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Abstract - On the basis of catalytic deuteratlon of cyclical 
and a -aminoketones in I-2A XX/I)2 or H2, la the presence of 
ptop it ie assumed that the mechanism of heterogenoae catalysis 
for both classes of compounds is ionic in character, and that 
the reaction takes place in the electrical double layer at the 
interface of solid and liquid. As a consequence of the redaction, 
two deuteriuma (or hydrogen8 if FE1 is used) from the reduction 
medium are introduced into the molecule, the catalyet only faci- 
litating and not participating in the reaction itaelf. 

It Is generally accepted that the mechanism of heterogenous catalysis related 

to the hydrogenation of olefins is the best recognised one, and can be explained 

by the Horluti-Polanyi mechanism la expounded by other authors, lb The mechanism 

of hydrogenation of polariaed double bands such a8 carbonyl groups has been care- 

fully investigated by Brewster2 and Augustine.’ Both these authors, in their me- 

chanistic considerations on hydrogenation of the ketone group in substituted 

cyclohexanones took into account the influence of the reaction medium on the di- 

rection of catalytic reaction. 2#3 The explanation they provide for the formation 

of axial alcohols in acidic media 2,3 

sic media 3 
and equatorial alcohols in neutral2 and ba- 

is that ketones might be able to accept a proton from the solvent, and 

the equivalent of a hydride ion from the catalyst, in dietinct steps.2’3 

Investigations on the stereochemistry of catalytic reduction of the ketone 

group in cyclic six-membered d-aminoketones have shown that in neutral medium, in 

the presence of platinum oxide, the reaction of catalytic hydrogenation proceeds 

easily and unidirectionally only to the alcohols. 4-7 

In water, in the preeence of protonic acids the ketone group of these compounds 

undergoes easy hydrogenolysis in the presence of Pt02.4-8 It ia postulated that the 

intermediate products of hydrogenolyei8 are not alcohols but unetable carbinol 
ammonium catione?7 In the course of further etudlee it has been established that 

proton transfer via the hydrogen bond system of a geminal ;iol (product of the ke- 

tone group hydration in aquaous7solutfons of strong acids) is the driving force 
of the hydrogenolysis reaction. In such a situation, the inhibition of proton 

transfer by changing the reaction medium from water to methanol results in a lack 
of hydrogenolysie. 7 

Although this mechanistic hypothesis is strongly supported by chemica15+ aild 

physical methods (IR, ‘3 C-WMR)6 and (UV,CD)g it atill requires further verification. 
681 
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This paper prseenta the results of experiments in which the reaction of hydrogeno- 

lysie hae been carried out in three different types of conditions: by deuterim 

in 2R XX, hydrogen in 2X DC1 and deuterium in 28 HCl. 

RESULTS 

Zhe main subject of those etudies was 2,13-dioxo 6J3,llcC Bparteine (A), sug- 
geeted by the short time needed far the hydrogenolyeis of the ketone group of 

this compound (1.5 h), a% well a% by the presence of the lact%m group. Par compa- 

lFf8Okl, investigation8 were carried aleo far laetbylpiperidone-$( 2) %nd oyclo- 

heranone (1). 

A 12 h catalytic reduction of 2,?3-dioxo-6j3,lld,%parteine (1) by deuterium in 2R 
Wl,in the presence of Pto2,yielded a mixture of deuterated product%, namely: 

2-oro-6fi,Ild%parteine (4) and 6fl,lld;sparteine(~) In ratio of 1:3[figure la). 
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The replacement of deuterium by hydrogen led to the 8eme mixture of deuterated 

compound% 4 and 2. When gaseous dauterium and aqueoue hydrochloric acid were 

used, the deuteratioa did not take place. To gain better insight into the reacm 

tion, reduction was aleo conducted in the following manner: the catalyet wa% 

suspended in hydrochloric acid (1 or 2R), eaturated with deuterium, and shaken 

far seven days, Rext, eminoketone waa introduced. After 12 h of reduction a mix- 
ture of undeuterated compounds 3 rend 2 wa% obtained. The above results indicate 

that the deuteriums which enter into the molecule have their source in th% reac- 
tion medium, i.e. DCl, and not in the gaseous deuterium. Reduction by gaaeaua 

deuterium and aqueoue undeuterated hydrochloric acid leads to undeuterated pre- 

paratione. The mixture of compounds 4 and 2 afforded by the reduction was aepa- 

rated by way of di%tillatiaa with steam. The resulting pure subetances 3 and 2 

were analyaed with the help of ma88 epeatroscopy and IR, The coapliaated image 
of the moleculer ion which in f w%% made up of mae%ea: 250,251,252,253,254, and 
in Z.af: 23?,238,239,240,241,242, indicated that apart from the deuteriume 



introduced by way of reduction into compounds 4 md 2, the number being 2 and 4 
respectively, four hydrogen8 on &carbons in respect to the carbonyl group were 

replaced by a deuterium (figure la). The IR spectra of compounds 3 and 2 showed 

the absorption band asc;lbed to the stretching vibrations of 3CLD bonds, in the 
region of 2000-2200 cm . The eubtfie structure characteriatie for this band aIlowed 
to distinguish the laxima of absorption, which for compound 4 were: 2200,2185,2165, 

2155,211O om-l(figure 2a) and for compound 2: 2005,2022,2095,2155,2165 and 2185 cm-1 

Figure 2 
The absorption bands ascribed to the stretching vibration8 of JC-D bands of com- 
pounds 

& 
&,I and 2 performed on a Perkin-El.mer 580 apparatue in 2H CECl3 solution, 

in 8 Aa 1 ouvette O.lmm thick, using quintuple enlargament and enforcement. 

Compound 4 wee further reduced in 2R DC1/H2, which in 75 h led to compound 2, 
whereaa compound 5 reduced in identical conditions yielded 22-dldeutero 6~,llOt 

spartelne ( 1). 
Mass spectra exhibited an increase in mass by 2 units as compared with 6A,llC 
spartelne. Prom the above it follows that lactam carbonyl had been replaced by two 

deuterlums. IR %pectrum showed two bifurcate absorption bands in,the region of the 
YC-D stretching vibrations; the firet band at 2005 and 2022 CB~ , and the second 
one at 2165 and 2205 omnl (figure 2~). Deuterated Ilaaethylpiperidine (2) was the 

product of reduction in 2R DC1/D2 or Ii2 (In the presence of PtOg) of l-mthjlpipori- 
done-4 (1) (figure 1 b). IR spectrum of 8 (figure 2d ) showed in the region of 

2100-2300 cm" the following 31%D bands: 2102,2130,2155,2165,2185 and 2202 cm*l. 
Mass spectra were furthermore characterieed by a complicated structure of the mo- 

lecular ion. The following maeees, pointing to the presence of d2-d6-l-methjlpipe- 
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ridine (2) mixture could be distinguiehed: 101,102,103,104,105 and 106. 

Catalytic deuteration of compounds 1,2 and 2 led to deuterated compounde 9, -- 
2 and 1. In order to gain better ineight into this mechaniem, the replacement of 

hydrogen8 by a deuterium in compounds 1,2,2 and 5 in basic (1PaOD) and aoidic -- 
(2B DCl) media, without the uee of a platinum catalyst, was traced. The couree 

oi the HSD replacement reaction was followed with the aid of -10 eV ma88 spec- 

tra, the electron energy just sufficient for the formation of the molecular ion. 

Scheme 3 shows the molecular peak region in mass spectra of samples taken at 

different time intervals during 24 h, while the H ZD replacement in 2,13-dioxo 

6/3,llcCeparteine (1) was under way. 
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Figure 3 

The molecular peak region in mass spectra of eamples taken at different time 
intervals during 24 h, while the H *I) replacement was under way: 
1)15 min, 2)30 min, 3)45 min, 4)60 min, 5)90 min, 6)120 min, 7)150 min, 
8)180 min, 5)240 min, lo)270 min, 11)24 h. 

In theee epectra the composition of the molecular ion was labile, which 

testifies that the replacement was very dynamic. Maximum HeD replacement was 

observed in samples 2,5,6,7,9, and 11, the corresponding times of replacement 

being: 30,90,120,150,270 min and 24 h. In all the above mentioned samples a 

mixture of 122,142 d2-d4 2,130dioxo 6,9,ll&sparteioe in ratio of 0,6:1:2 was 

present. A similar image of replacement was obtaiaed for compounds 2 and 1, 

when samples were shaken with 21 DCl. Table 1 gives maes spectroscopy and IR 

data of the investigated compounds. 

The deuterated compounds were mixtures of four, three and two deuteriums. 

In further investigations it was assumed that the sufficient time of Hv+D 

replacement is 30 min for compounds 1 and 2, and 45 min for compound 2. 
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Table 1 

(1) Compound 
Composttion Time of 
of molecular replacement 

ion (It+) (min) 
Produot 

J C-D 
bande ( cd ) 

0 

0 

w 

263,264 
265,266 

114,115 
116,117 

99,100 
101,102 

248 

mixture of 
d2-d4 I 

2220,2130,2120 
figure 40 

30 

45 

24 

mixture of 
d2ed4 2 

2225,2148,2?09 
figure 4b 

mixture of 2228,2132 
d2-d4 Z figure 4c 

0 
0 D 

0 0 

m 
0 

In alkaline medium the optimal Ii SD replacement took place after 5 mia of 
shaking d-aminoketone with DaOD. On the baeie of maee spectra as well ae the 

intensity and aymxetry of JC-D banda in IR spectra , one can conclude that in 

the acidic and alkaline mediume the number of.deuteriuma introduced le identical, 

and equals four. The produote of deuteration constituted a mixture of four, three 

or two deuterated compounds. 

In the case of deuterated 2,13-dioxo 613,t 1 o(l apartsine ( i 22, 142 d2-d4 1) 

this compoeition was confirmed by preciee meaeurements of molecular ion maea, 

using the high reeolution method. Reeults are collected in Table 2. 
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Figure 4 

The absorptiqn 2 nds ascribe 
compounds 12 ,14 dl-d4 1, 3 9 s 

t the stretchin 
,5 dl-d4 2 and 2 1 

vibrations 
, 62 dl-d4 

Perkln-Elmer 580 apparatus in 2M CHC13 solution, in a NaC 4 
using quintuple enlargament and enforcement. 

of 1, C-D bands of 
performed on a 
cuvette O.lm thick 

Table 2 

Holecular #at38 of Mass Mean 
formula molecular intensity 

ion measured calculated 

C15H2$202 262 262.16676 262.16800 0.0001 

C15H21N202D 263 263.17141 263.17182 0.01 

C15H20N202D2 264 264.17733 264.17762 0.6 
C15H19"202D3 265 265.18528 265.18444 1 

C15H18"202D4 266 266.19171 266,19226 2 

Compound 122,142 d2-d4 1, which has been given a precise spectral charac- 

teristic, was subjected to catalytic reduction with hydrogen in 2N HCl, in the 

presence of Pt02. 

IR and MS spectra testify that after 1.5 h of shaking the ketone group underwent 

reduction in lOC$. However, deuteriume remained unaffected. The molecular ion 

was made up of masees ranging from 249 to 252 respectively, from which it follows 

that the oompound ie a mixture of 122 , lb2 d2-d4-2-oxo=6P, 114 eparteine. 

In turn, from the determined weight of the molecular ion it appear8 that 

the number and inteneity of deuteriume in the compound after reduction are the 

same as before It Table 3 . 



Mec!uinimn of the bctcrogcncous aualysis of o and y-cyclic ti-x-membered aminoketonee 6a7 

Table 3 

Molecular 
formula 

Mass of 
molecular 

iOIl 

Mass Mean 
intensity 

measured calculated 

:l 5H24N202 248 248.1855 248.18873 0.000 

Cf5H23N202D 249 249.19121 249.19155 0.01 

C15A22N202D2 250 250.19815 250.20037 0.6 
C15R21N202D3 251 25 1.2044 251.20219 1 

‘f 5H20N202D4 252 252.21055 252.21001 2 

In the 225012000 cm-’ region the IR spectrum exhibits a broad band attri- 

buted to the JC-D stretching vibrations, with distinct maxima at 2190.2150, 
and 2105 cm” (figure 5b). 

Figure 5 

de ascribed to the stretching vibration of J&D bands of 
d2-d4 1 and 122,142 d2-d4 6 performed on a Perkin-Elmer 580 

a paratus in 2M CHC!lg so&tion, 
g 

in a NaCl cuFette O.lmm thick, using quintu- 
p l enforcement. 

As appears from the above data DFtH replacement prooeede much more slowly 

than hydrogenolysie of the ketone group and the HZ-I) replacement, the latter 

taking place already after 30 min. To 

time of DcrH replacement, compound 12 f 
aia more precise information about the 
,142 d2-d, 1 was diesolved in 2?i XC1 

and shaken for 24 h. Samples were taken every 30 min., and analyaed on a mass 

spectrometer at ~10 eV. (figure 61. From the otructure of molecular ions it 
could be seen that in the first 2.5 h no noticable replacement of the D*B 
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type occurred. After 3.5 h of shaking with 2H HCl the molecular ion of the analy- 

aed sample coneieted of the following masses: 262,263,264,265. This leads to the 

statement that the preparation with the highest degree of deuteration possesses 

only three deuterium atoms. After additional 1.5 h of shaking with acid, the 

DeH replacement was practically completed. In the molecular ion only masses 262 

and 263 could be observed (figure 6 ). 

Figure 6 

The molecular peak region in ma88 spectra of samples taken at different time 
intervale during 5 h, while the DeH replacement in 122,142 d2-d4 1 was under 
way: 
1) 1 h, 2) 2.5 h, 3) 3.5 h, 4) 5 h. 

DISCUSSION OF F&SUI.JTS 

In investigations on the mechanism of hydrogenolysis of the ketone group in 

cyclic six-membered $-aminoketones, it has been assumed that in the interme- 

diate product, i.e. the carbinol ammonium cation while it ie being formed, the 

A-C and C-O bonds undergo hydrogenetic break-up on contact with the catalyet. In 

heterogenoue catalyeis of organic compounds two types of reactions have to be 

taken into consideration: 

a reactions on the surface of the catalyst 

b reactions in the gas or liquid phase. 

However, ionic processee may involve also a third type of reaction, 

the double electrical layer formed at the interface of the catalyst 

tion.” 

namely - in 

and the eolu- 

In the case of reaction which proceeds on platinum catalyst in aqueous solu- 

tion of hydrochloric acid one can presume that the hydrogen adsorbed on the eur- 

face of the catalyet behaves like a revereable electrode. The platinum electrode 

itself doee not participate in the reaction, but only facilitates the exchange 

of electric chargee according to the equation: 
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Protone may undergo transfer to solution or the catalytic procese of discharge in 

accordance with the equation: 

This situation is similar to electrochemical reduction on low overvoltage metal 

(metals of periodic group 2 and the subgroup 1). In the instance of heterogenous 

catalysis the way in which the produced electron reaches the molecule has to be 

taken under consideration, 

Due to the negative charge on the surface of the Catalyst, and the presence 

of protons in the surrounding layer, i.e. in the solvent, a double electrical 
layer is formed at the interface of the solution and the solid," Therefore, one 

can imagine that the surface of the catalyst possesses a negative potential suf- 

ficient, with regard to the solution, to cau8e transition of a few electrons to 

the acceptor molecule. Theoretical studies have shown, that transfer of electron 

to the acceptor molecule may take place via solvent layer with the assistance 

of the tunnelling effect+ 
11 

On the basis of this picture, the mechanism for cata- 

lytic hydrogenolysis of N-C and C-O bonds in a carbinol sonic cation can be 

proposed. 

In this cation, protonation of the hydroxyl group results in the formation 

of a double cation, which approaches the negatively charged catalyst. Four elec- 

trons are transferred successively from the catalyst surface to the acceptor mo- 

lecule, In consequence, the water molecule is eliminated, the N-C bond is broken 

and the eolvated double charged anion is formed, The addition of two protons suc- 

cessively from the reaction medium by the negatively charged molecule leads to 

the formation of an amine. 

According to thie mechanistic hypothesis based on experimental data, two 

and only two hydrogens, originating from the reaction medium, are introduced into 

the reduced molecule on hydrogenolysis of the ketone group in the investigated 

ir-aminoketones, 

Hydrogenolysie of the lactame group in cyclic d-aminoketones is a much alo- 

wer process than the hydrogenolysis of the ketone group in d-aminoketones. DeI)epen- 

ding on the conditions, the reduction proceeds as follows: 

Table 4 

Compound Reaction Time of reduction 
reduced medium (h) 

Product 

2N RCl/R2 75 d/3,114$ aparteine 

4 
2N DC1/D2 300 z 

21 Del/K2 

2N Hill/H2 80 N-methylpiperidine 

P 
2N DCl/D, 240 Z2-dideuteropiperi- 

dine 

2N DCl/H2 160 22-dideuteropiperi- 
dine 

The reaction medium is the source of the deuterium both in 2-0~0 6/3,11dsparte- 

ine (51, and N-methylpiperidine-2 (2). Therefore, one can suppoee that the mecha- 



690 w. WYSCCXA 

nism of h&erogenous catalysis of cyclic d-aminoketones is ionic in character 

and proceeds in a manner similar to the mechanism,of hydrogenolysis of the ketone 

group in r-aminoketonee. Ford,-aminoketonee it has to be accepted that in the 

aqueous medium in the presence of strong acids, it is the hydroxy immonium cation 

and not the free lactame group which undergoes reduotion (figure 'lasbc'c). 

0 d 

:QH t+H@ 

l-i9 +2ee.He 

0 9 
H 

0 f H-Lil 

d ‘I,: 
////////In777 

As a result of protonation of the hydroxyl group in a hydrog immonium ca- 

tion, a hydronium immonium dication is formed (figure 7d), which will be stron- 

gly attracted to the negatively charged surface .of the catalyst. Within several 

1 from the surface of the acceptor molecule two electrons will be supplied suc- 

cessively. This in turn will lead to the elimination of the water molecule and 

an intantenous stabilieation of the newly formed ewitterion by the addition of 

one proton from the reaction medium (figure 7e). When two further electrons 

from the surface of the catalyst are supplied, the bond is broken, and a pair 

of electrons is transferred to the nitrogen atom. Consequently, a solvated 

double ion is established (figure 7f). This anion will be strongly repelled 

from the negatively charged catalyst surface towards the mass of the solvent. 

The addition of another proton from the reaction medium affords an amine 

(figure 7g). 
To have a better understanding of the cyclic lactams reduction process 

also Als6 dehydrosparteine was subjected to reduction in 2H DC1 in the pre- 

sence of hydrogen. The yield was 22 d,-d2 dideutero 6f3,llcC sparteine. The 

reduction of this compound takes 140 h, which iscomparable with the reduction 

time of 2-oxo-6,9,lld sparteine (5) In 211 DC1/H2. It follows from the above 

that the elimination of the water molecule from 2-0~0 6f3,lloC sparteine (6) 

proceeds rapidly (3 h), and that the reduction of the immonium cation is the 

rate determinning step. 
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EJPERIHENTAL 

2,13-dioxo 6&11& sparteine (1) was obtained vi8 oxidation of ?yxo-13-hydroxy 
6p,ll& sparteine according to the method prevloualy deecribed. 
l-methylpiperidone-2 (9) : oommercial product of Aldrich. 
1-methylpi 

f 
eridone-4 (2) : commercial product of Aldrich, purified by way of ~a- 

cum disti lation (70-72°/17mm Hg). 
Cyclohexanone: commercial product from Gliwice, analytically pure, purified via 
distillation. 
Pt 2' commercial product of Anachemia, Montreal, Canad8. 
*?,6 
bed.'3 

dehydrosparteine wae obtained according to the method previously descri- 

Haes s ectra were 
Mass o s 

erformed 
molecular P 

on a Jeol flq 2 
one in compounds 12 ,14 

s ectrophotome>er $t 10 or 70 eV. 
-d 

termined at high resolution, R=7500. IR spect a If 
1 and 12 ,14 d2-d4 4 were de- 
n the region of the vC-D band 

were performed on a Perkin-Elmer 500 apparatus in 2M chloroform solutlone, in a 
RaCl cuvette 0.1 mm thiok using quintuple enlargement and enforcement. Gas deu- 
terium was obtained from D20 with the aid of lithium, in the following manner. 
5 g of lithium were fractionated with a haamer into thin sheets, which In turn 
were cut with acissore into small pieces and washed with gasoline to remove rem- 
nants of paraffin oil. The lithium was then placed in a 250 ml flask containing 
100 ml of dioxane. On stirring the contents of the flask with a magnetic stirrer, 
10 ml of D20 were instilled at the rate of 0.2 ml/min. The deuterium was collec- 
ted through a system of two conjoint glass balloons (the gas deuterium forced 
the water from one glass balloon into the other). The total product afforded by 
10 ml of D20 was 6 1 of deuterium. 

Thin layer chromatography (TLC) was performed on plates covered with silica 
gel (Merck). Spots were made visible by the Dragendorff reagent. For spot deve- 
lopment the following phases were used: 

1 chloroform - ethanol 3:2 V/V,(system A) 
2 acetone - methanol - NH40H 1O:lO:l VfV,(syetem B) 

Reduction was carried out in a simple glass apparatus under hydrogen or deuterium 
pressure with a possibility of measuring the quantity of deuterium or hydrogen 
used up. 
Drying of glass. Glass was dried for 25 h at 250°, then flushed with 
dried under vacuum (0.2 mm Hg) heated up to 250'. 

320 and 

Catalytic reduction of 2.13-dioxo-6R.lld snarteine fl)leadina to the deu- 
terium mixture of d6-2-oxo-6p;lid spar&&e 4 &d d*-6/3,TlcC sparteine (2). 

10 ml of 2N DC1 were dissolved in 2N DCl/D2- Pt02 : 0.5 g 1 and placed in a 
flask containing a magnetic stirrer and 0.05 g of platinum bTack suspended in 
5 ml of 21 DC1 (obtained from the reduction of PtOp). After 12 h of reduction 
with deuterium (when traces of 1 disappeared on the plates) the platinum was 
filtered off, and 6 ml of dioxa?ie and a niece of NaOA were added to the solution. 
The whole was shaken and the organic layer was separated from the aqueous. The 
dioxane solution was dried with NaOEI and evaoorated drv under vacuum. The oroduct 
0,495 g was a mixture of 2 and 4 in ratio if I:3 (z:i)* 
b in 2N El/Ho PtOo 
0.5 g of 1 was reduced under hydrogen pressure in conditions as in point a . 
0.491 g 07 a mixture of compounds 2 and 4 in ratio of 1:3 was obtained. 

Separation of a mixture of compounds 2 and 
4 

via distillation with steam. 
0.45 g of a mixture of 2 and 4 was dissolved in ml of distilled water, and 
subjected to distillation with steam. The water solution was made alkaline, ex- 
tracted with Et 
of pure compoun % 

0 and dried with NaOH. After ether had been evaporated, 0.095 g 
2 (da-6p, 11~6 -sparteine) was obtained. m' 234-242. The residue 

in the flask, which did not distillate with eteam wae maae alkaline, extracted 
with petroleum. After drying NaOH and distilling off the petroleum, 0.292 g 
of substance 4 (d6-2-oxo-6fi,lld -sparteine) was obtained. h+ 248-252. 

Reduction of 2-0~0-12~ ,132,142 d2-d6 6~,lloC sparteine(&) leading to 22,122, 
132,142 d2-dS 6/3,llc% sparteine (2). 
in 2N DCl/H2: 0.5 g of 4 was dissolved in 10 ml of 211 DC1 and added to a 25 ml 
flask containing 0.05 g of Pt02. After 143 h of reduction the product was lsola- 
ted as in point la. As a result 0.495 g of 2 was obtained. 

The base-catalyeed and acid-oatalyeed exchange hydrogen6 ondcarbons to the 
ketone group in compouods 1,2 and 2. 
a via acidic catalysis: 0.7 g of ketone was stirred with 5 ml of 2N DC1 for 
30-45 min, then was made alkaline with solid BaOH and extracted with dry CH2C12. 
After separation the layer of CH2C12 was dried with dry Na2SO4 and distilled 
off in vacuum. The substance was analyeed with the help of maas and IR spectra. 
b via basic catalysis: 0.1 g of the substance was dissolved in 5 ml of CH2C12 
and shaken for 10 q in with 5 ml of D20 containing 1 soale of NaOH. After sepa- 
ration from the aqueous layer the layer of CH2C12 was shaken with D20. When the 
aqueous layer wae separated from the organic one, the solution of CH Cl was 

2 2 
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dried in A82SO4 +ad .evaporated off. The obtained product was analysed with the 
help of ma88 and IR spectra. 

Cat 
4 b 

lyt c reduction of 2,13-dioxo-122 
2-0x0-12 ,14 d2-d4 6R,i Id eparteine. 

,142 d2-d4 6fi,ll& sparteine leading to 

0.5 g of eubatanoe 1~2,142 d2-d4 1 wae dissolved in 10 ml of 21 EC1 and added to 
a 25 nit flack containing 0.05 g o’ireduoed Pt02 mepended in 5 ml 2N gCl.2The who- 
le was reduced with hydrogen. After 2 h of reduction (no trace0 of 12 ,I4 d2-Q 1 
on plates with SiO2) the catalyst was filtered off. The acidic solution was then 
made alkaline with NaOH and extracted with petroleum. The obtained 0.49 g of au 
st nce 

9 
wae characterized with the aid of maae and IR spectra aa a mixture of 12 B- , 

14 d2-d4 2-0x0,6/j, 1 I& eparteine. 

Catalytic reduction of 2-oxo,6P,lld spartelne. 
a in 2N DCi/D2 

- ,- 

0.248 g of lupanine(5) was dissolved in 20 ml of 2N DC1 to which 25 mg of Pt02 
were added. The whole wa8 exhauetively reduced. After 300 h total dieappearance 
of 6 on thin-layer plates was observed. Platinum was filtered off, the filter ~813 
mad; alkaline with solid NaOH and extracted with CH C12. 
was dried and condensed until dry. The obtained 0.2 K 

The solution of CH2C12 
5 g of oily product wa8 oha- 

racterieed on the basic of IR and mass spectra as dl-d2 6p,lld sparteine. 
b in 2N HCl/Dr, 
0.248 g of & ks diseolved in 20 ml of 2N HCl, 25 mg of Pt02 were added, and the 
whole wae exhaustively reduced. After 200 h, the disappearance of 5 on the plates 
was obeerved. When the product of reaction was prooeesed as in point a, 0.220 g 
of an oily subetance, 
c in 2N lXX/H2 

characterized a6 6/3,llcC sparteine wa8 obtained. 

0.248 g of 5 was dissolved in 20 ml of 21 Del, 25 mg of Pt02 were added, and the 
whole was reduced with hydrogen. After 193 h a complete diBappeEiraIKe of 6 on 
thin-layer plates was observed. When the product was processed as in poinx a, 
0.221 g of oil, characterisedla; dl-dp 6p,lld sparteine was obtained. 

o. 150Cgat~;yti~,$duction of n g dehydrosparteine in 2N DCl/H 
dehydroeparteine was diesolved in 10 ml of do HCl, 15 mg of Pt02 

were added and the whole was reduced with hydrogen. After 140 h of reduction 
a complete disappearance of the initial product-was observed. The product of re- 
duction was processed as in point 6a. As a result dl-d2 6p,lld sparteine WOB 
obtained. 
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