NG Boissier, Rarous, Dosont, Faniant, avn Forkse

prelted wt 150°  After the produact was dried at 1009 /v vacoun,
it melted at 140-153°,

Method C. Halogenation with N-Bromosuccinimide. 2-!p-
(2-Bromo-2-p-methoxyphenyl-1-phenylvinyl)phenoxy]triethyl-
amine Dihydrogen Citrate (8).-—T0o a solution nf 46.1 g (0.095
mole)  of  2-[p-(2-p-methoxyphenyl-i-phenyvivinvhphenoxy tii-
cthiviaine hivdvoehloride in 200 ml of dry CHClL ot 0° wies
added o suspension vf 19.6 g (0.11 molei nf N-brimosuccinimide
in 300 ml of dey chloroform,  The mixtire was stirred at 0° fine
S hr then was allowed to stand for 24 hir at 0°. The rewetinn
ndxture was kKept at 0° while an excess of 1047 NnOH was added.
The orgauic layer was removed and dried (MgsSOy). The residne
that remained upon renmvalof the ellarofornuwas ronverted to tle
dilivdrogen eitrate salt, using F&.:3 g (0,005 molel of citrie neid in
butnone,  The crvstalline product obtained was recrvstallized
seven thnes fram butanove and once from 2-propanol 1 give
4.0 g (6.200) of product, welting at 128--130°,

Method D. Bromine in Glacial Acetic Acid, N-[2-}p-
(2-Bromo-2-p - methoxyphenyl -1 - phenylvinyl)phenoxy )ethyl]di-
methylamine Dihydrogen Citrate (6).--To a solutinu of 10.0) ¢
(0.020 ole) of I-[p-(8-dincthyEiminocthoxy)phienvll-E-phienyl-
2-( p-wethaxyvplienyDetlamol in &0 ml of ghieial aeetie neid was
added wosalution of .0 g (0.05 nnle) of hronine in 50 1wl of gliwinl
acetie acid at 15° The reactivn mixture wias stirved for 1 hr

Vol 10

after the addition was eompleted ot 15%, then conled b 07 aml
made basie with an excess of NaOll.  The free wamine was ex-
tracted with etlier and dried (MgS804.  The residue that re-
mained after remnval of the ether wis eonverted o the dibyilin-
wetl eitrate salt, using 4.8 g (0,025 wole) of vitvie neid in bhutavone.
The prodiet was reervstallized six times Froum hiut:omne to give
1.5 g 0.3 of product melting at 114--116°,

Method E. Fractional Recrystallization. Isomers of 2-|p-(2-
Chloro-1,2-diphenylvinyl)phenoxv]triethylamine Hydrochloride.

The dilivdrgen citrate salt of 1 wis converted to the base with
aquenus NaOTE <oliutimi. The base wis extracted with cther,
dried { MgsOyy filtered, and treated witle adeobnlic HCL - The
bil whicl sepioated wis tuken ap in lwot butanone, ol npee
cooling, 1 solid Imretinn wiw nhedned,  Further fractions were
obtained by enndensing the mather Hquor of the previvus frae-
tion and eonling.  Repetition of this process vielded isowmer a
hvdreldoride (1at which melted at 1536.5-158.0° IALP™ 250 g
Te 20,0000, 201 mg ce 12,700) and ixonter b hiydmehloride (1b)
whicll melted at 14D.0-150.5° (0™ 250 e 1e 22,1003, 207
(e 11G0O0 ),

The longest wavelength raaxinmnm in eaelt of the ultravinle
spectrn las been attribated to a stilbene-tvpe chronnpliore.
These dictic siggest (et 1b is the o somer and thevefore fa
ix the /eans® somer,

Synthesis and Pharmacological Properties of New
9.10-Dihydro-9,10-ethanoanthracene Derivatives

Jacques R. Bossier,

Tustitul de Dhaeacoloyic, Facallé de Médeeine, J5=-Pueis 00me, Feanee

Rocer Rarovis, Cravbs Dusoxrt, Lavrest Tavtaxy axp Juavyine Foresr

Centee de Recheeches, S F A =Dicoweat, Yo-La Dlaine Saint Dewds, Feawee

Recedved July 4, 1966

A number of substituted 9, 10-dilivdro-9,10-etlnoadlirncenes huve been synthesized and evalunated for their

pliarmacologieal aetivity.
and local anesthetic wctivities,

T'he ability of anthracene to act as o conjugated dietie
it a Diels—Alder reaction wus first reported in 19311
The resulting 9,10-dihvdro-9,10-ethanoanthracernes rep-
resent a fairly simple polyeyclic system which has re-
mained unexplored in the field of medicinal chemistry.
Recently, a series of 9-uminoalkyl-9,10-dihydro-9,10-
ethanoanthracenes was patented? and, while our work
wis In progress, two patents®* reporting the preparn-
tion of 1l-aminoalkyl1-9,10-diliydro-9,10-ethanoanthra-
cenies were published.  Some of these compouiids were
studied espeeially for their psvcehotropie activity.2:3»
The present paper describes two series (I and IT) of e
rivatives of 9,10-dihydro-9,10-ethanoanthracene suh-
stituted in the 11 position by an aminoalkyl or an
antinoalkylamino group (I), or by an aminoalkoxy ov
an autinoalkoxvalkyl group (11), and oue series of 9,10-
diltvdro-9, 10-ethanoanthraceite derivatives substituted
in the 9 position by an aminoalkoxy group (ITI). In

1) O. Diels, K. Ahter, and 2. Beekmann, Anrn. Chem., 486, 191 1115311,

2y (1) Ciba R, A., French Patent 1,332,330 (1963); (b) Ciba S, A,
French Patent 1,744 M (1963); (cj Ciba Ltd.. South African Patent
64/4818 (1965); (D P. Sehmilt, M. Wilhem, and K. Eichenberger {to
Ciba Ltid1, Swiss Patent 398,570 (1U6i6);  fey Ciba Ltd., Snulh African
alenl 656631 (1966),

{4 Geigy A. G, Duteb Parent 6,412.2115 V150

v K. Kitatonoki amd R. Kiuly (th Shivnogi sied Co., Lid.}, Frencel
Pateni 1,421,096 (19t5).

5 K. AL Flagel, R, Scoerger, and Th, Veil, dezaeonitiel-Foesch., 12, 1sh2
(1H6H).

Rome of these compounds show muvked anticholinergie, hypotensive, antihistaminie,

R
-~ /
(CHz)nN\ /TAN\ .

2

11

carht series, NRiRy represents alkylamim or dindkyl-
aino groups or a saturated heterocyclic nioiety.  In I,
NRR: can represent a 2-dintethylaminoethyl group.
The most convenient route to ll-aminontethyl coin-
pounds (I. n = 1) was the reductive amination of the
readily available 9,10-dihydro-9,10-ethanoanthracen-
11-carboxaldehvde® by the Leuckart method (method
A). Alternatively, the compounds were obtained in
two steps from the above aldehyde [or from 9,10-di-
hydro-9,10-ethanoanthracen-11-one” (I, n = 0)] and

&y O BoAD Avbazev and M, KL Iskakova, Uch. Zup. Kazansh. (ee.
{Twdv., 116, 113 (1006):  “bi Bataafsche Petrolewun Maatschappij, 1Brilist
Patent 749,723 (19565,

(7} S Wawzonek and J. V. Hathan, J. Ocg. Clem., 18, 288 (1UH3).
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Tasre I

11-AMINOALKYL-9,10-DIHYDRO-Q,10-ETHANOAN THRACEXNES (I)

Crystn —~1Cyo, ug/mb—
sol- Yield, Mp, —Caled, %— ~—Found, %—  Acetyl- Hig- Fatd?®
No. n Ri, R Method  vent® % °C Formula C H N C H N  choline tamine LDso
1 1 CHs CHs A E 70 78¢ CisHaN 86.6 8.0 5.3 86.8 8.3 5.2 0.3 0.04 75
2 1 C:Hs, C:Hs A E-Pr 82 78 CaHasN 8.6 87 4.8 86.8 8.6 4.8 0.1 0.02 50
3 1 H, CH(CHs3)CH:CsHs 3 H 57 67 CaHzN 88.3 7.7 4.0 88.4 7.7 3.4 0.2 0.06 300
4 1 (CHs A Pr 35 145 Ca2Has™N 87.1 8.3 4.6 8.8 8.2 4.6 0.1 0.02 300
5 1 (CHus A Pr . 215 C22HyuN - HCl 7.7 7.7 4.1 8.0 7.7 4.0 ..
6 2 CHs CHs C Pr 84 2544 CxHasN - HCI 6.5 7.7 4.5 76.4 7.4 4.3 1 1 150
7 2 CHs, CH: .. A-LEt .. 245 CaHaN - CHal 60.1 6.3 3.3 59.8 6.1 3.2 0.1 0.14 75
8 2 C:Hs, C:Hs C Pr 85 228¢ C22HxN-HC1 i7.3 83 4.1 77.0 8.0 4.0 0.3 0.13 150
9 3 CHs; CH: C A 84 1957 CaHxN-HCI 76.9 8.0 4.3 76.7 8.0 4.2 0.05 0.1 150
10 3 CH; CHs .. E .. 211 C2HasN - CH;sl 61.0 6.5 3.2 60.7 6.4 3.3 0.05 0.22 25
11 3 C:Hs C:Hs C Pr 70 163 Co3H2gN - HCl 77.6 8.5 3.9 77.4 8.4 3.9 0.17 0.05 75
12 3 (CHys C Pr 55 248 CauH3zeN - HCl 783 82 3.8 783 8.2 3.9 0.3 0.14 50
13 0 H, CH:CH:N(CHs): B E 60 225-230 CxHxN:-2HC! 65.8 7.2 7.7 65.6 7.3 7.3 0.5 0.5 100
14 0 CH; CH:CH:N(CHaj): D M-W 58 246-248 C2HzWN2-2HCl 66.5 7.4 7.4 66.4 7.6 7.4 1 1 150
15 0 CH; CH:CH:N(CHas): . An . 185-190 CazHN2-2CHsI 46.8 5.5 4.8 47.0 5.5 4.8 30 10 100
16 1 CH; CH:CH:N(Clis): A M 40 253 CxHxN:z-2HCl 67.2 7.7 7.1 67.4 7.7 6.9 0.1 0.5 150
17 1 CHi CH:CH:N(CHj): . M-W . 234 CanHugN2 2CHsL 47.7 5.7 4.6 47.4 5.7 4.6 30 a 75
18 1 (CH:CH:):NCH; A A-W 41 115 Co2H26Ny 83.0 8.2 88 82.9 82 8.9 0.5 0.01 50
19 1 (CH:CH:):NCH;s .. M-W .. 230-240 C2HxN»-2CH3l 47.9 5.4 4.7 47.5 5.5 4.7 3 0.5 150
20 1 (CH:CH:):NCH:CH:01H A Pe 39 135-137 CsHxN:0 9.3 81 80 79.3 8.1 8.1 o
21 1 (CH:CH:):NCH:CH:0H .. M-W 222-225 CuHxN:0- 47.5 5.4 4.4 47.4 5.5 4.4 20 20 25

2CH;I

a A, acetone; An, acetouitrile; E, ethanol; Et, ethyl ether; H, heptane; M, methanol; P, pentane; Pe, petroleum ether (bp

50-63°); Pr, 2-propanol; W, water.

b Acute toxicity determined by iutraperitoneal injection of increasing doses (25, 50, 100, 200,

400, and 800 mg/kg) to pairs of mice according to W. G. Smith in "'Progress in Mediciual Chemistry,” G. P. Ellis and G. B. West, Ed.,

Butterworth aud Co. (Publishers) Ltd., London, 1961, p 1.

¢ Lit.* mp 221-223°, / Lit.* mp 191-192°.

the appropriate amine or diamine. In the initial step,
the amino derivative was condensed with the carbonyl
compound. Reduction of the crude condensation prod-
uct with hydrogen over platinum oxide furnished the
desired 11-substituted ethanoanthracene (method B).
The preparation of the 1l-aminoethyl (I, n = 2) and
11-aminopropyl (I, n = 3) compounds proceeded from
9,10-dihydro-9,10-ethanoanthracene-11-acetic and -pro-
pionic acids, respectively, via the acid chlorides and the
amides, which were reduced with lithium aluminum
hydride (method C). The acids required as starting
materials were made under the conditions of the Diels-
Alder reaction from anthracene and vinyl- and allylace-
tic acids, respectively. Methyvlation of 13 was ac-
complished according to Eschweiler-Clarke (method
D). The compounds prepared by these procedures are
summarized in Table I.

Most of the amino ethers of Tables TT and ITI were ob-
tained by treatment of the corresponding alcohols with
the appropriate basically substituted alkyl halide in the
presence of an excess of sodium hydroxide (method E).
Alternatively the alcohols were converted to their
lithium (method F) or sodium (method H) salts and
then treated with the halide. The syntheses of two
new aleohols are outlined in the Experimental Section.

Treatment of the lithium salt of 9,10-dihydro-9,10-
ethanoanthracene-11-methanol® with the aminoalkyl
halide from l-dimethylamino-2-propyl chloride hydro-
chloride, followed by addition of hyvdrochloric acid gave
a mixture of two isomeric hydrochlorides 32 and 33, and
vpe analysis of the bases indicated that the composition
was approximately 20 and 809;. These salts were re-
crystallized to give 33 as a crystalline product which,
by vpe of the base, proved to be a single substance.
Diels—Alder addition of 1-dimethylaniino-2-allyloxy-
propane to anthracene (method G) provided an un-
ambiguous path to 32. Structural assignment for these

(8) K. Alder, Chem. Ber., T1, 1452 (1938).

The LDj, is approximately the dose killing one out of two mice or the aver-
age of the two successive doses for which mortalities of 0/2 aud 2/2 have been observed.

e Lit.? mp 70-78. ¢ Lit.?* mp 259-261°.

isomers was based on the gas chromatograms. During
vpe analysis of the corresponding bases, these Diels-
Alder adducts were thermically dissociated into their
components (injection port at 450°). Compound 32
vielded anthracene and 1l-dimethylamino-2-allyloxy-
propane, and 33 yielded anthracene and 2-dimethyl-
amino-l-allyloxypropane as shown by comparison with
authentic specimens prepared by unequivocal proce-
dures (see Experimental Section). Nmr spectra were in
accordance with these structures. N-Demethvlation of
40 to 38 was effected by reaction with ethyl chlorofor-
mate followed by hydrolysis of the resulting urethan
(method I). In the Experimental Section, each of the
reactions discussed above is illustrated by one example,

Results

The pharmacological methods are described in the
Experimental Section.

The approximate acute intraperitoneal toxicities of
compounds 1-37 were determined (Tables I and II);
more precise values were attained for compounds 38-64
(Table III). The quaternary ammonium compouitds
are more toxie than the corresponding bases except for
19 and 57.

The anticholinergic potency of the substances wuas
systematically evaluated on the guinea pig ileumn prep-
aration. The IC;, values lie between 0.03 and 50 ug/
ml; the value for atropine sulfate used as a standard
was 0.005 ug/ml. Compound 33 which was the more
active in the last test also exhibited a strong protection
against tremorine in mice.®

Bisquaternary ethylenediamine compounds (15, 17,
19, and 21) were studied further for hypotensive and
ganglioplegic properties. Actually, they lower the
blood pressure in the anesthetized dog and block the
effect of preganglionic excitation of the cervical sym-

(9 J. R. Boissier, C. Dumont, and R. Ratouis, inanuscript in preparation.



Papre 11: TEEAMINOAVEKOXY= AND F-AMINOALKOXY ALK YL=O, [O-DIHY D RO=Y FO-ETIIANO AN T v eNgs (111

Crysin Yiehd, My e e Catbend, S AYTITTO1) FLESRONUIGSIT | G RISy IR Uit 1) &
N, A R Re Methiol  solvene N °¢ Formuda « 1 N C 11 N Anetyleholine [listammine LDs.
22 O(CHL) CIL, CHL k A TS 171 CaplEa NO - CHHLOy . 6.7 Rt 0.6 6.8 5.3 0.3 0.05 150
23 OCCTy ) Call;, Cully I A- 1t N 05 0S8 CaHueNO - ClHNOS 67 .2 ST .6 67 .1 | a4 0.2 0.3 150
RB O(CHa)a (CHa); n A 64 05 -105 Caul s NO -CiH Oy 21 .0 sl 7200 6.8 S I 0.2 150
25 W(CH )3 CIl,, CIH, I An Bt s 148 CayHauNO-CyILO ¢ 0.0 6.4 R 0.6 6.7 5.3 0.3 0.6 150
26 CHO{CH.). CIL, CIL I An 0 194 Ca T NO - HCL YBIRY 7.6 4.1 728 7.7 4.1 0.1 0.05 150
27 CHO(CHa)e CaH,, C.IL, I AL t4 140- 142 CaylEagNO - Cal T NOS 4 67.7 8.2 5.4 67.0 8.3 5.2 2 0.07 50
RAN CIHO(CH.). (CH.), I An 65 20032207 CauleNO - HCH 4.7 7.6 3N 4.8 7.6 3.0 0.7 0.1 5
29 CH.O(CHa)e (CHs), 1D W 65.5 207 =208 CulLyNO - HCL 751 70 B 740 0.7 DT 1 I Yh)
30 CHO(CHa). (CHa) I An 03 181184 Coull NO-HCL vH.4 Sl 5D 7H .4 8.2 N4 0.3 0.2 YG)
K CHO(CIHL). (CILCHL L0 I Is 47 218- 220 CalNO.L - THCL 1.6 T8 5.6 714 ) 3.6 2 3 60D
B2 CH.OCH (CH O CIL;, Clh (x A i w2 95 107 CadINO - THCL 8 “h 5.0 THS 7.9 38 1.2 0.1 1o
3 CHOCH.CH(CLL) CIL;, CIL I A 30 IS)-Is2 CaullaNO T 3N .9 5h N 0 4.0 0.03 .02 YG)
4 CHOCH.CHH{(CIH) Cll,, CIHL . - S 7= 150 CullyNO-CIHL 59 .6 6.5 30 ] 6.4 S 0.1 ] 3.0
395 CHO(Cly), Cl, CH, I An 50 165 CaullsNO-TCI TN T4 5.9 woT 7T 3.9 0.2 0.1 75
36 CH(CH)O(CIH)a CH,, CIL b A-Ei 82 144 CalleNO-C)HHOye 4 ! 3.2 2 7.2 3D 1 .05 150
37 (CH)O{CTTa)s Clly, Clh It A-An 46 16S- 170 Cul L NO - HICE Tho8 70 3.9 5.6 N0 J.S 1.4 (35} D
+ See Tootuote a of Table 1. Ree footnote b of Table 1. 7 CILO, = maleie acld,  * CRlIgNOR = eyelohexylaulamie ncid. G110, = fumaric acid.
Tapre U 9-AsiNospkoxy-9, 10-Dinypro-9, FO-B1raaNo aNTur scuNgs (FED)
Crysin Yield, ¥Mp, e Claded, == cms Found, By = el COPTRTERTY) CEE T OF B ES
N I R, R Aletbhol sobvini® i MG Formuda (& H N [N H N \eelvichobne  Histamine e kg
b (Clla)s I, C11, 1 P 5 02 04 ol NO) ST .06 5.0 sEG 7.5 H. 0 ..
a4 tCGHEe I, CT1; I o 260 =263 CyyHay NO - THCE 2 0 4. 2 6.9 4.5 [F B} 0.2 130
40 (Clh). CIh, CI, I n ) 60-61 Copl LaNO SEO 7.0 4.8 RS20 N0 4.8 . - .
LN (CHa)s CH,, CH, . I . 251252 CalLgNO - HCT 2.8 i 4.5 2N 7.0 1.2 .2 0D 135
42 (CHuk CHy, CIEy . I - IST-ISN CoylEaNO - TENO; 67.4  G.N T 675 6.8 TN
45 (CHL ). CIL, CIL, . W . 195 Cupl TaNO - TS0 614 6,4 3.6 6.4 6.5 300
4 {CHa). CH, CH . A . 147 148 CaHayNO - THORSCHE 04.8 7.0 B [$2 7.2 5D .. L .
45 iCHyye C1L, CIL: I i~ P17 CodEaNO - CiHECENG O 638 6.0 i3 63.8 6.4 15.6 2 0005 161
4 (CH » CIL;, CIL o D 0 172175 CaptLaNO Oy N () 055 6.5 152 61.H 6.1 132 025 (S]] 203
47 1CHa e ClHh, CIL An . 250 CoyplLaNO - CHEE 57 6.0 et 1 6.0 S (I 012 57
BN tC1E. ClL, CH . M o 200 CoplEaNO - TTOCHCHA 56.8 G a2 B HY 2.0 0.5 0 i S84
49 tCHat Ca;, Cult, D APy ) 17 176 CulleNO -1 TRART 3.0 0TS 1.0 0.2 .01 L4
A (ClEe (CHay 1D Pe Gt 90 -91 CullaNO 82770 11 827 N0 1.5 . L o
Al (C'Hs e (Clh) . W 205-207 Cal L, NO - HC 4.2 v 5o 7.2 ) 3.8 i 1 005 127
52 {Clhan (CHa), ., Pr : 221-222 0 CoullaNO-1EBr 6.0 6.6 I 661 6.0 54 ) . o
oy (ClHae (Clh), . | L 228230 CulaNO - LSO, G55 U.H R 635 6.8 I 2 {.Hus Fid4
S 1CHa (CTEy, An- 1 S 169 170 Cal L, NO - TTOSCH 66.5 T ! 665 6.9 S () [ANIINY 12~
B%) tCH 50 (CHa), I 1 (1 T CatlsNO 82N 8.2 1.2 820 82 4.5 o .
56 (ClHa): (CHy), . Pr 225 CauHaNO - YL AR | RIS P N B BT 025 0005 46
BN {CHa). {CHa); . An M . 264 265 Cally NO-CIHLE GO.6 G 5.0 BT 0.3 | 0.7 0. 005 2005
A (CHEy {CHLCH W) 11 An l 204217 ConllaNOL- HC i ol DN 1.0 ! n to o 1o
Al (CHa {CHLCH . NCIHE 1 Pe £+ 107 Clag N0 U N S0 ] 5.4 S )
e 1CIHan {CHACHE O NCH; . 14 230-255  CalEyNLO - 21HC 63,6 T 6.7 6556 7.2 G.6 2 0 17
Gl CHL.CHHCH CIH, CIE; I Ir 33 02105 CalEaNO-FHCH o ) 10 on 5 EN i (1) 125
62 ClHaw ClHh, CTL I P 42 5 4415 CalENO S22 N2 16 N2 N 4.5 0| (| 3
[CHENT G § TCHLCHWNCHE 3] . 5 235254 CobE NWO - 2HHCT 662 T (1! G611 7.6 .2 5 | 143
1 CHLCHHCHDHCHE {CHLCH B NCHG H AR W 47 1O 193 CoEaNLO - 21O [ 6 th.2 66,7 i (S| 2 i 149

@ see footnote a of Vable 1o # The nwmber of mice used T eacke deiermiiontion manged from 30 60 8O0 The eatio nf ony twn suevessive dosis wis eonstant ot L2y aal the B valines wenn
ealeulater] by the raethod of B Belirens and G Kivher, Aeels Eapdds Patkol. Phacaediad V1T, 370 0003050 CoHECINGO. o Saehlrotheophylline, 4 CulLG NGO = T-theopbyHinylnstie aeid.
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pathetic nerve of the anesthetized cat. The minimal
active doses start from 0.1 mg/kg iv as for hexameth-
onium.

The antihistaminic activity was screened in vitro in
guinea pig ileum. The most potent compounds were
found to be of type ITI. Their IC;, range was between
0.005 and 1 ug/ml (Table III). Under similar experi-
mental conditions, the activities of promethazine and
triprolidine were 0.02 and 0.005 wg/ml, respectively.
The agents also prevent in vivo effects of histamine as
reported in Table IV. They show marked protective

Tasre IV
———Antihistaminic protection———
No. of Loeal
100LDgs anes-
of EDso, ug/100 g thetic
histainine of antihistamine vs. activity
vs., anti-  one LDgs of histamine Total
No. histamine” histamine® aerosol? score®
39 8-10 d 5 196
41 10 1.2 5 96
45 10 2.5 10
46 10 2.5 5
47 8 0.6-1.2 2.5
48 4 2.9 10 S
49 <2 >5 >20 479
51 12-14 0.6-1.2 5 927
53 10 1.2-2.5 2.5 1041
54 10 2.5 2.5 1074
56 6-8 2.5-5 10 1287
57 2 >5 >20) 46
58 10 2.9 5-10 85
60 10-12 2.5 10 201
61 8-10 2.5 10-20 517
62 <2 >5 >20 322
63 <2 >5 >20 476
64 <2 >5 >20 746
Promethazine 8 2.5 5-10 538
Triprolidine 8-10 <0.6 5 468

a The values express how many times 100LDg, of histamine
can be tolerated by the treated animals for a protection of 2/4
(i.e., 505, protection). ? The values express the doses of anti-
histamines sufficient to protect 2/4 animals. When the score
of 2/4 was not reached, the intermediate value(s) comprised be-
tween 0/4 and 4/4 protection. °The maximal total score is
1300 for a complete anesthesia. The value for lidocaine used as
standard compound was about 300.

activity against lethal doses of intravenously injected
and of nebulized histamine in guinea pigs. Some of the
compounds were more active than the two antihista-
minic standard drugs usedinthis study. From the struc-
ture—activity relationships it appears that two carbon
atoms between the oxygen and nitrogen atoms of the
aminoalkoxy group were needed for good antihistaminic
activity, Compound 41Y and the demethylamino
derivative 39 had similar potencies.

Tvpe III compounds were also tested for local anes-
thetic effects on the rabbit’s cornea (Table IV). The
pyrrolidino and piperidino derivatives (51, 53, 54, and
56) were among the most active members of the series.
The aminopropoxy and aminoisobutoxy compounds
(62-64), which had no antihistaminic effectiveness, in-
duced some local anesthesia.

(10) Other pharmacological data on compound 41 will be published:
J. R. Boissier, C. Dumont, R. Ratouis, and D. Moisy, submitted for pub-
lication.
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Experimental Section!!

Pharmacology.—Acute intraperitoneal toxicities were deter-
mined in mice weighing from 19 to 23 g. All deaths occurring
during the following 24 hr after the administration of the drug
were recorded for estimation of LD;, values.

Comparative spasmolytic activity on isolated guinea pig ileun
was determined against acetylcholine and histamine. Isolated
strips were put in Tyrode solution at 37° through which air was
bubbled. Drugs were allowed to remain in contact with the
isolated ileum in the tissue chamber for 30 sec before the addition
of the spasmogenic agent. The dose required to produce a 509,
inhibition of induced spasm (IC;) was estimated from a semi-
logarithmic plot of dose against the average per cent inhibitory
action.

Protection against toxieity of intravenously injected histamine
was evaluated on guinea pigs using two procedures. In the
first one, compounds were administered subcutaneously to
groups of four guinea pigs at a standard dose of 20 mg/kg.
Thirty minutes later a single injection of histamine several
times the minimal lethal dose was given lutravenously. This
minimal lethal dose (LDgs) of histamine dihydrochloride was
found to be 0.8 mg/kg in control groups. The doses selected for
testing were in arithmetical progression from 200 to 1400 times
the LDys increasing by 200 iutervals. Results were expressed
as the numbers of individual lethal doses of histamine which
the animals survived. In the second procedure a coustant dose
of histamine and various doses of autagonist wereused. Groups of
four guinea pigs were pretreated subeutaneously at different doses
of each antihistamine ranging from 0.006 to 0.050 mg/kg, spaced
at two fold increments. Thirty minutes later, one LDy, of hista-
mine was administered intravenously into a vein of the penis or
hind leg. Results are expressed as the dose of drug required
to protect 509, of the guinea pigs.

Protection against histamine aerosol induced bronchospasm
was investigated by a modified Halpern technique.'? Guinea
pigs were confined individually in a glass chamber and exposed
to a nebulized 0.4¢7 histamine dihydrochloride solution in glycerol
and water. Control animals suffered asphyxial collapse within
3 min. All the animals were emploved only for one test. Com-
pounds were administered subcutaneously 30 min before in-
halation of the aerosol. The animals surviving after 10 min
were deemed protected. Results are expressed as the protective
dose for 509, of treated animals.

Surface anesthetic action was studied on the rabbit cornea
according to a modified Regnier method.'* The surface of the
cornea was touched with a hair. Numbers of successive stimu-
lations necessary to produce corneal reflex (not exceeding 100)
were recorded at different time intervals after instillation with
a 0.1 aqueous solution of the examined compound. The
duration of exposure was 2 min, and the cornea was tested for
anesthesia the third, sixth, and tenth minute and every 5 min up
to 1 hr. The sum of scores determined at the different time
intervals express local anesthetic activity.

Hypotensive action was evaluated in dogs anesthetized with
chloralose (110 mg/kg iv). A mercury manometer was used to
measure blood pressure from the carotid artery. Ganglionie
blocking action was determined in cats anesthetized with pento-
barbital sodium. The preganglionic nerve trunk of the left
superior cervical ganglion was severed and stimulated electrically.
The contractions of the nictitating membrane were recorded
on a kymograph. Drugs were injected intravenously.

Chemistry.—Only one representative example of each pro-
cedure is described. The remainder of the products were made
in an analogous way, as indicated in the tables.

9,10-Dihydro-9,10-ethanoanthracene-11-acetic Acid.—A solu-
tion of 50 g (0.28 mole) of anthracene, 50 g (0.58 mole) of vinyl-
acetic acid, 0.4 g of hydroquinone, and 300 ml of benzeue was
stored in a pressure bottle at 200° for 15 hr. After cooling aud
extraction with dilute NaOH, the aqueous basic layer was acidi-
fied with dilute HCl. The solid which separated was collected

(11} Gas chromatographic analyses were carried out on a Perkin-Elmer
Model 800 chromatograph. The nmr spectra were obtained with a Varian
A-60 spectrophntometer in C1DCls with MesSi as the internal standard, and
the nltraviolet spectra were obtained witl a Cary 15 spectrophotometer.
The melting points were determined on a Kofler hot stage nicroscope and
are uncorrected. The boiling points are uncorrected.

(12) B. N. Halpern, Arch. Intern. Pharmacodyn., 68, 339 (1942),

(13) J. Regnier, Compt. Rend., 177, 558 (1923).
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and dried to give 54 g (73 € ) of white product.  The analytieal
sample was recrystallized twice from lieptane:; mp 188-190°
(999 pure by nouaqueous acid-base titration).

Anal. Caled for CgHi0:: C, 81.8; H, 6.1.
81.5; H, 6.2.

This compound had been prepared previously by lhivdrolysis
of 9,10-dihydro-9,10-ethanoauthracene-Fi-acetonitrile:® myp 167~
172°. The yield and aualysis were not given.

9,10-Dihydro-9,10-ethanoanthracene-11-propionic acid wus
prepared by the same procedure from allylacetic neid; vield 5547,
uip 152° after crystallization from benzene-heptaue (98.5°7 pure
Ly nonaqueous acid-base titration).

Anal. Caled for CuHsO0s C, 82.0;
$1.6; H, 6.5,

This compannd lind been prepared by the mmlonic ester
syuthesis  [sodinm diethylmalonate and (9,10-dihydro-9,10-
ethaneanthraceu-11-yl)methyl p-toluenesulfonate?;® mp 149-
1h1°,

«-Methyl-9,10-dihydro-9,10-ethanoanthracene-11-methanol.- -
To asolution of 0.36 mole of methylmagnesiuin iodide in 500 ml
of anhydrous ether was added, dropwise, 70 g (0.3 mole) of 9,10-
dihydro-9,10-ethanoanthraceite-11-carboxaldehyvdet in 300 1l
of anthydrous benzene aud the nixture was refluxed for 1 hr
with stirring.  The mixture was poured into eold NHCl solution,
ael thie aqueous phase was extracted with ether. Evaporation
of the ether solution gave 71 g (957) of solid residue. Crystal-
lization from heptane gave white produet, mp 16%°,

Anal. Caled for CxHi30: C, 86.4; H, 7.5
86.2; M, 7.4.

9,10-Dihydro-9,10-ethanoanthracene-11-ethanol.— l5thiyl O, 10-
dihydra-9,10-ethauoanthracene-11-acetate was obtaiued by re-
fluxing overnight » mixture of 9,10-dihvdro-9,10-ethanoanthra-
cente-Tl-acetic acid (39.6 g, 0.15 mole), 1.2 g of p-toluenesulfouic
acid monohydrate, 50 ml of ethanol, and 500 ml of benzeue with
reruoval of the water formed by a Deau-Stark tvap.  The acid
=olrion was tveated with NaHCO,; solution and with water,
The dried organic lnyer (Na.80;) was evaporated and the residue
was fractiouated to give a colorless product, 77.53¢. vield, bp
15%8-160° (0.1 mu).  The distillate slowly solidified, wnp #0-91°.
The product was used without furvther purification.  To a stirred
suspetiston of 3.8 g (0.1 mole) of LiAIH, in 100 1l of anhydrous
etlier was added 20 g (1.0685 ole) of the above ester in 101 1l
of anhydrous ether, The mixture was vefluxed for 15 hr, cooled,
and treated dropwise with ethyl acetate (20 ml), water (20 1nl},
and 209 Ha804 (50 ml).  The ether layver was separated, washed
with water, and cancentrated to dvviiess. The vesidue was re-
crvstallized from benzene-heptaite to give 12.5 g (73%¢) of white
crystals, mp 118-120°.

Anal. Caled for CisHisQ: €, 86.4; H, 7.3.
I 7.,

1-Dimethylamino-2-allyloxypropane.---To soduim [-dimethyl-
aniino-2-propoxide from 9.2 g (0.4 g-atom) of sodium aud 41.2 ¢
(0.4 mole) of -dimethylamino-2-prapanol in 50 ral of anhydrous
toluene wns added 48.4 g (0.4 mole) of allyl bromide. The
mixture was refluxed for 2 hir.  After cooling, the NaBr pre-
cipitate was removed by filtration. The filtrate was extractaed
witlt dilute HCL.  The water layver was made alkaline and ex-
tracted with ethier.  Removal of the solvent and distillation of
thie residue gave 34.3 g (6077) of colorless product: bp 155°;
i 142507 nmr, doublet centered at r 7.64 (inethylene pratous
of CHLN), nuddtiplet centered at .48 (inethine protons of CII-
CHO).

daal. Caled for CsHENO: N, 0.8,
scqiieous titvation),

2-Dimethylamino-1-allyloxypropane wuas svithesized by tle
abive procediire from 2-dimethylamino-1-propanol; vield 307 ;
bp 166°; 2 14318 umv, multiplet centeved at = 6.59 (methvl-
cite protans bf CHaO), multiplet centered at 7.21 (methine pro-
tons of CIL,CHN).

Anal. Caled for CsHiNO: N, 0.8,
iLgueons titration).

11-Diethylaminomethyl-9,10-dihydro-9,10-ethanoanthracene
(2). Method A.-—A =solution of 23.4 g (0.1 mole) of 9,10-di-
hydro-9, Fo-ethanoauthracene-11-carboxaldehyde, 7.3 g (0.1 mole)
of diethivlawuine, and 9.2 g (0.2 mole) of formic acid i1 200 1wl of
herzene was refluxed for 12 le The cooled solution was added
to 200 ml of 0.5 .V HCL.  The aqueous phase was treated with
20 ml of 5 A NaOH, aud the mixture was extracted three times
witl 200-nal portions of bewzene.  After dryving (NaeSO4), the
henzene was evaporated to give 24 g of colovless erystals. Di-

Found: ¢,

I, 6.5. Found: (|

Found: C,

YFound: C, 86.4;

Found: N, 9.5 {(non-

Fouad: N, 9.7 (uon-

Vul, 10

antines 16, 18, aud 20 were obtained by the =ame proceditre, bt
using 4 moles of formic acid for 1 mole of diamine,
d-11-(1-Methylphenethylaminomethy!)-9,10-dihydro-9,10-
ethanoanthracene (3). Method B.---A =ilutivn nf 2,54 ¢ (0.01
nole) of 9, 10-dihvdro-),10-ethanoanthracene-11-carboxaldelivde,
E55 g (0,01 moler of d-1-phenyl-2-aminopropine in 100 ml of
methanol was stored overnight at room temperature.  Plathaim
oxide eatalyst £ 100 wmg) was added and the suspension was sliaken
in an atuospliere of hyvdragen under atmospheric pressure aial ot
roont tentpersture until the theoretical nuonnt of hydmgen wis
absorbed.  The mixture was filtered ;ind the filtrate was ¢m-
centrated to divness.  The residue was recvvstallized from liep-
tnne to give 2.2 ¢ of the desired product.
11-(N-2-Dimethylaminoethyl)amino-9,10-dihydro-9,10-ethano-
anthracene dihydrochloride (13) wis prepured as above from 22
g (0.1 mole) of 9,10-dihydro-9,10-ethanomnthracen-1il-omne? and
i g 0.1 moley of N, N-dimethylethylenediamine, hut reduc-
tion was earried out at an initial pressure of 30 kgfan?® and i
roont temperatire over 0.5 g of PrO, (o give tlie desived amime as
an oily product.  The dihydrochloride was recrystallized Trom
ethanol; yvield 22 ¢
11-(3-Piperidinopropyl)-9,10-dihydro-9,10-ethanoanthracene
Hydrochloride (12). Method C.--To a solutibn of 27.8 i (1.1
nole}y nf 9,10-dihvdro-9,10-ethanoanthacene-1 I-propinnic acid,
79 ol woled ol pyridine, and 100 ml of anlivdrous benzene
wies added dropwise 119 g (0.1 moler of SOCL.  The =ohutinn
wis refluxed for 1.5 ir. After eooling, the pyridine hyvdrocliloride
precipitate was retuoved by filtration and washed with benzene,
The filtrate and washiings were evaporated under redinced pressire
to give nn oily 1esidue of aeid chlovide (8245 pure by chloride
titrntion. T o solutinn of 4.25 g (8,05 mole) of piperidine in
SO ml of anlivdrous benzene was added slowly 9.05 g ol the erade
acid  chlbride.  After standing vvernight, the precipitafe of
piperidine livdrochloride was removed by filtration and waslied
with benzene.  The benzene sohutions were washed suceessively
with dihute HCL dibite NaOII, and with water aud dried ¢ No.-
N0, On thie reaoval of thie <olvent, 9 g of an oily produet wax
obtained whiell was treated with a suspensiorcof 19 g (0.05 mole:
ol LIAHE, in 100 wl of anlivdrous ether. The mixture wis re-
fluxed Tor 15 hir, the excess hydride and complex were dextroyed
with 5 ml uf water, and the produet was extrneted with cther.
The combired ether extrnet was trewted witl aun egquivialent qaion-
tity of HCLin ether to give 5.05 g of 12.,
11-{N-2-Dimethylaminoethyl-N-methylamino)-9,10-dihydro-
9,10-ethanoanthracene Dihydrochloride (14). Method D.—-A
solution of 8.7 g (0,05 mole) of P-(N-2-diiethylaminoethyh-
sanine-4, [0-dihydro-9, [0-gthanoanthracene  (from  dihvdroeliby-
ride 13), 6 ml (0.06 mole) of 30 formaldehyde, and 415 ¢
{0.00 1ole) of formic acid wis refluxed for 15 hir.  After conling,
the solution wis made alkaline withh NaO1l and extracted wirh
etlier.  The ethereal solution wis dried (K.COy) and the solvent
wits eviporited to give ihie free base. A solutinn of this material
in 25 wl of ethanol was treated with an equivialent quintity nf
HCHID 25 ml of ethiamol 1y give wosplution from which the dihydro-
chloride =alt rapidly ecrvstallized (ufter recrystallization {rom
aquenus metlanol the material weighed 6.6 g).
9-(2-Dimethylaminoethoxy )-9,10-dihydro-9,10-ethanoanthra-
cene (40). Method E.--~A suspension of 250 g (113 wolexl of
0, 10-dilivdro-d, o-ethano-O-anthirol 'Y 163 g (1,15 mnles) of 2-
dimethylaminoethyt chloride ivdrochlovide, and 181 g 14.5 woles)
of powdered NaO1l in 1.5 1 uf benzene was refluxed withostivrig
for S . Alter being cooled to 40-50°, it was treated again with
165 g (113 molesi of 2-dimethylaminoethyl chiloride hvdroclihs-
ride.  Stirring aned refluxing were coutinued for 12w longer.
The inorganic salts were filtered off and washed with benzene,
The combined benzene solntion was coucentrated to drvness fn
caean jd thie oily vesidhie was tritieated with 80 ml of petrolenm
ether (hp 35-50°) th give 240 1 of product, map H98°. After erys-
tallization from pentiae, the materinl weighed 180 g p 60617
AT CHSPE DG, (e 1145), 271 D (e 1420),
11-(2-Dimethylamino-2-methylethoxymethyl}-9,10-dihydro-
9,10-ethanoanthracene Hydrochloride (33). Method F.—To n
salution of phenyllithinm prepaved from 4.6 g (0.66 g-1tom)
of lithinm ribbon, HES 0.3 mole) uf bromobenzere, and 300 ml
ol anbivdrons ether was added 70.8 ¢ (0.3 nole) nf 9.10-dihydm-
O, 10=ctlzoomthceene-E-methannl® under an atmospliere ol
diy pitmgen. Ahydeons tolaene 1300 by was salded, anl ether

UL LS ALeek, WL Bveus, VL Godifnen, WL R Deneeg Mot Wideox,
WG, Clavk, avd T Diehixvan., S Oy Clivae,, 26, 1281 110615,
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was removed by distillation. To the cooled mixture was added
dropwise 44 g (0.36 mole) of 1-dimethylamino-2-propy! chloride
(prepared by treatment of a slurry of the hydrochloride in ether
containing 1% of water with powdered NaOH, decantation,
extraction by three portions of ether, drying, and distillation,
bp 118-120°). The mixture was refluxed with stirring for 15 hr,
cooled, aud treated with 100 nl of water. The organic phase
was washed with water aud then added to dilute HCl. The
aqueous phase was treated with dilute NaOH, and the mixture
was extracted with ether. After drying (Na.SOy), the ether was
evaporated and the residue was distilled under reduced pressure
[47.4 g, bp 160-170° (0.1 mm)]. This material was dissolved
in 250 ml of ether and treated with an equivalent quantity of
HCl in ethanol. The solvent was evaporated to give 46.5 g
of colorless solid, mp 168° (mixture of 33 and 32, 80:20 by vpe
analysis). The solid was dissolved in 100 mi of hot acetonitrile
and cooled to give 32 g of pure 33. An ethereal extract of the
corresponding base was chromatographed (injection port at
450°) on a 2-m alkaline Carbowax 20M column at 120°; a
single peak was observed whose retention time was identical
with 2-dimethylamino-1-allyloxypropane; on a 2-m SE 30 gum
silicone column at 200° a peak, developed as anthracene, was
observed.
11-(2-Dimethylamino-1-methylethoxymethy!)-9,10-dihydro-
9,10-ethanoanthracene Hydrochloride (32). Method G.—A
mixture of 21.5 g (0.15 mole) of 1-dimethylamino-2-allyloxypro-
paue, 26.7 g (0.15 mole) of anthracene, and 0.4 g of hydroquinone
in 50 ml of toluene was stored in a pressure bottle at 210° for
15 hr.  After cooling and extraction with dilute HC}, the aqueous
acid layer was made basic with NaOH solution and extracted
with ether. The ether extract was dried (NasSO,) and evaporated
in vacuo. The residual oil was converted to the hydrochloride
by dissolving in dry ether and treating with HCL. Recrystalliza-
tion from acetonitrile-ether gave 17.2 g of analytically pure 32.
An ethereal extract of the corresponding base was chromato-
graphed as above to give on Carbowax 20M a single peak the
retention time of which was identical with 1-dimethylamino-2-
allyloxypropane and, on SE 30 gum silicone, a peak of anthracene.
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9-[2-Methyl-3-(4-methyl-1-piperazinyl)propoxy}-9,10-dihydro-
9,10-ethanoanthracene Dihydrochloride (64). Method H.—A
solution of 22.2 g (0.1 mole) of 9,10-dihydro-9,10-ethano-9-
anthrol in 250 ml of anhydrous toluene wus treated with 5.3 g
(0.11 mole) of a 507 dispersion of Nall iu mineral oil. The
wixture wag refluxed with stirring under an atmosphere of dry
nitrogen until thie evolution of hiydrogeu ceased and the sodium
salt precipitated (¢a. 3 hr). To this suspension was then added
20.4 g (0.11 mole) of 1-chloro-2-methyl-3-(4-methyl-1-piper-
azinyl)propy! chloride'® and the resulting mixture was stirred
and refluxed under nitrogen for 24 hr. The mixture was filtered
and the filtrate was evaporated to yield an oily residue. A solu-
tion of this material in 50 ml of ether was treated with an equiva-
lent quantity of HCI in 100 ml of ethanol to give 21 g of white
erystals: A% SO 064 my (e 1145), 271 mu (e 1410).

9-(2-Methylaminoethoxy )-9,10-dihydro-9,10-ethanoanthracene
(38). Method IL.—A solution of 10.85 g (0.1 mole) of ethyl
chloroformate in 50 ml of benzene was added dropwise to a solu-
tion of 14.65 g (0.05 mole) of 40 in 50 ml of benzene, and the
mixture was refluxed for 6 hr. After cooling, the solution was
treated with 200 ml of 2 & HCl and with water. The solvent
was removed under reduced pressure. The residual oily liquid
(15.6 g, 86.5%) of crude 9-(N-carbethoxy-N-methyl-2-amino-
ethoxy)-9,10-dihydro-9,10-ethancanthracene was added to a
stirred solution of KOH (14 g) in 100 ml of diethylene glycol.
The mixture was then refluxed for 8 hr and added to 200 ml of
water, The solution was extracted with ether. Evaporation
of the ether solution gave 10.5 g of product. For analysis the
latter was crystallized from 200 ml of pentane to give 6 g of
colorless solid.
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A continuing search for nitrofuryl heterocyclic chemo-
therapeutic agents led to an investigation of 2-(5-nitro-
2-furyl)-1,3,4-oxadiazole analogs (IIT). It was re-
ported by Sherman?® that 2-(5-nitro-2-furyl)-A2-1,3,4-
oxadiazolin-5-one possessed excellent antibacterial prop-
erties both ¢n vitro and #n vive. Furthermore, anti-
fungal and trichomonacidal activities have been re-
ported recently for a series of 2-(5-nitro-2-furyl)-5-
alkyl-1,3,4-0oxadiazoles.? Thus, further work in this
area appeared promising.

(1) For the previous paper in this series see H. A, Bureh, J. Med. Chem., 9,
408 (1966).

(2) W.R, Sherman, J. Org. Chem., 26, 88 (1961),

(3) Y. Haraoka, A. Sugihara, and M. Ito, Japanese Patents 19,451 (1964)
and 20,164 (1964); Chem, Abstr., 62, 10444e, 118214 (1965),

A survey of the literature revealed that very few
analogs of 4-acyl-5,5-disubstituted A2%-1,3,4-oxadiazoline
had been reported. Such compounds have been syn-
thesized by four methods. Stolle* and later Fahr,
et al.,® treated the silver salt of an acylhydrazone with
an acid chloride. Yale, et al.,® and Sagitullin and Kost?
improved this method by treating an acylhydrazone
with an acid anhydride. A novel rearrangement of 5-
benzyltetrazole to 2-benzylidene-3-aroyl-5-aryl-A2-
1,3,4-oxadiazoline on treatment with an aroyl chloride
in pyridine was reported by Huisgen, et al.2 Finally,
Breslow® obtained 4-acyl-A%1,34-oxadiazolines from
the reaction of azodicarbonyl compounds with aliphatic
diazo compounds.

The method of Yale, et al.® (Scheme I), was chosen
for this project because of the availability of starting

(4) R. Stolle, J. Prakt. Chem., [2] 68, 413, 418, 421 (1903): 70, 412, 419
(1004); R. Stotle and G- Muench, tbid., T0, 408, 410 (1904).,

(5) E. Fahr, K. Doeppert, and F. Scheckenbach, Angew. Chem., 78, 670
U?g?)i{. L. Yale, K. Losee, J. Martins, M. Holsing, F. M. Perry, and J.
Bernstein, J. Am. Chem. Soc., 75, 1933 (1953).

(7) R.S. Sagitullin and A. N. Kost, Vestn. Mosk. Univ., Ser. Mat,, Me-
khan., Astron., Fiz. i1 Khim., 14 (4), 187 (1959); Chem. Abstr., 54, 17383%
(Iig?)i{. Huisgen, J. Sauer, H. J. 8turm, and J. H. Markgraf, Chem. Ber., 98,

2111 (1960).
(9) R. Brestow, Chem. Ind. (London), 1961, (1961).



