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6-CH,), 3.79/0.58 (3, s, 9-OCH,), 6.64/0.06 (1, dd, J, = 8 Hz, J,,
= 2 Hz, 8-H), 6.90-7.48 (4, m, Ar H), 7.68/0.10 (1, d, J, = 8 Hz,
4-H), 8.79/-0.64 (1, d, J, = 9 Hz, 1-H); mass spectrum, m/e
(relative intensity) 288 (100), 273 (18), 245 (5); caled for M*
288.11502, found 288.1144, Anal. Caled for C5H,50,: C, 83.31;
H, 5.59. Found: C, 83.44; H, 5.60.

Thermolysis of Benzo[c lfluorenone 13a. A solution of 0.17
mmol of 13a, dissolved in 20 mL of diphenyl ether, was ther-
molyzed at 250 °C in the dark during 18 h. Preparative TLC on
silica gel with benzene-hexane (4:1), after removal of the diphenyl
ether as usual, yielded besides 13a, a red product; recrystallization
from heptane afforded 0.13 mmol of the benzo[c]fluorenone 16
(77%): mp 193 °C; IR 1690 em™ (ve—p); 'H NMR (CDCly/A) §
2.53/0.35 (3, s, 5-CHjy), 2.72/-0.03 (3, s, 6-CHj), 3.86/0.66 (3, s,
9-OCH,), 6.87/0.15 (1, dd, J, = 8 Hz, J,, = 3 Hz, 10-H), 7.10-7.56
(3, m, Ar H), 7.73/0.25 (1, d, J, = 8 Hz, 11-H), 7.9/0.18 (1, m,
4-H), 8.26/0.04 (1, m, 1-H); mass spectrum, m /e (relative intensity)
288 (100), 273 (40), 245 (17); caled for M* 288.11502, found
288.1151. Anal. Calced for CyoH ;604 C, 83.31; H, 5.59. Found:
C, 82.92; H, 5.69.

Trapping the o-Quinodimethane with Tetracyano-
ethylene. A solution of 1.00 mmol of 9a, 0.5 mmol of hydro-
quinone, and 5.96 mmol of tetracyanoethylene dissolved in 15 mL
of diphenyl ether was degassed and thermolyzed in the dark at
250 °C during 5 h. Preparative TLC on silica gel with benzene,
after removal of the diphenyl ether as usual, yielded 0.74 mmol
(74%) of the o-quinodimethane—tetracyanoethylene adduct and
0.07 mmol (7%) of the indenone 5a; no other products were

isolated. Identification of the o-quinodimethane-tetracyano-
ethylene adduct: mp 253-256 °C dec; IR 2240 cm™ (vomy), 1705
{(vc—0); 'H NMR (CDCl3/ A) 6 1.60/0.30 (8, s, 11a-CH,), 1.96/0.36
(3, s, 6a-CHy), 2.36/0.22 (8, s, 1-CHj), 3.66/0.76 (3, s, 9-OCH,),
4.00/0.50 (1, s, 6-H), 6.63-7.4 (7, m, Ar H); mass spectrum, m/e
(relative intensity) 432 (28), 304 (100), 289 (51), 276 (11), 188 (33);
caled for M* 432.1586, found 432.1586. Anal. Caled for
CyHyNO,: C, 74.99; H, 4.66; N, 12.95. Found: C, 75.36; H, 5.01;
N, 12.60.
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An efficient resolution of the title acid (1) by using (+)- and (-)-a-phenethylamine is described. The (+) acid
was determined to be 1S by chemical correlation through (+)-cis-bicyclo[3.3.0]octan-2-one (3) with (+)-cis-bi-
cyclo[3.3.0]oct-7-en-endo-2-ol (4) where the absolute configuration is known to be 1R. The 1R configuration for
()-8 was consistent with the negative Cotton effect observed for this ketone.

We have been involved for some time in exploiting the
bicyclo[3.3.0]octane framework for the synthesis of ter-
penoid and other natural products.! Recently? we detailed
convenient syntheses for two, isomeric diene acids with this
framework which have been particularly useful to us in our
synthetic studies. For one of these, bicyclo[3.3.0]octa-
2,6-diene-2-carboxylic acid (1), we have been able to effect
an exceptionally efficient resolution and to correlate one
of the enantiomers with known chirality in order to es-
tablish the absolute configuration in this series (see Scheme
.

Resolution of the acid was effected through the salts
formed with the enantiomers of a-phenethylamine.
Progress of the separation of the diastereomeric salts thus
formed could not be followed by melting point determi-
nations since the salts melted with decomposition. How-
ever, optical rotation was found to be quite sensitive to the
degree of separation as the diastereomeric salts had nearly
equal magnitude but opposite rotations (+121° for the (+)
acid and (-) amine and -131° for the (-) acid and (-)
amine). The degree of resolution could also be followed,

(1) See for example: Whitesell, J. K.; Matthews, R. S.; Minton, M. A,;
Helbling, A. M. J. Am. Chem. Soc. 1981, 103, 3468-3472,

(2) Whitesell, J. K.; Minton, M. A.; Flanagan, W. G. Tetrahedron 1981,
37, 4451-4455.

Scheme I
CO,H

(£)-1
mp 106-107.5 °C

(-)*a-phenevhylami:/ w-a-phenethyiumme

salt salt
[o]2p +121.0° [o]*p ~121.0°

|

L SO o SO
i |
H H
(+)1 (-)-1
mp 36-37°C mp 34-35°C

[a]”D +226° [cz]”D -219°

though less conveniently, by conversion of the salt to the
acid and then to the methyl ester by using diazomethane.
The methyl group absorptions of the enantiomers in the
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IHMR were cleanly split into signals at 6 4.52 ((-) acid)
and 4 4.56 ((+) acid) in the presence of 0.2 equiv of tris-
[3-[(heptafluoropropyl)hydroxymethylene]-d-camphora-
to]Jeuropium (Eu(HFC)z). Multiple cycling between the
enantiomers of the amine afforded an 80% yield and 87%
conversion to fully resolved acids.

The absolute configuration assignment for 1 was made
by correlation through the ketone 3 with alcohol 4. Cat-
alytic reduction of (+)-1 followed by oxidative decarbox-
ylation® of the resulting mixture of endo and exo acids
afforded (+)-3 (Scheme II). Alternately, (-)-4, obtained
by resolution through the a-phenethyl carbamate, was
converted by catalytic reduction followed by oxidation to
(-)-3. Since it has been established* that (+)-4 has the 1R
configuration, then (+)-3 and (+)-1 must be 1S. Alter-
nately, the 1R configuration for (-)-3 could inferred from
the negative Cotton effect observed for this ketone.

Experimental Section

Materials. Ether and tetrahydrofuran (THF) were distilled
prior to use from benzophenone ketyl. Phenethylamine and
phenethyl isocyanate were obtained from Norse Laboratories,
Newbury Park, Ca.

Procedures. Reactions were routinely effected under a dry
nitrogen atmosphere with magnetic stirring. Nuclear magnetic
resonance sectra were obtained by using a Varian HA-100 or
EM-390 for 'H NMR and a Varian FT-80 spectrometer for 13C
NMR. Optical rotations were obtained by using a Perkin-Elmer
141 polarimeter, and all samples reported were homogeneous by
13C gpectral and HPLC (u-Porasil) analyses. Elemental analysis
was performed by Chemalytics, Tempe, Az,

Resolution of cis-Bicyclo[3.3.0]octa-2,6-diene-2-carboxylic
Acid (1). A solution of 34.3 g (0.228 mol) of racemic acid 1 in
200 mL of hot 2-propanol was treated with 14,7 mL (0.114 mol,
0.5 equiv) of (-)-a-phenethylamine. After having cooled slowly
to room temperature, the brown-black solution was placed in the
refrigerator overnight. The resulting crystals were collected and
washed well with cold 2-propanol and then recrystallized twice
from the same solvent to afford 14.9 g (50%) of fine white needles:
mp 165-167 °C dec; [a]?*p +121.2° (¢ 1.01, absolute EtOH). The
optical rotation was unchanged after a third recrystallization. A
sample of this salt was converted to the acid and then to the
methyl ester with excess diazomethane. The 90-MHz proton

(3) Wasserman, H. H.; Lipshutz, B. H. Tetrahedron Lett. 1975, 4611.
(4) Kuritani, H.; Takaoka, Y.; Shingu, K. J. Org. Chem. 1979, 44,
452-454.
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NMR of this ester in the presence of 0.2 equiv of the chiral shift
reagent Eu(HFC); showed no detectable amount of the enantiomer
as evidenced by a single, sharp methyl resonance at 6 4.56. In
a separate experiment, less than 10% of the enantiomer could
be clearly distinguished as a completely resoved singlet at 6 4.52.

The combined supernatant from the above crystallizations was
concentrated, and the residue was partitioned between 2 N
NayCOy(aq) and ether. The combined aqueous layers were washed
with ether. The (-) amine was recovered nearly quantitatively
from the organic layers. The basic, aqueous layer from above was
acidified with concentrated HCl and extracted three times with
ether. Concentration afforded 26 g (100%) of acid enriched in
the (-) enantiomer. To this material in 200 mL of hot 2-propanol
was added 14.7 mL (0.114 mol, 1 equiv, based on the (-) acid
present) of (+)-phenethylamine. The resulting crystals were
collected and recrystallized as described above affording 16.4 g
(55%) of salt, [a]®p —121.0° (¢ 1.03, absolute EtOH). The process
described above was repeated for a total of three cycles, ultimately
affording 13.3 g of (+)-1 [mp 36~37 °C; [«]*p +226° (¢ 1.00,
absolute EtOH)], 14.3 g of (-)-1 [mp 34-35 °C; [a]?®®p -219° (c
0.97, absolute EtOH)], and 2.7 g of unresolved material for a total
yield of 88%.

The salt from pure (-)-1 and (-) amine was prepared and
recrystallized as described above, affording material with [a]%p
-131° (¢ 1.05, absolute EtOH).

(+)-cis-Bicyclo[3.3.0Joctan-2-one (3). A sample of (+)-1
obtained above was converted in quantitative yield to a 1:2 exo
to endo mixture of acids 2 by catalytic reduction at atmospheric
pressure over 5% palladium on charcoal in methanol. Oxidative
decarboxylation was effected by the procedure of Wasserman.?
Thus, to 0.43 g of saturated acids in 8 mL of the THF at 0 °C
was added a solution of 12 mmol of LDA prepared from 12 mmol
of 2.25 M n-butyllithium in hexane and 12.5 mmol of diiso-
propylamine in 15 mL of the THF. The solution was stirred for
3 h at 0 °C and then cooled to —78 °C. Dry oxygen was bubbled
through the solution for 30 min, and then 2.85 g (15 mmol) of
p-toluenesulfonic acid monohydrate in 5 mL of THF was added
dropwise. The reaction was then warmed slowly and finally heated
at reflux for 10 h. The solution was diluted with ether and
extraction with 2 N HCl(aq). From concentration of the ether
layer there was obtained 0.4 g of ketone as an orange oil. Pu-
rification was effected by HPLC (10:1 Skelly B-EtOAc, Porasil
A) providing 0.13 g (37%, extensive loss due to volatility) of ketone
pure by 1°C and with [a]%; +116° (¢ 1.258, absolute EtOH) and
[@]®p +126° (c 2.85, CHCIy).

cis-Bicyclo[3.3.0]oct-7-en-endo-2-yl (1-Phenylethyl)car-
bamate (5). A mixture of 4.2 g (34 mmol) of cis-bicyclko-
[3.3.0]oct-7-en-endo-2-ol (4)® and 5.7 g (39 mmol) of (-)-a-phen-
ethyl isocyanate was heated at 125 °C for 8 h. Purification by
column chromatography (silica gel, 5:1) afforded 9.1 g (99%) of
a diastereomeric mixture of urethanes, mp 60-80 °C. Three
recrystallizations of 7.5 g of this material from ethyl acetate—Skelly
B afforded 0.80 g (21%, based on one enantiomer of the alcohol)
of a single diastereomer (by 'HMR analysis): mp 97-98 °C; [a]®
-206.7° (c 2.4, CHC),); 'HMR (C¢Dg) 6 1.18 (d, 3 H, J = 7 Hz),
1.56-1.72 (m, 2 H), 2.2-2.6 (m, 2 H), 3.2-3.54 (m, 1 H), 3.6-4.1
(m, 2 H), 5.22 (g, 1 H), 5.73 (br s, 2 H), 7.12 (br s, 5 H). Anal.
Calcd for C;;H; NOy: C, 75.24; H, 7.80; N, 5.16. Found: C, 75.19;
H, 7.88; N, 5.23.

(-)-cis-Bicyclo[3.3.0]oct-7-en-endo-2-0l (4). A solution of
790 mg (2.9 mmol) of (-) urethane (5) and 1.6 g (30 mmol) of
sodium methoxide in 15 mL of ethanol was heated at reflux for
24 h. The cooled reaction solution was diluted with 2 N aqueous
hydrochloric acid and extracted with three 20-mL portions of
methylene chloride. The organic layer was concentrated to afford
510 mg of crude product that was purified by HPLC (2:1) to give
260 mg (72%) of the alcohol. A portion was rechromatographed
to obtain a sample for optical rotation; [a]%y ~124° (¢ 6, CHCly).

(-)-cis-Bicyclo[3.3.0]Joctan-endo-2-o0l. A solution of 47 mg
(0.30 mmol) of (-) alcohol 4 and 50 mg of 5% palladium-on-carbon
in 3 mL of ethy! acetate was hydrogenated at atmospheric pressure
and 25 °C. After the theoretical amount of hydrogen was ab-
sorbed, the solution was filtered and concentrated to give 44 mg

(5) Crandal, J.; Chang, L. J. Org. Chem. 1967, 32, 532.
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(92%) of alcohol, pure by 'HMR analysis with [a]®p -104° (c 4.4,
CHCly).

(-)-cis-Bicyclo[3.3.0]octan-2-one (3). The alcohol obtained
above was oxidized with Cr® by using the procedure of Ratcliffe.®
From 41 mg of alcohol was obtained 36 mg (90%) of the ketone
(-)-3, pure by spectral {HMR) and VPC (25% Carbowax on
Chromasorb P, 150 °C) analyses: [a]®p-105° (¢ 3, CHCl;); ORD
a% (X, nm) ~33.3° (450), -53.3° (400), -100° (350), -227° (318),
0° (291), +40° (280).

(6) Ratcliffe, R.; Rodehorst, R. J. Org. Chem. 1970, 35, 4000.
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New chiral (8-aminoalkyl)phosphines, RCH(NMe,)CH,PPh; [R = Me (Alaphos), i-Bu (Leuphos), PhCH,
(Phephos), i-Pr (Valphos), sec-Bu (Ilephos), Ph (PhGlyphos), c-Hex (ChGlyphos), and ¢-Bu (¢-Leuphos)], were
prepared by starting with optically active amino acids. The phosphines were used as ligands for nickel-catalyzed
asymmetric cross-coupling of 1-arylethyl Grignard reagents (ArMeCHMgC)) with vinyl bromide. Coupling products
of over 70% enantiomeric excess (ee) were obtained in the reaction with the ligand Phephos, Valphos, Ilephos,
PhGlyphos, ChGlyphos, or t-Leuphos. A mechanism involving complexation of the magnesium atom in the Grignard
reagent with the amino group on the (8-aminoalkyl)phosphine ligand is proposed to account for the high
stereoselectivity. The asymmetric cross-coupling was applied to the synthesis of optically active 2-arylpropionic

acids.

Asymmetric carbon—carbon bond-forming reactions are
of great significance for the synthesis of optically active
compounds, and the use of chiral transition-metal catalysts
for such reactions has recently attracted considerable at-
tention owing to a number of advantages of catalytic
asymmetric synthesis.2 Asymmetric cross-coupling of
secondary alkyl Grignard reagents with alkenyl halides®#4
has been effected by chiral phosphine—nickel or —palladium
catalysts and is now recognized to provide an efficient
route to the synthesis of optically active olefins, which
could hardly be obtained by other methods.

Previously, we have shown®- that chiral [(amino-
alkyl)ferrocenyl]phosphines, represented by (S)-N,N-di-
methyl-1-[(R)-2-(diphenylphosphino)ferrocenyl]ethylamine
[(S)-(R)-PPFA], are effective ligands for asymmetric

(1) Part of this paper appeared previously: Hayashi, T.; Fukushima,
M.; Konishi, M.; Kumada, M. Tetrahedron Lett. 1980, 21, 79.

(2) For reviews: (a) Kagan, H. B,; Fiaud, J. C. Top. Stereochem. 1978,
10, 175. (b) Bosnich, B.; Fryzuk, M. D. Ibid. 1981, 12, 119.

(8) (a) Hayashi, T.; Konishi, M.; Fukushima, M.; Mise, T.; Kagotani,
M.; Tajika, M.; Kumada, M. J. Am. Chem. Soc. 1982, 104, 180. (b)
Hayashi, T'; Tajika, M.; Tamao, K.; Kumada, M. Ibid. 1976, 98, 3718. (c)
Hayashi, T.; Konishi, M.; Hioki, T.; Kumada, M.; Ratajczak, A.; Nied-
bala, H. Bull. Chem. Soc. Jpn. 1981, 54, 3615. (d) Hayashi, T.; Naga-
shima, N.; Kumada, M. Tetrahedron Lett. 1980, 21, 4623, (e) Tamao,
K.; Hayashi, T.; Matsumoto, H.; Yamamoto, H.; Kumada, M. Ibid. 1979,
2155. (f) Tamao, K.; Yamamoto, H.; Matsumoto, H.; Miyake, N.; Ha-
yashi, T.; Kumada, M. Ibid. 1977, 1389. (g) Brunner, H.; Prébster, M.
J. Organomet. Chem. 1981, 209, C1. (h) Consiglio, G.; Piccolo, O.;
Morandini, F. Ibid. 1979, 177, C18. (i) Kiso, Y.; Tamao, K.; Miyake, N.;
Yamamoto, K.; Kumada, M. Tetrahedron Lett. 1974, 3. (j) Consiglio, G.;
Botteghi, C. Helv. Chim. Acta 1979, 56, 460.

(4) For a review see: Hayashi, T. In “Asymmetric Reactions and
Processes in Chemistry”; Eliel, E. L., Otsuka, S., Eds.; American Chemical
Society: Washington, D.C., 1982; ACS Symp. Ser. No. 185, Chapter 12.
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cross-coupling. 3-Phenyl-1-butene (68% ee) was produced
in the reaction of 1-phenylethylmagnesium chloride with
vinyl bromide. Results obtained for the cross-coupling by
using various kinds of modified ferrocenylphosphine lig-
ands have proved that the amino group on the phosphine
ligand is the first requisite for high stereoselectivity and
that the surroundings around the nitrogen atom exert a
strong effect on the stereoselectivity. On the basis of these
data, we have devoted attention to the design and prep-
aration of new phosphine ligands of higher ability for
asymmetric cross-coupling. We have arrived at (8-
aminoalkyl)phosphines (1) which seem to fulfull the nec-

H
R
C—CH,
NMe,  PPh,

1

essary conditions mentioned above and could be readily
prepared from amino acids. Use of amino acids as optically
active starting compounds is convenient because amino
acids with various substitutents are readily available in an
optically pure form. In this paper, we report the prepa-
ration of the (8-aminoalkyl)phosphines and their use for
asymmetric Grignard cross-coupling. Application of the
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