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Abstract: From the amount of deuterium incorporated during the reduction of cathenamine to 
tetrahydroalstonine, the enamine and immonium ion form of cathenamine was de 

s 
nstrated. The 

two forms could be interconverted depending on the presence or absence of SO, . 

Cathenamine (3a) has been identified as a key intermediate' in the biosynthetic formation 

of ~noterpene indole alkaloids like aj~licine (4), 19-epi-ajmalicine (5) and tetrahydroalsto- 

nine (6) from tryptamine (1) and secologanin (2). 

For the biosynthetic reduction of (3a) to the heteroyohimbine derivatives (4-6) an equi- 

librium between the enamine (3a) and the immonium ion (3b) form has been postulated'. 

In a TLC solvent system such as petroleum ether (30-60*)-acetone-diethylamine (70:20:10) 

(on Sil G/UV254, Macherey-Nagel, Co.,) (3a) had a RF of 0.5. However when [14C]-(3a) was iso- 

lated and rechromatographed in the same TLC system considerable radioactivity, up to 25% of 

the applied ['4C]-(3a) migrated with an RF considerably higher. Similarly when enzyme incuba- 

tion mixtures of RauwaZfia uerticiZtata cell cultures using [1-14~] (1) and (2) as substrates 

were chromatographed in the TLC system above, besides other radioactive products, two radio- 

active substances which behaved like ['4C]-cathenamine2 migrated with an RF of 0.5 and 0.8, 

respectively. In the latter case the distribution of radioactivity varied between 70-90% 

slower migrating and lo-30% faster migrating material. Mass spectral analysis of the two com- 

pounds gave identical fragmentation pattern and agreed with the spectra reported previously for 

(3a)lp314. Since an equilibrium between the enamine form (3a) and the immonium ion form (3b) 

of cathenamine could have been a possible explanation for the apparent interconversion describe{ 

above, attempts were made to test this interconversion through deuterium incorporation as shown 

in the scheme. 

Radioactive (3a) was prepared and purified as described previously2. Treatment with a 

divalent anion as for instance SOi2 caused an increased formation of the faster migrating form. 

Typical values were 58%-69% of RF 0.8 compound depending on the cation associated with SO,? 

(Table I). Incubation of (3a) with H20, Cl- or POi3 buffer gave the usual ratio of slower 

to faster migrating compound of about 3:l. 

* 
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Table I. The Formation of (3b) from Cathenamine (3a) in the Presence of Different Ions 

Addition (3a) (3b) 

Na2HP04 75.7 24.3 

NaCl 73.7 27.3 

Na2S.04 41.5 58.5 

MnSO4 38.6 61.4 

MgSO4 35.6 64.4 

FeS04 32.5 66.7 

cuso4 31 .2 68.8 

[14C]-cathenamine (20 nanomol, 18000 cpm) in 0.02 ml 

methanol and 0.05 ml of 1M K2HP04-KH2P04, pH 7.0, was 

incubated for 30 min. at 30°C with or without 5 micromof 

of the salts indicated, total volume 0.17 ml. 

To identify the two forms of 

incubation A, (3a) (0.34 mfcromol 

K2HP04-KH2P04 in D20 (pH 7.0) and 

cathenamine the following incubations were carried out. In 

fn 0.02 ml acetonitrile) was incubated in 0.04 ml of 1M 

0.1 ml D20. After 2 hrs at 30°C an excess of NaBD4 was added. 

incubation B contained 0.34 mic~~l of f3a) in 0.02 ml acetonftrile, 0.05 ml 1M K2HP~4-KH2~4 

(H20), pH 7.0, and 5 micromol of (0.1 ml) CuS04. After 2 hrs at 30" the reaction mixture was 

applied to a TLC plate and developed in CHC13-MeOH (100:2) with (3a) as standard. The fluores- 

cent zone migrating slightly faster than (3a) was eluted, concentrated, taken up in 0.02 ml of 

acetonitrile and incubated with 0.05 ml of TM K2HP04-KH2~4 in D20 (pH 7.0) and 0.1 ml D20. 

After 10 min at 30° an excess of Na8D4 was added. Both incubations were extracted with 4 x 2 

volumes of ethylacetate and the product of the reduction, tetrahydroalstonine (6a and 6b)3*4 

purified through TLC (ethylacetate-ether-hexane, 20:20:8) and analyzed for deuterium by mass 

spectrometry (Varian MAT 111, 80 EV). The deuterium content of the two samples was calculated5 

from the molecular ions. Table II clearly showed that tetrahydroalstonine (6a) obtained from 

incubation A contained mainly molecules with 2 deuterium atoms, as expected when (3a) is reduced 

to tetrahydroa~stonine (6a) (confirmed by earlier observations6). However, when (3a) was first 

treated with SOi in H20 to yield (3b) and then reduced with NaBD4 in D20 to tetrahydroalstonine 

(6b) a large excess of molecules contained only one deuterium atom (Table II). 



Table II. The Amount of Deuterium in Tetrahydroalstonine (6a and 6b) upon Reduction of 

Cathenamine Forms (3a and 3b) with NaBD4 in D20 Before and After Treatment 

with SO;'. 

Incubation* 

Unlabeled 

Mole % Deuterium 

1-D Z-D 

A (6a) 8.5 15.8 75.8 

B (6b) 35.4 50.3 14.3 

* 
For experimental details see text. 

From the characteristic fragment at m/e 1847 of the unlabeled species and the abundance of 

the fragment at m/e 185 in both the singly and the doubly labeled species it was clear that the 

deuterium in the singly labeled species was incorporated at position 21 of (3b). 

The results are in agreement with the postulation' that cathenamine can exist as an enamine 

(3a) or as an immonium ion (3b), and that the two forms are interconvertible. 

It can be argued that the biosynthetic reductive production of (4) and (6) proceeds out of 

the equilibrium of (3a) and (3b), while opening of ring E of (3a,b) and subsequent stereochemical 

rearrangement of C-19 prior to ring closure and reduction could lead to (5). 
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