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Abstract-The decarboxylations of L-argmine, catalysed by argmme decarboxylase (EC 4 1.1 19) and of L-ormthme, 
catalysed by ormthme decarboxylase (EC 4 1 1 17), both take place with retention of configuration 

INTRDDUCTlON 

Decarboxylatlon of basic a-ammo-actds, such as lysme, 
argmme, and ormthme, followed by oxldatlon of the 
resulting dlammes are key steps m the blosynthesls of-many 
alkaloids [l]. We are interested m the stereochemlstry of 
the conversion of L-argmme (1) and L-ormthme (2) mto 
putrescme (1,4-dlammobutane) and the pyrrohzldme al- 
kaloids [2] 

The decarboxylatlon of L-lysme, catalysed by lysme 
decarboxylase with pyrldoxal phosphate as co-factor, has 
been shown to proceed stereospeclfically with retention of 

configuration [3-51, to yield cadaverme (1,5-dlammopen- 
tane) Chorally labelled samples of cadaverme were pre- 
pared by decarboxylatlon of L-lysme m ‘H,O or 3HOH 
usmg iysme decarboxyiase. The new chlrai centre was then 
assayed with the dlamme oxldase (EC 14 3 6)‘ t?om pea 
seedlings This enzyme 1s known to remove the pro-S 
hydrogen atom stereospeclfically from the methylene 
group of the primary amme [6, 73 (see Scheme 1) 

In then work, Gerdes and Lelstner 143 observed 
92”/, retention of ‘H on treatment of one choral 
[l-‘H]cadaverme with dlamme oxldase, mdlcatmg that 
the absolute configuration of this sample was (1R) (cf 

1 R = c (=NH)NHz , 3 R=C(=NH)NH, 

2 R=H 
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DA0 = Dlamme oxldase 

YADH = Yeast alcohol dehydrogenase 

Scheme 1 
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Scheme 1) The retention of 3H was 55”,, when [l- 
3H]cadaverme of opposite absolute configuratlon was 
oxidized-with diamme oxldase (50”,, loss of ‘H would be 
expected from the symmetrical diamme on oxlditlon of- 
(1S)-[l-3H]cadaverme, m the absence of any Isotope 
effect) 

Battersby and co-workers recently carried out similar 
enzymlc experiments [5], m which they converted then 
enantiomerlc samples of cadaverme mto 5-ammopentan- 
l-01 Both samples of this material were found to have 
retained most ( > 95”,,) of the “H They attributed this 
result for the (lS)-[1-‘Hlcadaverme sample to the oper- 
ation of a substantial isotope effect which favours OXI- 
datlon of the diamme at the unlabelled end This problem 
was overcome by oxldizmg both ammo groups of each 
enantiomeric [l-3H]cadaverme sample m the presence of 
yeast alcohol dehydrogenase (EC 1 1 1 1) and ethanol. 
yielding pentane-1,5-dial Nearly all the ‘H was retained 
m the dlol obtained from one choral cadaverme sample, 
whereas the enantlomerlc materlal lost virtually all Its ‘H 
This clearly established the absolute configuration of the 
two [ 1 -3H]cadaverme samples as ( 1 R) and ( 1 S), respect- 

ively (cf Scheme 1) 
Imtlally. we attempted to use the method of Gerdes and 

Lelstner [4] to estabhsh the stereochemlstry of the 
enzymlc decarboxylatlons of argmme and ormthme. but 
we encountered the same problem of high ‘H retention on 
enzymlc oxldatlon of the enantlomertc samples of putres- 
cme We, therefore, adapted the procedure of Battersby 
and co-workers [5] for the current study 

RESULB AND DIbC‘~‘SSIO\ 

Chorally labelled [l-3H]putrescme (4) was prepared by 
the action of ormthme decarboxylase on L-ormthme (2) m 
the presence of ‘HOH (Scheme 1) In order to make the 
enantlomerlc material, L-ormthme was racemired by 
heating m acid solution contammg 3HOH [8] The DL-[7- 

3H]ornithme so produced was not resolved before mcub- 
atlon with ormthme decarboxylase, because this enzyme 15 

known to be specific for the L-isomer [9] Each sample ot 
[3H]putrescme was mixed with [1,4-‘SC,]putrescme to 
give a “Hi 14C’ ratio of c a IO Ahyuots of each sample were 
diluted with inactive putrescme, and the hr+benzoyl 
derivatives w’ere prepared and recrystallized to constant 
3H.;‘4C ratio (Table 1. experiments 1 and 2) 

Enantlomerlc samples of [I--‘H]putreacme were also 
obtained fromarpmme Decarboxylatlon of L-drgrnme (1) 
with argmme decarboxylasc tn “HUH yielded [l- 
%]iigmatme (3) The enantiomerlc matertafwas prepared 
by decarboxylation of DL-[2-‘H]argmme [8] with dr- 
gmme decarboxylase Agdm. the DL-argmme wds not 
resolved because this enzyme I\ specific for the L-Isomer 
[9] The samples ofchnally labclied [I -‘H]agmatme were 
hydrolysed to putre!,cme [lO] dnd edch sample of [I- 
“Hlputrescme was then treated. as outlined above, to 
furmsh doubly labelled material (Table I. experiments 3 
and 4) 

Each sample of [1.4-1”C,,l-3H]putrescme was m- 
cubated with diamme oxldase isolated from pea seedlings 
[l I] The product of this enzymlc reactton IS 4-ammobut- 
yraldehyde (5) which cychzes spontaneously to l-pyr- 
rolme However. m the presence of yeast alcohol de- 
hydrogenase and ethanol. the aldehyde (5) IS reduced to 4- 
ammobutan-i-01 This amme IS also a substrate for 
dlamme oxldase and after mcubation for an extended 
period the maJor product IS butane-l, 4-dlol (Scheme 1) 
Incubation of each of the four samples of doubly labelled 
putrescme previously obtained (Table 1) yielded butane-l, 
4-dlol, isolated and characterized as the his-p- 
mtrobenzoyl dertvatlve The ‘H j14C ratio for each pro- 
duct was measured (Table 1) The almost complete 
retention of “H m experiments 1 and 3 demonstrates that 
these samples of putrescme are (1R) (4), u hereas the 
virtually complete loss of -‘H m experiments 2 and 4 shows 
that these putrescme samples are (1.7) Thus, the enzymlc 
decarboxylations of both argmme and ormthme proceed 
stereospecifically wzith retention of configuratlon 

Results pubhshed m preliminary form after these 
studies were complete led to slmllar conclusions about the 
stereochemistry of the reactlons mvolvmg argmme and 
ormthme decarboxylases. dlthough different methods 
were employed 112. 131 

A11 radlochemlcals were purchased from the Radmchemlcai 
Centre, Amersham ActnltleT of 14C nnd ‘H were measured by 

hquld scmtillatlon countmg using toluene MeOH solns 
Suficlent count\ were tdken to gibed se ofless than 1 0o for each 

determmatlon The enzymes aerc obtamed from SIpma. except 

Table I Incubdtlons of samples of chlrdlly labelled putreszme w,lth 
dlamme oxiddse 

_______._ 

“H :14C ratlo? 

Expt 

No Origin of putrescme 

Butdne-1.4-dial t 

Putrescme* (JH retention I’,,) 

1 L-Ornlthme m 3HOH 92 8 6 (941 

2 DL-[2-3H]Ornlthme 99 04(4) 
3 L-Argmme m ‘HOH 87 X4(96) 
4 DL-[I-‘H]Arglnlne 105 03(3) 

The samples of chorally labelled putrescme were obtamed bq enzymic 

decarboxylatlon of ormthme (experiments 1 and 2). or bq enrymlc 

decarboxylatlon of argmme followed by hydrolysis of the reaultmg dgmatlne 
(experiments 3 and 4) 

*Counted as Its hr+benzoyl dertvatlve 

*Counted as Its hlc-p-mtrobenzoyl derlvatlve 
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for dlamme oxidase which was extracted from pea seedlings and 
purified up to step 4 as described m ref [ 1 l] 

Expt 1 (1R)-[1-3H]Putrescme (4) from L-ormthme (2) L- 

Ormthme hydrochloride (16 9 mg, 0 1 mmol) m acetate buffer 

(0.2 M, pH 5 0, 1 ml) contammg ‘HOH (1OOmCt) was de- 

carboxylated with ormthme decarboxylase (5 umts) at 37” After 
18 hr the mixture was acidified with 5 M HCI (1 ml), and evap- 

orated to dryness rn vacua The residue was purified by TLC on 

cellulose-coated plates developed m rso-PrOHxonc NH, (5.3) 

The band correspondmg to putrescme, R, 0 55, was eluted with 

MeOH and converted mto the dihydrochloride of (lR)-[l- 

3H]putrescme (4), 6.3 mg (39 %), 76 7 pCi/mmol. [1,4- 

“C,]Putrescme dihydrochlortde (42.7 mg, 0 3 &I) was added to 
an aq. soln (1 ml) of this sample and an ahquot (0 1 ml) was 

further diluted with mactive putrescme dihydrochloride and 

convertedmto thedibenzoateof(lR)-[1,4-14C2,1-3H]putrescme, 

and crystallized (EtOH) to constant ‘H/i% ratio, mp 178 5-179” 

(ht [14] mp 179-180”) 
Expt 2 (1S-[1-3H]Putrescmefrom L-ormthme (2). L-Ormthme 

hydrochlortde (67 4 mg, 0.4mmol) was racemlzed m acid soln 

containing 3HOH (1OOmCi) as described in ref [8] The product 

was purified by TLC, as in expt 1, R, 0 25, and converted into DL- 

ormthme [2-3H]hydrochloride, 39mg (58 %), 186 4pC1/ mmol 

This material was decarboxylated as m expt 1, but omittmg the 

‘HOH from the mcubatton, to give (lS)-[1-rH]putrescme dihyd- 

rochloride, 6.1 mg (36 % based on the L-isomer), 162 9 pCi/mmol 

Doubly labelled material was prepared and the 3H/‘4C ratio 

measured as m expt 1 

Expt 3 (1R)-[l-3H]Purrescme (4) from L-argmme (1) L- 

Argmme (52.2 mg, 0 3 mmol) m acetate buffer (0.2 M, pH 5.2, 

2ml) contammg ‘HOH (1OOmCt) was decarboxylated with 

argmme decarboxylase (25 umts) at 37” After 16 hr, the mixture 

was worked-up as m expt 1 (1R)-[1-3H]Agmatme was obtained, 

R, 0.4, 14 7 mg (35 %), 97.9 pCi/mmol This material was hydro- 

lysed [12] to give (lR)-[l-sH]putrescme dihydrochlortde, 7 2 mg 

(43 %), 96.3 pCi/mmol. Doubly labelled material was prepared 
and the 3H/‘4C ratio measured as in expt 1 

Expt 4. (1S)-[1-3H]Putrescmefrom L-argmme (1). L-Argmme 

(104.4 mg, 0 6 mmol) was racemized in acid soln contammg 

3HOH (100 mCi) [S]. The product was purified by TLC as m expt 

1, R,O 3, and converted into oL-[2-3H]argmme hydrochloride, 

84.8 mg (67 %), 117.3 @/mmol Decarboxylation of this ma- 
terial as m expt 3, omittmg the 3HOH, gave (IS)-[ l-3H]agmatme, 

9.9mg (35 % based on the L-isomer), 109 8pCi/mmol This 
material was hydrolysed [12] to yield (1S)-[1-3H]putrescme 

dihydrochloride, 5 4 mg (46 %), 109 1 @/mmol Doubly labelled 

material was purified and the 3H/‘4C ratio measured as m expt 1 

Stereochetmcal assay of (1R)-[1,4-‘4C,,1-3H]putrescme (lR)- 

[1,4-L4C,,1-3H]Putrescme dihydrochloride (lOOmg, 
0.062mmo1, expt 1) was incubated with diamme oxidase and 

yeast alcohol dehydrogenase as described m ref. [S], except that 

the mcubation was extended to 48 hr The bts-p-mtrobenzoyl 
derivatives of the reaction products were prepared and separated 
[S] The maJor product was (1R)-[1,4-‘4C,,1-3H]butane-1,4-dtyl 

his-(p-mtrobenzoate), 6.9 mg (28 %), mp 173-174” (ht. [ 151 mp 
175”, mmp 174175” with an authentic sample prepared from 

butane-1,4-dial and p-mtrobenzoyl chloride) The remaining 

samples of [1,4-14C2, l-3H]putrescme were assayed m a similar 

way and the derivative of butane-1,4-dial was recrystallized to 

constant 3H/‘4C ratio (Table 1) 
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