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ABSTRACT: The discovery of detrifluoroacetylative in situ generation of a new type of fluorinated amide enolates derived from
3-fluoroindolin-2-one and their asymmetric Mannich additions with sulfinylaldimines bearing fluoroalkyl groups is reported,
which afforded a-fluoro-f-(fluoroalkyl)-f-aminoindolin-2-ones containing C—F quaternary stereogenic centers with excellent
yields and high diastereoselectivities.
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recent innovations in organofluorine methodology is the 3 lX:l(:.H 3 l B 8 Nﬁ
development of detrifluoroacetylative in situ generation of o v o l £
unprotected fluoro enolates” (Scheme 1). )%(L B =l
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undergo haloform-type C—C cleavage giving molecules of 4 Y =0H, NH, Y 7 Y=NH, H
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trifluoroacetic acid and the corresponding fluoro enolates. To This work
date, only structurally simple linear 2° and cyclic 3° types of
ketone enolates have been successfully developed. Early studies Furthermore, taking into account that the indolin-2-one
of their aldol°™® and Mannich”'® reactivity revealed their (oxindole) frame is commonly found in naturally occurring
remarkable synthetic potential for practical preparation of bioactive compounds and synthetic drugs,'> modification of this
fluorinated f-keto alcohols/amines.” Excellent chemical yields heterocyclic system with fluorine would be of general
and diastereo-/enantioselectivity, normally observed in these pharmaceutical potential. In this work, we disclose the
reactions, indicate that innovative design of new and more successful design of novel detrifluoroacetylatively generated
structurally complex types of the detrifluoroacetylatively fluorinated amide enolate derived 3-fluoroindolin-2-ones and
generated enolates might be of high synthetic value. To the
best of our knowledge, the fluorinated amide enolate' has Received: May 26, 2016
never been explored in the detrifluoroacetylative reaction. Published: June 15, 2016
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the assessment of their reactivity toward asymmetric Mannich
additions. The reaction affords a-fluoro-f-amino-indolin-2-ones
containing C—F quaternary stereogenic centers as products in
excellent chemical yields and high diastereoselectivities.
fp-Keto-amide hydrates 10 can be prepared by a two-step
procedure as in Scheme 2. Starting oxindoles 8 were

Scheme 2. Synthesis of ff-Keto-amide Hydrates 10
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trifluoroacetylated using NaH/CF;CO,Et to afford compounds
9, existing in enol form. The second step, fluorination of 9 with
20 mol % excess Selectfluor,"* was performed in acetonitrile at
ambient temperature to afford target f-keto-amide hydrates 10
in excellent yields (see the Supporting Information).

Having prepared the f-keto-amide hydrates 10, we then
studied their reactivity toward asymmetric Mannich addition
reactions. Drawing from the literature data and our own
experience in the chemistry of enolates 1 and 2,*”'" N-tert-
butanesulfinyl-(3,3,3)-trifluoroacetaldimine 11 was selected as
the Mannich acceptor.'”"> To acquire the reactivity of keto-
hydrates 10, we conducted the reaction of 10a, bearing a free
N-H group, with imine 11 in THF using Et;N as a base (entry
1, Table 1). The addition proceeded at very high rate,
completing within just 5 min. The diastereoselectivity of the
reaction was impressive, giving the corresponding products
with 96% isolated yield. Although all four theoretically possible
stereoisomers were detected by '’F NMR of the crude reaction
mixture, diastereomer 12a was obtained with appreciable excess

Table 1. Optimization of the Reaction Conditions®
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10a temp, 5 min 6 (S.(35,28)-12a

entry base solvent temp (°C) yieldb (%) dr®

1 Et;N THF 0 96 2:2:3:93
2 DIPEA THEF 0 96 2:2:1:95
3 NMM?  THF 0 85 2:2:1:95
4 nPr;N THEF 0 86 2:2:1:95
S nBu;N THF 0 91 2/2/1/95
6 DIPEA 2-Me-THF 0 96 2/0/0/98
7 DIPEA 1,4-dioxane 20 94 2:0:6:92
8 DIPEA Et,O 0 94 2:7:9:82
9 DIPEA DMF 0 93 32:0:0:68
10 DIPEA CH;CN 0 96 4:0:5:91
11 DIPEA DCM 0 96 2:21:10:67
12 DIPEA toluene 0 71 4:13:14:69
13 DIPEA 2-Me-THF 20 96 3:0:0:97
14 DIPEA 2-Me-THF —-20 96 1.8:0:0:98.2
15 DIPEA 2-Me-THF —40 96 1.6:0:0:98.4

“Reaction conditions: 10a (0.6 mmol), CFj-sulfinylimine 11 (0.5
mmol), LiBr (156.3 mg, 1.8 mmol, 3.0 equiv), base (1.5 mmol, 2.5
equiv), 5 mL of solvent. “Isolated yields of mixture of isomers.
“Determined by the '°F NMR. “N-Methylmorpholine.
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in a ratio of 2:2:3:93. We then examined the role of different
organic bases. Application of Hiinig’s base (DIPEA),'® instead
of E;N, afforded the mixture of products with the same
excellent yield but in a different proportion of stereoisomeric
products (entry 2). The use of N-methylmorpholine as a base
(entry 3) gave nearly the same diastereoselectivity but lower
chemical yield (85%). The reactions conducted in the presence
of n-Pr;N (entry 4) and n-Bu;N (entry S) afforded very similar
levels of diastereocontrol (~90% de); however, the isolated
yields were lower (entry 2 vs enries 4 and S). Thus, selecting
DIPEA as a base, we screened the role of the reaction solvent.
Performing the addition in 2-Me-THF gave desirable results as
major diastereomer 12a was obtained in 96% yield and of
markedly improved diastereomeric purity (96% de) (entry 6).
Importantly, two minor diastereomers were not detectable at all
in the reaction mixture. Application of other ethers such as 1,4-
dioxane (entry 7) and Et,O (entry 8) as the reaction solvents
resulted in noticeably reduced stereochemical outcome. Further
experiments demonstrated that increasing (entries 9 and 10) or
decreasing (entries 11 and 12) the solvent polarity had a
detrimental effect on the diastereomeric preferences. Clearly,
the polar solvents, such as DMF (entry 9) and acetonitrile
(entry 10), might compete for Li coordination, while the apolar
and noncoordinating solvents such as DCM (entry 11) and
toluene (entry 12) could not support highly organized, Li-
chelated transition states. The final effort in optimizing the
conditions was carried out on the reaction temperature. We
conducted the experiments at 20, —20, and —40 °C (entries
13—15). Consistent with the previous observation made in the
DIPEA/2-Me-THF addition (entry 6), only two diastereomeric
products were detected in the reaction mixtures. However, the
temperature effect was rather noticeable, affording major
diastereomer 12a with 95 (entry 13), 96.4 (entry 14), and
96.8% de (entry 15).

We then conducted substrate generality using keto-amide
hydrates 10 (Scheme 3). As presented in Scheme 3, we
assessed the effect of electron-withdrawing and -donating
substituents in all positions on the aromatic ring: positions 4
(121), 5 (12b—e, m-q), 6 (12f—h,r), and 7 (12is,t). We also
included examples of disubstituted derivative 12j as well as a
series of compounds bearing free N-H function (12a—j), N-Me
(12k—t), and examples of N-Et- (12u), N-Bn- (12v), N-allyl-
(12w), and N-Ph-containing (12x) substrates. The major
conclusion revealed by these experiments is the consistently
excellent level of the diastereoselectivities, not noticeably
influenced by the nature or by the position of the substituents
on the phenyl ring. Thus, the chemical yields ranging from 83
to 97% and diastereomeric ratios from 92/8 to >98/2 were
obtained. It should be emphasized that pure major diaster-
eomers 12a—x can be relatively easily obtained by using routine
column chromatography.

To further investige the synthetic generalization of this
method, the second substrate generality study using various
fluoroalkyl-substituted imines (S;)-13a—d was carried out
(Scheme 4). For this substrate generality study, we selected
two types of 3-fluoroindolin-2-one derived keto-amide hydrates
10, containing free N-H and N-Me functions, along with imines
bearing CF,Cl, CF,Br, C,Fs, and C3F, perfluoroalkyl groups
(S,)-13a—d. The examined fluorinated imines could work very
well to give the desired product 14a—h within 5 min. The
reactions also showed excellent diastereoselectivity, as only one
diastereomer was obtained for all of the cases. Most likely, the
observed excellent diastereoselectivity is due to the greater
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Scheme 3. Substrate Scope of Keto-amide Hydrates for the
Detrifluoroacetylative Asymmetric Mannich Reactions
CFy

g
28
R! b R! z '
@\_/EJF(CFG g LiBr (3.0 equiv), DIPEA 2 5 equiv) [ | y
R R N
4 NS + F;C/Q“N'SK aq eq . NSo

2-Me-THF, 40 °C, 5 min R?

(Sg)-11

10a-x (S,)(35,2'5)-12a-x
9 2 g 2
5. 8. Sey Sy

NH NH

12a 95% yield, =88:2 dr  12b 82% yueld >88:2 dr 12c 95% wela =082dr  12d 94% yueld >58:2 dr
o] 0

MS‘NH

NH NH
Br ! Z ¥ Z 1 Z 1
MeQ.
NSo  a NS0 R NS0 e
H

12e B8% yield, >08:2dr  12f 97% yield, >98:2 dr 12g 83% yield, >88:2 dr 12h B5% yield, 4.6 dr
O 0

CF3

12i 93% yleld >898:2 dr
]
S‘

(o]

M
12j 90% r»e!d >88:2 dr 12k 93% )lieltl 93:7 dr 121 91% yield, 95:5 dr
(o]
S‘

NH Z‘ “NH

12m B8% yleld B2:8 dr 12n 1% y’lsld 946 dr 120 90% yleld 97:3dr
(o] o]

o]
i il z

S"H

N
12p 83% yla‘l:t’:l 97:3dr

S.
e
T T
FACO.
NTTo o] N0 0
1]

-] L]
12q 87% yield, 97:3 dr 12r 92% yield, 96:4 dr 12; aa% ylela 973 dr 121 sm y.em 97:3dr

D 0 Jl [
s‘ oSey , W Sem
( U CFy ( H ¥ <j’\_/E\ @\_]E\CFJ
I:J 0
Ayl Ph

12u91% ylelcl. 946dr  12v92% yleid. S48 dr 12w B5% yield, 846 dr  12x BB% yield, >98:2 dr

Scheme 4. Substrate Scope of R-Imines for the
Detrifluoroacetylative Asymmetric Mannich Reactions

9
Oon a“s‘gr—t

(o]
@rﬁcﬁi R’ANISK LiBr (3.0 equiv), DIPEA (2.5 equiv) ij\’_/i'\ﬂ'
N0 2-Me-THF, -40 °C, 5 min NS0
R2 (S.)-13a-d
10a,k R? = H (a), Me (k)

B2
(5,)(35,2'S)-14a-h

g
>
SF L

N™ "0 | SR

H Me

o

>1v’ “NH g
@r,(‘ @i\

143 14b 14c 14d
92% yield, >98:2 dr 89% yield, >98:2 dr B85% yield, >98:2 dr 83% yield, >98:2 dr
. .Y : :
S S, NH
I:J (o]
Me
ur 149 14h

90% yield. >98:2 dr 86% yield, >98:2 dr 82% yield, >98:2 dr T9% yield, >98:2 dr

steric bulk'” of the substituents R; executing the complete
control over the stereochemistry of two newly generated
stereogenic centers. However, when these results were
compared with the data obtained in the series of CF;-imine
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(S,)-11 reactions (Scheme 3), slightly lower chemical yields
were obtained for these imines.

The assignment of the absolute configuration of products 12
and 14 was established by crystallographic analysis of 12v. The
single-crystal X-ray analysis shows its (S,)(35,2'S) configuration
(see the SI).

To account for the observed stereochemical outcome, the
possible transition states (TSs) are presented in Figure 1. In

o\/1

O.N F
Li~ X R¢
S =
0 L

TS-A TS-B

Figure 1. Plausible transition states (TS) A and B accounting for the
observed stereochemical outcome.

TSs A and B, the enolate O—Li group and the imine nitrogen
are located in close proximity to each other to comply with the
principle of the minimum charge separation'® allowing for the
concerted oxygen—nitrogen charge transfer. In TS-A, leading to
the products of the observed (Ss)(3S,2'S) absolute config-
uration, the stereocontrolling R; group'® is placed in the
equatorial position, avoiding major unfavorable stereochemical
interactions. On the other hand, in TS-B, the R; group is axial
and located over the 3-fluoroindolin-2-one derived enolate
moiety. Consideration of these factors, the steric repulsion-free
TS-A might be preferred over TS-B. Furthermore, this
mechanistic rationale can also account for the higher level of
diastereoselectivity observed in the reaction of imines 13
bearing bulkier R¢ groups.

To demonstrate the deprotection of a-fluoro-f-(fluoroalkyl)-
P-aminoindolin-2-ones products and preparation of target
compounds containing free amino groups, we selected
unsubstituted derivative 12a for the deprotection reaction.
Moreover, we decided to perform the reaction of (R;)-11 with
3-fluoroindolin-2-one derived keto-amide hydrate 10a to show
the synthesis of the enantiomeric products. As presented in
Scheme 5, enolate precursor 10a reacted with (R;)-11 to afford

Scheme S. Deprotection of 12a

{Rs)-11
Pon LiBr (3.0 equiv),
£ CF5 DIPEA (2 5 equiv} g CF3 1) aq HCI, MeCH,
20 °C,12h “wp CF3
2 Me-THF,
40°C, 5 min 2) EtsN, CHoCly,
96% yle]d >g8:2dr 20°C.1h
(RIER2ZRA2 (3RZR)-15" 94% yield, >99.8% ce
"
{Sg)-11 \“ S\NH
LiBr (3.0 equiv),
E CF3 DIPEA (259qu|v) g CF3 1) aq HCl, MeOH,
20°C,12h £ (:F3
2 Me-THF,
-40 °C, 5 min 2) Et;N, CHZC]Z,

96% yleld >g8:2dr 20°C,1h
(5:)(35,2'S)-12a {35,2'5)-15 94% yle[d, >99.8% ee

(R,)(3R2'R)-12a’ with both excellent chemical yield and
diastereoselectivity. Enantiomeric compounds (R,)(3R2'R)-
122’ and (S,)(352'S)-12a were unprotected,” giving the
enantiomers (3R,2’'R)-15" and (3S,2'S)-15 with 94% isolated
yield and >99.8% ee. These compounds contain C—F and C—
CF; SDE-phoric groups and present 1nterest1n§ models to
study the self-disproportionation of enantiomers™ via achiral
chromatography and sublimation.””
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In summary, we developed the detrifluoroacetylative in situ
generation of a new type of 3-fluoroindolin-2-one-derived
fluorinated amide enolates and explored their asymmetric
Mannich additions with sulfinylaldimines bearing CF;, CF,Cl,
CF,Br, C,F;, and C;F; groups. This synthetic protocol is robust
and displays broad substrate scope and functional group
compatibility with excellent yield and high diastereoselectivity.
The operational ease coupled with excellent stereochemical
outcome bodes well for widespread application of this approach
for preparation of a-fluoro-f-fluoroalkyl-B-amino-indolin-2-
ones with C—F quaternary stereogenic centers.
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