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Preparation of new polymer-supported electrophilic reagents that efficiently promote 1,2-haloacetoxylations of alkenes and alkoxyallenes is
described. Under very mild conditions and in high yields, alkenes are transformed into o-halo acetates while alkoxyallenes lead to vinyl
iodides. In contrast to these results, terminal alkynes commonly afford synthetically valuable 1-iodo-alkynes.

Recently, development of polymer-supported reagents hasso far? Our interest in new electrophilic halogeate(l)
been an area of intensive reseaféunctionalized matrices  complexe&has led to the development of the first polymer-
can be used in excess to drive reactions in solution to bound iodine azide source which conveniently promotes
completion and are finding application in high-throughput, azidoiodination of alkenesAs a continuation of this work
automated parallel syntheseddowever, few polymer-  we describe the preparation of three resin-bound synthetic
supported reagents that perform the 1,2-cohalogehtion  equivalents of acylated hypohalites and demonstrate that they
epoxidation of alkenic double bonds have been describedare powerful electrophilic reagents for the selective oxidation
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Preparation of these reagents was achieved by iodine(111)- || | |l k| |

promoted ligand transfer and hence oxidation of polystyrene-
bound halidesla,b” As a result of this transformation we
presumably prepared polymer-bound di(acyloxy)halogen—
ate(l) anions8a—c (Scheme 1¥:2 Thus, reaction of bromide

Scheme 1
OR
PhI(OR), %Me? %
CH.Cly, 1, 6 h (l)R
1a X=Br 2a R= Ac _ Ca
BEP Bt BtiRes

3¢ X=1; R= C(O)CF3

la with (diacetoxyiodo)benzenga afforded polymer3a
while electrophilic reagent3b and3c were generated from
polymer-bound iodidelb after treatment witl2a and 2b,
respectively. We found that extensive washing of the
resulting polymers does not result in their deactivation, which
clearly supports the ionic character of the active species on
the polymer. For resiBb, the weight increase served as an
indicator for efficient ligand transfer onto polymer-bound
halide and gave most reproducible results (about 90%
conversion with respect to theoretical iodid&urthermore,
both reagents can be stored below® for weeks without
loss of activity.

These electrophilic reagents promote 1,2-haloacetoxylation
of various alkenes under very mild conditions with high
efficiency (Table 1). Unlike classical reagents that have been
employed for the haloacetoxylation of olefinic double bonds,
immobilized reagent3aand3b do not require glacial acetic
acic® or heavy metal$? 1,2-Functionalization of alkenes
4—12 using reagen8b typically afforded a single cohalo-
gention product. The addititon proceeded witms selectiv-
ity as demonstrated for cyclohexefi@ndeneb, and styrenes
7—101112 Halogenated substrate® and 9 reacted very

(7) General Procedure for the Preparation of Polymer-Bound
Reagents 3a—c:A suspension of polymer bound halide (available from
Fluka; 3.2 g/mmol for bromide; 2.9 mmol/g for iodide) and Phl(OAa)
PhI(G,CCR;)2 (1.8 equiv) in dry CHCI; (3 mL/mmol halide anion) under
nitrogen was shaken at 300 rpnt ®h atroom temperature. The brownish
suspension was protected from light. Filtration and washing of the resin
with CH.Cl, (3x) and drying in vacuo afforded the light yellow reagents
3aand3b or pink resin3c.
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Table 1. Haloacetoxylation of Alkenes

Alkene, Reagent Product® Yield %°
R' R (equiv.)
\\‘\I
O —
OAc
4 3b (3) 13 73
(90/80)
(O~
5 .3b (3) 14 67
(90/75)
OAc
~UR? /©)\(R2
SO O
6 Br, H 3b (4)° X=1 15 57
(80/70)
7  MeO, Me 3a (5) X=Br 16° 43
(>95/50)
3b (3) X=1 17° 88
(>95/95)
8 H, CHCI 3b (5)° X= 18 12
(>95/95)
OM !
Q/\/ © , OMe
OAc
9 3b (4) 19° 79
(>95/95)
OAc
MeO. X RZ Me0:©/‘\rﬂ2
R1o:©/\/ — > RO :
10  Me, Me 3b (3) 20° 74
(>95/90)
1 Bn, H 3b (4) 21 76
(90/85)
Q.
Ieion >5_7
|
12 3b (4) 22 93
(>95/85)

aFor experimental details, refer to ref 1?1All yields refer to isolated
pure products. Values in parentheses refer to yields/purities of the crude
products. The differences relative to the isolated yields are due in part to
decomposition during the course of chromatographic purificati®eaction

. temperature, 80C. d Additionally, 23 (26%) and24 (8%) were isolated.
e Very labile 1,2-addition product$Additionally, 25 (77%) was isolated.

Br OH OAc
/@)\r Me J@)\r Me ©/v
MeO B Meo Br
23 24 25
two diastereoisomers  two diastereoisomers
(1:1.5) (1:2.5)

1987 1491-1492. (e) Georgoulis, C.; Valery, Bull. Soc. Chim. Fr1975
1431-1432. (f) Trainor, R. W.; Deacon, G. B.; Jackson, W. R.; Giunta, N.
Aust. J. Chem1992, 45, 1265—1280. (g) Bedekar, A. V.; Nair, K. B.;
Soman, RSynth. Commuril994,24, 2299—2305.
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sluggishly at room temperature; at 8@, complete con-
sumption of alkenes was achieved. Under these conditions,
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4-bromostyrene (6) gave the desired 1,2 -addition producttions*In this respect, the palladium-catalyzed Stille, Suzuki,
15 in moderate yield. In contrast, allyl chloride underwent and Heck reactions have become part of the organic
nucleophilic substitution to furnish allyl aceta®® as the chemist's daily methodological repertoit&!®

major product. Importantly, hydroxy groups are tolerated Therefore, we set up a second set of experiments using
under the reaction conditions employed. Thus, allyl alcohol polymer-supported reagera and3b for the facile prepara-

26 afforded acetate?8 in 91% yield, indicating that a  tion of organic halides suitable for this synthetic purpose.
Markovnikov-type addition to the alkenic double béhis As a consequence, alkynes as well as allenes were employed
followed by an acyl migration to the terminal alcohol group (Table 2)'¢In fact, methylated propargyl alcoh®® afforded

(Scheme 2). In contrast, homoallyl alcohd? gave an
_ Table 2. Haloacetoxylation of Alkynes and Alkoxyallenes

Scheme 2

Alkyne, Allene,  Reagent Product® Yield %°

)\A 3b (4) OAc R (equiv.) X
NS —_— MOH

OH CH,Cly, it, 20

~ e = OMe
26 | 27 * OH ///\OMe |/

OAc 29 3b (4) 36 70
(>95/85)

2 |
Z
o , =z

intermediate cation which was intramolecularly trapped by

the hydroxy group to furnish tetrahydrofur@@. Polymeric 30 3b (4) 37 8o
reagenB3ais able to perform bromoacetoxylation of alkene (>95/90)
7; however the transformation is accompanied by the _ !
formation of two more addition products, namely an isomeric //j — 00
mixture of 1,2-synand 1,2-anti-dibromide&3 along with HO.C
bromohydrin24 which was isolated as a single isomer (Table 31 3b (4) 38 57
1). (90/70)

All reagents are employed in excess with reference to the
specified amount of halide ida and 1b7 This may be //j — /j
rationalized by assuming that only a proportional amount of NC ! NC
immobilized halide was transformed into the hypervalent 32 3b (4) 39 83
species or that only the most accessible haloate(l) anions OTBDPS OTEOPS (>95/90)
are involved in the cohalogenation process. If acylated
hypohalites are the active species after release from the me | /H\)Me
polymer, their degradation prior to the reaction with alkenes
may also contribute to the need for a formal excess of 33 3b (4) 40 79
reagent. In most cases, filtration followed by removal of the (>95/95)
solvent in vacuo afforded the 1,2-addition products. The A

L L . . cO
position of iodine and thereby the regiochemistry of the OR' :kom
addition process was unequivocally proven by chemical shift ==/
analysis of the adjacent carbon atom in #@ NMR spectra X
(6 = 48.6—24.2 ppm for CHI, and = 7.8—7.2 ppm for 34 Me 3b (3) X=1 M 79
CHal). Vinyl halides, particularly vinyl iodides and 1-alkynyl (>95/>95)
halides, are of increasing importance as versatile building 35 Bn 8a (4) X=Br 42 (>92(/)75)
blocks in transition metal catalyzed cross-coupling reac- Bn 3b (4) =1 a3 ( 92380)
>

(11) General Procedure for the 1,2-Cohalogenation of AlkenesA

mixture of alkene (1 equiv) and resin (for number of equiv refer to Table aFor experimental details refer to ref 19All yields refer to isolated

1) were shaken at 300 rpm under light protection in dry,Cli (1.5 mL/ pure products. Values in parentheses refer to yields/purities of the crude
mmol) at room temperature. Completion of the reaction was monitored by products.

TLC. Filtration terminated the reaction. The resin was washed with with
CHCIl, (3x), and the combined organic washings and filtrate were
concentrated under reduced pressure. In some cases, further purification
by column chromatography was necessary. Finally, the polymer was FPRpRE 7 _ _ _
recycled to the halide forrh by treatment with concentrated HBr or HI for alkynyl IOdId_e 36 (6 = 6.2 10 —3.6 ppm for C I) Upor],_
1 h at room temperature. treatment with3b, presumably generated by electrophilic
(12) The assignment of the trans stereochemistry-il0is based on — attack of the iodonium ion and formation of an intermediate
the analogy to compound$3 and 14 and the known preference for
iodoacetoxylation of alkenes (see refs 9 and 10).
(13) Quantitative acyl migration from the primary addition prod2@t (14) Diederich, F.; Stang, P. J. IMetal-catalyzed Cross-coupling
to yield 28 occurred within 2 days in CDgI Reactions; Wiley-VCH: Weinheim, 1998.
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vinyl cation followed by deprotonation. Likewise, alkynes
30, 32, and33 were processed under reaction conditions
similar to those of the corresponding alkynyl iodic¥ 39,
and40in high yields!® Remarkably, the nitrile functionality

in 32 s tolerated. A suitably oriented carboxyl group as in
5-hexynoic acid§1) afforded the unusual cyclization product
38, containing a 1,2-diiodo-substituted exocyclic double
bond. Formation of lacton@8 may be rationalized by
electrophilic attack of a second equivalent of the iodonium
ion onto the triple bond in the corresponding intermediate
iodoalkyne and subsequent cyclization. Alternatively, initial
ring closure would afford the monoiodo-substituted analogue
of 38followed by a second attack of the electrophilic reagent
and deprotonation. It should be noted that the polymer-bound
bromate(l) reagenBa does not promote bromination of

alkynes under these reaction conditions. Thus, in the casepp"X

of compound33 the starting material was quantitatively
recovered.

When comparing this polymer-supported technique with
the solution variant using tetraethylammonium iodide and
(diacetoxyiodo)benzene for the in situ preparation ofNEt
I(OAC),, we found that the isolated yield for the acetate is
reduced as shown for alkerve(Scheme 3). Furthermore,
the corresponding alcohd¥ was isolated as byproduct.

Scheme 3

method A

Phi(OAGC),, EtsNI, CHoCly,
12h, -30°C to -20°C
» OR

O/\/Me method B - Me
® ©
MeO {@—NM% I(OAC)2 | MeO :
3b - R
7 - R

method A: 17 (70%), 44 (18%)
method B: 17 (88%)

Ac
H

17
44

In addition, 1,2-cohalogenation of alkenes with the tri-
fluoroacetate containing polymer-supported reag@entas
investigated. Preliminary studies showed that cyclohexene
4, indene5, and styrend5 are transformed into the 2-iodo

(15) (a) Miyaura, N.; Suzuki, AChem. Rev1995,95, 2457—-2483. (b)
Negishi, E.; Copéret, C.; Ma., S.; Liou, S.-Y.; Liu, Ehem. Rev1996,
96, 365—393. (c) Shibasaki, M.; Boden, C. O. J.; Kojima,Tatrahedron
1997,53, 7371—7395. (d) Mitchell, T. NSynthesisl992, 803—815. (e)
Farina, V.Pure Appl. Chem1996,68, 73-78.
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trifluoroacetates46, 47, and49 (Scheme 4). The simple
workup procedure allows isolation of the labile products from
which impurities48 and 50 were removed by flash chro-
matography.

Scheme 4

O,CCF
3c 2 3
4 >
CHuCly, 1t, 24 h

46 (71%)

s,
0
/,I

OR
3c
5 —_—
CH,Clp, 11, 15 h

47 R= C(O)CF; (71%)
48 R=H (13 %)

)

3¢ 49 R= C(O)CF5 (73%)

OR
Ph/&I 50 R=H (13%)

—>
CH,Clp, 1t, 20 h

In summary, we added a new family of electrophilic
reagents to the rapidly growing class of polymer-supported
reagents? They efficiently promote haloacetoxylation of
alkenes and alkoxyallenes under very mild conditions while
alkynes are transformed into the corresponding iodoalkynes.
They allow easy product isolation and hence are potentially
useful for automated parallel synthesis.
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