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An efficient method for removing ruthenium byproducts generated during olefin metathesis reactions with Grubbs catalysts is described.
Treatment of the crude reaction products with triphenylphosphine oxide or dimethyl sulfoxide, followed by filtration through silica gel, was
found to be a practical and effective method to remove colored ruthenium byproducts.

Because of the availability of efficient ruthenium and often requiring multiple chromatographic purifications. In-
molybdenum catalysts, the olefin metathesis reaction hascomplete removal of the ruthenium byproducts is known to
emerged as a new and powerful method in organic chem-cause complications such as double bond isomerization
istry.! Grubbs’ ruthenium catalystsand2 have been used during distillation or decomposition of the reaction proddcts.
Since metathesis reactions are expected to be used in

Mes_N/ N Mes pharmaceutical processes, efficient and convenient methods

PC . . )
C"r.Rl‘JzyiPh oL, Ph are also needed to remove potentially toxic ruthenium
C by, i byproducts from the reaction products.

; F;CVS The groups of Grubbs and Paquette have recently reported

efficient methods for the removal of ruthenium byproducts
from metathesis reactiodd. The Grubbs method relies

widely for ring-closing metathesis (RCM), cross-metathesis, on removing the ruthenium byproducts as water-soluble

and ring-opening metathesis polymerization (ROMP) reac-
tions? One drawback of this method is the formation of ;) (a) schuster, M.; Blechert, Sngew. Chem., Int. Ed. EngL997,
highly colored ruthenium byproducts during the reactions, 36, 2037-2056. (b) lvin, K. J.; Mol, I. COlefin Metathesis and Metathesis

; I3 ; Polymerization; Academic Press: San Diego, 1997. (c) Flrstner, A.
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ruthenium tris(hydroxymethyl)phosphine compleXesd the 5.0 mg of 5, respectively. The residual ruthenium levels
procedure from the Paquette laboratory uses oxidation with achieved with this method are very similar to those reported
Pb(OAc), for metal byproducts removéalwe herein report by Grubbs (1.03:g in 5.0 mg of5)° and Paquette (1.549

yet another convenient and efficient method to remove in 5.0 mg of product}.

colored metal byproducts associated with RCM reactions  Similar results were obtained when we used catalyist
using the inexpensive reagents triphenylphosphine oxidethe RCM reaction of diethyl diallylmalonate (3).

(PhsP=0) or dimethyl sulfoxide (DMSO). Our studies To find the optimal reaction time needed for effective
showed that colored ruthenium byproducts could be removedpurification using the P#P=0/chromatography protocol,
effectively by treatment of the crude reaction mixtures with individual reactions were examined and measurements of the
PhP=0 or DMSO followed by filtration through silica gel  ruthenium levels in purified produétwere made (Table 2).

or column chromatography on silica gel.

Diethyl diallylmalonate (3) was chosen as the substrate_

to examine the novel purification method (Scheme 1 and ) )
Table 2. Ruthenium Levels 06 (ug/5 mg) after Different

_ Exposure Times of Crude Reaction Proddadb 50 equiv of
PhP=0 at Room Temperature, Followed by Column

Scheme 1 Chromatography on Silica Gel
/\55/\ 1(5mo%) Ex<E  PhyP=0orbmMso EéE entry exposure time (h) ruthenium («g/5 mg)
Z ]
CH,Cl, silica gel column 1 1 16.4 4+ 0.16
£ = CO~t (crude)  Chromatography 2 2 135+ 0.21
3 4 5 3 4 10.2 + 0.15
4 8 2.30 +£0.02
_ _ _ 5 12 1.20 £ 0.01
Table 1)3 RCM of 3 using ruthenium catalyst provided 6 24 1.27 £0.01

the crude reaction produdt which was subsequently treated
with PhsP=0 or DMSO for a minimum of 12 h, followed

by column chromatography to provide purifiesl as a We found that efficient removal of ruthenium byproducts

colorless oil (Scheme 1). We examined the ruthenium levels was achieved with a minimum treatment time of 8 h (entry
of the purified products after adding increasing amounts of 4), However, optimum results were achieved after 12 h (entry
PheP=0 or DMSO (5, 10, 20, 50, and 100 equiv relative to 5),

1) to the crude reaction mixtude(Table 1). The ruthenium We next examined the novel purification method with

levels in the purified RCM produch were analyzed by  different substrates (Scheme 2) under the conditions that have
inductively coupled plasma mass spectrometry (ICP-MS).

As shown in Table 1, the ruthenium levels decreased with
increasing amounts of the additivessP#0O and DMSO.

In both cases, optimal results were observed when 50 equiv Scheme 2
of PhkP=0 or DMSO relative to catalyst was added to W 1(5 mol%) TSN(J
the crude product mixture (entry 5). Under those conditions, N CHZCl, RT
the ruthenium levels were reduced to Lg and 1.8«g in 6 1h, 94% 7
HO
P 2
o 0 ;z\o
Table 1. Ruthenium Levels o6 (ug/5 mg) after Exposure of © ’ M
Crude Product to Different Amounts of P§P=0 and DMSO > N 7", CH_Cly, reflux
for at Least 12 h at Room Temperature Followed by Column X o 15 h, 60%
Chromatography on Silica Gel 8 P = TBDPS 9 (E/Z =70:30)
PhsPO ruthenium DMSO ruthenium
entry  (equivi*  (ug5mg)  (equiv)*  (ug/5 mg) 1o¢ T temom 12 o
1 0b  59.7+0.50 0 59.7+0.50 R NN R et BT ONNTR,
2 5¢ 2.77 £0.02 5¢ 6.99 + 0.02 | | 3h, 92% _
3 10 2.11+0.02 10 5.43 £ 0.02 10 R, = COLEt i
4 20 1.85 + 0.02 20 2.60 £ 0.02 Rp = CO,Me
5 50 1.20 +0.01 50 1.81 +0.02
6 100 1.91 +0.01 100 1.34 +0.02

aEquivalent of PEPO or DMSO relative td.. ® The ruthenium content  been reported for the synthesist®, and11’~° The RCM

of the crude product was determined without purification by column ; ;

chromatography. After digestion of the crude sample, insoluble material transformatlons were carried OUt, under argon. Once the RCM
was filtered off, which may account for the observed decreased amount of Feactions were completed (monitored by TLC)zPRO (50
ruthenium compared to the theoretical amount of ruthenium at 5 mol % equiv relative tOl) was introduced into the reaction mixture
(90ug/5 mg of product)¢ The addition of 5 equiv did not remove all colored . . .
products. and the solutions were stirred at room temperature overnight,

while maintaining the argon atmosphere. Subsequent column
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chromatography on silica gel (2 g/0.01 mmol of catalyst, In summary, our results demonstrate thagf®O and
eluent= hexanes:ethyl acetate 4:1) gave a clear, colorless DMSO can be used effectively to remove the colored
liquid or a white solid in the reported yields (Schemée2). ruthenium byproducts of ruthenium cataly&tand?2, which

In all three cases, the colored byproducts were successfullyare formed after RCM, when followed by simple filtration
removed from the products [ICP-MS dat@(0.5ug/5 mg), through silica gel or column chromatography. With this

9 (1.1 «g/5 mg), andl1 (2.1 ug/5 mg)]. method, residual ruthenium levels from metathesis reactions
are lowered to approximately-22 xg/5 mg of product. The
(5) Procedure for RCM of 3 and purification of crude product 4 advantage of the method is thatsPEO and DMSO are

with triphenylphosphine oxide or dimethyl sulfoxide: A solution of . .

diethy! diallyimalonate 3, 120 mg, 0.5 mmol) in CkCl, (100 mL) was very stable f_ind Ineéxpensive reagents. Both reagents have
dggazsed %Nith el\rg_on ft%rhS min and tffllenkcataly(éZOI-Sdmg, 65 mol;ﬁ) was  limited chemical reactivity and should therefore be compat-
added to the solution. The reaction flask was sealed with a rubber septum.; ; : : :

After the reaction was complete (approximately afeh at rt, monitored ible with a wide variety of functional groups.
by TLC), the reaction mixture was treated withsP#O (350 mg, 50 equiv,
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