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Stereochemistry of Reduction of the 24,25=Double Bond in the Biosynthe- 
sis of Tigogenin in Digitalis lanata 
By Luigi Canonica. Fiamma Ronchetti, and Giovanni Russo,' lstituto di Chimica Organica dell'Universit8 

In tigogenin [ ( 2 5 4  -5cr-spirostan-3P-ol] biosynthesized in Digitalis lanata a 4-pro-R-proton of mevalonic acid 
occupies the 24-pro-S-position, which indicates that reduction of AZ4-biosynthetic intermediates occurs with 
trans-stereochemistry. 

degli Studi di Milano, Via Saldini, 50, Milan, Italy 

THE stereochemistry of the reduction of the 24,25- 
double bond of lanosterol or other similar AS-precursors 
during the biosynthesis of cholesterol has recently been 
reported to be ' cis ' in rat liver homogenates. 

As cholesterol is a key intermediate in the formation of 
many steroidal components of plants, we decided to 
examine the reduction of the 24,25-double bond of 
cholesterol precursors in the biosynthesis of tigogegin 
[(25R)-5ac-spirostan-3p-ol] in Digitalis Zanata.2 

The biosynthesis of tigogenin (I), is known to proceed 
according to the pathway: lanosterol (or cyclo- 
artenol) + cholesterol tigogenin (I), and this 

HO L J Y  
scheme necessarily involves, whatever the triterpenoid 
precursor may be, the reduction of the 24,25-double 

chemistry of this reduction offers two main advantages : 
(i) the situation a t  C-25 could be inferred from published 
data; and (ii) the hydrogen atoms at  C-24, one intro- 
duced during the reduction and the other one already 
prexnt in the unsaturated intermediate, belong to a 
rigid system (ring F) and could be distinguished by simple 
chemical methods. 

As far as the stereochemistry of the reduction at  C-25 
is concerned, the geometry * of the 24,25-double bond of 
AS-precursors is represented in Scheme 1, in which the 
heavy dot indicates a carbon atom derived from C-2, 
and the heavy triangle indicates a carbon atom derived 
from C-3' of mevalonic acid (MVA). 

Tamm et aL5 showed that in the biosynthesis of 
tigogenin in Digitalis lanata the methyl group which is 
oxidized to -CH,O- comes from C-3' of MVA. This, 
coupled with the R configuration at  C-25 of tigogeninJ6 
means that the hydrogen atom at  C-25 entered from the 
top-side (Scheme 1). 

Our approach to determining the stereochemistry of 
the introduction of hydrogen a t  C-24 was based on the 
use of (4R)-[4-3H]MVA, which is expected to give rise 
to a hM-intermediate (11) of tigogenin in which a tritium 
atom is located a t  C-24. 
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bond, i .e .  the introduction of two hydrogen atoms, one 
at C-24 and the other at C-25. 

The choice of tigogenin for the study of the stereo- 
M. Galli Kienle, R. K. Varma, L. J. Mulheirn, B. Yagen, 
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Attack of the hydrogen a t  C-24 on the si-face would 
produce the 24R-configuration (111) corresponding to a 
tigogenin (IV) in which the tritium atom at C-24 is 
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axial; * vice-versa, attack on the ye-face would produce 
the 24S-configuration (V), corresponding to a tigogenin 
with an equatorial tritium at  C-24 (VI). 

Consequently, the stereochemistry at  C-24, and thence 
that of the whole reduction of the 24,25-double bond, 
could be inferred by determining the orientation of the 
tritium on that carbon. )p v 

(Y11) \ 
To solve this problem we used the dehydrobromination 

of the (23R)-bromo-derivative (1’11) with ButOK in 

However, it was first necessaq- to ascertain whether 
the dehydrobromination of the (23R)-bromo-derivative 
was really an antiperiplanar process ; more exactly, 
whatever the spatial arrangement of the atoms involved 
in the transition state might be, it was necessary to 
verify that the eliminated hydrogen atom is that one 
tram to the bromine in the ground state (Ha). 

For this preliminary control we decided to dehydro- 
brominate the (23R)-bromo-derivatives (IX) and (XIV) 
containing a deuterium atom in the 24-equatorial or 
24-axial position, respectively. These two compounds 
were synthesized according to Scheme 2, using pro- 
cedures described by Faul et aL8 on undeuteriated 
compounds : bromination with fast quenching of 
(24S,25R)-24,25-dideuterio-5a-spirost an (VII I) yielded 
an equimolecular mixture of (23R,24R,25R)- (IX) and 

’. , H  

SCHEME 2 

Me,SO at room temperature, which was expected to 
proceed in an antiperiplanar fashion with consequent 
selective loss of the 24-axial hydrogen. 

* The equivalence between the 24R-configuration (111) and 
axial orientation of the 24-tritium atom in [24-3H]tigogenin (IV) 

{ i!? ( a  I 

is based on thc assigiinient to ring F of sapogenins of the chair 
conformation (a)  on the basis of steric arguments and of X- 
ray and n.m.r. data.7b 

(23S,24R,26R)-23-bromo-;24,25-dideuterio-5a-spirostan 
(*). 

The fact that (VXII) yields two monobromo-deriva- 
tives, while (25s) -sapogenins afford only one mono- 
bromo-derivati~e,~~ confirms the 25R-configuration of 

The 24S-configuration of (17111)  and the equatorial 
and, respectively, axial orientation of the bromine 

7 (a)  L. F. Fieser and 31. Fieser, ‘ Steroids,’ Reinhold, Kew 
York, 1959, pp. 824-825; (b) R. K. Callow, V. H. T. James, 
0. Kennard, J .  E. Page, P.  N. Paton, and L. Riva di Sanseverino, 
J .  Chem. SOC. (C), 1966, 288. 

8 W. H. Faul, 11. Failli, and C. Djerassi, J .  Org. Chem., 1970, 
35, 2573. 
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atoms in (X) and (IX) were confirmed by the 23-H 
signal in the n.m.r. spectra of (X) and (IX); this signal 
appears as a doublet with Jaa 12 Hz in the first case and 
as a doublet with Jea 3 Hz in the second. 

The (23R)-bromo-derivative (IX) was dehydrohalogen- 
ated to (25R)-24,25-dideuterio-5a-spirost-23-ene (XI) 
which was, in turn, isomerized to 24-deuterio-5a-spirost- 
24-ene (XII); the position of the deuterium in the 
above compounds was confirmed by lack of the signal 
due to 24-H and by reduction of the multiplicity of the 
signal of 23-H (which appears as a singlet) in the n.m.r. 
spectrum of compound (XI), and by lack of the 24-H 
signal in that of compound (XII). 

Homogeneous catalytic hydrogenation of (XII) yielded 
the spirostan (XIII) in which the hydrogens introduced 
from the less hindered top-side8 had pushed down the 
deuterium at C-24 to the axial position. Bromination 
of (XIII) afforded the monobromo-derivatives (XIV) 
and (XV) ; the 23-H signal in the n.m.r. spectra of these 
compounds appears as a doublet with Jae = Jee = 3 Hz 
in both cases, and this is in agreement with the axial 
orientation of deuterium at C-24 and the equatorial and, 
respectively, axial orientation of the bromine atoms in 
(XV) and (XIV). 

Dehydrohalogenation of the (23R)-bromo-derivative 
(XIV) occurred with loss of the axial deuterium at C-24 
to yield (XVI); this result, together with the retention 
of the equatorial deuterium during the conversion of 
(IX) into (XI), confirmed that the dehydrobromination 
of the (23R)-bromo-derivative (XIV) occurs with trans- 
stereochemistry . 

(4R)- 
[4-3H,2 14C]MVA (0.1 mCi of 14C; 3H/14C ratio 7-65) was 
administered to five young Digitalis Zanata plants, which 
were harvested after four weeks. The biosynthesized 
tigogenin (XVII) was isolated, purified, and, after 
dilution with carrier material, crystallized to constant 
specific activity (see the Table) : its 3H/14C ratio (3.05) 
showed the presence of two tritium atoms in the 
molecule (7.65 x $ = 3.06). 

Since cholesterol biosynthesized from (4R)-[4-3H] MVA 
in rat liver homogenates has three tritium atoms, one 
each at C-17, C-20, and C-24,9 and tigogenin biosyn- 
thesized from the same MVA lacks tritium at C-2O,l0 the 
two tritium atoms were assumed to be at C-17 and C-24. 
The presence of tritium at C-24 was essential to our 
approach, and was proved later. 

The doubly labelled tigogenin (XVII) was trans- 
formed, by reduction of the corresponding tosyl ester 
with LiAlH,, into 3-deoxytigogenin (XVIII) ; from the 
latter the corresponding A=-olefin (XXI) was obtained 
as follows: bromination yielded a mixture of the 
bromides (XIX) and (XX), which were separated by 
chromatography. The equatorial (23S)-bromo-deriva- 
tive (XX) could not be dehydrobrominated with ButOK 
in Me2SO-benzene at room temperature, whereas under 

* L. J. Mulheirn and E. Caspi, J. B i d .  Chem., 1971, U, 3948. 
lo A. F. Wickramasinghe, B. P. Burrows, R. K. Sharrna, J.  B. 

We could now start with tracer experiments. 

Greig, and E. Caspi, Phytochemistry, 1969, 8, 1433. 
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the same conditions the axial derivative (XIX) easily 
yielded the A23-olefin (XXI) which exhibited the same 
3H/14C ratio and specific activity as the starting bromide 
(XIX). 

a. c*= 1 :I 

3H/14C= 3.05 
a.c = 1.98:s 

( x 1 I I I I )  R =  H 
R2 

- 
(XIX) R'= H,R2= Br 

a.r.= 2-02:5 
(XX) R'= Br,R2=H 

3H/1CC = 3.09 

(XXII I ~ H I ' L C  = 3.0 
a.r. = 1.96:s 

( X X I Y ) R ~ = H , R ~ B ~  
3W'LC = 3.01 

a.r. = 1.97:5 
IXXY)R'= Br,R2=H 

{ f i !  __f 

Ow111 3HI'LC = 3.04 
a.r. = 1.98:s 

*a.r = Atomic ra t io  
The previously proved loss of the axial hydrogen at 

C-24 during the dehydrohalogenation, together with the 
retention of tritium when this reaction was effected on 
the labelled compound (XIX) showed, provided that a 
tritium atom was located at C-24, that it was equatorial. 

Finally we confirmed the presence of tritium at C-24. 
Our approach was based on the fact that the equatorial 
C-24 hydrogen of (25R)-5a-spirostan is retained during 
the transformations leading to 5a-spirost-24-ene, and 
inverted to the axial position by the catalytic homo- 
geneous hydrogenation, occurring from the p-side 
(Scheme 2). 
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used for the deuteriated sample to yield, after chromato- 
graphy on SO,-Celite (1  : l ) ,  (XIX) (195 mg), (XX) (125 
mg), and a mixture of the two (60 mg). Compound (XIX) 
was repeatedly crystallized from CHCl,-MeOH and counted 
(see the Table). 

Incorporation of (3RS,4R)-[4-3H ; 2-14CIiMVA into tigogenin 
in Digitalis lanata 

'4C specific 
activity x 10-5 
(disint. min-1 

Products mmol-l) 
Tigogenin (XVII) 3.07 
3-Deoxytigogenin (XVIII) 2.98 
(23R. 25R)-23-Bromo-5a- 2-95 

spirostan (XIX) 
(25R) -5a-Spirost-23-ene (XXI) 3-08 
5a-Spirost-24-ene (XXII) 3.10 
3-Deoxytigogenin (XXIII) 3.04 
(23R, 25R)-23-Bromo-6a- 3.06 

(25R)-5a-Spirost-23-ene (XXVI) 3.02 
spirostan (XXIV) 

3H/l'C 
-4ctivity 

ratio 
3.05 
3.07 
3.09 

3-01 
3.0 
3-04 
3.01 

1-75 

(25R)-[17, 24-3H,; 1,7,15, 22,27-14C,]-.5a-Spi~ost-23-ene 
(XXI) .-The bromo-compound (XIX) (185 mg) was 
(dehydrobrominated as for (IX) by using Me,SO-ButOK 
to yield, after chromatography on Si0,-Celite (1 : l ) ,  the 
olefin (XXI) (151 mg), which was crystallized from CHC13- 

MeOH to constant specific activity and counted (see the 
Table). 

(XXII).-The olefin (XXI) (151 mg) was isomerized as for 
(XI) to give (SXII) (105 mg) which was crystallized from 
CHCl,-R!ieOH and counted (see the Table). 

(XXIII).-The 24-ene (XXII) (105 mg) was hydrogenated 
on Wilkinson's catalyst as for (XII) to yield (XXIII) 
(103 mg) which was crystallized from CHC1,-MeOH and 
counted (see the Table). 

(23R,24S,25R)- (XXIV) and (23S,24S,25R)-23-Bropno- 
[ 17,24-3H,; 1,7, 15,22,27-14C,]-5a-sfii~ostan (XXV) .-The 
spirostan (XXIII) (103 mg) was brominated by the pro- 
cedure previously described to yield (XXIV) (40 mg) 
(crystallized and counted), (XXV) (25 mg), and a mixture 

(25R)-[l'i-3H; 1,7, 15,22,27-14C5]-5a-Spivost-23-ene (XXVI). 
-The bromo-compound (XXIV) (40 mg) was dehydro- 
brominated as for (IX) to yield (XXVI) (31 mg) (crystallized 
and counted, see Table). 

We thank Professor G. Severini Ricca for the n.ni.r. 
spectra, and SIMES S.p.A. for growing the plants. 

(25R)-[ 17, 24-3H,; 1,7, 15,22,27-14C,]-5cc-S@~ost-24-ene 

(24R, 25R)-[ 17, 24-,H,; 1,7,15,22, 27-14C,]-5a--S~irostan 

(10 mg). 
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