block vagal degranulation, provides a basis for a hypothesis on
adrenergic release of 5-HT from the bowel.

CONCLUSION

The experiments were designed to provide additional information
on the effects of vagal stimulation on the granulation of the EC
system as a link to the release of 5-HT in the bowel. As evidenced by
the data, it was confirmed that peripheral electrical stimulation of
the cervical vagus produced a reduction of argentaffin-positive EC
granulation. This effect was not blocked by atropinization of the
animal. C.V.S. and infusion of norepinephrine but not epinephrine
produced a similar degranulation. This effect was blocked by both
chemical and immunological sympathectomy. Finally, catechola-
mine-fluorescent fibers were found to be present in the trunk of the
cervical vagus in the guinea pig. In short, the mutual agreement in
the morphological, histochemical, and physiological observations
tested provides a basis for the hypothesis of the noradrenergic
release of 5-HT from EC of the guinea pig small bowel.
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Related Carbonyl Addition Derivatives

P. TSAKOTELLIS*, H. L. JOHNSON{, W. A. SKINNERY, D. SKIDMORE{, and H. I. MAIBACH

Abstract ] Slow release of topically applied mosquito repellents
was attempted via formation of low volatility carbonyl addition
derivatives of repellent alcohols and carbonyl compounds. Suf-
ficiently rapid hydrolytic release of volatile, repellent moieties on
the skin surface did not occur. Vapor repellency was due to the
intact derivatives and was found to be dependent upon volatility
characteristics. It was concluded that optimum volatility for pro-
longed topical repellency varies with each homologous series.
Compounds incorporating both an acetal and an amine function,
although not comparable to diethyltoluamide in topical repellency,
appear to be worthy of additional study.

Keyphrases [] Mosquito repellants, topical—synthesis [] Carbox-
amide acetals, ketals—synthesis [] Repellency, mosquito—vol-
atility relationship

In previous studies of mosquito repellency among
structural analogs of diethyltoluamide (DEET), the
dominant significance of volatility was demonstrated as
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a factor in both potency and duration of topical repel-
lent action (1, 2). A limitation is imposed on the con-
cept that duration is maximized by decreased volatility
owing to a concomitant decline in potency (1). In the
present study an alternative means of prolongation of
repellent action through slow release was examined.
In addition, the authors examined the effect on repel-
lency of functional group alteration of various repellent
carbonyl compounds and extended studies on the
relationship between volatility and repellency to classes
of compounds other than amides.

Attempts at slow release were based on the assump-
tion that hydrolysis (chemical or enzymatic) of acetal-
type derivatives on the skin surface could result in a
prolonged release of the parent alcohol and carbonyl
moieties as repellent agents. Choice of repellent moieties
was based partly on preliminary estimations of “in-



Table I—Repellency of Intermediates and Standards

Table II-—Comparative Repellency on Skin and Cloth

Duration of

Topical
Repeliency,
Compound B.p. hr.e
Acetophenone 202° <0.25
Benzyl alcohol 205° <0.25
n-Butanol 118° <0.25
p-Chloroacetophenone 236° 1.0
Cycloheptanone 180° 2.0
Cyclohexanone 156° 1.0
Cyclopentanone 131° <0.25
N,N-Dimethylacetamide 165° 1.0
N,N-Dimethylformamide 153° 1.00
N,N-Diethyltoluamide 300° 6-10°

2 Time of first confirmed bite; application to human forearm at 2
mg./cm.? except where otherwise noted. ¢ Application at 0.35 mg./cm.2,

trinsic repellency” of various functional classes. These
estimations were made by a rapid screening method
comparing olfactometric repellency of compounds of
similar volatility on exposure of approximately identical
evaporative surface areas to carrier airstreams. Two
volatility ranges were examined (b.p. ~100° and ~200°).
These preliminary observations indicated that com-
pounds which would hydrolyze to volatile alcohols,
aldehydes, ketones, and amides might be suitable com-
pounds for slow-release studies. Topical duration was
not of primary concern with regard to intermediates
because of intended slow release. In fact, poor duration
was expected due to selection of high volatility for
optimization of repellent potency (1, 2). This was
verified in a few cases by skin testing where only the less
volatile compounds tested exhibited repellency more
than IS min. after application (Table I).

In contrast to the poor topical repellency of the
alcohol and carbonyl intermediates, somewhat en-
hanced topical repellency was observed for some
derivatives incorporating these relatively volatile moi-
eties (Table 1I). However, the lack of greatly extended
repellency duration or of latent appearance of repellency
in tests conducted over periods of several hours sug-
gested that sufficiently rapid hydrolytic release on the
skin surface was not occurring with the candidate
compounds. This conclusion was substantiated in
parallel tests with selected compounds in which the
substances were applied both on cloth and directly to
skin and the protection times compared (Table II).
Since protection was immediate and protection times
were comparable in the two methods (or prolonged on
cloth), it was concluded that repellency may be due
primarily to the intact derivative and not to hydrolysis
on the moist, acidic skin surface. The compounds re-
ported herein appear to be relatively stable under the
test conditions; all subsequent discussion refers to the
intact structures listed in Tables I1I-VIII.

As expected on the basis of previous findings, all of
the highly volatile diethyl ketals (Table III) were in-
effective topically. This was presumably due to rapid
evaporative loss during solvent evaporation (1). Only
Compound 3, whose boiling point is comparable to
that of DEET, showed significant protection. Similar
findings apply to the di-n-butyl ketals (Table IV).
Furthermore, topical repellency could only be demon-
strated with application of very large amounts. Only

Duration of

Compounde —Repellency, hr.b—
Number Structure Skin Cloth
OCH,CsH;

22 X 5 >4
OCH,C,H,
OCH,C,H,
2 X 2
OCH,C;Hs
N,N-Diethyl- 12-16 —
toluamides¢

e See Table V. ® Application to skin and to cheesecloth at 2.0 mg./
cm.2; cheesecloth was positioned 0.5-1.0 cm. above skin surface. In all
cases, repellency was apparent on initial test (0.25 hr.) and thereafter
for indicated duration. ¢ Obtained from Eastman Organic Chemicals.

with the dibenzyl ketals (Table V) was volatility suf-
ficiently low to allow significant durations of repellency
at an application rate of 2 mg./cm.2. However, very
low volatility resulted in inactive compounds (Com-
pounds 20, 21, 25, and 27) due to insufficient vapor
concentration (1). In this series, a volatility correspond-
ing to a boiling point of 150° (0.5 mm.) appears to be
approximately optimal.

The acetals examined (Table VI) exhibited poor
activity at 2.0 mg./cm.? in spite of a seemingly favorable
volatility range. On the other hand, the carboxamide
acetals and ketals (Table VII) exhibited some repellency
characteristics over a wide range of volatility. The
orthoesters examined (Table VIII) were ineffective,
presumably because of their volatility characteristics.

The present results emphasize the generality of
volatility considerations in topical repellent design.
Thus, the decline in topical effectiveness with increasing
volatility (b.p. <100°, 0.5 mm.) seen previously with
various amides (1) is apparent with other compounds
as well. Likewise, the loss of effectiveness with decreas-
ing volatility beyond a rather narrow optimal range is
apparent, as in the case of the amides (1). However,
while the optimum volatility for various amides cor-
responds approximately to a boiling point of 100°
0.5 mm.) (1), that for the ketals and acetals seems to
correspond to approximately a boiling point of 150°
(0.5 mm.). Since many factors, such as spreading
characteristics, absorption rates, and binding to pro-
tein, can affect rates of topical vaporization, this dif-
ference is difficult to interpret. It is apparent, however,
that optimum volatility characteristics for prolonged
topical repellency are different for different classes of
compounds and must be determined experimentally
for each homologous series.

As a group, acetals and ketals do not represent a
particularly promising repellent class. Even optimal
members of the series exhibited protection times com-
parable to amides such as DEET only at concentrations
five times greater than those of the latter substances (1).
However, the addition of an amine function, as in the
case of acetal and ketal derivatives of amides, appears
to improve repellency characteristics. Unfortunately,
initial attempts to prepare carboxamide acetals and
ketals of lower volatility in pure form were unsuccessful,
but the class appears worthy of additional study.
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/C(OCsz)z
Table III—Diethylketals R’
R
\C/
Compound /. Yield, B.p. B.p. Repeliency, hr.
Number R’ % Formula (mm.) (0.5 mm.) (2.0 mg./cm.?)
OB

1 (CH;,)ZCH/C\ 41 CH,q0, 50-51° (21)2 <25° 0.25

CeH,
2 ~e 69 CiH0: 58-60° (0.45) 59° 1.0

o
3 CHJO—QC, 70 CisHaOy? 77-78° (0. 20) 95° 2.0

/ ~
CH,
4 /_\\C/ 92 CoH 0, 55-56° (24)4 <25° 0.25
~
CH,

5 O< 83 CgHmOz 140-141°¢ <250 0.25
6 EX 88 CoHys0: 62-64° (20) <25° 0.25
7 X 93 CiHz0049 63-64° (12) <25° 0.25

CH;
8 Q< 59 CsH;;ClO, 81-83° (12) 35° 0.25

Cl
9 <:>< 65 CigHz0; 30-32° (0.45)¢ 31° 0.25
10 <:2< 85 CuH»0: 79-81° (13 31° 0.25
CH,
11 O( 94 CyHy0: 125-127° (57)¢ 45° 0.25

e Lit. (3) b.p. 52.4° (20 mm.). ® Lit. (4) b.p. 110-112° (12 mm.). ¢ Caled, for C, H: 69.6, 9.0; Found: 69.7, 9.0. 4 Lit. (5) b.p. 55° (23 mm.). ¢ Lit. (6)
b.p. 138-141°, 7 Lit. (7) b.p. 63-65° (20 mm.), ¢ Calcd. for C, H: 69.7, 11.7; Found: 69.1, 11.7. » Lit. (8) b.p. 93-95° (15 mm.). ¢ Lit. (9) b.p. 72° (9
mm.) for Compound 9, b,p. 76-77° (15 mm.) for Compound 10, and b.p. 88-89° (15 mm.) for Compound 11,

EXPERIMENTAL!

Except where otherwise noted, compounds were purified and
boiling points (uncorrected) were determined by vacuum distillation
through a 10-cm. Vigreux column.

Diethylketals—All the diethylketals, except that from cyclo-
buaneone, were prepared from ethanol, triethyl orthoformate, and
the corresponding ketone, using a trace of mineral acid as a cat-
alyst. The diethylketal of cyclobutanone (boiling point similar to
that of triethyl orthoformate) was prepared from ethanol and the
diethylketal of cyclopentanone. The diethylketal of cyclobutanone
was only distilled at atmospheric pressure.

Di-ni-butylketals—All the di-n-butylketals were prepared by the
method of MacKenzie and Stocker (10) from n-butanol, triethyl
orthoformate, and the corresponding ketone, using a catalytic
amount of p-toluenesulfonic acid. The mixture was slowly heated
at such a rate that the ethyl formate removal through a 10-cm.
Vigreux column started after 1 hr.; the heating was continued until
all the ethyl formate and the ethanol formed were removed. The
mixture was cooled, neutralized with a dilute solution of sodium
in n-butanol, washed with water, dried, and fractionally distilled.

1 Elemental analyses are by the Microanalytical Laboratory, Depart-
ment of Chemistry, Stanford University, Stanford, Calif.
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Dibenzylketals and Acetals—These compounds were prepared
by transketalization of the corresponding diethylketals and di-
ethylacetals using a trace of mineral acid, according to the method
of Lorette and Howard (18). The mixture was heated at 130-140°,
and the ethanol was removed from the reaction mixture through a
10-cm. Vigreux column. Two or more moles of benzyl alcohol per
mole of diethylketal gave predominately the dibenzylketal with small
amounts of the ethylbenzylketal, depending on the completeness
of removal of the ethanol. The mixture was cooled, neutralized
with a dilute solution of sodium in benzyl alcohol, and fractionally
distilled except for the dibenzylketals of acetophenone, p-methoxy-
acetophenone, cyclohexanone, and cycloheptanone which, on
distillation, decomposed to the unsaturated ether and benzyl
alcohol. Pentane solutions of these compounds were purified by
rapid filtration through basic aluminum oxide,

Carboxamide Acetals—These were synthesized (15) by adding
dropwise under cooling an excess of thionyl chloride to the cor-
responding N,N-dialkylformamide. After stirring at 20°, the mix-
ture was heated at 40° in vacuo to remove sulfur dioxide. The off-
white crystals of the corresponding dichloroamine were dissolved
in chloroform and were added dropwise to an ice-cold solution of
sodium in the corresponding alcohol. The mixture was stirred 3-4
days at 20° or heated. The sodium chloride was removed and the
filtrate was fractionally distilled.



Rl

C(OCH,CH,CH,CH,),
Table IV—Di-n-butylketals R
BN
Com- C/ B.p. Repellency,
pound /S N\ Yield, Anal., 7 B.p. 0.5 hr. (2.0
Number R A Formula Calcd. Found (mm.) mm.)  mg./cm.?)
12 v:hYed 59 CuHaiOs 71-72° 8)e 30° 0.25
CH,
13 >~ 63 C16H240: 67-69° (0.2)e 80° 0.25
cH”
14 C“Q/ 75 CieH2:ClO; C, 67.4 C, 66.9 113-115° (2.4) 90° 0.2%
£~ H, 8.9 H, 86
CH, Cl, 12.4 Cl, 12.1
15 X 63 CiH40, c, 1.9 c, 71.7 108-109° (16) 55° 0.25
H, 12.0 H, 12.1
16 EX 79 C13Hy60: C, 72.8 C, 72.6 82-84° (3) 60° 0.25¢
H, 12.2 H, 12.1
17 <:>( 80 C1HuO, 98-100° (5)* 65° 0.25
18 (}( 80 CisH300: C, 74.3 C, 74.0 69-70° (0.2) 80° 1.0
H, 12.5 H, 12.3

a Lit, (10) b.p. 64° (2.3 mm ) for Compound 12, b.p. 85° (0.3 mm.) for Compound 13, and b.p. 89° (1.9 mm.) for Compound 17. ¢ 4 mg./cm.2;

1.0 hr. ¢ 4 mg./cm.?; 0.25 hr.

RI
N
/C(OCHzcsHs):
Table V—Dibenzylketals R
R’ y
AN
Com- C B.p. Repellency,
pound VRN Yield, Anal., 7 — B.p. (0.5 hr. (2.0
Number R % Formula Calcd. Found (mm.) mm.) mg./cm.?)
19 (Yo 42 CrH30: 124-126° (0.45)e 125° 0.25
CH;
20 >~ 58 CpH20, C, 82.9 C, 82.7 dec.? dec. 0.25
o H, 7.0 H, 6.7
21 CH'O—Q/ 47 CisHOs C, 719.2 C, 79.5 dec.b dec. 0.25
e H, 6.9 , 6.6
CH,
2 <>< 67 CisHaO: C, 80.5 C, 80.0 124-125° (0.15) 146° 2.5
H 7.5 H, 7.5 4.0
5.0
23 [X 61 CisH20;s C, 80.8 C, 80.1 140° (0.20) 150° 5.5
H, 7.9 H, 8.2 2.0
D< 2.0
24 cH 45 CooH340: C, 81.0 C, 80.9 140-142° (0.15) 160° 2.0
g H, 8.2 H, 8.1
25 C>< 60 CacHziO; C, 81.0 C, 80.4 dec.? dec. 0.25
H, 8.2 H, 7.6
26 83 CyuH10» C, 81.2 C, 81.8 160-162° (0.07) 190° 1.0
H, 8.4 H, 8.0
CHIL
27 71 Cu,HzeOz C, 81.2 C, 80.8 dec.® dec. 0.25
H, 8.4 H 8.3

a Lit, (11) b.p. 125° (1 mm.). 3 Pentane solution was purified by rapid filtration through basic aluminum oxide. ¢ Duration of repellency varies con-
siderably when material is applied at the same levels to different subjects.
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Table VI—Acetals (RCHOR "),
Repel-
lency,

Com- hr.

pound B.p. 2.0

Num- Yield, Anal,, ¥——— 0.5 mg./

ber R R’ % Formula Calcd. Found B.p. (mm.) mm.) cm.?)
28 CHS(CH2)1 CH3(CH2)3 79 C13H2302 86‘88 e (2 5)“ 60c 0 25
26 CH(CHy)s CsH;CH, 61 CioH..0; C,80.2 C, 8.0 136-138°(0.20) 152° 1.0
H, 8.5 H, 8.6
30 CH,(CH.), Cl@—cm 44 CuHuCLO® C, 644 C,64.3 174-175°(0.30) 180°  0.25
H, 6.3 H, 6.3
31 CH3(CH,); ©/ 58 CioH300; C,78.0 C,78.1 119°(0.30) 130°  0.25
H, 11.0 H, 10.9
CH,
32 CH;(CH.,), ©/ ’ 49 CyuH:60: C,78.7 C,78.9 135°(0.15) 155°  0.25
H,11.3 H,11.3
CH,
33 CH3(CH.), @[ 60 CasH 100, C,79.2 C,79.5 146-148°(0.15  170°  0.25
CH, H, 11.5 H, 11.5
34 CeH; CeH;CH, 7 CuH,0, 170-171°(0.15¢  195°  0.25
CH,
35 [:)*— BZ:I: 41 C.H 0, C,79.9 C,79.5 150-152°(0.15) 175° 0.25
CH, H, 11.1 H, 11.1
¢ Lit. (12) b.p. 87° (2.5 mm). » Analysis, Cl: caled., 20.0; found, 20.0. ¢ Lit. (13) b.p. 170° (0.15 mm,).
OR’
, CH;
/
R—C—N
' CH;

Table VII—Carboxamide Acetals and Ketals OR’

Com- Repellency,
pound Yield,® B.p. hr. (2.0
Number R R’ % Formula B.p. (mm.) (0.5 mm.) mg./cm.?)
36 H CH,3(CHy), 26 CuH:sNO, 101-103° (11) 50° 0.25
37 H (CH3);CCH, — C1;HyoNO, 85-87° (10) 40° 0.25
38 H <C:j> — CisHaoNO, 115-116° (0.75) 110° 1.00
39 CeH; CH; 48 Ci;HuNO, 57-58° (0.4)4 58° 1.00
40 CeH; CH,;(CHy); 79 CiiHzoNOy? 86-87° (0.15) 100° 1.00

e Yields were calculated as to the starting amide. ? Lit. (14) b.p. 96-98° (16 mm.). « Compounds were obtained from Aldrich Chemical Company.
2 Lit. (15) b.p. 60° (0.5 mm.). ¢ Caled. for C, H, N: C, 73.0, H, 10.4, N, 5.0; Found: C, 72.9, H, 10.4, N, 5.0.

Carboxamide Ketals—Dry phosgene was bubbled through an
ice-cold benzene solution of N,N-dimethylbenzamide (15). During
the addition, white crystals precipitated; the mixture was stirred
16 hr. at 20° and then was evaporated to dryness. The hygroscopic
dichloramine was dissolved in chloroform and was added dropwise
to an ice-cold solution of sodium in the corresponding alcohol.
The mixture was stirred 2 days at 20° and was worked up as for the
carboxamide acetals.

Orthoesters—Tribenzyl orthoformate was prepared from tri-
cthyl orthoformate by removal of the ethanol formed, according
to the method of Alexander and Buch (16). Triethyl orthobutyrate
was prepared by alcoholysis of 1,1-dichlorobutyldiethylamine,
which was prepared from the N,N-diethylbutyramide and phosgene.

Biological Evaluation—Repellency duration testing was conducted
by uniform application of repellent in EtOH to an exposed area of

Table VIII--Orthoesters

the arm of a human subject as described previously (1). Female
Aedes aegypti (nonblood fed) mosquitoes (5-7 days old) were used
in all tests.

REFERENCES

(1) H. L. Johnson, W. A. Skinner, D. Skidmore, and H. 1.
Maibach, J. Med. Chem., 11, 1265(1968).

(2) H. L. Johnson, W. A. Skinner, H. I. Maibach, and T. R.
Pearson, J. Econ. Entomol., 60, 173(1967).

(3) W. W. Ewlampiew, Zh. Eksp., Fiz. Khim. Obsch., 54, 462
(1924).

(4) L. Claisen, Chem. Ber., 31, 1012(1898); ibid., 40, 3908, 3913
(1907); H. E. Carswell and H. Adkins, J. Amer. Chem. Soc., 50,
240(1928).

Compound Yield, Repellency, hr.
Number Structure % Formula B.p. (mm.) B.p. (0.5 mm.) (2.0 mg./cm.%)
41 HC(OCHCH,CH.CHj); —a C13Hs505 75°(0.5) 75° 0.25
42 HC(OCH,C¢Hj): 72 Cy:H20; dec.? dec. 0.25
43 CH,(CH,);C(OC:H5); 69 CioH205 62-63° (10)¢ <25° 0.25

2 The compound was obtained from Eastman Organic Chemicals Co. ? Lit. (16). ¢ Lit. (17) b.p. 58-59° (7 mm.).

88 [ Journal of Pharmaceutical Sciences



(5) S. Julia, M. Julia, S. Tchen, and P. Graffin, Compr. Rend.,
253 (4), 678(1961).
{6) M. M. Kreevoy, C. R. Morgan, and R. W. Taft, J. Amer.
Chem. Soc., 82, 3064(1960).
(7) J. Boesken and F. Tellegen, Rec. Trav. Chim., 57, 133(1938).
(8) H. Schubert, B. Biihberg, and G. Fiedrich, J. Prakt. Chem.,
32 (5-6), 246(1966).
(9) U. Schmidt and P. Grafen, 4nn. Chem., 656, 97(1962).
(10) C. A. MacKenzie and J. H. Stocker, J. Org. Chem., 20, 1695
(1955).
(11) A. B. Bockovec, ibid., 26, 4866(1961).
(12) F. Piacenti, Gazz. Chim. Ital., 92, 225(1962).
(13) S. D. Lawesson and C. Frisell, Ark. Kemi, 17, 485(1961).
(14) H. Meerwein, W. Florian, N. Schén, and G. Stopp, Ann.
Chem., 641, 1(1961).
(15) H. Eilingsfeld, M. Seefelder, and H. Weidinger, Chem. Ber.,
96 (10), 2671(1963).
(16) E. R. Alexander and H. M. Buch, J. Amer. Chem. Soc., 74,
554(1952).
(17) S. M. McElvain and J. W. Nelson, ibid., 64, 1825(1942).

(18) N. B. Lorette and W. H. Howard, J. Org. Chem., 25, 521
(1960).

ACKNOWLEDGMENTS AND ADDRESSES

Received May 12, 1970, from the Department of Pharmaceutical
Chemistry, Life Sciences, Stanford Research Institute, Menlo Park,
CA 94025

Accepted for publication September 1, 1970.

This work was supported by the U. S. Army Medical Research
and Development Command Contracts DA-40-193-MD-2466 and
DA-49-193-MD-2465,

* Present address: Laboratory of Pharmaceutical Chemistry,
University of Athens, Athens, Greece.,

f To whom all requests for reprints and information should be
directed.

1 Present address: Division of Dermatology, School of Medicine,
University of California, San Francisco Medical Center, San
Francisco, Calif.

In Vitro Binding Study of Epinephrine and

Bovine Serum Albumin

H. ZIA* R. H. COX, and L. A. LUZZI

Abstract [] The binding of epinephrine to bovine serum albumin
and to acetylated bovine serum albumin was studied with respect
to evaluation of the active site on the small molecule and to the
exchange rate. The effects of varying concentrations of bovine
serum albumin on the relaxation rate and chemical shift of 0.1
M (molal) epinephrine were examined. Temperature and pH effects
on the relaxation rate of various epinephrine lines were examined.
A comparison of relaxation rates between epinephrine-bovine
serum albumin and epinephrine-acetylated bovine serum albumin
was made. NMR instrumentation was used to follow the reactions.
It was found that binding between epinephrine and bovine serum
albumin was detectable with this instrumentation and that the
most probable active site on the small molecule was the alkyl
side chain. It also appeared that there was a fast exchange rate
between bound and unbound epinephrine.

Keyphrases [] Epinephrine binding-—bovine serum albumin [
Bovine serum albumin, acetylated bovine serum albumin—epi-
nephrine binding [] Temperature, pH effects—epinephrine-bovine
serum albumin relaxation rates [ ] NMR spectroscopy-—analysis

The interaction of hormones with plasma proteins is
attracting increasing interest because of the involve-
ment of binding in events that are of considerable
physiological and pharmacological importance. The
numerous studies in this area have been the subjects of
several extensive review articles (1-4). During the last
decade, there have been a number of conflicting reports
concerning whether or not the endogenous hormones,
epinephrine and norepinephrine, are bound to plasma
proteins. In 1958, Antoniades et al. (5), employing
dialysis, cationic exchange-resin techniques, and chem-
ical and biological assays, concluded that although

epinephrine was completely bound to plasma proteins
an appreciable amount of norepinephrine seemed to be
unbound, and that the plasma protein responsible for
the binding and transport of these hormones was al-
bumin.

In 1962, Bickel and Bovet (6) utilized the method of
“crossing paper electrophoresis’” and postulated that
there was no interaction between these hormones and
dog serum albumin. However, during the same year,
Litt (7) published the results of his equilibrium dialysis
studies and indicated that there was binding between
epinephrine and bovine serum albumin (BSA).

In 1968, Cohen et al. (8), using paper electrophoresis,
showed that isotopically labeled epinephrine and nor-
epinephrine were bound by rabbit serum albumin and
also by a- and B-globulin. Neither this nor any of the
previous studies has defined the active site of binding
on the adrenergic molecules.

Recent studies have established the value of NMR
spectroscopy as a tool for conformational determina-
tions of pharmacologically active molecules in solution
(9-11), for the elucidation of interactions between small
molecules (10, 11), for studying protein small molecule
interactions, and in assessing the extent to which various
functional groups on the small molecule participate in
the interaction (12-16).

In the study reported here, NMR spectroscopy was
used to investigate the binding of epinephrine to BSA
and to acetylated BSA. The results of this study suggest
that epinephrine is bound to BSA and that the active
site for binding is located on the aliphatic side chain of
epinephrine.
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