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Abstract - The reaction of a-halogen ecrylic eaters and c~halo-
gen acrylic nitriles with some enamines gave rise unexpectedly

t0 cyclopropane derivatives.

BEarlier we reported2 the reaction of 1l-ethyl-2,3,4,6,7,l2~hexahydro-
indolol2,3-alquinclizine with 2-chlorcacrylonitrile and methyl-(2-bromo-acrylate)
regpectively. We established that first an electrophilic alkylation tock place,
which was then followed by intramoleculayr nucleophilic substitution at the indol
nitrogen leading to 3,4-dehydro-14,15-dihydroeburnamenine derivatives. These
results suggested, that with the same reagents the enamines 1 and 2 which lack
an ethyl group at C-1 would yield eburnamerine derivatives too.

The enamines 1 and 2 were prepared by known methods4 from tryptemine
and 4-butanolide or methyl—(S-chloropentanoate)3 and were lsolated as the per-
chlorates (1°HC10,,m.p. >360°C, 2°HC10,,m.p. 227-228°0)%. Prior o reaction the
enamines were liberated from the pure perchlorate salts.

Contraery to expectations, the reaction of enamines ; and 2 with either
2-ghloro-gerylonitrile or methyl-(2-bromo-acrylate) proceeded in an entirely
unusual way and yielded, respectively, l-cyclopropyl-indolo-indolizine (2,2) and
l-cyclopropyl-indolo~quinolizine (i’é) derivatives. The constitution of the

1H and 130 MR observationa.6 Proton NMR disclos-

novel products was evidenced by
ed the presence of the unchanged indol-NH, the occurrence in the molecule of an
"isclated" three-spin system with chemical shift values and coupling constants
typical for subatituted cyclopropanes7 while carbon-13 spectra revealed that
the products contain a quaternary carbon atom giving its resonance in the sp3

region (approx.30 ppm)}. Of further corroborative value were the chemical shifts
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of carbon atoms encompassed in the cyclopropane ring (for relevant J‘H and

NMR data see Table lo).
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Table 1.
Start. Prod-| Yield(®) IR (KBr)
mat. uets | mop.(c®) ¥ (en™d) 19 and Po-mR data
cH, 36,6 | 3300(ind ®)| 1n WHR(CDC14): & 1.72(12H,), 2.98
c-€1 2 |231-232 | 2285 (-cm) (12Hg), 3.52(13H)ppm: Jgem=i§5Hz,
oN (MeOH) | 1618 (3C=N=) | J, . 6,20z, J_, =9.5Hz. 1°C ME
(+) | (CDC13+TFA): & 15.54(C13),22.9%

1 {c12), 35.71(C1l)ppm.

= |on, 52,1 |3340(ind ¥H) | *H MIR(CDC1,): & 1.80(12H,),2.83
¢~Br 5 220~221 | 1720(>C0) (12Hy),3.60(13H) ppm; I gem=4+ SHz,

- N . - 13
COOCH (MeCH) 1625 C=H=) i pang=6+ 212,35 =9.2Hz. *°C MMR
(+) (CDC15+TFA): & 30.37(C13),23.61
(c12},37.23(C1)ppm.
GHo 64,9 |3260(ind FH) | 13, WMR(DMSO-Dg+CDC13): & 15.69
¢-c1 |4 |210-211 |2280(-cW)
(?C=N=)

2 {+)

T loH, 4319 (3300(ina NH) | Ly WR(CDC1;): & 1.97(13H,),2.51
C-Br | & |200-202 |1724(:c0) (138y),2.88(14M)ppm; I, =6, 6Hz,
COOCH (MeOH)  |2618-1638 J =7.5Hz,J_, =9z, 3¢ mm

(> C=F=) trans cis
) (CDCLy+TPA): & 31.37(C14),23.25
(C13),29.86{C1l)ppm,
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The sodium-borohydride reduction (in MeCH at 0°C) of the (C11b)=N double bond

of 3 and § afforded the respective isomeric pairs 7, 8 and 3, 10 {ge¢ Table 2.).

NaBH;

methancl/Q*C

3 R=CN, A=zl ;? R=CN g R=CHN
5 R=zCOOCH3. A=Br § R=COOCH; 10 R=COOCH
= Table 2. -
Start, Reduct.Products|IR (KBr)l 1 13
mat. | type| ratio | VL&x(cm ) H and ““C-NMR data
mep. C '
3%+%4 133310(1 < 1 ig MMR(CDCL+DESO-Dg): & 4.10(11bH)ppm,
H I -
NaBi, | 123-124 2300001 C NMR(CDC1,+DHSO-Dg): & 6.50(C13),18.06
106-107 (c12),19.49(C6),31.05(C2),33.08(C1),46.88
(MeOH) (C5),50.90(C3),61.TT(C11b),120.52(~CN) ppm.
8:
= 4320104 NH) ig NMR(CDOL,+DMSO-Dg): & 4.08(11bH)ppm.
2305 (CN) ¢ NMR(CD013+DMSO—D6): & T7.57(C13},15.46
(Cl2),20.26{C6),30.68(C2),32.82(C1),
47,01(C5),51.66(C3),61.47(C11b),219,94
2 (—CH)ppm.
Tz il N “H-NMR(CDC1,): & 3.68(11bH)ppm, ~°C NMR
. ?:’g; 223 0sond M| (0D01,4DHS0-Dg): & 15.20(C13),21.20(C6),
2 ‘1 27.6T(C12,,28.06(C2),38.95(C1),4B.45(C5),
149-150 51.48(03),62.85(¢11b),120.14(~CN)ppm.
(MBOH) 123
" 3310(ind NH)| H NMR(CDCI.): & 3.98(11bH)ppm. 15C FMR
2280(CN) (CDCL4+DHSO=Dg): 6 15.50(C13),17.26(06),
29.81{C2),30.75(C12,,42.88(C1),45.66(C5),
48.93(¢3),62.04(¢116),120.03(-CH)ppme
9+20 | 9t H NMMR(CDC )¢ & 3,72(-CO0CH,),3.98(11bH)
39:61 3298{ind NH)| ppm. 13¢ NMR(cncl3+zmso-D6): & 18.89(C12),
NaBH,| 205-206 1710(c0) 20,03(C6),22,32(613),29,.60(C2),35.30(C1),
60=64 47,25(€5),51.42(C3,-CO0CH,), 62.66(Cl1b),
(MeOH) 173.30(~C00CH ) ppme
101% 1
==3350E1nd )| B Nm§§CDc13). b 3.63(-CO0CH,), 3.86(11bH)
1732{(C0) ppms ~°C NMR(CD013+BMSO»D6)= & 16.25(c12),
20,22(C6),23,20(C13),29.11(c2),35.00(C1),
46.96(05),51.42(-000gg3),51.60(c3).62.99
5 (Cllb),172.66(-QQOCH3)ppmo
10+13 13 TH MMR(CDC1.): & 3.70(11bH)ppm. -C NMR
HE/Pd 70:30 3340(1nd NH) (CD013+DMSO—D6): 5 21,10(C6),27.12(C12),
£0-64 1728(c0) 28934502),32.29(013),39-51(01) 48.46(C5),
117-118 51.11(¢~COOCH,, ),51.35003),63.08(C11b),173.73
(MeOH) (-QQOCHB)ppm.
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Their relative sterecchemistries, aa shown, were inferred from the
carbon-l3 NMR spectra. In particular, the chemical shift values for the carbon

8 while

atoms C6 and Cllb were indicative of the common itrans C/D ring junciion
changes in that of €13 for a given pair of isomers were consistent with an
altered configuration at Cllb, Since the chemical shift of the nitrile carbon
remains largely unaffected by changes in the configuration, it seems reasonable
to assume that the substituent of the c¢yclopropane ring assumes a steric pogit-
ion such that it points away from the indele molety. As the reduction leaves
the spiro carbon atom unaffected, this conclusion applies for the unsaturated
products (3, 5) as well.

The reduction of 3} and 5 through catalytic hydrogenation (Pd/C/He,
ambient temp., normal pressure) yielded ;;, 12 and ;2.9 The cleavage of the
¢yclopropane ring, as well as the relative stereochemistries of the reduction

products were evidenced by lH and 130 NMR data (see Table 2.).

a)PAIC/ Hy

by oH™?
R-CHyCHy ™7
A H
3 R=CN,AzCl Il R=CN 12 R=CN
5 A=COCCH3 A=zBr 13 R=COOCH;

Conversion of the indolo-guinolizine derivatives 4 and 6 by sodium boro-
hydride reduction or caetalytic hydrogenation followed a less regular pattern,
and led to nroducts the constitution and relative sterecchemistries of which

appeared to be related to the nature of the substituent of the cyclopropane ring.

N
H

NC-CHyCH,

._I_

Q) PdiCIHy

A

NC :l! NGHHI‘

[[F3

16

methanoi { G°C 5y oHt!

In the case of 4, the former reaction afforded the pair of isomers 14
and 15 which, according to their NMR characteristics, differed in their relative
configurations at the angular carbon atom {(gl2b). By contrast, catalytic hydro-
genation of the asame molecule afforded only one igomer having its cyclepropane

ring cleaved while the other product isolated from the reaction mixture proved
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to be 13.

4 more significant alteration in the reaction route was observed upon
changing the nitrile group to carbomethoxy function. Thua, treastment of 6
either by sodium borohydride or catalytic hydrogenation afforded the Bame two
producis, one of which (18) contained the cyclopropane ring and proved steri-
cally identical with 14.

(-
cio,

NaBH[.IrnethunolIO'C

or PAICIHy, then 0807

nen
=

The lH NMR of the other product, %z, exhibited no resonance atiributable
to the indol-NH proten and, hesides the signal due to C(12b)H, showed another
methine resonance in the region characteristic of CH group adjacent to hetero-
atom (5.04 ppm). These findings clearly showed the occurrence of the intramolecu-~
lar ring closure and the chemical shift values and off-resonance maltiplicitiea
of carbon atoms furnished full support for the eburnamenin structure ;In Accord-

ing to the magnitude of the vieinal coupling between C(12b)H and C(1)H, the

geometry of the C/D and D/E ring Jjunctions in 17 is trans-trans.

Table 3.
t.| Reduct. | Product IR (KB 1 1
Start|Reduct. | Products | SRiird, H and 120-miR data
14+15 14 iy NMR(CD013)= & 3.49(12bH)ppm-130
325°Eind NH) | MR (CDCL.+DMSO-D.): & 7.65(c14),
8192 2270(cN) 3 6
: 18,13(013),18.63(C7),23.21(C3),27.28
4 NaBH, |225-226 (C1),28,13(C2),47.34(C4),49.78(C6),
203204 60.82(C12b),220. 33(=CN) ppite
=’3320§ind NH) WR(CDCL3): & 3.52(12bH)ppm. ¢
2280(CN) RMR(CDC15+DMSO-Bg): & 7.13(C14),18.07
(613),19.72(CT7),22.61(C3},27.52(cl),
30.22(C2),49.31(C6),50.79{(C4),60.45
l(012b).120.35(-cw)ppm.
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Start, | Reduct.| Products IR (KBr), 1 13
mat. | type |ratio,m.p.| Vmax(em™) H and ~“C NMR data
16+15 18 “H WMR(CDC1y): & 3.45(12bd)ppms
55:45 3315€ind wi)| 13 mm(onel,)s & 15.42(014),20.93(CT),
4 [Hy/Pd |131-132 2275(CN) 21.65(C3),22.53(C13),27.12(C2),35.65
203-204 {01),53.40(C6),56.36(C4),63.64(C12b),
(MeCH) 120.30{~-CN)ppm.
17+418 17 TH MMR(CDC1,): & 3.15(d,d=T.6Hz,12bH),
23:77 _17?86%738 3.53(5,-C00CH; },5+04(m, 5 I ~7.8Hz,14H)
NaBH, 186-187 ppit. 130 mm(cpclj): 5 21.46(CT)425.54
128~129 (03)929-91(02)132-37(013)’BJ-M(CI)I
(MeCH ) 52.07(~C00GH3),53033(C6),55.10(C14),
55.15(C4),63.91(012b),171.78(-CO0CH,)
6 PPl
= 17+18 18 TH MR(CDC1,): b 3.48(12bH),3.83
H,/Pd  |10:90 3£10(ind WH) |(-COOCH,)ppm. 6 mm(ene1.)s & 17.21
1710(C0) (C13),17.83(CT),24.53(C3),24.66(C2),
25.04(014),29.30(C1),45.73(C4),51.00
(06),51.99(0»000@3).62.91(01%),
| 171, 27{(-CQO0CH )ppmo
A more detmiled account of these and related studles will be published
elgewhere.
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