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Abstract-/?-Methylenenorvaline (2-amino-3ethyL3-butenoic acid) was synthesized. The specific incorporation of 
[ I-‘*CJisoleucine (as a mixture of L-isoleucine and Dalloisoleucine) into /J-methylenenorvaline in Philadelphus cv 
Belle Etoile was demonstrated. 

INTRODUCIlON 

A number of non-protein amino acids structurally related 
to isoleucine (1) occur in nature [ 13. Most occur in higher 
plants and include 2-amino-3-formyl-3-pentenoic acid 
and 2-amine-3-hydroxymethyl-3-pentenoic acid [2], 2- 
amino4oxopentanoic acid [3], (2S,3R,4Sh2-amino-3- 
methyl4hydroxypentanoic acid and (2S,3R,4Rh2- 
amino-3-methyL4,Sdihydroxypentanoic acid [4], 
(2S,3 R,4R~2-amino-3-methyl4hydroxypentanoic acid 
CSI, 2-amino-3ethyL3-butenoic acid (/?-methyl- 
enenorvaline) [6,7] and 3-methylene-2-amino4 
pentenoic acid [7]. In addition there also occur 
homoisoleucine (2-amino4methylhexanoic acid [S] and 
structurally related compounds such as 2-amino4 
methyl4hexenoic acid [8,9], 2-amino4methyL5- 
hexenoic acid [ 10, 1 11, 2-amino4hydroxymethyLS- 
pentynoic acid [ 121 and 2-amino-Chydroxy4methyl-4 
hexenoic acid [8]. 

Although there is circumstantial evidence, based on 
structural similarities, that these compounds are bio- 
synthetically related to isoleucine, experimental evidence 
is exceedingly sparse. Thus the Chydroxyisoleucine from 
fenugreek [S] and the 2-amino4methyl4hexenoic acid 
from Aesculus calijornica [13].were both labelled by L- 
[U-“C]isoleucine. However, a specific pathway of in- 
corporation could not be demonstrated in these investiga- 
tions, either because precursors were uniformly labelled 
or because degradations of compounds derived from 
specifically labelled precursors were not carried out. We 
now report on the incorporation of [1-“C]isoleucine 
into /?-methylenenorvaline in Philadelphus cv Belle 
Etoile. 

RESULTS 

For trial experiments a supply of /?-methylenenorvaline 
(2) was required. We therefore report also a synthesis of 
&nethylenenorvaline, which, although proceeding in 
only low overall yield, furnishes the amino acid as the pure 
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racemate in only two steps from readily available starting 
materials. This synthesis is based on an unpublished 
procedure developed by Dr G. Dardenne. [l- 
‘*C]Isoleucine was synthesized, as a 1 : 1 mixture of L- 
isoleucine and D-alloisoleucine, by a modification of a 
published procedure [14]. A total of 4.7 clCi of this 
mixture [as (l)] was administered to cuttings of 
Philadelphus cv Belle Etoile. After nine days, all of the 
precursor had been taken up. Extraction of the free 
amino acids followed by dilution with unlabelled DL+ 
methylenenorvaline, preparative paper chromatography 
and crystallization, gave 66 mg of labelled /I- 
methylenenorvaline, homogeneous by paper chromato- 
graphy. This material was purified, with further dilution 
with unlabelled material, to constant radioactivity. The 
activity of the radiochemically pure material correspon- 
ded to a specific incorporation of 0.57 %. 

At this stage it was proposed to degrade the 
fl-methylenenorvaline to determine the site of label- 
ling. However, it was recognized that although the 
/?-methylenenorvaline sample to be used had been re- 
crystallized lo constant activity, it might nevertheless 
contain entrained L-isoleucine which would vitiate the 
conclusions from the degradation. Accordingly a back 
dilution analysis of the labelled B-methylenenorvaline 
against L-isoleucine was carried out. On recrystallization 
of the mixture of the labelled sample (12.7 mg) with 
unlabelled L-isoleucine (465.4 mg), the activity fell, but 
only slowly. Thus after five recrystallizations the activity 
had only fallen to 64 % of its initial value. Thus it appeared 
that fl-methylenenorvaline was being entrained in the L- 
isoleucine, the very phenomenon that this control exper- 
iment was designed to check in the case of the reverse 
dilution analysis of /.I-methylenenorvaline. Saturated 
amino acids are relatively stable to ozonolysis under acidic 
conditions [lS], whereas /I-methylenenorvaline would be 
expected to undergo cleavage lo 2-amine-3-oxopentanoic 
acid, which is structurally less similar to isoleucine than /7- 
methylenenorvaline and would be more easily removed. 
Accordingly the L-isoleucine was ozonizcd in 2 M HCI. 
The product was isolated by ion exchange treatment, 
preparative paper chromatography and crystallization. Its 
specific activity had fallen to 13 f 6 ‘A of the initial value 
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thus demonstrating that the labelled j.?- 
methylenenorvaline had a minimum radiochemical purity 
of 87 f 6%. 

Degradation of the labelled j?-methylenenorvaline was 
carried out as shown in Scheme 1. Hydrogenation to a 
mixture of isoleucine stereoisomers (3) was followed by 
reduction to a mixture of isoleucinol isomers (4) using the 
borane-dimethylsulphide complex. Periodate cleavage 
gave formaldehyde and 2-methylbutanal, isolated as the 
mixture of dimedone derivatives. The mixture was sep- 
arated by chromatography on silica gel and the derivatives 
(5) and (6) were recrystallized to constant activity. As 
shown in Scheme 1, the radioactivity wasconfined entirely 
to the formaldehyde derivative, demonstrating the exclus- 
ive incorporation of label from C- 1 of isoleucine (1) into 
C-l of /?-methylenenorvaline (2) in the Philadelphus 
species. 

DISCUS!SlON 

These results indicate a rather direct route of metab- 
olism of isoleucine to fi-methylenenorvaline in 
PhiIodelphus. The two most likely mechanisms would be 
direct dehydrogenation as in the formation of unsaturated 
fatty acids, or hydroxylation followed by dehydration. 
The latter possibility is emphasized by the natural occur- 
reIKx of Chydroxyisoleucines in nature noted above. 
However there is precedent for a direct dehydrogenation 
mechanism in the formation of 3ethylidene-L-azetidine- 
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Z-carboxylic acid from isoleucine in Streptomyces cacaoi 
[la]. In this case an anti-periplanar elimination of H-3 
and of the 4-pro-R hydrogen atom was indicated. Both 
mechanisms therefore require to be kept under 
consideration. 

EXPERIMENTAL 

Phihdelphw cv Belle Etoik was obtained from Robert Veitch 
and Son Ltd., Royal Nurseries, Alphington, Exeter, U.K. 
Radiochemicals were purchased from Amersham International, 
U.K. NMR spectra mre determined on a Jeol MH 100 spectro- 
meter. Paper or TLC on cellulose platea (Merck), was carried out 
using a-BuOH-HO&HI0 (4: 1: 1). Amino acids were detected 
using the ninhydrin reagent (0.1% in n-BuOH). Radioactivity 
measurements were made using a RackBeta 1215 liquid scintil- 
lation spectrometer (L.K.B. Instruments Ltd.). Amino acid 
samples were dissolved in HCI (1 M, 0.1-0.2 ml) before mixing 
with the scintillator (NE 260, Nuckar Enterprises Ltd., Sighthill, 
Edinburgh. U.K.) or Packard 229 liquid scintillation cocktails. 
All samph were counted in duplicate and sufficient counts were 
accumulated to give a statistical error of f 1%. Quench correc- 
tions were de&mined using either external or internal standard 
cha~~k ratio methods. 

Synthesis @Cl-‘*Cjiso&ucine [17j. L-lsokucine (7 g) in Hz0 
(2% n@ was treated at 100” with a solution of ninhydrin (33 g) in 
Hz0 (250 ml). The mixture was steam distilkd directly into a 
vigorously stirred slurry of sodium metabisulphite (6og) with 
Hz0 (4Oml). After c4 70ml of distillate had passed over, the 
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receiver was kept at 0” overnight to give the bisulphite additian 
prduct of (S~Zmetbyhtmal(16.8 1 g). The bisuipbiteaddition 
product (550 mg) was pIaced in a thick-walled glass tube together 
with ammonium carbonate (650 mg), NaCN (75 mg)and sodium 
[‘4Cjcyanide (0.25 mg, 250 JKS), H&I (2 ml) mad EtOH (2 ml). 
The tube was seakd and beated at 110” for 4 hr with oocasionai 
agitation. The tube was coukxs opened and volatile components 
were removed under reduced pressure. To the residue wereadded 
water (2 ml) and HC1 (10 N, 2 ml). The tube was resealed and 
heated at 180’ for 16 hr. The tube was cooh~& opened and its 
contents were evaporated to dryness under reduced pressure. The 
rcsiduc was dissolved in the minimum quantity of Hz0 and 
appbed to a column of Rowcx 5oW-X8 ion exchange resin (H + 
form, 208). The c&umn was eluted with H&I, followed by 
ammonia solution (2 M, 2EW)ml). Tbe ammoniacal eluate was 
evaporated to dryness and the residue was recrystallixed (aq. 
ethanol) to give [ l-“Cjsoleucinc (143 mg, 72 */‘, 0.77 &i/m&) 
radiochemical purity 97% by strip counting of a paper 
chromatogram 

Synrhesis of aL-&#u&&? nenorsraline. A mixture of dimethyt- 
ammonium cbIoride (2&e 3 mul), butanal (248 g) and aq_ 
formaldehyde (3741”/, 250 ml) was stirred at 70” for 23 hr. The 
mixture was steam distilled until no more or@c material came 
over. The organic layer was separated, dried (M&SO,) and 
distilled to give 2cthyl-2-propenal (139 g, 55 %), bp 88-92” 
(760 mmHg) (lit- [lg] bp 91-92”), ‘H NMR (CDCI,) 1.04 (3H,t, 
f = 6+5 ir;t, MeCHlh 218 (ZH,q, M&Hz), 5.95 and 6.20 (each 
1 H, s, H&= ), 9.45 (1 H, s, CHU), A mixture of 2&yl-2-propenal 
(28 g) and NH&l (21.4 g) in water (65 ml) was co&d to 0”. To 
this mixture was added with stirring, an icccold solution of 
NaCN (16.3 g) in water (60 ml). The two-phase mixture was 
shaken tigorously for 6 hr, treated witb cont. HCI (75 ml) and 
evaporated to dryness on a steam ?mth. The residue was dissolved 
in H&I and extracted witb EtOAc (4 x 50 ml). The aq, layer was 
evaporated under raduoed pressure, dried in RXUU over KOH and 
extracted with EtOH (75 ml). Tbe mixture was filtered and the 
residue was again extracted with EtOH. Altogether, four such 
extractions with EtOH were carried out. The combined ethanolic 
extracts were evaporated to dryness under reduced pressure_ The 
residue (12 g) was dissolved in ammonia soh~tion (2 M, 50 ml). 
The ammoniacal sohztiun was extracted with EtOAc (4 x 5Q ml) 
and evaporated to dryness under reduced pressure. The residue 
(7.7 g) was applied to a column of Dowcx 5OW-X8 ion exchange 
resin (H * form, 100 g) which was eluted with Hz0 (500 ml) and 
ammonia solution (2 M, 500 ml). The ammoniacal residue was 
evaporated to dryness under reduced pressure and the residue 
W&S RXXjMi3.i~ (EtUH-&O) to give DL-j?- 

rnethy~~o~~~~ as platelets (1.6 g, 3.8Yek mp 2X0-212” (ht+ 
~l~mp21~2~6°~NM~s~t~m~d~ti~w~tht~tp~~ously 
c17f reported. 

Inmyhwation of [I- “CJixdeucine into )%nethylenenorvaline 
in Pbiladelphus cu Belle Etoile. A cutting (ca Mcm long) of 
Philodrrlphus cv BeIk Etoile was placed in each of 20 test tubes 
containing water (2 ml). To each tube was add& 100 ~1 of a 
solution of [ l-LVjisoleucine (as a 1: 1 mixture of L-isokucine 
and o-ahoisoleucine) (6.1 mg, 0.77 &i mg- ’ ). During a period 
of 9days the cuttings were ailowed to imbibe the solution, 
additional water being added as II-. After nine days the 
residual aqueous sotutions contained < 1 Y0 of the radioactivity 
administered. Tbe cuttigs were macerated with &OH-H&I 
(3: 1, 200 ml) and the resulting mixture was filtmd. This 
procedure was carried aut six times_ The combined filtrates were 
evaporated to drynws under reduced pressure. The residue was 
dissolved as far as possible in deionized Hz0 (loOmi). The 
solution was extracted with light petrokum (100 ml., bp 40-60“). 
Tbe aqueous residue was tittered (Kieselguhr), the filtrate was 

coaccntrated to 30 m’t under reduced pressure and applied to a 
column of Dowex 5OW-X8 cation exchange resin (20s). The 
column was wasbed thoroughly with deionixed Hz0 and then 
eluted with ammonia solution (2 M) until the eluatc no longer 
gave a positive test with ninhydrin. The ammoniacal eluate was 
evaporated under reduoed pressure to give a mixture of amino 
tids f I.o% g). To this r&due wazi added rtnlabeffed (IX+& 
metbyknenorvatine (to0 mg) and tbe /?-methyienenorvaline was 
reisolated by preparative paper chromatography on 3 mm paper 
(Wbatman). The bands containing j?-methylenenorvaline were 
extracted with water and the amino acid was purified by ion 
exchange treatment as described above to givea mixture ofamino 
acids grtatiy cnrichcd in #!-methylenenorvalia. Tbe mixture was 
recrysu&zed to constant radioactivity. After the first crystallis- 
atioa, the amino acid (50.4 mg) was dituted with 214 mg un- 
labelled material. A further dilution of the amino acid remaining 
after the fourth recrystallization (77.7 mg) was made with 145 mg 
of unlabelkd material and the mixture was recrystallized twice 
more, The specific activity was constant over the last three 
recrystallixations (after correction for dilution). The specific 
tttcorporation of the [1-L4C&oleucine into fr- 
methykncnorvabnecannot be determined accurately because the 
amount present in the plant extract was unknown. However, 
based on the 100 mg of unlabelled 8-methylcnenorvaline added 
to the initial crude amino acid mixture, a minimum incorporation 
of 0.57 % was cakuiated. 

&gr&rr&?n of t&e&d ~-~r~~~e~~~~~~e. A mixture of 
labelled ~-methylen~o~~~ (48.9 mg, 37.2 dpm/mg) and 
c-is&u&e (%l mg) was hydrogenated in HCl (0.1 M, 40 ml) 
over 10% Pd-C (40 mg) at an initial pressure of l-2 atm 
overnight. Tbe solution was evaporated to dryness. TLC of the 
residue showed that /I-methylenenorvatinc was no longer present. 
The dry residue (895 mg) was piacczl in a three-necked flask fitted 
with a condenser. Dry tet~hydrofu~n (25 ml) was added and the 
contents were stirred magnetically in N,, Boron triftuoride 
ctberate t 1.2 ml) was added dropwise by syringe and the resulting 
mixture was boiled under reflux for 10 min, To the clear solution, 
baranodimetbylsulphide complex (1.2 ml) was added by syringe 
at a rate sufficient to maintain a gentle reflux (25 min addition). 
The mixture was boiled gently under reflux for 2 hr. Aqueous 
tet~bydrufu~ (50%) was added drupwise followed by aq. 
NaUH (6 M, 8 ml). The mixture was boiled under reilux for a 

further 2 hr. The mixture was cooled, the organic and aq. layers 
were separated and the aq. layer was extracted with Et20 (2 
x 25 ml). The combined organic solutions were washed with 
Hz0 (25 ml), dried (Na#O.+) and evaporated to give isoleucinol 
(4) (822 mg). In trial experiments with unlabelled material the 
‘H NMR spectrum of the product at this stage wits identical with 
that of authentic material. The product appeared homogeneous 
on TLC. The lal~lled isoleucinol was dissolwd in the minimum 
quantity of 1 M HCl and the pH was adjusted to 7 with aq. 
NaOH. A solution of NalO, (1.5 g) dissolved in the minimum 
quantity of Hz0 was added. After 1 hr, sodium arsenite (900 mg) 
was added, followed by a solution of dimedone (3.97 g) dissolved 
in the ~nimum quantity of EtOH. The resufting ppt_ (2.24 g) was 

examined by the TLC in petrol (bp 6U-GO*)-EtOAc (9: 1) and 
revealed two spots corresponding to the dimedone derivatives of 
formaldehyde and 2-metbylbutanal. The derivatives were sep- 
orated by chromatography on silica gel in petrol (bp 
40-W)-EtOAc (9: 1). Tbe derivative of 2-methylbutanal was 
efuted first foBowed by the derivative of formaldehyde. The 
derivatives were recrjstalli2;cd to constant radioactivity from 
EtUAc-petrol (bp 4U-W). The derivative of formaldehyde had 
mp 19S197” (lit. [19J mp 191”). The derivative of 2-mcth- 
ylhutanal had mp 133” (lit. [20] mp 135-136”). The latter 
derivative was inactive. The derivative of formaldehyde con- 
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tained 239 dpm mmol (101 % with respect to the initial radioac- 
tive j?-methylcnenorvalinc after correction for dilution with 
unlabclkd isoleucine before hydrogenation). 

Reverse dilution analysis of jknethyl A mixture of 
labelkd @ethyknenorvaline (127 mg, 129.5 dpm/mg) and L- 
isokucine (465 mg) was recrystallizd from EtOH-H1O. After 
five recrystallizationa the specilk mdioa&ity of the L-isokucine 
corresponded to the entrainment of 64% of the initial activity. 
The remaining material and the mother liquors were combined, 
dissolved in 10 ml 2 M HCI and ozonizd for 4 hr. The amino 
acid was reisolated by passage over Dowex MW-X8 ion exchange 
resin as before and purified by preparative paper chromatog- 
raphy as before and recrystallized. The radioactivity of the 
recrystallixd material corresponded to cntminmcnt of 13 f 6 y0 
of the initial radioactivity. 
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