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ABSTRACT

NIPA resin

 stepis 0.7- 0.8 mmol g!

OH  NIPA resin (1.0 equiv) j-)L
RI"R? 1 2-dichloroethane, ~ R'" R?
reflux, 30-60 min 61-99%

A simple three-step preparation of polymer-supported N-(2-iodyl-phenyl)-acylamide (NIPA resin) starting from 2-iodoaniline is described. The
resin was obtained with good loading levels (0.7 —0.8 mmol g ~1) and has been successfully used for efficient oxidation of a diverse collection

of alcohols. Thus, treating alcohols with 1.0 equiv of the resin in 1,2-dichloroethane under reflux for 30 —60 min allowed rapid and in most
cases complete conversion to the corresponding carbonyl compound.

Hypervalent iodine(V) compounds, namely, 1-hydroxi#fd and IBX ester®, which are stable and soluble reagents with
benzo-1,2-iodoxol-3-one (2-iodoxybenzoic acid, IBX) and oxidizing properties similar to those of IB¥ To attain
its acetylation product, DesMartin periodinane (DMP), are  low explosiveness and to take preparative advantage of the
now employed extensively in organic synthesis as mild and attachment of a chemical reagent to a solid matrix, several
highly selective reagents for the oxidation of alcohols to polymer-supported IBX reagents have been prep&red.
carbonyl compounds as well as for a variety of other More recently, the synthesis of various polymer-supported
synthetically useful oxidative transformatiohidowever, the IBX amides and esters has been achieved by routes that are
explosive character and low solubility of IBX in common much shorter than the syntheses of solid-supported IBX
organic solvents except DMSO, combined with the suscep-
tibility of DMP to moisture and prolonged storage, restricts ~ (2) (a) Macikenas, D.; Skrzypczak-Jankun, E.; Protasiewicz, Anew.
practical application of these reagents. Therefore, variousClT . F2900, 5, 2007 ) eprany, B, v et i Wi
derivatives of IBX, which are highly soluble and nonexplo- p.; vinod, T. K. Tetrahedron Lett2002,43, 569. (d) Thottumkara, A. P.;
sive, have been developed recentljhe contributions from  Bowsher, M. S.; Vinod, T. KOrg. Lett. 2005,7, 2933. (e) Dess, D. B.;
. . Martin, J. C.J. Org. Chem1991,113, 7277. (f) Stickley, S. H.; Martin, J.
our group have also described the synthesis of IBX arfides ¢ Teranedron Lett1995,36, 9117,

(3) (&) Zhdankin, V. V.; Koposov, A. Y.; Netzel, B. C.; Yashin, N. V.;
(1) (@) Hyperwvalent lodine Chemistry; Wirth, T., Ed.; Springer-Verlag: Rempel, B. P.; Ferguson, M. J.; Tykwinski, R. Rngew. Chem., Int. Ed.
Berlin, 2003. (b) Ochiai, M. InChemistry of Hyperalent Compounds; 2003,42, 2194. (b) Zhdankin, V. V.; Litvinov, D. N.; Koposov, A. Y.;
Akiba, K., Ed.; VCH Publishers: New York, 1999. (c) Tohma, H.; Kita, Ferguson, M. J.; McDonald, R.; Tykwinski, R. R. Chem. Soc., Chem.
Y. Adw. Synth. Catal2004,346, 111. (d) Wirth, TAngew. Chem., Int. Ed. Commun.2004, 106. (c) Zhdankin, V. V.; Koposov, A. Y.; Litvinov, D.
2005, 44, 3656. (f) Zhdankin, V. V.; Stang, P. Chem. Re»2002,102, N.; Ferguson, M. J.; McDonald, R.; Luu, T.; Tykwinski, R.JR.Org. Chem
2523. (g) Zhdankin, V. VCurr. Org. Synth2005,2, 121. 2005,70, 6484. (d) Koposov, A. Y.; Zhdankin, V. \Bynthesi®005, 22.
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reagents and has afforded resins that react with equala more convenient oxidation method. Since dioxirane oxida-
efficiency#'9 tion was effective, it was decided to test the in situ generated
Recently, we reported the preparation and oxidative dioxiranes as oxidizing agenfisdowever, these procedures
properties ofN-(2-iodyl-phenyl)-acylamided, which are yielded a lower resin activity of 0.08—0.14 mmot’g The
soluble and stable IBX analogues having pseudo benzio-reaction with potassium monopersulfate triple salt (ox&he)
doxazine structure (Figure 1)These investigations, being and sodium hypochloritéin aqueous medium also failed,
resulting in a resin which exhibited virtually no oxidative
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Figure 1. Amides of 2-iodoxybenzoic acid amd(2-iodyl-phenyl)-

acylamides (NIPA). (i) 3, HOB, DIC
’ ( : O\NHz DMF, 105°C, 8 hthen rt, 8 h

40mmol g i) Ac,0, Py, B0°C, 3 h
a logical extension of previous work on IBX amides, revealed W
that compoundsl are able to oxidize either alcohols or | OY\/\H/N\,O 0;3::':;;?”
sulfides, with their reactivity depending largely on the ©/NH o] m“
sub_stltutlon pattern on the amide grpup adjacent to the iodyl Y57 mmol ! i, 36h
moiety. In the context of these findings, we considered 4
developing a polymer-supported-(2-iodyl-phenyl)-acyl- Q o H\o
amide reagent. Here we present the facile synthesis of such "o 1 il
a hypervalent iodine derivative and show that it is a potent @’ i i
oxidant toward a broad range of alcohols. 0.70 - 0.80 mmol g°*

To furnish a pseudo benziodoxazine scaffold and to ensure TEL reschn ©
proper immobilization to the resin through an amide function, HOB = 1-hydroxy-1H-benzotriazole
the carbamoylbutanoic acid moiety was chosen as a linker. DG Thisopcpyieamboduniie

Commercially available 2-iodoanilin2 was reacted with
glutaric anhydride to give aci@, which was subsequently
coupled to aminomethylpolystyrene with HOBt/DIC to give Finally, the oxidation with an equimolar mixture of
resin4. To block any possible free amino groups, the resin tetrabutylammonium oxorgwith methanesulfonic acid (5.0
was subsequently treated with an excess of acetic anhydrideequiv, CHCl,, rt, 6 hY<-9 afforded the NIPA resirb with
and pyridine. high loading levels (0.70—0.80 mmol . IR analysis of
The loading of the resid was determined by elemental the prepared resin matched perfectly with the IR spectra of
analysis and corresponded to 82% conversion when the masshe resinb obtained by the 3,3-dimethyldioxirane oxidation.
increase is taken into account. Oxidatiorddb NIPA resin To avoid the supplementary preparation of tetrabutylammo-
5was initially performed with 3,3-dimethyldioxirane as was nium oxone, we have examined the oxidation of the polymer
described for a solution-phase synthésiie obtained resin 4 in a CHCl,—H,O biphasic system using oxone, Bu
was characterized by IR spectroscopy and elemental analysisSNHSOs, and CHSO;H.

Oxidizing activity of NIPA resin5 was measured by GC— This modified protocol gave resis with essentially the
MS analysis with an excess of benzyl alcohol as a test same Ioading levels and IR characteristics. As indicated by
substrate [1,2-dichloroethane (DCE), reflux, 60 min] and was elemental analysis of resi, only minor iodine loss (5
found to be 0.31 mmol g with respect to IQ groups. 79 with respect to the initial iodine content) was observed
Moderate loading levels and utilization of unstable and not ynder the strongly acidic reaction conditicifs.

readily available 3,3-dimethyldioxirane prompted us to seek The oxidative properties of reageBiwere evaluated by
) — the reaction with various benzylic, allylic, primary and
(4) For a review on polymer-supported hypervalent iodine reagents, .
see: (a) Togo, H.; Sakuratani, Bynlett2002, 1966. (b) Miilbaier, M.; secondary alcohols, as well as a diol (Table 1). All employed

Eiagnis, AéAn%evg. Chem.,;\nt. EdZO((:)ﬁAO, A}S?SI.E C(g% oslor%o Gél:sl\élsen?ctje)l, alcohols were commercially available, as well as the respec-
., Jung, G.; Rademann, Angew. em., Int. y , . . . .

Reed, N. N.: Delgado, M.. Hereford, K. Clapham, B.. Janda, KBIDorg. tive carbonyl compounds. Reacnons were performed in DCE
Med. Chem. Let2002,12, 2047. (e) Lei, Z.; Denecker, C.; Jegasothy, S.; under reflux (36-60 min) since at room temperature long
Sherrington, D. C.; Slater, N. K. H.; Sutherland, A.T&trahedron Lett.
2003,44, 1635. (f) Chung, W.-J.; Kim, D.-K.; Lee, Y.-Setrahedron Lett.

2003,44, 9251. (g) Chung, W.-J.; Kim, D.-K.; Lee, Y.-Synlett2005, (6) (a) Frohn, M.; Wang, Z.-X.; Shi, YJ. Org. Chem1998,63, 6425.
2175. (b) Grocock, E.; Marples, B. A.; Toon, R. Cetrahedron2000,56, 989.

(5) Ladziata, U.; Koposov, A. Y.; Lo, K. Y.; Willging, J.; Nemykin, V. (7) (a) Frigerio, M.; Santagostino, M.; Sputore JJ.Org. Chem1999,
N.; Zhdankin, V. V.Angew. Chem., Int. E®005,44, 7127. 64, 4537. (b) Trost, B. M.; Braslau, R. Org. Chem1988,53, 532.
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Table 1. Oxidations of Alcohols with Reagert
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a All oxidations were carried out with 1.0 equiv of NIPA redinn dry DCE at reflux (85°C) for 60 min, unless otherwise noted. The resin was removed
by filtration and washed with dry DCE. The resulting filtrates were analyzed by-Kd8. For product isolation, combined filtrates from several resin
washings were passed through a small pad of silica gel, the silica gel was washed with DCE, and the combined DCE fractions were evaporated to yield the
respective carbonyl compound, pure 1y NMR. P Oxidation was performed for 30 mifi(Z)-lIsomer (6%) was detectetiOxidation was carried out with
0.5 equiv of NIPA resins. 4-(Methylsulfinyl)benzaldehyde (7%) and (4-(methylthio)phenyl)-methanol (8%) were deté¢sethted yieldsf Insoluble
black tar formed? Oxidation was carried out with 2.0 equiv of NIPA redrin dry DCE at 60°C for 180 min.

reaction times (3648 h) were required for complete Most alcohols were oxidized to the respective aldehyde or
conversion. Conversions were measured by-®S with a ketone products in excellent purities and yields. As one
prior column calibration using authentic samples of reagents exception, oxidation of 3-(pyridin-2-yl)propan-1-ol (Table
and products; yields were determined by weight. The reaction 1, entry 20) led to the formation of a black tar, presumably
products were identified by direct comparison of the retention due to the instability of the pyridinylpropanal toward heating.
times and MS data with those obtained for authentic samples.Interestingly, oxidation otis-cyclohexane-1,2-diol yielded
only the respective hydroxycyclohexanone, and in contrast

(8) Attachment of 3 to the Aminomethylated Polystyrene Compound to IBX amides® no C—C bond cleavage was observed.
3(9.990 g, 30 mmol) was dissolved in dry DMF (25 mL) and HOBt (1-
hydroxy-1H-benzotriazole, 4.455 g, 33 mmol) was added. The resulting
mixture was stirred vigorously until all of the solid material dissolved. The (9) Preparation of NIPA Resin 5. Polymer4 (1.016 g, 1.6 mmol) and
resulting solution was added to a suspension of aminomethylated polystyrenetetrabutylammonium hydrogensulfate (2.712 g, 8.0 mmol) were placed in
(7.5 g, 30 mmol, 200—400 mesh, 2% cross-linked with divinylbenzene, a 100 mL round-bottom flask, and the resin was preswollen inQT4{24
loading 4.0 mmol g*) in 205 mL of dry DMF. Thereafter, DIC (diisopro- mL) for 1 h atroom temperature. Then water (24 mL), oxone (9.832 g,
pylcarbodiimide, 4.5 mL, 30 mmol) was added, and the reaction mixture 16.0 mmol) and MsOH (1.04 mL, 16.0 mmol) were added sequentially to
was heated to 105C and agitated at this temperature for 8 h. Then the the flask upon vigorous stirring. The reaction mixture was vigorously stirred
reaction mixture was cooled to room temperature and was stirred for 8 h. at room temperature for 36 h. Thereafter, polyrBevas filtered, washed
Pyridine (4.9 mL, 60 mmol) and acetic anhydride (5.8 mL, 60 mmol) were with H,O (6 x 15 mL), MeOH (6x 10 mL), CHCI;, (3 x 10 mL), EtO
then added and the mixture was agitated3d at 80°C. Polymer4 was (3 x 10 mL), CHCl» (3 x 10 mL), EtO (3 x 10 mL), CHCl, (3 x 10
filtered, washed with DMF (6< 10 mL), MeOH (6x 10 mL), DMF (6 x mL), and E3O (3 x 10 mL) and agitated with 24 mL of Ci€l, for 6 h.

10 mL), MeOH (6x 10 mL), and CHCI; (6 x 10 mL) and dried in a The resin was filtered off and dried in a vacuum to a constant weight. Yield
vacuum to constant weight. Yield 13.425 g. IR: 1010, 1150, 1279, 1422, 0.998 g. IR: 696, 755, 1016, 1152, 1236, 1465, 1529, 1602, 1632, 2919,
1505, 1575, 1642, 2916, 3331 cin lodine content: 19.94%. Loading: 3268 cn1. lodine content: 17.58%. Loading ({® 0.70—0.80 mmol g*

1.57 mmol g1 (82% conversion when the mass change is considered). based on BnOH oxidation (four resin batches were prepared).
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The polymeric material, resulting from the reduction of regarded as a readily available alternative or as a complement
NIPA resin5 with alcohols, can be collected and reoxidized to the known supported IBX reagents.
according to the procedure described above. A moderate
decline in oxidative activity was observed after multiple  Acknowledgment. The authors gratefully acknowledge
recovery steps, putatively due to iodine loss in the course of the National Science Foundation for support of this work
resin reoxidation under acidic conditions. through a research grant (CHE 0353541) and NSF-MRI
In conclusion, we have prepared-(2-iodyl-phenyl)- award (CHE 0416157).
acylamide (NIPA) resin5 as a first polymer-supported
pseudo benziodoxazine. The synthesis employs commercially Supporting Information Available: Preparation proce-

zzlea'l:b;grzglgrrgsettuﬁa;fgnpaﬁwr:g;'Iégﬂrndeiftggﬁszmpledure and spectroscopic data for compo@rahd IR spectra

mrr?oly gL The prepared resin geffects fastgand .efficient of resins4 and5. This material is available free of charge
conversion of a wide range of alcohols, including hetero- via the Internet at http://pubs.acs.org.
atomic and unsaturated structures. This new reagent can beL052684R
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