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An electron-donating heteroatom substituent at position-2 of a furan promotes regiospecific opening of the 7-oxa bridge of the Diels—Alder
cycloadduct with hexafluoro-2-butyne, producing a 4-heterosubstituted 2,3-di(trifluoromethyl)phenol building block in a single step. The phenol
and heteroatom substituent are easily transformed to the corresponding iodide or triflate that readily undergoes Heck, Suzuki, and Stille
reactions to install a variety of substituents in high yields. This methodology provides a facile and general synthesis of 1,4-disubsituted
2,3-di(trifluoromethyl)benzenes.

Fluorine-containing organic molecules have been of great Hexafluoro-2-butyne is an established synthon for intro-
interest to organic and medicinal chemists due to the uniqueducing two trifluoromethyl groups into furarf or benz-
physical and biological properties imparted by fluorine. enoid~* systems. The initial cycloaddition reactions of furans
Introduction of one or more fluorine atom(s) to a given 1 with 2led to 7-oxabicyclo[2.2.1]hepta-2,5-diengwhich
biologically active compound often significantly improves were then converted to 2,3-di(trifluoromethyl)phenols by
its biological activities and/or physical propertiefn our various ring-opening procedures, including Lewis acid medi-
search for anti-inflammatory agents, incorporation of trif- ated reactiond2 The major drawbacks of these protocols
luoromethyl groups into the core of our lead molecule include lower regiochemical predictability and the intolerance
provided significant biological improvement. Synthesis of of many functional groups in the ring-opening process. To
the required 1,4-disubstituted-2,3-di(trifluoromethyl)benzene our best knowledge, the reported syntheses thus far only
core structure on large scale, however, was challeriqgihg. involved acid-stable functional groups (i.e., H, £KDH)
which are difficult to functionalize furthet.4°°Herein we

(1) (@) Welch, J. T.; Eswarakrishnan, $luorine in Bioorganic report an efficient means to promote a regiospecific rear-
Chemistry; John Wiley and Sons: New York, 1991. @ipmedicinal ielsA ;
Aspects of Fluorine Chemistry; Filler, R., Kobayashi, Y., Eds.; Elsevier: rangement of the DI_ Id_er CYCIOaddUC.B' .denved from
New York, 1982. 1 and2, to form 1,4-difunctionalized 2,3-di(trifluoromethyl)-
(2) Chambers, Richard D.; Roche, A.; Rock, M.HChem. Soc., Perkin
Trans. 11996, 1095. (4) Abubakar, A.; Booth, B.; Suliman, N.; Tipping, A. Fluorine Chem.
(3) Wong, H. N. C.Synthesis984, 787. 1992,56, 359.
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benzene systems in one chemical operation. These comdiion of the reaction at a series of temperatures (60, 82, and

pounds can be easily transformed to many other 1,4-
disubstituted-2,3-di(trifluoromethyl)benzenes, thus providing
a general synthesis of this class of biologically attractive
compounds.

As illustrated in Scheme 1, the 2-heteroatom-substituted
furan would undergo a DielsAlder reaction with2 to give
cycloadduct3. We envisioned that the 2-hetero substituent
would donate electrons along the-XX—O bonds in cyclo-
adduct3 and promote the opening of the 7-oxa bridge to
form unstable intermediat#. A self-assisted deprotonation
of the H, would lead to an aromatization to form phenoxide
5, which after protonation would give 4-functionalized 2,3-
di(trifluoromethyl)phenol6 116

100°C) revealed that BOC deprotection occurred at 120

but did not occur at 82C. The cycloaddition reaction was
incomplete when run at 68C (for 15 h). No solvent effect
was observed among THF, acetonitrile, and benzene. Thus,
whenlawas heated witl2 in a pressure tube in benzene at
82 °C for 5 h, evaporation of the solvent gave essentially
pure desired carbamaa (Table 1/entryl). Further purifica-

Table 1. Diels-Alder Reactions of Hexafluoro-2-butyne with
2-Heterosubstituted Furans

entry2 1, XR product yieldP
1 la, NHBOC 6a 92%
2 1b, OCHs 3b/6b 87%
3 1c, OTMS 3c/6e 93%
4 1d, OCO,CH3 3d° 100%
5 1e, 0,CC(CHa)s 3ec 98%
6 1f, Sn(Bu")s 3f 100%

a All reactions were performed in benzene at°8 (entries 1+-5) or at
110°C (entry 6) for 5-15 h.? Isolated yields based on furans usedlo
rearrangement t6 was detected byH NMR over 2 months at 25C.
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In an initial experiment, when hexafluoro-2-buty2gvas
heated with readily available furdra (XR = NHBOC)¢in
THF at 120°C for 18 h, neither desired phenék nor
cycloadducBawas observed. A careful chromatography of
the crude reaction mixture furnished 6% of 4-amino-2,3-di-
(trifluoromethyl)phenol (6, XR =NH,) along with other
unidentified side products. Obviously, cleavage of the BOC
protecting group occurred under these conditions. Examina-

(5) Weis, C. D.J. Org. Chem1962,27, 3693.

(6) Abubakar, A.; Booth, B.; Tipping, AJ. Fluorine Chem1991,55,
189.

(7) Nishida, M.; Hayakawa, Y.; Matsui, M.; Shibata, K.; Muramatsu,
H. J. Heterocycl. Cheml991,28, 225.

(8) Nishida, M.; Hayakawa, Y.; Matsui, M.; Shibata, K.; Muramatsu,
H. J. Heterocycl. Cheml992,29, 113.

(9) Barton, T.; Wulff, W.J. Am. Chem. S0d 979,101, 2735.

(10) Hussmann, G.; Wulff, W.; Barton, 7. Am. Chem. Sod983 105,
1263.

(11) For a recent review on synthetic application of furan Diels—Alder
chemistry, see: Kappe, C.; Murphree, S.; Padwa]Tétrahedron1997,
53, 14179.

(12) Wong, H.; Ng, T.; Wong, T.; Xing, YHeterocycle4984,22, 875.
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62, 4088.
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tion by recrystallization followed by flash chromatography
of the mother liquor afforded a 92% vyield of analytically
pure sample. As shown in Table 1/entry 2, the Diels—Alder
reaction of 2-methoxyfuradb with 2 furnished either3b

or 6b depending on the isolation method. After heatiiiy
with 2 in benzene or THF at 82C for 6 h, removal of the
solvent afforded pur8b. 3b is stable for storage at30°C

for at least 1 month and slowly rearranged to phédolvith

a half-life of about 2 days at 2%. To remove trace amounts
of solvent present in the volatile produ@h was distilled
under vacuum (0.4 mmHg) at 2&. Surprisingly, complete
conversion to compoun@lb was observed within 10 min.
Perhaps self-solvation stabiliz8b as a bicyclic molecule,
whereas such self-stabilization is lost in the gas state. The
cycloaddition of 2-trimethylsilyloxyfuranlc with 2 in
benzene or THF initially gave a 93% yield of pure bicyclic
compound3c. 3c was more stable thaBb and could be
distilled without aromatization at 3%. Complete conversion

of 3cto 6¢ took 2 months at room temperature as the neat
material. However, this rearrangement is accelerated on silica
gel, giving exclusively6c during flash chromatography. Less
electron-donating substituents such as methyl carbonate
(entry 4) and pivaloyloxy groups (entry 5) failed to promote
the rearrangement @&d or 3e at room temperature, even
with assistance of 1% HCI in agueous THF. Only bicyclic
products3d and 3e were isolated in 100 and 98% yields,
respectively. To introduce a tributylstannyl functionality at
position-4 of6 for Stille-type coupling reactions, tributyl-
stannylfuranlf was subjected to the DielsAlder reaction.
7-Oxabicyclic tin derivative3f was isolated in quantitative
yield as a stable compound (entry 6). An attempt to convert
3f into the corresponding phenol, using BBEL as a
catalyst, provided a mixture of materials. Clearly, the ease
of rearrangement o8 to 6 is on the order of NHBOC>
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OCH; > OSIi(CH); > OCO,CH; ~ O,CC(CHy)3 > Sn-
(CH3)s.

Phenols6a—cwere convenient building blocks for more
elaborate 1,4-disubstituted compounds. CarbarGateas
converted to iodophendl in one pot, as shown in Scheme
2. When6a was heated in a mixture of 30%,80, and

Scheme 2
) S0 OH OH
Fy D29 CF CF
3 i) NaNO, ®  Pd,(dba), 3
CF, iii) Nal CF3 ligand CF3
NHBOC 9% I Ry
6a 7 8

DMSO at 50°C, complete BOC-deprotection was detected
by HPLC within 2 h. The resulting aniline was then treated
with NaNG; at 0°C. Clean conversion to the corresponding
diazonium salt was accomplished 1 h asmonitored by
HPLC. After treating the diazonium salt with Nal, 2,3-di-
(trifluoromethyl)-4-iodophenof was isolated in 96% yield.

Because of the low aqueous solubility of both intermediates
(the aniline and diazonium salt) in this sequence, a cosolvent

(i.e., DMSO) was critical to the high-yielding three-step
reaction. lodophenol served as a versatile building block
for introducing substitutions ortho to both trifluoromethyl

groups. This type of 1,2,3,4-subsitution pattern in general is

not readily accessible by traditional electrophilic modifica-
tions.

As illustrated in Scheme 2 and Table 2, the 4-iodo
functional group in7 readily participates in Heck, Stille, and

Table 2. Reactions of 4-lodo-2,3-di(trifluoromethyl)phensl

entry? reagent product (8, Ry =) yieldb
1 /\[]/002H5 \/\"/OCZH5 8a 91%
o} 0]
0 Sn(Bu-n) 0
2 U 3 AW 8b 96%
B(OH), .
3 ©/ O 8c  42%
B(OH), .
4 ©/ @ 8c  61%

0 0
5 )\\<i7/B(OH)2 .S 94%
N/ N\ /

a All of these reactions were performed in DME with-(0l)sP (entries
1-3) or Cy-MAP: 2-dicyclohexylphosphanyl-gimethylaminobiphenyl
(entries 4-5) as ligand and with BN (entries 1-2) or KsPQy (entries 3-5)
as base at 7080 °C for 3—15 h.P Isolated yields based on iodides used.

Suzuki reactions. Optimal conditions for the Heck reaction
of 7 with ethyl acrylate employed Biba} as the palladium
source and tri-o-tolylphosphine as ligand at°@for 15 h,
which gave cinnamat8a in excellent yield (Table 2/entry
1). Lower yields were obtained at higher temperatures.
Tetrakis(triphenylphosphine)palladium(0) worked equally
well for this transformation.

When iodophenot was heated with tributylstannylfuran
in DMF in the presence of B@lba)/(o-tol)sP (entry 2), furyl
phenol8b was obtained in 96% vyield. An attempted Suzuki
reaction of7 with phenylboronic acid in the presence of tri-
o-tolylphosphine led to a low yield of biphen§t (entry 3).
The Buchwald ligand Cy-MAP (2-dicyclohexylphosphanyl-
2'-dimethylaminobiphenyy-*®was found to be superior for
this coupling reaction (entry 4, 61% vs 42% fortol);P as
ligand). The Suzuki coupling of and 5-acetylthiophene-2-
boronic acid with Cy-MAP as ligand afforded a 94% yield
of the corresponding thiophene derivatige.

The hydroxy functionality of the iodophen@lprovided a
handle to introduce other functional groups. Representative
examples for these transformations are shown in Scheme 3.

Scheme 3
TfO Ro
CF3 QO ~ CF3
PRB(OH), or ()1~ Sn(Bu-n)s

CF3 > CFs

Pd(dba)s/(0-Tol)sP
~ ~
Et,N / DMF or K;PO, / DME
OEt 80°C o” ~OEt

10a: R = Ph, 96%
10b: R = 2-Furyl, 93%

Triflate 9, which was prepared using standard conditions
(Tf,Olpyridine), was reacted with phenylboronic acid and
Pd,(dba)/(o-tol)sP to afford phenyl analogutOain nearly
guantitative yield. Under a commonly employed Stille
protocol for aryl triflate coupling (Pddba)/(o-tol)sP/LiCl),
conversion of9 to its furan derivative stopped halfway
through (52% conversion by HPLC at 8C for 2 h), even
with extended reaction times (53% conversion &t 80 24
h). No hydrolysis of the triflate group was detected. When
LiCl was replaced with triethylamine, the same reaction with
tributylstannylfuran completed within 2 h, affording 93% of
furan derivativelOb.

Depicted in Scheme 4 is a representative example of the
conversion of3c to 2,3-di(trifluoromethyl)cyclohexanone

Scheme 4
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derivative 12, thus opening an entry to a regio- and
stereospecific synthesis of ditrifluoromethylated cyclohex-
anone. Hydrogenation @&c with 10% palladium on carbon
in ethyl acetate afforded only the endo isonidrin 94%

of these reactions proceeded in high yields and were
amenable to large scale, thus constituting a facile and general
synthesis of 1,4-disubsituted-2,3-di(trifluoromethyl)benzenes.
Applications of this methodology for the synthesis of

yield. The exo hydrogen at C-3 was assigned by comparing pharmaceutically interesting compounds are in progress and

its coupling constant to the bridge proton @; 4= 5.2 Hz)
with the structually related literature precedent(Hz for

an exo hydrogen versus0 Hz for an endo hydrogeniy. 23
Treatment ofl1 with 0.2% HCI in aqueous THF afforded
cyclohexanonel2 in 80% vyield. No epimerization was
detected by'H NMR during the hydrolysis. Compournt?
could serve as a versatile building block for introduction of
trifluoromethyl groups into more complex natural product-
like compounds.

In summary, the 4-iodo-2,3-di(trifluoromethyl)phenal
prepared in three steps from commercially available material,
is a very convenient building block for installing a variety
of substitutions at the 1- and 4-positions through Heck, Stille,
and Suzuki reactions of the iodide or derived trifl&tell

(17) Wolfe, J.; Buchwald, S. LAngew. Chem., Int. EA.999,38, 2413.

(18) Wolfe, J.; Tomori, H.; Sadighi, J.; Yin, J.; Buchwald, S.JLOrg.
Chem.2000, 65, 1158.

(19) Gustafsson, J.; Sterner, @.0Org. Chem1994,59, 3994.

(20) Jones, J.; Francis, Can. J. Chem1984,62, 2578.

(21) Andreu, C.; Marco, J.; Asensio, G.Chem. Soc., Perkin Trans. 1
1990, 3209.

(22) Yadav, J.; Renduchintala, R.; Samala,Tetrahedron Lett1994,
35, 3621.

(23) Characterization df1: *H NMR (300 MHz, CDC}) 6 0.21 (s, 9H),
1.69 (tdd,J = 12.8, 5.1, 1.8 Hz, 1H), 2.04 (m, 1H), 2.16 (m, 1H), 2.33
(ddd,J = 12.9, 8.8, 4.4 Hz, 1H), 2.79 (dqd,= 12.5, 10.6, 2.3 Hz, 1H),
3.22 (dgddJ = 12.5, 10.6, 5.1, 1.7 Hz, 1H), 4.53 &= 5.2 Hz, 1H); MS
(APCI) m/e312 (90%), 342 (100%); IR (neat) 2964 (w), 1379 (m), 1150
(s) cnTl. Anal. Calcd for GiH16FsO,Si: C, 40.99; H, 5.36. Found: C,
41.15; H, 5.42.
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will be published in due course.
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(24) Procedure for preparation of 4-iodo-2,3-di(trifluoromethyl)-
phenol 7: Hexafluoro-2-butyne? (1.7 g, 10.5 mmol) was condensed to a
60 mL pressure tube by a dry ice/acetone cooling bath. A solution of furan-
2-ylcarbamic acidert-butyl esterl (XR = NHBOC, 1.60 g, 8.7 mmol§y
in dry benzene (15 mL) was slowly added through a septum. The pressure
tube was then capped and heated in &82il bath for 5 h. After being
cooled to rt, the reaction mixture was concentrated, and the residue was
crystallized from a mixture of CHCl, and hexane. The white crystalline
material was collected by filtration, washed with @Hh/hexane, and dried
(1.83 g). The mother liquor was concentrated and purified by flash
chromatography (30% EtOAc in hexane) to give a second bat6h (§f.93
g). Total yield: 92%. A solution o6a (3.32 g, 9.6 mmol) in a mixture of
DMSO (50 mL) and 30% kBO, (50 mL) was heated at ST for 2 h. The
resulting clear solution was cooled td°G, and a solution of NaN§(994
mg, 14.4 mmol) in HO (5 mL) was added. The reaction mixture was stirred
at 0°C for 1 h, after which a solution Nal (4.3 g, 28.8 mmol) in®(5
mL) was added. Aftel h of stirring at room temperature, another batch of
Nal (4.3 g) in HO (5 mL) was then added. The reaction mixture was stirred
for another hour. EtOAc was added, and the mixture was washed
sequentially with brine, 10% NaHSQand water. The organic phase was
dried over NaSQ, filtered, and concentrated. The residue was purified by
flash chromatography on silica gel (20% EtOAc in hexane) to giaes
white solid (3.29 g, 96%)H NMR (300 MHz, CDC}) 6 8.07 (d,J = 8.9
Hz, 1H), 6.85 (dJ = 8.8 Hz, 1H), 6.20 (qJ = 6.5 Hz, 1H); MS (APCI)

m/e 355(M — H)~; IR (KBr) 3356 (m), 1584 (w), 1148 (s) cm. Anal.
Calcd for GH3F6lO: C, 26.99; H, 0.85. Found: C, 26.87; H, 0.88.
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