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ASYMMETRIC SYNTHESIS. AN ENTRY INTO TRICYCLIC NITRO ERGOLINE SYNTHON.$

J.P. GENET", S. GRISONI

Laboratoire de Chimie Organique et Organométallique Associé au CNRS, 8, rue Cuvier 75005 - PARIS,
France.

Abstract : A facile and short procedure for optically active tricyclic nitro ergoline synthon 6
(up to 70 % ee) is described. The key step involves enantioselective Pd(o) catalyzed carbocyclization of
nitro acetate derivative 4 using chiral ligands on the metal.

The ergot alkaloids represent an important class of compounds which exhibit interesting
biological properties, giving rise to clinically useful agents for the treatment of hypertension, migraine

attacks, Parkinson's disease etc ...1 These powerful biological effects of alkaloids based on the ergoline
skeleton 1, 2, 3 have stimulated bicsynthetic investigations 2 and extensive synthetic activity in the last
decade.3’4 Although several elegant routes towards the total synthesis of ergot derivatives have been

designed, methods for their enantioselective preparation have been inefficient 43,41 4nq quite limited. 4%

1 Chanoclavine I R = CH90H; R' = CH3
2 Secoagroclavine R = R'= CHgy

We have been developing the intermolecular palladium catalyzed alkylation of nitroscetic

5

esters © and its facile intramolecular version for the synthesis of the C ring of ergoline synthons.6 In this

paper we wish to present an asym metric synthesis of the nitro ergoline 6 or 7. The preparation of these
chiral synthons was achieved by Palladium -enantioselective carbocyclization of the bifonctional
nitroacetate 4. The derivative 4 has already been synthesized from 4 -indole carboxyaldehyde by

conventional methods. 6
QAc

and » or

§ Presented at the "4th International Conference on Chemistry and Biotechnology of Biologically Active

Natural Producis” August 10, 1987, Budapest, (Hungaria) and at the Royal Chemical Society meeting
July 10, 1987, Cambridge, (U.K.).

4543



4544

We felt that palladium(o) complexes modified with chiral ligands might cyclize 4 with high

selectivity. 7.8 The rate at which the two catalytic diastereomeric n3 -allyl species 5 react (Scheme D),
will determine the enantioselectivity between 6 and 7. In this study the carbocyclisation of 4, was
performed with catalysts bearing different chiral ligands on the palladium. The reaction conditions and
results are sum marized in table 1.

Table I: Asym metric Palladium cyclization of 4 by Palladium Chiral ligand complexes®
Entry Ligand Conditions solvent base ( )D20 Yield (3)P ee (%)
time O T C)

1 (+) DIOP 24 25 THF LDA +27° 19 37

2 (+) DIOP 20 20 THF  KF-Alumina +28° 41 39

3 (-) DIOP 20 20 THF  KF-Alumina -29° 45 39.2

4 (-) NORPHOS 20 20 THF " 19° 20 26

5 (-)CHIRAPHOS 20 20 THF " - 46° 35 62.2

6 (-)CHIRAPHOS 3 65 THF NaH -14° 30 19

7 (-)DIPAMP 3 65 THF KF-Alumina -29° 54 40

8 (+)BINAP 3 65 THF  K9CO3(HgO) +35° 32 47.3

9 (-)CHIRAPHOS 3 65 THF " ~51° 65 68.9
10 (-)CHIRAPHOS 24 20 DME  KF-Alumina -52° 28 70.2
11 (-)CHIRAPHOS 2 65 THF  KgCOg -49° 62 66.2

(anhydrous)

a) Pd(dba) 9 (7 %) with the appropriate chiral ligand (13 %) is added dropwise, under argon, at the desired
temperature, to the nitroacetate 4 mixed with KF - Alumina (200 mg/mmol) or K9CO 3 (1.5 equiv.)
in THF or DME.

b) Isolated yields after flash chromatography on silica gel (ether/hexane : 1/1).

The palladium promoted carbocyclization of the lithio or sodio nitronates derived from 4 gave
poor yields (19-30 %) with 19-37 % ee. (entries 1,6). In comparison, generation in situ of the
nitronate with heterogeneous bases (e.g. KF -Alumina or K9CO3g, solid) led to acceptable chemical

yields (40 - 65 %) with substantial enrichment (39 -69 % ee) (entries 2,3,7,9,11).

Among the different Pd-chiral phosphines9 used, we found that Pd- CHIRAPHOS was the
most efficient system giving 62-70.2 % ee (entries 5, 10). The ligands BINAP, DIPAMP, NORPHOS and
DIOP were less efficient giving moderate ee (26-47 %) (entries 2,3,7,8). Surprisingly 10 in this
intramolecular carbocyclization Pd-DIPAMP gave substantial enrichments up to 40 % ee. Pd(dba)g as
the procatalyst using (-) or (+) DIOP produced the two ergoline enantiomeric synthons 6 or 7 (45 %

yield) with 39 % ee (entries 2,3). :
Finally, on exposing compound 4 to Pd- CHIRAPHOS with K3CO 3 as the base, we are able to

isolate on a practical scale the chiral derivative 6 with an acceptable level of optical purity (69 % ee)
entry 9).

In this study, tentative determination of the enantiomeric purity using HPLC with Pirkle
column11 gave unsatisfactory separation of the two enantiomers. Howewer optical purity of 6 and 7 was

determined by 1H -NMR analysis (500 MHz) of 8 and 9. These derivatives were obtained after reduction
of 6 and 7 with Zn(Hg), HCl1 (80 % yield) followed by derivatization (92 % yield) of the primary amine

with Mosher reagentl3 methoxy - & - trifluorom ethylphenylacetic acid (MTPA) (scheme II). The high field
assigment of the absolute configuration has also been possible by NMR from a detailed investigation of

MTPA derivatives. 13
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6 + 7 (a) 80 % +
- "L —_—
M) 92 %
F3
a) Zn(HC1), MeOH, HC1;b) C1CO - Cuy,py, , NEtgin CHoCly.
OMe

Scheme 11

In sum mary this catalytic enantioselective Pd(O) promoted C -5, C - 10 ring closure provides
a simple, direct and versatile synthesis of chiral ergoline compounds. Recause both enantiomers of the
chiral phosphine ligands are available, this method yields to either chiral synthon 6 or 7. From an
economic and quantitative stand point this methodology is the most desirable to synthesize chiral
products. This strategy could in principle led to an efficient chiral approach to natural ergoline
derivatives such work is presently in progress.

Acknowledgements : S. Grisoni thanks Centre National de la Recherche Scientifique (C.N.R.S,) and
Roussel UCLAF for a grant (1984 -1987). We thank Dr. L. Nedelec (R.U.) for valuable discussions and
generous gifts of 4 - indole carboxaldehyde. We also thank Dr. J.A. Lafitte (ElIf Aquitaine, SNEA) for a
gift of (-)DIPAMP.

References and notes

1 - For a review on the pharmacology of these ergot alkaloids, see B. Berde and H.O. Schild "Ergot
Alkaloids and related Compounds". Springer-Verlag, Berlin, 1978 and for recent studies on
Dopaminergic Activities : a) N.J. Bach, E.C. Kornfeld, N.D. Jones, M.O. Chaney, D.E. Dorman, J.W.
Paschal, J.A. Clemens and E. B. Smalstig, J. Med. Chem., 23, 481, 1980 ; b) J.G. Cannon, B.J.
Demopoulos, J.P. Long, J.R. Flynn and F.M. Sharabi,ibid.,24, 238, 1981 ; ¢) L. Nedelec, A. Pierdet,
P. Fauveau, C. Euvrard, L. Proulx -Ferland, C. Dumont, F. Labrie and J.R. Boissier, ibid., 26, 522,
1983 ; d) F. Claudi, G. Cristalli, S. Martelli, V. Perlini, M. Massi and F. Venturi, Ibid., 29, 1061,
1986 ; ) D. Kocjan, M. Hodoscek and D. Hadzi, ibid., 29, 1414, 1986.

2 - Review : H.G. Floss, Tetrahedron, 32, 873, 1976 ; M. Kobayashi, H.G. Floss, J. Org. Chem., 52,
4350, 1987 ; £ A.P. Kozikowski, M. Okita, M. Kobayashi, H.G. Floss, ibid., 53, 863, 1988,

3 - Reviews : a) A.P. Kozikowski, Heterocycles, 16, 267, 1981 ; b) D.C. Horwell, Tetrahedron, 36, 3123,
1980 ; o) J.E. Saxton, Natural Product Reports, 2, 53, 1985.

4 - For elegant and recent ergot alkaloids syntheses : a) M. Natsume, H. Muratake, Heterocycles, 14,
1101, 1980 ; b) A.P. Kozikowski, H. Ishida, J. Am.Chem. Soc., 102, 4265, 1980 ; ¢} W. Oppolzer, E.
Francotte and K. Bittig, Helv. Chem. Acta., 64, 478, 1981 ; d W. Oppolzer, J.I. Grayson, H.
Wegmann and U. Urrea, Tetrahedron, 39, 3695, 1983 ; e) T. Kiguchi, C. Hashimoto, T. Naito and L
Ninomiya, Heterocycles, 19, 2279, 1982 ; 22, 1719, 1984 ; f) R. Ramage, V.W. Armstrong, S.
Coulton, Tetrahedron, 39, 157, 1983 ; g) W.E. Haefliger, Helv. Chem. Acta, 67, 1942, 1984 ; h) L.L
Kruse and M.D. Meyer, J. Org. Chem., 49, 4761, 1984 ; i) A.P. Kozikowski and M.N, Greco, J. Am.
Chem. Soc., 106, 6873, 1984 ; j) A.P. Kozikowski, Yon-Yih Chen, B.C. Wang and Zhang - Bao Xu,



b B>

10

11
12

13
14

4546

Tetrahedron, 40, 2345, 1984 ; k) M. Somei and F. Yamada, Chem. Pharm. Bull., 32,5064, 1984; D
J. Rebek, Jr., D.F. Tai and Y.K. Shue, J. Am. Chem. Soc., 106, 1813, 1984 ; m) I. Ninomiya, C.
Hashimoto, T. Kiguchi and T. Naito, J. Chem. Soc. Perkin Trans I, 941, 1985 ; n) A.P. Kozikowski
and M. Okita, Tetrahedron Lett., 26, 4043, 1985 ; o) A.P. Kozikowski and P. Stein, J. Am. Chem.
Soc., 107, 2569, 1985 ; p) F. Yamada, Y. Makita, T, Suzuki, M. Somei, Chem. Pharm. Bull., 33,
2162, 1985 ; @) J.E. Baldwin, A.K. Forrest, S. Monaco and R.J. Young, J. Chem. Soc. Chem. Com.,
1586, 1985 ; r) M. Somei, Y. Makita and F. Yamada, Chem. Pharm. Bull., 34, 948, 1986 ; s) N.
Hatanaka, O. Ozeki and M. Matsumoto, Tetrahedron Lett., 27, 3169, 1986 ; t) P.J. Harrington, L.S.
Hegedus and K.F. McDaniel, J. Am. Chem. Soc., 109, 4335 1987 ; ) M. Somei, F.Yamada and H.
Ohnishi, Heterocycles, 26, 2823, 1987.

- a) J.P. Genet and D. Ferroud, Tetrahedron Lett., 25, 3579, 1984 ; b) D. Ferroud, J.P. Genet and J.
Muzart, Tetrahedron Lett., 25, 4379, 1984.

- J.P. Genet, 8, Grisoni, Tetrahedron Lett., 27, 4165, 1986.

- Reviews : a) H.B. Kagan, "Comprehensive Organometal. Chem. Ed. G. Wilkinson, Vol. 8, p. 463,
1982 ; b) T. Hayashi and M. Kumada, Asym metric Synthesis, Ed. J.D. Morisson, Ac. Press. Inc. New
York, vol. 5, p. 147, 1985 ; ¢) J.W. Apsimon and T.L. Collier, Tetrahedron, 42,5157, 1986.

- For recent work in this area see : a) P.R. Aubum, P.B. Mac Kenzie and B. Bosnich, J. Am. Chem.
Soc., 107, 2033, 1985 ; b) B.M. Trost and D.J. Murphy, Organometallics, 4, 1143, 1985 ; ¢) J.P.
Genet, D. Ferroud, S. Jugé and J. Ruiz Mont&s, Tetrahedron Lett., 27, 4573, 1986 ; d) T. Hayashi; K.
Kanehira, T. Hagihara, M. Kumada, J. Org. Chem. in Press. ; d) J.P. Genet, S. Juge S. Achi, S.
Mallart, J. Ruiz Montés and G. Levif, Tetrahedron, (in Press).

- Chiral ligands are named according their acronyms and are com mercially available for (+) and (-)
DIOP (Merck, Strem) ; (+)NORPHOS (Merck) ; (+)BINAP (Fluka) ; (-)CHIRAPHOS (Strem). For a
recent review see :H.B, Kagan, Asym metric Synthesis, Acad. Press. (London), 5,1,1985,

~ In intermolecular asym metric palladium allylic bond formation, DIPAMP has been reported in
efficient see references 8 a and 8c.

- W.H. Pirkle, J.M. Finn, J.L. Sheiner and B.C. Hamper, J. Am. Chem. Soc., 103, 3964,1981.

- 'lg-NMR (CDCl3, 500 mHz) of 8 (major with (-)chiraphos) and 9 : 8.10 (2s, 1H) ; 7.5-6.8 (m) ;
5.87 (m) ; 5.75 (m) ; 5.30-4.95 (m) ; 4.68 (m) ; 4.56 (m) ; 3.90 (d,d, J=9 Hz and 5 Hz) ; 3.80 (m) ;
3.40-3.25 (m + 2s); 3.15-3.03 (m); 2.94-2.79 (m).

- J.A. Dale and H.S. Mosher, J. Amer. Chem. Soc., 95,512, 1973.

- According to the useful NMR configurational correlation scheme developed by Dale and Mosher see
reference 13 and Asymmetric Synthesis, Ed. J.D. Morrison, Acad. Press. N.Y., vol. 1, p. 125 -138,
1983. This scheme allows the configurational assignment of (R)- MTPA derivatives prepared form
partially active amine 7. It has been concluded that a preferred conformation has the a-CFg and
carbonyl group of the MTPA moiety eclipsed with the amide carbonyl. Thus, as shown in scheme III
the lH-NMR signal due to Hy in structure 11 appears at lower field (3.90) than that of Hgr (3.80)

in structure 10.

/— upfield relative to —\

Hy[3.80] [3-90]H,

(Major product with (-) chiraphos)

Scheme III
(Received in France 12 February 1988)



