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Summary. The 300 MHz IH-NMR. spectrum of the alkaloid Roxburghine B is completely 
analysed. The coupling constant values give evidence for the configuration, which is revised to  
epi-allo: H(3P),  H ( l j a ) ,  H(20a)  and C(1SP). 

The Roxburghines D, E, C and B are indole alkaloids which have been isolated [l] 
from a species of Uncaria (most probably Uncaria elliptica) [a]. Their structure and 
configuration were established as 1-4 on the basis of 1H-NMR. evidence and of some 
chemical interconversions [I]  [3]. Total synthesis of Roxburghine D (1) has also been 
accomplished [4j. 
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In particular, the NMR. data obtained from the 100 MHz 1H-NMR. spectrum of 
Roxburghine B were not sufficient for the assignment of the configuration. Therefore 
the vtormal ajmalicinoid configuration (4) was deduced from Zn/acid conversion of 
Roxburghine E to Roxburghine B, on the assumption that this reaction involved the 
epimerization a t  C(3) only [5]. 

As the 13C-NMR. data for Roxburghines [6] did not appear consistent with the 
izormal configuration for Roxburghine B, suggesting on the contrary an e$i-allo 
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configuration , the 1H-NMR. study a t  300 MHz was undertaken. These analyses 
confirm the epi-allo configuration (5) for Roxburghine B and give evidence for the 
preferred conformation (5a). The revised configuration requires a different inter- 
pretation of the mechanism of the isomerization. A proposal for this mechanism is 
given in the accompanying paper [6]. 

Results. - The spectrum of Roxburghine B is reported in the Figure. IKDOR 
technique was extensively used instead of spin-decoupling in order to detect hidden 
signals and to measure the coupling constants whose values are necessary for the 
determination of the coniiguration. Actually many signals still overlapped orwere 
disturbed by some impurities which could not be eliminated or shifted by changing 
solvent. This holds in particular for the key protons of the piperidine ring D a t  C(3), 
C(14), C(15) and C(20) 

Only one INDOR experiment is reported in the Figure: by monitoring line 1 to 6 
of the signal at 3.75 6 (H,,C(5'))3) the connected lines at  3.61, 2.86 and 2.71 d (Hes- 

i 
_ J . r . . i - L A . r A . '  , , ~ , ' , 1 , ' , I .-- - 
4.00 3.50 3.00 2.50 ppm cJ1 1.49 

300 MHz 1H-NMR. sfiectruna (acetone-de) of Roxbuvghine B ( 5 ) .  In  the insert from the top, 
INDOR spectra by monitoring line 1 to 6 of the signal a t  3.75 6 

C(5'), H,,-C(6') and Hen-C(6')) were perturbed, as shown in Table 1. These results, 
also confirmed by monitoring some lines of Heq-C(5'), give all the coupling constants 
values including their signs (Table Z), and allow the identification of the coupled 
protons. 

The presence of two geminal interactions evidences the fragment indolyl-CHZ- 
CH&<, which may belong to ring C or C'. The protons of the other similar fragment 

3) The terms equatorial and axial will be used throughout the paper as pseudo-equatorial and 
pseudo-axial for the sake of brevity. 
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Table 1. :inalyses of I.VDOH spectra') 

2251 

Monitored Perturbed lines 
Hax--C(5') I Ieq-C(5') Ha,--C(G') H eq-c (6') 

a) 

b) Singlr 1inc.s. 
0 )  Degenerate lines. 

r is for rcgressivc and p for progressivc lines; lack ol  data incans tha t  the  INDOR signals 
wcrr not tletcv3nblc or not analyscd. 

Tablr 2. 1II-S.IIH. Pavanaeters for Roxbuvghine B (5)  

TM S .icetone BPI\") ,I (Hz)  

H-C(3) 3.19 3.73 J14ax.14eq - 13.0 J6v.x. 5,eq - 13.5 
I ias-C (1 4) 1.49 1.66 .J3,14ax 11.5 J6,ax. 0 'eq - 15.0 
Heq-('(14) 3.31 3.47 .IS. 14eq 2.5 J5*.3x, 6*ax 11.0 
I i-C( 15) 2.74 -3 J14as.1~ 3.8 .IS ,ax I 0 'eq 5.0 
HX(20)  2.90 -3 f 14eq. 15 2.5 J 5,eq. e*ax 6.5 
Heq-C(21) 3.10 3.17 J" *1ax*21eq - 10.5 JJW.I .B,~~ 5 1  
I iax--Cc?l) 2.60 2.67 J20.21eq 5.0 JSfeq. 17 5 1  
I rnx-q5') 3.7.i 3.58 J-  "0.21ax 11.0 
I Iew--C(.5') 3.61 3.37 f15,zn 5 2  
l1ax--C(6') 2.86 2.82 115.17 2.0 
Hcq-c(6') 2.71 2.62 
H-C(171 7.42 

8)  nenzenc/pyridine/acctone 30: 65 : 5 ( v / v )  . 
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were identified a t  2.55 6 (2H-C(6)), 2.9 and 3.2 6 (2H-C(5)), but their analysis was 
unsuccessful, since the spin system is strongly coupled (2nd order). As the spectrum in 
benzene/pyridine/acetone shows a response of the proton at  3.37 6 by monitoring 
H-C(17) (see Table 2), a small long range coupling occurs between H-C(17) and 
Heq-C(5') (see also Roxburghine D [I]), thus supporting the assignment of the frag- 
ments to ring C and C'. That the ring C' exists in a preferred conformation is shown 
by the non-averaging of the coupling constants values. In particular the nearly zero 
value of J 5 r e q , y e q  (6 N 90") suggests a distortion of ring C' from the half-chair con- 
formation. This could also be due to the conjugation of the enamino nitrogen atom 
N(4') with the a,b-unsaturated ester group. 

The remaining protons of the high field portion of the spectrum belong (except for 
the methyl groups) to the piperidine ring D. Monitoring H-C(17) lines, the position of 
H-C(15) (overlapped by He,-C(6')) was detected at  2.748; the fine structure was not 
resolved as a result of the complex pattern of H-C(15) but the INDOR spectra are 
clear enough to exclude any diaxial coupling (J  - 10 Hz) for this proton. Monitoring 
six of the eight lines of HaX-C(l4) responses appeared at  3.31, 3.19 and 2.74 6 and the 
analysis of the INDOR spectra led to the coupling constants values reported in 
Table 2. The negative sign of J = 13.0 Hz allows the assignment of the geminal 
protons a t  C(14) and their connections with H-C(3) and H-C(15). The relationship of 
H-C(15) with H-C(20) and 2H-C(21) was completed by monitoring the foul lines a t  
2.6 6 (H,,-C(21) partially overlapped by 2H-C(6)). The absorptions of Hax-C(Z1) could 
be selected and the hidden pattern of H-C(20) appeared: two couplings of resp. 
11 .O and 6.0 Hz were evidenced, while the smallest one (J15,20), less than 2 Hz, is not 
re;olved. The results of Table 1 show that the interaction involving thegeminated 
nuclei at  3.10 and 2.60 6 is negative, thus confirming the assignments reported. 

Discussion. - A t ram C(15)/C(20) ring-junction for Roxburghine B is excluded 
(in contrast with the other isomeric Roxburghines) by the values of J15,20,  J 1 5 , 1 4 ~ ~  

and J2o,2lSx. Moreover these values indicate that H-C(15) must be equatorial and 
H-C(20) axial. It means that an inversion of configuration occurs at  C-(20), but not 
a t  C(3), during the conversion of Roxburghine E into Roxburghine B. In fact the 
three possible conformations with H(34 configuration require a trans or cis C(3)/ 
N(4) junction with H-C(15) axial and H-C(20) equatorial, or a cis junction with 
H-C(3) equatorial, which are all ruled out by the experimental results. 

The ,k? orientation for the angular methyl group has been established previously 
[l] by chemical correlation. 

The three energetically preferred conformations for structure (5) are (5a, 5b and 
5c). The conformation 5c is immediately ruled out by the orientations of H-C(3) 
and H-C(20) (equatorial) and H-C(15) (axial) which are not consistent with the 
coupling constants values. For 5b, the cis relationship between H-C(3) and the nitro- 
gen lone pair does not explain the upfield shift for the proton (3.19 vs.  4.31 and 4.45 8 
for Roxburghine D and E [3]). Thus Roxburghine B exists preferentially in the 
conformation 5a. The same conclusions have been reached from the analysis of 
13C-NMR. spectra [6]. 
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S a  

5 b  

Exper i r i i cn ta l  l’art. -- TXIIt. sprctm of lioxburghinc 13 were mmsurctl a t  3l)O 1 1 1 1 ~  u ~ t h  it 

I’arinit HR-300 spcctronwtc:r. IS I)O!i ctxperiincnts wrrc pCrf(JrIllCd wit11 a Sc 8.525-2 iinit. 
Chemical shifts arc in ppm (3) from T\lS :is intcrnal stand;ird. T\vo solvcnts were used, acctonc-do 
and acetonc/benzcne/pS.ridinc 5 :  30:65 (o/o) in ortlcr t o  avoid ;it most the overlapping of thc 
signals. Concentrations \vcr(: cu. 20 mg/ml. Samples were tlcgasscd prior to tlouble irradiation 
experiments by freezing and puinping. 
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