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A novel cyclization reaction for the preparation of 3-fluoro-1-substituted-naphthalenes is reported. ( E)-Monofluoroenynes, which are prepared

by Sonogashira coupling reaction from ( 2)-1-bromo-1-fluoroalkenes, undergo cyclization to afford 3-fluoro-1-substituted-naphthalenes in good
to excellent yields when treated with DABCO or DBU in refluxing N-methyl-2-pyrrolidinone (NMP).

As fluorine is small (similar to oxygen in size) and the most ~ There are limited methodologies for the preparation of
electronegative among all elements, compounds in which monofluorinated naphthalenes. The Bafchiemann reac-
hydrogen is strategically replaced by fluorine can modify tion® (thermolysis of arenediazonium salts) is the classical
biological activity by altering physicochemical properties of method to incorporate fluorine into a naphthalene ring, as
the fluorinated compounds Site-specific fluorination of ~ demonstrated by the preparation of 2-fluoronaphthalene.
organic compounds has received continued attention due toThere are drawbacks to this method: the starting diazonium
the unique properties of fluorirfeRecently fluoroaromatics,  salts are hazardous; certain functional groups ortho to the
especially fluorinated naphthalenes, have been of interest todiazonium group could not be tolerated; and the intermediate
us because of the paucity of synthetic methodologies for thesearyl cations produce various tarry byprodutihe prepara-
compounds although they are in growing demand as agri-tion of 2-fluoronaphthalene from 2-naphthylsilane by Pb-
cultural and pharmaceutical age#ts. (OAc), and BR-Et,0 22 or from 2-naphthylboronic acid by
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thalene'®© However, this method has a limitation in the obtained when strong electron-withdrawing or electron-
preparation of functionalized 2-fluoronaphthalenes due to the donating groups were present on the aromatic ring. A kinetic
inconvenient preparation of the starting material. Schlosserseparation method for the preparation &)-monofluo-
and co-workers recently reported a synthetic route to roenynes has been developed in our laboratdriz)-1-
fluoronaphthalenes via fluoroarynes. However, regioisomeric Bromo-1-fluoroalkenes were recovered after the Sonogashira
mixtures were found in their cas&sHerein, we wish to reaction of the more reactive (E)-isomers with terminal
report the first base-catalyzed cyclization to site specifically alkynes. So, with a slight modification of this procedure,
prepare 3-fluoro-1-substitutued-naphthalenes via the cycliza-the starting E)-monofluoroenynesl were prepared as
tion reaction of (E)-monofluoroenynes. illustrated in Table 1. Instead of using pué{1-bromo-1-
Recently, we reported the preparation of monofluo-
roenynes (E)-RCH=CFC=CRla from (Z)-1-bromo-1-
fluoroalkene¥ by th.e Sonogashira coupling.ree}ctiﬁn. Table 1. Preparation of (E)-Monofluoroenynes by the
Although photochemical6electron cyc_Ioa_romat|zat|ons of Sonogashira Reaction betwe@rand Terminal Acetylenes
aryl enynes have been reporféao cyclization product was

detected according t&’°F NMR analysis of the reaction .,// N
mixture, when a solution dfain DMF was photochemically X " HCOM, nBugN
irradiated at 254 nm overnight. Instead, 8% of tAgi§omer : DMF, 35 °C
of 1a was observed due to isomerization. = - _ R
Whenlawas reacted with DABCO (6 (_equiv)_ in refluxing &ﬁ @_{F R—=-t _ J Vi
DMF, *F NMR spectroscopy of the reaction mixture showed WoE T TN PACIL(PPhy),/ Cl Rend
that a new product, the fluorinated naphthalene derivative, Eiz =30: 100 . EtN, 1t ]
2awas formed and isolated in 82% vyield (Schemedy,
E/Z time Z/E isolated
entry X of 3 R (h) of1 product yield (%)
Scheme 1 1 oCl 0:100 n-CsHi; 36 0:100 1b 92
CeHypn 2  o0-Cl  0:100 n-CioHa1 48 0:100 1le 72

y CsHun o aco 3  p-MeO 0:100 n-CsHy; 21 0:100 1d (82)
—_—
- 4 DMF . reflux OO aThe product was not separated from the reduced products; the number
H F ' F in parentheses is the conversion, which was calculated based on the amount
1a 82% 2a of 3 in the starting mixture o8 and4.

4, 13C NMR, GC-MS, and HRMS analysis support the fluoroalkenes, a mixture ofZ(-1-bromo-1-fluoroalkene8

proposed structure. and the corresponding reduced produdtswhich were
Although Rolando and co-workers reported one example Prepared via the kinetic reduction of tB#Z ~ 1:1 mixture

of the preparation of 2-bromo-4-fluoro-1-phenylnaphthalene ©f 1-bromo-1-fluoroalkene¥, were used as the starting

from (E)-PhCF=CHC=CPh via an electrophilic cyclization materials. Thus, a mixture & and 4, terminall acetylene,
induced by “BrF"25 to the best of our knowledge, our work  PACE(PPR)2 (4 mol %), and Cul (1 mol %) in BN was

is the first base-catalyzed cyclization reaction for the '€acted atroom temperature and t&g-onofluoroenynes

preparation of 3-fluoro-1-substituted-naphthalenes. 1 were successfully prepared. In entry 3, the produbivas
The starting enynes can be prepared via the Sonogashird!0t completely separated from the reduced proddaisd

reaction of terminal alkynes with pur&¢monofluoroenynes, the mixture was directly used in the subsequent cyclization

which were synthesized via carboxylation of a mixture of réacton. _
(2)- and (E)-1-bromo-1-fluoroalkenes, followed by ,Br The cyclization reactions between these (E)-monofluo-

addition and subsequent decarboxylafioowever, this ~ foenynesl and different bases in refluxing polar solvents
method has limitations. For example, isomeric mixtures were Were also successful and good to excellent isolated yields
of the 3-fluoro-1-substituted-naphthalerizsvere obtained
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Volchkov, N. V. J. Fluorine Chem.1991, 54, 86. (c) Parham, W. E.; : : s :
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Trrz]ans.z 1976, 1}(1171115. (b) Tinnemans, A. H. /?) Laarff]oven, WJH.  andn-BusN, was investigated, respectively, with in NMP
Chem. Soc., Perkin Trans.2 1976, 1115—1120. (c¢) Kaafarani, B. R.; :
Neckers, D. CTetrahedron Lett2001. 42, 4099—4102. at reflux temperature. The reaction was smooth and com-
(15) Eddarir, S.; Francesch, C.; Mestdagh, H.; RolandoB@l. Soc.
Chim. Fr.1997,134, 741—755. (16) Xu, J.; Burton, D. JOrg. Lett 2002,4, 831—833.
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Table 2. Preparation of 3-Fluoro-1-substituted-naphthalenes by
the Cyclization of E)-Monofluoroenyened

= R R
Xy~ J // base = |
H = F solvent, reflux ;(/. .

1 2
time yield
entry X R base solvent (h) product (%)*
1 H n-CsH;; DABCO DMF 87 2a 82
2  0-Cl n-CsHi; DABCO NMP 6 2b 93
3 0-Cl n-CsHy; DBU NMP 7 2b 80
4 0-Cl n-C5H11 n-BugN NMP 7 2b ~8¢
5 0o-Cl n-CioHz; DABCO NMP 6 2¢ 94
6 p-MeO n-CsH;; DABCO NMP 11 2d 86
7 p-MeO Ph DABCO NMP 43 N.R.b 0
8 p-MeO ¢-Bu DABCO NMP 5 N.R. 0

a|solated yield of2. All products gave satisfactofyF, 1H, 13C NMR,
GC-MS, and HRMS dat&. No reaction.® Determined by*°F NMR.

pleted within 7 h when DBU was utilized (entry 3) and the
desired product was successfully isolated in 80% vyield.
However, whem-BwN was employed as the base (entry
4), the reaction was very slow. After 7 h, onli of the
starting 1b was consumed and a considerable amount of
unidentified side products was detected'#fyNMR analysis

of the reaction mixture. Therefore this cyclization reaction
could be carried out with a catalytic amount of an alternative
base (20 mol % of DBU). Note that when R is PhteBu

Scheme 3

PPhy/CFBr, CF3

THF, reflux, 6 h
81%

CHO
ZIE=47/53
R
PACI,(PPhs),, Cul pagco  CFs \“\‘ O
F

=R Et;N, t, 48 h NMP, reflux 3 h

9 R=n-C,Hg 89%
10 R =PhCH,CH,, 69%

4-(trifluoromethyl)benzaldehyde, CFBand PPhin reflux-

ing THF X The Sonogashira reaction of tB#Z mixture of

8 with 1-hexyne or 4-phenyl-1-butyne afforded the corre-
sponding enyne, which was used directly in the next step
without purification. Cyclization of the enynes under normal
reaction conditions occurred smoothly. Compoufdand

10 were easily isolated in good vyields, respectively. The
yields in the two steps were based on the amounZpB(in

the E/Z mixture. Via this improved route, the kinetic
reduction step was not required. Thus, this modification
provided a more efficient synthetic route to this class of
compounds.

We also tested the cyclization of the nonfluorinat&g (
enyne under the similar reaction conditions. (Z)-Non-1-en-
3-yn-1-ylbenzenell was prepared by the Sonogashira
coupling reaction of 1-pentyne with 4J-2-bromovinyl]-
benzene, which was synthesized from phenylacetylene by
the literature procedur®.Unfortunately, no reaction was

(entries 7 and 8), no desired product was observed in eitherobserved when enyn&l was reacted with DABCO (6.0

case. The product® showed a consistent-fH coupling
pattern (triplet with a coupling constant of 9-30.0 Hz) in
the °F NMR spectrum. The structure dic was also
confirmed by an X-ray crystal structuté.

After the successful cyclization of monofluoroenynes, we
extended the reaction to difluoroenynes. Difluoroenymeas
prepared fromK)-1,2-difluoro-1-iodo-2-phenyletheri® via
a Sonogashira reaction with 1-decyne. Cyclization under
similar reaction conditions afforded the difluorinated naph-
thalene7 (Scheme 2).

Scheme 2
CagHa-n
// CigHaq-n
Pho | =—CyHpyn 7 DABCO, NMP OO
>—<_ — —
F g PdCly(PPhg)y, Cul [ F reflux F
EtsN, rt 6 66%
73% F
7

Since only (E)-enynes undergo cyclization to give the
cyclized product, to simplify the synthetic route, we inves-
tigated the possibility of utilizing the mixture oZ}- and
(E)-enynes as the substrate for cyclization (Scheme 3). An
E/Z mixture of 8 was prepared from the reaction of

Org. Lett., Vol. 8, No. 12, 2006

equiv) in refluxing NMP.

Since thet-Bu- or Ph-substituted enyne did not produce
the desired cyclized product, it suggested to us that the
mechanism might involve an allene as the intermediate. To
further test the mechanism of this novel reaction, the
following experiment was performed (Scheme 4). Compound
12 was prepared via the reaction of benzaldehgi¢g]é&FBr,
and PPhin THF. The subsequent kinetic reduction reaction
of 12 afforded a mixture of£)-13 and the reduction product,
which was reacted with 1-heptyne via the Sonogashira
reaction to afford theE)-monofluoroenynéd4. Cyclization
of 14 with DABCO in refluxing NMP gave a mixture df5
consisting of 70% of CHD-naphthalene and 30% of,CH
naphthalene derivatives (determined ¥y and 2D NMR
spectrum). Our attempt to prepare or detect the proposed
allene intermediate was not successful.

(17) CCDC 600929 contains the supplementary crystallographic data for
this paper. These data can be obtained free of charge via www.ccdc.ca-
m.ac.uk/data_request/cif, or by emailing data_request@ccdc.cam.ac.uk, or
by contacting The Cambridge Crystallographic Data Centre, 12 Union Road,
Cambridge CB2 1EZ, UK; fax-44 1223 336033. Also see the Supporting
Information.
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(20) (a) Brown, H. C.; Subrahmanyam, C.; Hamaoka, T.; Ravindran,
N.; Bowman, D. H.; Misumi, S.; Umni, M. K.; Somayaiji, V.; Bhat, N. G.
J. Org. Chem1989 54, 6068-6075. (b) InOrganic Synthesesga Boranes
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Scheme 4 Scheme 5. Mechanism for the Formation of Naphthalenes

C.D F HCO,H/n-BusN base
CFBr + PPhy + CeD;CHO <o °°° —

70°%C H Br PdCIl,{PPhj), CHzR
12 DMF, 35 °C // base H pool
E/Z=47:53 68% C _,
44% and/or [1,7H sh]ﬁ E

D

CeDs__ Br CeD; __ F n-CHy—=_ D i
[ H)—<F + HHH} PdCy(PPhy),/ Cul P Vi Cotturn o
13 Et,N, rt —_ or Ph derivative due to the absence of propargyl hydrogen-
88% D F (s) in the enyne. The failure of cyclization of the nonfluori-
14 nated enyne could be due to the absence of electron-
DABCO 5 D GHD-C4Hgn D CHyCHyn withdrawing group(s) on the double bond of enyne, which
NMP. reflux OO b OO may facilitate the formation of allene and subsequent
80% D FoT b - cycloaddition. The ratio in the deuterium experiment could
D D be attributed to mixed pathways of acquisition of H from a
o3 proton pool and/or a [1,7]-sigmatropic rearrangement.
15 In conclusion, we have described a novel cyclization

reaction to site specifically prepare 3-fluoro-1-substituted-
naphthalenes starting fromE)-monofluoroenynes. This
methodology provides one of the most direct pathways for
the preparation of 3-fluoro-1-substituted-naphthalenes and
1,2-difluoronaphthalenes. Our work continues to explore the
overall scope of this novel base-catalyzed cycloaddition and
to test the allene mechanistic concept.

On the basis of the above experiments, we propose the
following mechanism (Scheme 5). First, the base catalyzes
the isomerization of the enyne to the alléhewhich
undergoes 6xcycloaddition to form a two-ring system. The
final product could be formed either from abstraction of H
on C-9 by base followed by acquisition of H from the proton
pool (either from base-Hor a trace amount of moisture in
the system) or from a [1,7]-H shift without assistance of the
base? To exclude the possibility of solvent (NMP or DMF)
serving as a “proton pool”lb was reacted with DABCO
(6.0 equiv) in refluxing DMFd; for 5 days.'®F NMR
analysis of the reaction mixture showed that the naphthalene
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derivative prOdUCt was identical with that 2b. Therefore, Supporting Information Available: Typ|ca| experimen_

the solvent is unlikely the “proton pool”. This proposed ta| procedures for the preparation &)¢monofluoroenynes

mechanism seems reasonable to explain the failuteBof and 3-fluoro-1-substituted-naphthalenes, characterization of
these compounds ByF, H, 1°C NMR, GC-MS, and HRMS,
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