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SUMMARY 

Several spots are often detected on chromatograms obtained from solutions of 
a single pure P-(3,4-dihydroxyphenyl)ethanolamine derivative, such as adrenaline, 
particularly when the base is dissolved in strong acids prior to chromatography. The 
formation of some of these multiple spots can be explained by either the formation 
of complexes or salts, involving the catecholamine and the acids empioyed, or by 
the chemical modification of the catecholamine prior to chromatography. It has now 
been shown that substances responsible for certain artifact spots are formed by the 
interaction of one of the components of the chromatographic solvent system used with 
a reactive intermediate derived from the p-phenylethanolamine derivative being chro- 
matographed. For example, adrenaline qz-butyl ether is formed during the chromato- 
graphy of adrenaline in +butanol-hydrochloric acid solvent mixtures and p-(p-hy,- 
droxyphenyl)-~-(~‘,~‘-dihydroxypl~enyl)etl~ylmetl~ylamine is one of the artifact spots 
observed when adrenaline is chromatographed in phenol-hydrochloric acid systems. 

- -- _-- 

INTROI>UCTION 

Several spots have often been detected on chromatograms of solutions of a 
single pure catecholamine, such as adrenaline (I). This phenomenon was first reported 
by C,RAWFORD~ in 1951 and a number of different explanations of this behaviour have 
subsequently been advanced. Some workers have suggested the formation of corn; 
plexes or salts between the catecholamine and the acids employed, either in the extrac- 
tion procedure or in the chromatographic solvent system usedz-7. Other workers have 
proposed that distinct new chemical compounds are formed from the catecholamines 
by the action of acids prior to chromatographyl~s-12. It has been suggested11912 that 
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two of the new compounds detected when solutions of adrenaline in IO N hydro- 
chloric acid were chromatographed in a phenol-0.1 N hydrochloric acid system, 
were identical with the compounds described as “diadrenaline ether”13114 (2) and 
adnaminelG (i.e., ~-methylaminornethyl-z,3,7,8-tetral~ydroxydiben~o[a,elcyclohepta- 
triene (3) ). Both of these compounds can be obtained as crystalline solids by the 
action of hydrochloric acid on adrenaline 13-16. However, it has recently been shown 
that the syrnmktrical ether structure proposed for the former is incorrect”9 18, This 
compound is, in fact, 6-(3’,4’-dil~ydroxymet~zylaminornethylbenzyl)adrenaline~~~~* (4) 
and the trivial name adrepine was proposed for this product171 18. 

Other workers have investigated the action of strong mineral acids on /?-phenyl- 
ethanolamines in general and report the formation of different types of product in- 
cluding : /I-phenylnaphthalene derivative+* 20, phenylacetaldehyde and phenylacetone 
derivative@-23. It is also known that in the presence of acids, aliphatic alcol~ols form 
ethers with the secondary alcohol function in the /?-phenylethanolamines’31 14v z4--2’. 

When solutions of adrenaline in IO N hydrochloric acid, which have been stored 
for varying periods of time, are esamined chromatographically, several spots are 
observed on the cbromatograms obtained. The number (which varies up to a maximum 
of 7 or 8) and nature of the spots observed depend on several factors, including acid 
strength and time and temperature of storage of the solution. In cases where the same 

8: R=CI 

6: R=CH~ 

7: R = CHzCH2CH2CH3 

10: R- CgH, 
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acid (i.e. hydrochloric acid) is used in the developing solvent it is unlikely that the 
new spots observed arise as a result of physical interactions of the type described 
previously by other workers2-‘. 

In fact the new spots are due to chemical modification of the adrenaline mole- 
cule, and two of the substances which are eventually formed appear to be, as would 
be expected, adnamine and adrepine 11*28. The nature of all the compounds formed 
when adrenaline is dissolved in IO N hydrochloric acid ‘and which may be at least 
partly responsible for the observed multispot phenomena is currently under investi- 
gation in these laboratoriesz8. 

P-Phenylethylamine derivatives lacking a P-hydroxyl group have previously 
been shown not to produce spots analogous to adnamine and adrepine”. This has been 
confirmed by current investigations z8. The most likely first step in the formation of 
adnamine and adrepine from adrenaline in the presence of strong mineral acids would 
be the elimination of the P-hydroxyl group with the formation of a highly reactive 
carbonium ion. This species would be espected to react readily with aliphatic hydroxyl 
groups to form the corresponding alkoxy derivatives and it is well known that re- 
actions of this type do in fact occur 13*1Q+-2’r. In view of these facts it was decided to 
investigate the possibility that one or more of the extra spots observed when adren- 
aline was chromatographed using hydrosylic solvents, containing hydrochloric acid, 
were due to the formation of P-alkoxy or p-aryloxy derivatives. Two solvent systems 
that have been used extensively for the chromatography of adrenaline and related 
compounds are phenol containing 15 ‘j& v/v 0.1 LV hydrochloric acid, and ?z-butanol 
saturated with 2 LY hydrochloric acid. These systems have been used in this investi- 
gation. 

GeneraL 
The melting points were determined on a Thomas-Hoover capillary melting 

point apparatus and are uncorrected. The IR and UV spectra were recorded on Perkin- 
Elmer Model 237 and Beckman I-)1<-z recording spectrophotometers, respectively. 
The NMR spectra were obtained on a Varian A-Go-A instrument using tetramethyl- 
silane as an external reference. The mass spectral data were obtained on a Bell and 
Howell/C.E.C. lMode1 21-x 10 instrument. 

Pager chromatogva~hy 
Radial development on Whatman No. I paper discs (diameter 32.0 cm) was 

used throughout these investigations. 
Adrenaline, epinine (5) and adrenaline methyl ether (6)2” (IOO pg) were chroma- 

tographed from aqueous solution (as their hydrochlorides) or from solution in xo N 
hydrochloric acid (IO mg/ml). The developing solvents used were: S,, phenol con- 
taining 15 y. v/v 0.x N hydrochloric acid, and S,, n-butanol saturated with 2 N 
hyclrochloric acid. 

The spots were located by viewing the cleveloped chromatograms in UV light, 
before and after exposure of the papers to ammonia fumes and by the use of the fol- 
lowing chromogenic reagents: (a) 4-aminoantipyrine followed by potassium ferri- 
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cyanideso, (b) potassium ferricyanide, followed by exposure to ammonia fumes, and 
(c) ninhydrin (the papers were heated after spraying). I 

In some experiments phenol (IO mg/ml) or ut-butanol(o.4 ml/ml) was added to 
the. aqueous. and IO N hydrochloric acid solutions of the amines prior to chromato- 
graphy. 

Adrepine. hydrochloridel**17~18, adnamine hydrochloridela, adrenaline ut-butyl 

ether (7) hydrochloride and@-(p-hydroxyphenyl)epinine hydrochloride (/I-(4-hydroxy- 
phenyl)-8-(3’,4’-dihydroxyphenyl)-N-methylethylamine (9) ) hydrochloride (the last 
two compounds were prepared by the methods described below), were also chromato- 
graphed from solutions in distilled water and IO N hydrochloric acid. 

Solutions of metl~ylaminomethyl-3,4-dil~ydroxyphenylchloromethane (8; hydro- 
chlorides0 in IO N hydrochloric acid and in the two chromatographic solvents men- 
tioned above (i.e., S, and S,) were prepared and chromatographed in turn in these 
same two solvent systems. 

Chemical 
P-~-HydroxyplzenyZ)epiaailze hydrochloride (9) _ 

A solution of L-adrenaline (IO g) and phenol (IO g) in 20 y0 aqueous hydro- 
chloric acid .(zoo ml) was maintained at 40” for 48 11. The reaction mixture was then 
cooled to 4” and allowed to stand overnight at this temperature. A crystalline pre- 
cipitate (13.75 g) was obtained, which afforded /3-(p-hydroxyphenyl)epinine hydro- 
chloride monohydrate in .colourless prisms (m.p. 13x ") on rectystallisation-from 70 y0 
aqueous ‘alcohol. 

Anal. Calcd. for C,,H,,NO,Cl*H,O: C, 57.40; H, 6.42; N, 4.46; Cl, 11.29. 
Found: C, 57.85; H, 6.55; N, 4.61; Cl, 11.60 %. Anhydrous @(P-hydroxyphenyl)- 
epinine hydrochloride (m.p. 198”) was obtained on drying the monohydrate at IZOO 
in vacaco for I h. nz\2H = 278 rnp ; eE\2H = 5200. Anal. Calcd. for C,,H,,NO,Cl: C, 
60.90; H, 6.13. Found: C, 60.71; H, 6.16 %. This compound has previously been 
obtained by KAPPE AND ARMSTRONG 31 from the interaction of @-(4-hydroxyphenyl)- 
NAmethylethanolamine and catechol in 2 N hydrochloric acid at 100~. The m.p. 
reportedal (126-128”) was presumably that of the monohydrate. 

NMR. t(D,O): 2.62-3.24 (7H, m, aromatic, including 4H AA’BB’ centered at 
3.20,. JAB = 9.0 Hz) ; 5.70 (IH, t, methine H, J = 8.5 Hz); 6.35 (zH, d, -CH,-); 
7:16 (3H, S, >N-CH,). 

Mass spectral data. M = 259; 100 % peak 215 ; m/e (% relative height) : 259 (34) ; 

255(10);216(31);215 (IOO);I~~(IO); 168 (11);r5g(lg);141(12) ;13g (18);131 (II); 

IIO@); 102 (11) : 92 (28) ; gr (61) ; 89 (12); 77 (19) ; 76 (1s); 64 (21) ; 63 (16) ; $3 (II); 

55 w ; 52 (10) ; 51 (20) ; 45 (29) ; 44 (go). 
Adrenaline n-bzctyl ether hyhoclzloride (7). A suspension of methylaminomethyl- 

3,4-dihydroxyphenylchloromethane hydrochloride (1.0 g, prepared by the action of 
pure thionyl chloride on adrenaline by the method of HUI~KI AND SEPPXL~CINEN~B) in 
n-butanol (20 ml) was heated, under reflux, with stirring, at 85-95”. The clear solution 
which was obtained after 4-5 min heating was heated under reflux for a further 
IO min. The reaction mixture was cooled and evaporated to dryness in vacua (below 
40”).; a pale yellow oil was obtained which slowly formed a yellow solid (m.p. ca. 
140”) on trituration with acetone. Adrenaline n-butyl ether hydrochloride was even- 
tually obtained as a,pale yellow crystalline solid (m.p. 140-142’) by repeated recrystal- 
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lisation from +butanol-acetone mixtures. ;l”tOH 
mnx = 283 rnp; .$zH = 4600. 

Anal. Calcd. for C,,H,,NO,Cl: C, 56.60; H, 8.04; N, 5.09; Cl, 12.85. Pound: 
C, 56.48; H, 7.96; N, 5.04; Cl, Iz.8g%. 

NMR. t(D,O) : 2.79~2.90 (3H, m, aromatic) ; the >CH-CH,-N< protons oc- 
curred as an ABX system, with the signal due to the X proton centered at 5.17 (IH, 
dd, methine), the A proton of the AB at 6.30 (IH, d, J = 6.0 Hz) and the B proton 
at 6.5 (IH, d, J = 7.5 Hz) ; 6.45 (zH, dd, -O-CH,-) ; 6.95 (3H, s, >N-CH,) ; S.oo-9.00 
(7H, m, -CH,CH,CH,). 

Mnss Qectral data. M = 239; xoo y. peak 139; m/e (% relative height) : 239 (12) ; 
196 (26); 195 (62) ; 166 (II) ; 165 (IO) ; 139 (100) ; 138 (II) ; 137 (18) ; 124 (12) ; 123 (IO) ; 
93 (II) ; 56 (14) ; 44 (92) - 

RESULTS AND DISCUSSION 

The results of the chromatographic studies are summariscd in Table I. The 
chromatography of adrenaline, epinine and adrenaline methyl ether hydrochlorides 
(IOO ,ug) from solution in distilled water (IO m&ml) resulted in the formation of dis- 

TABLE I 
RF VALUES OF SOME AMINES AND THEIR SOLVENT-DERIVED ARTIFACTS 

Amine& A dded 
compone,nt 
(to amine 
sotutions) 

Develo+Gng Rp value@ Rp valacesctd of spots obtained from 
solventl’ from sohtions in IO N HCI 

solrctionsu 
in distilled 
water 

Epinine 

Aclrensline - Sl 0.49 0.00 0.5GC o&7’ 0.80 0.91 _ - . . . . _ ..__ _ 
phenol Sl 0.49 0,5gc 0.661 0.80 ____--m_ 
wbutanol Sl 0.50 0.00 0.66f 0.79 0.94 . . . . mm._... .__---_ 
- S, 0.31 o.00 0.1gc 0.381 0.83 

- - ._.._ _._.. 
phenol s2 0.32 0.381 0.73 . _ _ . . _ . _ _ 
n-butanol s2 0.31 0.00 0*37’ 0.85 

-_ ____ . . .._ 
- 

Sl 0.65 0.8If 
_..._..... 

phenol Sl 0.66 o.Sor ..__.____. 
n-butanol Sl 0.65 0.801 .___._.___. 
- 

s2 0.43 0.5rr -..- _._.. _ 
phenol S, 0.44 0.521 . ..S.._... 
n-butanol s2 0.41 0,50’ . ..-.__--_ 

Adrenaline - S, 0.75 0.00 0.56c 0.6Sf 0.81 0.92 _.-. - _...__..__ 
rncthyl ether phenol Sl O-77 0*59C o.bSr 0.82 

._e._ 
wbutanol Sl 0.77 0.00 0.66f 0.79 0.94 __. _._ -._.---. -._--s. 
- 

s2 0.55 0.00 o.xgc 0.38f 0.84 -__ . ..‘. . I.. . 
phenol s2 O-57 0.381 0.73 . . . . _ _ . . 
ti-butanol S, o*55 0.00 0.36r o.s3 -_-_ . ..___ _._. 

- 
. . . 1). Solutions of the amine hyclrochloricles in clistillecl water. 

IJ s, = phenol containing 15$& v/v 0.1 N I-ICI; S, = wbutanol saturatccl with 2 N I-ICl. 
C Radial clcvclomnent . 
(1 Single unclerli;ling = average intensity spot; no underlining = weak spot; 
intcnsc spot. 
C Aclrepinc. 
f Parent amine. 

broken underlining = 
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Crete spots in both solvent systems used in this investigation. The mean Rp values 
were ‘0.32,. 0.43 and 0.55, respectively, in,the n-butanol-hydrochloric acid solvent and 
0.49, 0.65 and 0.78, respectively, in the phenol-hydrochloric acid solvent. 

When chromatographed (IOO pg) from solution in IO N hydrochloric acid 
(IO mg/ml) epinine still only produced one spot, however, the mean observed RF values 
were somewhat higher (0;51, rt-butanol-hydrochloric acid ; 0.80, phenol-hydrochloric 
acid) than those observed when the amine was chromatographed from aqueous solu- 
tion. By contrast adrenaline and adrenaline methyl ether both produced several spots 
when chromatographed (IOO ,ug) from solution in IO !V hydrochloric acid (IO mg/ml) ; 

it, was ,impossible, however, to distinguish between the chromatographic behaviour 
of these two amines under such conditions and in each case the principal spot, due 
to adrenaline, had RF values of 0.37 (+butanol-hydrochloric acid) and 0.66 (phenol- 
hydrochloric acid) which were again higher than the Xp values for adrenaline ob- 
tained following chromatography of aqueous solutions. Three additional spots were 
obtaine,d in the gz-butanol-hydrochloric acid solvent system and four additional spots 
.;trPere observed with the phenol-hydrochloric acid solvent system. Retention of some 
products at the point of application (RF 0.00) was common to both solvent systems. 
Colour reactions and comparisons with reference chromatograms allowed the spot 
having an Rp value of 0.19 in the n-butanol-hydrochloric acid system and o.5G in 
the phenol-hydrochloric acid system to be identified as adrepine. 

,In, the ti-butanol-hydrochloric acid solvent system the unidentified spot (Rp 
0.83) was probably a solvent-derived artifact. When n-butanol was added to the so- 
lution of adrenaline in hydrochloric acid prior to chromatography, the intensity of 
this spot was markedly increased. It therefore seemed most likely that the compound 
responsible for this spot was adrenaline fz-butyl ether which has now been synthesised 
by an adaptation of the method used by HUKKI AND SEPPXLXINEN for the synthesis 

of other simple ethers of adrenaline 20. The structure of this compound was confirmed 
by consideration of its mass and NMR spectra. The mass spectrum of adrenaline fz- 
butyl ether showed the required molecular ion at nz/e 239 as well as the expected 
fragment ions at m/e 195 [M - 41 and at wt./e 139 [M - 44-563. The NMR spectrum 
of adrenaline qz-butyl ether showed the multiplet typical of an n-butyl ether grouping 
between r 8.0 and t 9.0 due to the CH,CH,CH,- group and the triplet of the -CH,-O- 
group at t 6.45 (J = 6.0 Hz). The other protons were observed at : (i) three aromatic 
protons as a multiplet between t 2.79 and t 2.90, (ii) the >CH-CH,-N< protons 
as an ABX system with the signal due to the X proton centred at t 5.17 (J values: 
6.0 and 7.5 Hz), the A proton at t 6.30 (J = 6.0 Hz) and the B proton at t 6.50 
(J = 7.5 Hz), and (iii) the >N-CH, protons as a singlet at t 6.95. 

The chromatographic properties (i.e., Rp values and colour reactions) of the 
synthetic adrenaline ‘It-butyl ether were identical with those of the artifact spot with 
the same RF value (0.83) observed when adrenaline solutions in IO N hydrochloric 
acid are chromatographed in fin-butanol-hydrochloric acid solvent systems. This as- 
signment was verified by comparison of the IR spectra of a sample of the authentic 

‘material with a sample obtained’by eluting the spot in question from a suitable chro- 
matogram. In the phenol-hydrochloric acid solvent system the adrenaline N-butyl 
ether had,an RF value of 0.94, i.e. the same as that of the extra spot produced by 
addition of n-butanol to the adrenaline solution in hydrochloric acid prior to chroma- 
tography in, the phenol-hydrochloric acid solvent system. 
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Fig, I. Mass spectra of (a) aclrcnnlim gr-butyl cthcr (7) and (b) P-(_l?-hyclroxyphenyl)epininc (9) 
hyclrochloricles. 

The two unidentified spots (RP values cn. 0.80 and 0.90) observed on chromato- 
grams of adrenaline or adrenaline methyl ether in the phenol-hydrochloric acid solvent 
system were possibly solvent-derived artifacts. Addition of phenol to the hydrochloric 
acid solution of adrenaline prior to chromatography resulted in the formation of an 
intense spot (RF 0.80) as well as two weaker spots with RF values of 0.39 (i.e. adrepine) 
and 0.66 (i.e. adrenaline). The spot at RF o.So therefore appeared to be a compound 
derived from the reaction of adrenaline with phenol. In the ti-butanol-hydrochloric 
acid solvent system an intense spot with RF 0.73 and a weak spot with RF 0.38 
(adrenaline) were observed on chromatography of the adrenaline in hydrochloric acid 
solution which had been treated with phenol. 

In some experiments involving the addition of phenol to the adrenaline-10 iV 
hydrochloric acid systems a white crystalline product was eventually obtained after 
the reaction mixtures had stood at room temperature for several days. This product 
had the same RF values in the two solvent systems as the artifact spot believed to 
be derived from the presence of phenol in the system. By employing higher concen- 
trations of adrenaline and phenol and higher reaction temperatures the crystalline 
product could readily be obtained in good yield. 

1.., Microanalysis of the product obtained from phenol and adrenaline indicated 
that the compound had an empirical formula of C,,H1,N03. HCl, i.e, suggesting a 
I: I condensation had occurred between adrenaline and phenol with the loss of the 
elements of water. (The product was initially obtained as a monohydrate but the 
water of crystallisation could readily be removed igt vaczco.) Whilst it was tempting 
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to assume that the product was a phenyl ether of adrenaline (IO) the NMR spectrum 
of the compound (in D,O) indicated that this could not be the case. The NMR spec- 
trum showed the presence of: (i) seven aromatic protons in the region t 2.5-3.0; the 
signals included those due to a definite AA’BB’ system, centered at r 2.75 (J = 9.0 

HZ) ; (ii) a single >CH-CH,- grouping occurring as an AB, system with the B, protons 
at r 6.35 and the A proton at z 5. 72 with a coupling constant of about 8.5 Hz; and 
(iii) one N-methyl group as a singlet at z 7.2. 

The presence of signals due to seven aromatic protons, including an AA’BW! 
system in the NMR spectrum, indicates that the phenol nucleus had been substituted 
in the para position a+ . U sr;ggests that this product is not the phenyl ether IO, but is, 
in fact, ~-(4-hydroxyphenyl)-P-(3’,4’-dihydroxyphenyl-N-methyletl~ylamine (9) pro- 
duced by the electrophilic attack of the carbonium ion, obtained from the adrenaline 
by the loss of the side-chain hydroxyl group in strongly acid media, at the fiara 
position of the phenol molecule. 

The mass spectrum of compound 9 confirmed that it has a basic P,/?-diphenyl- 
ethylamine structure. The molecular ion is observed as a strong peak at m/e 259. 
The 100% peak is observed at m/e 215 (i.e. [M - 44-j) and the corresponding peak at 
m/e 44 is also present in the spectrum indicating that, similarly to other compounds 
of this type (cf. refs. 18 and 32-34), the expected fragmentation p to the nitrogen 
atom had occurred. 

Methylaminomethyl-3,4-dihydroxyphenylchloromethane hydrochloride was a 
possible intermediate in the formation of the solvent-derived artifacts from adrenaline, 
and can be ,readily obtained by the action of HCl on adrenaline. Solutions of this 
compound (prepared by the method of HUKKI AND SEPP~L~~INEN~~) in IO N hydro- 
chioric acid and in the m-butanol-hydrochloric acid and phenol-hydrochloric acid 
solvent systems, were chromatographed in these solvents. The results obtained from 
these experiments indicated that the solvent-derived artifact spot obtained in the 
phenol-containing solvent having an Z?F value of:ca. 0.75-.0.80 and that obtained in 
the case of the ot-butanol-hydrochloric acid solvent having an Rp value of ca. 0.85 
were the same as those derived from adrenaline or adrenaline methyl ether. 

In contrast to the behaviour of adrenaline, the methyl ether and the chloro 
compound which reacted wi,th both phenol and +z-butanol in hydrochloric acid, the 
chromatographic behaviour of acid solutions of epinine was unaffected by the addition 
of phenol or m-butanol. As well, the chromatographic behaviour of aqueous solutions 
of adrenaline, epinine and adrenaline methyl ether hydrochlorides was unaffected 
by the presencesof phenol or +butanol in the distilled water used to prepare the solu- 
tions. ,It,would appear from the results presented above that the presence of n-butanol 
or Phenol ‘in acid solutions of the catecholamines which have a substituent, such as 
halogen or oxygen on the P-carbon, decidedly modifies their composition as observed 
when they are chromatographed. _ 

’ 
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