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Carbon-13 NMR in the structure
of monomeric and dimeric Stryehnos alkaloids (***)

Susmary. — 1 MR data of sbsseen indole alkaoids belonging o seven differcar grocs,
clased frem Sorychoos penis, are teposied and Gucwmscd, Thevogh the comparicn of the
sssignments some wscha] indicatioes <an be drawn in orcer tu elucidare dhe sarcoares of e
indole alaloids. These scrucrures can be ahas found in alkskads isolsed from Apocynacese.
and Rubiscese.

InteooucTIon

' NMR spectroscopy and, more recently, "C NMR spectroscopy have been
2 very powerbul tool for stuctursl wnd stereochemica] srudies of matural
wodwm lll T particular, she chemical shifts and their sssignments foc all for

n-d: tl NMR spectroscopy particularly profitable in homegeneous chasses of
substances (foe instance oquinoline, indole alksloids) for the easy identification
of the known ones (theough computerized datn too) 48 well as for the siudy of
the pew opes.

Some alkaloids of Strychnos genss (Loganisceac) are here cxsmined. These
are indole derivarives, which criginate from a tryplamine. unit w||J| » G10 for

(2) Catils &f Chncs Generale & Voorpanics, Fucehh i Sccas, Unlverith & Roma,
ke Alds Meso 3, 05 R, d Cte CHsl e Rt ¢ e Mokt
Universih Cateolica del Sacra

ALGE
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©9) unit, penerated by mevalonic scid pathway. These maietics pive dic 1o
various groups of monomerie alkaloids, scconding 10 their fundamental sheleten,
[rs mychmrr, corgnantheine, sarpagine, mavacuring, aimalicine, oxindole, yohin-
ine and skagerive. Some of the Aloremenrioned. alksloids were oo found i
plants of Apocynacese and Rubiaceae families (2]
I some Sirychuos species dimeric alkaloids ocvur, They result:
4) from the symmerrieal wnion of two idesiical of very dmilar units
having strychnioelike srucire, ic. Courarine or Calkaloid H;
5 from the asymmetrics] usion of two strychninelike units, ie. strychno-
biline;
¢) from the vnion of two different maietics, for example corynantbeine
and ryptamine, to give risc b0 nigrisanins and otber usmbarane detivatives.
e e sl dimeric slkslids cccur in plants a5 quitemmary sals
Dimeric quatecnary alaleids Mvh@mumx;mqmmmm

DG NMR spectms of indole alkaloids, caly few have regisded the
Strychior oacs (3.

Srexcavime geovr
“Narmal® series

15-rydroxystychaine 1 (. 1) s a new alkaloid recently isolated frem seeds
oF Strychnos une vamica L. [41, As strychnine 2, 1 belongs 10 the “poroal”
scrics and its strucure was deteemined by analysis of 'H NMR data of its -scery]

2 (5], the effects dhe to the presence of the 13acetoxy group in 3 arc evident:
the & effect (+ 46 ppm) oa C(15), the B cfferts on C(14) (+ 38 ppm) -ad
cns)uumnm well 22 the shilding eifect on C117) (= 3.3 ppm).

jast effect s due to gaochebatane type interaction between C(17) and #w:

in the rigidly held chaic conformation of the trsrahydsoaxepinic ring

{3, fig- 1). The sme shickfing was obscrved between 13 hydronyicajine 4 ...d
icajine 3, whereln C(17) resonates at 73.3 and 779 ppe, respeciively [61. It ks
interesting to teport the maltiplicity of € (14) signal fa 3, eadly recogaizable ax
it s the ighest field methylene, in the "C off-resonance spectrum: € (14) appears
23 8 double doublet instesd of & triplet. shape on sccounr of the non equivaleass
of i tuo proans. This phenomenon, usasly cbscrved i 1H NMR spectcoseopy,
it is possible in "C NMR specern, as well [7].

VLmeshoxydisbotine 6 i wnother alkalohd of the *pormal” scrics widely
spread in South American Strychnos specics and alsa present in African species.




— 13—

R ¥R ow
« bydonyicaine. OH 6 Uammbepdabolie A L OH
¥ ke H 7 i A H O OH
EWG. by H R on

? ccodensemive  Ac  OCH, Ohegg

10 hensingamine A o [



i

Tastx L
> 3 ] 1

s o #2
ne au B3
01 n1 312
aze s 34
511 s 56
] 1512 143
2ty 122 1214
s 1213 12
1281 137 123
s 164 1054
L8 122 137
267 03 =0
4 74 »s 49
Y 04 o4 a3
L2} 40 B L]
641 “n e 152
1283 s 1227 758
1oz ] 2y 371
324 240 31 T
o2 as e
1880 ks 1wr

s 1683

13 ED

* Assigaments reporied by Werdkert et o, (3]
* Widiin  given column msdgpimeni sy be dnienhasgal,
* The: sigmal bxlotgs o Naceiyl grovp.




— 41—

This alkaloid, s well us diaboline 7 and Wicland Gumlich aldehyde (N-desaceryl-
diabolioe] & (ofsea found In the same plaat), have the C17) anomesic center aod
the emacetalic equiibtiun in solution i responsible for the scarcely Intelligible
"H and UC NMR spectra. The acctylation of & under mild conditions yields, s
sole product, the D-acetyl-a isomer, identical to natural product isccondensamine 9.
The seven membered tetrahydrooxepinic ring cin assume different conformations
{5]. Thas in disboline the chair conformation is present in the 17-a-hpdroxy
isomet (OF avial), wheress the Bost conformation i prescot in 17-Shpdrony
fsomer (OH axial), Chalr conformation Is bowever common 1o both anomerkc
isomers of Wieland Guialich aldehyde as well & o sirychaine, °C data of ¢ cia
with

3 ppm), C{18) (4 3=—2.5 ppm)
and C(13) (32 = — 3.7 pom) would sogges foe 3 a bost conformaion fosesd
of  chuit conformation for the axcpinie ring, which lays the acetoxy groop fn the
preferred equatotial position

*Piewdo” series

The “pseudo” series is characterized by the presence of an bydroxy group
o0 €(3) of the strychnine skeleton. The resulting carbinolamine strucrure can
Feact s seco keto-aminic form by methylation with Mel to give rite to “Nmethyl-

sevpeeudo” series alkaloids (sec below) [8].

Nescetylstrychnosplendine 11 (fig. 2), isolated from . fendleri Spragoc and

Sandwith [81, belongs 1o the “psendo” series. Owing 10 the restriceed roution
of its Noacetyl group and the resulting compleaity of its NMR spectra, the °C
analysis was performed on the corresponding strychnosplendine 12, In comparison
with the correspoading alkaloid of the *normal® series,
13 [3). the presence in 12 of 3-hydroxy grovp shifts G (3) downficld (36=430.3
ppm), wheress G (9] undergoes the deshiclding effect (355 +4.58 ppm) (already
slserved for H9 in 'H NMR [8]), due to electric dipolar moment aed to aniso-
trogy of magnetic susecpiibilisy of the same hydraxy group.

The stercochemistey of the methyl group of the tetrabiydvopitanic fing can
be ausigned unambiguondy on the basis of several UC chemical shift daa. Tn
effect, whereas in 'H NMR spectroscopy only the valie of the methyl group is

for its stereochemistey ([Fequatorial methyl groups resonate ar higher
fields chan the maxial ones [8, 91}, in the ¥C NMR C(13), C(17), € (18) and
€(19) are consistent with the different stereochemistry. Theie chemical shifts in
12 (oquitorial meibyl group) ase highes than in analogous compounds: having
a-axdal medhyl group (5] on scvount of absence of 1,3 disxial interaction
b, fig. 2).
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“Nemethylsec prendo” series

Toble 2 shows the “C chemical shift assignments of N-doucerylsrychno-
fendlerine. 14, obtinad by descerylation of strychnofendlerine 15, isolated from
5. Jendtert Sprague and Sandwith [8), of strychnobrasiline 16, of tbascanine 17,
of Oucetyltabascanine 18 and of steychossiline 19, solated from 5. alvimsidnt
Keukolf asd Bameby. They belong 10 “Nuwetbybrecpacudo” serics, wherein
o carbonyl group in C(3) and a methyl group as Ny ase present. In this serics,
in compatison with the *pseuda” serics, the lots of the € (3)/Ns band generstes
a highly flexible azscsclononane ting, responsable for the partial mobility of the
N Jone paic towards € (3) carboayl group secording to the following transannular
interaction 2-0 |8

I ... N—CH,
AN

As & result of this effect in 14, 17 and 18, C(21) Is shifted induerively w
Jawer fields in comparison with the *normal® and “pieado” series, whereas this
effect far G(5) is partially compensated by the shielding of C(3) carbonyl grovp
cone.  Furtbermore, C(9) is deshieled by carbonyl group in C(3) thiough &
mcchanism similar to that already observed In the “prcudo” series.

a3 & result of the same transanoular amidic ineraction, the

recaenc
of keto groups. In 16 the €(3) chemical shift is found at lower ficlds than in
14 (AB= + 48 ppm) because N lone pair is furtherly engaged in the mosomeric

form — N = CH — € — for the preseses of 20, 21 double boad.
I

16 i a Nesceiybindsline alkaloid, wherein, hwever, the large predominance
of & conformes allows the spectroscopical analysis 1w pecform on the original
peoduct, T the compounds of this serles the frany conformation of the Necetyl
group s stricdly assigned on the basis of H12 NMR waloe {es, 67 pp). Tn
10,11 iline 20, having eis rion for the Noscetyl
oup, H-12 resonates at 7.6 ppm [9]. Howeves the different conformation of
the Noacetyl group doss nat affect the chemical shift value of C(12) s elso ob
served in the two rowmmers of stoychnospermine 21 at low  temperature
(=260 131

In comparison with 14, the opening of the tetrahydropyranic ring i 17,
18 aad 19 doss not affect the conformation of the azacyclononane sing, a5 proved
by €15} and € (3) chomical shift values, As a cesuls of the opening of the tewra
hydropyzanic ring, 17 in comparison with 16 shows deshiclding effect for C (16}
and C(17) and o remarkable shiclding effect for €(15) and €(20) due @ the
different simmetry. In 18 and 19 carbons] signals due 10 O —Ac and Na— e can
be distinguished on the basis of the different relaxation time.
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Coryuanibeine group

Yohimbine and siealcine alkaloids huve becn the abject of studies concerning
the deermination of their stcreochemistry using "C NMR. spectroseopy [10].
o Ve TR LY el b s st
C3) chinal center; . *nonmal” yohimbine (H:3) shows C(6) (223 pom),
G215 s £ (1) (9 pomn I G 0V (602 poc) Tower fields than
o (1800 e G cm. CQ21) and C(3) are
17.1, 514, 52.4 and 4.4 ppm, respectively [111. In the laties stccenisomer the
mmmmm;mmm.wmmumm
the aforementioned carbon stoms
The information obtained from yahimbine and ajmalicine compounds can be
wsed in the analysis of C NMR data of s £ s
bisindole alkaloids, fousd in Aftican Stryehmos (12, 13] whose structuses can be
derived from the junction of u corynane and & lrypwnlm ‘moiecy {147, This bio-
penetic hypothesis was confirmed by the occurrence in the same plants of akagerine
26 and keibine 27 [13] and of 10-hydvoxyakagerine 28 in S. spinoss Lam [16],
ideal precursores of the coenane moicty through tautomesic form 29, Nigritanin
0 hydroxy-

nigritanin 29, fsolated from the leaves of 5. igritans Bak are bere considered.

1-hydeoxymigtitanine 2¢ and 25 show pot Entelligible 'H ss well a3 "CNMR
spectra in CDCL, owing 1 keto<nolic totomerism present in A ring (). For
this ressan the O.acetyl derivative of 24, 30, and the O-methyl derivative of 25,
31, were examined. Their “C NMR spectra, ss well as thase of 22 and 23 are
reported in table 3.

The practical identity of C(3), C{5), C(\SI and G (21) chemical shifts in
22, 23, 30 and 31 with the comesponding ones in “nomnal® yohimbine wsigns
i vias gubaatilon sl o G/ atgs wemeigiond. Tha wrllaily
of “C data of two C(17) epimers, ochrolifoanine A r HATf) and ochro-
Fifuanine B 33 :H 17) [17] was specifically uscful for the comparison with the
coresponding nigritanins. By sdding to C(3°) and C (17) chemical shifts
of 32 aad 33 d= u-mlmm. &w w0 Nansthylation, calcolated Ty
of 2amethylN- BC data [11], the follow-
ing walocs were deduced: for Namwocmuruam A, 318 for C(¥), 353
far €(17) and for Nemethylochrolifuanine B, 516 for C5') and 38.4 for G{17).
Owing 0 the [m-mn‘ ﬁmn., of the lawier datum set with the corresponding
ones of nigritaning, Ha configuration for Cu?: was assigned in the
bypothesls of same cneucem tond conformation.

1 Thn b s o 1 v i nd i ol by
high reactivity of HA {ewchange with dewterium exidel in $hydrovyindoles. (] W. Duvy and
B Wrmor, <), o Chcm. oo 5, 102 (T
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prescat opposiee configuration at €20 chiral center (series “pormal” and “alla”,
respectively), The H§ configuration for €(20) in 22 and 30 coold be inferred
by the chemical shift similarity of C{19) and C{14) with the corresponding dsta
of ochrolifusnine B 33 (238 and 36 4, respectively). The same carbon atoms src
more.shiekled in its C(20) cplmer 34 (175 and 324, respectively) n accoant
of scyelic ¥ effect on the terminas of & geuchobutane stroctare due to the asidlity
of its ethyl group.

Abagerine graup

Mlagerine 26, islated from some African Strychwos (5. wigritana Bak 1131,
$. barteri Solered. [13], 5. ddle ad §. olevearpa [18), snd 5. srambeensis
£191), and from South American Strychyos [20] (5. gardert A. DC., 5. jobertians
Krukoft anel Barneby and S. paroifolia DC) presents & wetracyelic skeleton. The
tetpenid moiety ia ke N, of N metbslctrabydrofarboline syssem in such

of G (17} (754 ppim) I in agreement with the carbinolamioe structuze. Tt moves
downficld in the spectrum of anhydroakagerine 35, ubui\dh;uqddiydﬂm
of 26; o sccount of the dosble bood & 10 Ny, 35 shows, in comparisen with

skagerine 26, the deshiekding of all the carbon atoms of the Indole molety, s well
s of € (3, C (5) ond € (6). The difference n the olfinic C (19) and € (20)
dmﬂmdubnwzsmduunhuphhnibywdﬂmumnmni

the side chaln, which s cquatorisl in respect o the amcyclocpiane ring in 26,
whereas in 35 the plane of C (14), C{13), € (16}, C{17) and N, bisectes the
c:m{ -ouu')

]

Sarpagine group.

As teprosentative of this group, the "C NMR data of Oacetylnormacusine
B 36 is reported In table 4, 36 was obtained by scetylasion of normacusine B 37,
isolared from S. rubiginoes DL [21] and 5. medeols Sagot ex Progel [22]. In
36 the particular five cycle system rigidly holds the C/D juncsion in cisquino-
Iizdine form, having C ring in hemi-chair and D and E rings in boat conformations.
In this strocture {3} (499 ppm} wlfers, i comparizon with the comespndiog

) The chemical shifs of CHO and CH 1N scxowst for thelr s relakoenip (E-somer)
£ agsecment with the corrsponding valoss of tglic akdebyde (V. Vooms, W. vus Pravuir-
snomx, « Oy Mage. Resouocs », 7, 617 (1973).
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E R
36 Oacerylnomacinion B Ac 3 srpehoobiuios H
37 normacmine B H 19 teedeblostrychnobinusioe "

< I e sbowe foemala pesiions 3, 4, 3, & wre Inpbrogenad, and.the <onfkguration of 3t 5.

Py 4
carbon of the “pormal cis-guinolizidine structure (4.4 ppm) l|!l o further
shiekding effect; comversely € (5) and C (6] bear, respectively, = and B

effects, due 10 the substitution.

Ajmalicine gronp

38 and i 3% are new Beurbo.
L._ alkaloids folated !m rout bark of 5. Broue Sproce ex Bentham [231.

a5 well as alsionidine [24), may be corclated o sjmalicine by
r-.imu( s C(21)/Ny bond [23]. In 35 and 39 the pentacyelic system is there
originated by boading of € {16) with N.. In whle 4, C NMR chemieal shifts of
Daceryloiradebydrostrychnobirsutine 40 are reported. By compariion with the
spectra of carbazole, naphtalene and isoquinoline [23], the aromatic slgnals of 40
have been asigned. Carbon atems adjacent to Ny are casily distinguishable on
sccount of their low field positions. The D/E ring cis junciion and the faxial
coafiguration of Cl1-18 group, serictly sssigned on vhe basis of 'H NMR speciro-
scopy [26], could not be confirmed by "C NMR spectroscopy, on accoant of the
absence of propes models.
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Exrrasenar

Natural sbundance "C NMR spectm were recorded employing 2 Varian
XL 100 Fourier transform NMR spectrometer, operatiog st 25.2 MHz, and were
run i 0204 M deurerochloroform solutions, which slso provided

refercace;

(approx. 20%); pulse delay: nope; sequisition time: 0.8 sec; data points; 8192
(8 K); spectral width: 6000 Ha; probe temperature: 32 °C; ample rabe: & 3 mm.
Alkaboids investigated were il lsolated from nstural sources and their derivatives
obtsined ss described in the litezature cited. Fot compounds 1, 37 and 35 the
analysis was performed on the corresponding o-acetyl derivaives insicad of the
original products, owing 1@ the low solubility of the fornet fn deuterochloroform;
the use of other deuterated solvents was avoided in consideration. of the differences
often indiced in chemsical shift values by the salvens.
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