
THE BIOGENESIS OF ALKALOIDS 
VI. T H E  FORMATION O F  I-IORDENINE AND N-METIIY1,TYRAMINE 

FROM TYRAMINE I N  BARLEY1 

BY EDWARD 1-EETE', S.Ah.1 I<IRKWOOD~, AND I2k0 ~ l ~ . A ~ ~ O ~  

ABSTRACT 

'I'yramine-a-C", synthesized from C'(-barium carbonate, was ad~uirlistered to  
sprouting barley and  radioactive hordenine and  N-methyltyramine isolated 
from the  roots. Separation of these alkaloids by chromatography followed by 
degradation showed tha t  all the  act ivi ty was located in  the  a-carbon atom:The 
specihc activity of the  N-methyltyramine was about 10 times t ha t  of hordenine. 
From the results i t  is concluded t ha t  t y r a ~ n i ~ i e  undergoes methylation in the 
barley root to N-methyltyramine and  thence to  hordenine. 

I t  has been shown (13) that formate is utilized in barley roots for the pro- 
duction of the N-methyl groups of the alkaloid hordenine (N-dimethyltyramiile). 
Preliininary experimerits (13) have also indicated that although formate is also 
responsible for the formation of the methyl groups of choline, the latter is not 
involved in the methylation of hordenine. Quite recently Brown and Byerrum (3) 
have studied the synthesis of nicotine in Nicotiana rustica Id., and their results 
seein to indicate that the role of formate consists in the production of the labile 
met11g.l group of methionine which subsequently undergoes transrnethylation 
with nornicotine. 

The isolation of N-methyltyramine from certain species of barley (12) pro- 
vided evidence in favor of the assunlption that the final step in the synthesis of 
hordenine by the plant was the N-methylation of tyramine. This assumption 
could be confirmed by feeding tyramine labelled with C1"o the plant and, after 
a suitable time, isolating the hordenine and determining whether it was labelled 
on the same carbon atom as in the administered tyramine. 

Since tyramine and hordenine are chemically so similar it was essential to 
devise a inethod that would separate them completely in order to be sure that 
an>- activity found in the isolated hordenine was not due to a trace of the ad- 
ministered active tyramine. Paper chro~ilatography was found to be an excellent 
method of distinguishing between these anlines. Munier and Macheboeuf (19) 
have described the paper chromatography of various alkaloids, including 
hordenine. However chro~natograms run with the solvents described by these 
aiit1101-s failed to afford discrete separation of tyramine, hordenine, and N- 
methyltyramine. The last base was included in this test since it was found to 
occur with the hordenine in the roots of Charlottetown No. 80 barley which 
nras the species under investigation. The best separation on untreated filter 
paper was achieved with n-butanol containing ammonia as  the developing 
solvent. The pH of the solvelit was found to influence the RF values of the 
amines, and since filter paper buffered to  a fixed p1-I had been useful in the 

1 Afanuscript received June  12, 1852. 
Contribz~tio?~ from Lhe Division of Chentistry, National Research Col~ncil,  Oltawa, 

Canada. Issued as 1V.R.C. No. 2819. 
Holder of a Trauel1,ing Fellowshifi of the Goldsnrilh's Company, London, E?rglat~d. 

1 Prese?~! address: Depart?nent of Chetnistry, AlcMaster University, ha mil to?^, Otrt. 
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separation of the solanaceo~~s and ergot alkaloids (4), this technicl~~e was in\-esti- 
gated. On carrying out a series of chromatograms 011 paper buffered a t  cliffel-ent 
pH values, varying degrees of separation were obtained. As was expected, \\it11 
acidic paper all the amines had low RF values while with strongly alkaline paper 
their R F  valucs all tended towards 1. The best separation of the anlines \\.as 
obtained with paper buffered a t  pH 8 and with ?z-butanol as the cIe\~eloping 
solvent. The  alkaloids were detected by spraying the paper \vith Millon's reagent; 
as little as 5 pgnt. could be detected. On a macro scale it was possible to effect 
separation by absorption chromatography- on alunlina, the tyramine being the 
most strongly absorbed and the hordenine least. 

Barley was grown as previously described (13) and the roots harvested \\hen 
according to  RaouI(20) they contained a maximuin amount of hordeni~~e (1 1 da!.s). 
On subjecting the crude all<aloids from the roots to   chromatograph^^ it \\-as 
found that  an appreciable quantity of N-methyltyramine was present as \\-ell 
as the hordenine, there being about half as much N-methyltyraminc as hor- 
denine. Presumably previous workers have failed to isolate this alkaloid \\.hen 
hordenine was present because of the siinilarity of its properties to those of 
hordenine. 

Tyramine-a-C1%vas synthesized by a modification of the inethod of Iioessler 
and Hanke (14). C14-barium carbonate was converted to C14-potassiun~ cl-anicle 
(1, 6, 9) which was reacted with ethyl p-chloron~ethylphei~yl carbonate (24) to 
give p-hydroxybenzylcyanide. This product was reduced with hydrogen over 
Raney nickel, in the presence of aillmonia to  suppress the formation of secondary 
ainine (23), and the isolated tyramine was purified by sublimation and converted 
to  the water-soluble hydrochloride which was ~ ~ s e d  for feeding to the plant. 

Feeding inactive tyramine hydrochloride to the plant had no visible effect 
on the growth of the barley or on the quantities of hordenine and S-~neth!-I- 
tyramine isolated from the roots. On adding active tyramine hydrochloride to  
the barley on the sixth day of germination followed by isolation of the alkaloids 
on the 11th day, radioactive hordenine and N-methyltyramine were obtained; 
no tyramine was detected: Derivatives of the hordenine and N-~liethyltyramine 
retained the same specific activities as the parent alkaloids (Table 11) sho\ving 
that their activity was not due to any impurity. In order to determine the 
localization of the radioactivity, the hordenine was degraded by essentially the 
same methods used by Leger (16) in the original work on the constitution of 
hordenine. 0-Acetylhordenine when oxidized with potassiunl permanga~late 
gave rise to  inactive p-acetoxybenzoic acid, indicating that the radioactivity 
resided either in the a-carbon atom or in the N-methyl groups or both. HGdenine 
methiodide was converted to  the 0-methyl ether and distillation of the corre- 
sponding quaternary hydroxide (Hofmann degradation) gave trimethylamine 
and 9-vinylanisole. The  trimethylanline was isolated as  its platinichloride and 
was found to  be inactive. The 9-vinylanisole was not isolated as such owing to 
its lack of stability, but was immediately oxidized with yellow mercuric oxide 
and iodine (17) to homoanisaldehyde which was characterized as the osime. 
This had the same specific activity as the original hordenine. All the foregoing 

C
an

. J
. C

he
m

. D
ow

nl
oa

de
d 

fr
om

 w
w

w
.n

rc
re

se
ar

ch
pr

es
s.

co
m

 b
y 

16
2.

22
0.

12
0.

21
4 

on
 1

1/
10

/1
4

Fo
r 

pe
rs

on
al

 u
se

 o
nl

y.
 



LEEI'E El '  AL.  : BIOGE.\'ESIS OF ALKALOIDS.  1'1 75 1 

results seem to indicate that the activity resided entirely on the a-car11011 at-om 
of hordenine. 

The active N-methyltyramine could not be oxidized to P-acetoxybenzoic acid 
since acetylation gave an ON-diacetyl derivative \vhich was stable to oxidation. 
I t  was therefore converted to hordenine methiodide by refluxing with nlethyl 
iodide in the presence of sodium carbonate. After 0-methylation the Hofman~l 
degradation was carried out and it yielded trimethylamine which was converted 
to the platinichloride, and p-vinylanisole which was oxidizetl with yello\v mer- 
curic oxide and iodine. The product of the oxidation, homoanisaldellyde, was 
converted to the oxirne and further oxidized with potassiunz pernlanganate. 
Rather surprisingly the anisic acid thus obtained was active and had the same 
specific activity as the original N-methyltyramine, apparently indicating that 
the activity in the N-methyltyramine was in the P-carbon atom adjacent to the 
benzene ring. However when a similar degradation was carried out on a sample 
of synthetic tyrarnine-a-CI4, active anisic acid was also obtained. Furthermore 
oxidation of the p-vinylanisole obtained fro111 tyramine-a-CL4 with potassiunl 
permanganate produced inactive anisic acid and active carbon dioxide. Thus, 
if it be assumed that no rearrangement takes place during the permanganate 
oxidation, it is obvious that a rearrangement had occurred during the conversion 
of p-vinylanisole to homoanisaldehyde oxime. This type of rearrangement was 
first observed by Tiffeneau (25) with substituted styrenes. The p-vinylanisole 
reacts with the mercuric oxide and iodine to give the iodohydrin ( I )  which by 
ionization of the iodine forms a carbonium ion (11) and this rearranges to homo- 
anisaldehyde (111). The mechanism involving an intermediate rr complex is 
discussed by Dewar (5). Hence, the radioactivity in both N-methyltyramine and 

hordenine resides all in the a-carbon atom. 

These results indicate that the tyramine has been irtilized as such for the 
synthesis of N-methyltyramine and hordenine; the higher activity of the former 
is consistent with it being the intermediate in the formation of hordenine from 
tyramine. The roots'from which the hordenine and N-methyltyramine had been 
extracted had a rather high activity suggesting that the hordenine might be 
collverted to other substances which are utilized by the roots for their develop- 
ment. Its nletabolism in the roots does not seem to be a general brealcdown to 
simple carbon compou~lcls containing one or two carbon atoms, for if this were 
the case one would expect these simple coinpounds to be utilized throughout the 
whole of the plant in other synthetic processes, whereas the leaves of the har- 
vested barley were found to be completely inactive. Raoul (20) claimed that no 
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I I 

*The organic so l~e t~t  being i n  eqz~ilibrizlrn with the second nientioned aqzreozls solzltion at 25'. 
**Elongnt~d bands were produced and the w ~ n x i r ~ l z i ~ ~ ~  dislunce n~ooed was nzensured to determine 

the RF ual~~es .  

I~orcleninc \vas present in the barley seeds. This has been confirmed ancl no tl-ace 
of S-methyltyramine or tyramine was detected either. I t  seems highly likell- 
that the source of tyramine in the roots is tyrosine since it is \\re11 establishecl 
that this amino acid is converted by avariety of bacteria (4, 7, 8, 15, 18, 21) and 
in the kidney tissue of animals (10, 11, 22, 27) to  tyramine. However \Verle and 
Boclen (26) were unable to  detect an amino acid decarboxylase in yeast extracts. 

investigation is a t  present proceeding of the metabolism of tyrosine in barle~l 
roots. 

EXPERIR.lEN?'.AL4 

Paper Chromatography of Tyramine a d  i t s  N-methyl Derizlatives 
The ascencling method of paper chromatograpll)1 (28) was ~ised. Whatman 

KO. 1 paper was cut into sheets 18 by 11 in., spots of the allcaloid solution were 
placed on the long edge about one inch from the bottom, 10 to 20 pgm. in a 
volatile solvent such as ethanol or methanol were in general used. The paper 
was stapled together a t  the shorter edge to give a cylinder 11 in. high, this was 
placecl in a dish of the developing solvent in a closed container and left ~intil  
the solvent had almost reached the top. The solvent front was marked and, 
after drying, the paper was sprayed with a solution of R/Iillon's reagent (prepared 
bl. dissolving mercury (25 gm.) in concentrated nitric acid (25 cc.) and then 
diluting to 100 cc. with distilled water). The position of the alkaloids was show11 
by the formation of a red spot which slowly became brown and faded. The RF 
values of these amines determinecl with a variety of solvents are shown in 
Table I. 

TABLE I 
RF V.ILUBS OF AMIXES WITH Y.IRIOWS SOLI~EKTS 

Buffered filter paper was obtained by dipping the paper in buffer solutions 
and then removing the surplus solution by pressing between blotting paper. 
The pH range 2 .2  to 8 . 0  consisted of  n~ixtures of 0 .2  iWdisodi~lnl phosphate and 
0 .1  ill citric acid; the range from 8 . 0  to 10.0, of mixt~ires of 0 . 1  AT sodium 
h!-clroxide and 0 . 1  M boric acid. The paper was dried at room temperature. 
The results obtained wit11 this buffered paper are shown graphically in Fig. 1, 

--- 

Solvent ~ n i s t i ~ r e *  

---- -----A- 

ilIethylethy1 ke to~ l e ,  water 
klcthylethyl  ketone, lyo acetic acid 
Ethcr, water 
71-Butanol, water 
,t-Butanol, 5y0 acetic 

4 All melting points are corrected. 

-- 

RF value (a t  25') 

11-Butanol, 20% acetic 0.43 0.49 
71-Butanol, 5 N  ammonia / 0.74 ' 0.85 I 

Hordenine 
- - 

Diffuse spot 
Dif fuse spot 

0.78** 
0 .50 
0.37 
0 49 
0.95 

Tyramine  

0.074 
0.10 
0. 40X* 
0.30 
0.35 

N-Methyl-  
tyramine 

- 
0.053 
0.085 
0.48** 
0.40 
0.41 
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LEETE E T  AL.: EIOGENESIS OP ALKALOIDS. 1'1 553 

n-butanol saturatetl ~vith water being tlie cleveloping solvent. The most cliscrete 
separation ~vas  obtainecl ~r i t l i  paper of pH 8, when tlie RF values for tyrarnine, 
K-meth!-lt~~rarnine, and liorclenine were 0.33,  0 .44,  and 0.83 I-especti\iely. 

N-METHYL 
TYRAMINE 

TYRAMINE 

o . o ~ ~ ' ~ " ' I ' I ' I  2 6 8 10 12 

,Y OF PAPER 

FIG. 1. The RF values of borderline, N-rnethyltyraminc, and tyrarnine a t  ~ a r i o u s  pH 
coudi tio~ls. 

In-destigafion o f  the Alkaloids from the Roots of Germinating Barley 

Charlottetown No. 80 barley (720 gin.) was grown as previously clescribecl (13) 
and harvested on the 11th day of sprouting. The crude all~aloicl fraction was 
obtained by an established method (12),  consisting in extracting the dried roots 
with methanol, evaporating to dryness, dissolving the residue in 2N sulphuric 
acid, extracting this with ether to remove nonbasic products, alkalizing the 
sulphuric acid solution with ammonia, and extracting with ether. The alkaloids 
were extracted from this ether extract with sulphuric acid, the acid solutioll 
al1;alized again with ammonia, and extracted with ether. The residue (0.554 gm.) 
left after the evaporation of this final ether extract was a brown semisolid mass 
which \\;as dissolved in 10 cc. of methanol and an  aliquot part containing about 
50 pgm. was subjected to paper chromatography along with control samples of 
hordenine, N-methyltyramine, and tyramine. I t  was found that with a variety 
of developing solvents and wit11 paper of different pH spots were obtainecl 
from this crude extract corresponding in position to hordenine and N-metliyl- 
t!-ramine. From the density of the spots it was estimated that there was abo~l t  
twice as much hordenine as N-methyltyramine. No trace of tyrarnine was 
detected. 

The methanol solution of the crude all<aloids was diluted with 200 cc. of 
benzene and chromatographed on ali~r~iina (activity 0-1).  The composition of 
the eluates \\.as determined by talcing a few drops of the eluate and chroniato- 
graphing it on paper along with controls. Hordenine was eluted with a 10% 
solution of inethanol in benzene, the N-metliyltyrarnine remaining on the 
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column, this \\-as eluted by washing the col~unn u~i th  jxlre methanol. C ~ m b i l l ~ t i ~ ~ ~  
of the elu,ites yielded 0.216 gm. of hordei~iue and 0.080 gm.  of X-metllyl- 
tyramine (in a repeat experiment 0.241 gm. of hordenine and 0.097 gm. of 
S-methyltyramine were obtained from 720 gm. of barley). The identity of 
these fractions was confirmed by the preparation of l~yclrochloricles and picrates 
which were not depressed by admixture with the corresponding authentic 
derivatives of hordenine and N-rnethyltyramine. 

Ty~amine-a- C'" 

Barium C14-carbonate (12.087 nlgm. with a total activity of 3.95 X 10Uis-  
integrations per minute) was converted to hydrogen cyanide by iusing \ ~ i t h  
sodium azide and then to potassium cyanide by absorption in potassium I I J -  
droxide as previously described (1, 6). The product was diluted with inactive 
potassium cyanide to give a total amount of 1.068 gin. ethyl p-chloroineth~ l- 
phenyl carbonate (24) (b.p. 112-5" a t  0 . 8  mm., 3.522 g~n . ) ,  was dissolved in 
ethanol (5 cc.), and added to the potassiu~n cyanide dissolved in a 1nini111~11n of 
water. The mixture was refluxed for two hours, the potassium chloride filtered 
off, and the filtrate evaporated to dryness in  vacuo. The viscous residue was 
dissolved in ethanol (10 cc.) and refluxed with 2 cc. of a settled suspension of 
Kaney nickel in ethanol for one hour. The filtered solution was concentrated 
in vaczLo to give crude P-hydroxybenzylcya~~ide as a se~nisolid mass (in pre- 
liminary experiments with inactive cyanide it was obtained crystalline). The 
nitrile was dissolved in ethanol (3 cc.) and 3 cc. of a settled suspension of Raney 
nickel added, followed by liquid ammonia (3 cc.). The mixture \\.as hj-dro- 
genated a t  110" and 140 atmospheres in a high pressure autoclave for 15 hr. 
The product which was light brown in colol- was dissolved in ethanol, filtered, 
and then evaporated to dryness. The residue was dissolved in 2 N  hydrochloric 
acid (100 cc.) and extracted with ether, the aqueous layer was alkalized with 
ammonia and extracted with ether in a continuous extractor. The  dried ether 
extract was evaporated to yield a viscous oil which was distilled a t  120-130" a t  

mm. to yield tyramine-a-C1' as a white crystalline solid (0.677 gm., 30% 
~.ielcl from the potassium cyanide). A portion when crystallized from ethanol 
separated as colorless plates, m.p. 161.5-162.5" (Barger (2) reported m.p. 161"). 
The rest of the tyranline (0.521 gm.) was dissolved in ethanol and 111-drochloric 
acid added to the solution when tyra~nine hydrochloride immedlatelj- separated 
out. I t  was crystallized from ethanol to yield colorless plates n1.p. 273 5-275" 
(0.226 gm.). Found: C, 55.44; H, 6.63; N, 7.95; C1, 20.85. Calcd. for 
CsH120NCI: C, 55.34; H, 6.97; N,  8 .07;  C1, 20.43y0. The tyramine hydro- 
chloride had a specific activity of 1 . 2 7 f .  01 X lo5 disintegrations per minute 
per m g n 5  or 2.20 0.02 X lo7 disintegrations per minute per millimole. B J ~  
adding inactive tyramine hydrochloride to the mother liquor and concentrating 
the solution, further tyramine hydrochloride was obtained with a lower specific 
activity. 

5 Tlzis aclrazly and  all sz~bseqzlcnt oaes were determined o n  thin sanlples willz (I R(~di(1lioiz 
Cou?ztcrs Lnbornlory "ilTz~cleomeler" making the zcszini! corrections for self-nbsorplio?~ clc. 
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LEETE ET BL.: BIOGENESIS OF ALKALOIDS. I.I - - -  1 a:) 

Administrabion of Tyramine-a-C14 I-lydrochlo~ide to the Barley and Isolatio~r 
of the Alkaloids 

Rarlel- (720 gm.) was grown as  previously described and on the sixth claj, of 
sproi~ting radioactive tyramine hydrochloride (186.1 mgm. having a total 
activity of 2.36 X l o7  disintegrations per minute and a specific activity of 
2.20 X 10' clisintegrations per minute per millirnole) was fed to  the barley in 
600 cc. of distilled water. The  addition of the tyramine did not affect the normal 
growth of the barley. On the 11th day of sprouting the roots were harvested ancl 
extraction as previously described (13) yielded the crude alkaloid fraction 
(0.491 gm.) with an activity of 2090 disintegrations per ininute per mgm. The  
dried shoots were found to  be co~npletely inactive. The roots (74.5 gm.) \vhich 
had been extracted with boiling methanol for 48 hr. had a residual activity of 
106 disintegrations per minute per mgm. The crude alltaloid extract was clissolved 
in methanol (10 cc.) and several aliquot parts were chromatographed on paper 
of pH 8. Part of the paper was sprayed with Millon's reagent to detect the 
alkaloids. A photograph of the sprayed paper is shown in Fig. 2. The crosses 
along the line A B are the spots where the alkaloid solutions were initially 
placed, C D is the final solvent front. The developed chromatogram from another 
spot, not sprayed with Millon's reagent, was cut into strips 1 cm. wide. The 
strips were extracted with methanol and evaporated on to separate aluminum 
disks. The activity of these extracts (the actual counts observed above the back- 
ground with the Nucleometer without any corrections) plotted against the 
distance of the strip from the initial spot of alkaloid solution is shown in Fig. 3. 

A " Y x x x B  

I iI n r n v  
FIG. 2. Tlle de\~elopecl paper chromatogram. 
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FIG. 3. liadioactivity of strips of the paper chromatogram. 

I t  is seen that the positions of activity correspond to the positions of S-meth\.l- 
tprarnine and hordenine as detected by Millon's reagent. After dilution of the 
methanol solution of the alkaloids with benzene it was chronlatographed on 
alumina to yield 0.137 gm. of hordenine and 0.087 gm. of N-methyltyrainine. 
The hordenine was diluted with 2.000 gm. of inactive hordenine and distilled a t  
130-140' a t  mm. The crystalli~le distillate was crystallized fro111 benzene- 
petroleum ether to give 1.8655 gm. By determining the activity of this diluted 
hordenine it was calculated that the hordenine isolated from the plant had an 
activity of 1.08 X lo5 disintegrations per minute per millimole. In a similar 
way the N-methyltyramine was diluted with 1.865 gm. of inactive K-methyl- 
tyramine, distilled in vacuo 140-150' a t  mm., and the distillate crystallized 
from anisole to yield 1.7147 grn. The activity of this diluted sample indicated 
that the N-methyltyramine from the plant had an activity of 1.04 X lo6 dis- 
integrations per minute per millimole. All subsequent derivatives and degra- 
dation products of these alkaloids were obtained from these diluted samples 
and their specific activities multiplied by the dilution factor. 
Derivutives o j  the Active Hordenine 

Picrate: srrlall yellow prisms from aqueous ethanol, n1.p. 140-140.5". 
Hydrochloride : colorless needles from ethanol, m.p. 179-180". 

Platinichloride: This was obtained by dissolving the hordenine hydrochloride 
in 5 N  hydrochloric acid and then adding an excess of chloroplatinic acid. The 
orange precipitate was crystallized from hydrochloric acid containing chloro- 
platinic acid ; hordenine platinichloride separated as orange plates, m.p. 115-116'. 
Found: C, 31.92; H ,  4.47; Pt ,  26.9y0. Calcd. for (CioHlsON)?.H2PtCls: C, 
32.44; H ,  4 .35;  Pt ,  26.37v0. 

Methiodide: Active hordenine (1.300 gnl.) was refluxed with lnethyl iodide 
(6 cc.) in methanol (25 cc.) for 15 min., and the solution evaporated to a small 
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LEE7'E ET  A L . :  BIOCENESIS  O F  ALKALOILIS .  1.1 -..- ( 3 ,  

bull;. The crq-stalline methiodide \vliicli separatecl was filtered and washed nrith 
ether-methanol, yielcl, 2 .247  gm., m.p. 232-233". 

0-RiIcthylliordenine niethioclide: Ilordenine metliiodide (2.000 gm.) \\,as 
dissolvecl in 10 cc. of a 10% aqueous solution of sodium hydroxicle and dimethyl 
sulpliate (1.6 cc.) was added with stirring. After stirring- a t  room telnperat~~re 
for six hours, acetic acid (6 cc.) and sodium acetate (3.0 gm.) were added to the 
solution which was then concentrated to 5 cc. On cooling tlie 0-methyl ether 
separatecl as colorless microscopic prisms (2.008 gm.) having no definite melting 
point. 

IZofnzann Degradation 
The active 0-methylhordenine methiodide (1.50 gni.) was dissolved in  water 

(30 cc.) and silver hydroxide (obtained from 1 . 0  gm. of silver nitrate and socliu~l~ 
hydroxide) was added. After stirring for five hours a t  room temperature in the 
dark, the mixture was filtered to remove the silver iodide and the filtrate was 
i~ltroduced into a sublinlation bulb. The solution was evaporated almost to 
dryness under reduced pressure and the sublin~ation bulb was then connected 
to a high vacuum system through two traps, the first cooled to 0" in ice and the 
second to - 70" in a mixture of dry ice and acetone. The bulb was heated in an 
air bath to 120-130" when tlie p-vinylanisole distilled; most of it condensed in 
the first trap, while the second trap collected the trimethylarnine. The contents 
of the traps were treated with dilute hj~clrochloric acid and the spherical droplets 
of +-vinylanisole extracted with ether (20-30 cc.). 

The  hydrochloric acid solutio~l was evaporated to dryness and the white 
crystalliile residue dissolved in ethanol, filtered, and added to an excess of 
chloroplatinic acid in ethanol. The pale orange precipitate was filtered 
(0.198 gm.) and crystallized from aqueous ethanol. Triniethylamine platini- 
chloride separated as orange prisms, n1.p. 231" (dec.). 

The ether solution of p-vinylanisole was stirred with yellow mercuric oxide 
(1.5 gm.) and iodine (1.5 gm.) added. After two hours the solution was filtered 
ancl the brown filtrate was shake11 with aqueous sodium thiosulphate to remove 
excess iodine. The pale yellow ether solution containing homoanisaldehyde was 
shaken with a solii t io~~ of sodium bis;llphite (3.0 gm.) in water (10 cc.). The 
bisulphite derivative, ~irhich separated as  an a~norphous yellow precipitate 
(0.142 gm.), was suspended in water (1 cc.) and to the suspension was added a 
solution of hydroxylaniine hydrochloride (0.1 gm.) and sodium carbonate 
(0.1 gm.) in water (1 cc.). The mixture was stirred a t  room temperature; it was 
semisolid a t  first, but gradually became crystalline. The oxirne was filtered and 
crystallized from aqueous methanol froni which it separated as glistening plates, 
n1.p. 116-119", not depressed in admixture with homoanisaldehyde oxirne, 
11i.p. 119-120". 

Oxidation of Hordenine 
Hordenine (0.102 gm.) was warnled with acetic anhydride (1 cc.) for three 

hours a t  100". The solution was diluted with water (10 cc.) and alnlost neutral- 
ized with potassium carbonate. Potassii~m permanganate (25 cc. of a 3% aqueous 
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solution) was added to the solution a t  60-70'. After keeping for 15 min. a t  this 
tem~eraiure the excess pern~anganate was destroyed by additlon of a few drops 
of ethanol and the manganese dioxide filtered. The allcaline filtrate \vas acidified 
with concentrated hyclrocllloric acid and the evolvecl carbon dioxide passed 
into a bariunl hydroxicle solution. The precipitated barium carbonate was 
filtered, dried, and its activity determined. The total activity in the isolated 
barium carbonate was founcl to be 517 disintegrations per minute. If all the 
activity in the original amount of hordenine had been transferred to the bariilm 
carbonate an activity of 4400 disintegrations per minute \vould have been 
expectecl . 

The acidified solution was extracted with ether, the extract driecl over sodium 
sulpllate and evaporated to dryness. There was left a colorless residue which 
crystallizecl from water as glistening color~ess plates (0.033 gm.), 1n.p. 188-189", 
not depressed in admixture with p-acetoxybenzoic acid, m.p. 193.5-194'. 
Found: C ,  59.74; H ,  4.64%. Calcd. for CgHs04: C, 60.00; H,  4.48%. The 
activities of the derivatives ant1 degradation products of hordenine obtained from 
the plant are summarized in Table 11. 

TABLE 11 

Disintegrations per minute 
Compound per millimole 

Hordenine 
Hordenine picrate 
Hordenine hydrochloride 
Hordenine platinichioride 
Hordenine methiodide 
0-Methylhordenine methiodide 
Trimethylamine platinichloride 
Homoanisaldehyde oxime 
p-Acetosybenzoic acid 

Deriz~atbes and Degradation of Active N-nzetl~yltyrarnine 

Picrate: )-ellow prismatic plates from aqueous ethanol, m.p. 149'. 

Hydrochloride: colorless plates from ethanol, m.p. 148'. 

Platinichloride: microscopic orange prisms, m.p. 208-209' (dec.). 

Conversion to hordenine methiodide: A mixture of N-methyltyramine 
(1.300 gm.), sodium bicarbonate (0.74 gm.), methyl iodide (6 cc.), and methanol 
(20 cc.) was refluxed, with stirring, for two hours. I t  was filtered hot and the 
insoluble material washed well with methanol. The combined filtrate and 
washings were evaporated to a small bulk and allowed to cool when hordenine 
methiodide crystallized (2.018 gin.), m.p. 232'. Hordenine methiodide was 
methylated and degraded by the method already described, to homoanisaldehyde 
oxime and trimethylamine. 

Oxidation of Homoanisaldehyde Ozime Derived from N--methyltyranrine 
The active osime (9.17 mgm.) together with inactive oxime (98.5 mgm.) 

was dissolved in water (20 cc.) containing sodi i~n~ hydroxide (0.1 gm.). Potassi- 
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urn per~nanganate (15 cc. t o  a 3% aqueous solution) was aclded and the re- 
sulting solution refluxed for 30 min. Alcohol was then added to destroy the excess 
permanganate and the mixture filtered. The  filtrate was evaporated to a sniall 
bulk and acidified with hydrochloric acid when a white crystalline precipitate 
separated (34.3 mgm.), n1.p. 183-184", undepressed in admixture with authentic 
anisic acid (m.p. 184"). 

T o  a solution of the anisic acid (28.2 mgm.) obtained from the oxidation in 
10% aqueous sodium hydroxide (1 cc.), p-brornophenacyl bromide (52 mgm.) 
in ethanol (10 cc.) was added and the mixture refluxed for one hour. R/Iost of the 
alcohol was then evaporated and on cooling the p-bromopheaacyl derivative of 
anisic acid crystallized (32.6 mgm.), 1n.p. 150-151°, not depressed in admixture 
with an authentic specimen of the derivative, m.p. 151-152°. 

Degratdakion of Tyramine-a-C". 

The degradation experiments were carried out on a sample of the procluct 
synthesized for administration to the plant and diluted with inactive tyramine. 
' TJ-ramine (1.226 gm.), sodium bicarbonate (1.70 gm.), and methyl iodide 
(6 cc.) were added to methanol (20 cc.) and refluxed for three hours with stirring. 
Hordenine methiodide was isolated from the reaction mixture as described in 
its preparation from N-methyltyran~ine, yield 2.413 gm. This was nlethylated 
and degrided as before to trimethylamine and p-vinylanisole which was in part 
converted to homoanisaldehyde oxime. 

The remainder of the p-vinylanisole (0.120 gm.), freshly distilled from the 
Hofmann degradation, was suspended in water (10 cc.) containing sodium 
hydroxide (0.1 gm.) and to the suspension potassium permanganate (30 cc. of a 
3y0 aqueous solution) was added. After allowing to stand two hours a t  room 
temperature the mixture was refluxed for 30 min. The excess permanganate was 
destroyed by the addition of a little ethanol and the reaction mixture filtered. 
The filtrate was acidified with hydrochloric acid and the evolved carbon dioxide 

TABLE 111 
ACTIVITIES OF DERIVATIVES AND DEGRADATION PRODUCTS OF N-~IETAYLTYRAMINE AND 

OF TYMMINE-a-C" 

I Disintegrations per minute per nlillimole 
Compound 

-- 
i i-NIethyltyrat~~it~e 
N-Methyltyramitle picrate 
N-Methyltyramine hydrochloride 
N-Methyltyramine platinichloride 
Hordenine methiodide 
0-Methylhordenine methiodide 
Trimethylatnine platinichloride 
Homoat~isaldehyde oxime 
Anisic acid (from oxidation ol 

homoanisaldehyde oxime) 
p-bromophenacyl deriv. 

h i s i c  acid (from oxidation of 
p-vinylanisole) 

p-brorl~ophenacyl deriv. 

From N-methyltyramine I From tyramine-a-Cl4 
- -- 

1.04 X lob 
1.14 X loG 
1.13 X 10" 
1.05 X lo6 
1.11 X lo6 
1.15 X loc 

0 
1.01 X lo6 

1.01 X lo6 
0.98 X loG 

-- 

2.00 X 10" 
1.02 X 105 

0 
2.01 X 10" 

1.97 X 105 
1.91 X 105 

0 
0 
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absorbed in barium hj,clroxide. The activit) of the i~ol~i ted bari~lm carbonate 
accountecl for 45% of the activity originally present in the p-\~in)llanisole. The 
aciclified solution on evaporation yielded anisir acid (0.053 gni.) which Xvas 
converted to the p-bromophenacyl derivative. 

The activity of the derivatives and degradation products of the N-nieth>-l- 
tyl-amine ,und of t)rra~nilie-a-C'~ are summarized in Table I 11. 
E.vtraction of Barley Seeds 

Barley seeds \\rere ground in a Wile). mill and the ground product (300 gin.) 
was extracted with methanol for 48 hr. in a Soxhlet extractor. The extract, on 
distillation in oaczm to remove the methanol, left a pale yellow viscous residue 
(23.2 gm.). This when subjected to the same treatment as described for the 
crude extract of the roots gave a final ether extract which on evnporatioll 
yielded a pale yellow viscous liquid (0.204 gm.). An aliquot part of this liquid 
was chromatographed on paper of pH 8 along with controls ol hordenine, 
9-methyltyramine, and tyraniine, but no trace of any of these alkaloids was 
detected. 

ACKNOWLEDGMENT 

The authors are indebted to Mr. R. B. MacLaren of the Experimental Station, 
Charlottetown, P.E.I., for supplying the barley used in these experiments, and 
to Dr. R. E. Deriaz, a t  the time National Research Laboratories of Canada 
Fellow, who prepared the tyramine-a-Ct4. . 

REFERENCES 

1. ADAMSON, A. W. J. Am. Chem. Soc. 69: 2546. 1947. 
2. BARGER, G. J. Chen~. Soc. 45: 1123. 1909. 
3. BROWN, S. A. and BYERRGM, R. U. J. Am. Chem. Soc. 74: 1523. 1952. 
4. CARLESS, J. E. and WOODHEAD, H. R. Nature, 168: 203. 1951. 
5. DEWAR. M. 1. S. The electronic theory of organic chemistry. Oxford Universitv Press. 

 ond don.- 1949. p. 210. 
- 

6. DIAPER. D. G. M.. KIRKWOOD. S.. and MARION. L. Can. 1. Chem. 29: 9G4. 1951. - - 

GALE, E. F. ~ iochem.  J. 34: &46: 1940. 
GUSAKOVA, $,I. P. and PAIKINA, S. Sh. Z. Microbial. Epidemiol. 

(U.S.S.R.), 19: 264. 1937. 
HENNEBERRY, G. 0 .  and BAKER, B. E. Can. J .  Research, B, 28: 345. 
HOLTZ, P. Naturwissenschaften, 25: 457. 1937. 
HOLTZ, P. Z. physiol. Chem. 251: 226. 1938. 
I<IRKWOOD, S. and MARION, L. J .  Am. Chem. Soc. 72: 2522. 1950. 
KrR~wooD, S. and MARION, L. Can. J. Chem. 29: 30. 1951. 
I<OESSLER, I<. I<. and HANKE, M. T. J. Biol. Chem. 39:585. 1919. 
KOESSLER, I<. I<., HANKE, M. T., and SHEPPARD, M. S. J. Infectious 

1900. 
Diseases, 43: 363. 

16. LEGER, E. Compt. rend. 143: 234, 916. 1906. 144: 488. 1907. 
17. MANNICH, C. and JACOBSOHN, CV. Ber. 43: 189. 1910. 
18. MANZINI, C. Boll. soc. intern. microbial. Sez. ital. 8: 77. 1936. 
19. MUNIER, R. and MACHEBOEUF, ILI. Bull. SOC. chim. biol. 31: 1144. 1949. 
20. RAOUL, Y. Ann. fermentations, 3: 385. 1937. 
21. SASAKI, T. Biochem. 2. 59: 429. 1914. 
22. SCHULBR, W., BERNHARDT, H., and REINDEL, W. Z. physiol. Chem. 213: 90. 1936. 
23. SCHWOEGLER, E. J. and ADKINS, H. J. 4m.  Chem. Soc. 61: 3499. 1939. 
21. SOMMELET, M. Co~npt.  rend. 197: 256. 1933. 
25. TIFFENEAU, M. Bull. soc. chi~n. France, l(4):  1205. 1907. 
26. WERLE, E. and BODEN, W. Biochem. Z. 304: 371. 1940. 
27. WERLE, E. and ~V~ENNICKEN, G. Biochem. Z. 291: 325. 1937. 
28. ~VILLIAMS, R. J. and KIRBY, H. Science, 107: 481. 1948. 

C
an

. J
. C

he
m

. D
ow

nl
oa

de
d 

fr
om

 w
w

w
.n

rc
re

se
ar

ch
pr

es
s.

co
m

 b
y 

16
2.

22
0.

12
0.

21
4 

on
 1

1/
10

/1
4

Fo
r 

pe
rs

on
al

 u
se

 o
nl

y.
 




