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1. Procedure

A. Preparation of  (1'-carbomethoxycyclopentadienyl)-(n’-
tetraphenyl-cyclobutadiene)cobalt. A flame-dried, 500-mL, three-necked,
round-bottomed flask is fitted with a stirring bar, reflux condenser, rubber
septa, and an argon inlet. The flask is flushed with dry argon and charged
with sodium cyclopentadienide (Note 1) (20 mL, 2.0 M in THF, 40 mmol)
and 20 mL of anhydrous tetrahydrofuran (Note 2) via syringe. Dimethyl
carbonate (Note 1) (10.2 mL, 120 mmol) is added via syringe and the
resulting solution is warmed to reflux for 4 h before cooling to room
temperature (Note 3).

Once cooled, 160 mL of toluene (Note 2) is added via syringe,
followed by chlorotris(triphenylphosphine)cobalt(I) (Note 4) (30.8 g, 34.8
mmol) and diphenylacetylene (Note 5) (14.2 g, 80 mmol) by temporarily
removing a rubber septum. The resulting mixture is heated at reflux for 5 h
before cooling to room temperature, transferring to a single-neck flask, and
concentrating under reduced pressure. The residue is suspended in hexanes
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(150 mL) and filtered through a Biichner funnel. The solids are washed with
hexanes (~3.5 L) until the filtrate is colorless. The resultant dark mustard-
colored filter cake is dissolved from the filter into a new collection flask
with methylene chloride. Washing is continued until the filtrate is colorless.
A black insoluble solid is left after washing and is discarded. The organic
solution is concentrated in vacuo to provide 12.7 g (23.6 mmol, 67%) of (17°-
carbomethoxycyclopentadienyl)-(1*-tetraphenylcyclobutadiene)cobalt as a
mustard-colored solid (Notes 6, 7).

B. Preparation of  (17-(S)-2-(4-methylethyl)oxazolinylcyclo-
pentadienyl)-(n’-tetraphenylcyclobutadiene)cobalt. A flame-dried, 250-mL,
round-bottomed flask is fitted with an air condenser, stirring bar and an
argon inlet. The flask is flushed with dry argon and then charged with (1’
carbomethoxycyclopentadienyl)-(1*-tetraphenylcyclobutadiene)cobalt (10 g,
18.6 mmol), lithium iodide (Note 8) (4.95 g, 37.2 mmol), and 100 mL of
2,4,6-collidine (Note 1) by temporarily removing the condenser. The
resulting solution 1s warmed to reflux. After 16 h, the solution is cooled to
room temperature (Note 9) and diluted with 50 mL of methylene chloride.
This solution is washed with 150 mL of 2 N aqueous hydrochloric acid, and
the aqueous layer is extracted with 150 mL of methylene chloride. The
combined organic phases are then washed with 2 N aqueous hydrochloric
acid (4 x 150 mL), dried over anhydrous sodium sulfate, filtered, and
concentrated under reduced pressure to provide (77’-carboxycyclo-
pentadienyl)(#-tetraphenylcyclobutadiene)cobalt as an orange solid (Note
10), which is used directly in the next transformation.

A flame-dried, 250-mL, round-bottomed flask is fitted with a stirring
bar and an argon inlet. The flask is flushed with argon and then charged
with crude (1’-carboxycyclopentadienyl)(#'-tetraphenylcyclobutadiene)-
cobalt and 124 mL of methylene chloride (Note 2). Oxalyl chloride (Note 1)
(3.25 mL, 37.2 mmol) and dimethylformamide (Note 11) (3 drops) are
added sequentially. Upon addition of the latter, gas evolution is observed.
The resulting solution is maintained at room temperature. After 30 min, the
solution is concentrated using a rotary evaporator. Volatile byproducts and
excess starting materials are removed by dissolving the residue in 100 mL of
methylene chloride and concentrating this solution using a rotary evaporator.
The evaporation procedure is repeating three times to provide the
corresponding acid chloride as a red-brown residue, which is used directly in
the next transformation.
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A flame-dried, 500-mL, round-bottomed flask is fitted with a stirring
bar and a septum containing argon inlet and outlet needles. The flask is
flushed with argon and then charged with (S)-valinol-HCI salt (Note 12) (3.6
g, 26 mmol) by temporarily removing the septum, triethylamine (Note 11)
(15.5 mL, 112 mmol) and 86 mL of methylene chloride (Note 2) via syringe.
A solution of crude acid chloride and 100 mL of methylene chloride (Note
2) 1s added to the flask via cannula. The resulting solution is maintained at
room temperature, and, after 2 h, the solution is cooled to 0 °C using an
ice/water bath. Methanesulfonyl chloride (Note 1) (3.6 mL, 47 mmol) is
then added in one portion via syringe, and the resulting solution is allowed
to warm to room temperature. After 16 h, the solution is transferred to a
separatory funnel and washed with 150 mL of saturated aqueous sodium
bicarbonate and 150 mL of brine. The organic layer is then dried over
anhydrous sodium sulfate, filtered, and concentrated using a rotary
evaporator. The residue is dissolved in a minimum volume of methylene
chloride (~50 mL) and purified through a column of silica gel using 9:1
hexanes-ethyl acetate as eluent (Note 13). Evaporation of solvent gives 8.2
g (13.9 mmol, 75% yield) of (17°-(S)-2-(4-methylethyl)oxazolinylcyclo-
pentadienyl)(#*-tetraphenylcyclobutadiene)cobalt as a yellow solid (Note
14).

2. Notes

1. Sodium cyclopentadienide was purchased from Aldrich Chemical
Company or Strem Chemical. This reagent should be light red/orange in
color. Commercial reagent that is black in color and/or contains some solid
residue should not be wused. Dimethyl carbonate, oxalyl chloride,
methanesulfonyl chloride, and 2,4,6-collidine were purchased from Acros
Organics or Aldrich Chemical Company. These chemicals were used as
received.

2. Tetrahydrofuran, toluene and methylene chloride were purified
by passage through activated alumina using a GlassContour solvent
purification system.” The checkers used anhydrous Acroseal solvents.

3. Sodium carbomethoxycyclopentadienide can be isolated,’ but its
isolation and purification were unnecessary for this procedure.

4.  Chlorotris(triphenylphosphine)cobalt(I) was prepared according
to a detailed literature procedure.® This reagent could be purchased from
Aldrich Chemical Company. However, it is quite expensive; the use of the
commercial material typically resulted in lower yields of product.

141



5. Diphenylacetylene was purchased from Acros Organics and was
recrystallized from ethanol prior to use.

6. Somewhat higher yield (13.8 g, 25.6 mmol, 74%) was observed
when the solution of sodium carbomethoxycyclopentadienide and THF was
transferred by cannula to a 500-mL round-bottomed flask charged with
dichlorotris(triphenylphosphine)cobalt(I), diphenylacetylene and toluene.
However, this procedure was less convenient.

7. The product, (17°-carbomethoxycyclopentadienyl)(r*-tetraphenyl-
cyclobutadiene)cobalt, showed the following characterization data; 'H NMR
(500 MHz, CDCls) d: 3.23 (s, 3 H), 4.79 (t, J=2.0 Hz, 2 H), 5.21 (t, /= 2.0
Hz, 2 H), 7.22-7.30 (m, 12 H), 7.43-7.45 (m, 8 H); °C NMR (125 MHz,
CDCls) &: 51.4, 76.5, 84.7, 86.6, 86.8, 126.9, 128.2, 129.0, 135.3, 166.6;
Infrared spectrum (thin film) cm’: 3058, 2953, 1713, 1596, 1498, 1467,
1281, 1140; HRMS (FAB+) m/z 538.1320 [538.1343 calcd for C;5H,;0,Co
(M)]; Anal. Calced. for C35H,,0,Co: C, 78.06; H, 5.05. Found: C, 78.30; H,
5.43.

8.  Lithium iodide was purchased from Acros Organics. In some
instances, the use of old bottles of this reagent resulted in incomplete
conversion.

9. The disappearance of starting material could be monitored by
TLC analysis. Using 20% ethyl acetate: hexanes as eluent, (7-
carbomethoxycyclopentadienyl)(n'-tetraphenylcyclobutadiene)cobalt had an
Rf of 0.8.

10. The crude product, (17°-carboxycyclopentadienyl)(#*-tetraphenyl-
cyclobutadiene)cobalt, showed the following 'H NMR spectrum; (500 MHz,
CDCls) 6: 4.84 (2d, J = 2.0 Hz, 2 H), 5.23 (2d, J = 2.0 Hz, 2 H), 7.20-7.24
(m, 12 H), 7.42-7.44 (m, 8 H).

11. Dimethylformamide and triethylamine were purified by passage
through GlassContour solvent purification columns.”> The checkers used
anhydrous  dimethylformamide purchased from Acros Organics.
Triethylamine was purchased from Aldrich Chemical Company and used as
received.

12. (S)-Valinol was prepared by reduction of (S)-valine.’ The
checkers used (S)-valinol purchased from Aldrich Chemical Company, Inc.
The salt was formed by treatment of the freebase with 2 N HCI in
diethylether.

13. The submitters reported dissolving the crude residue in 9:1
hexanes:EtOAc prior to loading on the column, but the checkers isolated 5.6
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g (9.5 mmol, 51% yield) of pure product by filtration of the resulting slurry.
The residue remaining after concentration of the filtrate was dissolved in a
minimum of methylene chloride and purified as described to give an
additional 2.6 g (4.4 mmol, 24% yield) of the pure product. Subsequent
reactions were purified exclusively by column chromatography.

14. The product, (17°-(S)-2-(4-methylethyl)oxazolinylcyclopenta-
dienyl)-(1'-tetraphenylcyclobutadiene)cobalt, ~ shows  the  following
characterization data; '"H NMR (500 MHz, CDCl;) 6: 0.76 (d, J = 7.0 Hz, 3
H), 0.98 (d, J = 6.5 Hz, 3 H), 1.37-1.44 (m, 1 H), 3.41-3.55 (m, 3 H), 4.71
(2d,J=2.5Hz, 2 H), 4.8 (2d,J= 2.5 Hz, 2 H), 5.09 (s, 1 H), 5.25 (brs, 1 H)
7.20-7.29 (m, 12 H), 7.45-7.47 (m, 8 H); °C NMR (125 MHz, CDCl) §:
18.4, 19.6, 33.0, 69.5, 72.7, 76.0, 82.0, 84.4, 85.0, 86.4, 126.4, 128.0, 129.0,
135.4, 160.5; Infrared spectrum (thin film) em™: 3058, 2958, 1652, 1597,
1499, 1373, 1113, 1024; HRMS (FAB+) m/z 592.2055 [592.2051 calcd for
Cs9H35CoNO (M+H)]. Anal. Calcd. for C5;0H3;,ONCo: C, 79.17; H, 5.79; N,
2.37. Found: C, 79.12; H, 5.83; N, 2.33.

Safety and Waste Disposal Information

All hazardous materials should be handled and disposed of in
accordance with “Prudent Practices in the Laboratory”; National Academy
Press; Washington, DC, 1995.

3. Discussion

This synthesis of (1’-(S)-2-(4-methylethyl)oxazolinylcyclo-
pentadienyl)-(n*-tetraphenylcyclobutadiene)cobalt is a modification of a
procedure originally reported by Richards and Stevens.® The procedure has
been streamlined and modified to enable large-scale preparation of this
oxazoline. Nucleophilic conditions, rather than hydrolytic, are used to cleave
the ester to the acid in Step B, thereby eliminating the use of DMSO, which
is difficult to remove. Removal of DMSO is an essential feature of the
original procedure as oxalyl chloride is employed in the following step.® In
the present procedure, the oxazoline is formed directly from the crude
valinol amide by reaction with methanesulfonyl chloride and triethylamine
in methylene chloride. These conditions eliminate the need for toxic carbon
tetrachloride; previously the isolated valinol amide was cyclized using
triphenylphosphine, carbon tetrachloride and triethylamine.” In this
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optimized procedure, conversion of the ester to the oxazoline is
accomplished in one pot.
(n°-(S)-2-(4-methylethyl)oxazolinylcyclopentadienyl)-(n *-tetra-

phenylcyclobutadiene)cobalt is an intermediate in the synthesis of the
planar, chiral palladium(Il) catalysts, [COP-Cl],,” [COP-OAc],’ and COP-
hfacac,” which have been used in the catalytic asymmetric synthesis of chiral
allylic amides®” and allylic esters.'” This procedure illustrates a general
synthesis of  enantiopure  (n’-(S)-2-oxazolinylcyclopentadienyl)-(n*-
tetraphenylcyclobutadiene)cobalt ~ complexes.  Analogous  oxazoline
complexes prepared from (S)-serine have been used as ligands for catalytic
asymmetric addition of organozinc reagents to aldehydes and palladium-
catalyzed allylic alkylations."' As enantioenriched monodentate oxazolines
have found use as chiral ligands,"”” and w’-(cyclopentadienyl)-(n*-
tetraphenylcyclobutadiene)cobalt complexes have been used to prepare a
variety of novel materials,” the oxazoline product of this procedure could
find use in its own right.
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Appendix
Chemical Abstracts Nomenclature; (Registry Number)

(n°-Carbomethoxycyclopentadienyl)-(n*-tetraphenylcyclobutadiene)cobalt;
(182627-81-2)

Sodium cyclopentadienide: Sodium, 2,4-cyclopentadien-1-yl-; (4984-82-1)

Chlorotris(triphenylphosphine)cobalt(l); (26305-75-9)

Diphenylacetylene: Benzene, 1,1'-(1,2-ethynediyl)bis-; (501-65-5)

Lithium iodide; (10377-51-2)

2,4,6-Collidine: Pyridine, 2,4,6-trimethyl-; (108-75-8)

Oxalyl Chloride: Ethanedioyl dichloride; (79-37-8)

N, N-Dimethylformamide; (68-12-2)

(S)-Valinol: 1-Butanol, 2-amino-3-methyl-, (25)-; (2026-48-4)

Triethylamine: Ethanamine, N, N-diethyl-; (121-44-8)

Methanesulfonyl chloride; (124-63-0)
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