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Anti-selective aminofluorination of alkenes with amidines
were enabled by hypervalent iodine(III) reagents, affording 4-
fluoroalkyl-2-imidazolines. Further reductive ring-opening of
the 2-imidazoline moiety could deliver highly functionalized
3-fluoropropane-1,2-diamine derivatives.

=

Difunctionalization of alkenes is one of the most powerful
processes for chemical transformations in organic synthesis. A
variety of synthetic methods enabling stereo- and chemoselective
difunctionalization of alkenes, including the Sharpless
dihydroxylation' and aminohydroxylation® as representative
examples, have been exploited to generate diverse molecular
complexity.> A major concern in the methodology development
of hetero difunctionalization of alkenes such as amino-
functionalization is regioselectivity and stereoselectivity (anti- or
20 syn-) (Scheme 1).
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Scheme 1. Regio- and stereoselectivtiy in amino-difunctionalization of
alkenes.

Among  the  known  difunctionalization  reactions,
»s intramolecular amino-difunctionalization of alkenes* provides a
convenient access to various nitrogen-containing heterocycles
(azaheterocycles), which were prevalent scaffolds in potent
pharmaceutical drugs.® Within this arena, a mainstream strategy
is to use alkenyl amides/sulfonamides under various oxidative
30 reaction conditions with/without transition metal catalysis
(Scheme 2).

In comparison with these alkenyl amides, alkenyl amidines are
expected to exhibit somewhat different reactivity trends in the
oxidative amino-difunctionalization for synthesis of nitrogen-

35 containing molecules, because (1) the electron-rich nature of
amidines might provide a unique and unprecedented mode of
reaction in alkene difunctionalization; (2) azaheterocyclic
products, cyclic amidines such as 2-imidazolines, include 1,3-
diamino functionality, and further reductive ring-opening of

40 cyclic amidines enables construction of highly functionalized 1,2-

diamines.”  In this context, we have recently disclosed
hypervalent  iodine(Ill)-mediated  (transition-metal  free)
diastereoselective  anti-selective  aminoacetoxylatio/formal-

aminohydroxylation, and diamination of alkenes with amidines
as (Scheme 3).®  The process likely involves concerted alkene-
aziridination with a putative amidine-I(II) intermediate and
subsequent nucleophilic ring-opening of the aziridine moiety
caused by the corresponding counter O- or N-ions, which
therefore results in anti-selective amino-functionalization of

so alkenes.
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Scheme 2. Intramolecular amino-difunctionalization of alkenyl amides
for azaheterocycle synthesis.
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Scheme 3. Metal-free diastereoselective amino-difinctionalization of
alkenes with amidines by hypervalent I(II) reagents.

To explore further potential of this hypervalent iodine(III)
reagents-mediated transition-metal free strategy for alkene
0 amino-functionalization with amidines,” we wondered if the
transient aziridinium ions could be attacked by external fluoride
nucleophiles for aminofluorination of alkenes."’
Aminofluorination of alkenyl sulfonamides were recently
reported independently by Nevado'™ and Meng/Li'" using
6s difluoroiodoarenes (ArlF,) and a PhI(OPiv),-HF*pyridine system,
respectively (Scheme 4-a for Nevado’s work). However, both of
these reactions resulted in the formation of endo-selective
aminofluorination products, and substrates amenable to these
methods were limited to terminal alkenes. We describe herein
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anti-selective aminofluorination of N-allylamidines by the afforded 2-imidazolines 2¢ in 64% yield, demonstrating unique
combined use of iodobenzene dicarboxylates and Et;N<3HF for chemoselectivity of the present aminofluorination of alkenes that
construction of diastereochemically pure 4-fluoroalkyl-2- prefers internal alkenes. By varying substituents R* on the E-
imidazolines divergently from internal E- and Z-alkenes (Scheme 4 alkene part, it was shown that 4-chloro- (for 1d) and 4-
s 4-b).""  Furthermore, facile reductive ring-opening of the 4- methoxyphenyl (for 1e) groups were well tolerated, providing 2d
fluoroalkyl-2-imidazoline moiety has also been executed to and 3e in good yields. Aminofluorination of the dienyl moiety

synthesize highly functionalized 3-fluoropropane-1,2-diamine also worked efficiently to give 2-imidazoline 2f in 62% yield,

derivatives.'>" while the reaction resulted in moderate diastereoselectivity (2:1).
() aminofluorination with sulf by Nevado ss The reaction of amidine 1g with a methyl group as R* afforded 2-
imidazoline 2g bearing three successive stereogenic centers in
Ph ?r o . Phph NTs good diastereoselectivity. In this process, the N—C bond could be
Ph @Tﬁ FF e @H o JQ constructed from the opposite side to the methyl group.
Np  CHClptt F,/‘H D b
(b) anti-aminofiuorination of alk (this work) 50 Tgble 1. Substratl? scope on aminofluorination of disubstituted alkenes
using Et;N*3HF*
. Tz s B R 1alyer R R—f_ij
* Zore RO o oo Ty 2
— — RS ;
1 N AN RS CHCl, 1t
10 Scheme 4. Aminofluorination mediated by hypervalent iodine(I1I) R 1
reagents.
The initial study commenced with the reactions of N- H H ph
allylamidine 1a (Scheme 5). It is known that the reactions of N F /|N|\
iodobenzene dicarboxylates with fluoride salts generate the )'\N pn” N
is corresponding  difluoroiodanes," which might be used for P )
aminofluorination with amidine 1a. As expected, the reaction of Ph
amidine 1a with 1.3 equiv of PhI(OAc), and 5 equiv of Et;N+3HF 20 70% 2e64%
in CH,Cl, delivered 4-fluoromethyl-2-imidazoline 2a in 59% OMe

yield along with aminoacetoxylation product 3a in 18% yield
(Scheme 5). To improve the yield of 2a with reduction of the
amount of undesired aminocarboxylation product, more bulky
carboxylates on hypervalent iodine reagents were examined. Use
of iodobenzene dipivalate [PhI(OPiv),] slightly improved the Ph™  ph Ph
yield of 2a to 69% yield, and the yield of the corresponding 26 62% (dr = 7.1:1) 2662% (dr =2.011) 29 69% (dr = 7.2:1)
aminopivalation product 4a was 13%. Use of 2-isopropyl-2,3- ) . . o

. . . “ The reactions were carried out using 0.3 mmol of amidines 1. Unless
dimethylbutanoate counter ion could enhance the yield of 2a to . . . . ;

otherwise noted, the reactions provided diastereomerically pure products

73% yield with 8% yicld of carboxylation product Sa. ss 2. ” Aminocarboxylation compounds 5 were formed as a minor product in
8-21% yields. See the Electronic Supplementary Information (ESI) for
Ph

H Ph H Ph .
H - H - more details.
_ PhI(OCOR),
NH Et3N-3HF (5 equiv) N F N OCOR
I + |
Ph )J\N CHCly, rt Ph)\N )\N
Ph Ph™ Pn

We next investigated the reactions of 3,3-disubstituted allyl

2

S

2:
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| 20-24h
1:“ 2a ¢ amidines 1h-k (Table 2). It was found that use of PhI(OPiv), was
oxygenation optimal for aminofluorination of these tri-substituted alkenes,
PhI(OCOR), 2a products . . .. . . .. .
————————————————— undergoing aminofluorination selectively to give 2-imidazolines
R =Me (1.3 equiv) 59% 3a 18% . . .. . .
ffffffffffffffffff S ososeosnoeosooiooiooiooooiooioiioooo 2h-k in good yields. Similarly with the previous
R = t-Bu (1.3 equiv) 69%2 4a 13% . . N P .
————————— e T aminoacetoxylation and diamination,” diastereo-divergency could
o Me oo s be observed for the aminofluorination of amidine 11 with E-
= 4 Mﬁ,é 4 eau) 8% 5a 8% alkene and 1m with Z-alkene, giving 2l and 2m, respectively, in
777777777 Me good yields." The process also enabled anti-selective
Scheme 5. Aminofluorination of 1a using Et;Ne3HF salt. “ Isolated as an aminofluorination of 2,3-disubstituted allylamidines 1n-Ip as
30 inseparable mixture with 4a. well as aminofluorination of fetra-substituted alkene 1q

70 exclusively in exo-selective cyclization mode, giving the

With the reaction conditions using PhI[OCOC(i-Pr),Me], (1.4 corresponding 2-imidazolines 2n-q as the sole products..

equiv) and Et;N<3HF (5 equiv), we examined substrate scope for
aminofluorination of disubstituted E-alkenes (where R® = H)
(Table 1). As for R' on the nitrogen, a benzyl (for 1b) group was
well tolerated and provided 2b in 70% yield. The reaction of
amidine 1c¢ having an allyl functionality as R' selectively

3
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Table 2. Substrate scope on aminofluorination of #i- and tetra-
substituted alkenes using Et;Ne3HF*

R2 R3 R2
R4 R4 %
NH ~ “R3 PhI(OCOt-Bu);, (1.3 _equlv) F
)J\ EtaN*3HF (2 equiv) N|
Ph” N )\N
\ CH,Cly, 1t Ph” Ry,
Ph
1@ 2
Ph Me
Ph F Me F F
E
N| N\ N|
N
Ph M N Ph A N Ph A N |
Ph Ph Ph N
Ph™ Ph
2h 83% 2i 73% 2j 87% (84%)P 2k 95%
Me  Ph Ph Me H Ph
Ho 2, HoZ, Me *
N F N F N F
L Ppis
N N
Ph™ Ph P Ph” ph
2171% )
(dr =>20:1) 2n 63%
“““ H Me
iy e
N
P By Ph”  ph Ph™  Ph
20 56%° 2p 90%° 2q 95%

“Unless otherwise noted, the reactions were carried out using 0.3 mmol of
s amidines 1 and afforded diastereomerically pure products 2. “The yield of
1j in the reaction using 4 mmol of 1j. “The reaction was carried out using
1.4 equiv of PhI[OCO(i-Pr),Me], and 5 equiv of EtNe3HF salt.
Aminocarboxylation compounds So and Sp were formed as a minor
product in 3% and 7% yields, respectively. See the ESI for more details.

It has already been reported that reductive ring-opening of 2-
imidazoline derivatives could be mediated by AlH; to afford 1,2-
diamines.” However, treatment of 4-fluoroalkyl-2-imidazolines 2
with AlH; gave a complex mixture of unidentified compounds

15 instead of desired diamines. We thus sought an alternative milder
ring-opening method using 2j and found that a stepwise
procedure including 1) formation of amidinium salts with alkyl
halides (Mel, BnBr, and allyl-Br); 2) NaBH, reduction; 3) acidic
solvolysis gave the corresponding ring-opened diamines 6j-8j in

20 good yields (Scheme 6). Using this 3-steps procedure with allyl
bromide, a variety of 3-fluoropropane-1,2-diamines 8 were
synthesized from the corresponding 2-imidazolines 2 as shown in
Table 3.

X-
)N|\ R-X (10 equiv) R - NaBH, (5 equiv)
N >
N CHClg, reflux | MeOH, rt
Ph™ pp )\N
Ph™ Ph
2j
F 4MHCl in dioxane
R\N (5 equiv) Ph \H e
;’j\ MeOH, rt HN _
R
P Bh

6j (R =Me) 74% from Mel
7j (R=Bn) 71% from BnBr?
8j (R = allyl) 73% from allyl-Br

25 Scheme 6. Reductive ring-opening of 2j. “4 equiv of BnBr was used.

Table 3. Reductive ring-opening of 2

R® R2 1) allyl-Br (10 equiv)

R4 CHCl3, reflux
g 2) NaBH, (5 equiv) Ph E
N F MeOH, rt N O~
)I\ HN _R*
N

A 3) 4M HCI (5 equiv)
" Ph MeOH, rt
2 X 8
Ph Ph Ph
Ph XN
\H /\H\ E Ph /\N ﬁ)\ E \/\H /\I)\ E
HN H HN HN
8a 66% 8b 77% 8¢ 80%
cl
Me  Ph Ph_ Ph Me _ Me
Ph 5 Ph Ph{
N /\l)\ E N /\€<F N /\X F
H H H
HN HN HN
PO .
H X X X
HN
8d 74% 89 71% 8h 59% 8i 72%

8K 69%¢ 8169% 8m 72%
Ph
Ph Phan N
N E H ¢ Ph _
H HN Me HN H F
% % F HN{ Me
8n 52% 80 61% 8q 68%

“15 equiv allyl-Br was used.

30 In summary, we have developed methods for diastereoselective
aminofluorination of N-allylamidines that utilize hypervalent
iodine(II) reagents. The resulting 4-fluoroalkyl-2-imidazolines
could be concisely converted into various 3-fluoropropane-1,2-
diamine derivatives. We anticipate that this strategy is capable of

35 supplying various fluoro-containing polyamine compounds useful
for medicinal, materials, and catalysis applications.
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