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Treatment of several 3-substituted indoles, including derivatives of tryptophan and serotonin, with commercially available Selectfluor in acetonitrile/
water furnished 3-substiuted 3-fluorooxindoles in good to high yields. Since 3-fluorooxindoles obtained are sterically similar to both oxindoles
and 3-hydroxyoxindoles, they should be useful as probes for investigating the enzymatic mechanism of indole biosynthesis and metabolism.

Oxindole derivatives have received much attention as identified as metabolites of biologically active indoles.

synthetic intermediates for preparation of biologically active
molecule$ and as useful probes for the study of enzymatic
mechanisms involved in indole metabolism and biosyntesis.
A variety of oxindoles and 3-hydoroxyoxindoles have been
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Oxindole derivatives structurally similar to these metabolites,
or similar to intermediates in their formation, are attractive
targets in the design of inhibitors of metabolic enzymes and
thus of the metabolic pathways of the corresponding in-
doles®* For example, oxindolyl-alanine (a)>* and diox-
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indolyl-L-alanine (b),%> which are structurally similar to the  substitution of the hydroxy group of 3-hydroxyoxindokes
proposed intermediate in tryptophan metabolism, were found by fluoride anion employing DAST seems to be a practical
to be potent competitive inhibitors of both tryptophan method?for the preparation a? only if the starting materials
synthase and tryptophanasés a part of our research 4 are readily available. Successful electrochemical mono-
program involving the design and synthesis of fluorine- fluorination of 3-phenylthiooxindoleSa has been achieved
containing biologically active compounflsye were inter- using EiNF to give 3-fluoro-3-phenylthiooxindoleSb.*?
ested in the structure of 3-fluorooxindol2sFluorine most This procedure, however, is clearly limited due to the
closely resembles the size of hydrogen than does any otheipresence of a 3-phenylthio moiety (Figure 2).

substituent, and replacement of hydrogen by fluorine is often
regarded as an isosteric substitutiomowever, recent
evidence indicates that fluorine and oxygen, not fluorine and
hydrogen, are very nearly isosteficFurther, possible

rogen . RF HO, SPh
participation of fluorine as a hydrogen bond acceptor suggests @f;o @fgzo @\)S:o
that the replacement of hydroxyl group by fluorine would N N N
3

result in production of useful analogues of their parent
molecules. Thus, 3-fluorooxindole® are potential mimics
both of the corresponding oxindoles and 3-hydoroxyindoles
that are often found as metabolites of indoles. In this paper, Figure 2.
we wish to report a direct and efficient synthesis of
3-fluorooxindoles2 from indoles using commercially avail-
able Selectfluor, 1-chloromethyl-4-fluoro-1,4-diazoniabicyclo-
[2.2.2]octane bis(tetrafluoroborate) (Figure 1).

We first investigated reaction conditions using skat6).(
We found that the choice of solvent and the amount of
reagent are important for optimizing the yields. Use of 2
equiv of Selectfludr* in acetonitrile gave a complex mixture,

_ whereas reaction in acetonitrile/water (4/1) produced a 45%

of 3-fluoro-3-methyloxindole Za) together with a small

X coon £ R C'] amount of 3-methyloxindole7@) as a side product. Addition
e ijgzo [&j 2BF, of trifluoroethanol instead of water lowered the yield to 29%.
N N7, The best result (71% yield) was obtained when the reaction
1a: ::H F was performed in a 1/1 mixture of acetonitrile/water system
1b: X=OH 2 Selectfluor with 3 equiv of Selectfluot® Another good solvent system

was found to be a 4/1 mixture of acetonitrile/methanol, which
produce?ain 57%. Lower yields oRawere obtained when

1 equiv or more than 3 equiv of Selectfluor was employed
) for this reaction (Table 1).

~ Although several methods for the synthesis of 3-bromoox- 14 demonstrate the generality of this Selectfluor-mediated
indoles have been reportédonly a few methods are  forination, the procedure was extended to other indoles
available for the synthesis @f'*"* Treatment of isatin with ~ gp_ | including the derivatives of tryptophdi;, tryptamine
DAST furnishes 3,3-difluorooxindole3f.** Nucleophilic  gn anq serotonisk (Table 2). In all cases, the conversions
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Finally, we examined the direct Selectfluor fluorination
at the C-3 position of the oxindoles in order to gain
mechanistic information. Treatment of oxindolésvith 1

Selectfiuor R \ R equiv of Selectfluor in acetonitrile/water (1/1) system
o) furnished2, although the yields were much lower than those
&
2

Table 2. Preparation of 3-Fluorooxindolesfrom Indoles62

MeCN 20 observed in the fluorination of indoles (Table 3).

1
o
IZ I~

entry indole R R product? yield (%)

1 6a Me H 2a 71 Table 3. Fluorination of Oxindoles2

2 6b  CH,CH,COOMe H 2b 82 C

3  6c  CH,COOMe H o 2c 75 R R

Selectfluor

4 6d CHQCHchQCOOMe H 2d 77 o o

5 6e CH,CH,0Ac H 2e 71 N MeCN / H,0 N

6 6f  CH,CH,CH,OAc H 2t 69 H H

7 69  CH,CH,CH,CH,OAc H 29 64 7 2

8  6h  CH,CH,NPhth H 2h 71 : o

ent o,

9 6i  CH,CH,CH(NHACQ)COOMe H 2 709 v 7T R product yield (%)

6]  CH,CH,CH(NHpNB)COOMe H 2j 929 9 7a Me 2a 48

-
- o

6 OA 2
k  CHoCH,NPhth c 2k 8 2 7b CH,CH,COOMe 2b 25

a Experimental conditions: Selectfluor (3 equiv) was added to a solution
of 6 in MeCN/H,O (1/1), and the mixture was stirred at rt overnigiNiB:
p- nitrobenzoyl. (a) Corresponding oxindolésvere isolated as side products
in all cases. (b) Isolated yield after silica gel column chlomatography. (c)
Mixture of diastereoisomers (46% de). (d) Mixture of diastereoisomers (5%
de).

a Experimental conditions: Selectfluor (1 equiv) was added to a solution
of 7 in MeCN/H,O (1/1), and a mixture was stirred at rt overnight. (a)
Isolated yield after silica gel column chlomatography.

On the basis of the above results and on information from
) ) ) ] the literaturé%*we propose the reaction mechanism outlined
to 3-fluorooxindoles2 proceeded in good to high yields. It i, scheme 1. According to this proposal, reactiorefith
is of interest to note that, with\-Ac-Trp-OMe i) as a  gglectfluor yields the unstable 3-fluoroindoleniégwhich

substrate, the corresponding fluorooxind@ievas obtained undergoes loss of HF by addition of water. A subsequent
with 46% de, whereas no diastereoselectivity was observedl 5-prototopic shift gives the end. Finally, fluorination

in the case oN-pNB-Trp-OMe j). A typical experimental
procedure is as follows. Selectfluor (3.0 equiv) was added
to a stirred solution of indole$ (0.2—0.4 mmol) in

actonitrile/water (1/1, 2 mL) at room temperature. After Scheme 1. Proposed Reaction Mechanism frdo 2
overnight stirring, the reaction mixture was diluted with ethyl

acetate (50 mL), washed with water (10 mL), 4% HCI (10 F\ 2 R H

mL), a saturated solution of sodium bicarbonate (10 mL), Selectfluor P

and brine (10 mL), and dried over p&0,. The solvent was 6 MeCN N H S
removed under reduced pressure to give a residue that was H,0 A HE

purified by column chromatography on silica gel eluting with
ethyl acetate/hexane to furniglin a pure state. Identification

. R
of the products was achieved By and'®F NMR, IR, mass /R
spectrometry, and elemental analysis. The charactetfgtic @%H . o | Selectfluor
NMR (254 MHz, CDCLs) peaks appear around 155 Ql OH N

ppm for all fluorooxindoles2.1¢

B
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of B with additional Selectfluor yield2. Formation of the we did not detec€ nor D in the reaction mixture. Trapping
oxindole 7 as a side product could be explained by tau- the proposed initial adducts is now in progress.
tomerization of the endB catalyzed by solvent water. The ~ In summary, we have developed a novel and efficient
lower yield of 2 from 7 may be due to the difficulty of the ~ synthesis of 3-fluorooxindoles. Although there are two
tautomerization from keto-forrii to enol-formB under the reports of the reaction of indoles with fluorinating reagents,
reaction conditions (Scheme 1). Another path#&§con- including Selectfluor, in the literaturé;'*these reactions do
siderable from6 to 2 via 2-fluoroindole C and 2.3- not furnish any 3-fluorooxindoles. To our knowledge, this
h transformation represents the first reported example of direct

difluoroindolenineD especially in nonaqueous media suc . . '
P y . synthesis of 3-fluorooxindole® from indoles.

as in methanol/acetonitrile cannot be ruled out as well, though
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