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Abstract:

In our investigation to efficiently remove residual palladium
from a drug candidate prepared via the Suzuki—Miyaura
coupling reaction, it was found that polymer-bound ethylene-
diamines can absorb both Pd(0) and Pd(ll). This property was
applied to the removal of residual palladium from the crude
2'-cyanobiphenyl product (R)-2 obtained by the Suzuki-
Miyaura coupling of an optically active bromobenzene deriva-
tive (R)-1 with a boronate 3. Treatment with the polymer-bound
ethylenediamines reduced the palladium content of the crude
product from 2000—3000 to 100—300 ppm. Subsequent puri-
fication by salt formation with di- p-toluoyl-p-tartaric acid
(DTTA) attained a low palladium content of less than 10 ppm.

knowledge, few efficient methods to remove the residual
palladium have been reportéth 1997, Rosso reported that
trimercaptotriazine (TMT) works as an effective agent for
removing the residual palladium as insoluble TMRd
complexe$. This method seems unsuitable to prepare
compounds that have poor solubility in organic solvents,
because TMT—Pd complexes also precipitate to prevent
isolation of the target compounds in a pure form.

In the industrial production of E2040 that is a potent
antagonist of @D,/5-HT, receptor$, we had the same
problem of removal of residual palladium from a crude
product. Rosso’s method mentioned above was not effective
(vide post). We found that various derivatives of ethylene-
diamine work effectively as reagents for our purpose. In this

For the past decade, palladium-catalyzed organic synthe-contribution, we wish to report that polymer-supported

ses such as the MizorokHeck, the Sonogashira and the
Suzuki—Miyaura reactions have been utilized more fre-
quently in C-C bond formation between aromatic rings.
However, during the course of their use for industrial
preparation of active pharmaceutical ingredients (APIs), a
serious problem was often encountered in that residual
palladium remained in the final products. To our best

* Corresponding author. E-mail: y-urawa@bhhc.eisai.co.jp.
T Process Research Laboratories, Eisai Co., Ltd, Ibaraki, Japan.
* Graduate School of Science and Technology, Chiba University, Chiba, Japan.

(1) (a) Waite, D. C.; Mason, C. POrg. Process Res. De#998,2, 116. (b)
Singh, J.; Kim, O. K.; Kissick, T. P.; Natalie, K. J.; Zhang, B.; Crispino,
G. A,; Springer, D. M.; Wichtowski, J. A.; Zhang, Y.; Goodrich, J.; Ueda,
Y.; Luh, B. Y.; Burke, B. D.; Brown, M.; Dutka, A. P.; Zheng, B.; Hsieh,
D.-M.; Humora, M. J.; North, J. T.; Pullockaran, A. J.; Livshits, J.;
Swaminathan, S.; Gao, Z.; Schierling, P.; Ermann, P.; Perrone, R. K.; Lai,
M. C.; Gougoutas, J. Z.; DiMarco, J. D.; Bronson, J. J.; Heikes, J. E.;
Grosso, J. A.; Kronenthal, D. R.; Denzel, T. W.; Mueller, R. ®irg.
Process Res. De 2000, 4, 488. (c) Lewis, N.Org. Process Res. De
2000,4, 407.

(2) (a) Barnett, C. J.; Wilson, T. M.; Kobierski, M. Bxrg. Process Res. De
1999,3, 184. (b) Cooke, W. B.; Bright, R.; Coleman, M. J.; Jenkins, K. P.
Org. Process Res. De2001, 5, 383. For more information about the
Sonogashira reaction see: Sonogashira, K.Metal-catalyzed Cross-
Coupling Reactions; Stang, P. J., Diedrich, F., Eds.; Wiley-VCH: Wein-
heim, 1998; pp 203—229.

(3) (a) Yasuda, N.; Huffman, M. A.; Ho, G.-J.; Xavier, L. C.; Yang, C.;
Emerson, K. M.; Tsay, F.-R.; Li, Y.; Kress, M. H.; Rieger, D. L.; Karady,
S.; Sohar, P.; Abramson, N. L.; DeCamp, A. E.; Mathre, D. J.; Douglas,
A. W.; Dolling, U.-H.; Grabowski, E. J. J.; Reider, P.Jl.Org. Chem.
1998 63, 5438. (b) Gala, D.; Stamford, A.; Jenkins, J.; KugelmanQvy.
Process Res. Deid997,1, 163. (c) Ennis, D. S.; McManus, J.; Wood-
Kaczmar, W.; Richardson, J.; Smith, G. E.; CarstairsQAg. Process Res.
Dev. 1999, 3, 248. For more information about the Suzuki—Miyaura
reaction see: (d) Miyaura, N.; Suzuki, 8hem. Rev1995,95, 2457. (e)
Miyaura, N. InAdvances in Metal-Organic Chemistryiebeskind, L. S.,
Eds.; JAI Press: London, 1998; Vol. 6, pp 18243. (f) Suzuki, A. In
Metal-catalyzed Cross-Coupling ReactipBsang, P. J., Diedrich, F., Eds.;
Wiley-VCH: Weinheim, 1998; pp 49—-97.

10.1021/0p0255682 CCC: $25.00 © 2003 American Chemical Society
Published on Web 01/01/2003

derivatives of ethylenediamine can be employed for efficient
and convenient removal of residual palladium.

We synthesized the biphenyl moiety of E2040 by the
Suzuki-Miyaura reaction. An optically active bromobenzene
derivative (R)-1 was subjected to the SuzukMViyaura
coupling with a boronat& using 1 mol % of PdG(PPh),,
as shown in Scheme 1, to give a coupling prod&jt2. As
expected, the crud@R)-2 contained a large amount (more
than 2000 ppm) of palladium after the usual workup. This
value at this stage is too high to attain acceptable residual
metal content (less than 10 ppm) in the fiz2040as an
API. Therefore, we turned to efforts to reduce the palladium
content of crudéR)-2.

Activated carbon and activated clay were shown not to
effectively remove the residual palladium from our crude
(R)-2. Filtration of solutions ofR)-2 through 0.22«m filters
cannot reduce the residual palladium level. Washing the
organic layer with 25% aqueous ammonia showed a slight
effect on the reduction of palladium, but it was not enough
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Scheme 1. Synthetic route of E2040 via the
Suzuki—Miyaura cross coupling
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Chart 1. Commercially available polymer-bound
ethylenediamine derivatives
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The ability of these polymer-supported ethylenediamines
(4,5, and6) to remove palladium was examined.

Preliminarily, the crude(R)-2 was treated with these
reagents in toluene, acetone, or methanol for 65 h. As shown
in Table 2 (entries 26), these reagents showed high ability
to reduce the palladium content. Hence, we decided to
employ4 in further experiments using practical conditions
(entries 7—14), because it is the most easily available resin.
Since it was employed as an extraction solvent, toluene was

conditions, washing with diluted HCI cannot be employed. selected as a reaction solvent in these examinations.

When ethylenediamine was added to make a complex with

Although polymer4 and PS-Trisamine are both resins

the residual palladium, an insoluble oil was deposited. The with the ethylenediamine moiety, their ability to remove

organic layer was separated and then treated widhd{-p-

palladium is different (entries 7 and 13). Generally, the

toluoyl-p-tartaric acid (DTTA) to give a salt that was shown addition of the resin brought about the gradual decolorization
to contain 11 ppm of residual palladium (Table 1). This value of the (R)-2 solution, accompanied by color of the surface
is acceptable because residual palladium can be decreasedf the resin turning black. However, PS-Trisamine neither
to an undetectable levek(@ ppm) in the final production  changed its surface color nor the color of the solution (entry
step of E2040 by crystallization. 13). Efficiency of the resin depends on its amount and the
In the aforementioned treatment with ethylenediamine, treatment time. Prolonged treatment reduced the palladium
the separation of the oil was troublesome. Hence, we content in the presence of a small amount of resin (entry
examined the use of polymer-supported ethylenediamines forl1), but an amount of the resin equal in weight to that of
the removal of the residual palladium. The polymer-bound the starting material is necessary to complete the reaction in
ethylenediamine derivatives shown in Chart 1 are com- a short time (entry 7). Although a plug-flow system is
mercially available. They are stable in organic solvents and expected to reduce the necessitated amount of the resins,
have been employed as quenchers in combinatorial chem-our experiments at the present time were carried out in a

istry.” batch system because of the limitation of facilities.
Table 1. Removal effect for R)-2 by absorbing reagents
p-TolCOO,,, COOH
F//
cl addition of Ji
cN O absorbing reagent ~ P-10ICOQ__ COOH
> » (R)-2.1/2DTTA

®

(R)-2 after extraction

N
\/u 17 h/ rtin toluene

entry samplé absorbing reagents mol equiv ratio againgR)-1 residual Pd (ppm)
1 A none 903
2b A TMT® 0.1 410
3 B TMTE® 1 e
4 B ethylenediamirté 0.1 6
5 B ethylenediaminfé 1 1

aSample is concentrated residue of criB-2 after extraction. Pd content of A is 2445 ppm. and Pd content of B is 2683 ppoluene/acetonitrile (1:9) was
used as solvent.Pd complex with TMT is separated by filtration as an insoluble solid from the sol¢&ut.complex with ethylenediamine is separated as a highly
viscous oil by decantation from toluerféThe value was not determined, since recovery of (R)-the step of separation from TMT is very low (<30%).

192 Vol 7, No. 2, 2003 / Organic Process Research & Development



Table 2. Removing effect for (R)-2 by polymer-bound ethylenediamines

F,
cl 1) addition of
CN O chelating polymer DTTA
N/\l » (R)-2 —» (R)-2.1/2 DTTA
O K/E 2) filtration
Sample: (R)-2 after extraction yellow oil white crystal
black solution
residual Pd (ppm)
entry polymer sampfe solvent loading amount time (h) (R)-2 (R)-2:1/2DTTA
1 none A - 903
2 4 A toluene 1 65 - 2
3 4 A acetone 1 65 - 4
4 4 A methanol 1 65 - 2
5 5 A toluene 1 65 - <2
6 6 A toluene 1 65 - <2
7 4 B toluene 1 17 103 18
8 4 B toluene 1 31 136 7
9 4 B toluene 0.5 17 354 62
10 4 B toluene 0.5 31 179 37
11 4 A toluene 0.2 168 189 15
12 4 A toluene 0.1 168 986 -
13 4p B toluene 1 15 516 -
14 ethylenediamirfe B toluene 1 17 370 11

aSample is concentrated residue of crifB9-2 after extraction. Pd content of A is 2445 ppm and Pd content of B is 2683 pp&-trisamine is used as tris(2-
aminoethyl)amine polystyrene that is available from Argonaut Technologies, Inc. as a scavengirfgatmsilenediamine was used instead4of' The solution was

not decolorized after treatment with polymer.

Chart 2. DIAION CR20 (7)

CHoNH(CH,CH,NH)H

DIAION CR20 (7)® a chelating resin (Chart 2), is
commercially supplied with constant quality and suitability
for production in a large scale. Therefofavas also tested,

In aqueous organic solvents, polymer-bound ethylenedi-
amines have less ability than under anhydrous conditions,
although the polymerd were more effective than (Table
4).

Since heating the system in toluene was most effective
in our studies, this methodology was applied to the crude
product containing palladium at a higher level. When the
crude product (Pd content: 6126 ppm) obtained by the
coupling reaction using an increased amount (2 mol %) of
the catalyst was treated witd at 60 °C, the residual

and the results are summarized in Table 3. Treatment of thepalladium was sulfficiently removed (Pd content: 363 ppm).

crude (R)-2with an excess amount (6 or 4:1 weight ratio)
of 7 (entries 2 or 4, respectively) could remove the residual

palladium to the same level as the aforementioned polymer-

bound ethylenediamines. The use of an equal amouiit of
required a longer period of time (entry 1). It should be noted
that treatment with twice amount of for a day gave an
insufficient result (entry 5), probably because of the small
contact area of. Indeed, milled7 showed an improvement
(entry 6). It is noteworthy that heating of the system brought
about a dramatic effect to achieve a satisfactorily reduced
content of residual palladium (entries 7 and®8%low
agitation (<100 rpm on magnetic stirrer) is enough for the
polymer to adsorb residual palladium. Therefore, there was
little attrition of the polymer beads in all experiments.

(8) Particle size distribution>1180um, <5%; <300um, <1%.

(9) After being rinsed with toluen&, was heated in toluene at 8C over 31
h without substrate. Weight of the concentrated filtrate of the solution was
negligible (<0.015% against). This residue is detectable by HPLC and
easily soluble in acetone that is the solvent in the next step. Actually, no
corresponding peaks were detected in the obtained DTTA sgR)eP.

Subsequent treatment with DTTA affordél)-2:1/2DTTA
which could be derived to the final API containing palladium
less than 10 ppm.

The present method was successfully scaled up to 4.47
kg. As outlined in Scheme 2, 4.47 kg @)-1 was subjected
to the reaction witl8. The present method was applied to
give 3.95 kg of(R)-2. After salt formation with DTTA, 5.19
kg of (R)-2-1/2DTTA was obtained as a white powder
containing 35 ppm of palladium.

Finally, we examined the ability of TMT and polymer-
supported ethylenediamine to remove Pd(0) and Pd(ll). As
summarized in Table 5, TMT exhibited high ability to
remove Pd(0) specifically, and Pd(ll) was moderately
removed by TMT. On the other hand, the reverse result was
obtained by the use of the polymer-supported ethylenedi-
amine. These results suggest that an effective approach to
remove Pd(0) and Pd(ll) at the same time is the use of a
combination system of a resin-bound version of TMT with
4,
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Table 3. Removing effect for R)-2 by resin 7

wt ratio time residual Pd (ppm)

entry sample solvent 7/(R)-1 temp (h) (R)-2

1 A toluene 1 rt 65 119
2 A toluene 6 rt 3 348
3 B toluene 4 rt 2 —(438y
4 B toluene 4 rt 17 124 (18%
5 B toluene 2 rt 17 1185 (553)
6 A toluene 2(milled rt 17 522
7 B toluene 2 50°C 17 212
8 B toluene 2 75°C 17 163
9 A acetone 1 rt 3 445 (39Y

aSample is concentrated residue of crifB¢-2 after extraction. Pd content of A is 2445 ppm and Pd content of B is 2683 pphe value in parentheses shows

residual Pd in DTTA salt that is induced from the correspondRp2.

Table 4. Removing effect for R)-2 by polymer-bound ethylenediamines in aqueous solvent systems at room temperature

wt. ratio residual Pd (ppm)
entry polymer sampfe solvent (ratio) 7I(R)-1 time (days) (R)-2
1 4 C acetone/HO (10/6) 2 1 273
2 4 D EtOH/H,0O (10/5) 2 1 268
3 4 E MeOH/H,0(10/2) 2 1 203
4 7 C acetone/HO(10/6) 1 3 868
5 7 D EtOH/H,0(10/5) 1 3 840
6 7 E MeOH/H,0(10/2) 1 3 685

aSample is concentrated residue of crg-2 after extraction. Pd content of C is 3281 ppm, D is 3080 ppm, and E is 3898 ppm.

Scheme 2. Scaled-up experiment using 7

CN
0
0,
3 0 1) treatment by 7

F/,
Br I\(/\| PdClz(Pth)z

60 °C/17 h

NH  K3POg4-nH0O

(R)'1 Toluene
reflux / 1h
4.47 kg
ci
CN

2) salt formation

%,

O .1/2 DTTA
-

NH

5.19 kg (Pd 35 ppm)

Table 5. Removing capacity of absorbing reagents for Pd(0)
or Pd(ll)

Pd source additive mol

residual Pd in filtrate (ppm)

Pd(OAcy  TMT 3
P (dbay  TMT 3
Pd(OAcy 4 3
Pd (dbay 4 3

375
<0.1
<0.1
28.3
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In summary, efficient removal of residual palladium from
the cyanobiphenyl compour(®)-2 that has high affinity for
palladium was achieved with polymer-bound ethylenedi- (triphenylphosphine)palladium, and 26.7 g (143 mmol)
amine derivatives. The present result promises that theseof 2-(1,3,2-dioxaborinan-2-yl)benzonitril® in 160 mL
derivatives can be used as powerful reagents for the removalof toluene at room temperature was added 35.34 g (143
of residual palladium, even in cases wherein TMT works mmol) of tripotassium phosphate hydrate. Under nitrogen
inefficiently.
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Experimental Section

Polymer-supported ethylenediaminds %, and6) were
purchased from Aldrich, and PS-Trisamine is available from
Argonaut Technologies, Inc. Their catalog specifications are
as follows.

4: tris(2-aminoethyl)amine, polymer-bound, swelling
volume 8 mL/g dry resin, contains 4-6.0 mmol N/g.5:
diethylenetriamine, polymer-bound, product comments: 1%
cross-linked, 206400 mesh, typical loading 2.53-0 mmol
N/g. 6: ethylenediamine, polymer-bound, product com-
ments: 1% cross-linked, 26@100 mesh, typical loading
2.5-3.0 mmol N/g.PS-Trisamine tris(2-aminoethyl)amine
polystyrene; capacity: -35 mmol/g (based on benzoyl
chloride uptake), resin type: 1% cross-linked poly(styrene-
co-divinylbenzene)7: DIAION CR20 was purchased from
Mitsubishi Chemical Corporation. {l3-bromo-4-chloro-5-
[1-(R)-fluoropropyl]}phenylpiperazingR)-1 and 2-(1,3,2-
dioxaborinan-2-yl)benzonitril® were prepared by a previ-
ously reported methofl.

Other solvents and reagents were used as received from
commercial suppliers and used without further purification.
All ICP experiments were done on a Perkin EImer Optima
3300 DV.

Typical Procedure in Experiments for Removal of
Palladium. To a solution of 31.9 g (assay: 92.5%, 95.0
mmol) of 1{3-bromo-4-chloro-5-[1R)-fluoropropyl]}-
phenylpiperazingéR)-1, 670 mg (0.95 mmol) of dichlorobis-

atmosphere, the reaction mixture was then heated under



reflux for 1 h toconsume most ofR)-1. The mixture was

toluene at room temperature was added 4.86 kg of tripotas-

cooled to room temperature, and then 160 mL of water to sium phosphate hydrate. Under nitrogen atmosphere, the
conduct partition was added. The organic layer was separatedeaction mixture was then heated under refluk foh to
and washed with 160 mL of water. The organic layer was consume most ofR)-1. The mixture was cooled to room

evaporated to afford 45.23 g (assay: 72.9%) df31(2-
cyanophenyl)-4-chloro-5-[1R)-fluoropropyl]} phenylpiper-

temperature, and then 23 L of water to conduct partition was
added. The organic layer was separated and washed with 23

azine as a viscous black oil (initial value of Pd; 2445 ppm L of water. To this organic layer was added 9.10 kg of

in the residue).

DIAION CR20 and was stirred for 17 h at 6C. DIAION

In 10 mL of toluene was dissolved 0.50 g (1.0 mmol as CR20 was removed by filtration, and the filtrate was
(R)-2) of the oil, and to this at room temperature was added concentrated to give crud@R)-2 as a viscous yellow oll

0.54 g of resird and then stirred 3 days. The mixture was
filtered and evaporated to afford 0.49 g of crudé¢3(2-
cyanophenyl)-4-chloro-5-[1R)-fluoropropyl} phenyl pip-
erazine(R)-2 as a viscous yellow oil. (Residual Pd of the
obtained residue was determined by ICP as cr{Rle2.)
To a stirred solution of 0.24 g (0.6 mmol) oft§-di-p-
toluoyl-p-tartaric acid in 3.6 mL of acetone containing 1.1
mL of water was added a solution of 0.49 g of cry&g-2
in 3.6 mL of acetone containing 1.1 mL of water over 30

(content 3.95 kg, yield: 83%).

To a stirred solution of 2.56 kg (6.62 mol) of-}-di-p-
toluoyl-p-tartaric acid in 40 L of acetone containing 12 L of
water was added a solution of the concentrated residue of
crude (R)-2 in 40 L of acetone containing 12 L of water
over 30 min at room temperature. The mixture was then
heated at 60C and maintained at the same temperature while
stirring for 2.5 h and allowed to cool to room temperature.
After the mixture was stirred for further 1.3 h, the precipitates

min at room temperature. The mixture was then heated atwere collected by filtration, washed with aqueous acetone,
60 °C and maintained at the same temperature while stirring and dried in an oven (60C)to a constant weight to give
for 5 h and allowed to cool to room temperature. After the 5.19 kg of (R)-2:1/2DTTA as white crystals (yield: 85%
mixture was stirred for further 16 h, the precipitates were from crude(R)-2, residual Pd: 35 ppm).

collected by filtration, washed with aqueous acetone, and

dried to a constant weight in an oven (80) to give 0.41 g

of (R)-2-1/2DTTA as white crystals (residual Pd: 2 ppm ).
Preparation of 1-{3-(2-Cyanophenyl)-4-chloro-5-[1-

(R)-fluoropropyl] } phenyl piperazine ®R)-2 and Its

(+)-Di-p-toluoyl-p-tartaric Acid Salt ( R)-2:1/2DTTA.To

a solution of 4.47 kg (13.3 mol) of {3-bromo-4-chloro-5-

[1-(R)-fluoropropyl]} phenylpiperazingR)-1, 100 g (0.14.

mol) of dichlorobis(triphenylphosphine)palladium and 3.80

kg of 2-(1,3,2-dioxaborinan-2-yl)benzonitriin 23 L of

H NMR (400 MHz, CDC}) 6 1.07 (t,J = 7.6 Hz, 3H),
1.80—2.10 (m, 2H), 2.21 (s, 3H), 3.63.20 (m, 8H), 5.50
(s, 1H), 5.77 (dddJ = 3.2, 8.4 and 47.2 Hz, 1H), 6.64 (d,
J= 2.8 Hz, 1H), 6.89 (dJ = 2.8 Hz, 1H), 6.98 (dJ = 8.4
Hz, 2H), 7.32-7.44 (m, 4H), 7.79 (dJ = 8.4 Hz, 2H). Mp
197-199°C dec. Anal. Calcd for §HsCIFN:O,: C, 65.39;
H, 5.49; N, 7.63%, Found: C, 65.19; H, 5.54; N, 7.61%.
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