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SYNTHESIS OF INDOLIZIDINES BY THE 1,3-DIPOLAR CYCLOADDITION OF AZIDES WITH
METHYLENECYCLOPROPANES FOLLOWED BY CYCLOPROPYLIMINE REARRANGEMENT
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Abstract: Cyclic imines 6a and 6b were obtained by the intramolecular 1,3-dipolar cycloaddition of azides with
methylenecyclopropanes. Acid catalyzed rearrangement produced bicyclic enamines 7, which upon reduction
provided indolizidines 8. A similar strategy was used for the synthesis of (-)-8a-epi-desacetoxyslaframine 16.

The acid catalyzed rearrangement of cyciopropylimines to pyrrolines has been known for over 60 years.!
Stevens used this rearrangement for the synthesis of a variety of pyrrolidine containing natural products,2 and other
groups have since reported related studies.]3 We have been interested in the use of bicyclic enamines for the
synthesis of pyrrolizidine and indolizidine alkaloids, and felt that an attractive route to these materials would be
possible by the route shown below.4 Intramolecular 1,3-dipolar cycloaddition of an azide 1 onto a methylene-
cyclopropane’ would provide an intermediate triazoline, which could extrude nitrogen with concomitant 1,2-
hydrogen shifi6 to produce a cyclopropylimine 2. Acid catalyzed rearrangement of 2 would produce the desired
bicyclic enamine 3. Conceptually, the transformation of 1 to 3 could be carried out in one vessel if the acid catalyst
were present at the outset of the reaction.
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Although cyclopropylimine rearrangements are well known, close precedeat for the rearrangement of 2 to 3
is sparse. Examples using simple cyclopropanes are rare, especially with nonaromatic imines.12 Generally, the
cyclopropane carbon attached to the imine is substituted by groups such as arylthio,2.3¢ dialkylamino,3b-d
alkoxycarbonyl,2-38£4 ary2 or vinyl.}38k Examples of the acid catalyzed cyclopropylimine rearrangement using
cyclic imines are uncommon and require a carboethoxy substituted cyclopropane.3ad.f

Cyclopropyl ylides derived from cyclization of phosphonium salts 4a and 4b7 were used in conjuction with
5-hydroxypentanal to provide two simple cyclization precursors 5a and Sb (Scheme 1). Cyclization of cither
substrate was found to be solvent depeadent, with the best yields of cyclopropylimines 6a and 6b resulting from the
use of polar solvents such as DMF. Nonpolar solvents such as benzene led to the formation of several by products.
The rearrangement of imines 6a and 6b proceeded in benzene at 145° in the presence of a catalytic amount of
ammonium chloride to produce the bicyclic enamines 7. These compounds were not isolated due to their
sensitivity, but 1H NMR analysis showed their presence along with small amounts of products apparently derived
from acid catalyzed self condensation of the enamines.8 Hydrogenation produced 3-coniceine 8a® and the 3- and 2-
methylindolizidines 8b and 8c in a 1:3 ratio. Attempts at direct cyclization of 5a or Sb to enamines 7 were
unsuccessful, since the initial 1,3-dipolar cycloadditions and the subsequent NH4C1 catalyzed rearrangements were
best carried out in solvents of different polarity.10
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The rearrangement of 6b was of special interest since the regioselectivity of the rearrangement of
unsymmetrically substituted cyclopropanes has not been studied. In addition, indolizidines of the type 8b would be
useful for the synthesis of a variety of alkyl substituted alkaloids such as monomorine. The mechanism of the acid
catalyzed rearrangement of cyclopropylimines is proposed to be N-protonation followed by a homoconjugate
addition of chloride ion, resulting in an intermediate ¥-chloroenamine. This then cyclizes by an intramolecular N-
alkylation.!2 The predominance of 2-methylindolizidine 8¢ (35% overall from 6b) over the 3-methy] isomer 8b
(12%) after reduction supports such a mechanism, since chloride ion attack would be expected 1o occur at the least
hindered cyclopropane carbon. An altemative mechanism where the cyclopropyliminium ion undergoes ionization
prior to chloride ion attack would be expected to produce 8b as the major product via a more stabilized cation. One
diastereomer of each indolizidine 8b and 8¢ was observed by 13C NMR. The stercochemistry of 8b was
determined by comparison with literature chemical shift values.1! The stereochemistry of 8¢ was not determined,
but presumably results from the addition of hydrogen from the least hindered face of the enamine, producing the
isomer shown.12 The effect of reaction conditions, cyclopropane substitution and stereochemistry on the
regioselectivity of these cyclizations are currently under examination.
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R R R
"'/\/L &b & c i d
——— ———— o
PhsP Br N N
3
B
4 R=H Sa R=H 6a R=H
4b R=CHjy 8b R=CHjy 6b R=CHj3
H H
H
D 0o = CR O
N N N Ly * N/
R R
72 R=H 7¢ R=Chs 8a ReH 8¢ R=CHy
™ R=CH; 8b R=CHj

(2) For 4a: 2 eq. KO'Bu, THF, reflux, 3h; add 5-hydroxypentanal, reflux 17h, 84%. For
4b: 2 eq. NaH, THF, 25°; add S-hydmxy?ennnal. reflux 18h, 86%, ca. 1:1 mixture of E
and Z. (b) CH3SO;Cl, NEt3, CH2Clp, 25°, 1h; NaN3, DMF, 25°, 24h. 5a, 96%; Sb,
60%. (c) DMF, 120", 17h. 6a, 66%; 6b, 60%, ca. 3:1 mixture of isomers. (d) PhH,
cat. NH(Cl, sealed tube, 145°, 4h for 7a; 20h for 7b/7¢c. (e) Hz (1atm), cat. POz, Er20,
25°, 8h. 8a, 42% overall from 6a. 8b+8¢, 47% overall from 6b (1:3 mixtyre).

To further explore the potential of this cyclization sequence, an approach to slaframine 9 was attempted
(Scheme 2). A bicyclic enamine such as 13 could allow the introduction of the required acetoxy group. Slaframine
is a potent cholinomimetic isolated from the fungus Rhizoctonia leguminicola.13:14 The aldehyde 10 was prepared
in optically active form from glutamic acid.!5 Attempted formation of methylenecyclopropane 11 proved to be
unsuccessful due to the very low reactivity of cyclopropylidinetriphenylphosphorane.? A simple alternative was the
addition of cyclopropyllithium, oxidation of the resultant alcohol and an intramolecular Staudinger reaction, 17
affording the cyclopropylimine 12. Upon subjection of this imine to the normal rearrangement conditions, enamine
13 was produced and was best used without purification. A variety of electrophilic oxygen sources were used 10
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attempt the conversion of 13 into an iminium ion, which upon reduction with sodium borohydride would produce
14. For example, oxidation of 13 with benzoyl peroxide, mCPBA or 2-(phenylsulfonyl)-3-phenyloxaziridine was
followed by sodium borohydride. Low yields of derivatives 14 of undefined stereochemistry were observed, even
though model studies on 1-pyrrolidinocyclobexene were successful in such a transfornation. 18

Although this route 1o slaframine was unsuccessful, reduction of 13 with acidic NaBH3CN produced the
indolizidine 15 as a single sterecisomer in 66% overall yield from 12. Deprotection of 15 gave 8a-epi-
desacetoxyslaframine 16, [a]p?® -10.5° (c= 0.64, 3 N HCI),20 which should be useful for SAR studies on
slaframine. The overall efficiency of the cyclopropylimine rearrangement is considerably higher in this case than
the examples in Scheme 1.
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(») c-C3HsLi, Et20, -78°, 30min 89%. (b) (COCl);, DMSO, NEt3, CH2Cly, -78° (2h), 25°
(1h), 85%. (c) Ph3P, THF, 25", 18h, 78%. (d) 145°, xylene, cat. NH4Cl, 2h. (¢) NaBH3CN,
AcOH, 0° (1h), 25° (18h), 66% from 12. O H; (lnm), cat. 10% Pd/C, AcOH, 25°, 6h, 73%.

In summary, cyclic imines bearing simple unsubstituted (or alkyl substituted) cyclopropanes bear promise
for the synthesis of indolizidine alkaloids, whether obtained by intramolecular azide cyclizations with
methylenecyclopropanes or by more conventional imine formation methods.

Acknowledgements We thank the National Institutes of Health (GM 35572), Eli Lilly and Company (Lilly Grantee,
1987-1988), and the Dreyfus Foundation (Award for Newly Appointed Faculty in Chemistry, 1984-1989) for
financial assistance. S.C.B. was supported in part by National Research Service Award T32 GM-07767. We also
thank Dr. Ko-Chung Lin for valuable discussions and Mr. Van N. Nguyen for experimental assistance.

References

1. For an excellent review, see: Boeckman, R. K., Jr.; Walters, M. A. in "Advances in Heterocyclic Natural
Product Synthesis;" Pearson, W. H., ed.; JAI Press: Greenwich, 1990; vol L

2. (a) Stevens, R. V. Accts. Chem: Res. 1977, 10, 193. (b) Stevens, R. V. in "The Total Synthesis of Natural
Products;” ApSimon, J., ed.; Wiley: New York, 1977; vol. 11, p. 439.

3. (a) Pinnick, H. W,; Chang, Y.-H. Tetrahedron Lett. 1979, 837. (b) Wasserman, H. H.; Dion, R. P.; /bid 1982,
23, 1413. (c) Wasserman, H. H.; Dion, R. P. Ibid 1983, 24, 3409. (d) Wasserman, H. H.; Dion, R. P.;
Fukuyama, J. M. Tetrahedron 1989, 45, 3203. (e) Wasserman, H. H.; Dion, R. P.; Fukuyama, J. M.
Heterocycles 1989, 28, 629, (f) Vauitier, M.; Lambert, P. H.; Carrie, R. Bull. Soc. Chim. Belg. 1988, 94, 449.
(g) Boeckman, R. K., Jr.; Jackson, P. F.; Sabatucci, 1. P. J. Am. Chem. Soc. 1988, 107, 2192. (h) Boeckman, R.
K., Jr; Goldstein, S. W.; Walters, M. A. Ibid 1988, 110, 8250.



5444

Lol

10.

11.

13.

14.

15.

16.

18.

19.

For a related spproach, sec: Beanett, R. B., IIl; Cha, J. K. Tetrahedron Lett., preceding paper in this issue. We
thank Professor Cha for disclosing these results prior to publication.

Intermolecular cycloadditions of azides with methylenecyclopropanes are known to produce
cyclopropylaziridines: (a)Crandall, J. K.; Conover, W. W. J, Org. Chem. 1974, 39, 63. (b) Aue, D. H.; Lorens,
R. B.; Helwig, G. S. Jbid, 1979, 44, 1202. Brandi has reported 1,3-dipolar cycloadditions of nitrile oxides with
methylenecyclopropenes, and has used the adducts for alkaloid synthesis: (c) Goti, A.; Brandi, A.; Danza, G.;
Guamna, A.; Donati, D.; DeSarlo, F. J. Chem. Soc., Perkin Trans. 1 1989, 1253 and carlier references cited
therein.

Kadaba, P. K.; Stanovik, B.; Tisler, M. Adv. Het. Chem. 1984, 37, 217.

Utimoto, K.; Tamura, M.; Sisido, K. Tetrahedron 1973, 29, 1169.

Alt, G.H; Cook, A. G. in "Enamines: Synthesis, Structure and Reactions;" Cook, A. G., ed.; Marcel Dekker:
New York, 1988; 2nd ed., p. 202.

Although $-coniceine is not a true alkaloid (i.c., not nawrally occuring), it has been derived from the poison
hemlock alkaloid coniine by chemical transformation, and has seea considerable activity as a simple synthetic
target. For representative examples, see: (a) Katri, N. A.; Schmitthenner, H. F.; Shringarpure, J.; Weinreb, S.
M. J. Am. Chem. Soc. 1981, 103, 63817. (b) Garst, M. E.; Bonfiglio, J. N.; Marks, J. J. Org. Chem. 1982, 47,
1494-1500. (c) Danishefsky, S.; Taniyama, E.; Webb, R. R. Tetrahedron Lett. 1983, 24, 11-14. (d) Ringdahl,
B.; Pinder, A. R.; Percira, W. E.; Oppenheimer, N. 1., Jr.; Craig, J. C. J. Chem. Soc., Perkin Trans. I 1984, 1-4,
‘Whereas polar solvents were best for the 1,3-dipolar cycloadditions, nonpolar solvents such as benzene and
xylene were crucial for the acid catalyzed cyclopropylimine rearrangement. The rearrangement in a polar
solvent such as DMF led to decomposition.

Sonnet, P. E.; Netzel, D. A.; Mendoza, R. J. Heterocyclic Chem. 1979, 16, 1041.

13C NMR of 8¢ (75 MHz, CDCl3): § 65.6, 61.2, 53.1, 40.5, 30.7, 29.1, 25.2, 24.2, 22.0.

Reviews: (a) Howard, A. S.; Michael, J. P. In "The Alkaloids,” Brossi, A., Ed.; Academic Press: New York,
1986; Vol. 26, Chapter 3. (b) Elbein, A. D.; Molyneux, R. J. In "Alkaloids: Chemical and Biological
Perspectives,” Pelletier, S. W, ed.; Wiley: New York, 1987; Vol. 5, Chapter 1, pp. 1-54. (c) Broquist, H. P.;
Ann. Rev. Nutr. 1985, 5, 391-409. _

Syntheses of slaframine: (a) Shono, T.; Matsumura, Y.; Katoh, S.; Takeuchi, K.; Sasaki, K.; Kamada, T.;
Shimizu, R. J. Am. Chem. Soc. 1990, 112, 2368. (b) Dartmann, M.; Flitsch, W.; Krebs, B.; Pandl, K.;
Westfechel, A, Liebigs Ann. Chem. 1988, 695, (c) Harris, T.M.; Schneider, MJ. J. Org. Chem. 1984, 49,
3681. (d) Gobao, R.A.; Bremmer, M.L.; Weinreb, S.M. J. Am. Chem. Soc. 1982, 104, 7065. (e) Gensler,
W.J.; Hu, M\W. J. Org. Chem. 1973, 38, 3848. (f) Cartwright, D.; Gardiner, R.A.; Rinebart, KL. Jr. J. Am.
Chem. Soc. 1970, 92, 7615. To date, all syntheses of slaframine afford racemic material.

Azidoaldehyde 10 was prepared from N-benzylglutamic acid!6 by the following sequence: (1)

PhCH20COCI (Cbz-Cl), NaHCO,, H0, 67%. (2) 2 eq. BH,THF, THF, 257, 18 h, 60%. (3) 0.6 eq.
Me2tBuSiCl , pyridine, 88%. (4) (PhO)P(O)N3, EtO2CN=NCOEt, PhsP, 83%. (5) nBus,NF, THF, 96%.

(6) (COCl),, Me,SO, Et3N, 92%.

Peterson, J. S.; Fels, G.; Rapopont, H. J. Am. Chem. Soc. 1984, 106, 4539.

. Staudinger, H.; Meyer, J. Helv. Chim. Acta 1919, 2, 635.

Although oxidation of enamines with such reagents is known to afford a-hydroxyketones after hydrolysis,19-<
reduction of the intermediate iminium jons to give B-aminoalcohols is rare.199 We have observed that the
reaction of 1-pyrrolidinocyclohexene with mCPBA followed by reduction with NaBH4 gave 2-
pyrrolidinocyclohexanol (41%).

(a) Davis, F. A.; Sheppard, A. C. Tetrahedron Len. 1988, 29, 4365. (b) Lawesson, S. L.; Jakobsen, H. J.;
Larsen, E. H. Acta Chem. Scand. 1963, 17, 1188. (c) Augustine, R. L. J. Org. Chem. 1963, 28, 581. (d)
Yamanaka, E.; Maruta, E.; Kasamatsu, S.; Aimi, N.; Sakai, S. Tetrahedron Lets. 1983, 24, 3861.

Data for 16: 1H NMR (300 MHz, DMSO-dg) § 3.22 (dd, 1H, J=9.9, 3.4 Hz), 3.01 (m, 1H), 2.9 (dt, 1H, J=7.8,
2.5 Hz), 1.97 (m, 3H), 1.81-1.57 (m, 5H), 1.33-1.1 (m, 3H). 13C NMR (90 MHz, DMSO-d¢) 5 62.5, 54.4, 52.8,
47.1,29.3,28.6, 28.1, 20.9. JHeHsax (10 Hz) and JHeHseq (3.4 Hz) as well as Hg W12 = 24 Hz, (c.f. slaframine
equatorial Hg W2 = 7 Hz) indicates that Hg is axial in 16. No NOE was observed between Hg and Hg,,
providing evidence for a trans relationship of these two hydrogens. This stercochemistry is consistent with
axial hydride delivery to an iminium ion.

(Received in USA 19 June 1990)



