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ABSTRACT

One-pot synthesis of fluorinated benzimidazolines, benzothiazolines, benzoxazolines, and dihydrobenzoxazinones was easily achieved under

mild conditions in high yields and purity through gallium(1ll) triflate mediated condensation

—cyclization. Introduction of fluorine atoms favors

the formation of the five-membered heterocycles over seven-membered heterocycles.

Lewis acid catalysis in organic synthesis has been well
documented in the literatutelhe majority of the strong and
efficient Lewis acids such as AlgIAIBr;, Sbks, etc. used

rearrangement, epoxyolefin cyclization, annulation 2&the
catalyst is stable (up to 28TC) and used in low amounts
(~5 mol %), easily recovered from the aqueous reaction

in various organic transformations are prone to fast hydrolysis mixture, and reusable, showing its significant potential as a

and deactivate readily. Quite often, they are required in

safer and environmentally benign cataly/#t.can be easily

stoichiometric amounts, are not reusable, and lead to second-

ary reactions, making the reaction workup and product
isolation tedious. It has been found that gallium(lll) trifluo-
romethanesulfonate [Ga(O%f)gallium triflate] acts as an
effective but mild and nonhydrolyzable Lewis acid catalyst
for many organic synthetic transformations, such as Friedel
Crafts alkylation, acylation and hydroxyalkylation, dehydra-
tion of oximes to the corresponding nitriles, Beckman
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synthesized by reacting GaCbr metallic gallium with (Scheme 1}° However, when ketones (RR, = alkyl,
trifluoromethanesulfonic acitiHerein, we report our results

for the efficient one-pot synthesis of fluorinated benzimi- || ENEKGNE

dazolines7a, benzothiazolinegb, benzoxazolinegc, and Scheme 1. Reactions of Benzaldehyde and Ketones with

dihydrobenzoxazinone8 using gallium(lll) triflate as a 1,2-Phenylenediamines
catalyst by reaction witlo-aminoarene derivatives. . CH,Ph CH,Ph

Benzimidazolines, benzothiazolines, benzoxazolines, and L ,L ,\',

. . . PH” H Z Z H
dihydrobenzoxazinones are important classes of heteroaro- g 1 N/>—Ph * | prh
matics. Benzimidazolines, often called organic hydrides, can @NH? Y Y i
act as good reducing agents and good hydrogen storage X -

benzoxazolines are used as plant growth regulants, herbicidesz, r, = aikyl, phenyi /ﬁ CHoR,
and anticonvulsants, in photochromic dyes, and for the R{T MR

treatment of ADD (attention defficiency disordérpihy-
drobenzoxazinones are used in analgesics and also as useful

building blocks for drugs and pharmaceuticals, which possessPhenyl) were used under similar conditions, 1,5-benzodi-
antiviral, antifungal, antibacterial, and antiparasitic proper- azepine derivatived were formed as the major products
ties® We were interested in synthesizing the fluorinated (Scheme 1}! This reaction proceeds through the diimine
analogues of these classes of compounds, as it is well-knowrintermediatel0a, which then undergo an internal Michael-
that presence of fluorine can result in substantial changes intyPe addition reaction to give rise to the corresponding 1,5-
the biological properties of organic compouridscorpora- ~ benzodiazepine derivatives(Scheme 4).

tion of fluorine in drug molecules can highly affect their ~ Reports on the direct synthesis of fluorinated benzimida-
physicochemical properties, such as bond strength, liophi- Zolines are very rar& To the best of our knowledge, an
licity, bioavailability, conformation, electrostatic potential, €asy and convenient method is not yet known. Funabiki et
dipole moment, K., etc.; pharmacokinetic properties, such al.*® have prepared fluorinated benzimidazolines from flu-
as tissue distribution; rate of metabolism; or pharmacological Ofinated butynoic acid$ (Scheme 2). Synthesis of more
consequences, such as pharmacodynamics and toxicology.

Benzimidazolines3 are generally synthesized from the _

2 R1 3
. . . . : ; Y NHz S Na=
materials in many organic reactioh$Benzothiazolines and 1a R @( R
v oo N
4 H Ry

reaction of 1,2-phenylenediamindsx and benzaldehyde Scheme 2. Synthesis of Fluorinated Heterocycles from
Fluorinated Butynoic Acids
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such as THF, CkCN, dioxane, etc., but the yield and purity
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Scheme 3. Synthesis of Fluorinated Heterocyles Table 2. Preparation of Trifluromethyl Benzimidazolines
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of the products are lower. It is noteworthy to mention that s
unlike in the case of nonfluorinated ketones, no 1,5-
benzodiazepine derivativd was obtained under these C[
conditions. Intrigued by this fact, we explored this reaction
using various diamine derivatives and different fluorinated - /@:NHI
ketones. Aliphatic, aromatic, and benzylic trifluoromethylated
ketones gave clean products with different diamines. Results ,
are shown in Tables 1 and 2. 1,1-Difluoroacetone also gave ¢
the corresponding benzimidazoline in good yield and purity ©:NH2
(Table 1, entry 7). However, in the case of fluoroacetone, a
mixture of benzimidazolin& and 1,5-benzodiazepine deriva-
tives 4 was formed. We performed the reaction at lower
temperature (0—5C) and observed a significant amount of sponding 5-membered ring (Scheme 4). On the other hand,
benzimidazoline formation, but the conversion and isolated when no fluorine atom or a single fluorine atom is present
yield of the product dropped significantly. in the ketone, the electrophilicity of the monoimifa is

As the number of fluorine atoms attached to thearbon not sufficient to undergo internal attack by the electron pair
increases, the electrophilicity at the carbon center of the of the nitrogen atom of the second amine group. Thus, the
monoimine intermediated increases. Consequently, the second amine moiety reacts intermolecularly with another
nonbonding electron pair on the nitrogen atom of the secondmolecule of ketone to form the diimine intermedidt@a,
amino group rapidly attacks the highly electrophilic carbon which undergoes further rearrangement and internal Michael-
center of the internal fluorinated imine followed by a 1,3- type addition to give rise to the corresponding 7-membered

proton transfer, which leads to the formation of the corre- ring (Scheme 4).
We expanded our methodology to synthesize fluorinated

_ thiazolines7b, oxazolines7c, and oxazinone8 using the

Table 1. Preparation of 2-Fluoroalkyl Benzimidazolines cprre_spondmg»amlno de.nvatlves'. Slm.llar o 1,2-phenylene-
diamine, the corresponding 2-aminothiophenol, when reacted
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ertry amine fluorinated ketone tme () temp (°) _ product  yield (%) with 1,1,1-trifluoroacetone, also gave clean benzothiazoline
NH, @zﬂ CHy derivative under gallium triflate catalyzed conditions (Table
1 NH,  HeC” CF 4 50 y ors o7 3, entry 1). However, the reaction of 1,1,1-trifluoroacetone

H
NH, N, CH,
C S A e O e
HaC NH,  HiC” CF, HsC Fs

Scheme 4. Mechanism

o

NH, j\ CHj;
: /©: 4 50 X 80 . o .
ol NH,  HLT CFs o y s Formation of five-membered ring H
H R1YRf b}
NH N XH XX Cyclization XX R 180 X, R
4 ©: HsC\/ﬁ\ 5 50 X CH; 83 | ~ —2 ~ Szt O | = X
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s trifluoroketones showed low reactivity toward thesamino

Table 3. Preparation of Fluorinated Benzothiazolines derivatives and yields were not significant in most of these

Benzoxazolines, and Dihydrobenzoxazinones cases. _ .
We have also explored the potential of other metal triflate

i i fluorinated ket ti h) t °C oduct ield (% . . . . .
entry amine fuorinatedketone tme ) temp () _product yield (%) catalysts toward this condensation-cyclization reaction. We
; C[S“ 1 . 5 @chm o found that most of the metal triflate catalysts bring out this
NH, TG CFs N O reaction efficiently in CHCI,, except for lanthanum triflate,
, @iSH vﬁ\ . i @s S which gave a very low yield of the product (Table 4, entry
HaC
CFs N CF;
NH, N
S S o |
¢ C[NHQ FeC CFH ¢ ® ©:HXCF2H % Table 4. Reaction of 1,2-Phenylenediamine with
@iSH /& S\ CH, 1,1,1-Trifluoroacetone Using Various Metal Triflates as
¢ NH, PG TCHF 4 0 ©:H orh, Catalysts
] CEOH ] Cj\CF ) s ©:O 2:3 e entry catalyst yield (%)
N, : N 1 Ga(OTf); 97
ot O/ ~cH, 2 Yb(OT$) 93
y Cr 3
6 @[NHQ 5 \/f])\c,:3 4 75 N s 80 3 Y(OTH); 87
@OH j\ . % @O CHj o 4 Sc(OTh)3 96
’ N, HaC” “CFH N CF,H 5 Sm(OTf)s 88
o 6 La(OT;3 32
COzH 9 7 Cu(OTf), 75
8 C[ H3C)j\CF3 7 100 ©\)ki/cm 87
NH, N
H CFs
o o 6). However, gallium triflate was found to be superior giving
° C[ P U 75 /‘(/CHG 63 the maximum yield of 2-trifluromethylbenzimidazoline (Table
NH, 3 2 N 4
H CEH , entry 1).
coH o In conclusion, gallium triflate is found to be a stable, water
10 @ Hsc\)kCF 7 100 )o\_,c"*e 60 tolerant, recoverable, reusable, environmentally friendly, and
N ’ N e, efficient Lewis acid. Even when used in catalytic amounts,

it provides the optimum acidity required for the synthesis
of fluorinated benzimidazolines, benzothiazolines, benzox-

with _2_-am|nophlenol and. anthranilic acid rgguwe harsher azolines, and dihydrobenzoxazinones from fluorinated ke-
conditions (Table 3, entries 5 and 8). 1,1-Difluoroacetone tones through efficient condensation—cyclization reactions.

also gave clean products with all of thesemino derivatives  tase reactions are clean, require mild conditions, are easy

(Table 3, entries 3, 7, and 9). Similar to the case of 1,2- v, \yqrkup, and provide the corresponding products in high
phenylenediamine, a mixture of products was formed when yield and purity in most cases.

monofluoroacetone was reacted with 2-aminophenol and

anthranilic acid, respectively. Acknowledgment. Support of our work by the Loker
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product, which was isolated in 80% chemical yield (Table
3, entry 4). In this case, the rate of the benzothiazoline
formation from the monoimine intermediaein intramo-
lecular fashion appeared to be much faster than the inter-
molecular attack of the second ketone molecule to the
monoimine intermediate. Surprisingly, aromatic and benzylic OL062562E
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