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Analogs of publications have reported activity against Walker 256
I-(4-Dimethylaminobenzylidene)indene. tumors by several such compounds.?*

Modifications of the Amino Group! 1-(4-N-Methylacetamidobenzylidene)indenc is one of

the probable metabolic products from 1 and [-(4-

Carn Tass Banxer,* Daviv 1. BROTHERTON, methylaminobenzylidene)indene (I1). It is important
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to know whether it is effective against tumors and
whether it is toxic.  The compound wus prepared from
IT with Ac,O and was found to be active against Walker

Carson-Ncwman College, Jefferson City, Tennessec 37760 Muscular tumors at about the same MIEED ax I but to
Received May 21, 1970 be toxic at & much lower dose level than the MLD for ]

The related compounds, 1-(4-isobutyryvlaminobenzyl-

Variations of the amino group of 1-(4-dimethylamino-  idene)idene and 1-(4-V-isobutyryl-N-methylaminobenz-
benzylidene)indene (I) provide some of the most attrae-  vlidene)indene have been prepared with the thought that

TaBre 11 ANALOGS OF 1-(4-DIMETHYLAMINOBENZYLIDENE JINDENE

- Effectd —~ - -
Tumor Total ~ -Lethality -~
Recrystin wi, dose, No
No. Compd Mp, °C® solvent” Formula” 7 mu kg killed me - Ke
1-{4-X-Benzylidene)indene
1 Isopropyle 63—~64¢ ali, 1 CraHys 0.83 1600 0.7 1600
2 Bromo 124-125 1 CsHyBr 0.9] 1600 0:6 1600
3 Todo 127-128 ak, Ik CHyl .95 1600 0,6 1600
4 Hydroxy* 139 CrgH 00 0.76 625/ 03 6254
5 Cyano/ # 137-138 1, ak CirHuN
6 Methylithio 137 0, al CrHps 1.0 1500 03 100!
0.71 1600 0.6 1600
7 N-AMethylacetamido 119-120 I ' NO 0.19 200 07 SO0
(). 0N S00 713 1600
S Isobutyrylamino 198-200 IE, IP CaoH iy NO 0.20 100 03 250
0 RENE
Y N-Isobutyryl-V-methylamino it} Ik, 1P CyHayNO 0 15004 L3 1500+
10 Guanylamino 179 B, 1K CrHiN,y P.0 SO/ 0,3 0
0.31 200 3/3 100
2/6 200
Guanyl-N-methylamino’ 174! B, 1K CieHa Ny
12 (e-Indene-1-ylidene-p-tolylurea 199 B, iP CiHuNO 0,83 10
13 1-(4-Dimethylaminobenzylidene jindene 203 W CaHp N1 36 300
methiodide
14 Schiff base of 184-185¢ B, O 4 Hee NS (.20 6007 0,3 1500/
1-(4-aminobenzylidene jindene and
4-dimethylaminobenzaldehyde
15 4-(4-Methylthiostyryl)quinoline 92, 102~ akl 1 g NS 0.83 L 0.3 Ni
23 125
16 4-(4-Methylthiostyryl)quinoline 265-267 A CoH R INS
methiodide®/
17 2,3,6,7-Tetrahydro-9- 147-1480.» 1 CaopHa N 0.73 1600 0,7 1600
(inden-1-ylidenemethyl)-
1H,5H-benzo[?,jlquinolizine
B 1-{a-Inden-1-ylidene-p-tolyl)- 129-131 I, M, A CisHigN; 0.25 BE 0,3 1257
3,3-dimethyltriazene 0 1257

¢ Determined with Mel-Temp melting point apparatus. ® Solvents used in sequence listed: A, MeyCO; aE, abs EtOH; B, Cilly;
E, 959 EtOH; I, commercial mixed branched hexanes; 1E, i-Pr,O; IP, i-PrOH; O, commercial mixed branched octanes; W, H,O; M,
MeOH. ¢ All compounds were analyzed for C and H; analytical results were within £0.5%, of the theoretical values. ¢ We are grateful
to CCNSC for screening tests against intramuscular implants of Walker 256 tumors in random bred albino rats, using 4 daily ip injections
in CMC or peanut oil administered 3 days after implantation; rats were sacrificed 7 days after implantation. The total of the 4 doses ix
listed. ¢ Bernthsen, Justus Liebigs Ann. Chem., 415, 283; Beilstein, “Handbuch der Organischen Chemie,”” 4th ed, 1st Suppl., Springer-
Verlag, Berlin, 1930, p 342. / Test results not available for these compd in the solid Walker system. ¢ All compd are yellow except
where indicated otherwise. *Ruhemann, J. Chem. Soc., 97, 461. ‘Not analyzed. ¢ We are grateful to Professor Sir Alexander
Haddow, Professor A. B. Foster, Mr. J. E. Everett, and Mr. C. V. Mitchley of the Chester Beatty Research Institute for data on toxicity
and activity against the Walker 256 tumor in rats weighing 200-250 g. Each compound was administered as a single ip injection in
arachis oil or in 1097 dimethylacetamide in arachis oil on the day following tumor implantation or on the first day of the toxicity observa-
tion. Tumor-bearing animals were sacrificed approximately 8 days later. * Results of the standard in vitro KB tumor cell inhibition
test, EI); 100 pg/ml; carried out under sponsorship of the CCNSC at Southern Research Iustitute and University of Miami Cell
Culture Laboratory. !Orange. ™ Melting point apparatus preheated to melting point. » When heated slowly melted at 92°, solidi-
fied, and melted at 102°. ¢ EDj 23 ug/ml. » Purified further by chromatographing on silica gel and eluting with CeHs.

tive avenues for modifying the molecule and possibly they would be less likely to be carcinogenic than I.
for obtaining compounds with special advantages. Our
(2) C.T. Bahner, {I. Kinder, 1), Brotherton, J. Spiggle, and L. Gutman,
* To whom correspondence should be addressed. J. Med. Chem., 8, 390 (19653},
(1) This investigation was supported by Public Health Service Research (3) C. T. Bahner, DD, Brotherton, and M. K. Brotherton, tbid., 11, 404
Grants CA-03717-07-12 from the National Cancer Institute. (1968).



Norks
Tasre 111 WaLker Ascrrss Survivarn Test

No. Dose Survivors T/C
1 400 6/6 126
6 400 6/6 229
7 30 6/6 115
100 6/6 351

200 6/6 295

400 6/6 113

800 6/6 145

N 400 6/6 229
10 50 4/6 31
17 400 6/6 124

Both were active against the WM tumor. See Tables T
and II.

1-(4-Isopropylbenzylidene)indene was prepared be-
cause its shape should be almost identical with I. It
showed slight activity in the Walker ascites survival
test.*

1- (4 - Todobenzylidene)indene, 1- (4 - bromobenzyl-
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The condensation produet of julolidene aldehyde
with indene was of particular interest, since it seemed
improbable that this product would be carcinogenic.
Unfortunately, it was also inactive against WM tumors.
This inactivity might be due to the size of the groups
attached to N, for 1-(4-dibutylaminobenzylidene)indene
was inactive. The Schiff base formed by condensation
of 1-(4-aminobenzylidene)indene and 4-dimethylamino-
benzaldehyde was active against the Walker tumor in
snite of its high molecular weight.

The methiodide of I was more soluble in water than
I, but was lethal at 80 mg/kg ip.

1-(4-Guanylaminobenzylidene)indene and (a-inden-
1-ylidene-p-tolyl)urea were found to be more toxic than
I, and were not effective against WM tumors at the
maximum tolerated dose.

Diazotization of 1-(4-aminobenzylidene)indene has
opened the door to preparation of many compounds.
One of the first of these was the 3,3-dimethyltriazene

Tasre III
PRrEPARATION OF 1-(4-DIMETHYLAMINOBENZYLIDENE )INDENES

Dase Mole Acid Mole Yield, ¢ Mp, °C
Piperidine 0.025 Glacial AcOH 0.035 56 160-163
Piperidine 0.025 Glacial AcOH 0.035 52 157-160¢
Piperidine 0.025 Glacial AcOH 0.035 61 158-161¢
Piperidine 0.025 Glacial AcOH 0.035 13 159-161¢
Piperidine 0.025 Glacial AcOH 0.035 21 156-1584
Piperidine 0.035 Glacial AcOH 0.050 54 158-160
Piperidine 0.050 Glacial AcOH 0.050 64 159-161
Piperidine 0.025 Glacial AcOH 0.017 42 157-160
Piperidine 0.025 Glacial AcOH 0.069 58 159-162
Pyrrolidine 0.025 Glacial AcOH 0.035 30 158-160
Hexamethylenimine 0.025 Glacial AcOH 0.035 39 160-161
n-Bu,NH 0.025 Glacial AcOH 0.035 35 159-161
Morpholine 0.025 Glacial AcOH 0.035 3 151-156
Triethylenediamine 0.025 Glacial AcOH 0.035 0
Pentylamine 0.025 Glacial AcOH 0.035 0
Piperidine 0.035 AcO 0.021 35 161-163

0.025 AcO 0.080 0 e

Piperidine 0.025 EtCO.H 0.035 53 159-160
Piperidine 0.025 Succinic acid 0.0175 47 163-164
Piperidine 0.025 H;BO; 0.0080 0
Piperidine 0.025 H,;PO, 0.102 0
Piperidine 0.030 p-TsOH 0.025 68 159-164
Piperidine 0.025 p-TsOH 0.0125 73 157-159
Piperidine 0.025 p-TsOH 0.0125 93 158-160/
Piperidine 0.025 p-TsOH 0.0063 70 156-159
Pyrrolidine 0.025 HCO.H 0.035 0

s 259, Excess aldehyde; ?259% Excess indene. ¢ CgHg solvent.
added companents. 7 2009 Excess indene.

idene)indene, 1-(4-cyanobenzylidene)indene, and 1-(4-
hydroxybenzylidene)indene were prepared in order to
learn whether a halogen, CXN, or OH could take the place
of the amino group. Both halogen compounds and the
hydroxy compound were inactive against the WM
tumor.

1-(4-Methylthiobenzylidene)indene, 1-(4-methylthio-
styryl)quinoline, and 1-(4-methylthiostyryl)quinoline
methiodide were prepared because the sulfide is like the
amino group in ability to react with Mel and presum-
ably in ability to enter into a conjugated resonance
system. The indene derivative was active against the
Walker tumor in the ascitic form.

(4) CCNSC test in which the rats received an ip injection of 10¢ tumor

cells in ascitic fluid and the following day received a single dose of the drug.
The effectiveness is evaluated by the life survival span.

2 Xylene solvent. ¢ Refluxed for 15 min with catalyst only, then

prepared by coupling the diazonium salt with Me,NH.
Clarke, et al.,® and Burchenal and coworkers® have re-
ported the activity of 3,3-dimethyl-1-phenyltriazene
against Sarcoma 180.

Experimental Section

The styrylquinoline was prepared by heating lepidine- HCI
and aldehyde together for 2 hr at about 150-155°, cooling, neu-
tralizing, and recrystallizing from Ce¢Hus and from MeOH. The
styrylquinolinium compd was prepared by boiling for 2 hr a soln
of equimolar quantities of lepidine methiodide and methylthio-
benzaldehyde in MeOH with piperidine as a catalyst, cooling,
filtering, and recrystallizing from Me.CO.

(5) D. A. Clarke, R. K. Barclay, C. C. Stock, and C. 8. Rondestvedt,
Jr., Proc. Soc. Ezp. Biol, Med., 90, 484 (1955).

(6) J. H. Burchenal, M. K. Dabb, M. Beyer, and C. C. Stock, ibid., 91,
398 (1956).
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The KOH-catalyzed condensations of indene with aldehydes
were carried out by adding KOH in I3tOH gradually to a boiling
=oln of equimolar quantities of aldehyde and indene until a very
dark color change appeared, then boiling for 30 min, cooling,
filtering, and recrystallizing. Julolidene aldehyde, however,
was difficult to condense with indene by this method, but con-
densed well when piperidine acetate in Phile was the catalyst.”
We have investigated the condensation method with the results
in Table TII. Unless otherwise indicated, 0.050 mole of alde-
hyde and 0.050 mole of indene were refluxed 10 hr in Ph)e with
catalyst. The soln wax chilled and filtered, and then washed
with 100 ml 509 MeOH, dried, and weighed. In most cases
yields were only « little larger after 10 hr heating than after 5
hr. The Dean—=Stark trap continued to collect a little H,0.

(1) The fact that inereasing indene:aldehyde ratio increased
the vield slightly suggests that a by-product may be formed from
2 moles of aldehyde per mole of indene. (2) Phdle appeared
much better than CeHs or xylene.  (3) Inereasing the amounts of
AcOH and of piperidine to 0.05 mole increased the yvield. (4)
Decreasing amounts of AcOH and of piperidine reduced the vields.
(5] Pyrrolidine  was  slightly  less useful  than  piperidine;
hexamethylenimine slightly more ¢ffective than piperidine. (6
Bu NI was less effective, morpholine much less effective, iri-
ethylenediamine and pentylamine were ineffective. (77 Pro-
pionie acid was a little slower and succinie acid abont equal to
AcOH, but formic, borie, and TL,PO, acid were ineffective. (N)
Acy) In place of AcOI reduced the vield.

The Schiff base was prepared by heating a mixture of equi-
nolar quantities of 1-(4-aminobenzylidene))indene and 4-dimethyl-
aminobenzaldehyde 30 min in an oil bath at 125°, The meth-
iodide of T was prepared by heating a soln of 3gof I and 1.85 g
of Mel in 50 ml of PhNO: for 8 days at 30°,

1-(4-Guanylaminobenzylidenejindene was formed by dropwise
addition of a 309 aq solu of eyanamide to a boiling soln of 1-(4-
aminobenzylidene jindene - HCl  in #-BuOH, cooling, filtering,
removing excess starting material by extraction with CeHs,
dissolving in MeOII, making busic with NaOH, evaporating to
dryness, and rvecerystallizing from -PrQ), then from CeHe. 1-(4-
Methylguanylbenzylidene)indene was prepared similarly, but the
reaction mixture was vefluxed for 2 hr.  Its water solubility was
than 2 mg - ml at room temp.

In the diazotization of 1-(4-aminobenzylidene)indene, a soln
of 13.1 g of 1-(4-aminobenzyeidene jindene in 180 ml of AcOH and
12 g of 12 37 HCl and 100 ml of ice H,O was diazotized at 0°
by adding 4.2 g of NaNOy in 60 ml of ice and HyO slurry.  This
mixture was then added gradually to 800 ml of 25¢: Me.NH,
keeping the temp about 5°. The ppt was filtered and washed
with Hz0.

The urea derivative was prepared by adding 0.040 mole of
KCNO to 0.040 mole of 1-(4-aminobenzylidene)indene in 100 mi
of glacial AcOH, allowing the mixture to stand for 1 hr, adding
gradually to 200 ml of Hy0, and filtering. The ppt was washed
with 400 ml of H,0), dried, and extracted with hot CsHs to remove
CsHg-soluble starting material.  The solid was dissolved in hot
~OPrH and HuO was added to the =oln until just cloudy, then
the soln was chilled and filrered.

7y Eo Dy Parkerand A Furst, /. Org. Chem., 23, 201 (1058),

5’-Diazogriseofulvin
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In continuing with our program to prepare analogs of
the highly active antifungal drug griseofulvin® (1) we
describe here the preparation of 5'-diazogriseofulvin

*To whom correspondence should be addressed.

(1} For previcus papers in this series see I[. Newman and T. Fields.
J. Org. Chem., in press, and ref cited therein.
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(2) and a few of its transformations.  Compound 2 was
particularly attractive as a potential intermediate for
the preparation of a variety of H'-grizeofulvin deriva-
tives as w result of our finding! that 4'-bromogriseoful-
vin (3) failed to undergo the nsual displacement rene-
tions of a-halo ketones.

The preparation of 2 was achieved by allowing 1he
readily available 5-formylgriscofulvin’ (3a) to reac
with tosvlazide? in CH,Cl in the presence of E,NH

L N=H
2. X=N,nob—Il
3. X=DBr
3a. X = (HO
4. X =0COCH
7. X =SCOCH
CHO O oCH CHO O ocH
O Q 0 O Ol
CH.O O CHO OH
& CH, ¢l CH
5 6

An attempt to convert 2 into 5'-acetoxygriseofulvin
(4) with AcOH gave a rather complex mixture which was
partially resolved by partition chromatography into a
mixture of 4 and dehvdrogriseofulvin 5,4 the major
products of the reaction. Brief treatment of the mix-
ture of 4 and 5 with Zn and AcOH converted the latter
into the base-soluble phenol 6* thus permitting the iso-
Iation of 5’-acetoxygriseofulvin (4) obtained as u mix-
ture of cis—trans (6’-CH; vs. 5-OCOCH;) epimers in o
30:70 ratio (cis:trans).

With thioacetic acid, 2 was converted mto 5'-thio-
acetoxygriseofulvin (7), indicated by nmr spectroscopy
to be essentially a single isomer (trans 6’-CH,/5'-8Ae).
No dehydrogriseofulvin appears to have heen formed.

An attempted conversion of 2 into the 3-membered
ring C derivative 8 by an Arndt-Eistert reaction using
A0 in refluxing MeOH? gave instead a mixture con-
sisting of 5’-methoxygriseofulvin (9) and dehydro-
griseofulvin (5). An attempt to effect this rearrangd-
ment photochemically® gave u complex mixture which
could not be resolved.”

{2} W.von E. Doering and C. H, DePuy, J. Amer. Chem. Soc., 76, 5955
{1953). Tosyl azide is now comiercially available from Eastman Organic
Chemicals, Rochester, N. Y.

(3) M. Rosenberger, P. Yates, J. 3. Hendrikson, and W. Wolf, Tetra-
hedron Lett., 2585 (1964).

(4) D. Taub, C. H. Kuo, H. L. Slates, and N. C. Wendler, Telrakedron.
19, 1 (1963).

(5) W. E. Bachimann and W. 3. Struve, Org. React., 1, 38 (1942); V.
Kirmse, “Carbene Chemistry,” Academie, New York, N. Y., 1964, p 114.

(6) See A, Schonberg, G. O. Schenck, and O. A. Neumuller ‘'Preparative
Organic Photochemistry’” 2nd ed, Springer-Verlag, New York, N. Y., 1968,
Chapter 32, p 295.

(7) For a review of the various reactions ea-diazoketones undergo see
. Weygand and H, J. Bestmann. ''Newer Methods of Preparative Organic
Chemistry,” Vol. 111, Aecademie Press, New York, N, Y., 1964, p 451.



