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Asanintemediateforastereoselective 

synthesis of ebumanmine we recently prepared 

lactam (l)* in a highly s teremelectivE! mnner. 

broken. To investigate the depandance of this 

process m ster~Mcald~of the 

nucleo@UewedeAdedtochcosethemre 

flexible and easy to make urea derivative (3b) 

which in cmmctim with another investigaticn 

in cur labxatoxy had proven to efficiently 

attack cycloprqznes4. 

Q-I treibent of 11) with CSI Mloro-sulfmyl 

-isccyanate) in methy_&nechloride a quite 

unpolar and unstable reacticm product was r0ted 

in TLC I- presumbly the acid chloride (34 -1 

Ill A.H 

I21 R t CXMf2-M2CH3 

While nucleophilic riq cpenirq reactions at 

carbm atan (2) prove to be very efficient and 

easily give rise to intermdiates en route to 

~incaalkaloids~ the~tfxnarycaxbmatca 

(1) is not attacked at all, even if this is 

tried in an intr~lecularway as fox instance 

shzxm in the mlcmic ester derivative (2). 

Treatingthisc~evenwithveqstKng 

ncxmmclec@ilic proton acceptors like s&urn 

hydride does not give rise to any cyclisatitn 

prcxlucts, loss of the mlcnic acid residue 

being theonly result under forcing reaction 

ccmQ.tion.5. 

One explanaticm of this failure cuuld be the 

electrm-cmarlap plane of the enolate x&n 

being in plane with the indole miety and thus 

peqxmdxularto theC,-C3+cndwhich is tobe 

*Lk.xhcated with best wishes to Professor 
Dr. W.Reif at the oxasim of his 60th 
birthday. 
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but on base-catalysed hydrolysis and work-up 

this was efficiently transformed into a stable 

acyl-itxlole (W!) as the final reaction 

product. 

Spactroscqic data of this ccqxxnd ha+ever, 

immediately excluded the ring-qen urea 

stnRxu.re (3b). Proton resoname spectra 

completely lack the generally easy to locate 

cyclcpropane protcms*. Further evidence for the 

aza-ebumanmine type structure (4a) was gained 

frun decarboxylatim experimants as contrary to 

canpounds of type (1) this material easily 

loses the ester-grcup forming (4b) oh treatmant 

with lithiumiodide. Finally this decarhoxyla- 

ticm product in 13 C-NMR-spectroscopy besides a 

dublet at 55.3 ppn (C3) clearly shows a 

singulet at 56.3 ppn indicating the nitrogen 

bearing quarternary carbon-atan (C,6). 

The structures of these pentacyclic products 

prove the intrankolecular nucleqhilic ring 

cfeningof the cyclcprcpahe in this casetobe 

a very efficient process and as the urea 

nitrogen turns out to be the active nucleqhile 

a lxrely nucleo@ilic attack without any prior 

formtim of acarbenimicnhastobe 

considered (see belu~). A still open questim 

at this stage however, is the configuration at 

C3 and C,6, the relative canfiguration given in 

(4a) and (4b) being the most prcbable me on 

the basis of the assumption that no change in 

relative location of hydrcgen and ethyl group 

inspaceuxursduringtheopeningofthethree 

maaberedring. 

To prove this the reducticnof thelactamgruip 

was studied aiming at the corresponding imdolo- 

guinolizidines and expecting their MAR and 

infrared spectra to disclose the conform&ion 

andconfiguratim of these caqxmxls, 

particularly by canparison to the well studied 

carbcn malcgue eburnamonine (8b)'. 

while Dibah reduction6 stoFped at the aldehyde- 

ammnia state and gave rise to enamine(6) on 

work-up, which needed further borchydride 

reduction to canplete the process and to 

generate (!a), the Dorch-reduction procedure' 

imrediately yielded 90% of this product as 

crystalline material. 

'RJ also prepare the C3-stereoismer (8a) which 

is expected to represent the 15-aza-analogue of 

ebumammine (8b),(5) was transfom& into the 

iminium salt (7) via its N-oxide and subsequent 

F'olmovsky eliminaticn8. Siqle borchydride 

reduction regenerates exclusively (Sa), 

indicating already its trans-quinolizidine 

stnxture. ckl reductionwith zinc in acetic- 

acidhmaver, (8a) turns cuttobe themain 

reactim-product. 

The cmfiguratians of (5a) and (8a) as given 

inSctmame*canbeesLsblishedbyccqaring 

spectroscopic dataof these cuqmnds to those 

of their carbon analagues (5b) and (8b). (&I) 
as was sham for ebumammine is lacking 

IKhlmm bands' and accordingly the signal of 

the C3-proton is recorded at 5.78 T [l], while 

the CH3-resonance a-s at 8.95 T [3] [(8b): 

9.07 Tl. lhe corresponding rescnance in epi- 

eixmamnine (5b) cwing to its closer proximity 

to the arumtic system (see 5') is appearing 

at higher field (9.1-9.3 T) and in good 

canpariscm (!Ta) is shming this signal at 9.1- 

9.28 T. Mditianally Bohlmann bands are 

recorded in (5a) as w-z11 as in (5b), and as 

nkay be expectedwith a trans-quinolizidine the 

protons at C3 are hid&n at ~-values higher 

than 6.6.'O 

ISI 18’1 

To investigate the stereospecifity of the 

cyclopropane cleavage he next lookesl into the 

sane reaction starting frunlactam (9a) which 

inintermlecularringopeninghadprwentobe 

particularly slow and was not attacked at the 

CH2-groupof the cyclcprqxne under these 

ccnditims at a113. So quite a different 

behavicur was to be predicted for this caqxmd 

and this is true already for the @.mxy 

addition with CSI [see (9b)l. 

III this case the sulfonic-acid chloride (9b) 
turns art to be ccqaratively stable against 

base and if heated in soda solution simply 

loses the urea group canpletely. Acid stability 

is very remarkable,too.Heatingthecuqxmd 

in a l:l*ture of dry aethylene chloride and 

trifluoro acetic acid is of no effect whatso- 

ever, and it needs heating wernight in 

concentrated trifluoro acetic acid ccmtaining 



Reactions with indole derivatives-XLVII 3611 

a trace of water to cmvert (9b) into the imino 

m (10). This cyclcprqane cleavage with 

C-O-baid formation is indicated by spectral 

data, particularly by the 13C-resmance of the 

quarternarY carbm atan. M-Ale N-substitution 

gave rise to a signal at 56.3 ppn in (4b), this 

o-substituted prcduct is showing a singulet at 

79.3 ppn, caqxrable with tert.butyl esters 

&ich revealre sonances at 71-81 ppn. 11 

Carpetently in line with this structure 

assignment is the fonnatim of the cyclic 

urethane (12) m further heating in aqueous 

trifluoro acetic acid, which can be explained 

by hydrolysis of ester as wall as imino grmp 

and subsequent decarboxylatim. The nucleqkilic 

attack by the oxygen atanof the urea in this 

particular ring cleavage is cbvimsly due to 

preceding protm catalysed fomtion of a 

catim which is captured by the urea. As 

noticed before in interactions of amides with 

catims it generally turns mttobe the oxygen 

of an amide grmp thatca&inesto the center 

of positive charge. 12 

Orua xlditimal reacticn of the imine (10) wxth 

nkantiming is the regeneration of the cyclo- 

propane ring on treatrentwithlithiumicdick 

in dinethylformamick. Instead of estersplitting 

nuclecphilic displm tof the oxygen-s 

withsinTLlltansou s hydrolysis of the urea to 

yield the starting material (9a). 

A.5 intrarrplecular capture of acatim is 

involved in the fornratim of (lo), a cis- 

cmfiguratim as given in the fonrmla is to be 

m 

To prove this (121 by using the Borch p rmedure' 

wasreducedtothecorrespndingoxa-eburnarrp- 

nine (11). Spectral data of this ccspamd which 

lacks E&lnannbands and shckls the quinolizi- 

d_ine protcn at 5.73 T is in accordance with 

this assignment. Mditimally the CH3-resonance 

is recorded at 8.98 [3] tr (J = 7 Hz). By using 
the N-oxide-Polcmovsky sequence the preparation 

of iminium salt (13) was attenpted. 

Unfortunately, in'the oxa series regio- 

selectivity is not as satisfactory as before, 

two canparatively unpolar enamines appearing 

tcgetkr with the iminim salt in TLC-analysis. 

Without investigating their structure they ware 

extracted fran the water solution and the 

retraining iminim saltreducedwithbormydride. 

The mlyprcciuct Obtained this way turned out to 

bermchless polar than the starting guino- 

lizidine (111, which already indicates 

cmfiguratim (14). Definite proof is obtained 

fran the strong Bchlmanr bands in the infra- 

red spectnrn, the absence of the guinolizidine 

proton at T-values 1-r than 6.6 and a methyl 

signal at 9-O-9.2 131 m. 

Having the cyclic urethanes (11) and (12) 

available their transfo~tim into the 

hydroxy-indol~inolizidine (15a) was studied 

next. Q1 treatment with base in n&hanol (11) 

and (12) gave rise to (15a) and (15b1, 

respectively. 

l11l.K?l 
KOH 

-ziqT 

Bothnay bevery useful intermediates in 

irxlole-alkaloid chemistry. m allcylatim with 

Meerwein reagent and subsequentborcbydride 

reduction (15b) is cleanly converted into (15a) 

the stermchemistry of which can be safely 

secured by caqaring its spectral data to those 

of the wall studied ccnpound (16).13 

CcPlstantfiMncialsupportbythelx!utsche 
Forschungsgenainschaft (Wi 206/35-6) is 
gratefully ackncwleckged. 
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6.01; N, 9.01. Calc.for C18H,8N203: C, 69.65; 
H, 5.85; N, 9.03. 

15-oxaeine (11) 

As described for the preparatim of (5a) (12) 
is reduced to yield 83% of (ll), m.p. 178"C;W: 
as given under (9b); IR: 1735, 1645 an-l; 
IH-NMR (al 1: T = 1.69-1.81 [l) m, 2.45-2.75 
I31 m, 5.73 ?l) s, 8.98 [3) tr (J = 7 Hz); 
13C-m: (ppn) 7.3, 16.3, 22.4, 29.0, $9.4, 
44.3, 50.4, 54.4, 86.8; MS: m/e 296 (M , 83), 
223 (100). F-d: C, 72.68; H, 6.82; N, 9.49. 
Calc.for C,8H20N202: C, 72.93; H, 6.81; N,9.45. 

15-&a-i-i (14) 

N-Oxide formatian and Polonovsky reaction are 
done as given under (8a). ‘Ibe residue reneining 
after evaporation is dissolved in 5 ml iso- 
prcpanol, 10 ml of water are added and this 
solution twice extracted with ether which is 
discarded. After this 100 mg scdiumborohydride 
are added in two portions at O'C. After 15' 
20 ml soda solution are added and the mixture 
extracted with nethylene chloride. lhe residue 
remaining after evaporation of solmt is 
purified by TIC. Yield 38%, m.p. 196'C; W: as 
given under (9b); IR: 2805, 2780, 1738, 1630 
cm-l; 'H-EPIC (cDc13): T = 1.71-1.90 [l] m, 
2.47-2.79 131 m. 9.0-9.2 I31 m. Found: 296.1522 
(mss srpctrbkpy). Calc:for C18H20N2G2: 
296.1525. 

yldroxy-indolo-quinolizidine (15b) 

100 nq (12) are dissolved in 20 ml methanol, 
10 ml of a 20% KOH solution are added and the 
mixture left overnight at room temperature. 
After dilution with water and extraction with 
methylene chloride the solvent is evaporated 
and the residue crystallized from acetone. 
Yield 76%, m.p. 198'C; IR: 3440, 1625 an-l; 
1H-NMR (m6): T = -0.3 [l] s, 2.43-3.16 [4] 
m, 4.87 [ll s, 5.18-5.36 12) m, 8.98 [31 IX 
(J = 7 Hz); MS: m/e 284 (M+, 55), 171 (100). 
Found: C, 71.55; H, 7.19; N, 9.91. Calc.for 
C17H20N202: C, 71.79; H, 7.09; N, 9.85. 

Hydroxy-indolo-quinolizidine (15a) 

100 nq of (11) treated as given above give rise 
to 80% of the carbinol (15a); m.p. 186'C; IR: 
3500, 3450, 2850, 2810, 2780 cm-l; IH+'lR 
UYC13): T = 2.58-3.10 [41 m, 6.07 [l] s, 8.07 
[21 q (J =+7 Hz), 8.96 131 tr (J = 7 Hz); MS: 
m/e 270 (M , 43), 171 (100). F-d: 270.1730 
(mass spectrosccpy). Calc.for C17H22H20: 
270.1732. 
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