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A new “chemical tagging” method for homogeneous electrophilic scavenging is described. The method utilizes 5-norbornene-2-methanol to
scavengeltag a variety of electrophiles that are present in excess. Once tagging is complete, the crude reaction mixture is subjected to a rapid
ROM polymerization event utilizing the second generation Grubbs catalyst. This process yields a polymer that can be precipitated with methanol
or ether/hexane, leaving products in excellent yield and purity.

The development of new technologies to eliminate or lessensoluble supports and reagehtand scavenger resifisThe

the need for chromatographic separation of mixtures is of
continued interest in the field of synthetic organic chemistry
and combinatorial chemistAiTo facilitate impurity removal/
product purification, several strategies can be employed,
including solid polymer supportsand reagent$,organic
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use of scavenger resins for purification avoids the use of
polymers during the actual synthesis and thus offers the
convenience of solution phase with the luxuries of solid

phase. Limitations to these scavenging resins include sluggish
reaction kinetics for removal of solution-phase reactants due
to the heterogeneous reaction environment and the limited
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To overcome these I|m|tat!c_)ns, .chem.|cal tagging has TOISO,NCO  R'XH (X = O, NH) o
recently been employed to facilitate impurity removahe or (1 equiv.) o JJ\
hallmark of this approach is the inherent ability of a chemical ~ PANCO  (Method A, BorC) oy || . @/\o R?
tag to phase-switch or phase-traffic reagents, products, and Phc"ém then X_XO \ : *
impurities from one media to another due to the unique (2equiv) o
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in the process. Successful examples in this class include CL/,T_/Ph 1 mol% 11 J\
fluorous tags$, sequestration enabling reagef#8 precipi- NG M Eier o7 R
tons!® metal-chelated tagging, PEG tags for soluble- o 8, A2 = NHSO,Tol
supported scavengirig,and Barrett's norbornenyl-tagged 9, R? = NHPh
annihilation reageni n 10, R*=Ph

Recer?tly,. Barrett has taken a rir?g-opgning metathgsis aReagents and conditions: method A, (i) TSNCO,CH, 0
polymerization (ROMP) approach to impurity removal with  o¢ ¢ t, thenl, 0 °C to rt, (i) 1 mol % of 11, CHCl,, reflux
the development of ROMPgel technolégitilizing the (20—45 min), (iii) EO/hexane (4:1), filter; method B, (i) PANCO,
Grubbs benzylidene catalyst [(P(Cl).Ru=CHPh]. Our toluene, reflux, ther, reflux, (i) 1 mol % of11, CHCl,, reflux
interest in the development of purification protocols based I(Eztg\—I%ng:)y r(tiiiczr'\:leefﬁ?’tﬂletairl tf:gfll ljf(elgiﬁ?;lffﬁérgdoilig)g:%?ch

; : : , ; 0 :
on tagged .reageﬁta.nd ROMP® has led us to develop a reflux (26—245 min), (ii) EtO/hexane (4:1), filter thru Cezlite2 or
new chemical tagging approach that we have termed Sio, plug.
scavenge—ROMP—filter. This new method utilizes 5-nor-
bornene-2-methanol)*6 as a soluble electrophilic scavenger.
This method offers maximum load benefits, is compatible p-toluenesulfonyl isocyanate, phenyl isocyanate, and benzoyl
with traditional reaction monitoring methods, and retains the chloride. Subsequent in situ ROM polymerization using 1
favorable reaction kinetics associated with solution-phase mol % of the Grubbs saturated imidazole catalyst (IMgsH
synthesis. (PCys)(Cl),Ru=CHPh (L1)*" generates differentially soluble

As shown in Scheme 1, the soluble scavenging alc@hol Polymers® 8—10 containing the tagged electrophilés-7.
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Figure 1. *H NMR analysis of purified sulfonyl carbamaza and
sulfonyl urea2f, respectively, using scavengOMP—filter.

precipitation and filtration of the polymers using a suitable
solvent. In this method, the desired products remain in
solution while the unreacted scavengemnd tagged reagents
5-—7 are co-opted for a rapid in situ ROM polymerization
(20—45 min) as a means of filtering them from the reaction
mixture.

Using p-toluenesulfonyl isocyanate as the electrophile, we

reactions were complete in 45 min as indicated by GC
analysis. Scavengdrwas added and the reaction refluxed.
Upon completion (GC analysis), the solvent was removed
in vacuo and degassed @&l (0.1 M) was added. Catalyst
11 (1 mol %) was added and the reaction mixture was
refluxed for 30-45 min. Analysis by TLC or GC showed
that no excess scavengéror tagged carbamaté was
present. The reaction mixture was then poured into methanol
to precipitate the polymer, which was removed by filtration
using Celite. The resulting carbamates and uBzae were
isolated in excellent yield and purity.

We also looked at the benzoylation of a variety of amines
and alcohols (entries 12—18, Table 1). Benzoylation using
1 equiv of the nucleophilic species and 2 equiv of benzoyl
chloride in the presence of 8 equiv of 3Nt gave the
benzoylated producéa—g. The excess of benzoyl chloride
was then removed by reaction with 2 equivigfproducing
the norbornenyl-tagged compourdOnce complete, excess
EtzN was removed under reduced pressure. Subsequent
polymerization of7 and unreacted using 1 mol % of11,
followed by polymer removal, gave the benzoylated com-
poundsd4a—gin excellent yields and high purity.

In conclusion, we have developed a new scavenge
ROMP—filter strategy that utilizes the second generation
Grubbs catalyst’ The method lessens the need for chro-
matographic purification and should be amenable to other
reactions as well as the purification of combinatorial libraries.
Several advantages are apparent: favorable reaction kinet-
ics?° high-load capacity, and conventional monitoring of
reaction progress. Furthermore, the method is high yielding
and generates products with good to excellent purity.
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Detailed experi-

isocyanate. Once the reaction was complete, excess isocymental procedures arith NMR spectra of crude products
anate was reacted with 2 equiv of 5-norbornene-2-methanolobtained by our method. This material is available free of

(1). Subsequent ROM polymerization of all norbornenyl-
tagged moleculess(and unreacted), followed by polymer
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removal, gave the desired sulfonyl carbamates and ureas

2a—fin good to excellent yields and high purity as evident
by *H NMR analysis of crude isolated product (Figute'1).

Initial attempts at reacting phenyl isocyanate with various
alcohols/amines (entries-2.1, Table 1) focused on perform-
ing the reaction in degassed gtl,, thereby eliminating the
need to change solvents for the polymerization. Unfortu-
nately, while dibenzylamine reacted efficiently in refluxing
CH,ClI,, the reaction with the scavenger alcoha@nd other
alcohols was slow. To overcome this reactivity problem, we
decided to switch our solvent to toluene which would allow
for higher reaction temperatures.

To this end, various alcohols and dibenzylamine were
treated with phenyl isocyanate in refluxing toluene to produce
carbamates and ure@s—e (entries 7—11, Table 1). The

Org. Lett., Vol. 4, No. 11, 2002
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the hydroxymethyl resin (purchased from Irori). In this study, each alcohol
scavenger (1.2 equiv) was tested for its reactivity toward the three
electrophiles (1 equiv):p-toluenesulfonyl isocyanate, phenyl isocyanate,
and benzoyl chloride. In the cases@fTsNCO and the PhCOCI (TC to
rt), the norbornene-based scavenger reacted instantaneously with the
electrophile, depleting its concentration to zero before any analysis could
take place; in the PhNCO case, the tagged-scavenger reacted completely
with the electrophile in 50 min (toluene, 10Q). The resin-bound scavenger
reacted only slightly slower for th@-TsNCO (15 min); however, for
PhCOCI and PhNCO, the resin-bound scavenger was dramatically slower
(>2 h for PhCOCI and>12 h for PANCO).
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