; = 0.3) to obtain colourless crystals melting at
J = 4.24 and 8.33 Hz, 1H, arom.), 7.93 (dd; 1.72 and 204 °C (107 mg, 36%). Enantiomeric resolution : Daicel Chi-
8.33 Hz, 1H, arom.), 8.85 (dd,= 1.69 and 4.25 Hz, 1H, ralcel OD semipreparative column, 10 x 250 mm (ethanol,
arom.). —13C NMR (62.86 MHz, CDG)): dppm = 31.76, 1.5 mL/min,R, = 25 and 32 min)-H NMR (400 MHz,
32.26, 34.56 (Ck), 120.10, 127.13, 128.70, 130.40, 131.20,CDCly): d/ppm = 2.83-2.95 (m, 1H;K), 3.00-3.20 (m,
132.26, 132.72, 132.81, 133.40, 137.59, 137.65, 138.273H; CH,), 3.70-3.82 (m, 1H;8,), 4.35—-4.50 (m, 1H; 8,),
139.51, 147.68, 149.50 (arom. C). — GC-RS= 9.43 min,  5.55 (d,J = 7.83 Hz, 1H, arom.), 5.59 (d,= 7.82 Hz, 1H,
m/z = 259. — HRMS (GH,,N); cald. 259.1361, found arom.), 6.48 (s, 2H, arom.), 6.82 §d5 7.04 Hz, 1H, arom.),

259.1358; 6.99 (dJ=7.05Hz, 1H, arom.), 7.40 (ddb+ 1.18, 4.64 and
CigHi7N Calcd.:C87.99 H6.61 N5.40 7.83 Hz, 1H, arom., Py.), 7.95 (ddd (pt)+ 1.57, 7.82 and
(259.4) Found: [10] [10] N 5.24[10]. 7.63 Hz, 1H, arom., Py.), 8.09 (@= 9.00 Hz, 1H, arom.),
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8.56 (d,J = 8.61 Hz, 1H, arom.), 8.76—8.80 (m, 2H, arom., 1 h at 80 °C, 93% 1-phenylethanol with 28% after 2h at

Py.). —13C NMR (100.6 MHz, CDGC)): /ppm = 31.77, 32.22,

80 °C 97% 1-phenylethanol with 20% ee and after 4h at

34.53, 34.82 (Ck), 117.52,121.81, 123.98, 127.52, 128.78,80 °C 97% 1-phenylethanol with 188¢(R-(+)-enantiomer)
130.37, 131.59, 132.18, 132.57, 133.46, 133.75, 137.56yere formed.

137.58, 137.64, 138.82, 139.39, 148.63, 148.93, 152.38,
156.41 (arom. C). — GC-M& = 14.36 minm/z= 336; HRMS

(C,4Hy0N,): caled. 336.1614, found 336.1620; References
C,HygN,  Calcd.: C81.64 H6.85 N7.32
(336.4) Found: N 7.45 [10]. [1] a) R. Noyori, Asymmetric Catalysis in Organic Synthesis, J.

Copper(l)-catalyzed Cyclopropanation of Styrene with
Compound 1

Cu(OTf), (3.6 mg, 0.01 mmol) and (6.7 mg, 0.02 mmol)

were dissolved in CHCl, (1 mL). After stirring for 30 min.

the solution was filtered. Styrene (88, 0.77 mmol) and
phenylhydrazine (fL,0.02 mmol) were added, resulting in

a deep blue solution. A solution of ethyl diazoacetate.(88

0.84 mmol) in CHCI,(1 mL) was added dropwise over a pe- 2]
riod of 5 h. The reaction was then stirred for 15 hours at . t..
Purification was achieved by flash chromatography {SiO
pentane/ED = 10/1 v/v). To check the results of the asym-
metric catalysis reaction, a GC-system with the following col-
umns was used (Restek Rtx-1701, 30 m x 0.25 mm o5
0.6 bar H, injector: 220 °C, detector: 320 °C temperature
programme: 120-140 °C, 1 °C per mig.= 14.5 min ¢is-
product),tz = 16.9 min (trans-product). ChrompaBCD- [4]
permethylated, 25 m x 0.25 mm, 0.5 bar, Injector: 200 °C,
Detector: 300 °C. Temperature program: 90 —120 °C, 0.3 °C[5]

(3]

per min.;tg = 68.671.9min (cis-product:1S 2R/1R, 29), tg [6]
=75.977.1 min frans-product:1R, 2R/1S 29). In the reac- [7
tion 30% of tharansproduct was formed with 26%e (1R,
2R) and 15% of theis-product with 26%ee (1R 29. This
corresponds to gans/cis ratio of 66 : 33 or 2.0 : 1. 8]
Transfer-Hydrogenation using [Ir(1)] as Catalyst [9]

1 (7.1 mg, 0.021 mmol) and [IrCODGI{5.9 mg, 0.009 mmol)

were placed in a sealed tube which was flushed with argon.
After addition of isopropanol (4.5 mL) the resulting mixture [10]
was stirred for 1 h. The resulting orange solution was de*
gassed. A 0.08 solution of sodium isopropylate in isopro-
panol (1.65 mL, 0.13 mmol) was added followed by the addi-
tion of acetophenone (1Q&., 0.9 mmol). The reaction mix-

ture was degassed once again, and the tube was sealed. The
reaction mixture was stirred at room temperature for 3 h, then

Wiley & Sons, New York 1994nd references cited therein;
b) I. Ojima, Ed., Catalytic Asymmetric Synthesis, Verlag
Chemie, Weinheim 1998nd references cited therein; c) H.
Brunner, W. Zettimeier, Enantioselective Catalysis With Tran-
sition Metal Compounds, Vol. | and Il, Verlag Chemie, Wein-
heim 1993 and references cited therein; d) cf. also: B. L.
Feringa, H. M. DeVries, Adv. Catal. Proces$685 1, 151;

M. T. Reetz, A. Zonta, K. Schimossek, K. Liebeton, K.-E.
JaegerAngew. Chem1997 109, 2961; Angew. Chem., Int.
Ed. Engl.1997, 36, 2830

Overview: A. Togni, L. M. Venanzi, Angew. Cherh994

106 517

a) Y. Belokon, M. Moscalenko, N. Ikonnikov, L. Yashkina,
D. Antonov, E. Vorontsov, V. Rozenberg, Tetrahedron: Asym-
metry1997 8, 3245; b) A. H. Vetter, A. Berkessdlktrahe-
dron Lett 1998 39, 1741; c) P. J. Pye, K. Rossen, R. A.
Reamer, N. N. Tsou, R. P. Volante, P. J. Reider, J. Am. Chem.
Soc 1997 119 6207; d) P. J. Pye, K. Rossen, R. A. Reamer,
R. P. Volante, P. J. Reiddretrahedron Lett 199839, 4441

U. Worsdorfer, F. Vogtle, M. Nieger, M. Waletzks,
Grimme, F. Glorius, A. Pfaltz, Synthedi899 597

D. M. Klassen, Inorg. Chenl976 15, 3166

C. A. Knueppel, Ber. Dtsch. Chem. G&896 29, 703

a) Modified Reissert-Henze reaction, sag: W. K. Fife, J.
Org. Chem 1983 48, 1375; b) S. de la Moya Cerero, M.
Bdhme, M. Nieger, F. Vogtle, Liebigs Ann./Recu#d97,
1221

H. Bobnnemann, B. Bogdanovic, R. Brinkmann, D.-W. He,
B. Spliethoff, AngewChem.1983 95, 749

a) G. Zassinovich, R. Bettella, G. Mestroni, N. Bresciani-
Pahor, S. Geremia, L. Randaccio, J. Organomet. C1288

370, 187; b) D. Miiller, G. Umbricht, B. Weber, A. Pfaltz,
Helv. Chim. Actal99], 74, 232

The values for carbon and hydrogen were generally obtained
too — an effect known in literature for some types of com-
pounds — although the purity of the substances has been prov-
en unambigously by spectroscopic methods.

4 h at 80 °C. For GC-analysis an aliqout was taken and filAddress for correspondence:

tered through a small pad of basic alumina. (Macherey-Nag%I
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rof. Dr. F. Vogtle
ekulé-Institut fir Organische Chemie und Biochemie
' der Rheinischen Friedrich-Wilhelms-Universitat Bonn
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phenylethanol)iz = 23.3 min R-(+)-1-phenylethanol)). Af-
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