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Ultraviolet Absorption Spectra and Apparent -4cidic Dissociation 
( h n s  ta 11 LS ( ) 1’ Sot 11 r Phcn ( )1 it* i I 11 i 1 1 ~ 5 ’  

Data are listed and cliscri,wed for the spectral properties nuti the appsrent, rtcidic dissociation constants of 
several phenolic amines. Several are 
closely related, so the effect of structural alterations on the physical properties could be observed. The most 
significant observation, from the physiological viewpoint, is that the pk‘,’ for the first phenolic hydroxyl group 
of cat,echol compoiinds is aboiit 0.8 unit lower than that of the corresponding monophenolic conipounds. T h e  
iucreased amorint, of anion present at physiological pH might be partially responsible for the enhanced biological 
:rctivity of the catechol amine*. Representative examples are given for the preparation of phenolic amines by 
I,i,41H4 reduction of representative precursors. The use of ion-exchange resins for separation of phenolic amines 
from the resulting reaction mixture is described. The preparation and physical properties of two new phenolic 
nmines, 2,4-dihydroxypheneth~l~nii11e and p-(2-hydrosyphenyl)ethRnolRmine (o-octopamine), are described. 

blany of the compounds are of interest because they occur natwally. 

Knowledge of the dissociation constants of phenolic 
aiiiines is of interest for several reasons. IIariy coni- 
pounds of this nature are now known to occur in tissues 
of animals where they exert important physiological 
c+fecats. Inforimtion about their physical propertieh 
is useful for the planning of their isolation and separa- 
tion wit 1-1 chromatographic, electrophoretic., or solvent 
distribution procedures. Further, some correlatioii 
between physical properties and physiological activity 
might exist arid could provide an indicalioii as l o  tho 
iiiode of their physiological actioii. Leffl~r, et d.,? rv- 
ported values for the dissociation cotistarits of 27 acl- 
renergic aiiiines, 9 of which coiitaiwd plieiiolic hydroxyl 
groups. However, only 3 of their coinpounds, pheii- 
cthylaniine, epinephrine, and p-syiiipatol, possibly oc- 
rur  in mammalian nietabolisni: the remainder \yere 
synthetic products. Lewis3 published data on tlic dis- 
sociation constants for 24 amines. S’alues were listed 
for the phenolic group which was present in 17 of the 
coriipourrds; 7 of his conipounds possibly occur in maiu- 
iiials and the remaiiider ivere drugs. Shapiroj ha> 
eliaiiiincd the data of I,cwis for rorrclatioiis between 
biological act irity and ioiiizaf ion. Finally. Tucker- 
inan, c t  a?.,; haw reported dissoc.iatioi1 constaiits fo r  
.oiii(’ substituted phenetli.\.laiiiiii(~~ a id  ha\,(: i i i n t f c  soiji(’ 

suggestions, bascd upoii t 1 1 ~ .  d:i~:t. for t lic i1itcrri:il 
st ructure of the ainincs. 

ri’hc pK,’ values for the phenolic. hydroxyl arid t I ic  
amine groups of phenolic aniincs are quite siiiiilar so i t  
is not possible with titration iiiethods 1 o ckteriiiiii~ 
which group ionizes first, nor cair arcurate pK valii(~> 
for either he determined. :In exaiiiple of thik 1111(*vr- 

tairity is provided by the repor1 of Ogstod who as- 
signed values incLorrcdy for the pk” of the pheiiolir 
and anline groups of p-tyraiiiine. Lewis3 discussed this 
difficulty, whicah will be considered in inore detail later 
in this paper. Unfortunately, Leffler, et a?.,2 and TucL- 
erniaii, ef ~ t l . , ~  failed to take into account the dissocia- 

(1) This nor6 118s supported In part b j  Research Grant MH-02278 I r t m  

(2) E. H.  Leffler, H. 11 Spencer and 4 Burger, J A m  C h e m  S o c ,  73, 

(3)  G P. Lewis, Rrzt. J .  Phnrmncol., 9, 488 ( l X i 4 1  
( 4 )  11 Shapiro, J Theoret. Rzol.. 1, 289 (1961) 
( 5 )  11 \ I  Tuckerman, .J. R. hlaler,  and I‘. (’ Nacliod, J A m  C h r m  

the Xstionai Institute of Mental Health, U S Public Health Service 

2G1i (1951). 

S o c  81, 92 (19.59) 
C h e m .  S O C . ,  1713 (1436). 

tion of the phenolic hydroxyl of the phenolic aniinw 
they studied so their values for the pK,’ of the amine 
dissociation of coiiipounds whirh also contained a ph+ 
nolic hydroxyl are erroneous. The speculations of 
Tuckerrnaii, et al . ,  on the internal structure of the  
aiiiines, therefore, have no experiiiiental support and 
will not be discussed further. 

-4 nuniber of phenolic aiiiines were obtained for stud- 
ies in our laboratory. These included several whirh 

ed to  occur in iiiamiiials and for which 
ionization data had iiot been i q o r t e d .  Further, they 
iiic~luded suffiriciit rloscly related conipounds that 
wveral serios of aiiiiries could be arranged so that thcx 
cffect of differerit substituents on the ionization of thf. 
pheiiolica and aniine groups might hcl c~xaniinc~l. 

Results and Discussion 
Spectral Properties of Phenolic Amines.-The pKa’ 

values for the phenolic and amine groups of most ot 
the conipounds examined hcre were so close that tlic. 
phenol dissociatioii had to be determined with t l i c b  

spectrophotometric method. The spectral data 01)- 
taiiied for thc purpose of measuring tlir pheiiolic 
dissoriatioii coilstants are listed, and, as representatit t b  

examples, alterations in the ultraviolet absorptioii 
.pectra of ~-(2-h~-droxyphc~iiyl)elhanolariiine, &(4- 
Iiydroxyphenyl) etha riolani inr . ai id a- (‘2 .-l-dihydros>.- 
p1ieiiyl)ethylaniiii~~ as a f u i w t  ion of pH are illustrat cd 
ill l’igures 1- :<. Th(> iiiaxinia aiid isobestic p o i n t s  of t l i v  
pheiiolic aniinw which w(w 5tiidied are listed 111 ‘I’ahlt. 
I .  Data arc i i o t  gi\-en f o y  t tic I l i i w  noiipheriolic plim- 
ethylaniines becausc~ alterations in pII had essent iallp 
no effect oti their absorption spectra; this fact validate.; 
the use of the spectrophotometric. method for iiieasuw- 
iiieiit of the degree of dissociation of the phenolic group 
in the other conipounds. 

For a nionophenol all the absorption spectra at dif- 
ferent pA value5 pass through t h e e  isobestic points, 
provided certain precautions concerning the solut 1011‘ 

are met; i,e.. that accaurate dilutioris of the amines arc’ 
tocli solutioii arid that buffer solution. 

with the m i l e  ionic strength are used. Curves inadr 
tor rat erliol and resorciiiol derivatives pass through on(’ 
w t  nf isohest i~ point 5 up t o  a pH of 10.3-10.5. In W I U -  
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Figure 1.-Ultraviolet absorption spectra of p-(2-hydroxy- 
phenyl)ethanolamine, 1 x 10-4 31: - , 0.1 S NaOH; 

pH9.89. 
, 0.1 N HC1; - * - -, pH 9.05; - - - -! pH 9.33; . . . . . ., 

220 240 260 280 300 320 
A, mr. 

Figure 3.--Ultraviolet absorption spectra of 2,Pdihydroxy- 
phenethylamine, 1 x lO-4M: , 0.1 Ar HCl; - .  - .  -, 
pH 8.95; - - - - ,  1 N - , pH 10.50; . . . . . ., pH 11.87; 
NaOH (pH 14.0). 
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Figure 2.-Ultraviolet absorption spectra of @-(Phydroxy- 
phenyl)ethanolamine, 1 X M :  - , 0.1 N NaOH; 
--- , 0.1 N HC1; - - -, pH 9.05; - - - - , pH 9.33; . . . . . ., 
pH 9.89. 

tions a t  higher pH the maxima begin to shift and new 
isobestic points appear. I n  the case of 2,4-dihydroxy- 
phenethylamine’ (Figure 3) the maximum a t  292 mp 
(monoanion) shifts to 299 mp and the maximum a t  237 
shifts to 224 nip, and a new isobestic point develops a t  

(7) This is the only diphenolic compound the behavior of which was 
studied a t  higher pH values. The catechol derivatives were not examined 
because of their instability, as  commented on in the text. The pKa for 
the second phenolic hydroxyl of catechol itself has been reported to  be 
greater than 12.0: G. Abichandani and S. K. K. Jatkar. J .  Indian Inat. Sci., 
I l A ,  417 (1938). For 2,4-dihydroxyphenethylamine, the dissociation of the 
first hydroxyl group \pK.’ = 8.91) was assumed to  be essentially complete 
before ionization of the second hydroxyl group commenced. As commented 
in the text, the  value for the second hydroxyl group is probably not exact. 
It was necessary to  use the values for the phenolic groups to  estimate the 
~Ka’for the amino group, which is, thus, even more unoertain. 
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Figure 4.-Spectrophotometric estimation of dissociation of 
phenolic hydroxyl groups of 2,Pdihydroxylphenethylamine. 

291 mp. In  Figure 4 is shown a plot of the extinction 
coefficients a t  292 and 299 mp us. pH. It can be seen 
that the absorption for the monoanion can be determined 
definitively and the first phenolic pKa‘ can be calculated 
accurately. Examination of the plot representing the 
absorption a t  299 mp, however, reveals that the deter- 
mination of the second phenolic pKa’ is somewhat 
arbitrary because of the small difference in the absorption 
of the two species (i.e., the monoanion and the dianion). 
The fact that the absorption curve of the monoanion 
corresponds much more to that of 2-hydroxyphenethyl- 
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DISSOCIATION CONSTANTS OF PHENOLIC AMINES 

TABLE I1 
APPARENT DISSOCIATION COXSTANTS OF PHENETHYLAMINES A N D  ~ - P H E ~ . ~ ~ , E T H A s ~ I . . ~ ~ ~ I N E s  AT 25’4 

-p Ka‘ 
Compd. Phenol Amine 

Phenethylamine 9.88 
2-llethoxyphenethylamine 10.20 

3-Hydroxyphenethylamine 9 .58  10.50 

N-hlethyl-4-hy droxyphenet hylamine 9.76 10.71 
X,?j-Dimethyl-4-hydroxyphenethylamine 9.78 10 02 
2,4-Dihydroxyphenethylamine 8.91, 11.7* 10.8* 
p-( 2-Hydroxypheny1)ethanolamine 9.42 9 .90  

N-Met hyl-p-( 4-hydroxypheny1)et hanolamine 9.55 (9 .59)  9.79 (9.71)  

3-Alethoxyphenethylamine 9.89 
2-Hydroxyp henethylamirie 9.52 10.75 

4-Hydroxyphenethylamine 9 .  74 (9.77) 10.52 (10.73) 

p-( 3-Hydroxypheny1)ethanolamine 9.56 9 .63  
p-( 4-Hydroxypheny1)ethanolamine 9.57 (9 .53)  9 ,66  (9.70) 

N, X-Dimethyl-@-( 4-hydroxypheny1)ethanolamine 9 .58  (9 .56)  9 .50  (9.76) 
p-( 4-Hydroxy-3-methoxypheny1)ethanolamine 9.54 9 .56  
S - l I e t  hyl-p-( 4-hydroxy-3-methoxypheny1)ethanolamine 9.52  9 . 7 4  

p-( 3,4-Di hydroxyphenyl)ethanolamine 8 , 7 2  (8.90) 9.72 (9.78) 
N-Methyl-p-( 3,4-dihydroxyphenyl)ethanolamine 8.75  (8.88) 9.89 (9 .  90) 

S,S-Dimethyl-p-( 4-hydroxy-3-methoxypheny1)ethanolamine 9.54 9 .52  

37 1 

a Values in parentheses are those reported by Lewis3; his phenolic group values were obtained spectrophotometrically. The pK,‘ 
The pK,‘ value for the second phenolic hydroxyl was estimated from the data shown in Figure 4 in the manner described in the text. 

for  the amino group was estimated from the titration curve with the use of the values for the phenolic groups. 

an attraction of the phenoxide ion for the dissociating 
proton of the adjacent ammonium ion so that the pro- 
ton remains associated with the phenolic amine mole- 
cule rather than combining with water, while the pres- 
ence of the adjacent charged amino group would pro- 
mote the dissociation of the proton of the phenolic 
hydroxyl group. 

(2) The presence of a second phenolic hydroxyl group 
causes a marked increase in the acidity of the first 
phenolic group to dissociate. The first pKa’ of the res- 
orcinol compound is lowered about 0.6 unit and of the 
catechol derivatives 0.8 unit as compared with a mono- 
phenol. 

( 3 )  The presence of an alcoholic hydroxyl group in the 
side chain always decreases the pKa‘ of the amino 
group. Because of this effect the pK,’ of the phenolic 
and aniine groups of the nionophenolic P-phenylethanol- 
amines are nearly the same numerical value. In  two 
cases (compounds 7 and 14) the pK,’ (amino) actually 
appears to be lower than the pK,’ (phenol). 

The substitution of an amino group with one 
methyl group leads in all cases to about the same in- 
crease in basicity, ie., 0.13, 0.17, 0.18, and 0.19 units, 
respectively. The introduction of a second methyl 
group results in a decreased basicity of the dimethyl- 
amines as compared with the related niononiethyl coni- 
pounds. 

In  the past, efforts to determine possible correlations 
between ionization and physiological activity of phe- 
nolic amines have been focussed mainly on the dissocia- 
tion of the amine group. The pKa’ of the amine 
group of all the compounds studied here is 9.5 or 
greater, so a t  physiological pH the compounds are al- 
most completely in the cation form. It seems unlikely 
that even marked differences in the basicity of the 
amine group would have a significant effect on the 
physiological activity of these compounds. However, a 
possible significance of the markedly decreased pKa’ for 
the first phenolic group of catechol derivatives as com- 
pared with monophenolic compounds has not been 

(4) 

commented upon previously in connection with the en- 
hanced biological activity of the catechol amines. The 
first pK,’ (phenol) values for hydroxytyramine (dop- 
amine, 3,4-dihydroxyphenethylamine1 8.929, nor- 
epinephrine, and epinephrine are 0.82, 0.85, and 0.80 
unit, respectively, more acidic than the corresponding 
para-hydroxy compounds, p-tyramine, octopamine, and 
p-sympatol. At the pH of blood (7.4) considerably 
less than 1% of the inonophenols would have a phenolic 
group in the ionized state, but about 5% or more of the 
catechol conipounds would have a negatively charged 
phenoxide ion. This might be of importance in facili- 
tating attachment of the catechols to a receptor site 
where they could exert a physiological effect, or to en- 
zymes which might inactive them. 

Experimental l o  

Compounds.-Redistilled p-cresol (Rlatheson Coleman and 
Bell) was recrystallized from petroleum ether (b.p. 30-60”). 
Phenethylamine (Matheson Coleman and Bell) was converted 
to the hydrochloride, which was recrystallized from an ethanol- 
ethyl acetate mixture. p-Tyramine hydrochloride (Distillation 
Products) was recrystallized from an e thanokthyl  acetate 
mixture. Hordenine sulfate hydrate and DL-metanephrine 
hydrochloride were obtained from Calbiochem. p-Synipatol 
tartrate (K and K Laboratories) was converted to  the free base, 
which was recrystallized from aqueous ethanol; oL-arterenol 
hydrochloride, m-normetanephrine hydrochloride, and Z-epineph- 
rine bitartrate were obtained from Winthrop Laboratories. 
2-Methoxyphenethylamine hydrochloride, 1: P-hydroxyphenethyl- 
amine hydrochloride12 (0-tyramine), 3-hydroxyphenethylamine 
hydrochloride13 (m-tyramine), N-methyl-4-hydroxyphenethyl- 
amine,’a DL-3-hydroxyphenylethanolamine hydr~chloride’~ (m- 
octopamine), and S, 5-dimethyl-~~-4-hydroxy-3-methoxyphenyl- 

(10) All melting points were measured in open capillary tubes and are 
corrected. 

(11) K. H. Slotta and H. Heller, E m . ,  6SB, 3029 (1930). 
(12) R. Pschorr and H. Einbeck. %bid., 38, 2072 (1905). 
(13) Bayer and Co., German Patent 233,551 (July 28, 1909); Chem. 

(14) G. S. Walpole, J .  Chem. Soc., 97, Y44 (1910). 
(15) A .  Chatteriee, S. K. Srimany, and B. Chaudhury, ibid., 4676 (1961). 

Zentr., I, 1334 (1911). 
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completely ionized species in regard to the phenolic group, and 
e is the observed extinction coefficient of the sample in solutions 
a t  the specified pH.3 Since the equation was derived with the 
assumption of a single total stoichiometric concentration for the 
sum of base and conjugate acid for each solution measured, 
accuracy was assured by making the complete series of solutions 
for each compound by diluting identical aliquots of the same 
stock solutions with equal volumes of glycine buffers so that the 
final concentrations of amines were 1 or 2 x 10-4 JI and the 
ionic strength was 0.1. The spectra of the un-ionized form of tile 
phenolic groups were measured in 0.1 L\' HCI. Spectra of the 
anions of the monophenols were recorded in 0.1 AY KaOH; 
essentially the same curve a a s  obtained in this solution as in a 
buffer of pH 11.35 a t  wave lengths longer than about 235 mp. 
At shorter wave lengths, the curves measured in 0.1 .Y SaOH 
showed an increase in optical density because of end absorptioii 
and did not pass throiigh the isobestic points if these were a t  
wave lengths shorter than 234 mp (see Figures 1 and 2). 

The pK,' value for the second phenolic hy 
one diphenolic compound for w-hich i t  was 
mated by plotting the estinction coefficients 
length most characteristic for the dianion against the pH (see 
Figure 4). 

Because diphenols, erpecially the catechol derivatives, are 
readily oxidized in alkaline medium, all the solutionq were boiled 
while argon was passed through them and mere then cooled and 
stored Iinder argon until they were used. This precmitiori was 
found to be unnecessary for the monophenols, although it was 
taken. For the catechol compounds this measure slone proved 
to be insufficient to eliminate oxidative changes in alkaline 
solutions. To overcome this difficulty the curves obtained with 
the catechol derivatives in alkaline media were inexstired at, timed 
intervals, and *values a t  critical points were estrapolsted to zero 
time. The curves were recorded in the region of the nliZxiniilnl 
( a t  295 mp, from which pK,' values were calculated) exactly 2 ,  
5,  and 20 min. after mixing of the acid stock solution with the 
buffer or alkali. The other portions of the spectra were recorded 
several times between the timed recordings of the niaxinium. 

Immediately after spectra were recorded the pH of brifler aolii- 
tions were measured directly in the quartz cuvettes with a GK 
2021 C concentric glass and calomel electrode 
nected with a titrator Model TTT 1 b (Iladiometer, Copen- 
hagen). The pH measuring system \viis standardized before 
and after each measurement with Beckman So. 3501-05 standard 
buffers. 

The most accurate p6,' valries are obtaiiied from iiie:isiirc- 
ments in buffer solutions which are a t  a pH riear the pK,'. 
The values obtained in buffers other than those with the most 
favorable pH do, however, serve as a general chwk on the 
accuracy of the method. For instance, the pk',' values calcu- 
lated for P-(4-hydroxypenyl)ethanolamine (Figure 2)  are as 
follows (with the pH of the buffer in parentheses): determined 
a t  292 mp, 9.58 (9.05), 9.55 (9.33), 9.57 ( 9 . 5 i ) ,  9.59 (9.89); and 
242 mp, 9.56 (9.05), 9.56 (9.33), 9.58 (9.57), 9.63 (9.89). 

Potentiometric Determination of Apparent Dissociation Con- 
stants.-Titration curves were recorded a t  35" with a Radiom- 
eter Titrigraph, Type SBR 2 C. The same electrode (GK 
2021 C) which was used for the determination of pH in the spec- 
trophotometric studies was employed and was stnridardized 
with the same standard buffers. A rotating titration vessel as 
described by Dixon and TVade23 was used. SAutions which 
contained 1 X mole of amine hydrochloride (hordenine, 8, 
as sulfate monohydrate) in  5 ml. of 5 x 1 0 - 3  A\. HCl were ti- 
trated under argon with approximately l -Y XaOH from a 0.5-ml. 
microburet. Thus, the S a +  conceiitratioii was 4.5 x 1U-2 
Jl a t  the end of the titrat,ion arid about 3.5 x 10-2 -1I in  the 
region of the second ph','. Corrections for S a +  error5 at  tile 
higher pH ranges were made by means of a noinogram provided 
by the manufacturer of the instrument. However, the required 
corrections were small, ie., 0.02 unit for a pK,' uf 10.75, which 
was the highest encountered. 

The stability of the pH meter was checked between each titra- 
tion. Samples of phenethylamine hydrochloride were run as 
standards before and after a series of compoiinds was titrated, 
and the results were used to  calculate the exact strength of the 
titrant. With the use of 1 S SnOH as titrant :i useft11 1111 rw~ige 
lip to pH 11.5 was attained. 

(23) G. 11. Dixon and R. U. Wade, SLWUL~,  127, 3.38 (1958). 
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Figure 5.-Titration curve of p-tyramine, __ ; conventional 
titration of p-tyramine, - - - -; blank titration, - - -. 

The pK,' values were estimated g r a p h i ~ a l l y . ~ ~  In  the top 
portion of Figure 5 the dotted ciirve is the convent,ional tit,rat>ion 
curve of p-tyramine with volume of titrant plotted US. pH, and 
the broken curve is the blank titration of 5 ml. of 5 X iY 
HC1. The solid curve in the lower portion of Figure 5 was ob- 
tained by subtracting the blank curve from the titration curve 
for the amine. The total titrant added corresponds to exactly 
2 eqiiiv. o f  alkali, as compared with the addition of 1 equiv. 
for the titration of the standard phenethylamine solution or for 
the titration of 2- and 3-methoxpphenethylamines. 

The titration curve of p-tyramine, as seen in the figure, does 
not have an inflection separating the neutralization of the phe- 
nolic group and the amino group. Auerbach and Smolczyk2j 
have shown how the character of titration curves is determined 
by the ratio of two neighboring dissociation constants. Thus 
when pK1 is greater than 16p& there will be an inflection in 
the middle of the over-all titration curve, whereas when pK1 
is less than 16pK2 the curve will be a smooth function similar to 
that obtained with a monofunctional compound. All but one 
of the titration curves obtained in the present study proved to be 
continuous. The single exception was that obtained with o- 
tyramine, x-hich had a slight inflection in the middle of the 
curve; the calculated pK,' values were 9.48 and 10.75 ( L e , ,  pK1 
= 18.6pKY). I t  was clear that the pK,' values for the phenol 
and the amine groilps for all the other compounds were too close 
to each other to permit their det,ermination simply by measuring 
the pH at the 50 and 150% neutralization points. Therefore, 
for each compoiind the dissociation constants for the phenolic 
groups obtained from the spectrophotometric measurements 
were introduced as standard values for the estimation of the dis- 
sociation constants of the amino groups. The procedure seemed 
satisfactory for the following reasons : comparable results 
were obtained spectrophotome~ricallp and potentiometrically 
for a plienrrlic test sril)s(:irice (p-crewl) and with o-tyramine, 

~~ 

(21) T. V. Parke and W. IV. Davis, Anal. Chem.,  26, 6 4 2  (1945). 
(26)  F. Auerbach and E. Smolceyk, Z. p h y s i k .  Chem., 110, 64 (1924). 



+-\jitrostyreiieu, as well as cornpounds obtained froni thein hy addititiii of thiols, :ire knon-ii IIJ be :ititifmigal 
:gents and iiiterest arode in  preparing some Fater-soluble stgent:: of this type.  This wn; dolie hy addiiig 2- 
:irnitioethaiiet2iiol hydrochloride to p-iiitrost,yrene (eq. I '). Strong electroii-tliiiiatitig groups I J l i  the :try1 ring 
prevented the additioii. biit, a ring nitro groiip overcame this hiiidrnitc,e. Other  stibstitiients wen1 tri have 
little effect. Addition is also more difficult when the aniiiio group is rep1:ri:etl by dialkylamitto. -1- nritifiii 
:Lgents the compoundi inhibited the growth of Trichophylon incnicigi.oph!/tes, Cniidirln albicans, niid Crmtoc?/ 
cilnii in iiitro. Tliix 
c~ompoiiiidi also showed activity in vitro against the harteri:i Kacilliis si thli l is ,  Ewher ich iu  coli, 1)i'plocorcit.s 

and Erwinz'a carotocora; the alga Chlorrlla riilgari'.~.: mid t h e  protozoaii I'etrahymenrr gc le i i .  Tlicx 
/(/vu', the  orgaiiism respoii4blr. 

Several of the compounds csitsed iiihihitii~ii IJf the gron i l i  of the fiiiipiis i r t  trws, :&rid 

In in L ' I ' Z ~ I  testing in mice, hoxvever, there wti- coiisitlerahle tcixic,ity :it fitiiyicidnl levels. 

ing activity shown by thwe compoiiiids litis been sgaiiiht C'r.rcxtoc 
for I>uti*h elm disease. 
t i~ ld  testiiig i q  c,iirrently iii progress. 

In rcc~r i t  years, a riuiiiher of reports have been pub- 
lished oil the antibacterial and antifungal activity of $- 
nitrostyrencs2 and 2-nitro-l-phenyl-l-phenylthio(or 
all;~-lthio)all;ai~es3 obtained hy the addition of thiols to 
@-nitrostyre~ies.~ While inany of these coinpourids 
have shoivii good ailtibiotic activity 2'72 ~ i t r o ,  Evaiis. 
et ~ 1 , ; ~  have shown that at least some of the nitrosty- 

49, l259Og (lsJ.74); f c l  F'. ScliAnhdfer and 1f. Sclioog. .li,z,,rimitrpi-Porah., 8, 
Hi4 (I958); (11) 11. lioremura. T a k a m i i ! ~  k ' e n k y u s h o  S e n i p o ,  13, 205, 212  
t l!j61): ( e~ . \ l .  Koremura. 11. Okli, 11 .  Nakao, T. Sliono. and Y. AIorisaMa, 
8/ , td . ,  13, 216 (1961): if) AI. I<oremora and Z. IIattori, ihid.. 13, 2 2 %  (10611: 
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