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Abstract-E/F-Indolizidine steroids, which represent a structural unit of Solanum alkaloids, have been 
synthesizedandusedtoevaluatecriteria(IR-Boh1mannbands,‘“~’-hydrogenbond:“NMR,“~’ mass 
spectra,‘kinetic studies of quatemization with methyl iodide,‘- b oxidation with mercuric acetate’) forthe 
determination of the stereochemistry of these systems. It was found that the most reliable method is the 
measurementoftherateconstantsofquatemizationofthebridgeheadnitrogenwithmethyliodide. 

As reported previously,‘+r steroids having an in- 
dolizidine system attached to ring D can be obtained 
readily by intramolecular cyclization through high- 
pressure catalytic hydrogenation. By introduction of 
an additional Me group in ring F, a partially stabilized 
or biased model of the related Solanum alkaloids is 
obtained. This stabilization of the indolizidine sys- 
tem, which is conformationally unstable because of 
the inversion of the lone pair on the bridgehead N 
atom, results from the presence of the rest of the 
steroid molecule. 

These model substances were synthesized in a 
simple, two-stage reaction involving, as the first step, 
Claisen-Schmidt condensation of estrone methyl 
ether and 6 - methyl - pyridine - 2 - aIdehyde,?“-’ and, 
as the second step, intramolecularcyclization by high 
pressurecatalytic hydrogenationof theresultingpro- 
duct, 17- keto- 16-(6-methyl-2-picolinylidene)-3 - 
methoxyestra - 1,3,5(10) - triene. 

From the resulting mixture, three new isomeric 
mono-methyl indolizidine steroids were easily iso- 
lated by chromatography on a silica-gel column: 
5’,6’ ,7’ ,8’-tetrahydro - tetrahydro - 2’ a H - 3’ a H - 9’ 
a - 3 - methoxyestra - 1,3,5( 10) - trieno[ 17,16 - b] - 5’ 
p - methylindolizidine (I), 5’,6’,7’,8’ - tetrahydro - 
2’aH - 3’aH - 9’aH - 3 - methoxyestra - 1,3,5(10) - 
trieno[l7,16 - b] - S’a - methylindolizine (2) and 
5’,6’,7’,8’ - tetrahydro - 2’aH - 3’aH - Y/3H - 3 - 
methoxyestra - 1,3,5(10) - trieno[l7,16 - b] - 5’ - 
methylindolizine (3 or 4b). 

Assignments of the configurations and conforma- 
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tThe main reaction product was a crystalline trans- 
compoundobtained in 62.5%yield; the cis-isomer was also 
isolated as oil, by chromatography of the mixture on a 
silica-gel column, in co 9% yield7d (cis-truns- 
stereoisomerismisassignedrelativetotheC-lSMegroup). 

tionsinringsEandFwerededucedonthebasisof: 

(a) Bohlmann bands in IR spectra, 
(b) Measurement of therateconstants of quaterni- 

zation with methyl iodide, 
(c) NMR and 
(d) Mass spectra. 

Theoretical considerations, based on differences 
in the configurations at positions C-5’ and C-9’. 
predict four 16u-H, 17a-H isomers: two belonging 
to the 9’a -H series (S’a -Me and S’j3 -Me) and two in 
9’j3-H series (S’a-Me and Y&Me). (We have as- 
signed the a-H configuration at C-16and C-17 on the 
grounds that the hydrogenation of steroids with 
Pd/C as the catalyst generally occurs from the less 
hindered a-side of the molecule; it has been shown 
previously that this assumption is correct70-d). 
Dreiding models show that one of those four isomers 
(9’/3-H,5’/3-CH,) is difficult to form with E/F rings 
tram fused because of steric hindrance (proximity 
of the C-18 and C-5’ Me groups in which Van der 
Waals radii overlap). 

AccordingtoDreidingmodklsofthepossibleisom- 
ers, rings E and F belonging to the !?a-H series may 
befusedonly trans (acis-ringjunctioninthisseriesis 
sterically unlikely because of the strong interactions 
between ring F and the steroid part of the molecule). 
Hence, they represent biased models for the trans- 
indolizidine system. (Elie19 used the term “biased” to 
depict systems like tert-butylcyclohexane; “fixed” 
cyclohexane systems are found, for example, in 
trans -decalin. Our systems 1 and 2 could be regarded 
as “biased” models would be related, for example, to 
those synthesized by Johnson et al.,‘” namely t,t- 
hexahydrojulolidine: 

B 
t,t-Hexahydrojulolidine 
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However, Dreiding models of the Y/3-H isomer 3 
do not reveal any unfavored interactions either in 
the tram- or in the cis-E/F ring junction conforma- 
tion. It is reasonable, therefore, that both conforma- 
tions exist in solution in rapid equilibrium and 
interconvert by inversion of the lone electron pair on 
the bridgehead nitrogen. 

Dreiding models of the possible isomers and 
conformers (Fig 1) also show a very important fact, 
namely that the electron pair on the N atom in the 
Y/3-Hisomersisless hindered,regardlessof whether 
trans or cis conformations predominate. The tram 
conformer would be expected to be more basic than 
the cis, but the cis conformers should be more basic 
than either isomer belonging to the 9’a-H series, 
which represent, as we have seen, stable systems, 
although they have bridgehead nitrogen. Hence, the 
Y/SH isomer should be the most basic among three 

*M. Shamma and J. Moss Richey’b investigated the 
stereochemistry of the heterojohimbine alkaloids and 
found that the kinetics for the formation of the methicdide 
salts reflected the degree of steric hindrance at the 
bridgehead nitrogen. 

\&Ti$ 
CH,O ’ 
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isolated isomers. On the assumption that the more 
basic isomer would react more rapidly with methyl 
iodide in a quaternization process,* we are able to 
assign the configurations to the isomeric indolizidine 
steroids that were isolated. 

The experimentally obtained rate constants (Table 
1) for the quatemization process with methyl iodide 
of the compounds I,2 and 3 or 4b are in the ratio 
140: 1.34: 5.16. The data indicate therefore that the 
Y/3-H configuration corresponds to compound 3 (or 
4b). Compounds 1 and 2 should thus belong to the 
!+“a-H series. 

Table 1. Rate constants 
(min-‘) for the quatemiza- 
Iion process with methyl 

iodideat 250” 

Compound k 

2 O-00221 
2 00XZ95 

3 (or 4b) 0.0114 
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4a 4b 

Fig 1. Configurations and conformations of possible 
isomeric indolizidine steroids 1,2,3, and 4. 

We assign the /3-configuration to the S-Me group 
(equatorial orientation) in compound 1. It would be 
expected to react more slowly than 2 because its lone 
pair on the bridgehead nitrogen is more hindered 
compared with the latter which, in turn, is more basic 
becauseoftheaxialorientationoftheS’-Megroup. 

The Bohlmann bands in IR spectra, and the NMR 
spectra also fit the proposed structures. 

Compounds 1 and 2 exhibit Bohlmann bands in the 
IR spectra,‘“-’ but compound 3 or 4b does not. 
(Bohlmann bands represent complex absorption in 
the 34-3-7 p (2700-2950 cm-‘) region and appear in 
quinolizidine’“-’ and indolizidine2’ systems having at 
least two H atoms a to the nitrogen, which are in a 
truns diaxial relationship to the lone pair on 
nitrogen). Bohlmann bands in IR spectrum of 
compound 1 may be explained by the presence of 
three H atoms which fulfill Bohlmann conditions 
(9”a-H, 17a-HandSa-H),andincompound2bythe 
presence of two corresponding H atoms @‘a-H and 
17a-H). The lack of Bohlmann bands* in the IR 
spectrum of compound 3 (or 4b) reflects the cis 
junction of rings E and F. By contrast, the trans 
conformation of 3 fulfills the Bohlmann criteria.? 

*In some cases the low intensity of these bands makes 
the method less reliable.” 

tOne exception to Bohlmann’s rule is found, namely one 
of the two isomeric 4methylquinolizidines exhibit Bohl- 
mann bands, but the second does not, although both 
systems are trarrs-fused and fulfill the Bohlmann condi- 
tions. Moynehan etal.“attempted toexplaintheabsenceof 
Bohlmann bands by a cis -ring junction in thecorresponding 
isomer on the basis of an NMR analysis of 4- 
methylquinolizidine, as well as its methicdide salt. That this 
interpretation is incorrect was shown by Johnson et af.‘” by 
thekineticmethodof quaternizationwithmethyliodide. 

The NMR spectra of the isolated isomers also 
support the cis junction of rings E and Fin compound 
3 (or 4b). They are also in agreement with the 
conclusion that compounds 1 and 2 both belong to the 
same @‘(r-H) series. Thus, the position of the signals 
for the C- 18 Me group in NMR spectra of compounds 
I and 2 are exactly the same (6 0.783) and indicate 
that these compounds belong to the same series. On 
the other hand the signal for C-18 Me group in 3 falls 
upfield at 6 0.72. In the 8 14-l 62 region in NMR 
spectrum of 1 there is a split signal corresponding to 6 
protons. This signal appears to be due to the protons 
in ring F adjacent to the C-6’) C-7’ and C-8’ atoms, and 
the splitting of this signal indicates that the system 
having these protons is conformationally fixed. By 
contrast, the flexible cis junction of rings E and Fin 3 
(or 4b) causes an unsplit signal at 6 l-27-1 44 for the 
corresponding protons, thus indicating a flexible 
system. 

We suggest that caution should be exercised in the 
use of NMR results in assignment of stereochemistry 
on bridgehead nitrogen systems. Moynehan’s exam- 
ple” proves this, as well as many others, in which 
NMR method is not very useful because of many 
complicating factors.3’-’ 

The mass spectra of compounds 1,2 and 3 (or 4b) 
are very similar. The only difference is seen in the 
relative abundance of the corresponding peaks. They 
show the same molecular weight (379) corresponding 
to the same molecular formula &H,,ON, and the 
same base peak at 150 mass units indicating that the 
fragmentation path is very similar to those of 
solanidine’ (a-cleavage). 

Other possible methods for the determination of 
the stereochemistry on bridgehead nitrogen are the 
measurements of pK,, values,5b the oxidation reac- 
tion with mercuric acetate,6 Aaron’s IR method?* 
Grob’s kinetic method,” and Eschenmoser’s kinetic 
interconversion method.‘2”-d 

The differences in PK. values are not significant 
enough in systems with similar basicity. Also, some 
systems fail to react with mercuric acetatebecause of 
the steric hindrance of the bridgehead hydrogen 
rather than because of the unfavorable cis ring 
junction. Aaron’s IR method is applicable only in 
systemshavingOHgroup.Grob’skineticmethodcan 
be applied only to esters of a-amino-ketoximes. Es- 
chenmoser’s method deals with systems having a 
high energetic barrier for inversion of the lone pair on 
the N atom, thus permitting isolation of the 
corresponding isomers at the room temperature. 

It appears therefore that the method of determin- 
ing the rate constants for quatemization with methyl 
iodide is the most reliable one, because it gives, 
especially in our case, more information about diff er- 
ence in configuration than the other methods. Also, 
this method permits the distinction between 1 and 2, 
which is not possible using Bohlmann’s method. 

Finally, it can be pointed out that the stereochemi- 
cal considerations concerning the indolizidine sys- 
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