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ABSTRACT
EtO,C, CO2Et 1) Grubbs catalyst, CHyClp, 1, 2h  EtO,G.__CO,E Less than 0.30 ug
+ .
2) silica gel / activated carbon / é Ru species per
- . silica gel column chromatography 5 mg prodeut

Sequential treatment of the ring-closing metathesis reaction products with silica gel, activated carbon (50 equiv wt relative to the crude
products), and column chromatography on silica gel efficiently removed dark brown ruthenium byproducts from the reaction mixture. After
this treatment, colorless compounds could be obtained with a ruthenium level of 0.06—0.53 ug per 5 mg of product.

Olefin metathesis has emerged as a powerful tool in the the ruthenium byproducts completely from the desired
preparation of cyclic organic compountiRuthenium cata-  product(s) even after purification on silica gel column
lysts1, 2, and3 have been widely used for ring-closing olefin  chromatography several times. The metal complex remaining
metathesis (RCM), ring-opening metathesis polymerization in the product(s) may cause isomerization or decomposition
(ROMP), and acyclic cross metatheié. during the purification of the product(3)We have been
involved in the synthesis of cyclic peptide analogues using
the RCM and we were particularly alarmed by the fact that

PCys PCys Ph MeS—NYN"MeS a Iar_ge amount of the rutheniu_m catalyst {-:I{_D mol_ %
Chale Cls '—/:< Cl~ relative to substrates) was required for the optimal yields of
or U=\ _Ru oh _Ru=\ . .

,':Cyfh c F'>0y3 cl ll'-‘CyPh cyclic peptide analogues. In the case where a large amount

; 2 3 ’ of the ruthenium catalyst was employed, a considerable

portion of the ruthenium byproducts remained in the product,
) ) , . _culminating in toxicity during bioassaysThis prompted us
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especially in conngction with the_ synthesis of biolqgically (3) () Nguyen, S. T.; Jonson. L. K.; Grubbs, R..HAm. Chem. Soc.
active compounds is the generation of colored, toxic ruthe- 1992,114, 3974—3975. (b) Nguyen, S. T.; Grubbs. R. H.; Ziller, J.JW.

; ; e Am. Chem. Socl993, 115, 9858—9859. (c) Fu, G. C.; Nguyen, S. T.;
nium metal byproducts. It is extremely difficult to remove Grubbs, R. HJ. Am. Chem. 504993, 115, 9856--9857. (d) Miller, S. J.

Kim, S. H.; Chen, Z. R.; Grubbs, R. H. Am. Chem. So¢995,117, 2108—
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Chem., Int. Ed. Engl1997,36, 2037—2056. (c) Amstrong, S. K. Chem. Ziller, J. W. J. Am. Chem. S0d 995,117, 5503—5511. (g) Dias, E. L.;
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to look for an efficient method for the removal of the | NG

ruthenium byprodgcts. ) Table 1. Ruthenium Levels ir6 («g/5 mg) after the
Several groups including Grubb®aquett€,and Geor§ Purification by Method A or B

have recently reported methods for removing ruthenium
byproducts formed from the Grubbs reagent. The Grubbs’
method involves conversion of the ruthenium byproducts into
water-soluble ruthenium phosphine complexes, using quite 1 - 71.58 £0.33 —(99)

activated carbon ruthenium method
entry (equiv wt) («g/5 mg) (yield %)

expensive tris(hydroxymethyl)phosphine, and the Paquette 2 - 956£005  —(95)
group utilized oxidation of the ruthenium species with i 1(1)8 2'22 i 8'8; ;((32))
Pb(OAc). Both methods are associated with some significant 5 20 5:08 N 0:02 A (90)
drawbacks resulting from the introduction of expensive or 6 50 1.72 + 0.02 A (92)
toxic reagents to remove the ruthenium species. Georg and 7 100 1.52 + 0.02 A (90)
co-workers dealt with the ruthenium metal species by 8 50 0.36 + 0.01 B (94)

treatment with P#PO or DMSO. Also Dixneuf used carbon 9 100 0.30 £0.01 B (91)
black to clean up ionic liquid after RCM reaction for the 2Method A: Treatment of crude product with activated carbon (equiv
purpose of recycling the ionic liquitiOptimized conditions \évt OfA gataly?jﬂ) f0||0W$d by c?l;ml?n ch&o?atﬂ%ratphy on sllica @gel- N{ethct)ﬁ

. . . sorption on silica gel tollowe: y Titration an reatment wi
of these methods allowed for the reduction of the ruthenium activated carbon (equiv wt of the crude prodagtthen silica gel column
levels down to approximately 1—2y per 5 mg of product-  chromatography.

(s).
During the study on the synthesis of natural cyclic
pentapeptide analogues such {ayclo(Phe-Leu-Pro-Ala-

Ala)}*°using Grubbs catalydt we were in search of a more ; X
effective and environment-friendly method for removal of Measured by inductively coupled plasma mass spectrometry

the ruthenium byproducts. Here we wish to report such a (ICP-MS):# We found that the amo.unt of rutheni_um ir_1 the
method through a sequence involving adsorption and filtra- Crude produck was 71.58:g/5 mg without any purification

tion on silica gel/activated carb&fcolumn chromatography ~ (€Ntry 1), and 9.56.9/ 5 mg after column chromatography
on silica gel. This sequence was extremely efficient in ON Silica gel only (entry 2). The number went down to 2.89

reducing the ruthenium level below g per 5 mg of the #g9/5 mg after treatment of crude 5 with 100 equiv of
reaction products. activated carbon for 12 h (entry 3). However, when the

We used diethyl diallyimalonate as a control substrate and activated carbon treatment was followed by silica gel column
followed the reported procedure of REMas shown in chromatography, the ruthenium levels decreased from 5.23

Scheme 1. The RCM of was carried out by using 10 mol ug to 1.52ug per 5 mg of the products after treatment with
increasing amounts of activated carbon (Table 1, entries

4—7). The yields of the products were uniformly high after

| treatment with activated carbon and silica gel.

20, 50, and 100 equiv wt relative to cataly$). The
ruthenium levels in 5 mg of purified cyclic compou@dvere

Scheme 1 Even though the ruthenium level in entry 7 of Table 1
EtO,C_ COE Et0,C_ CO,Et EtO,C_ CO,Et was comparable to the best method available in the litera-
)ﬁ\ 1(10 mol%) é Method A ture>78we continued our search for the conditions, aspiring

Z X DCM, it Method B toward further minimization of the ruthenium level. Indeed,
4 5 (crude) 6 insertion of one more step before the activated carbon

treatment brought the ruthenium level further down. Thus
after RCM the crude produé& was adsorbed on silica gel
% of ruthenium catalystl to provide dark brown crude and passed through a silica gel pad, and the filtrate was
reaction producb. At first the crude product was directly treated with activated carbon for 12 h at room temperature.
treated with activated carbon for 12 h. After filtration of the The residue was purified via silica gel column chromatog-
activated carbon, the filtrate was purified with column raphy to yield colorless6 (Method B)!3 Under these
chromatography on silica gel to give colorless compoéind conditions, the residual ruthenium level was reduced to 0.36
(Method A). As summarized in Table 1, we examined the and 0.3Qug in 5.0 mg of6 with use of 50 and 100 equiv of
residual ruthenium levels of the purified products upon

treatment with increasing amounts of activated carbon (10, (12) Reference 8 describes in detail the sampling procedure for deter-
" mination of the levels of residual ruthenium in the RCM products.
(13) Procedure for RCM o# and purification of crude produ& with

(7) Paquette, L. A.; Schloss, J. D.; Efremov, |.; Fabris, F.; Gallou, F.; silica gel and activated carbon (method B): To a stirred solution of 300

Mendez-Andino, J.; Yang, Drg. Lett.2000,2, 1259—-1261. mg of diethyl diallylmalonate4, 1.25 mmol) in degassed dichloromethane
(8) Ahn, Y. M.; Yang, K. L.; Georg, G. 10rg. Lett.2001,3, 1411— (500 mL) was added cataly$t(100 mg, 10 mol %) under argon atmosphere
1413. at room temperature. After the reaction mixture was stirred for 2 h, the

(9) Sémeril, D.; Olivier-Bourbigou, H.; Bruneau, C.; Dixneuf, P. H.  dark solution was adsorbed on silica gel (1.0 g, 10 equiv wt, relative to
Chem. Commurk002, 164—147. catalystl) and passed through a pad of silica gel (hexane:EtOAc ratio 6:1
(10) Schmidt, U.; Langner, J. Peptide Resl997,49, 67-73. to 2:1). The filtered solution was stirred with activated charcoal (12.0 g,

(11) (a) The Merck IndexBudavari, S., Ed.; Merk: Rahway, NJ, 1989; 50 equiv wt of5) for 12 h. After the carbon was filtered, the filtrate was
p 1814. Activated carbon was used chiefly for clarifying, deodorizing, concentrated in vacuo and purified on a silica gel chromatographic column
decolorizing. and filtering. (b) Activated carbon used in this study was from (hexane:EtOAc ratio 5:1) to provide produgtas a colorless oil in 90%
Aldrich Chemical Co. Inc. Darco G-60;100 mesh, powder. yield.
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activated carbon, respectively (Table 1, entries 8 and 9). This|| NG

result showed that Method B was slightly more effective than
Method A. It is of particular note that this protocol is superior
for the removal of ruthenium byproducts compared to
previously reported methotl&®(ca. 1.03-1.55u9g in 5.0 mg

of the product) with about a 3- to 5-fold decrease in
ruthenium levels as shown in Table 2.

Table 2. Comparison of Our Method with Others’ Best Results
on Remaining Ruthenium Levels in RCM Produaig/6 mg)

ruthenium

entry methods? equivP time (ug/5 mg)
1 P(CH,0H);3 86 20 min 1.03 + 0.04
2 Pb(OAC)4 1.50 overnight 1.55 + 0.044

3 DMSO 100 12h 1.34 +0.02

4 PhsPO 50 24 h 1.27 +£0.01

5 Method A 100¢ 12 h 1.52 +£0.01

6 Method B 100¢ 12 h 0.30 £ 0.01

aThree methods are Grubbs (entry 1), Paquette (entry 2), and Georg

(entries 3 and 4), respectivelyEquivalent of P(CHOH)s, Pb(OAc),
DMSO, PhPO, and carbon related to Grubbs cataly&quivalent of carbon
related to crude mixtures).  The value was prorated to fit the scale with
other data.

To monitor optimal activated carbon treatment time for
Method B, each reaction mixture was treated with 50 equiv
wt of activated carbon relative to the crude filtrates at a given
time period and the remaining ruthenium in the purified RCM
products was analyzed by ICP-MS as outlined in Tableé 3.

Table 3. Ruthenium Levels o6 («ug/5 mg) According to
Method B Depending upon Treatment Time of Activated
Carbon (50 equiv wt td®)

treatment ruthenium yield

entry time (h) (ug/ 5 mg) (%)
1 1 7.00 +0.20 95

2 3 1.62 +0.02 94

3 6 0.82 +£0.01 90

4 12 0.36 +£0.01 92

5 24 0.34 +£0.01 90

Table 4. Amount of Remaining Ruthenium Speciegy(5 mg
of Product) Following Method B

Starting Reaction Conditicns Remaining Ru
Entry materials Yields Products species
29 Catalyst 1 11
ata 0.53 pg
1 EtO OEt _— EtO OEt | .o P‘g
DCM, 11,2 h -90 1
/ N\ 4  94% for 30 mol% Ru catalyst 6
93% for 50 moi% Ru catalyst
/\/ 1 (10 mol%)
2 TN Vv, Ts-NJ [047 1 |
7 , i,
= 95 % 8
(o} [o]
Boc o Boc
N 1 (50 mol%) N
3 /\/\))kOCH:», DCM_.n v OCH;3 PYTIR
. T . .
= 9 97 % 10
Boc § 1 (50 mol%) f_qo
o
4 /\/N\)I\N OCH3 BocN N/\H/OCH3
DCM, 11,6 h 023
\) 90 % k:) o

12

L €2
O o)
ph\\?-NH HN~§: 150 mol%) pp X W
5 O DbcMm, i, 24h ., 0
BocN LNH 75% BocN /ENH
x™
YO o SNt

13 14

“
O

and 93% yields, with ruthenium levels at 0.53 and Q:8(b
mg, respectively (entry 1, Table 4). In the cas&ldf-diallyl
p-toluenesulfonamid& with 10 mol % of catalystl, the
ruthenium level was 0.4ig/5 mg (entry 2). When RCM of
various amino acid or peptide derivativesl1, and13 were
carried out in the presence of 50 mol % of catalyst
ruthenium levels of 0.18, 0.23, and 0,0 in 5.0 mg of10,
12, and14, respectively, were obtained (entriess Table
4). The ruthenium species in entry 5 (0.@¢§/5 mg of
product) is by far the lowest reported level.

In summary, a most efficient protocol has been developed
for removal of ruthenium byproducts generated from Grubbs
catalyst 1 during RCM reaction, using a sequence of
adsorption and filtration on silica gel, treatment with activated
carbon, and column chromatography on silica gel. This
methodology was successfully applied to the RCM with use

We found that the best result was obtained from the 24 h 0f 10, 30, and 50 mol % of catalyston various substrates.

treatment (entry 5), although treatment for 12 h gave an
almost equivalent result (entry 4). A ruthenium level close
to that obtained via previously reported methods was
achieved aftea 3 htreatment (entry 2). In all cases yields
of the purified product were over 90%.

With this efficient protocol for removal of the residual
ruthenium in the RCM product in hand, we screened this
method against conditions using &xcessive amount of
catalyst1 with various substrates. When RCM of diethyl
2,2-diallylmalonate was carried out at room temperature for
2 h with 30 and 50 mol % of cataly&tand the crude product
was cleaned up with 50 equiv wt of activated carbon at room
temperature for 12 h, a colorless 6ilvas obtained in 94%

Org. Lett., Vol. 5, No. 4, 2003

By using the optimal conditions, the residual ruthenium levels

in the RCM products were reduced to 0-8B53 «g/5 mg

of products without detectable loss of the products. Another
advantage of this protocol is that activated carbon can be
easily handled and conveniently removed from the RCM

products through filtration.
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