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ta cool tn mom remperatire. The prodiet was filtered, washal
with a Httle Dowtherm, then with aecetone, aml dried ol 1an”
Lvield 3.9 g a2 Lol 200

Methyl 4-Hydroxy-6,7-bist 2-methylbutoxy )-3-quinolinecarb-
oxylate (26).—To a solution of 110 g (1 mole) of catechol in 3801
ml of dimethylformamide (DMI) in a nitrigen atimisphere was
added 108 g (2 males) of sodinm methoxide pawder with stirring.
The reaction mixture was stirred at 40-44° for 1 additional hr
and then 302 g (2 moles) of 1-browa-2-methyibntane was added
i abont 45 min. A eclear sohition was obtained about 1.3 hr
witer the addition, kept under nitragen overnight, and then
poured lnta water.  This mixture was acidified to pll 3 and ex-
rraceted with benzene.  The cambined extracts were washed with
106 NaOH solution fallowed by water.  After dryving, the hen-
zene was stripped /i vacuo, vielding 98 g (3003 nf o-his(2-
methylbntoxy )benzene.

To a solution of 200 ml af cancenirated HNO; and 200 ml of
water was added gradually 86 g (0.344 mole) af o-bis(2-methy]-
Itoxy)benzene with stirring, so that the temperature never
rose above 30°.  Addition was completed in 1.5 hir aud the reuce-
tion wixture was further =tirred for 2.5 hr and then poured over
eritieked ice. The gnmmy solid was dissolved 11 ether and washed
well with water 1ntil the washings were ahnost nentral.  Afier
drying, the ether was distilled 1o vield 87 g (864 v nf dark, lgnid
1.4-bis(2-methyvibntaxy)nitrabenzene.

Hydrogenation of 30 g (0.1 mole) af the erade nitra camponned
in 200 ml of absalate ethanol aver 8 g of 5, Pd-C catalyst (500,
water) at 2.8 kg/em? initial pressnre was camplete in 1 hr.  After
filiration, the filtrate was heated under reflux with 17 g (0.1
male) of diniethyl methoxymethylenenalonate® for 2 hr. The
salatiou was stripped “n vacuo to vield 40 g of residne. A 120-
g sample of the anilinomethylenemalonate prepared in this way
wis added to 500 ml of boiling Dowtherm A, After bailing tir
1D miu, the solution was allowed wn cool to room temperatnre,
the solid produet was filtered, and the filtvate was again healed
tn bolling us rapidly as possible.  After four such heating periods
of 810 min each, 46 g (41071 of ernde produet was abtained.
Reerystallization from 2 L of DIMITT with charcaal gave 37 g
nf white produet.

Propy! 6,7-Diethoxy-4-hydroxy-3-quinolinecarboxylate (51,
A mixture of 61 g (0.2 mole) of ethyl 8,7-diethoxv-4-hydroxy-i-
quinalinecarhoxylate (3), 1600 ml of prapanal, and 2 g of p-
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tluenesutfouir arid was hieatel nnder retlux for 6 odavs, The
mivture wis fibbered o and the solid was wiched wiile ether
vl dried o give 32 oo prodineis A srsnnd veop of 13 sepo-
rated from vhe filuare, giving a iotal ol 57 g, (807, Ul the peopyl
Recrystallizadiom nf 35 g g DA with shaveal gave
A g of pure nederixd.

Propyl 4-Hydroxy-6,7-diisobutoxy-3-quinolinecarboxylate
121 A mixvinre of 37 g (1Ll male) of ethyl 4-hyvdroaxy-i7-
diizohutnxy-3-quinalineearbaxylate (200 and Sote it of ey,
NaOl T ~alutiom was heated nnder reflux for 4l Atver liloa-
tiim the ot <ohition was acidified with HCE and allnwed )
cool.  The previpiiate was filtered, washied well with water,
and dried. A saspensim of 19 g of this solid i stu0 ml of hen-
zene was heaied nnder rethix with a Dean-Stark trap (o remnve
any water still present. Then 5 ml of SOCL wis added and the
mixture was heated under reflux fir 1O hir and allowed 10 0]
nvernight.  The emde aeid ehlaride (18 gy was tiliered, wasnol
with benzene and ether, und dried at 100°,

A mixtare of 5.1 g (1.017 mnole) of the acid ehloride tn 50D il
of propanol wis reflnxed for 175 e, The =olition was fittered
and enaled, and a xmalt amount nf NH;OH was added ta adjnst the
olntinn 16 pH 7 s "Phe precipitate was tritirated with water,
filtered, ward dvied at 100¢, The vield was 4.8 ¢ 776 ) of the
prapyl ester.  Heervstallization of £ g from 10O ml nf absninte
othanol gave DX g ol whire needles,

Ethyl 4-Acetoxy-6.7-diethoxy-3-quinolinecarboxylate i4).

A mixture nf g ca 1t mole) of ethyl 6, 7-diethoxy-4-hyvdrosy-i-
quinolinecarbosyvlia e 131 and 30 g of anhydrans sadinm aretate
i 1250 ml of aeenn anhvdride was heated nnder retlux for 2.25
b and then allowed toraal, The solid was eollected and washed
with enld waier qond dried ar T vield, 49 g (867731 nf 1he 4-
aeetnxy camprmnd.  Reerysiallizatnion foomn ethanol gave an
analvtiral <ample.

ester.
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Fifteen analogs of phenethyl alcohol have been prepared to explore the effect of ring snbstituents, and to a

lesser degree solubility, on bacteriostatic activity.

All of the monomethoxy- and dimethoxy-, all of the mona-

hydroxy-, and three dihydroxypheunethyl alcohols have been prepared by the utilization of a variety of pracedires

and =ubjected to biological evaluation.

The bacteriostatic coneentration of each of the phenethyl aleohals for

Escherichia coli B was deterniined and the reversibility of the bacteriostasis established. The influence of p-
methoxy-, 2,5-, 3,4-, and 3,5-dimethoxyphenethy! alcohol in the synthesis of DNA, RNA, and protein by E. col/

B was studied.

thesis of DNA, RNA, and protein when present at its bacteriostatic coucentration.

Fach of these compounds, as well as the parent compaind, cansed 1004% inhibition of the syn-

When the inhibitor wus

removed, these biosvntheiic processes, as well as cell division, were reinitiated and resumed, rates parallel @)

those characteristic of the control, iminhibited eulture.

In 1953, Lilley and Brewer? reported that phenethyl
alecohol exhibited a marked inhibitory effect on gram-
negative bacteria while inhibiting gram-positive bac-~
teria only slightly if at all. They found that the in-

71) Thix wark was sapported in part by the Damon Ranyon Memunrial
Fonl (DRG No. 845), the Natinnal Cancer Institute (CA-07849), and an
American Cancer Society Institutional Grant.

(1) This report eonstitutes part 0f the thesis submittel by . Z.
Nbhufugy fur the Ph.D. slegree, University of Nebraska, 1966.

(31 1 Do Lilley awd J, TE Brewner, J. cUm, Pharpr, Assor., 42, G 110531,

eorporation of 2.05 X 10-% moles/ml of phenethyl
aleohol in a trypticase =0y agar preparation produced
a medium which could be used to isolate selectively the
gram-positive bacteria from a mixed bacterial flora.
Phenethyl alcohol appeared to be one of the few com-
pounds which iz more inhibitory to gram-negative
than to gram-poxitive bacteria.  This unusual property
of the material prompted Berrah and Konetzka® to

16, Gerraly wapd W, Keaeezka, J. Bagleriol., 83, 738 {Lla.
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undertake an investigation of the mechanism of the
inhibitory action. They reported that  phenethyl
alcohol caused a selective and reversible inhibition of
DNA synthesis, while the synthesis of RNA and protein
continued at a rate which paralleled these synthetic
activities in the uninhibited culture. This apparently
unique status of phenethyl alcohol as a specific and
reversible inhibitor of DNA synthesis has led to its
widespread use as an inhibitor in a variety of studies of
hiological processes related to DN A synthesis,

At the time this investigation was initiated, no
studies had been made of the relationship between
chemical structure and biological activity of analogs
of phenethyl alcohol. The absence of such studies and
the apparent uniqueness of the biological activity
prompted us to prepare fifteen analogs of phenethyl
alcohol. These compounds, methoxy and hydroxy
derivatives, are two groups of compounds which
malke it possible to explore the effect of some ring sub-
stituents and, to a lesser degree, the effect of solubility
on their biological activity. All of the mono~ and di-
methoxy-. and all of the mono- and three of the di-
hydroxyphenethyl alcohols have been prepared and
subjected to biological evaluation.

Chemistry.—o~, m~, and p-methoxyphenethyl alco-
hols were prepared by treating the appropriate bromo-
anisole with phenyllithium to form the methoxyphenyl-
lithium compounds which were treated with ethylene
oxide; the resulting lithium salts were hydrolyzed by
acid. The products were isolated by extraction and
distillation. sm-Methoxyphenethyl alcohol was also
prepared by the reduction of m-methoxyphenylacetic
acid with lithium aluminum hydride.?

The preparation of the 2,3-, 2,4~ 2,5~ 3,4-, and 3,5~
dimethoxyphenethyl alecohols was accomplished by
condensation of the appropriate benzaldehyde with
nitromethane by a procedure previously employed by
Gairaud and Lappin.® The resultant nitrostyrenes
were reduced with lithium aluminum hydride to the
corresponding phenethylamines by the general pro-
cedure of Ramirez and Burger” with some minor modi-
fications. The resulting phenethylamines were con-
verted to their diazonium salts which, on hydrolysis,
produced the appropriate dimethoxyphenethyl alcohols.
This procedure had previously been employed by Pailer,
etal®

2,6-Dimethoxyphenethyl alcohol was synthesized
from m~-dimethoxybenzene. Phenyllithium was used
to introduce the lithium atom into the ring between the
methoxy groups to yield 2,6-dimethoxyphenyllithium.
The remainder of the synthetic sequence was the
same as that used for the preparation of o~ m-~, and p-
methoxyphenethyl alcohols outlined above.

o~ and p-hydroxyphenethyl alecohols were prepared
from the corresponding hydroxyphenylacetic acids.
The acids were converted to their ethyl esters as pre-
viously desecribed,® and the esters were converted to the
corresponding acetoxy derivatives with acetic anhy-
dride. The acetoxyethyl esters were reduced with
lithium aluminum hydride by the method described
by Rohmann and Meisel.?

(5) J. H. Hunter and J. H. Hogg, J. Am. Chem, Soc., T1, 1922 (1949).

(6) C. B. Gairaud and G. Lappin, J. Org. Chem., 18, | {1953).

(7) ¥. Ramirez and A. Burger, J. Am. Chem. Soc.. 72, 2781 (1950).

(8) M. Pailer, K, Schneglberger, and W, Reifschneider, Monatsh. Chem.,
83, H13 (1052).
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Figure 1.—Example of the method used for the estimation of
the bactertostatic concentration.

m-Hydroxyphenethyl alcohol was prepared by hydro-
bromic acid demethylation of m-methoxyphenethyl
alcohol, and 2,5-, 2,6-, and 3,4-dihydroxyphenethyl
alcohols were prepared by demethylation of the cor-
responding dimethoxyphenethyl alcohols with alumi-
num chloride in benzene.

Biological Results.—The bacteriostatic concentra-
tion for E. coli B was determined for each compound
by the use of a graphic analysis of the viable-cell count
at the end of a 4-hr incubation period for each concen-
tration used. The technique is described in the experi-

mental portion and illustrated in Figure 1. Table I
TaBLE I
BacrerIosTATIC CONCENTRATION OF PHENETHYL ALCOHOLS
Conen,

moles X Relative

Compd 10-5/ml activity*
PEA? 2.64 100
o-Methoxy-PEA 1.58 168
m-Methoxy-PEA 2.18 121
p-Methoxy-PEA 0.48 550
2,3-Dimethoxy-PEA 1.38 191
2,4~-Dimethoxy-PEA 1.53 172
2,5-Dimethoxy-PEA 0.97 272
2,6-Dimethoxy-PEA 4.35 61
3,4-Dimethoxy-PEA 4.73 56
3,5-Dimethoxy-PEA 1.11 237
o-Hydroxy-PEA 3.17 83
m-Hydroxy-PEA 2.72 07
p-Hydroxy-PEA 6.26 42
2,5-Dihydroxy-PEA 2.73 07
2,6-Dihydroxy-PEA 3.35 79
3,4-Dihydroxy~-FEA 2.55 104
Phenethylamine 1.70 160
p-Methoxyphenethylamine 0.88 300

¢ Unsubstituied phenethyl alcohol (PEA) arbitrarily set at
100. * PEA = phenethyl! alcohol.

gives the bacteriostatic concentration of each of the
compounds in moles per milliliter and rates the activity
of each compound in terms of phenethyl aleohol.
The most active compound was p-methoxyphenethyl
alcohol, which was 5.5 times as potent as the parent,
unsubstituted compound. The least active was p-

(9) C. Rohmann and D. Meisel, Arch. Pharm., 294, 538 (1961),
(10) I.. Schieler and R. Rprenger, J, 4m. Chem, Soc., 78, 4045 (1951).
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Tigure 2.—Example of the bactertostasts produced by a
phienethyl aleohol and the reinitiation of cell division following
the renoval of the inhibitor.

hydroxyphenethyl alcohol.  Two compounds of sub-
stantial activity were 2,5~ and 3,5-dimethoxyphenethyl
aleohols, 2.7 and 2.4 times, respectively, as active as
phenethyl alcohol. 1t is of particular interest that 3,4-
dimethoxyphenethyl aleohol was the least active of the
methoxy compounds.

Since the methoxy compounds were, in general,
more active than the hydroxy compounds, the sug-
gestion that their reduced polarity enhanced their
solubility in the lipoprotein cell membrane of the
gram-negative L. coli i attractive. Solubility in the
media seemed to be o less important consideration
since the 2,6~ and 3,4-dimethoxy compounds were of
almost equal activity; the former was the least soluble
and  the latter the most soluble of the dimethoxy
compounds.  When both were converted to their di-
hydroxy alcohols, the 2,6«dihydroxy showed no in-
crease i oactivity, although it wasx niore soluble than
the dimethoxy compound, while the very iusoluble 3.4-
dihydroxy compound was twice ax potent as its di-
mecthoxy  derivative.  IPactors  other than solubility
and polarity are also of importance in determining the
activity and poteney of these materials.

The finding that the monohydroxyphenethyl alcohols
were less active than the corresponding methoxy
compounds limited interest in the dihydroxy analogs.
The selection af the three analogs to be prepared in
the dihydroxy =ertes was hased on the observation that
the 2,5-dimethoxy compound was the most potent of
the dimethoxy alcohols, and the 3.4~ the least active
dimethoxy analog.  However. since the 3,4-dihydrosy
groups are of interest in terms of biological aectivity
under any cireumstances, the 2,G-dihydroxyphenethyl
alcohol was ulso made. The 2,6- and the 3,4-dime-
thoxy alcohols were of equally low activity.

The biological properties of phenethyl alcohol, p-
methoxy-, and 2,5-, 3.4~ and 3,5-dimethoxyphenethyl
aleohols were studied for their influence on bacteriostasis
and its reversibility, and on the synthesis of DNA.
RNA, and protein.

The reversibility of the bacteriostasis caused by the
phenethyl alcohols was shown by the removal of the
inhibitor from a culture in which it had been preseut
for several hours. Once the inhibitor was removed
from the culture, ecll division was reinitinted, and it

Val. g

thern proceeded at o rate which paralleled that o the
coutral culture.  Iigure 2 ilustrates the reversibitity
of the hueteriosiasts produced by one af the catnpounds,
The reversibiicy of the inhibition ix believed 1o he
characterixtic of all of the compounds. but it was
demonstrated far only the pavent compound, phenethy!
aleahal, for the most potent campounds, p-methoxy-
aned 2.5-wand H5-dunethoxyphenethyt aleohols, and far
one ol the teast potent compounds, 34-dinethaxy-
phenethyl aleahal,

The influctiee of these five compaunds on the sy
thesi< of DNACRNA, and protein by 22, cold B was ulso
studicd. T the case of each of the above five com-
pounds, it was found that, whet it was present inoa
culture at its spectfic bacteriostatic concentration, i
caused  100¢ inhibittion of the syvnthesis of the (wo
nueleie acids and protein. When the iphibitor was
removed, these hiosvithetic processes were resurmal
and mainrained  rates pardlel 1o those af control,
uninhibited eultures, Tt is belicved that this general-
ized netian s cbaracteristic of all of the compounds
deseribed e this repore, and Table T sunuuarizes
these findings.  The bacteriostatic activity of  (hese
five compowsls for I eoli B certainly cannot he
attributed ta aspeeifie inhibitian of DNA synthesis,

tosenkrunz, o @l M have reported that phencthiyl
aleohol bas o eifect on the phvsiochemical propertios
of ixolated DN A They indicated that the metabolic
funetions most scusitive to the inhibitory actan af
pherethyl adeohol appeared (o be the pracess of enzyme
induction suid, possibly. the syuthesis ol m-RN A,

Purtng ae independent exploratory study, it was
found that phencthylamine and p-methoxyphenethyl-
amine were bhetter bacteriastatic agents than phenechyl
aleohol for Foocoli Bo These values are listed at the
end of Table L

Experimental Section '

Chemical Methods.-—2,4-Diniethoxybenzaldehyde was pre-
pared by general procednure b which is described;'® 2 5-dimethaxy-
benzaldehyde was preparcd by methylation'® of 2-hydraxy-3-
methoxybenzuldehvde ' and 3 5-dimethoxybenzaldehyvde  was
prepared as described.®

The fallowiug phenethyl alcohols were prepared by the addition
nf excess ethvlene nxide ta the appropriate phenyllithinm com-
pinds.  The procednre nsed wax a ennibination of those de-
seribed. % The phenvHithinm  componnds were  prepared
by the action of phenyilithinm'® on 0.25 mole of the appropriate
bromoanizoles: o-methoxyphenethyl alcohol (1297), bp 129134
(] mm) Hit8 133-135° (11 nnn)]; m-nethoxy phienethyl aleohol
{12€4), bp 134-137° {11 mim) {he. 135-157° (12 mm $° and 145°
(1% munpj; p-ethoxyphenethy! aleohal (14¢7%), bp 144-145°
(11 mm) Hie* 142° (12 mun)].  Lithinm aluminum hydride
reduction of w-methoxyphenylacenie acid® prodiced p-metlhoxy-
pheunethyl aleohol (8267), bp 134--135° 110 mum).

The dimethoxy-3-nitrostyrenes were prepared from the
appropriate dimmethoxybenzaldehydes (0.15 to 0.24 mole) by «
cambination f  procedures described.8” The produets were

(11) H. 8. Rnsenkraus, 1. &, Carr, awd H.o ML Rasty S, Bueterinl,, 89,
1364 (1965).

{12) All meldng puines were tleterniined on calibrated thornpaneters,

(13) J. P. Llamhuvoy, J. Am. Chem. Soc., T8, 771 (1954).

ildy H. B. Gillespie, Binchem. Prepn., 3, 79 (1953).

116) 5L 1. Lambhooy, J. AAm. Chem. Soc., 76, 133 (195-1).

116Gy R. AL Dinrnes, thn/. T8, 3004 (1633).

(177 M, Love-Toamaxo, R Malrmners, aml G. G Muong, Cheq. Ber,, 93,
280 (19501,

181 R0 Winstein, O Lindegren, H. Marsholl, and Lo Ingration, /o e
Cheo Soc,, T8, 11T 11943).

19y J, DL Stoesnninh at 1L Connor, S Chem. Soe., 2280 (19277,

2 LI Olavk and 1L 100 Rebsa, shid,, S7L0 010097,
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TasLe 11
INHIBITION OF SYNTHES!S OF N ACROMOLECULES IN E. coli BY VARIOUs PHENETHYL ALCORHOLS"
Time, ug bf maeromolecule/ml of culture -—
Flask min PEA® p MeO- 2.5-(3Me0)s- 3.4-{MeQ)o- 3.5-(MeO)eo-
A. DNA Syuthesis
Control 0 1.92 1.99 2.08
61) 5.72 .02 5.44
120 10.50 10.20 10.24
180) 16.00 15.50 13.90
240 20. 31 18,96 16.96
Tuhibited 0 2.00 1.90 2.08 2.08 2.08
60) 2.04 2.00 2.24 2.32 2.24
120 2.04 1.96 2.40 2.40 2.24
180 2.04 2.00 2.60 2.48 2.40
240 2.08 1.92 2.80 2.48 2.32
Tuhibited (w)P 180° 7.4 800
24() 10.10 12.00
B. RNA Synthesis
Contral 0 17.5 17.5 18.40 17.5
61) 32.2 32.2 32.6 32.2
120 47 .4 480 49.3 47 .4
180 6.0 55.4 49.6 56.0
240 56.0 57.6 57.3 356.0
Inhibited 0 17.5 17.5 18.4 17.0 17.5
60) 18.0 14.1 18.1) 17.0 17.6
120 20.9 11.7 16.3 17.8 18.3
180 21.0 11.7 18.7 17 .4 18.3
240 21.8 10.5 20.8 17.0 16.3
Inhibited (w) 180° 34.4 32.3 d d d
240 36.0° 36.8°
C. Protein Synthesis
Control 0 27.0 27.0 25.5
60 65.5 65.5 65.5
120 108 108 133
180 152 152 152
240 170 170 167
Iuhibited 0 27.0 27.0 30.57 27.2f 26.57
60 29.0 31.5 28.5 27 .
120 21.0 28.5 30.0 30.0 28.5
180 24.0 28 .0 32.0 31.0 30.0
240 19.5 28.5 36.0 32.0 27.0
Inhibited (w)» 180° 57.0 61.0 d d d
240 73.0 7.0

@ The concentration of each phenethyl alcohol (PEA) was at or near its bacteriostatic concentration. The following concentratious
expressed as moles X 1075/m!l wereused: PEA 2.46, p-MeO- 0.47, 2,5-(3MeO ),- 1.01, 3,4~(MeO)~4.67, and 3,5-(Me0),- 1.09. ? A siugle,
inhibited culture was used for the 240-min test period. At the end of 120 min of incubation, 125 ml was removed from this cultire and
the inhibitor was removed. The cells were then resuspended in the same volume of new medium. This culture was then designated
Inhibited (w) for “Inhibited, washed.”

¢ This interval of 180 min is to relate the culture age to the others. The 180-min time indica-

tion is only 60 min after the completion of the removal of the inhibitor and the resumption of incubation at the end of 120 min. ¢ It
did not seem necessary to show the reversibility of these biosynthetic processes by the removal of the inhibitor for all cases. ¢ No reason
can be given for these small second-hour increases. / These values are higher than the true-time “‘zero” value of 25.5 ug/ml for this
series of test cultures. The increase was due to the inadvertent failure to chill the stock culture for a short time following the removal
of the zero-time sample and before the addition of the culture to the flasks containing the inhibitors.

recrystallized fromm 959 ethanol: 2,3-dimethoxy-g-nitrosty-
rene (66%7), mp 83-85° (lit.® 84-85°); 3,4-dimethoxy-g-nitrosty~
renie (809;), mp 139-141° (lit.% 141-142°); p-methoxy-g-nitro-
styrene (919%), mp 86-87° (lit.® 86-87°); 2,4-dimethoxy-g-nitro-
styrene (929), mp 104-105° (Anal. Caled for C,¢HuNO,s: C,
57.4; H,5.3; N,6.7. Found: C,57.7; H, 5.3; N, 6.7.): 2,5-di-
methoxy-g-nitrostvrene (799;), mp 121-123° (Anal. Caled for
CieHuNOy: C, 57.4; H,5.3; N,6.7. Found: C, 57.2; H,5.2;
N, 6.7.); and 3,3-dimethoxy-g8-nitrostyrene (86%), mp 128-130°
(Anal. Caled for C,0HuNOs: C, 57.4; H, 5.3; N,6.7. Found:
C, 57.3; H, 5.0; N, 6.7.).

The dimethoxyphenethylamines were prepared by dissolving
the dimethoxy-g-nitrostyrenes (0.15 mole) in 30 ml of a 1:1
mixture of anhydrous ether and benzene?! per gram of compound.
This solution was added to 20 g of lithium aluminum hydride in
anhydrous ether. After treating the mixture with 2 N H.80,

(21) The ynantity used was 800-1200 ml. 3.4-Dimethoxy-g-nitrostyrene
was tlissolved in 800 ml of tetrahvdrofuran.

followed by adjusting to pH 8 with NaOH, the products were
itsolated from the ether solution: 2,3-dimethoxyphenethylamine
(609%,), bp 162-164° (20 mm); picrate mp 176-178° (lit.22
177-178°); 2,4-dimethoxyphenethylamine (509;), bp 161-164°
(19 mm); 2,5-dimethoxyphenethylamine (429%), bp 148-150°
(9 mm) [lit.28 148°, (8 mm)]; 3,4-dimethoxyphenethylamine
(46), bp 164° (11 mm) [lit.2* 142° (6 mm)]; p-methoxyphen-
ethylamine (35%), bp 117-118° (10 mm) [li1.2s 113-115° (6-7
mm)]; 3,5-dimethoxyphenethylamine (5%%), bp 178-180°
(19 mm) (Anal. Caled for C,(Hi;:NO,;: C, 66.3; H, 83; N,
7.7. Found: C, 65.9; H, 8.0: N, 7.5.).

The dimethoxyphenethyl alcohels were prepared by the
hydrolysis of the diazonium salts formed from the appropriate

(22) E. 8pith, K. Riedl, and G. Kubiczek, Wonatsh. Chem., 79, 72 (1948).

123) 8. Sugasawa anil H. Wigeliara, Ber., T4, 459 (1041).

(241 I. Kikkawa, Yakugaku Zasshi, 78, 1006 (1958 Chem. Abstr., 83, 32607
{1949).

(25) V. G. Vinokarov, V. 8. Troitskaya, aud V. A, Zagurevskii, Zh.
Obsheh, Khim., 81, 2991 (1961): Chem. Abstr., 56, 15473a (1962).
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diniethoxyphenethylamines? (0.07-0.15 mole): phenethyl aleohol
(40¢%), bp 99-100° (10 mm ) [1i1.2699° (10 mm)1; nrethan, ap77°
(1.2 79°); 3,4-dimethoxyphenethyl alcohol (63¢71, bp 172--174°
(17 mm), mp 48° (lit.2®  45-47°); 3,5-dimethoxyphenethy]
alcohol (789%), bp 191-194° (26) mun) [hit.2? 140° <2 m)!:
2, 3-diniethoxyphenethyl alcahol (71070 bp 1721747 (22 nins:
urethan dertvative, mp S6° (Anal. Caled L Gy LN O,:
C, 67.8: I, 6.4; N, 4.7, Foaund: O, 475 H, e N, 4800
24-dimethoxyphenethyt aleohol (4647, mp 6770 i_tuel.
aled far CgHueQ)y: C, 65.9; 1, 770 Found: C, 66.1; 1, 7.6. ¢
dimethaxyphenethyl alcohol 100, 1, bp 176° 18 nuny 1o
183° (8 wmm ) (Anal. Caled for C, 0, €, 629 H, 7.7,
Fouud: C, 65.9; H, 7.7.).

2,6-Dimethoxyphenethy! alcohol wax prepared by adding an
excess of ethylene axide to 2,6-dimethoxyphenyllithium.'®  The
remainder nf the pracednre was like that given above far 1he
monomethoxyphenethyl aleohols, giving the 2,6-isomer (234, 1,
mp 118-119° (benzene--n-hexance mixtare 1.

Anal. Caled for CoH 0y Co62.9; 1, 7.7,
I, 7.5.

o= and p-hydroxyphenethy! alcohols were prepared hy the
Hihihmn aliminnm hydride reductian of the apprapriate ethyl
(acetoxyphenyhacetates:®  o-hydraxyphenethiyl alcohol (98771
bp 125-12%8° (0.5 uun) [htA 125-127 (0.5 min)]: p-hydroxy-
phenethyl aleohol (94C7), mp 92° (CHCly) (1it.? 92°). Ivdro-
bramie acid demethylation of sw-methoxyphenethyt aleohiol pro-
dueed m-hyvdroxyphenethyl aleohal (5105, bp 124-126° (0.2
mm) [l J68-173° {4 mni)]: A.5-dinitrobenzonte, mp 146-
F4RC THE 10 147°5,

Dimethoxyphenethyl alcolnt ¢3 ¢j, 9.6 g nf anhydrons AlCH,
and 85 ml of benzene were heated under reflux far 2 hr, cooled,
and poired onto ice. The dihydroxyphenethyl alcohols were
izolated from the benzene: J5-dihydroxyphenethyl alcohol
CEVCG), mp 76-78° (CHCL) (die® 76-78°): 3,4-dihydroxyphen-
ethyl aleohol (8167, mp 82-84° (dibe methanol) (1it.72 81-83°
23, 6-dihydroxyphenethyl aleahal (27973 mp 120-122° (henzene
{Anal. Caled far CgH,0y:0 Co 622030 H, 6.5, Found: G, 62.0:
H, 6.7.1

ITeating 2,6-dimethoxyphenethyl alenhnl 1o 150° fur 2 hrin a
sealed tibe with concentrated HCI® did not demethylate the
aiaterial but produced 2-(2-chloroethyl)-1,3-dimethoxybenzene
(784%), mp 79-81° (ddilute ethanat).

Anal.  Caled for CH,0.CL ., 39.9:
Found: C, 39.9; 1, 6.7 Cl, 17.5.

MHeating  2,6-dimethoxyphenethy!l alcohal with 487 HBr
wt 170° for 1 hr simitarty produeced 2-(2-bromoethyl)-1,3-dime-
thoxybenzene (67¢;), mp 79-52° (dilute ethanol).

Anal. Caled for CuHgOBr: €, 4900 1L 5.3
Found: €, 48.8; H, 5.6; Br, 32.7.

Biological Methods. Viable-Cell C‘ount rs. Concentration of
Phenethy! Alcohols.—The arganisni used was Escherichia coli B,
and the iedim uzed was nntrient broth NaCl*  The medinm
for the agar plates was prepared from the lguid niedinm by the
addition of 15 g of agar tn 1 L of the medivum.  All inenbations
were carried ont in u water-bath shakersts at 37°.

Au inoenlnm from an overnighi. enlture was added to 200 ml
of medinur i1 g H00-ml entture flask, and the contents were
incuhated intil the viable-cell cannt had reached 1 X 108 cells /inl.
A seriex of G0l enlture flasks had been prepared by the addition
ul graded inerements of the phenethyl aleohol to he stndied,
Sinee most af the componnds were relatively insatuble, the follow-

Found: (', 65.7:

I, 6o 17T

Br, 2.6,

7odth ol Oxford Universicy

261 “Diconnary f Orgaub Compouils,
Niw York, N.YL, W6a, p 2687,
Lo Sbhriger ol R €L Fusm, " The lematir ldentteaton of
e Connponmls 3ol ml Iotin Wiley andd Sons, Ine,, New York, N. Y.,
IR

281 M. Uarast am] 1L Qabiowl, J. Chepr Sora, 2137 (196D).

CH X Wigscein ol R ek, J. o Chon. Soc., T8, 4801 (1954).

a3l The pxeellent viehl ond puricy nf diis material warranted an analysis,
particularly sinree tlie niling range given in ref 16 is rather wide (130-142°
4 0.7 mm,

30 R Svern, J. Englizh, awl H. €
d10aT).

139y R Gotanan, 1 Meisel, and L, Newraly, Ana, Chem., 563, 86 (18414,

133) Difers Lubrataries Ine., Devroi¢, Mich.,

i31) (a) Gyrntory Shaker: (b) Electronie Qolony Cuanter, bath from
New Brunsawick Seientific 50 Nosw Bronswick, N, T

idy, J. o, Chen. Soc., T9, 3797

Val. o

J. P Lastnooy

ing procedire was nsed. Fo ench of the theks containing the
compound wax added 12.5 ml of medium. Al Hasks werc heated®
carefully on u hiol plate until the compound was in =idution. Th
tlasks were then permitted to coal to approximately 377 at which
time 1225 ml of the radture containing t % 100 cells Al wies
added 1o cavho™ The flasks were then inenbated for a perind o
4 ey samples Tor viable-cell connts were removed fvom the von-
trol flask at vzern™ tire and from wdl flasks av the end of earh
Iomr o menhation, The vialde-cell emmts were deternminef
by the usual plate-om procedire, the vnnts heing the averoge e
three plates folliwing o 12-18-ln inenbation perind. An ¢l
tronie, coloay mmnter was used.# 4

Bacteriostatic Concentration. - The bacteriostatie concenira-
tion of each componnd was abtained by plotring the lug of the
mnmber of viable cells preseni in the enbre at the end of 1he
frnrreh hour of ioubation againsr the emeentratiom of the com-
prund inmnles per milliliter. The point at which the ploiied
line transeeteld the abseissa rarresponding to the nitid O zem”
timet vell ennmt was the bacterinstatic eoncentratiom.  Figure 1
s an exuniple of thix graphie determination; it ix eapahle of ex-
cellent reprodacihility.  Table T smumarizes the bieteriostanie
eomeentriatinns for the romponds evaluared.

The reversibility of the inhibitinm canxed hy the haeterinstarn:
roneentration wos olerermined for phenethyl aleahal and Tor
p-methoxy-, 2.5-, 3 4- and 3,5-dimethoxyphenethyl aleohnls.
Three Hasks were prepaved for cach exereize by essentially 1he
saute pracedure ax that nsed above fur a determination of viable-
cell carart es, vomeentration. One tlask contained na inhibinne
and the other 1w cantained the bacteriostatic coneentratinn of
the partienlar phenethyt aleohnl. Viahle-cell enmits were manle
ax hetore, but at the end af the <evond or thivd hanr of inenba i,
the inhibitnr wie renuved frone one of the experimental fasks by
centrifngation anl washing with medinm.  The cells from this
flaxk were resnxpended in the original volhune of medinu, wnl
inenhatinn was resumed: viable-cell enmnrs were determined {or
cach faxk for the nexi 2 hre. Figure 2 is an example of the hae-
teriastatic action nf nne of the phenethyl aleohols and the reversi-
bility' of this inhibition hy removal of the inhibitor.

Synthesis of Macromolecules.- -Ta <utndy the intflnence of the
phenethyl aleohols on DNA, RNA, wad protein svnthesis,
exsentially the sine procerure wax used ax that outlined for the
reversibility studies almve, Targer vohnmes of enduire were nsed
<0 that d0-l samples eonld be removed from the enntrol flask
aud the experimental flask at the end of each lvnly interval,
Table IT iz self-explanatory. The cells were calleeted by centrif-
ugation, and the DNA, RNA, and proteia cantent were deter-
mined.  Ti i assamed vhat the action oF all of the phenethyl
alrohals i the sane, Imt the infhnenve on the syuthesis of these
macromoleentes was <iudied for phencthyl aleohol,  p-methoxy-,
wd 2,9-) 3,4-, and 3, 3-dimethoxy phenethyl alenhols. DNA was
determined hy Burton's pracedure,® salmon spenn DNA being
sed s a0 standard, RNA was deterniined by Megbammn's
procedure,® veast HNA being nsed ax a standard.  Protein was
determined by Lowry's procedire,#* crvstalline bovine alnnnin
being nsed as o standavd,  Table TI snmmarizes ihe data for the
effect of the five phenethyl aleahols sindied o the synthesix of
DNA, RNA and protein.

These phenethyl alenliods have heen seut i e Cancer Chenus-
chierapy National Serviee Center fins serveening.
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355 This poselnre was regpuirisd for all of 1ite romponls rxrepl plirm-
eihyl aliobol, seenedimxyplienechyl aleolnl) aml 34alimethoxyphenettiy]
aleolnl, These inaterials were snlnble without beating,  Ior 2 6i-limetlnxy-
sl 3. 4-dibydroxyphepehiv] alenhnls, i€ wiz netessary o ise » rulenre nial-
hon vontaining 107 Tween 80 us well as hent.  Tlis conrentration »f
Tween 80 liol hieen fiumi not 1y inflnerwe (be rute of cell divisinn of 11
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€367 This gave anopitial viable-rell ennm for each flusk »f ulion 3 X 107
cells ul,

i37) IS Burron, Bonthe, J., 820 313 11936).,

1381 W NMejbanm, Z. Physiol. Chern., 258, 117 (1039).

i39) 0. H. Lowry, N. .. Rosenhrongh, and R. J. Randall, J. Bial. Chene.,
193, 1G5 (1957,




