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A new capture-ROMP-release method for chromatography-free purification of N-hydroxysuccinimde Mitsunobu reactions is described. The
Mitsunobu reaction captures a variety of alcohols onto a norbornenyl N-hydroxysuccinimide monomer. Subjection of the resulting crude
reaction mixture to ROM-polymerization generates a polymer that can be precipitated with methanol and filtered from the Mitsunobu byproducts.
Treatment of the polymer with hydrazine releases the substrate from the water-soluble polymer, producing a variety of O-alkylhydroxylamines
with good purity.

The development of new technologies to aid in the produc- resin to selectively capture the product from a solution-phase
tion of large target libraries is of continued interest for the reaction via covalent or ionic interactions. The resin-bound
field of combinatorial chemistry.To facilitate impurity product is then filtered away from the reaction impurities;
removal/product purification, several strategies can be em-subsequent cleavage releases the product from the’Pesin.
ployed, including solid polymer suppoftand reagents,  We now report a new post-capture polymerization method
scavenging resins,chemical tag$, and organic soluble  for chromatography-free purification of Mitsunobu reactions
supports’ One recently developed purification strategy is that we have termed capture-ring-opening metathesis po-
capture-releas€. This approach utilizes a functionalized |ymerization-release (capture-ROMRelease). This strategy
incorporates a cheap, easily obtaindi$lbydroxysuccinimide
analogue as a norbornenyl-tagged acid in the Mitsunobu
reaction. This method was inspired by the previous work of
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Scheme 1

aReagents and conditions: (a) i. BhOH, BABIAD, THF, rt;
ii. 5 mol % of 2, CH,Cl,, reflux; iii. EEOCH=CH,; iv. MeOH then
filter; (b) NH,NH,, THF, rt, 72% from BnOH.

the Grubbs benzylidene catalyst [(PE{Cl);Ru=CHPh,
1]_11

In the course of developing a facile route @alkylhy-
droxylamines'?13we encountered difficulty removing Mit-
sunobu byproducts. Our previous experience with the
generation of soluble, ROMP-derived sulfonamide oligo-
mers* led us to believe that oligomers derived via ROMP
may have utility as capturerelease agents due to their
tunable properties and unique solubility profiles. This
hypothesis has led to the development of the capture;
ROMP-release strategy that we now report.

The method we employ (Scheme 1) utilizes a post-capture

Table 1. Formation ofO-Alkylhydroxylamines5a—d2

o yieldof4  yieldof§*  purity® Residual
alcohol %) %) @) NHE (%)
@AOH 95 72 84 6
6a
OH
: 83¢ 59 69 12
974 89 73 na
6b
OH
99 95 91 6
6c 93° 77 67 n/a
OH N
<j/\A >99 97'% 82 5
6d
R
@A/\OH 99 79" 84 8
6e
CH,OH
>99 96 63 9
6f
OH
)\/\)\) 63¢ 61 73 7
69
O
MeO >99 58'9 79 9
6h

polymerization/filtration event that effectively removes Mit-

aReactions performed as outlined in Schemé Based on original

sunobu byproducts without the use of chromatography. The amount of alcoholc Determined by GC before azeotropic removal of

Mitsunobu reaction is first utilized to capture a variety of
alcohols ontexoN-hydroxy-7-oxabicyclo[2.2.1]hept-5-ene-
2,3-dicarboximide 3).'> Subjection of the crude reaction
mixture to ROM-polymerization conditions using 5 mol %

(8) Barrett, A. G. M.; Roberts, R. S.; Scluer, J. Qugelalf. 2000 2,
2999-3001.
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Ellman, J. A Seiniteiaiain 1999 64, 6528-6529. (d) Foot, O. F.; Knight,
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1008

hydrazine  Polymerization conducted with 2 mol % ¢ ©Cleavage
withMeNH,/MeOH.

of (IMesH,)(PCy)(Cl),Ru=CHPh @)'¢17 generates a dif-
ferentially soluble polyme# that was isolated by precipita-
tion from methanol. Filtration away from the Mitsunobu
byproducts gavet as a free-flowing powder in good to
excellent yield (Table 1). Hydrazinolysis (anhydrous NH
NH2/THF, rt), followed by biphasic extraction (E2/H,0),
resulted in the release of the tar@ealkylhydroxylamine5

in good purity (Table 1). No traces of P§hor DIADH,
were observed by GC éH NMR analysis. In addition, no
polymeric byproducts were observed By NMR of the
crude, isolatedO-alkylhydroxylamines® The major con-
taminant in all cases was residual hydrazine 13% by GC,
Table 1) which could be azeotropically removed with toluene
under reduced pressure.

In the area of impurity elimination, the Mitsunobu reac-
tion?® has previously been the target of several groups. A
variety of method® have been developed to facilitate the
separation of the Mitsunobu byproducts B and DEADH))
from the desired reaction product. Our approach incorporates

(16) IMesH = 1,3-dimesityl-4,5-dihydroimidazol-2-ylidene.

(17) Scholl, M.; Ding, S.; Lee, C. W.; Grubbs, R. Qigalatt. 1999 1,
953-956.

(18) Se€'H NMR spectra of crudéa—h in the Supporting Information.

(19) High, A.; Prior, T.; Bell, R. A.; Rangachari, P. |(isiiSiiiaas
g r.1999 288 490-501.

(20) For reviews, see: (a) Mitsunobu, Giathesis1981 1-28. (b)
Hughes, D. L. Qioeeaast- 1992 42, 335-656. (c) Hughes, D. LQrg,
embessssiaiyt 1996 28, 127-164.

Org. Lett., Vol. 4, No. 6, 2002


http://dontstartme.literatumonline.com/action/showImage?doi=10.1021/ol025577v&iName=master.img-001.png&w=204&h=83
http://dontstartme.literatumonline.com/action/showImage?doi=10.1021/ol025577v&iName=master.img-002.png&w=239&h=290

a cheap, easily obtainabi-hydroxysuccinimide analogue || A

3 as a norbornenyl-tagged acid that effectively undergoes
Mitsunobu reaction with a variety of alcohols (Scheme 1,
Table 1).

Our investigation of the Mitsunobu reaction was initiated
with norbornenyN-hydroxysuccinimide monomérserving
as the acidic reageft.Compound3 was initially reacted
with benzyl alcohol under typical Mitsunobu conditions
(Scheme 1). Once the reaction was complete, the crude
reaction mixture was evaporated to dryness and enough
CH,CI, was added to bring the products to ROMP concen-
tration (0.1 M). Polymerization was then initiated by the a ° 4
addition of 5 mol % of2 followed by heating to reflux for

45 min? Once consumption of monomer was complete, the
polymerization was quenched by the addition of excess ethyl
vinyl ether. The reaction mixture was then poured into MeOH

to precipitate oligomerda, which could be filtered and
collected. The polymer was characterized'syNMR.

1.838

2.626
1.000

0.890

2.811

We were pleased to find that the post-capture polymeri- als = |ziz el of ol
zation of the Mitsunobu product proceeded smoothly without &3 g B8 f S 3l 18|=
of~ - |ojo - -l |«]o

the need for prior purification. We initially felt that the f#O

byproduct may hinder the metathesis event by deactivating N s 1 aaa 2o e

the catalyst. Recently, Georg and co-workers have shown b) ) 4

that PRPO is one reagent that can be used to remove

ruthenium byproducts from ring-closing metathesis reac- Eigukrl:? 1. ™ tNMR talgaiyais Of)Oliggn;eE;mEJ _in) CDClst ())lglii_n

24 ; ; ackbone protons at 6.1 (trans) and 5.8 (cis) ppm. (a) Oligomer

EZZi' sizrwtglstéeszoanvfhcrrfosreet(;gt?\/eec?gah%ﬁm\l/g:igjss 0generated r\:/)vit_h 5 mol % df. (b) OI_igomer generg?ed with 5 r%ol
I . . : % of 2. (¢) Oligomer generated with 2 mol % &f

polymerization reaction®.1t is also noteworthy to mention

that a slight excess of diisopropyl azodicarboxylate (DIAD)

relative to triphenylphosphine (Phiwas used to ensure that o, jing of catalyse, the resulting precipitated oligomer could
no free PPhwould be prese_nt durmg the polymgnzatlon, 2 pe filtered to producetb in 89% vyield. One plausible
factor that could also possibly hinder polymerizatérin explanation for this difference in solubility could be a change
practice, it was found that tzf;e polymerization was indeed j, the cisftrans ratio of the polymer backbone (Figuréel).
more efficient with catalys.”” - o However, when 2 mol % o was employed to produce

To verify the necessity and higher efficiency of cataly'st onger oligomers, the filtration became much easier due to
versus catalysl, we ran comparison experiments. Indeed, 4 larger particle size. This same phenomenon was also
it was found that not only is the polymerization more efficient ,canved for the geraniol-derived polymag, Clearly, the

when 2 is employed but the properties of the resulting ,vsical properties of the alcohol unit also play some role
oligomers are also .affected by the choice of cgtalyst. When in defining the properties of the resulting oligomers.

the monomer derived from6b was polymerized with With 4ain hand we next investigated the cleavage of the
5 mol % of 1, the resulting oligomer precipitated as a fine oy mer from the substrate. The oligomer was treated with

suspension_wh_en th_e reaction mixt_ure was po_uret_;l iNto oy cess MeNHiin MeOH or anhydrous hydrazine in THF at
methanol, yieldingdb in only 59%. This decrease in yield 5, temperature. In the case of Melkhe slightly pink

was attributed to a higher solubility in MeOH. With the same polymer quickly turned white and the solution turned green,

. ) _ possibly due to complexation of MeNHwith catalyst
(21) Polymer-bound triphenylphosphine: (a) Amos, R. A.; Emblidge, . L - . .
R. W.: Havens, N jmmimiaiain 1983 48, 3598-3600. (b) Tunoori, A. impurities. Surprisingly, the oligomer suspension became a
R.; Dutta, D.; Georg, G. jinsammman(t1998 39, 8751-8754. Acid clear solution within 5 min but then precipitated again upon

extractable Diphenyl-2-pyridylphosphine andtélit-butyl azodicarboxylate ; : :
(DBAD). (0 IgankgrimfyM.;prowe,pR.; McCarthy. Y 5. Whitten}’l 5 prolonged reaction. The reaction was allowed to stir at

tt1999 40, 4497-4500. (d) Bis(5-norbornenyl-2-methyl) ~ ambient temperature fd h atwhich time the reaction was

o
o

azodicarboxylate (DNAD), see ref 8. filtered through a plug of Celite to remove the insoluble
(22) Barrett has previously shown thatcan be used to construct a . .
ROMPgel acylating agent, see ref 9c. polymer and washed with MeOH. GC aHd NMR analysis

(23) When the polymerization was performed at ambient temperature, a of the MeOH wash indicated th&-benzylhydroxylamine
reaction time 63 h was required for complete consumption of monomer

(24) Ahn, Y. M.; Yang, K.; Georg, G. |Quaetgit. 2001, 3, 1411 (5a) was pregent in good purlty. Alte.rnatlvely, treatment of
1413, _ a THF solution of the oligomer with excess anhydrous
o 22) Bielawskd, C. W.; Grubbs, R. - 2000 39 hydrazine for 1.5 h, followed by extraction of the water-

(26) Sanford, M. S.; Love, J. A.; Grubbs, R. jisinniisesiio ©001,

123 6543-6554. (28)™H NMR assignments were made according to the reported shifts

(27) Whenl was employed, the polymerization required refluxing for  of poly(7-oxabicyclo[2.2.1]hept-2-ene) derivatives. See: Benedicto, A. D.;
multiple hours, while2 only required 45 min at reflux. Novak, B. M.; Grubbs, R. HMacromolecules1992 25, 5893-5900.
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soluble polymer, also producés (Table 1), thus avoiding  the ability to monitor reaction progress via conventional
chromatography. This strategy was then applied to other methods. Furthermore, the method is high yielding and
alcohols 6b—f), producingO-alkylhydroxylaminessbh—5f generates oligomers with tunable properties. We are currently
in high yield and good purity. In all cases residual hydrazine working to expand this approach and will report the further
was the major impurity observed by GC (Table 1). Simple ytility of this method in due course.

azeotropic removal with toluene under reduced pressure was
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