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A series of N-tert-butoxycarbonyl-protected isatin 3-imines underwent an unexpected C-2 selective
addition reaction with Grignard reagents, affording 3-imino-2-phenethylindolin-2-ols. The protecting
group plays a role in this observed chemoselectivity, with N-benzyl and N-p-methoxybenzyl-protected
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ethylindolin-2-ones. Both C-2 and C-3 addition products were assessed for antiplasmodial activity
in vitro, with four compounds displaying activity in the sub-micromolar range against both drug-sensitive
rsc.li/obc and drug-resistant Plasmodium falciparum strains.

Introduction structure-activity relationships that were observed prompted

us to consider the design of second-generation analogues. As
The oxindole scaffold is present in numerous natural and syn- the mode of action was not known, we considered strategies
thetic products that display a wide range of biological that would allow us to explore additional chemical space. One
activities.'™ In particular, 3,3-disubstituted 2-oxindoles have
shown promise in the clinic, with selected examples including
cipargamin, a potent antimalarial drug candidate currently in
clinical trials,® and nelivaptan, a vasopressin V1b receptor
antagonist for the treatment of depression and anxiety’

(although suboptimal pharmacokinetic properties have halted /
further development) (Fig. 1). N\
The pharmacological activity of this class of compounds
has attracted the interest of synthetic and medicinal chemists, cl N 4 o
and many synthetic methods have been described for the syn- I @\
thesis of compounds containing an oxindole core.* ™ "
e0 OMe

Previously, we reported the synthesis and antiplasmodial
activity of a series of racemic spiroindolones 1 inspired by
cipargamin, prepared by the Povarov reaction of ketimines Ffig 1 Oxindoles with potent biological activity, cipargamin and
with electron-rich alkenes (Fig. 2)."* We found that only spir- nelivaptan.
oindolones bearing a methyl or a halogen substituent para to
the ring nitrogen (i.e. 1, R' = Me or Hal) showed moderate anti-
plasmodial activity in vitro (1.31-4.20 pM), with all other com- R
pounds being inactive in this assay. Although these spiroindo-
lones displayed only moderate activity in vitro, the interesting R2
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such strategy was to consider the virtual ring opening of the
tetrahydroisoquinoline ring, affording oxindoles 2 with
increased flexibility, while retaining the para-substituent R'.
Herein, we report our synthetic approaches to a series of ring
opened analogues 2, and the unexpected synthesis of indolin-
2-ols 3.

Results and discussion

We envisaged preparing ring-opened analogues 2 as racemates
initially, by reaction of ketimines 4 (derived from commercially
available isatins 5), with suitably substituted Grignard reagents
(Scheme 1).

Our initial approach involved isatin N-Boc-protection, fol-
lowed by reaction with para-substituted anilines to prepare
ketimines 4. However, under these conditions, only the hemi-
aminal was isolated in low yields in each case. Although there
is literature precedent for the use of hemiaminals in Grignard
addition reactions,"” this also proved to be low-yielding in our
hands. Furthermore, the N-Boc-protected isatin was found to
be unstable at room temperature. By first reacting isatins 5
with para-substituted anilines to afford intermediate ketimines
6a—f, followed by N-Boc-protection, the protected ketimines
4a-f were isolated in reasonable yields (Scheme 2).'® In each
case, the E-isomer was the major isomer formed, and in some
cases only the E-isomer was isolated after purification.

We then reacted the N-Boc-protected ketimines 4a-f with
Grignard reagents derived from substituted phenethyl bro-
mides, in an attempt to form oxindoles 2 (Scheme 3). This
approach was based on the work of Lesma et al., where various
Grignard reagents were successfully added to isatin-derived
alkyl- and sulfinyl-imines, achieving yields ranging from
49-77%."> However, to our surprise, Grignard addition to our
ketimine substrates 4a-f occurred at the C-2 carbonyl of the
indolin-2-one core, and not the expected C-3 imine, affording
3-imino-2-phenethylindolin-2-ols 3 instead (Scheme 3 and
Table 1).

This was confirmed by single-crystal X-ray diffraction on
two analogues, one of which is shown in Fig. 3a. The reaction
was repeated on ketimines substituted with both electron-
donating and electron-withdrawing groups using a range of
substituted phenethylmagnesium bromides, affording ana-
logues 3a-3aa in varying yields of 10-53%.

R?
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Scheme 1 Planned approach for the synthesis of oxindoles 2.
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5b, R'=Cl 6b, R'=H, R2=Br
6c,R'"=H,R?=Cl
6d, R' = H, R = OMe R?
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7b,R'=H, R® = PMB R%=Bn
4h,R'=H, R?=Br,
R3=Bn
4i,R'"=H,R?=Cl,
R3=Bn
4j,R' = H, R? = Me,
R% = PMB

Scheme 2 Reaction conditions: (i) substituted aniline, EtOH, AcOH,
reflux, 5 h, 61-91%; (ii) Boc,O, THF, DMAP, rt, 3 h, 71-98%; (iii) (a) BnBr
(for 7a) or 4-(OCH3)CgH4-CH,Br (for 7b), K,COs, KlI, DMF, reflux, 5 h,
55-74%.

R2 R2
X
_R4
N N =
R? / i R, /
o~
N N, TOH
}_\’3 Boc
4a-f, R® = Boc rac-3

4g-j, R®=Bn or PMB

rac-2 R® = Bn or PMB

Scheme 3 Reaction conditions: (i) substituted phenethylmagnesium
bromide, MgBr,, THF, —40 °C-rt, 18 h, 10-53%; (ii) substituted phen-
ethylmagnesium bromide, MgBr,, DCM, —40 °C-rt, 18 h, 2-12%.

The yield of isolated product was found to be low in most
cases and attempts to improve the yield of the reaction by
varying the solvent, temperature and number of equivalents of
the Grignard reagent added, were not successful. In every case,

This journal is © The Royal Society of Chemistry 2026
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Table 1 Yields of oxindoles 2 and 3-imino-2-phenethylindolin-2-ols 3
prepared as described in Scheme 3

Compound R’ R? R? R* Yield %
2a — Me Bn 2-Cl 5
2b — Br Bn 4-OMe 6
2¢ — Cl Bn 4-OMe 12
2d — Me PMB 2-OMe 2
3a H Me — 4-OMe 35
3b H Me — 4-Cl 38
3¢ H Me — 3-Cl 19
3d H Me — 2,4-diCl 10
3e H Br — 4-OMe 45
3f H Br — 4-Cl 34
3g H Br — 3-Cl 39
3h H Br — 2,4-diCl 27
3i H Cl — 4-OMe 50
3j H cl — 4-Cl 53
3k H Cl — 3-Cl 48
31 H cl — 2,4-diCl 15
3m H OMe — 4-OMe 32
3n H OMe — 4-Cl 39
30 H OMe — 3-Cl 40
3p H OMe — 2,4-diCl 33
3q H 3,4-diMe — 4-Cl 15
3r 5-Cl 3,4-diMe — 3-Cl 18
3s 5-Cl Me — 4-OMe 13
3t 5-Cl Me — 3-OMe 12
3u 5-Cl Me — 2-OMe 19
3v 5-Cl Me — 4-Cl 37
3w 5-Cl Me — 3-Cl 49
3x 5-Cl Me — 2-Cl 42
3y 5-Cl Me — 2,4-diCl 22
3z 5-Cl Me — 4-F 48
3aa 5-Cl Me — 2-F 23
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both starting material and several side products were isolated,
including the N-Boc deprotected starting material 6, as well as
isatin 5. The product of Wurtz homocoupling of the phenethyl
bromides used to prepare the Grignard reagent was also identi-
fied in some cases in low yields (3-7%), however, the low yield
of desired products is not likely to be due to inefficient prepa-
ration of the phenethylmagnesium bromide derivatives as the
Grignard reagent was prepared in excess. Interestingly, the
f-hydride elimination product was not isolated from these
reactions. However, we did isolate secondary amines in some
instances, which could have formed by the reaction of either
the p-hydride elimination product or unreacted phenethyl
bromide with aniline formed in situ by imine hydrolysis.

To the best of our knowledge, this unexpected C-2 chemo-
selectivity in reactions of N-Boc isatin-derived imines has not
been reported previously. However, similar reactivity has been
observed in N-acyl isatins with nucleophiles, typically leading
to ring opening by cleavage of the isatin C-2-N bond."”°

By comparison, isatin and N-alkyl isatins have been shown
to undergo nucleophilic addition at the C-3 carbonyl with hard
amine and alcohol nucleophiles.'® We therefore speculated
that the N-protecting group may have played a role in the unex-
pected chemoselectivity of the reaction. To further investigate
this, we prepared N-benzyl- and N-p-methoxybenzyl-protected
ketimines 4g-j (Scheme 2) and subjected these to Grignard
reaction conditions. Interestingly, these reactions did not
proceed at all in tetrahydrofuran, however, very low yields of
product were isolated when the reaction was carried out in di-
chloromethane, affording analogues 2 (Scheme 3, four
examples, 2a-d), with starting material recovered in each case.
Further attempts to improve the yield of the reaction by the
addition of LiCl to the Grignard reagent, or by the addition of
Cul to the ketimine prior to the addition of the Grignard
reagent, were not successful. Despite the very low yields
obtained for these reactions, we were able to obtain a single
crystal X-ray structure for one analogue, which confirmed that
in these instances, Grignard addition had taken place at the
C-3 imine carbon to afford rac-2c (Fig. 3b). When the Grignard

Fig. 3 ORTEP diagrams of the X-ray crystal structures of (a) tert-butyl 3-((4-bromophenyl)imino)-2-hydroxy-2-(4-methoxyphenethyl)indoline-1-
carboxylate 3e and (b) 1-benzyl-3-((4-chlorophenyl)amino)-3-(4-methoxyphenethyl)indolin-2-one 2c. Thermal ellipsoids are shown at the 50%

probability level.

This journal is © The Royal Society of Chemistry 2026
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reaction was tested on the unprotected imines 6, no reaction
was observed.

Apart from the N-protecting group, scaffolds 2 and 3 have
similar electronic functionalities; C2=0/C3-N and C3=N/C2-
0, and therefore, only give rise to minor *C NMR spectro-
scopic chemical shift differences. 3-Amino-3-phenethylindolin-
2-ones 2 contain characteristic C2=0 and C3-N functional-
ities, which give rise to signals in their ">’C NMR spectra at
177.4-177.8 ppm and 64.0-65.3 ppm, respectively. In contrast,
2-phenethyl-3-imino-indolin-2-ols 3 contain characteristic
C3=N and C2-0O moieties, which give rise to signals appearing
at 165.1-171.1 ppm and 91.6-95.6 ppm in the *C NMR
spectra, respectively.

To explore this unusual chemoselectivity further, we tested
the addition of allylmagnesium bromide to both N-benzyl-pro-
tected ketimine (4i) and N-Boc-protected ketimine (4c),
however, only the benzyl-protected ketimine (4i) afforded the
expected addition product upon reaction with allylmagnesium
bromide (see SI). Reaction of 4c with allylmagnesium bromide
gave the deprotected imine 6c as the major product. We did
not confirm the mechanism by which this deprotection
occurred, however, it is possible that chelation with the Lewis
acid may have promoted hydrolysis upon work-up, or that
Grignard addition may have occurred at the Boc-carbonyl
carbon instead of the isatin C-2 carbonyl.

We then postulated that Grignard additions to N-Boc-pro-
tected benzylidene ketimines 10 would result in C-2 addition. To
this end, we prepared benzylidene isatin 10 via a Knoevenagel
condensation of oxindole and p-tolualdehyde (Scheme 4). To our
surprise, treatment of benzylidene ketimines 10 under the same
Grignard reaction conditions shown in Scheme 3 were unsuccess-
ful, with only starting material recovered in each case. This
suggests that the C-3 electron-withdrawing group present in the
N-Boc-protected ketimines 4a-f is also essential for activating the
C-2 carbon towards nucleophilic attack.

We therefore deduce that in the case of N-alkyl protected
substrates, the C-2 carbonyl participates in amide resonance,
reducing the electrophilicity of the C-2 carbon while enhan-
cing the electrophilicity of the C-3 carbon (Fig. 4a). In contrast,
for N-acyl protected substrates, while the resonance form
described in Fig. 4a is possible, there is an additional form in
which the nitrogen engages in resonance with the acyl carbo-
nyl (Fig. 4b). We speculate that this, together with the electron-

i / i /
O (L - (Lo
N N N
H H Boc
8 9 10

Scheme 4 Reaction conditions: (i) p-tolualdehyde, piperidine, EtOH,
under Ar, reflux, 4 h., 24 h, 80%; (i) Boc,O, DMAP, THF, under Ar, rt,
24 h, 73%.
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a: Resonance of N-alkyl-protected isatin imines
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b: Additional resonance form of N-acyl-protected isatin imines
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Fig. 4 Comparison of the resonance behaviour in (a) N-alkyl and (b)
N-acyl protected isatin imines and implications for chemoselectivity.

withdrawing effect of the C-3 imine, increases the electrophili-
city of the C-2 carbonyl carbon. In the presence of the Lewis
acid MgBr,, which can coordinate to both the N-Boc carbonyl
and the isatin C-2 carbonyl, this facilitates reaction at C-2 with
phenethylmagnesium bromides, affording 3-imino-2-phen-
ethylindolin-2-ols 3 after work-up (Fig. 4b).

Finally, we set about preparing the original targeted com-
pounds 2 by reacting isatin-derived imine 6a with substituted
phenylacetylene nucleophiles (Scheme 5) as demonstrated by
Xie et al.*' The desired C-3 addition products, 3-amino-3-ethy-
nylindolin-2-ones 11a-e, were afforded in yields of 40-63%.

Initial attempts to reduce substrates 11a-e with traditional
Pd/C catalysed hydrogenation conditions led to the removal of
the aniline moiety. However, the desired 3-amino-3-phenethyl-

6a 11a, R' = H, 63%
11b, R" = 2-F, 47%
11¢, R' = 2-OMe, 45%
11d, R = 3-OMe, 40%
11e, R' = 4-OMe, 43%

2e,R'=H, 82%

2f, R" = 2-F, 72%

2g, R' = 2-OMe, 76%
2h, R = 3-OMe, 70%
2i, R' = 4-OMe, 78%

Scheme 5 Reaction conditions: (i) HC=C-PhR,* KOtBu, Cul, THF, r.t.,
24 h, 40-63%; (ii) H,, Pd/C (5%), Na,COs3, EtOH, r.t., 200 mbar, 70—-82%.

This journal is © The Royal Society of Chemistry 2026
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3r |C50 0.76 ]J.M

3c ICSO 0.85 ]J.M

Fig. 5 Most potent compounds identified from the P. falciparum whole
cell assay.

indoline-2-ones 2e-i were afforded in yields of 70-82% by the
addition of sodium carbonate. C-3 addition was confirmed by
NMR spectroscopy, where the characteristic C2=0 and C3-N
BC NMR spectroscopic chemical shifts were observed at
179.0-179.2 ppm and 64.0-64.2 ppm, respectively.

We assessed a selection of the Boc-protected 2-phenethyl-
indolin-2-ols 3 and 3-amino-3-phenethylindoline-2-ones 2 for
antiplasmodial activity in a whole cell P. falciparum screen
against a drug-sensitive parasite strain (NF54). Those com-
pounds that were found to inhibit parasite growth by 60% or
more at a concentration of 10 pM were then assessed further
and ICs, values obtained. From these assays, we were able to
determine that the 3-imino-2-phenethylindolin-2-ols 3 were
more potent inhibitors of parasite growth than the 3-amino-3-
phenethylindolin-2-ones 2, as only one of the 3-amino-3-phen-
ethylindoline-2-ones 2 tested inhibited parasite growth by more
than 50% at a concentration of 10 pM (see SI). By comparison,
all but one of the 2-phenethylindolin-2-ols 3 inhibited parasite
growth by more than 50% at a concentration of 10 pM, with
four compounds displaying sub-micromolar activity against the
NF54 strain in vitro (ICso 0.11-0.85 pM, Fig. 5). The remaining
compounds were active in the low micromolar range
(1.03-7.83 pM, see SI). A similar trend was observed against the
chloroquine-resistant FCR3 strain, with four compounds dis-
playing moderate activity (ICs, 0.35-0.63 pM). Compounds were
also tested for cytotoxicity against the human embryonic kidney
epithelial cell line HEK293 in an MTT cell viability assay, with
no significant cytotoxicity observed.

Conclusions

Attempts to prepare a series of 3-amino-3-phenethylindolin-2-
ones via Grignard addition to N-Boc-protected isatin-derived

This journal is © The Royal Society of Chemistry 2026
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imines led to the discovery of an interesting chemoselectivity,
yielding 3-imino-2-phenethylindolin-2-ols instead. While the
Grignard addition reactions to N-Boc-protected isatin imines
were C-2 selective, those to N-Bn- and N-PMB-protected isatin
imines favoured C-3 addition, establishing the importance of
the N-protecting group in this observed chemoselectivity.
Furthermore, Grignard additions to benzylidene indolin-2-one
substrates lacking the imine moiety did not proceed, confirm-
ing the imine as essential for C-2 selectivity. This Grignard-
based approach offers a novel strategy for functionalising the
C-2 carbonyl of 3-iminoindolin-2-ones, yielding the biologi-
cally relevant indolin-2-ol scaffold. The target 3-amino-3-phen-
ethylindolin-2-ones were subsequently prepared via alkynyla-
tion and hydrogenation of isatin-derived imines in yields up to
52%. Compounds from each series were evaluated for antiplas-
modial activity against the drug-sensitive NF54 strain of the
parasite. Four compounds exhibited moderate activity in the
sub-micromolar range against both drug-sensitive and drug-
resistant strains of Plasmodium facliparum. In future studies,
the synthesis of chiral oxindole products could be considered.
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