This article was downloaded by:

On: 26 January 2011

Access details: Access Details: Free Access

Publisher Taylor & Francis

Informa Ltd Registered in England and Wales Registered Number: 1072954 Registered office: Mortimer House, 37-
41 Mortimer Street, London W1T 3JH, UK

Organic Preparations and Procedures International
Publication details, including instructions for authors and subscription information:

0P http://www.informaworld.com/smpp/title~content=t902189982

LB
S _ SYNTHESIS OF FUSED BICYCLO[3.2.2]NONENONES
- \:\L}"“:tl;': 'I";Il{ ;:]: e Xinglong Jiang?; Kapa Prasad?; Oljan Repic*
NTERNATIONAL  Process Research & Development, Novartis Pharmaceuticals Corporation, East Hanover, NJ, USA

To cite this Article Jiang, Xinglong , Prasad, Kapa and Repi¢, Oljan(2005) 'SYNTHESIS OF FUSED
BICYCLO[3.2.2]NONENONES', Organic Preparations and Procedures International, 37: 3, 290 — 293

To link to this Article: DOI: 10.1080/00304940509354963
URL: http://dx.doi.org/10.1080/00304940509354963

PLEASE SCROLL DOWN FOR ARTICLE

Full terms and conditions of use: http://ww.informaworld. confterns-and-conditions-of-access. pdf

This article may be used for research, teaching and private study purposes. Any substantial or
systematic reproduction, re-distribution, re-selling, |oan or sub-licensing, systematic supply or
distribution in any formto anyone is expressly forbidden.

The publisher does not give any warranty express or inplied or make any representation that the contents
will be conplete or accurate or up to date. The accuracy of any instructions, formul ae and drug doses
shoul d be independently verified with primary sources. The publisher shall not be liable for any |oss,
actions, clainms, proceedings, demand or costs or damages whatsoever or howsoever caused arising directly
or indirectly in connection with or arising out of the use of this material.



http://www.informaworld.com/smpp/title~content=t902189982
http://dx.doi.org/10.1080/00304940509354963
http://www.informaworld.com/terms-and-conditions-of-access.pdf

18: 37 26 January 2011

Downl oaded At:

OPPI BRIEFS Volume 37, No. 3 (2005)

16. G. Settimj, L. D. Simone and M. R. D. Giudice, J. Chromatogr., 116, 263 (1976).

17. a) A. Splnella, T. Fortunati and A. Sorlente, Synlett, 93 (1997); b) J. Westmann, Org. Lett., 3,
3745 (2001); c) A. Loupy, A. Petit, J. Hamelin, B. F. Taxier, P. Jacquault and D. Mathe,
Synthesis, 1213 (1998); d) R. S. Varma, Green Chemistry, 1, 43 (1999); e) H. Valizadeh, A.
Shockravi, M. M. Heravi and H. A. Ghadim, J. Chem. Res., 718 (2003).

18. O. Ister, H. Gutman and M. Montavon, Helv. Chim. Acta, 40, 1242(1957).

19. B. S. Furniss, A. J. Hannaford, P. W. G. Smith and A. R. Tatchell, Vogel’s Textbook of Prac-
tical Organic Chemistry, 5* Edition, p. 1078.

20. E. Alder and K. J. Bjorkqvist, Acta Chem. Scand., §,241(1951).
21. M. Noda and M. Matsumoto, Biochim. Biophys. Acta, 231, 131(1971).

22. D. Villemin and B. Nechab, 2" International Electronics Conference on Synthetic Organic
Chemistry (ECSCO-2), http:/fwww.mdpi.org/ecsco/September, 30(1998).

23. O. Halpern, P. Waser, and H. Schmid, Helv. Chim. Acta, 40, 758(1957).

kkskoskkokk ok

SYNTHESIS OF FUSED BICYCLO{3.2.2INONENONES

Submitted by Xinglong Jiang, Kapa Prasad*, and Oljan Repi¢
(04/04/05)
Process Research & Development,
Novartis Pharmaceuticals Corporation
One Health Plaza, East Hanover, NJ 07936, USA
e-mail: prasad.kapa@novartis.com

Suitably functionalized heterocyclic compounds are of pharmacological interest. In the
process of exploring efficient synthetic routes to 1,3-disubstituted isoquinolines and of the corre-
sponding napthyridine systems (Scheme I), we investigated the functionalization of 1 and 2, and
the results led to an efficient preparation of the title compounds described herein.

7 | - 7 l SN _~_CHs
SN —> L _NH —> | |
X X~ “cN
R o 1aX=CH
Scheme 1 IbX=N
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At the outset, it was felt that the best strategy was to convert the cyano group to the
corresponding #-butyl amide via the Ritter reaction as described by Schumacher ef al.! Reaction
of the dianion of 2b, obtained by treatment with 2.5 equiv. of diisopropylamine/4.54 equiv. of n-
hexyllithium in THF at —40 to —50°C with 3 at 0°C followed by acidification to pH 5, afforded 4b
in 81% yield as a 85:15 trans/cis mixture (Scheme 2). The starting trans:cis ratio of 40:60 of 3 is
immaterial as the final ratio was determined under the highly basic conditions employed for the
reaction. Compound 2a behaved similarly yielding 4a.

O"COzH

MeO,C COOH
A~ -CHs CHy z 3

|

X~ cN CONHt-Bu 0
laX=CH 2aX=CH CONHt-Bu
1bX=N 2bX =N d4a X =CH

Scheme 2 4b X =N

During an attempt to cyclize these compounds with triflic anhydride (85°C), high
melting solids 5a and 5b were obtained from 4a and 4b in 20 and 30% yield respectively. A
change to polyphosphoric acid (PPA) at 140°C afforded these compounds in 70% and 80% yield
respectively.? Based on MS and 'H NMR, *C NMR, DEPT135, COSY, HSQC, and HMBC

experiments, these compounds were assigned the following fused bicyclic structures.?

COOH
PPA

0
CONH?-Bu
4a X =CH
4b X =N 5a X =CH
5bX=N

Efforts to obtain crystals of the free base suitable for single-crystal X-ray study with either Sa or
5b were unsuccessful. However, the hydrochloride of 5b yielded a crystalline solid and a single-
crystal X-ray study confirmed the proposed structure Sb. Further experimentation with 4b with a
transi/cis mixture of 1:1 afforded an 80% yield of 5b, suggesting an equilibration under these
conditions with the cis form cyclizing to the product. Cyclization of trans-4-phenylcyclohexa-
necarbox-ylic acid to a benzo[b]bicyclo[3.2.2]nonenone using polyphosphoric acid via equilibra-
tion with cis-4-phenylcyclohexanecarboxylic acid was reported earlier in the literature.’

Acknowledgment.- We thank Dr. Phillip E. Fanwick of Purdue Chemistry Crystallography
Center of Purdue University, West Lafayette, IN for the X-ray measurements.
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EXPERIMENTAL SECTION

Mps were determined on an Electrothermal MEL-TEMP 3 digital melting point apparatus and
are uncorrected. All reagents and solvents were purchased from commercial suppliers and used
without further purification. 'H and '3*C NMR spectra were recorded with a Bruker ARX300
MHz spectrometer in DMSO (d-6). The elemental analyses were performed by Robertson
Microlit Labs (Madison, NJ). X-ray measurements for single crystal were performed by Dr.
Phillip E. Fanwick at Purdue Chemistry Crystallography Center of Purdue University, West
Lafayette (IN). IR spectra were obtained on a Nicolet Magna-IR560 spectrometer.

General Procedure for Compounds 4.- To a solution of 12.6 g (0.12 mole) of diisopropy-
lamine in 190 mL of tetrahydrofuran, cooled to —40 to —50°C was slowly added 64.5 g of n-
hexyllithium in hexane (34.5% by wt) in 1 L 4-necked flask. The mixture was stirred for 30 min
at this temperature. Then a solution of 2b (9.6 g, 0.05 mole) in tetrahydrofuran (30 mL) while the
temperature was maintained at —40 to —50°C. Stirring was continued for another 30 min and the
mixture was warmed to 0° to 3°C. Then a solution of 3 (12 g, 0.06 mole) in tetrahydrofuran (30
mL) was added. The mixture was stirred at this temperature for 1.5 h, then cooled to —5 to -2°C
and water (125 mL) was added slowly and the temperature was raised to 10-20°C. The two
layers were separated and the aqueous layer was extracted with z-butyl methyl ether (50 mL).
The pH was adjusted by the addition of 6 N HCI (36.5 mL) to the aqueous layerat 10 + 3°C. The
suspension was stirred at 0-5°C for 1 h. The pre-cipitated solid was collected and washed with
water (30 g) and dried in the oven at 50°C for 16 h to give 14 g of 4b (81%), and the product was
further purified by recrystallization from EtOAc-hexane (4:6).
4-[[2-[[(1,1-Dimethylethyl)amino]carbonyl]phenyl]acetylJcyclohexanecarboxylic Acid (4a),
colorless solid (85% yield), mp. 178-180°C. '"H NMR (DMSO-d,): 8 1.35 (s, 9 H), 1.89-1.92 (m,
7 H), 2.13-2.26 (m, 2 H), 2.32-2.44 (m, 1 H),3.99 (s, 2 H), 7.15(d,J=7.14Hz, 1 H), 7.26 (d,J
=6.42Hz, 1 H), 7.33 (m, 2 H), 7.73 (br s, 1 H), 12.0 (br s, 1 H); *C NMR (DMSO-d,): 8 23.71,
25.96, 26.57, 39.83, 42.83, 46.76, 48.68, 124.34, 125.58, 126.99, 129.40, 131.20, 135.80, 166.78,
174.47, 207.67; IR (KBr): 3290, 2958, 1699, 1621, 1559, 1452, 1365, 1195, 1150, 920, 730 cm’'.
Anal. Caled for C, ) H,NO,: C, 69.54; H, 7.88; N, 4.05. Found: C, 69.37; H, 7.82; N, 3.80
4-[[2-[[(1,1-Dimethylethyl)amino]carbonyl]3-pyridinylJacetyl]cyclohexanecarboxylic Acid
(4b), colorless solid (81% yield), mp.162-164°C.'"H NMR (DMSO-dy): & 1.28-1.37 (m, 4 H),
1.32 (s, 9 H), 1.95-1.99 (m, 4 H), 2.00-2.16 (m, 1 H), 2.50-2.52 (m, 1 H), 4.27 (s, 2 H), 7.48 (dd,
J=6.78 Hz, 7.74 Hz, 1 H), 7.65 (d, ] = 6.78 Hz, 1 H), 8.03 (brs, 1 H), 8.47 (d, J =7.74 Hz, 1 H),
12.0 (br s, 1 H); 3C NMR (DMSO-d,): § 27.28, 27.90, 28.33, 41.74, 44.78, 48.89, 50.17, 125.42,
131.34, 141.54, 146.32, 148.86, 167.77, 176.98, 209.07; IR (KBr): 3410, 2940, 1699, 1520,
1452, 1364, 1229, 1011, 925, 815, 666 cm’.

Anal. Caled for C, (H)N,0O,: C, 65.87; H, 7.56; N, 8.09. Found: C, 65.67; H, 7.68; N, 7.96
General Procedure for Compounds 5.- A 100 mL flask was charged with 7.34 mmol of 4 and
30 mL of polyphosphoric acid (PPA). The resulting mixture was heated to 140°C for 2 h, and the
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reaction was monitored by HPLC. After 4 had been consumed, the reaction mixture was cooled,
quenched by the addition of 70 mL of water, and neutralized with 50% NaOH solution to pH 8.
The crude product was collected, washed with water, and was further purified on a silica gel
column with 15% methanol in methylene chloride. The desired product was isolated in 70-80%
as an off-white solid.
7,8,9,10-Tetrahydro-7,10-ethano-5H-cyclohept[clisoquinoline-5,11(6 H)dione (5a), off-white
solid (75% yield), mp. 248-250°C. '"H NMR (DMSO-d,): 5 1.66-1.96 (m, 8 H), 2.87-2.89 (m, 1
H), 3.28-3.29 (m, 1 H), 7.50 (dd, J = 10 Hz, 10 Hz, 1 H), 7.74 (dd, J = 10 Hz, 10 Hz, 1 H), 8.22
(d,J=10Hz, 1 H), 8.87(d,J = 10 Hz, 1 H), 11.8 (br s, 1 H). '*C NMR (DMSO-d,): $21.0, 21 .4,
37.6,48.4, 110.3, 124.0, 125.1, 126.1, 126.4, 132.9, 135.9, 158.3, 162.1, 204.1; IR (KBr): 2941,
1706, 1645, 1606, 1471, 1370, 1326, 1150, 890, 756, 630 cm™!,

Anal. Caled for C‘6Hl5N02: C,75.87; H,5.97; N, 5.53. Found: C, 75.95; H, 6.08; N, 5.32
7,8,9,10-Tetrahydro-7,10-ethano-SH-cyclohepta[fl[1,7Inaphthyridine-5,11(6H)dione (5b),
off-white solid (80% yield), mp. >275°C. '"H NMR (DMSO-d,): 5 1.68-1.98 (m, 8 H), 2.88-2.89
(m, 1 H), 3.32-3.33 (m, 1 H), 7.72 (dd, J = 9.0 Hz, 4.5 Hz, 1 H), 8.76 (dd, J =4.5 Hz, 1.5 Hz, 1
H),9.27 (dd, J = 9.0 Hz, 4.5 Hz, 1 H), 12.1 (br s, 1 H). C NMR (DMSO-d,): § 21.0, 24.1, 37.6,
48.4, 109.2, 127.0, 132.8, 133.5, 139.9, 148.6, 159.2, 160.4, 203.9; IR (KBr): 2939, 1705, 1644,
1587, 1503, 1465, 1398, 1330, 1284, 1254, 880, 823, 683, 634 cm’.

Anal. Caled for C,H, N,0,: C, 70.85; H, 5.55; N, 11.02. Found: C, 70.59; H, 5.49; N, 10.95
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