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AbHxact-The absolute configuration of mitngyninc (al&), 3pcciocUtiDc (rplrrflo), mitfu5ld.ifbc 
@rcurO), and speciogyninc (normuf) hu been dctamincd frwr IR, NMR, ORD and CD data; al1 
have the Cl 5 hydrogen a. Mor#lver, the preferred conformatioo of each configumtioa hns btstt 
cstabtishcd. The rbsohtte configuration of any ring substituted or unsubstitutcd corynantbeidinetype 
luutoid of unknown con@uration an be determined by use of the physial criteria pratnted, 

IN THE paper the absolute induration of four Miftogyna alkaloids is established 
utilizing the physical criteria presented in the preceding paper.’ These criteria are 
tirst applied to two compounds (I, R = H) of’ known absolute configuration, fcoryn- 
~~eidjne and dihydr~o~~~cjne) and then to four diastereoisomers (I, R = 
4&k) one of which, rni~~;ae~ is of known relative aviation. 

Corynmrhdditte (I, R = II, Al&, Cl 5 Ha) 

The absolute configuration of ~~nan~ejdine has been establishads+ as C3H a, 
Cl5 Hz and C20 Ha (at(o). A cis geometry (methoxy and carbomethoxy groups) has 
been suggested6 for the C 164 I? double bond because of the observation of a chemical 
shift difference (A&) between the Cl7 viny1 proton signal of ~~an~eidine (7.32 b) 

* To whom inquirks should be dirocted. 
’ W. F. Tqcr. C. M. La: and A. H. Be&a, Tetmhdnxt %3,36S (1967). 
’ E. E. vnn TumIan, P. E. Aldrich and T. 1, tilt, Chcm. & Ind. 793 (195-Q. 
a N. F. Bartlett, R. Skfu, W. 1. Taylor. E. Schiittkr, R. L. S. AI&, P. Beak, N. V. Srinji and 

E. Wenkaf f. Armr. Ckm. Sue. 84,622 (I%& 
’ J. A. Weisbach, 1. L. Kirkprtrick, K. R. Wiiliuns, E. L. Ax&mon. N. C. Yim and B. Dougtu, 

Tetmhdrm Lcttcts No. 39.9457 (l%S). 
‘ E. Watkcrt, Rorjc Wickbtq and C. Leicht, Tetrakdron kiters No. 22,822 (1961). 
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and the vinyl proton signal of ajmaiicine (7.54 b) where the vinyl proton must be cis 
to the carbomethoxy group. However, Weisbach er al.’ pointed out that the Cl7 
vinyl H signal of mitragynine [u/lo configuration0 (I, R = OCHs) with known 1ran.r 
double bond geometry shown by X-ray crystallography’] was identical to rhelr 
observed chemical shift value for the corresponding proton of corynantheidine 
17.45 d) and suggested that corynantheidine be reassigned the tram double bond 
geometry (methoxy/carbomethoxy). 
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The NMR data (Table 1) for the Cl7 olefinic proton of corynantheidioe-type 
compounds (I, R = H or -0CHJ may be used to allocate the geometry about the 
ClbCl7 double bond. In the trum configuration the olefinic proton will be deshielded 
in the two planar rotomers (Ila-Ilb). In IIa, deshielding arises from the proximity of 
the carbonyl groups while in Ilb the deshielding results from the oxygen’ of the meth- 
oxy (assuming effects of methoxy are similar to hydroxy). In both cis rotomers (IIIa- 
Illb) this type of dcshielding is not possible. Therefore compounds with tmu double 
bond geometry would be expected to have the olefinic proton signal significantly 
downfield relative to the corresponding signal in the cis compounds. 

0 
fB) H l-J- OMc 

(4 H Iv ” 

Support for the above may be derived from consideration of the NMR spectrum 

’ B. S. Joshi. Raymond Hamet and W. I. Taylor, Chm & fnd. 573 (1963). 
T D. E. Zacharias. R. D. Rosenstein and G. A. JetTrey. Acfu. Cvsr. 18.1039 (l%S). 
’ L. M. Jackman Applicariotu of Nuckar Mqnctic Resonance Spectroscopy in Oqanic Chemtitry 

p. 119. Pcrgamon, New York (19S9). 
l A. C. Huitric, J. B. Can and W. F. Tragcr, 1. Pharm. Sci. SS, 21! (twa). 



*lo of methyl acrylate (IV), the chemical shift of proton (A) which is tronr to the ester 
group is at higher field (5.82 6) than proton (B) which is cis to the ester group (6.38 
6). This difference of O-56 ppm corresponds to about 34 cps at 60 mc. Thus the vinyl 
proton signal in the fruns compound II would be expected to occur about 30 c/s 
downfield from that of the cis compound III. Since the chemical shift spread for 
corynantheidine alkaloids (Table 1) is only about 8 c/s, it would appear that all these 
compounds have the same double bond geometry as mitragynine in which the fruns 
geometry has been established.’ 

The slight chemical shift differences observed in the olefinic proton signal (Table 1) 
are probably related to the relative configuration of the Cl5 and C20 substituents in 

T~srr 1. NMR Cl7 omc 5lONAW FOR ~)WNAN-IXEIDINE-TY?E W 

Cl5 H.s, C20H.q our data. Weisbach’t WC&Xl” 
- ._ __.__ --_ 

Mitragyninc 7.45 7.45 - 

spaziociliatine 7.43 - - 

Corynanthcidine 7.47 7.45 7.32 

Cl5 H... Cu) H.t. 

spbciogyninc 7.37 - - 

Mitraciliatine 7.33 - - 

Dihydrocorynanthcim 740 7.42 - 

l d values, ppm from TM in CDCI,. 
t d values, ppm from TM in dcuteroaatom. 

these compounds. Corynantheidine and those compounds later shown to have the 
Cl5 H uxiul and the C20 H equclforiuf (mitragynine and speciociliatinc) have olefinic 
signals appearing at slightly lower field (7.4M7 6) than that of dihydrocorynantheine 
and those compounds later shown to have both the Cl5 H and C20 H uxiul (specio- 
gynine and mitraciliatine) (7-33-40 6). 

The infrared spectrum of corynantheidine (KC1 disc) has bands at 2753 and 2798 
cm-1 in addition to the strong CH absorption at 2955 cm-l, indicative of a fruns C3H 
junction. *M The frwrs C3H cotiguratioa is further confirmed by the absence of a 
one-proton C3H multiplet in the NMR below 3-8 ppm.U The methyl triplet signal is 
relatively well resolved as indicated by its symmetrical appearance at 100 mc (Fig. la). 
These data for a compound of known do configuration fulfil only the requirements 
(Table 2) for the postulated preferred conformation Cl. (Fig. 2). 

The ORD/CD curves (Fig. 3a, dioxane) show multiple positive Cotton Effects 
(CE) associated with the UV absorption between 27&300 mp. Since corynanthcidine 
has the Cl5 Ha absolute configuration, any corynanthcidioc-type compound of olfo 
configuration showing positive CE at 270-300 rnp must also have the Cl5 Ha. 

I0 N. S. Bhacca. L. F. Johnson and J. N. Shookq. NMR Sjxc~ra Cara@ Vol. I; No. 64 (1962). 
I* M Uskokovic. H. Brudcrex. C. von Planta, T. Williams rod A. Brosai, 1. Amer. Ckm. Sot. 86, 

3364 (1964). 
** E. Wenkert and D. K. Roychaudhuri, 1. Amer. Chum. Sot. 78,6417 (19%). 
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Mirrugyninc (I, R = OMe, Allo, C 15 Hz) 

Physical cvidenc@’ aod X-ray crystallography’ have shown that mitragynine is a 
compound of a/lo con!@ratioa with frmu double bond geometry.’ As expected, the 
IR spectrum shows C3H 1run.r bands at 2750, 2800 and 2870 cm-’ in addition to the 
strong 2950 cm-l CH absorption; no C3H NMR multiplet appears below 3.8 ppm. 
The methyl group is relatively well resolved in the NMR (Fig. lb) co&ming that the 
preferred conformation CI is present in mitragynine as well as io corynaotheidioe. The 
ORD/CD curves of mitragynine (Fig. 3b) are very similar to those of corynantheidine 
(Fig. 3a) with both exhibiting positive CE at 270-300 rnp. Thus mitragynine must 
have the same absolute configuration as corynantheidine: C3 Ha, Cl 5 Ha, C20 Hz. 

Application of phJsica1 analysis (Table 2) to corynantheidine-type cornpour& of 
unknown contgurarion 

We are fortunate in having four compouods of the same chemical constitution 
(I, R = -0Me: mitragynine, speciogynine, speciociliatine and mitraciliatine) from 
the Mirrugyna species but differing in their relative con@urations.” The NMR 
data (Table 1) indicate fruns double bond geometry in all these compounds. Since the 
configuration of mitragynioe is known to be allo, the remaining three alkaloids must 
each fall into only one of the remaining three configurations tk. norrnul, pseudo or 

epiuflo. IR and NMR measurements (Table 2) on these compounds establish relative 
configuration while ORD/CD measurements establish the absolute configuration of 
each alkaloid. 

Speciociliurine (I, R = OMe, Epiallo, Cl5 Hz) 

SpeciociliatineUJ6 shows only one small IR band (2856 cm-‘) before the major 
2930 cm-’ CH stretch; moreover, a one-proton multiplet at about 4.1 ppm (band 
width approximately 9-10 c/s) is observed in the NMR.‘” Both these data indicate 
that the hydrogen at C3 in speciocihatine is cis to the nitrogen lone pair.’ Raeolution 
of the NMR methyl triplet (Fig. Ic) shows greater similarity to that of corynantbeidine 
(symmetrical) than to that of dihydrocorynantheine (unsymmetrical) (Fig. Id). This 
information fits only the criteria for a compound of no& con6guration in confor- 
mation AI11 or a compound of eppiallo conf@ation in conformation DI. Since the 
preferred conformation of a normul compound (dihydrocorynantheine) has been 
shown to be the expected preferred conformation AI, and not the very hindered AII1.l 
speciociliatine can only have the epiulfo co~Q~ratioa and exists primarily in confor- 
mation DI (Fig. 2). 

The sign of the first CE (27&300 mr) of the epiuflo or pseuab compound was 
expected to be opposite to that of the norm01 or al10 compound on the assumption 
that all Cl 5 hydrogens were a and the con&uration at C3 governs the sign of the CE.l 
To establish the absolute configuration of speciociliatine and to confirm the above 
assumptions, reference is now made to resetpine (V), a compound of known absolute 

l We wish to thank Dr. J. D. PhiUipson for providing qa5ogyninc md apc&cihtine. 
I’ A. H. Ikckett. E. J. Shcllard and A. N. Tackic. P/UIUO Mrctlccr 13,241 (196s). 
Ifi A. H. Bcckctt. E. 1. Shcllard. J. D. Phillipson and C. M. Lee. /. Ph. Phamacol. 17,7S3 (l%S). 
I* A. H. Bcckctt, E. J. Shellard. J. D. Phillipson and C. M. Lee. P&ma Medica 14, 277 (1966). 
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epido geometry l’-*” (C3 H/3, Cl5 Ha, C20 Hz), which gives negative CE (Fig. 4). 
Since the sign of the CE is independent of the configuration of asymmetric ceotres 
relatively far removed from the perturbed chromophore, viz. indole ring (e.g. C20 
in corynantheidinc and dihydrocorynantheine, Fig. 3) then the sign of the CE for 
reserpine must be independent of the configuration of the relatively far removed 
centres (C16, Cl7 and C18). Hence, speciociliatine, which also exhibits negative CE 
(Fig. 3c) and has been shown to be an epido compound (i.e. C3 H/?, Cl5 Ha, C20 
Ha, or C3 HZ. Cl5 H/?, C20 HP), must have an absolute stereochemistry similar to 
that of reserpinc (i.e. C3 H/?, Cl5 Hz, C20 Hz) because of the similarity of its CE to 
those of reset-pine. 

Conformational mobility in epialio compounds 

Epido compounds of corynantheidine-type might exist as an equilibrium mixture 
between Dl and DIII depending on the -AG” of the axial ester+nolcther link in 
DIII.’ 

01 

i 

Previously, Rosen and Shooleryw showed by IR and NMR data that certain 
epiallo reserpine alkaloids can exist in conformations analogous to either Dl or DIII 
depending on the relative orientation of the ring E substituents. Reserpine V exists 
in a conformation analogous to DI as the ring E substituents are in the favoured tri- 
equororiul orientation. On the other hand, methyl neoreserpa@ VI, also epido, 
exists in a conformation analogous to DIII since this conformation accomodates two 
ring E substituents in equatorial orientations. 

The NMR signal of the cis C3H multiplet appears at about 4.45 ppm in reset@&“’ 
(epiullo) and mitraciliatine @se&o),* compounds which are expected to exist essenri- 
u& in a conformation (DI and BI) where the C3H is equutoriuf and cis to the nitrogen 

l Set following discussion. 

Iv P. A. D&i, F. L. Wcisenborrt, C. M. Dylion and 0. Wintcrsteina, /. Amer. Clrcm. Sot. TI. 
2028 (1955). 

lo P. E. Aldrich, P. A. Dimi. D. F. Dickel. C. M. Dylion, P. D. Hance. C. F. Jucbncr. B. Korzun. 
M. E. Kuchnc. L. H. Liu, H. B. MacPhilLamy, E. W. Robb. D. K. Roychaudhuri. E. Schlittkr. 
A. F. St. Andre, E. E. van Tamclan, F. L. Wciscnbom, E. Wcnkcrt and 0. Wintersteiner, 1. Amer. 
Gem. .%c. 81. U81 (1959). 

I@ Y. Ban and 0. Yonunitsu, Chem. 6: fnd. 948 (1961). Tcrrolvdron 20.2877 (1964). 
m W. E. Rosen and J. N. Shookry, 1. Amer. Gem. Sot. 83,481 (1961). 
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lone pair. The chemical shift of the C3H multiplet, 4.12 ppm, of spcciociliatine indi- 
cates that the alkaloid does not exist entirely in conformation DI as its position is O-3 
ppm upficld from that of the above mentioned alkaloids. The presence of some 
proportion of conformation DIM, where no C3H downfield multiplet is expected, is 
therefore indicated. 

In a mobile epidlo system where more than one conformation is possible (e.g. 
DI s DIII), the chemical shift signal (n) of any given proton will be the weighted time 
average of its chemical shift in pure DI (&J where the C3H is equutoriul and in 
pure DIII (6,) where C3H is uxiul, provided conformational interchange is rapid. 
A rough approximation of the percentage of DIII present is then given by the qua- 
tion:ll.n % of DIII = 100(6,, - 6x)/(8,, - 6a where 6, is the observed b of the 
C3H, 6,, is taken to bc 4.45 ppm and 6,, - 6,x is taken as approximately I.3 ppm.. 
This calculation suggests that roughly 25 % of speciociliatine exists in the truns C3H 
conformation DIII with the majority (75 %) in the cis conformation DI, corresponding 
to an energy difference between DI and DIII of about 0.65 kcal/molP at 25”. 

l As pointed out above the dc, (DI) of the C3H is 4.45 ppm; on the other hand, corynanthcidine 
and dihydrocorynanthcine (in conformations analogous to Dill for the C3H) have their lowest 
downfield aliphatic proton multipktr occuring at about 3.2 ppm. Therefore dro - d.. must be at 
least I.3 ppm. Evidenoz what 6.. occurs in the region of 3.2 ppm can be derived from the following. 
Comparison of the dep. 4.45 ppm, with the observed 6, 2.80 ppm, for the equatorial hydrogcns 
adjacent to the nitrogen in quinolizidinc? at Cs and C6 shows a diffcrcna of 1.611 ppm which must 
arise from duhielding due IO the indok ring. Moreover, this duhielding of the C3H will be indc- 
pendent of the configuration of the C3H [a&I (DIII) or quaforfal (Do] as the relative orientation 
of the indok ring to the C3H is constant in both Dill and DI. Addition of this dcshkiding t!Tcct of 
1.65 ppm to the observed d of the uxial bridgehead hydrogen of quinolizidine i.e. 1.8 - 1.0 ppm.” 
yields an expected d of 3.45 - 2.65 ppm for the C3H in conformation DIII. 

** E. 1.. EM. Chcm. & Ind. 568 (1959). 
** N. C. Franklin and H. Feltkamp. Aqcw. Chcm. (Int. Ed.) 4, 774 (l%S). 
y P. Bohlmann. D. Schumann and H. Schulq Tefrahe&on L&rers No. 3. 173 (1965). 
” E. I.. Elicl. Sfereochembrry o/Cur&n Compowdc p. 207 and bd: cover. McGnw-Hill, New York 

(I 962). 
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The bandwidth of the C3H multiplet should be indicative of the position of equili- 
brium in epiallo compounds. Practically, this information is less useful than that 
derived from chemical shift differences due to the difficulty in accurately measuring 
the bandwidth and the inherently small difference expected, (6 c/s) between the 
bandwidth of pure DI (~8 c/s, J,, J,) and that of pure DIII (~14 c/s, J,, J-d). 

Mitruciliotine (I, R = OMe, Pseudo, Cl5 Ha) 

No CH truns bands are found in the IR spectrum of mitraciliatir@ but there is a 
one-proton downfield NMR multiplet (ca 4.45 ppm, bandwidth ca. 8 c/s); resolution 
of the methyl triplet in the NMR is poor (Fig. If). Thus all data indicate that mitra- 
ciliatine has thepseudo configuration and exists essentially in conformation BI (Fig. 2). 

The ORD/CD of mitraciliatine (Fig. 39 shows negative CE between 270-300 rnp 
and since it was shown above that the absolute stereochemistry at C3 governs the 
sign of the CE around 290 rnp, mitraciliatine must have the same absolute configura- 
tion at C3 as reserpine and speciociliatine and therefore has the absolute configuration: 
C3/?, C15a and C2Op. 

It was demonstrated that the chemical shift position of the cis C3H multiplet in 
mitraciliatine is about 4.5 ppm while that of speciociliatine is about 4-l ppm. It would 
therefore appear that the position of the C3H multiplet can be used as another criteria 
for distinguishing between pseudo and epido configurations in alkaloids of corynan- 
theidine-type (Table 3). 

CL C3H NMR CH, Triplet Sign ORD/CD 
Configuration IR Ban& Multipkt Bandwidth Resonance (ClS Ha)* 

- 

Normal AI I - - umymmetrical’ poaitivc 
Pseudo BI - ca 4.3 ppm 8 c/r n+ve 
Ail0 CI + - - zzz? pitiVC 

Epbllo Dl/DIII - ca 4.1 ppm 10 c/s rymmaricor ncg8tive 

l At 270-300 w (If the con!@ation of CIS H h @. the signs will be rmncd). 

l See Fig. 16 
’ Sac Fig. la. 

Spcciogynine (I, R = OMe, Normal, Cl5 Ha) 

IR bands at 2740.2808 and 2850 cm-’ and lack of a C3H downfield NMR multiplet 
establish a truns C3H configuration for speciogynine.“*la The methyl triplet signal 
in the NMR is poorly resolved like that of dihydrocorynantheidine (Fig. le). The only 
configuration remaining is normal and the above data fit only the criteria of the 
preferred conformation AI (Fig. 2). Speciogynine shows positive ORD/CD CE about 
27&300 rnp (Fig. 3~) similar to those of dihydrocorynantheidine and must therefore 
have the Cl5 Hr. 

The present application of the arguments outlined in the first paper’ indicates that 

0 A. H. Bcckccc and A. N. Tackie, J. Pharm. & Pharmacol. Suppl. 15, 166I’. 267T (1963) and 
unpublished data. 
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FIO. 3. ORD. CD and UV spectra of some corynanthcidine-type alkaloids in dioxanc. 
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it is possible to cstabtish the absofutt conjuration of any compound of the cory- 
nantheidine-type (ring substituted or unsubstitutcd)* by utilization of measured 
physical parameters (IR, NMR, CD, ORD) in conjunction with Table 3. 

EXPERIMENTAL 

IR spectra: Unicam SP 100(@5% KCl discs); NMR speara: either a Varian A-60 or HR 100 
using 10% W/V CDCI, MIN (TMS internal rcf); UV spectra: a Unicam SP 800 (@2 an cell) using 
the same soins prcpnred for ORD/CD measuremen u. CD cumu: Rousscl-Jouim Dichrograph 
(l-0, 05 and @2cm cells). Due to the unfavourabk ratio between UV extinction and CD&J] the 
actual mc+asurcmentJ of the intensities of the cures varied from only l-10mm at sensitivity 1.5. 
This lea& to uncertainty in the absolute magnitude of the [OJ valua but there is no unorrtainty in 

FIG. 4. ORD. CD and UV spectrum of rcscrpinc in dioxan. 

the sign of the CE. ORD cuwa: a &ltingham and Stanky Polannatic 62 quipped with a 250 watt 
Supcrsil Xenon lamp with consta~~t N, purging, (D5 an cell, range: 150 mm - 100 millidcgrea). 

Prqaration of U VJCDIORD solutions. Approximately 2 mg of sample was accurately wdghed 
on an Outling 142 microbalance or on a Cahn Ekctrobaknce and placed in a 10 ml volumetric tl&. 
The solutions were made up to voIurne from a newly opened bottk of spcclroscopicgrade dioxnnc (ZOO). 
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* The preferred conformation of corynanthcidinetypc alkaloids should be invariant of indok ring 
substitution. 


