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Abatnct~orynantheidinc-type alkaloids have thra asymmetric centrcs (C3. Cl& C20); the four 
possible con~urarion.s(cach an enantiotnorphic pair)can each exist in three ring D chair conformations. 
The twelve possibk chair conformations are subjected to conformational analysis to try to determine 
the preferred conformation(s) of each configuration. The analysis demonstrates one preferred con- 
formation for each configuration whtch allows the aJsignmcnt of distinguishable physical properties 
(IR. NMR. ORD. CD) for the eight stereoisomers. Application of these physical criteria allows 
assignment of absolute configuration IO ring substrtuted or unsubstitutcd corynantheidinc-type 
alkaloids of unknown configuration. 

A COMPOL’ND of corynantheidine-type structure I has three asymmetric centres (C3, 
Cl5 and C20); this gives rise to the possibility of four conj~ururionr, viz. normal, 

pseudo, 0110 and epiullo (each of which can exist as an enantiomorphic pair). 
Furl hermore, each configuration can exist in threet different ring D chair 
conformurions due to inversion of the basic nitrogen atom and chair interconversion 
of ring D. 

In this paper, conformational analysis is used to determine the most likely con- 
formation(s) for each configuration. A unique set of physical criteria is deduced 
for the preferred conformation(s) which should permit configurational assignment to 
corynantheidine-type compounds of unknown stereochemistry. The physical criteria 
are compared with the physical data obtained from compounds of known absolute 
configuration’ substantiating the conclusions and predictions reached herein; this 
information is then used to determine the absolute con!$uration of four Mirrugvnu 
alkaloids of corynanthcidine-type structure.t 

The conformational analysis is based on the assumption that an estimation of 

l To whom inquires should be diruztod. 
t The conformation with a frmu dieriuf C/D ring junction is not posaibk. 

’ C. M. Lee. W. F. Tragcr and A. H. Beckctt, Tetroludron 23, 375 (1967). 
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the nonbonded interactions in pip&dine ring D can be approximated by anaiogy 
with the nonbonded interactions arising in the correspondingly substituted cyclo- 
hexane (c.f. appendix). NMR evidence’ suggests that the ester and methoxy groups 
on the Clbc17 double bond arc rruns and UV data* shows that the CIS nkr-enol 
ether link (R) in I is planar due to conjugation. It is assumed that the most stable 
rotational position of R would be the one in which the mcthoxy groups encounter 
minimal nonbonded interactions. In all conformations examined, ring C is assumed 
to be in the half chair conformation by analogy with cyclohexene’ and only the chair 
forms of ring D arc considered by analogy with cyclohexane: An estimation of the 
magnitude of the nonbonded interactions of each conformation (ignoring any possible 
salvation effects) was made with the aid of Drciding models (see appendix for details). 

AI Al 

Fm. I. Chformations of corynurthcidiob~ype alkaloida* (I - nitrop invasion; 
F - chair intcrumverrion). 

Normal Conjgurarion A (C3 Ha, C 15 Ha, C20 H/3 or C3 HP, Cl 5 HP, C20 Ha) (Fig. 1) 

In conformarion AI the plane of the planar R group lies approximately at right 
angles to the plane of the pip&dine ring thus avoiding interactions with the equuroricrl 
CT20 ethyl group; a fair amount of rotation around the ClSC16 bond seems possible. 
The preferred rotational conformation of the equuforhl ethyl group is such that 
thert are no appreciable nonbonded interactions observed in the model. 

l Only one cnantiomorph (Cl5H.z) of each pair is illustrated; the same considentions obviously 
hold for the other emntiomorph (ClSHB). 

’ M. M. Janot md R. Gou~rel, Bu/l. Sm. C&m. (5) 18,588 (1951). 
’ C. W. Ikckett. N. K. F- and K. S. Pitxa. J. Aw. Chem. See. 70.4221 (IW). 
’ E. L. Eliel. Aqpw. Chem. (ht. Ed.)4,761 (1965). 
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In conformation AII, formcd by inversion of the basic nitrogen of AI, the groups 
at Cl5 and C20 remain in the same rclationsh.ip as in AI. Thcrc arc now however, 
interactions bctwccn the C5 /? hydrogen and the Cl4 and C20 u&f hydrogcns 
equivalent to about I.7 kcaI/mole (see appendix) of destabilization energy compared 
to AI. 

The other chair conformation formed from AH, i.e. conform&ion AIII is much 
less favourable than AI or AI1 as the R group is axial and interacts with the indole 
nucleus and the C21 j? axial hydrogen. Furthermore, the ethyl group, now in the 
aria1 position, is less stable than in the corresponding equurorfal position of AI and 
AI1 by about I.8 k&/mole (see appendix). 

Thus a compound possessing the normal configuration would be expected to 
exist mainly in the AI conformation. 

(F) 

Fm. 2 

Pseu& Contgtmtion B (C3 HP, Cl 5 Ha, C20 HP or C3 Ha, Cl5 H/?, C20 Ha) (Fig. 2) 

Conformurion BI, like AI and AII, has the plane of the equuroriul R group approxi- 
mately at right angles to the plane of ring D; the ethyl group is also equuroriul. A 
new interaction between the C6 pseudo axid a hydrogen and C21 axial a hydrogen 
arises bccausc of the axial disposition of the C2-C3 bond. An estimarion of this 
interaction is made by a~urning that C21, N4, C5 and C6 approximate a butane 
system. The dihedral angle bctwccn N4-CSC6 and C21 (Ring C half&air) is about 
50” leading to an energy value of 15-I-8 kcal1rnok.s 

’ E. L EM. N. L. Allingcx, S. J. Angyal md G. A. Mom&on, Con/wmrrrbnol Aau/yrf~ p. 9. Inter- 
rciar+, New York (l%S). 
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Interconversion of ring D of BI forms the other chair con@motion BII and places 
both the ethyl and R group in axial positions but relieves the C6H-C2l H interaction 
seen in BI. The axiuf orientation of the R group in BII leads to nonbonded intcr- 
actions between the R group and the uxi& C3 and C2l hydrogcos; moreover these 
interactions cannot be rclicved by rotation. The oxiul disposition of the ethyl group 
leads to interactions between the C5 and Cl9 methylcne hydrogcns which togcthcr 
with the Cl9/Cl4 uxiuf H interactions and CS/C I4 interactions arc assigned a 
dcstabilising energy of about 5.5 kcal/molc (cf. appendix). Thus BII is ur leusr 3.7 
kcal/molc less stable than BI without even considering the destabilization due to the 
uxiuf R group. 

Inversion of the nitrogen atom of BII yields conformution BIII in which the R 
and ethyl groups remain diuxiul as in BII but the C5 interactions of BII arc absent. 
The axial ethyl group can be assigned a nonbonded interaction energy of about 
1.8 kcal/molc so that BIII is at least 3.7 kcal/molc more stable than BII implying 
that BI and BIII may be of comparable energy. However, a choice can be made 
between BI and BIII by consideration of the R group interactions in each conformation. 
The equutoriuf R group in Bl appears to have greater freedom of rotation and less 
nonbonded interactions than the uxiul R group in BII. Although a quantitative 
value cannot be assigned to the energy difference between these two R group con- 
formations, the above qualitative considerations suggest that BI will be the preferred 
conformation present in compounds of the pseudo configuration. 

All0 conflsur~~lon (C,HO. C&pO. s Hoco) 

Cl CP 

MO Conjgururion C (C3 Hz, Cl5 Ha, C20 Hz or C3 H/l, Cl5 H/l, C20 H/3) (Fig. 3) 

The bulky equutoriul R group in conformorion CI probably lies in the plane of the 
pip&dine ring in order to avoid interactions with the uxiuf ethyl group (-AGO = 1.8). 
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Inversion of the nitrogen atom of CI to form confofmurion CII yields new inter- 
actions bctwccn the hydrogens of CS and Cl9 (cf. BII) with a -AG“ of about 55 
kcal/mole. The R and ethyl groups arc in the same relative position as in CI and 
thus CII would be expected to bc less stable than CI by about 3.7 kcal/mole. 

Interconversion of Ring D of CII to form confirmofion CIII places the ethyl 
group in the equuforial position but the uxiaf R group now tumwi&bfy interacts with 
the indole ring, C21 uxiul hydrogens and/or Cl9 methylcnc group. This extremely 
hindered conformation is most unlikely. 

Compounds having the allo configuration would therefore bc expected to exist 
almost entirely in conformation CI. 

Fla 4. 

Epido Configuration D (C3 H/I, Cl 5 Hz, C20 Ha or C3 Ha, Cl5 H/I, C20 HB) (Fig. 4) 

In conformorion DI, the planar equuforiuf R group lies in the piperidine ring plane 
to avoid interacting with the uxial ethyl group (-AC = 18). In addition, there is 
a C6HC21H interaction as in BI which is assigned a value of 15-1.8 kcal/mole. 

Interconversion of the D ring of DI to give conformorion DII relieves the ethyl 
group and C6C21 H interactions but iotroduccs strong interactions bctwccn the 
axfal R group and the C3, C21 ax&l hydrogens and/or Cl9 methylenc hydrogens 
which cannot bc relieved by rotation. The CS mcthylene hydrogen interactions 
analogous to those in AI1 are given a value of 1.7 kcal/mole. 

Inversion of the nitrogen atom of DII yields conformution DIII which is similar 
to DII as regards the orientation of the R and ethyl groups. However. the CS 

‘2 ‘ 
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interactions seen in D11 are absent in DIII, so conformation DIII is more stable than 
DII by about l-7 kcal/mole. 

A decision between DI and DIII is not straightforward lxcause in DI the R group 
is equuroriui and the ethyl group oxiui whereas in DIII the reverse applies. From 
models, it would appear that DI is favoured over DIII as no rotational position of 
the uxiol R group in DIII is free from strong interactions. 

Physical criteria/or dferent conforrnatiom 

The section above suggests that each con6guration exists mainly in one preferred 
conformation (Table I). The following section will show that a unique set of physical 
criteria based on IR, NMR, ORD and CD measurements can be deduced for the 
preferred conformation of each configuration. 

Configuration Confomution C3H 
Subltitucnt 

Cl5 R Group CT20 Ethyl 

In/rord correlations 

Wenkert and Roychaudhuri (1956)’ indicated that in compounds of type I the 
conjpwation of the C3H relative to the nitrogen lone pair can be determined from 
infrared spectra (solution or disc). o Rosen (l%l)* pointed out that the IR differences 
seen, reflected changes in the confirmtion at C3 rather than changes in the con- 
jigurution and modified the rule as follows: “All compounds possessing in their 
stable conformations aria1 hydrogens at C-3 exhibit two or more peaks or distinct 
shoulders between 2700-2900 cm-l (at least one of which absorbs below 2800 cm-‘) 
on the low wave number side of the major (ca 2900cm-1) band, whereas those 
containing eqwtorial hydrogen8 at C-3 do not.” He stressed that secure assignment 
at C3 by IR requires the existence of the compound in substantially one conformation 
and that the relationship between conformation and configuration must be known. 

Rosen noted his rule was an application of the IR correlation of Bohlmann 
(1957)’ which states that a prominent band at 2800-2700 cm-r occurs in the IR spectra 
of tronr-fused quinolitidines in which the nitrogen lone pair is trm to at least two 
axial hydrogen8 on adjacent carbons. However, Rosen’s modification is too rigid as 
it implies that bands would be seen for AH, 811, Cl1 and DII (assuming they are the 
preferred conformations) as they have an axial hydrogen at C3. No IR bands would 
be seen in these conformations, however, as the C3H is CL to the nitrogen lone pair 
so that only one adjacent hydrogen is tmu diar&al to the lone pair. Both II and III 

@ E. Wenkat and D. Roychaudhuri, /. Am. Chcm. Sot. 78,417 (19X). 
T F. Bohlmann. Aqew. Chem. 69,641 (1957). 
a E. Wcnkat and D. K. Roychaudhuri, 1. Amrr. Chem. Sot. SO,1613 (1958). 
* W. E. Rosn, ~efrcrhdron f.dfWJ 481 (l%t). 
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conformation) have an axial hydrogen 
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at a but do not show IR 

II” III” 

A more general rule would therefore read: alkaloids of the quinoiizidinetypc 
possessing, in their preferred conformation(s), the C3H and at least one more adjacent 
CH rrcuu diuxiul to the nitrogen lone pair will exhibit complex IR bands between 
2700-2900 cm-l, one or more of which absorb below 2800 cm-‘, while those alkaloids 
possessing, in their preferred conformation(s) the C3H cis to the nitrogen lone pair 
will not. 

T~lue 2. hl!LKllON OF PHYSCAL cON!SW&tpNCZS Or THE CONRXMATIOM 09 CORYNANTHFIDIM- 

TY?E -I 

C3 H WON C3 H CL NMR multipkt Cl8 NMR triplet 
Configuration IR bands below 3.8 d-bandwidth resolution ORD/CD 

----- - _ -. -~-- 

Normal 

*AI + - - poor A 

AII - + 14cls ## 
AI11 __ t 8 c/s K #Z 

PSU& 

l BI - 7 * 8 c/s poor B 
BII - + 14~1s poor ## 
BIII i- - - fair ## 

AIlo 

l CX + - - fair A 
CII - + 14cls poor *# 
CIII - i 8 c/r poor 2* 

Epialfo 

l DI - + 84s fair B 
DII - + 14cls poor ## 
DIII + - - poor f# 

l Prefamxl Conformation 
+Raent 
- Not prwa~t 
A 0 + or - (B is the opposite sign) 
f: # Not predicted 

I’ T. hi. Moynchas K. SchoBeId R. A. Y. Jones and A. R. Katritiy. J. Chm. Sot. 2637 (1%2). 
*’ M. Uskokovic. H. Brudcrer. C. von Planta. T. Williams and A. Brossl. 1. Amer. Chcm. Sot. 86.3364 

(I96Q). 
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Thus, in compounds of corynantheidine type-l one expects C3H IR bands for 
the preferred conformation of the normol AI and olfo Cl configurations but not for 
the preferred conformation of the pseudo BI and epiullo DI configurations (Table 2). 

Nuclear magnetic resonance correlations 

The differences in the IR spectra seen above are related to the orientation of the 
nitrogen lone pair to the adjacent hydrogen atoms. Differences in orientation are 
also reflected in the chemical shift of the C3H proton thus permitting an independent 
determination of the C3H configuration. l* The criterion used is that the NMR signal 
of the C3H cis to the nitrogen lone pair (whether oxiaf or equatori& in quinolizidine 
type compounds will appear downfield relative to that ofthe rranrC3H orientation.” -is 

Thus, the preferred conformation of the pseudo (Bl) and epiullo (DI) configuration 
should show a downfield (i.e. below 3.8 ppm)” one-proton multiplet with a bandwidth 
of about 8 CPP.~’ since both have the equurorful C3H ci.r to the nitrogen lone pair, 
while in the preferred conformation of the normal (AI) and o/lo (Cl) configurations, 
such a one-proton C3H NMR multiplet will not be seen. 

A new conformational criterion found in the NMR spectrum arises from the 
relationship and proximity of the nitrogen lone pair to the methylene protons of 
the C20 ethyl group. In certain conformations (AIII, BIII, Cl, Dl) the lone pair is 
in a ci.r I,3 diaxiul relationship to the C2OC19 bond (2.8 A from the Cl9 carbon 
atom) while in the remaining conformations the C2O-Cl9 bond is directed away 
from the nitrogen lone pair. It might be expected that a chemical shift difference 
between the Cl9 methylene hydrogens in the two conformational sets would exist 
because of their difference in orientation relative to the nitrogen lone pair. Moynehan 
er 01.‘~ showed that the two possible 3-methyl quinolizidines exist mainly in the fruns 

IV V 

fused ring conformation with the axial methyl protons in IV deshielded by O-26 ppm 
relative to the equutoriaf methyl protons in V. 

The Cl9 methylene protons in AIII, Bill, Cl and DI may thus be expected to 
be deshielded by the nitrogen lone pair, other things being equal.* but this cffcct 
would not be expected to be seen in the chemical shift of the Cl9 methylene protons 
as their signals are overlapped by those of the ring protons. However a difference 
would be expected in the degree of resolution of the triplet signal of the Ci8 methyl 
protons as it arises from the spin coupling of the Cl9 and Cl8 hydrogens. Anet16 
has pintcd out that the triplet signal of the methyl protons of an ethyl group will 

l The shielding efTart of the R group double bond on the Cl9 mcthylenc protot~ appears to be 
similar in all conformations. 

I* W. E. Rosen and J. N. Shoolay. J. Amrr. C&m. Sot. 83.4816 (1961). 
I8 E. Wcnkcrt, B. Wickbcrg and C. L. Lcicht. /. Amer. Chcm. Sot. 83, 5037 (1961). 
lb A. C. Huitric, J. B. CM, W. F. Traga and B. J. Nist. Tetralvdron 19.2145 (1963). 
*‘ F. A. L. Anet. Coned. 1. Gem. 39, 2262 (1961). 
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be well resolved only when a significant chemical shift exists between the signals of 
the methyl and methylene protons; moreover, the mcthylene protons must be 
chemically shifted from the other protons to which they are coupled. The Cl9 
methyl signals in I would be expected to appear as a relatively wide and shapeless 
band if the ratio between the chemical shift difference and J constant (A*/4 of the 
methyl and methylene protons in the ethyl group is much less than six. In this case, 
higher order effects lead to distortion of intensities (slanring of methyl bands toward 
methylene proton signals) and extra peaks till in the usual methyl triplet pattern.“’ 
When the C20 ethyl group is cis 1.3 diuxiul to the nitrogen lone pair (CI, DI) some 
increased resolution of the CH, is expected due to the deshielding of the Cl9 methylene 
protons by the nitrogen lone pair leading to a larger value of AP/J. 

Thus, a better resolved methyl triplet is expected from the preferred conformation 
of the ullo CI or epiullo DI configuration than from the preferred conformation of the 
normul AI or pseudo BI configuration (Table 2) and this is shown experimentally.’ 

Opticul rotutory dispersion und circular dichroism considerutions 

For the purposes of ORD and CD, if one assumes that, in nature, compounds 
exist in only one enantiomorphic form, I7 at least in the same species, only one natural 
compound is possible for each configuration. On this assumption, the preferred 
conformations of the nor&AI and ~110 CI configurations will have the same absolute 
geometry around the asymmetric C3 while the absolute geometry of the C3 in the 
preferred conformation of thepse4o BI and epiulfo DI configurations will be opposite. 
If the indole portion of the molecule gives rise to an observable optically active 
transition, it is reasonable to assume that the sign of the Cotton effect will be governed 
by the geometry of the nearest asymmetric centre viz C3. This being the case, the 
normuf AI and ullo CI compounds should have the same sign (e.g. A) while the 
pseudo BI and epiullo DI compounds should have the opposite sign (e.g. B) in 
the ORD/CD curves; this is also shown experimentally.’ 

Determinution of the conjgururion and conform&ion of cor)*nuntheidine-type ulkuloids 
from physical dota 

If one has a compound of type I of known configuration, the preferred conformation 
can be readily determined by use of physical measurements as indicated in Table 2. 
If one assumes that the preferred conformation of each configuration is the one 
given by this analysis (experimental evidence which validates this premise is given in 
the following paper’), then any corynantheidine-type compound (including indole ring 
substitution) can be assigned its correct configuration utilizing IR and NMR data 
(Table 2). Furthermore, use of compounds of known absolute configuration as 
models for the ORD/CD measurements’ permits assignment of an absolute con- 
figuration to the unknown compound. 

APPENDIX 

ErGmarion 01 the no&m&d in:eracUotu In conform:ions of type 1 compounds 

Drkding models were cons~ructcd for uch of the twelve confomtions annlysed. An estimation 
of the conformational free energy difference between the possibk orientations (axial or cquaroria1) of 

” R. A. Bibk Jr, fnrcrprerafion of NMR Spccrra p. 101 ff. Pknum Prus, New York (1%5). 
I’ E. Wenkert nnd N. V. Bringi, /. Amer. Clrrm. Sot. 81, 1474 (1959). 
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pip&dine ring D substitucnts (G and N-substituted) is made by drawing an analogy to thoaxruspond- 
ingly substituted cyclohexaoe. Allinger, Carpenter and Karkowski” showed that the axial methyl 
on nitrogen in N-methylpiperidine has a conformational enthalpy similar to that of the erial methyl 
of methylcyclohaane. Also an uxlol hydrogen 00 the nitrogen in pipaidine is only slightly less 
favourabk than the corrapondiog cgvclrorkrl hydrogen, indicating that the nitrogar low pair and 
hydrogen atom am of comparabk sizc.i@ Cben and La Fevrci’ have also shown that the principle 
of conformatiotlaI analysis as applied to cydohexane systems can be carried over to six-membered 
uturatcd rings contain nitrogen.” 

Even though the transposition of -AG” values obtained from simple cyclohexane systems to 
alkaloids is quationabk as far as quantitative aspects are concerned. the values are probably not so 
different as to result in the wrong conformation being chosen. The use of such values allows a semi- 
quantitative framew ork to be established in which conformational choices can bo made whereas on 
the bnsis of strictly qualitative arguments such wbccions would be far leas saure. 

Thus the energy diIfk?pce between an ethyl group in an oral venu an equator&f position in ring 
D (AIII, BIII, CI, DI) can be reasonably cyproximared by the -AG” vaka (1.8 kcal/mok) deduced’ 
for ethyl cycloluxmcc. In those asca whcrc tbc N-CS bond is in an uxlol orientation. so that the CS 
protons intetact with the Cl4 and C20 uxti hydrogen, e.g. in (AIL DII), an atimation of -AG” is 
obtained from the -AG” value dc.dua+ for methylcyclohexane (1.7 kcal/mok). Conformations 
where the NC5 bond is in a cLr_1,3-&xti relationship to the Cl9-20 bond (BII, CII) are assigned 
a -AP of about 5.5 kcal/mole in analogy to the -AG” dduaP for c&1.3 dimethyl cyclohexane 
in the dlaxti conformation. 

A preferred conformation for the CIS R group is d&rmixd by inspoztion of models and a 
qualitative estfmarh is made for the nonbonded intaactio~ of the R groups when no rotational 
position is free from strong interactions (AIII, CIII). Thougb no quantitative value could be assigned 
to there interactions it scaned reasonable from inspation to aasutne thatthcsumtotalofRgroup 
intaractions in thae cases is grater than the rum total of al1 the above mndoaed intmaion8 in the 
most rtable of the ranaining conformations of that configuration. 

,f&now/c+ne~~.M.L. was rupported by US Public Huhh savka FalIowship 2-FZ-GM-19. 
473-03 from the National htihrtc of Ckneral Medical Sckncu and W.P.T. by US Public H&h 
Servioc Fellowship l-FZ-GM-18,507~1 from the National Institute of ti Medial Sckncxs. 
We thank R. Brown for the tlgura which were prepared from photographs of Drkding models. 

” N. L. AIlinga, J. G. D. Carpenter and F. M. Korkowski, 1. Amer. Ckm. Sot. 67.1232 (196s). 
i* C. Y. Chen and R. J. W. LQ Fevre, Tel&&on Lrfrerr 4057 (1965). 
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