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o-Cyano-$,p-difluorostyrenes react with organolithiums selectively at the cyano carbon to generate the corresponding sp? nitrogen anions,
which in turn undergo intramolecular replacement of the vinylic fluorine to afford 3-fluoroisoquinolines. Similarly, the reaction of g 8-difluoro-
o-isocyanostyrenes with organomagnesiums or -lithiums generates the corresponding sp? carbanions on the isocyano carbon. Subsequent
cyclization via substitution of the fluorine leads to 3-fluoroquinolines.

The quinoline and isoquinoline nuclei are regioisomers of compounds such as indoles, benzo[b]furans, benzo[b]thio-
benzene-annulated pyridines (beridpjridine and benzo-  phenes, 2-pyrrolines, 2,3-dihydrofurans, 2,3-dihydrothiophenes,
[clpyridine). They are widespread in the alkaloid family and isochromenes, and isothiochromenes (Schemé fj@m-
constitute an important class of compounds in pharmaceu-Difluoroalkenes bearing functional groups such as NHTSs,
ticals, agrochemicals, and dyestuffSue to their substantial  OH, and SH undergo nucleophilic 5- ande6eo-trig cy-
applicability, the syntheses of quinolines and isoquinolines clizations via deprotonation of these functional groups that
are extensively studied topié$. However, despite their  generates Smitrogen, oxygen, and sulfur nucleophiles. The
common properties and much research on their preparationyeactions are promoted by the unique reactivitygeim-
a synthetic methodology based on a single concept that candifluoroalkenes toward nucleophilic substitution of their
be applied to both ring systems remains to be developed.

In our recent publications, we have reported the construc-  (3) For recent reports on isoquinoline synthesis, see: (a) Dai, G.; Larock,

tion of five- and six-membered ring-fluorinated heterocyclic R- C.J. Org. Chem2002,67, 7042. (b) Huang, Q.; Hunter, J. A.; Larock,
9 y R. C.J. Org. Chem2002 67, 3437 and references therein. For recent reports

on quinoline synthesis, see: (c) Kim, J. N.; Lee, H. J.; Lee, K. Y.; Kim, H.

T The University of Tokyo. S. Tetrahedron Lett2001,42, 3737 and references therein. (d) Amii, H.;
*Kyushu Institute of Technology. Kishikawa, Y.; Uneyama, KOrg. Lett.2001,3, 1109. (e) Cho, C. S.; Oh,
(1) (a) Yates, F. S. I€omprehensie Heterocyclic Chemistryatritzky, B. H.; Kim, J. S.; Shim, S. CChem. CommurR000, 1885 and references
A. R., Rees, C. W.,, Eds.; Pergamon: New York, 1984; Vol. 2, Chapter therein.
2.09. (b) Bentley, K. WThe Isoquinoline Alkaloids; Harwood Academic: (4) (a) Ichikawa, J.; Wada, Y.; Okauchi, T.; Minami,Chem. Commun.
Amsterdam, 1998. 1997, 1537. (b) Ichikawa, J.; Fujiwara, M.; Wada, Y.; Okauchi, T.; Minami,

(2) Coffey, D. S.; Kolis, S. P.; May, S. A. IRrogress in Heterocyclic T. Chem. CommurR000, 1887. (c) Wada, Y.; Ichikawa, J.; Katsume, T.;
Chemistry; Gribble, G. W., Gilchrist, T. L., Eds.; Pergamon: Amsterdam, Nohiro, T.; Okauchi, T.; Minami, TBull. Chem. Soc. Jpr2001,74, 971.
2002; Vol. 14, Chapter 6.1. (d) Ichikawa, J.; Wada, Y.; Fujiwara, M.; Sakoda, 8ynthesi2002 1917.
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Intramolecular Substitution of in Situ-Generated
Nucleophiles (Y)

Scheme 1.

(a) sp’® Nucleophiles Generated by Deprotonation
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(b) sp2 Nucleophiles Generated by Addition to Multiple Bonds
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vinylic fluorines via additior-elimination processesTheir
reactivity is due to (i) the electrophilic activation of the-C
double bond by the two fluorine atoms, (ii) the stabilization
of the intermediary carbanion by tffeanion stabilizing effect
of fluorine, and (iii) the leaving-group ability of the fluoride
ion. This “intramolecular substitution” concept for ring
formation prompted us to explore its application to the
construction of quinoline and isoquinoline frameworks.

Herein we wish to report a facile, common methodology
for the syntheses of 3-fluorinated isoquinolines and quino-
lines starting fromortho-substituteds,s-difluorostyrenes.
Although these selectively ring-fluorinated heterocycles have
significant potential as componefitand synthetic inter-
mediate® of biologically active substances and advanced
materials] their synthetic methods are still quite limité8.
The introduction of fluorine atoms especially onto hetero-
cyclic ring carbons is even more difficult than the fluorine
introduction onto the carbons of fused benzene rings.

To accomplish direct construction of six-membered aro-
matic nuclei, we chose to examine?spicleophiles for the
intramolecular substitution afem-difluoroalkenes. It was

(5) (@) Smart, B. E. InOrganofluorine Chemistry, Principles and
Commercial Applications; Banks, R. E., Smart, B. E., Tatlow, J. C., Eds.;
Plenum: New York, 1994; Chapter 3. (b) Lee, V. J.@omprehensive
Organic Synthesis; Trost, B. M., Ed.; Pergamon: Oxford, 1991; Vol. 4,
Chapter 1.2.

(6) For example, see: (a) Kato, T.; Saeki, K.; Kawazoe, Y.; Hakura, A.
Mutat. Res.1999,439, 149 and references therein. (b) Arzel, E.; Rocca,
P.; Marsais, F.; Godard, A.; Queguiner, Getrahedron1999,55, 12149.

(7) (a) Silvester, M. JAdw. Heterocycl. Chenil994 59, 1. (b) Silvester,

M. J. Aldrichimica Acta 1991, 24, 31. (c) Organofluorine Chemistry,
Principles and Commercial ApplicationBanks, R. E., Smart, B. E., Tatlow,
J. C., Eds.; Plenum: New York, 1994.

(8) Classical BalzShiemann (fluorodediazotization) and halex (halogen
exchange) approaches are still extensively usgtemistry of Organic
Fluorine Compounds jIHudlicky, M., Pavlath, A. E., Eds.; American
Chemical Society: Washington, DC, 1995.

(9) For the synthesis of fluoroisoquinolines, see: (a) Bellas, M
Suschitzky, HJ. Chem. Socl964 4561. For the synthesis of fluoroquino-

lines, see: (b) Chambers, R. D.; Parsons, M.; Sandford, G.; Skinner, C. J.;

Atherton, M. J.; Mailliet, J. SJ. Chem. Soc., Perkin Trans.1B99, 803
and references therein. (c) Strekowski, L.; Kiselyov, A. S.; Hojjat,JM.
Org. Chem.1994,59, 5886. (d) Shi, G.-q.; Takagishi, S.; Schlosser, M.
Tetrahedron1994,50, 1129.
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expected that addition of external nucleophiles (Nu) toNC
multiple bonds (XY) such as those of cyano and isocyano
groups would generate %pitrogen and carbon nucleophiles,
respectively, as shown in Scheme ®bThese in situ-
generated nucleophilic groups located at ¢inho position
of 3,-difluorostyrenes would then promote similar cycliza-
tions, leading directly to the construction of ring-fluorinated
aromatics, both isoquinolines and quinolines with incorpora-
tion of a substituent (Nu) on the heterocyclic rirgs.

The starting materials were easily prepared as outlined in
Scheme 2 by using the one-pot sequence that we have

Scheme 2. Preparation ofOrtho-Substituted
B,p-Difluorostyrenes3 and 62

R

ey
Z

3a R =n-Bu, Z=CN (84%)

3b R =sec-Bu, Z=CN (74%)
4a R =n-Bu, Z = NH, (77%)
4b R = sec-Bu, Z = NH, (68%)

R R
£ 10— 0
OHC.
N P
C”

H
6a R =n-Bu (85%)

5a R = n-Bu (90%)
5b R =sec-Bu (87%) 6b R =sec-Bu (82%)

CF3CH,OTs

R
Fae=<(
BR,

2

R
HN

4

aReagents and conditions: (@-BuLi (2.1 equiv), THF,—78
°C, 0.5 h; (i) BR; (1.1 equiv), THF—78°C, 1 h, and then rt, 3 h;
(iii) 0-1CgH4CN oro-1ICgH,NHMgn-Bu (0.9 equiv), Cul (1.0 equiv),
Pd(dbak-CHCI; (0.02 equiv), PPH(0.08 equiv), THFHMPA (4:
1), rt, 1 h; (iv) HCQH (1.2 equiv), A¢O (1.2 equiv), pyridine, rt,
1 h; (v) POC} (1.2 equiv), E4N (2.2 equiv), CHCI,, 0°C, 0.5 h.

previously developed for the preparation®-difluorosty-
renest? The coupling reactions of 2,2-difluorovinylboranes
2 [generated in situ from 2,2,2-trifluoroethyd-toluene-
sulfonate (1)] witho-iodobenzonitrile oiN-butylmagnesio-
o-iodoaniline (generated fromriodoaniline and dibutylmag-
nesium) were carried out in the presence of Cul and a
palladium catalyst to give-cyanog,S-difluorostyrenes and
o-aminog,S-difluorostyrenet. Aminostyrenegt were sub-
jected to formylation of the nitrogen followed by dehydration
of the resulting formamides, leading to the desired,s-
difluoro-o-isocyanostyrenes.

We first attempted the generation of intramolecular nu-
cleophiles in difluorostyrene3 by the addition of external

(10) Wakefield, B. J. InComprehensive Organic Chemistdones, D.
N., Ed.; Pergamon: Oxford, 1979; Vol. 3, pp 95353.

(11) For the synthesis of isoquinolines from aryl cyanides, see: (al.yse
M.; Kristensen, J. L.; Vedsg, P.; Begtrup, Krg. Lett.2002,4, 257. For
the synthesis of quinolines from aryl isocyanides, see: (b) Curran, D. P;
Du, W. Org. Lett.2002,4, 3215. (c) Kobayashi, K.; Nakashima, T.; Mano,
M.; Morikawa, O.; Konishi, HChem. Lett2001, 602. (d) Suginome, M.;
Fukuda, T.; lto, Y.Org. Lett.1999,1, 1977 and references therein.

(12) Ichikawa, JJ. Fluorine Chem200Q 105 257 and references therein.
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nucleophiles to the cyano group. In this scheme, the externalvia the corresponding 3pcarbanion, providing 3-fluoro-
nucleophile should exclusively attack the cyano carbon quinolines with a substituent at the 2-position.

without adding to the difluoromethylene carbon. Wi Treatment of isocyanostyre®awith n-BuLi in THF gave
was treated witm-BuMgCl, its nucleophilic attack took place a complex mixture, probably due to its high nucleophilicity.
on the cyano carbon to generate the corresponding iminoAfter the reactions of6éa with a Grignard reagent were
nitrogen anions, which in turn underwent intramolecular conducted in several solvents, the choice of solvent was
substitution of the fluorine to give the expected 3-fluoroiso- found to be crucial in controlling the reaction site. Whean
quinoline7ain 65% yield (Table 1, entry 1). While treatment was treated witim-BuMgBr in THF and tolueneg-(1-butyl-
2,2-difluorovinyl)-N-pentylideneaniline was obtained in 10
and 73% yields, respectively. These results indicated that
the addition of Grignard reagent in toluene selectively
occurred on the isocyano carbon, but subsequent cyclization

Table 1. Synthesis of 1,4-Disubstituted 3-Fluoroisoquinolines

7 from
om3 did not take place. To raise the reactivity of the intermediary
R i . R carbanion, HMPA was added to the reaction mixture after
F.C R'M FL” Z generation of the carbanion, leading to the desired 3-fluo-
C N Nx roquinoline8ain 69% vyield (Table 2, entry 1). Several other
N> & R
3aR=nBu 7
3bR = sec-Bu Table 2. Synthesis of 2,4-Disubstituted 3-Fluoroquinolirgs
from 62
entry 3 R'M (equiv) solvent temp, time % yield R R R
1 3a n-BuMgCl (4.0) THF reflux, 10 h 65 (7a) i i F
2 3a n-BuLilCeCl;(3.0) THF  —-78°C,3h 62 (7a) FoC . cm® L m
3  3a n-BuLi(1.2) THF  —78°C,4h  74(7a) N BN RN
4 3a n-BuLi(l.2) Et,0 —78°C,05h 86 (7a) <
5 3a n-BuLi(1.2) toluene —78°C,1h 82 (7a) 6aR=n-Bu 8
6 3b n-BuLi(1.2) Et,0 -78°C,7h 82 (7b) 6b R = sec-Bu
7 3a MeLi(1.2) toluene 0°C,0.5h 81 (7¢)
8 3a t-BuLi(1.2) Et,0 —78°C,0.5h 88 (7d) entry 6 R'M (equiv) % yield
9 3a PhLi(1.2) toluene —78°C,1h 85 (7e) 1 6a n-BUMgBr (1.2) 69 (82)
10 3a HAli-Buz(1.1) toluene 90°C,7h 84 (71) '
2 6b n-BuMgBr (1.2) 60 (8b)
3 6a EtMgBr (1.2) 59 (8c)
) . _ . 4 6a i-PrMgClI (1.2) 64 (8d)
of 3awith n-BuLi/CeCk, an effective reagent for 1,2-additon 5b 6a t-BuLi (1.2) 78 (8e)
to a,3-unsaturated ketonésafforded7ain 62% yield (entry 6 6a EtsGeLi (1.5) 61 (8)

2), the reaction o8awith n-BuLi gave an even better result L _ o

. . . . . a2 Reagents and conditions: (i) MR, toluene, rt, 15 min; (ii) toluene
(74% yield, entry 3). Screening of solvents in this reaction pmpa (5:1), 0°C, 1 h, and then rt, 1 i Conditions: —78 °C, 1 h, and
revealed that in EO or toluene, the addition ofi-BulLi tchend_r_t, 1 h g'ﬁ‘éPA r\]Nas OInor: addeéiiolvent: toluene—THF (6:1).
occurred regioselectively at the cyano carboBafo afford onditions: ~78°C, 1 h, and then rt, 4 h.
7ain 86 and 82% vyields (entries 4 and 5).

_ Under the reaction conditions obtained above, we exam- 4_gisypstituted 3-fluoroquinolin@b—e were successfully
ined the reaction of other nucleophiles such as methyllithium, jptained on treatment o with primary, secondary, or
tert-butyllithium, phenyllithium, and diisobutylaluminum tertiary alkylmetals such asBuMgBr, EtMgBr,i-PrMgCl,
hydride. As summarized in Table 1, treatmen8aof¥ith these andt-BuLi (entries 2—5).
nucleophiles successfully led to cyclization to afford high |, the attempted synthesis of 2-silylated 3-fluoroquinolines
yields of 3-fluoroisoquinolinega—f bearing a butyl, methyl, ~ py the reaction oba with triphenylsilyllithium or dimeth-
tert-butyl, or phenyl group or hydrogen at the 1-position and yjphenyisilyllithium as the external nucleophile, 4-butyl-3-
a butyl qrsec-butyl group at the 4-position (entries 4_—10)-' fluoroquinoline was obtained instead in 50 or 46% yield,
Thus, this sequence p.rowdes a facile entry to 1,4-disubsti- respectively, probably due to the instability of 2-silyl-3-
tuted 3-fluoroisoquinolines. o ~ fluoroquinolines. We also examined a similar reactiogaf
After having accomplished the synthesis of isoquinolines \yith triethylgermyllithium, prepared in situ from triethylger-
as described above, we next tried to construct the quinoline j,5nium hydrideN,N,N',N'-tetramethylethylenediamine, and
framework by means of the_ same strategy with tht_a reversed;_gLi 14 The expected addition to the isocyano group and
order of the carbon and nitrogen in tieetho substituent.  the subsequent cyclization occurred, leading to 3-fluoro-
For th|§ purposef,s-difluorostyrenes bearing an isocyano quinoline 8f with a germyl group at the 2-position (entry
group instead of a cyano group should be employed asg) 15 As shown in Table 2, diverse 2,4-disubstituted 3-fluo-

starting materials. The reaction ofisocyanostyrenes with roquinolines can be synthesized by this method.
nucleophiles was expected to proceed in a similar manner

(14) Yamaguchi, J.; Tamada, Y.; TakedaBull. Chem. Soc. Jpri993,
(13) Imamoto, T.; Sugiura, YJ. Phys. Org. Cheml989,2, 93. 66, 607.
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In conclusion, we have accomplished the efficient con-  Acknowledgment. This work was financially supported
struction of ring-fluorinated isoquinoline and quinoline by a grant from TOSOH F-TECH, INC., to J.I.
frameworks starting fronortho-substituted3,3-difluorosty-
renes via (i) the addition of nucleophiles to generate intra-
molecular spnucleophiles and (ii) their cyclization by sub-
stitution of the vinylic fluorine. Both 3-fluoroisoquinolines
and 3-fluoroquinolines with a variety of substituents are
readily synthesized by this methodology on the basis of the 0L034192P
same concept. Thus, we have disclosed a new aspect of - —— —
fluorine as a synthetic tool for heteroaromatic ring-forming g, 15)<eacton of6s with wibuysianmylitiom afforded douyts,
reactions. reported in detail elsewhere.
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