
Synthesis and Pharmacology of Some Basic Esters 
of 3,4,5 -Trimethoxy benzoic Acid 
By A. J. VAZAKAS* and JAMES T. DOLUISIO$ 

A series of basic esters of 3,4,5-trimethoxybenzoic acid has been synthesized and 
the compounds evaluated for antihypertensive and local anesthetic activity. One 
of  the compounds, a diamine esterfgrepared from N-methyl-N-phenyl-N’-propyl- 
ethyleaediamine via a three-step syn esis, exhibited hypotensive activity following 
intravenous administration to aormotensive dogs. No hypotensive activity was 
demonstrated following intraperitoneal administration to renal hypertensive rats. 
All but one of the compounds tested exhibited some degree of local anesthetic 

activity. 

HE ISOLATION of reserpine (I) in crystalline 
Tform (1) and the subsequent developments 
which led to the elucidation of the structure ( 2 4 )  
and total synthesis (5) of this alkaloid have 
stimulated many workers to prepare simple ana- 
logs of this molecule in search of compounds with 
reserpine-like activity (6-20). 

In our laboratories, a similar objective was 
approached with the preparation of (a) a series of 
4 - dialkylaminobutyl 3,4,5 - trimethoxybenzoates 
(11), all members of the series possessing portions 
of rings C, D, and E of the reserpine molecule; 
( b )  two 4-(4-substituted piperazin0)butyl 3,4,5- 

clusion of a second nitrogen atom in a position 
approximating that of the indole nitrogen of 
reserpine, might also be considered to possess a 
portion of ring B ; (6) N-methyl-N-phenyl-”-pro- 
pyl-N‘- [4 - (3,4,5 - trimethoxybenzoy1oxy)butyl)- 
ethylenediamine (IV) which possesses all of ring 
A and portions of rings B-E. 

The compounds of structures I1 and I11 were 
prepared by alkylation of the appropriate second- 
ary amines with the previously unreported 4- 
chlorobutyl 3,4,S-trimethoxybenzoate (V). For 
the preparation of IV, N-propylchloroacetamide 
(VI) was converted by use of N-methylaniline to 
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trimethoxybenzoates (111) which not only possess 
portions of rings C, D, and E but, with the in- 
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110, R = CHa 
IIb, R = CzH5 
IIc, R = n-C3H, 

2-( N-met hylani1ino)-N-propylacetamide (VII )  
which was then reduced with lithium aluminum 
hydride to N-methyl-N-phenyl-N’-propylethyl- 
enediamine (VIII) .  Acylation of V I I I  with 8- 
carbethoxypropionyl chloride ( IX)  afforded the 
amide ester (X) which, on reduction with lithium 
aluminum hydride, yielded N-methyl-N-phenyl- 
N’-propyl- N’- (4 - hydroxybuty1)ethylenediamine 
(XI). The latter was then esterifi‘e‘d .with 3,4,5- 
trimethoxybenzoyl chloride in ether and in the 
presence of triethylamine to produce IV. 

While this work was in progress, a publication 
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appeared (7) describing the preparation of the 
compounds of structure I1 by use of a different 
synthetic procedure. The compounds were re- 
ported to  be "devoid of any reserpine-like activity 
as was indicated by their failure to prolong the 
hexoharhital sleeping time in mice and their 
failure to  affect the fall-off time of rats from a 
rotating rod." In our evaluation, the com- 
pounds of both structures I1 and 111 did not  
significantly affect the blood pressure of anesthe- 
tized normotensive dogs. 

Because of the nature of the structures of I1 and 
111, it was of interest to examine these compounds 
also for local anesthetic action. The procedure 
used consisted of the topical application of 3 drops 
of a 1 % solution of the compound in the rabbit eye 
and measurement of the duration of anesthesia in 
minutes. It was found that all of these compounds 
except IIIa were quite active in this evaluation 
procedure. The anesthesia produced was ac- 
companied by lacrimation and pitting with each 
cornpound except IIIb, which was found to be 
completely free of these side effects. Structure 
IIIb also proved to be the most active of the com- 
pounds tested. The 87-minute average duration 
of anesthesia found with IIIb compared favorably 
with the average durations of action observed for 
cocaine and procaine of like concentration, these 
being 54 and 36 minutes, respectively. Another 
standard, dibucaine, had an average duration of 
action of 94 minutes a t  a concentration of 0.5%. 
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unanesthetized renal hypertensive rats, the com- 
pound had no activity when blood pressures were 
recorded at 1,  2, and 4 hours post treatment a t  
doses of 10 and 20 mg./Kg.. i.p. Lack of activity 
in this experiment may have been due to the 
short duration of action demonstrated in the dog 
experiments. 

EXPERIMEN TALI 
3,4,5-Trimethoxybenzoyl Chloride.-This com- 

pound, prepared according to the method of Lasslo 
and Jordan (21), was further purified by distil- 
lation .in vacuo, b.p. 112-115"/0.8 mm. It crystal- 
lized in the receiver, m.p. 79.5 to 81'; reported 
(22) m.p. 79 -82". 

4-Chlorobutyl 3,4,5-Trimethoxybenzoate (V).- 
A mixture of 50.5 Gm. (0.22 mole) of 3,4,5-tri- 
methoxybenzoyl chloride and 29.3 Gm. (0.27 mole) 
of 4-chloro-1-butanol in 270 ml. of anhydrous ben- 
zene was refluxed for 8 hours, hydrogen chloride 
being evolved. After removal of the solvent, the 
residue was distilled under reduced pressure. A 
42.1-Gm. quantity (63.5%) of pale yellow oil, b.p. 
18.5189°/1.1 mm. was obtained; n y  1.5315. 

And-Calcd. for C1dHleClOs: C, 55.54; H, 
6.33; CI, 11.71. Found: C, 55.32; H, 6.33; C1, 
11.71. 

4 - [4 - (2 - Hydroxyethyl)piperazino]butyl 
3,4,5-Trimethorybenzoate Dihydrochloride (IIIb).- 
A mixture of 5.0 Gm. (0.016 mole) of 4-chlorobutyl 
3,4,5-trimetlioxybenzoate, 2.1 Gm. (0.016 mole) of 
N-(2-hydroxyethyl)piperazine, 1.7 Gm. of anhydrous 
sodium carbonate, and 3 Gm. of powdered potassium 
iodide in 200 nil. of methyl ethyl ketone was stirred 

HN' ._. . 

CH30+ COO(CH2),C1 A 'I 

Compound IV, which was evaluated only with 
regard to its effect on blood pressure, had hypo- 
tensive activity when administered to  anesthetized 
normotensive dogs a t  a dose of 8 mg./Kg., i.v. 
This dose caused an immediate fall in blood pressure 
ranging from 41 to  68 mm. of mercury in three dogs. 
The average duration of activity was approximately 
17 minutes, the range being from 5 to 30 minutes. 
The immediate decrease in blood pressure observed 
with this compound is not typical of reserpine 
activity. The compound did not appear to  possess 
adrenergic or ganglionic blocking activity. In 

and refluxed for 16 hours. The solvent was removed 
a t  reduced pressure, the residue treated with a 
concentrated solution of sodium carbonate, and the 
alkaline mixture extracted with ether. The di- 
hydrochloride precipitated upon the addition of 
anhydrous hydrogen chloride to  the dried ether 
solution. The white solid was collected, washed 
with ether, and recrystallized from ethanol to 

* Melting points were determined by the open capillary 
tube method and are uncorrected. The microanalyses were 
done by Dr. Alfred Bernhardt, Miilbeim (Rubr). Germany. 
Spectra of the oils were obtained on a Perkin-Elmer model 
21A double beam infrared spectrophotometer on samples 
between salt disks. 
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yield 4.2 Gm. (56%) of white crystalline product, 
m.p. 190' dec. 

And-Calcd. for CmH3?N&2HCI: CI, 15.1 1 ; 
N, 5.97. 

The compounds listed in Table I were prepared 
essentially as above, the only variations in the 
procedure being ( a )  the use of excess amine, rather 
than sodium carbonate, as the acid acceptor in the 
preparation of Nos. 1-3, and (b )  the preparation of 
No. 1 in a pressure bottle, rather than under reflux, 
at a temperature of 60' for 30 hours. 

N-Propylchloroacetde (VI).-This compound, 
prepared by the method reported for the synthesis 
of the N-ethyl homolog (23). was obtained as a 
colorless oil in 75% yield, b.p. 91-94'/4.5 mm.; 
reported (24) b.p. 90-91'/4 mm. 
2-( N-Methy1aniliao)-N-propylacetamide (VII).- 

A mixture of 102 Gm. (0.75 mole) of N-propyl- 
chloroacetamide and 181 Gm. (1.7 moles) of N- 
methylaniline in 700 ml. of toluene was stirred and 
refluxed for 8 hours. The mixture, after having 
been allowed to stand overnight, was filtered to  
remove the precipitated N-methylaniline hydro- 
chloride, the cake was washed with benzene, and 
the benzene-toluene filtrate was evaporated to 
dryness under vacuum with the aid of steam bath 
heat. The dark oily residue was dissolved in 
chloroform, the chloroform solution was washed 
with water, then dried over sodium sulfate. The 
mixture was filtered, the chloroform removed, and 
the residual oil distilled in uacuo. After a small 
forerun of N-methylaniline, 131 Gm. of oily product 
was obtained, b.p. 135-138"/0.4 to  0.5 mm., which 
gradually solidified in the receiver, forming rosettes 
of glistening pale-yellow needles. The product was 
further purified by recrystallization from 2 L. of 
skelly B. It crystallized in large shiny white plates. 
The yield was 118 Gm. (76y0), m.p. 52-53". 

Anal.-Calcd. for CL~H18N*O: N, 13.58. Found: 
N, 13.64. 

N-Methyl- N -phenyl- N'-propylethylenediamine 
(VIII).-A 20.0 Gm. (0.526 mole) quantity of lithium 
aluminum hydride was added, portionwise and with 
stirring, to 500 ml. of tetrahydrofuran under 
nitrogen. After addition was complete, the mixture 
was stirred for 30 minutes. A solution of 36.0 
Gm. (0.175 mole) of 2-( N-methylani1ino)-N-propyl- 
acetamide in 150 rnl. of tetrahydrofuran was then 
added, dropwise, to the stirred mixture, the addition 
requiring approximately 30 minutes for completion. 
The reaction mixture became warm but did not 
reflux. The mixture was stirred for 30 minutes, 
then heat was applied; it was refluxed with stirring 
for 38 hours.? A 100-ml. quantity of a 20% solution 
of potassium sodium tartrate was then added, 
dropwise and with stimng, to  the cold (ice bath) 
mixture. The resulting white precipitate was 
removed by suction filtration, the cake was washed 
with 200 ml. of hot tetrahydrofuran, and the 

Found: CI, 14.90; N,5.92. 

Q 
4 

CI 

m 
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* This 3&hour period of reflux was selected arbitrarily and 
should not be considered a minimum re uirement for this 
reaction. It  has been observed (25) that t%e reduction of N- 
monosubstituted amides re ukes not only a considerable 
excess of hydride but also a ?airly long period of reflux after 
the addition of the amide has been completed if good yields 
are to be obtained. We repeated thts preparation with 
reactants. solvent, and procedure remaining the same, 
but with the reflux period limited to 2.5 hours, a reflux period 
which we have found adequate for the reduction of N- 
unsubstituted amides in good yield. In these experiments 
although the mole ratio of hydride:amide was varied be! 
tween 2: 1 and 4: 1. a 2.5 hour reflux period gave, in all cases, 
yields between 18 and 20% of VIII. 
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Infrared spectrum: &-H stretch, 3330 ern.-'; 
primary alcohol, 1 O i O  cm.-l; ester and amide, 
absent. 

Anal.-Calcd. for ClsH2&O: C, 72.68; H, 
10.67; N, 10.60. Found: C, 72.57; H, 10.42; 
N, 10.52. 
N - Methyl - N - phenyl - N' - propyl - N' - 

(4 - (3,4,5 - trimethoxybenzoyloxy)butyl]ethyl- 
enediamine (IV).-To a solution of 8.53 Gm. 
(0.024 mole) of 3,4,5-trimethoxybenzoyl chloride in 
100 ml. of anhydrous ether, a solution of 6.0 Gm. 
(0.06 mole) of triethylamine in 20 ml. of anhydrous 
ether was added dropwise and with stirring. To 
the white silky suspension of the complex which 
had formed, a solution of 5.28 Gm. (0.020 mole) 
of N-methyl-N-phenyl-N'-propyl-N'-(4-hydroxy- 
buty1)ethylenediamine (XI)  in 50 ml. of anhydrous 
ether was added, dropwise and with stirring. 
The mixture was stirred at  room temperature for 2 
hours, then stirred and refluxed for 3 hours. The 
copious white crystalline precipitate of triethylamine 
hydrochloride which had formed was removed by 
suction filtration, the cake washed with ether, 
and the ether and excess triethylamine removed 
from the combined filtrates by vacuum distillation 
to  leave a pale-yellow oily residue. The oily 
product was dissolved in ether and extracted with 
dilute hydrochloric acid. The acidic aqueous 
solution was washed twice with ether, then made 
basic with a concentrated solution of sodium car- 
bonate. The insoluble oily product was taken up 
in ether, the ether solution dried (sodium sulfate), 
filtered, the solvent removed to dryness, and traces 
of moisture remaining removed by co-distillation 
with benzene. The product, which began to  
decompose on attempted distillation in vacuo, was 
distilled successfully by use of an Asco "50" 
rota-film molecular still at a jacket temperature of 
240-242"/27-30~~ to  yield 5.28 Gm. (57.6%) of 
very viscous pale-yellow oil; ny 1.5495. 

Infrared spectrum: ester, 1717 cm.-', 1222 cm.-'; 
ether, 1123cm.-* 

Anal.-Calcd. for C26HmN206: C, 68.09; H, 
8.35; N, 6.11. Found: C, 67.72; H, 8.16; N, 
6.03. 

Attempts to prepare the crystalline hydrochloride, 
maleate, and &tartrate of this compound all proved 
unsuccessful. 

REFERENCES 
(1) Miiller M. Schlittler. E., and Bein, H. J., Ex- 

pcricnfia. 8,33i3&952): 
( 2 )  Dorfmao. L.. Furlenmeier. A,. Huebner, C. F.. 

Lucas. R.. MacPhillamy, H. B., Mueller, J. M., Schlittler, 
E.. Schwyzer. R., and St. Andre. A. F., Hclw. Chim. Acta, 
37,59(1954). 

( 3 )  Neuss, N., Boaz. H. E., and Forbes, J .  W., J .  Am.  
Chcm. Soc.. 76,2463(1954). 

(4) Aldrich P. E. Diassi, P. A.. Dickel. D. F. Dylion, 
C. M.. Haoce,'P. D..'Huebner. C. F., Korzun. B.,'Kuehne, 
M. E., Liu, L. H., MacPhillamy, H .  B., Robb, E. W., Roy- 
chaudhuri, D. K.. Schlittler, E., St. Andre. A. F., van 
Tamelen, E. E., Weixnborn, F. L., Wenkert, E., and Winter- 
steiner, O., ibid., 81,2481(1959). 

(5) Woodward, R.  B.. Bader, F. E., Bickel. H., Frey, 
A. J., and Kierstead R. W. Tetrahedron, 2, l(1958). 

(6)  Miller, F. M:, and Weinberg. M. S.. Chcm. Eng. News. 
34,4760(1956). 

(7) Lunsford, C. D., Murphey, R. S., and Rose, 6. K., 
J .  Or . Chem., 22.1225(1957). 

(84 Protiva M. Jllek, J. 0.. Hach. V., Adlerovd, E.. 
and Mychaj1ys;yn. b., Chcm. Lasty, 51,2109(1957); through 
Cbem. Absfr.. 52,6370(1958). 

(9) Sastry, B. V. R., and Lasslo, A., J .  Org. Chem., 23, 
1577(1958). 

(10) Ve'dilek, 2. J., and Trfka, V.. Chcm. Listy, 52, 
1622(1958{; through Cbem. Absfr.. 53,1325(1959). 

(11) Supniewski, J.. Bednarz, K.,  and Krupinska, J., 

combined pale-yellow filtrates were dried ovet 
sodium sulfate and filtered. The solvent was 
removed at reduced pressure and, after the last 
traces of moisture had been removed by co-dis- 
tillation with benzene, the residue was fractionated 
through a short Vigreux column to yield 24.4 Gm. 
(72.6%) of very fluid, pale greenish-yellow oil, 
b.p. 107-109"/1.0 mm.; tzy 1.5331. 

Anal.-Calcd. for CI2H2aN2: C, 74.95; H, 
10.48; N, 14.57. Found: C, 74.87; H, 10.63; 
N, 14.51. 

8-Carbethoxypropionyl Chloride (IX).---This com- 
pound was prepared from 8-carbethoxypropionic 
acid by the procedure of Riegel and Lilienfeld (26) 
in 78% yield, b.p. 10%110"/28 mm.; reported 
(26) b.p. 110-115"/30 mm. The 8-carbethoxy- 
propionic acid, prepared from succinic anhydride 
and ethanol as reported (26) and further purified by 
distillation, was obtained in 47y0 yield, b.p. 118- 
120°/3 mm.; reported (27) b.p. 119"/3 mm. 
N - (2 - N - Methylanilinoethyl) - N - propyl - 

B-carbethoxypropionamide (X).-A solution of 9.87 
Gm. (0.060 mole) of pcarbethoxypropionyl chloride 
in 50 ml. of benzene was added, dropwise and with 
stirring, to a well cooled solution of 23.8 Gm. 
(0.124 mole) of N-methyl-N-phenyl-N'-propyl- 
ethylenediamine in 100 ml. of benzene. When 
addition was complete, the reaction mixture was 
stirred a t  room temperature for 1 hour, then 
refluxed for 2 hours. The mixture was cooled, 
water was added with stirring to dissolve the 
copious white crystalline precipitate which had 
formed, and, while being stirred vigorously, the 
two-phase system was acidified with dilute hydro- 
chloric acid. The aqueous phase was separated, 
washed well with ether, then made basic with a 
saturated solution of sodium carbonate. The 
basic mixture was extracted with ether, the ether 
solution was dried (sodium sulfate), filtered, and the 
ether removed by distillation under vacuum. The 
residual oil, after the last traces of moisture had 
been removed by co-distillation with benzene, was 
fractionated through a short Vigreux column. 
After removal of 11.8 Gm. of the starting diamine, 
which had also served as acid acceptor, in the fore- 
run, 11.6 Gm. (60%) of viscous, pale-yellow oil 
was obtained, b.p. 166-168°/0.1 mm.; n y  1.5240. 

Infrared spectrum: ester, 1740 cm.-l, 1200 cm.-' 
(broad); amide, 1640 cm. --I 

Anal.-Calcd. for CI8H~N203: C, 67.47; H, 
8.81; N, 8.74. Found: C, 67.22; H, 8.69; N, 
8.89. 
N - Methyl - N - phenyl - N' - propyl - N' - 

(4-hydroxybuty1)ethylenediamine (XI).-This com- 
pound was prepared by the lithium aluminum 
hydride reduction of N-(2-N-methylanilinoethyl)- 
N-propyl-p-carbethoxypropionamide (X) by the 
same method used for the preparation of N-methyl- 
N-phenyl-N'-propylethylenediamine (VIII) .  I n  
this reduction, a solution of 10.0 Gm. (0.031 mole) 
of the amide-ester (X) in 40 ml. of tetrahydrofuran 
was added to a mixture of 4.72 Gm. (0.124 mole) of 
lithium aluminum hydride in 100 ml. of tetrahydro- 
furan under nitrogen. The duration of reflux was 
11 hours, and 35 ml. of 20% potassium sodium 
tartrate was used for the subsequent hydrolysis of 
complex and of excess hydride. Fractionation gave 
7.13 Gm. (86%) of pale-yellow oil, b.p. 132-133"/ 
0.1 mm. ; tzy 1.5301. 



Vol. 53, No. 2, February 1964 169 
Disscrlalioncs Pharm.. 10, lQl(l958); through Chem. Abslr.. 
53,7435(1959). 
(12) Turner, F. A,, and Gearien. J. E.. J .  Org. Chcm.. 24, 

1952(1959). 
(13) Lucas R. A,, Kuehne M. E. Ceglowski M. J.. 

Dziemian. R.’L.. and MacPhilldmy, H. B., J .  A m .  &em. SOL., 
81,1928(1959). 
(14) Shapiro. S .  L., Soloway, H., Shapiro. H. J., and 

Freedman, L., ibid., 81,3993(1959). 
(15) Ratouin, R.. and Combes, G. .  Bull. SOC. Chim. 

France 1959 576. 
(IG)’Solo;’ev, V. M., Arendaruk, A. P., and Skoldinov, 

A. P.. Zh. Obshch. Khim.. 29. 613(1959); through Chum. 
Absfr.. 54,388(1960). 
(17) Frangatos. G . .  Kohan, G.,  and Chubb, F. L.. Can. J. 

Chcm., 38,1082(1860). 
(18) Kralt. T. ,  Asma. W. Haeck. H. H.. and Moed. 

H. D..  Rcc. Tran. Chim., 80.319(1961). 

(19) Kralt, T., Asma, W. J., and Moed, H. D., ibid., 80. 
330 431 932(1Q61). 
(i0 De Groot. S., and Strating, J., ibid., 80, 121, 944 

(1961 . 
(21 I Lasslo, A,, and Jordan. W. D., J .  Org. Chrm., 21, 

805(1956). 
(22) Homing E. C.. Koo, J.. and Walker, G. N.. J .  Am.  

Chcm. Soc., 73 d826(lQ5l). 
(23) Cosgrdve, C. E., and LaForge, R. A,, J. f i g .  Chsm., 

21,198(1956). 
(24) Fu. S. J., and Birnbaum, S. M., J .  A m .  Chcm. Sor., 

75. QZO(I953). 
(25) Micovic. V. M., and Mihailovic. M. L.,  J .  Org .  Chcm., 

18, IlQO(1953). 
(26) Riegel B. ,  aad Lilienfeld, W. M., J .  A m .  Chrm. 

SOL. 67 12740945). 
(i7) kontzen-Crowet. C., Bull. SOL. Chim. L3elg.. 35 

165(1926). 

Hemolysis of Erythrocytes by 
Antibacterial Preservatives 

By H. C. ANSEL and D. E. CADWALLADER 

A study has been made of the hemolytic activity of antibacterial preservatives on 
human and rabbit erythrocytes in the presence of 0.9 per cent sodium chloride. The 
hemolytic potency of phenol increased with methyl and/or chlorine substitution. 
The order of activity was: -chloro-nr-cresol ) p-chlorophenol ) tricresol and m- 
cresol ) phenol. Chlorinatefalcohols were similarly more hemolytic than the non- 
halogenated ones: p-chloro-&phenylethyl alcohol ) chlorobutanol ) phenylethyl 
alcohol ) benzyl alcohol. Erythrocytes were highly sensitive to benzalkonium 
chloride, benzethonium chloride, and henylmercuric nitrate. Thimerosal, butyl- 
paraben, and sodium formaldehyde suf;oxylate also induced hemolysis. The data 
indicate that the hemolytic and antimicrobial mechanisms of action may be identi- 

cal for many compounds. 

HE U.S.P. XVI (1) states that suitable sub- 
Tstances may be added to preparations in- 
tended for parenteral administration to increase 
the stability of the product, provided they are 
harmless in the amounts administered and do 
not interfere with the therapeutic efficacy or the 
assay procedures. Limited amounts of various 
antibacterial preservatives are recommended for 
multiple-dose parented products regardless of 
the method of sterilization. A personal survey 
of currently marketed parenteral products in- 
dicated that a variety of antibacterial agents are 
used in preparations intended for each route of 
administration, including intravenous administra- 
tion. 

It has been shown, in uitro and in uiuo, that 
certain chemicals in amounts calculated to be iso- 
osmotic to the red blood cell according to physico- 
chemical data may pass through the erythrocytic 
membrane and fail to prevent osmotic hemolysis 
(2-9). In addition, certain substances may be 
cytotoxic to the erythrocyte, thus altering the 
integrity of the membrane and resulting in the 
escape and/or denaturation of the cell contents. 

It was the purpose of this investigation to study 
Received May 20. 1963. from the School of Pharmacy, 
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the hemolytic activity of various antibacterial 
preservatives on human and rabbit erythrocytes 
in the presence of isotonic media. By preparing 
the preservative solutions in 0.9% sodium chloride 
it was felt that any alteration in the integrity of 
the erythrocytes could be directly attributed to 
the action of the preservative and not to the 
original osmotic pressure of the external solu- 
tion. 

EXPERIMENTAL 

Collection of Blood.-The rabbit and human 
(Caucasian) blood samples employed in this investi- 
gation were obtained in the manner described by 
Grosicki and Husa (9). Caucasian blood was con- 
sistently employed to avoid the osmotic differences 
found in blood samples from Negro donors (8). 
Fresh blood samples from healthy donors were 
used throughout the study. 

Materials.-The following chemicals used in this 
study were supplied gratuitously by their respective 
manufacturers: chlorobutanol U.S.P. and benzyl 
alcohol N.F., Benzol Products Co.; methylparaben 
U.S.P., propylparaben U.S.P., ethylparaben, and 
butylparaben, Heyden Newport Chemical Corp.; 
phenylrnercuric nitrate, Metalsalts Corp. ; p-chloro- 
phenol, Dow Chemical Co. ; p-chloro-m-cresol, 
Burroughs Wellcome and Co.; thimerosal N.F., Eli 
Lilly and Co. ; sodium formaldehyde sulfoxylate, 
Rohm and Haas; and p-chloro+-phenylethyl 


