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Effect of Lipophilic Substituents on Some Biological Properties of Indoles
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Simple indole derivatives were screened for antimicrobial activity. Although the majority of these indoles failed to
inhibit the growth of any of the test microbes, some compounds were effective inhibitors at relatively low concen-
trations. Indoleacetic acids and carboxylic acids were the least active, aminomethyl derivatives were moderately
active, and 5-, 6-, and 7-haloindoles were the most active of the simple indoles. Diarylmethyl substituents further
enhanced the potency of the simple indoles including the active halo derivatives and also converted some inactive
indoles into effective growth inhibitors. Toxicity, behavioral effects, antiviral activity, antiinflammatory properties,
antispasmotic activity, and general endocrine properties of the (diarylmethyl)indoles are described.

Simple indole derivatives demonstrate numerous bio-
logical effects. Indole, 3-methylindole, 3-indoleacetic acid,
and tryptophan delay the spread of tuberculosis in guinea
pigs and 1-methylindole-2,3-dione 3-thiosemicarbazone is
useful in the prophylaxis of smallpox.? Indolylalkylamines
induce responses in the central nervous system and in pe-
ripheral organs and tissues of higher animals.?-® Carboxyl-
ic acid derivatives of indole are effective antiinflammatory
agents.1® A study of the antimicrobial activity of indoles,
therefore, would not be complete nor practical without a
knowledge of the compounds effects upon the host animal.

In this investigation, the antimicrobial structure-activi-
ty relations were correlated for 400 simple indole deriva-
tives. The correlations served as references for establish-
ing the effect of lipophilic groups on this activity. (Diaryl-
methyl)indoles were prepared by carbonium ion alkyla-
tions of selected indoles. The modified indoles were then
screened for antibacterial, antifungal, antiprotozoal, and
antiviral activities. Finally, they were studied for biologi-
cal reactions that might appear as clinical manifestations
in a host animal. These included toxic effects, behavioral

changes, antiinflammatory activity in animals, antagonist
reactions on isolated smooth muscle, and general endo-
crine properties.

The antimicrobial screening procedure employed by W.
Wick and associates of these laboratories was essentially
that described by Johnson.!! Each of the 51 microbes
(Table I) was inhibited by at least one of the indole com-
pounds at a concentration of 200 ug/ml. Indole and 46% of
the 400 variously substituted indoles that were tested
failed to inhibit any of the organisms. A partial, but rep-
resentative list of the inactive compounds is given in
Table .+ The remaining 54% inhibited at least one
species, either a bacterial or fungal organism. Of all the
compounds tested, 36% inhibited at least two species and
finally 8% of the compounds inhibited at least 15 species.

In order to establish substituent-activity relationships,
the indoles were classified into groups having similar sub-
stituents. Furthermore, all active compounds were re-
viewed so that each important substituent-activity effect,

+ See paragraph at end of paper regarding supplementary material.
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regardless of the class of compound, would be recognized.
Of the simple indole derivatives, 35% were carboxylic
acids, amides, esters, and hydrazides; 18% were amines;
and 12% were halogen derivatives, Other less prevalent in-
dole types were substituted with aldehyde, alkoxy, alkyl,
aryl, benzoyl, benzyl, benzyloxy, cyano, hydroxy, keto,
nitro, trifluoromethyl, and methylene groups.

The most active compounds are listed in Table IIl.
Ethyl 3-indolylacrylate, 5-bromo-3-(2-cyanovinyl)indole,
and 3-(2-nitrovinyl)indole (1-3, Table III) are distinctive
in that their antimicrobial activity is probably due to the
active double bond which reacts with sulfhydryl enzymes.
These methylene derivatives have a wide spectrum of ac-
tivity and are effective at concentrations of 10-100 ug/ml.
Miscellaneous compounds, 5-methylindole (4), 6-(trifluo-
romethyl)indole (5), 5-(benzyloxy)indole (6), 5-, 6-, and
T-nitroindoles (7-10), and 5-bromo-3-indolecarboxal-
dehyde (11), were effective at 100 ug/ml.

Indolecarboxylic, acetic, propionic, and butyric acids
and their amides, esters, and hydrazides had a low inci-
dence of activity, and the most active examples were ef-
fective at relatively high concentrations (12, 13, Table
1II).

The amino derivatives had a higher incidence of activi-
ty; i.e., 59% inhibited one or more and 9% inhibited 15 or
more organisms. However, the amines had erratic activity.
Compounds 14-20 (Table III) were effective in the range
of 10-50 ug/ml. Other amines, not identified here but
similar in structure, were active only at much higher con-
centrations or not active at all. This difference in antimi-
crobial activity is not apparent from dissimilarities in
gross structure. Haloindoles were the most active com-
pounds of the simple indoles. Of all the haloindoles, se-
lected at random, 80% inhibited the growth of at least one
test organism and 32% prevented the growth of 15 or more
species. The 3-, 4-, 5-, 6-, and 7-monochloroindoles (21-27,
Table III) were effective at concentrations of 10-100 ug/
ml. Bromine and chlorine atoms in the 5 or 6 positions of
indole (22, 25, and 28, Table III) had the greatest poten-
tiating effect.

The compound 5-bromoindole (28, Table III), at a con-
centration of 10 ug/ml, inhibited six of the fungal species
and was considered to be the most effective antifungal agent
of the simple indoles.

Indole carboxylic and alkylcarboxylic acids were the
least effective. With the exception of B-[3-indolyl]propion-
ic acid (12, Table III) other examples, compounds 29 and
30, had no antifungal activity and limited antibacterial
activity. Indoles substituted at either the 2 or 3 position
with alkyl, hydroxyalkyl, amide, ester, aldehyde, and keto
groups (see compounds 32-39, Table III) had an incidence
of activity lower than that observed for amino- and halo-
indoles. On the other hand, alkyl, trifluoromethyl, benzyl-
oxy, and hydroxy groups, in the 4, 5, 6, or 7. positions of
indole, appeared to enhance antimicrobial activity.

The (diarylmethyl)indole derivatives had the highest
incidence of activity against 1-6 bacteria but the activity
dropped precipitously for more than six bacterial species.
Antifungal activity for this group of compounds was about
the lowest of all substitutent classes. Simple indole deriv-
atives with mixed antifungal and antibacterial activities
were therefore converted, principally, to antibacterial
compounds by introducing an appropriate diarylmethyl
substituent. The activity of 5-bromoindole (28, Table 1)
was increased 2-25 times by adding the diphenylmethyl
group to the 3 position. This 5-bromo-3-(diphenylmethyl)-
indole (40, Table IV) was the most effective antibacterial
indole derivative of the series and was effective at 0.78-10
ug/ml against both gram-negative and gram-positive bac-
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Table I. Test Organisms

Bacteria Fungi
(@) S. aureus 1, T. mentagrophytes
(o) B. subtilis II, T. interdigitale
() M. avium m, T. rubrum
(d) M. tuberculosis IV, A. solani
607 V, A. niger
(e) S. faecalis V1, B. cinevea
() L. casei VII, C. ulmi
(g) L. citrovorium VII, C. resinae
() A. tumefaciens IX, C. pisi
(i) E. amylovova X, C. lagenarium
(i) E. caratovora XI, C. gossypii
(k) Ps. solanacearum XII, C. phomoides
(1) Ps. speciesno. 2 and XII, F. oxysporium
no. 5 lycopersici
(m) X. phaseoli XIV, F. moniliforme
XV, C. albicans
(n) X. pruni XVIL, M. fructicola
(0) E. colino. 1 and XVm’ U. avenae
no. 2 XIX, A. imperfecta
(®) K. aderoba;;er no. 14 XX, E. fagacearum
and no. XX1, G. cingulata
@) K. pneumoniae XX, H. sativum
(r) P. speciesno. 1and XX, P. expansum
no. 2 XXIV, P. species
(s) V. metschnilovii Xxv: S. fructicola
(t) V. cholera XXVI, V. albo-atrum
(u) B. bronchisiptica XXV, M. ramannianus
v) C. sepodonicum XXV, S. divaricata
(w) C. michiganense

teria (Table IX). This activity is in the range of clinically
important antibiotics which are effective in the following
concentrations (ug/ml): penicillin potassium G, 0.01-
1000, penicillin potassium V, 0.02-1000; erythromycin glu-
coheptonate, 0.1-250; streptomycin sulfate, 10-100; van-
comycin, 0.78-1000; tylosin, 0.2-1000; tetracycline hydro-
chloride, 0.16-12.5; chloramphenicol, 0.16~1000; novobio-
cin sodium, 0.16-1000; and capreolimycin, 62-1000.

The 3-diarylmethyl derivatives of indolecarboxylic acids
(41-52, Tables IV-VII) inhibited the growth of bacteria at
3.12-12.5 ug/ml (Table IX) while the parent compounds
were inactive at 100-200 ug/ml. Substituents on the ben-
zene rings of the diarylmethyl groups had a great influ-
ence upon antimicrobial activity. Alkoxy substituents ne-
gated the potentiating action of the large group, at least
in the examples of compounds 53-58 (Table 1X). Halogen
substituents increased the potentiating action (46-48,
Table V).

Indole did not inhibit the growth of the test microbes,
but 3-(diphenylmethyl)indole (59, Table VI) had good ac-
tivity against Mycobacterium avium, and 3-xanthen-9-yl-
indole (60, Table VI) at 10 ug/ml inhibited two bacteria
and two fungi. 3-(Diphenylmethyl)-1-methylindole (61,
Table VI) was not an inhibitor at 200 ug/ml. Larger tri-
phenylmethyl, triphenylethyl, and triphenylpropionyl
groups in position 3 of indole (62-64, Table VI) did not
contribute to activity (Table IX). It is also apparent that
the di- and triarylmethyl groups placed on the 2 position
of 3-indoleacetic, -propionic, and -butyric acids (58, 65-
69, Tables VII-VIII) are not appropriate for antimicrobial
activity (Table IX). Halo-substituted diarylmethyl groups
in this position are expected to have greater probable po-
tentiation.

Amine functions on the diarylmethyl group (70, 71, Ta-
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Table III. Antimicrobial Activities of Simple Indole Derivatives

Whitehead, Whitesit¢

R,
S
|
R,
Compd Compd concn, pg/ml, followed by
no. R Ry R, R; microorganism designation
1 H H H CH—CHCO,C,H;* 10, IX X XII; 50, cds II-1V VI XVI
XX-XXII; 100, a himq VII XIV
XXVI; 200, bo V XXIII
2 H H H CH=—CHCN 100, a chiklms I IV V VII-IX XIII
XVII XXI-XXVIII
3 5-Br H H CH=—CHNO, 10, ¢ I IV-IX XIII XVII XXI XXII
XXVII; 100, abefs XV
4 5-CH;, H H H 100, achlms I IV-VII IX XII XVI
XXI-XXIII XXV XXVIII
5 6-F,C H H H" 10, ¢ VI; 100, abdef-iks IIV-IX
XIIT XXI-XXIIT XXV XXVIII
] 5-C;H;CH,O H H H 100, ackm IV VI VII IX XV XXII
XXV-XXVII
7 5-NO, H H H 100, ao
8 5-NO, H CH, CH, 100, VI
9 6-NO, H CH; CH;® 100, s I IV VI VII IX XVII XXII
XXVII
10 7-NO, H H H 100, bchikms I IV V VI IX XIII
XVI XXI-XXVII
11 5-Br H H CHO 100, hklms IV VI-IX XIII XVII XX
XXI XXII XXVI XXVII
12 H H H (CH,)CO.H 50, km VI XVI; 200, chiw
13 H H H CH,CO,CyH; 50, Im XX XXII XXVI; 200, cdigns
II 11T IV VII IX X XII-XV XXI XXII
14 H H H ¢-NC;H,-p-CH,? 10, I; 100, cikms IV VI-IX XIII XXII
XXV XXVI
15 H H H ¢-NC:H,-0-CH,* 10, I; 100, ck IV VI XXII XXV-
XXV
16 H H H (CH,),NHCH,C;H,* 50, m; 200, uv XVIII XXV
17 5-CH;0 C.H;CH, CH;, (CH,),NH, 25, b—d; 50, v II; 200, aikoyu III XI
18 H H H C.H,;NHCH, 100, cks I IV-VII XVII XXI XXII
XXVI-XXVII
19 5‘C6H5CH20 H H H5C2N(CH3)(CH2)E 100, cms VI XXVIII
20 H ¢-NCsH,-m-CH, H H? 10, k I V VI XXII XXIII; 100, abcsm
IV VII-IX XVII XXVI-XXVIII;
21 4-C1 H H H" 100, a—ce—ik—moprs I V-IX XII XV
XXI-XXIII XXV-XXVII
22 5-C1 H H H 25, a-ce—g I IV VI XXII XXIII XXV
XXVII; 100, hik—prs V VI IX XIII
XV XVI XXI XXVII XXVII
23 H H H cl 10, bel; 100, aefgk—m V-IX XIII
XXI-XXVIIT
24 6-C1 H CH, H/ 10, 111V VI XXII-XXV; 100, bcghik
moprs V VII-IX XV XIII XXI
XXVI-XXVIIT
25 5-C1 H CH, H 100, adikoqu I VII
26 7-Cl H H H 100, adikoqu I VII
27 6-C1 H H H 100, aiqu I VII; >100, eo
28 5-Br H H H <10, 11 VI VI XXII XXIV XXV; 100,
a—cg—ikmoprs IV-VII IX XIII XVI
XXI XXIII XXVII XXVII
29 5-C1 H CO,H H 100, ¢
30 5-C;H;CH,0 H CO.H H* 100, ¢
31 H H H F,CCOCH,’ <10, ¢ IVIXVIL <100, IV XXII
32 H n-C4Hg H H™ 100, I VI IX XXV XXVII
33 5-CH;, H CH, C.H," 100, a—gs I IV VI XV XXII XXV
XXV
3¢ H H H H,CCOCH, <10, VI
35 6-CH; H H CHO” 100, chis I VI XIII XXVI
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Table II1 (Continued)
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R,
L
IT' R,
R,
Compd Compd conen, pg/ml, followed by

no. R Ry R, R, microorganism designation
36 5-CH; H H CHO 100, ck I
37 H H H CHO 200, cm XII XX XXII XXV XXVI
38 H H CH,0OH H 200, abd III IV IX X XII XXV
39 H H H CH,OH 200, ab IV IX X XII XVII

@ F. Piozzi and C. Fuganti, Ann. Chim. (Rome), 57 (5), 486 (1967) [Chem. Abstr., 67, 64295r (1967)]. ® A. Kalir and Z. Pelah, Isr. J. Chem.,
4 (4), 155 (1966) [Chem. Abstr., 66, 55328f (1967)]. ¢ K. Schofield and R. S. Theobald, J. Chem. Soc., 796 (1949). ¢ J. 1. DeGraw, J. G. Ken-
nedy, and W. A. Skinner, J, Heterocycl. Chem., 3, 67 (1966). ¢€UpJohn Co., British Patent 781,390 (Aug 21, 1957) {Chem. Abstr., 52, 3866g
(1958)]. 'E. Shaw, J. Amer. Chem. Soc., 77, 4319 (1955). éMerrill E. Speeter (to Updohn Co.), U. S. Patent 2,814,625 (Nov 26, 1957) [Chem.
Abstr., 52, 11949¢ (1958)]. * L. B. Shagalov, N. P, Sorokina, and N. N. Suvorov, Zh. Obshch. Khim., 34, 1592 (1964) {Chem. Abstr., 61,
5596¢ (1964)]. ‘D. H. Lively, M. Gorman, M. E. Haney, and J. A. Mabe, Antimicrob. Agents Chemother., 462 (1966). /J. R. Piper and F. J.
Stevens, J. Heterocycl. Chem., 3, 95 (1966). *W. R. Boehme, J. Amer. Chem. Soc., 75, 2502 (1953). 'A. S. Katner, Org. Prep. Proced., 2
(4), 297 (1970). mJ. V. Braun and O. Bayer, Ber., 58, 387 (1925). *R. Rothstein and B. N. Feitelson, C. R. Acad. Sci., 243, 1042 (1956). ¢B.

Heath-Brown and P. G. Philpott, JJ. Chem. Soc., 7165 (1965).

Table IV Table V
i i
R, CHCJH, CIHCGH5
N
§ R X
Compd Yield, (CH,),CO,H
no., R1 R‘Z R3 Mp. °C %a Compd Yleld,
40 C,H, H  Br 147-148 73 no- Ry ¥ MpC t
41 CgHs COH Cl 278 dec 62 46 4-CICH,® 1 205 71
42 CgH; COH H 226 dec 68 47 4-CIC H, 1 185 66
43 CH; COH OH 240 dec 74 48  4-FCH 1 185 60
44 2-CH;0CH, H  COH 208 34 49 ca 1 201 84
45 C.H, CO,H C;H;CH,O 182 dec 50 cﬁﬂi 5 161 69
53 2-CH,0CH, H H 160-161 62 s
-(CH,OCH 00-102 24
54 4-CH,0CH, H H 115-117 38 % 3,4,5-CHOCH), 1 1
70  4-(CH;),NCH, H H 158 32 a4,4’-Dichlorodiphenylmethyl-1-indoleacetic acid.
75 CgH; CH, Cl 181 12

@ Yields are of analytically pure material.

bles IV and VI) did not contribute to activity, but 2-(di-
phenylmethyl)-3-[2-[N-(diphenylmethyl)aminolethyl}in-
dole (72, Table VII) at 10 and 100 ug/ml was active
against bacteria. Unlike 72, the other derivatives that
were substituted with two diarylmethyl groups (73, 74,
Table VI) were completely inactive at 200 ug/ml.

The slight activity found with 5-chloro-3-(diphenyl-
methyl)-2-methylindole (75, Table IV) was unexpected
since the parent 5-chloro-2-methylindole (25, Table III)
had a broad spectrum of activity. Compounds 76 and 77
(Table VII) were only slightly active and 78 had no activi-
ty at 100 ug/ml. These results were expected since the
parent compounds were inactive and belonged to groups
of indoles that showed a low incidence of activity.

Compounds 40, 41, 44, 46-49, 51, 54, 55, 60, 66, 68, and
77 (Tables IV-VII) at 500-2000 ug/ml inhibited the
growth of several protozoa, but their effectiveness was not
of practical importance.

The effects of the (diarylmethyl)indoles on the behavior
of mice were evaluated by Kattau, et al., according to
procedures previously described.l2 Suspensions of the

compounds were administered-intraperitoneally to male
white mice (Cox) weighing 16-20 g. Three mice were given
each standard dose and observed for changes in behavior,
appearance, and response to certain stimuli. The standard
doses used were 10, 25, 50, 100, 300, 400, 800, and 1600
mg/kg. The behavior and toxicity are given in Table IX.
The mice were observed for 4 days. All deaths were con-
sidered to be drug related. The largest dose size that was
not lethal is shown by the smallest number in the toxicity
column (Table IX). When a range is given, the largest
dose was lethal to one out of three mice. Only relative
toxicities are derived from these numbers. Compounds 42,
44-48, 51, and 55 were the most toxic of the series with a
lethal dose range of 25-200 mg/kg. They are all acid de-
rivatives, with carboxy groups in the 2 or 3 position or an
acetic acid group in position 1. Compounds with a 2- or
5-carboxy group (41, 74) or an acetic acid group in posi-
tions 1 or 3 (51, -65) had a lethal range of 200-400 mg/kg.
The least toxic (diarylmethyl)indoles with a lethal range
of 400-1600 mg/kg include propionic and butyric acids
(58, 69, 50) and neutral or basic derivatives (40, 53, 54,
57, 60, 62-64, and 78). The only recognizable behavioral
effects, other than toxic reactions, were weak to very weak
central nervous depression,
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Table VI Table VII
R, R, R
S wi gt
1 r
R, R,
Compd Compd
no. R, R, R, ho. R R, Ry

51 H CH,CO,H Cy5H 08 52 CH,COH  Cy3HO° Cy5H,O"

56 No2 H C14H1102b 65 H (C@HZ-J)ZCH (CHQ)ZCOZH

57 CHSO H C16H ’{OSC 68 H (CgHg)QCH (CHQ)SCOQH

59 H H (C¢H;),CH 72 H (C¢H;),CH CysHN

80 H H C5H L0 78 H Cy3HyO" CH,CO

81 H CH, (C¢Hj),CH 71 CH, COH Cy4Hy40,°

82 H H (CeHy),C 78 H (C¢H;),CH C5HNO,*

83 H H Conird .

84 H H C..H ‘Oe aX anthen-9-yl. ?Diphenylmethylaminoethyl. ¢4-Carboxyphenyl-

1 q - C2 1HHNO" benzyl. ¢(2-Acetamido-2-carboxy)ethyl.

19tl4g

73 H C13H90a C13H goa Table VIII

74 CO,H (C¢H;),CH (CgH,),CH — — e
_ (CH,),CO.H

a Xanthen-9-yl. ? «-(3,4-Methylenedioxyphenyl)benzyl. ¢ «- | R
(3,4,5-Trimethoxyphenyl)benzyl. ¢ 1,1,2-Triphenylethyl. ¢3,8,8- N at
Triphenylpropionyl. 7 «-Methyl-4-phenoxy-a-(1-pyridyl)benzyl. 'I /( \L

R: N.;H:'.

The (diarylmethyl)indoles were screened for antiviral .
activity by D, C. Delong and associates of the Lilly Labo- Compd . R M. ® Yl,?ld'
ratories. This screening test is designed to detect com- no. - 1 R, Mp,"C ¢
pounds that interfere with any phase of the virus life cycle
and the procedure is essentially the agar diffusion test de- 58 3 3,4,5-(CH,OCiH,); H 219 73
scribed by Herrmann, et al.13 87 1 CeH; H 233-235 75

The size of the zone of inhibition, measured in millime- 68 1 2-CH,0C:H; H 192-194 19
ters, is only a reflection of the ability of a chemical to dif- 89 3 CgHs CgH; 220 3

fuse through agar. A grading system is used to distinguish
between compounds that show incomplete protection and
those that give complete protection. A grade of 4+ indi-
cates complete cell protection within the measured zone
of inhibition; a grade of 3+ indicates that there are isolat-
ed areas of virus cytopathology within the zone; a grade of
2+ indicates a general distribution of viral cytopathology;
and a grade of 1+ indicates well-developed microplaques
in the zone.

Compounds 42, 44, 47, 48, and 50 had antiviral activity
(Table X):+ however, with the exception of 50, these com-
pounds were the most toxic in the (diarylmethyl)indole
series. The antiviral activity therefore may be a nonspe-
cific toxic reaction.

Compounds were tested for antiinflammatory activity
by N. B. Dininger and C. E. Brown and the procedure was
essentially the same as that reported by Winter.1* The re-
sults in Table IX are expressed as per cent inhibition,
using butazolidine as the standard. The most active com-
pounds, 46, 50, 55, 56, 60, 75, 76, 63, 64, 74, and 72, in-
hibited the inflammation in the rat’s paw by 20-43%,
when administered (20-100 mg/kg) either subcutaneously
or orally on the day prior and the morning of the test day.

In vitro antispasmotic activity testing conducted by J.
W. Aiken and J. E. Waddell was that commonly used in
pharmacological screening methods. The appropriate
muscle strip was suspended in oxygenated Tyrode’s solu-
tion and muscle responses to agonist and antagonist were
recorded electronically through an isotonic myograph.
Contractions of rat stomach fundus strips were induced by
serotonin and contractions of guinea pig ileum strips were

+ See paragraph at end of paper regarding supplementary material.
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induced by histamine or methacholine. Following contact
of the compound with the muscle for a period of 5 or 10
min, the agonist was readministered and the muscle con-
traction was measured. The antispasmotic activity is re-
ported as the concentration of compound in ug/ml of solu-
tion required to inhibit muscle contraction by 50%. The
antispasmotic activities listed in Table XIf are neither
outstanding nor interesting.

The general endocrine screen was conducted by R. J.
Kraay. The 21-day-old rats were injected subcutaneously
with 5 mg of the drug in corn oil each day for 12 days.
The animals were weighed and then sacrificed. The semi-
nal vesicle, ventral prostate, levator ani, testes, thyroid,
adrenals, thymus, and perputial glands were removed and
weighed to the nearest 0.1 mg. Serum cholesterol and
mean differences from control animals were determined.
None of the indole compounds tested showed a significant
change in body or gland weight or in serum cholesterol
level.

Chemistry. (Diarylmethyl)indoles, Tables IV-VIII,
were obtained by the carbonium ion alkylations of select-
ed indole derivatives. Alkylations occurred preferentially
at the 3 position but when that position was occupied,
substitutions took place at the 2 position. Diphenylmetha-
nol gave better yields than the substituted diphenyl-
methanols. For example, a good yield of 5-bromo-3-(di-
phenylmethyl)indole was obtained with 5-bromoindole
and diphenylmethanol, but 5-bromoindole gave intracta-
ble tars with both 4-chloro- and 2,4-dichlorodiphenyl-
methanol. Alkylations . of 1-indoleacetic acid occurred
readily with 4-chloro-, 4-fluoro-, and 4,4’-dichlorodiphen-
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Table IX. Bioclogical Activities of Diarylmethylindoles
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Mouse toxicity,

Antiinflam act., %

Compd no. mg/kg (mg/kg) Antimicrobial act., MIC organism
40 >400 27.9 (20) 0.78, ae; 10, befg; 100, VI XVII
41 200—400 13.1 (100) 3.12, a; 6.25, c; 10, befg; 10, IV VI

XX XXIV; 100, hi IX XXV XXVII
42 25-50 29.3 (100) 100, a—c ef
43 300—1000 6.5 100, a—c ef
44 100-200 15.9 (100) <10, a—g; 100, VI
45 100-300 4.8 (50) <10 a—g I VI
48 100—400 13.9 (20), 12,5, a—g VI;

35.2 (100) 100, IV IX XXII XXVIII

47 50—100 30.4 (100) 12,5, a—g; 100, IVVI VII IX XVII

XXVII
48 2550 14.9 (100) 10, by 25, a—g; 100, 1 VI XXIV
49 400 17.7 (100) <10, VI
50 800—1600 11.5 (20), <10, b; 100, acg VI

39.7 (100)

51 <200 0 <10, ¢; 100, abg IV VI XXIV
52 300—-1000 10.0 (50) <10, a—g I IX XXIV XXV; 100, VI
53 >1600 20.5 (50) None
54 >400 24,7 (100) None
55 50—-100 29.5 (100) None
56 >400 39.9 (100) None
57 >1000 17.1 (50) None
58 >400 39.8 (100) None
L1 >400 45,6 (20) <10, c
60 >1000 26.5 (50) <10, be XXVII; 100, VI VII
61 25.6 (50)
62 >400 0 (100) <10, c
63 >400 43.5 (100) 100, VI
64 >400 18.6 (20) None
65 200—400 0
66 >400 0 100, ab VI
67 >400
68 200—400 100, a—c hik
69 >400 24.2 (100) 100, a
70 >1600 5.6 (100) 100, VI XXII
71 >1000 10.9 (50) 100, VI
72 >400 22.1 <10, cg; 100, abef
73 >1000 0 <10, a—g I IX XXIV XXV; 100, VI
74 >400 29.9 (100) None
5 33.9 (20) 100, ¢
78 >1000 23.8 (50) 100, VI
M 400—-3800 0 100, a—c
78 400-1600 0 None

ylmethanol to give the corresponding 3-diarylmethyl-1-
indoleacetic acids (46-48, Table V). This indicated that
failures with 5-bromoindole were due to decomposition
reactions of the indole rather than failure of the diaryl-
methanols to form stable carbonium ions. Also, the addi-
tion of a catalytic amount of boron trifluoride etherate to
5-bromoindole and the diarylmethanol in hot acetic acid
only speeded decomposition. The reaction was slow be-
tween 1-indolepropionic acid and diphenylmethanol, and
extending the reaction time from 8 to 24 hr increased the
yield of 3-(diphenylmethyl)-1-indolepropionic acid from 6
to 69%. Purification difficulties were responsible for the
low yield of 3-[4-(dimethylamino)diphenylmethyl}indole.
Alkylations of 3-indoleacetic acid and 3-indolebutyric acid
gave good yields of 2-(diphenylmethyl)-3-indoleacetic acid
and 2-(3,4,5-trimethoxydiphenyl)-3-indolebutyric acid.

Tritylation of 3-indolebutyric acid with triphenylmethanol
in hot acetic acid gave a very small yield of 2-(triphenyl-
methyl)-3-indolebutyric acid. Most of the indolebutyric
acid was recovered unchanged along with triphenylmeth-
ane.

Because of our interest in the (diarylmethyl)indoles
studied here, we continued investigating the carbonium
ion reactions with indoles and other heterocyclic com-
pounds. The compounds listed in Tables VI and VII were
borrowed from this separate study and their chemistry is
reported in another communication.1®

Experimental Section

Diarylmethylation of Indole Derivatives, Compounds 40-50,
53, 55, 58, 6770, 75 (Tables IV, V, VIII). The indole (0.1 mol)
and an equal molar amount of benzhydrol or the substituted benz-
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hydrol were dissolved in 100-200 ml of glacial acetic acid. The
solution was heated at refluxing temperature for 8 hr. A sample of
the solution was added to cold water. The unreacted diphenyl-
methyl acetate present in the precipitate from incomplete reac-
tions gave oils that would not solidify. Completed reactions yield-
ed solid products or oils that eventually crystallized. These prod-
ucts also gave mainly one spot when developed on thin-layer
plates. The cooled reaction mixture was added to cold water and
the resulting solid was collected and washed with cold water. The
products were dissolved in hot ethyl acetate and n-hexane was
added until incipient turbidity. The compounds usually crystal-
lized but a few intensely colored compounds did not. The latter
required clarification with carbon, time, and concentration
changes to initiate crystallization. All vields are reported for ana-
lytically pure compounds,

Compound 50 [Table V, 3-(diphenylmethyl)-1-indolepropionic
acid] failed to crystallize and was chromatographed on a silica
column with 1% acetic acid in ethyl acetate.

Structures of the alkylation products were established by ele-
mental analysis and pmr spectra. The purity of the compounds
was checked with thin-layer chromatographv but the melting
points were not calibrated.

5-Hydroxy-3-(diphenylmethyl)-2-indolecarboxylic Acid (43,
Table IV), 5-Benzyloxy-3-(diphenylmethyl)-2-indolecarboxylic
acid (8.7 g or 0.023 mol) in 500 ml of alcohol was heated at 40-50°
with hydrogen at 50 psi over 5% Pd/C catalyst in a Parr high-
pressure autoclave until there was no further drop in hydrogen
pressure (3 hr). The solution was filtered and evaporated; the re-
sulting product was crystallized from a mixture of ethyl acetate
and n-hexane.

Supplementary Material Available. Elemental analysis for
compounds 40-75 and Tables II, X, and XI will appear following
these pages in the microfilm edition of this volume of the journal.
Photocopies of the supplementary material from this paper only
or microfiche (105 X 148 mm, 24X reduction, negatives) contain-
ing all of the supplementary material for the papers in this issue
may be obtained from the Journals Department, American
Chemical Society, 1155 16th St., N.W., Washington, D. C. 20036.

Sundberg, Meares, Goodwin, Diamanti

Remit check or money order for $3.00 for photocopy or $2.00 for
microfiche, referring to code number JMED-74-1298.
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The synthesis of 1-(p-benzenediazonium)ethylenediaminetetraacetic acid, the coupling of this compound to pro-
teins, and the binding of radioactive metal ions to the protein-bound chelating groups are described. This proce-
dure provides a novel approach to the preparation of radiopharmaceuticals, permitting the separation of synthetic
organic chemistry from radiochemistry. Azoproteins labeled with indium-111 are relatively stable in vivo and po-
tentially useful for the detection and localization of tumors. Other chelating agents derived from 1-(p-aminophen-
yl)ethylenediaminetetraacetic acid may permit-new applications of a variety of metal ions with useful physical

properties to studies of biological systems.

Polyaminocarboxylate chelating agents such as ethylene-
diaminetetraacetic acid form stable complexes with the
ions of many heavy metals, Since these metal ions possess
a variety of useful spectroscopic and radioactive proper-
ties, the preparation of chelating agents whose complexes
interact, in some selected manner, with biological macro-
molecules may lead to new applications of metal ions as
probes of biological systems.

As an intermediate in the preparation of molecules with
the dual properties mentioned above, 1-(p-aminophen-
yl)ethylenediaminetetraacetic acid (6, Scheme I) has sev-
eral advantages. In principle, the aromatic amino group of
this compound can be acylated, alkylated, or otherwise
modified to form either biologically active derivatives or
covalent labeling reagents. The specific interaction be-
tween 1-(p-nitrophenyl)ethylenediaminetetraacetic acid



