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Triptycene Derivatives as Medicinal Agents
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The reaction of benzyne with 9-substituted anthracenes yielded a series of triptycenc dertvatives, whiclt were

converted to a variety of drug-related struetures containing triptycene as the aromatic blocking group.

Several

of the new compounds are active as antiinflanimatory agents.

During the recent developmment of medicinal chem-
istry, drugs with widely varied clinical application have
emerged, and a large number of these may be portrayed
by the gross structural arrangement I.

1
alkyl chain ‘_Jlesic funetion

1

aromatic
blocking group

T'or sonie time evidence has accumulated! supporting
the idea that maximum biological activity results only
when the blocking group is planar. However, the re-
cent advent of clinically useful drugs with bent or
skewed aromatic moieties, 7.¢., imipramine? and amitrip-
tyline,® ctc., has refocussed attention on the steric
requirements of the blocking group.  With this in mind
it was of interest to cxawmine drugs containing the
highly symmetrical, aromatic, but nonplanar tripty-
cene blocking function (IT). The present paper de-
scribes the preparation and pharmacological evaluation

ol a series of triptyvene derivatives contfaining typical
drug-related side chains at the bridgehead position.
Chemistry.—Synthesis of the derivatives was initiated
using the method developed originally by Bartlett?
for triptyeence itself (II, B = H). Condensation of
quinone with anthracene propionie esteyr afforded the
adduct I1T in good yicld. It was our plan to use the
Bartlett*? or Theilacker® procedures 1o convert this

O CH,CH,COOCH,

\
I

(J)(al A. Burger, R. 1. Standridge, N. M. Stjernsirén, amd I, Mareldud,
J. Med. Pharm. Chem., 4, 517 (1961); L) B. Bellean, Can. J. Biockem. Phys-
inl.. 86, 731 (1Y58).

(2 Tofranid®; W. Scldudler ard . Naefiger, Helv. Chim. Acta, 8T, 472
11954),

(37 Plavil®: H. Vreed, Awm. J. 'syehvat., 11T, 155 (1960).

(1) P. D. Bartlett, M. J. Ryan, and 3. GG. Colien, J. Am. Chem. Soc., 64,
2649 (1942).

15) P. D. Bartlett, 8. G, Cohen, J. D, Colman, Jr., N, Kornblum, J. R.
Landry, and L. & Lewis, {bid., T2, 1003 (1950); P, D). Bardett and 15, =,
Lewis, {bid., 72, 1005 11950); P. D. Bartlett and Y. 1. Greene, ¢bid.. 76,
1088 (1954).

(6) W, Pheilacker, TU. B, Brose, and K. 11 Beyer, 5o, 98, 1658 (1060,
W, Theilacker and K. H. Beyver, ibd., 94, 2968 (1061},

adduct to methyl 9-triptycencpropionate (II, R =
CH,CH,COOCHS,), whiclt could be further transformed
to basic side chain derivatives. Thiz approach was
abandoned, however. when Wittig’ reported that ben-

R
©:COOH A
MO MHOSORY
NH, \
v v M
zyne (V) would add to anthracene (VI, R = H) to form
triptycene directly.  The subsequent development of a
very facile generation of benzyne (V) from anthranilic
acid (IV) by Stiles and Miller® and by Iriedman and
Logullo® made triptyveenes readily available. In our
hands the formation of triptycenes by the Iriedman and
Logullo procedure from 9-substituted anthracenes was
satisfactory when the substituent was electron donat-
ing. However, with electron-attracting groups at the 9-
position, the yvields were disappointing (Table 1), Of
key tmportance for further transformations were trip-
tveenealdehyde cthylene acetal (7) and methyl 9-trip-
tycencpropionate (32).  Of interest was the large dif-
ference in vield of acetals 6 and 7 where electronie fae-
tors are sipiilar.  Sterie influences, which are minimized
in the evelic acetal 7, seom to be of dominant iwpor-
tance,
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TRIPTYCENES FROM O-SUBSTITUTED ANTHRACENES

No, n Yield, *;

| NU. 15

4 ("H.C1 Tn

D CH.OH 6

0 ('H(()Cl'i:{ﬁ -1

OCH,
7 HCO<T 53
OC .

N ("HO Nil
Lo N Nil
23 CH,CHLCl 1’
32 CH.CH.COOC T, o
Methyl 9-triptycenepropionate was  the  sturting

material for elaboration of the 2-, 3-, and 4-carbon side
chain series as outlined in Chart I (T = 9-triptyeyl).
The ethylene acctal of triptyeenecaldehyde provided a
very convenlent entry into the single-carbon side-chain
group as summarized in Chart II. Triptycenealde-
liyde (8) was readily available by hydrolysis of the
acetal 7, and oxidation of the aldehyde to triptyveene-

174 Go Wittig and R. Laelwiy, Anygen. Chem., 68, £0 (111061 . Windy,
fvg. Syor., 89, 75 (1U540).

fRy N Stiles and R, GL Miller, J. A1ne, Chem. Sac., 82, 38012 i 146,
“G 1. Frielman and ¢, T.oxnllo, thrd,, 86, 1549 (1963),
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carboxylic acid (17) was accomplished in excellent yield
using potassium permanganate in pyridine. This
route to the acid seems more convenient than previous
methods.

The 8-carbon side-chain series (Chart IIT) was made
available by acylation of the morpholine enamine of
cyclopentanone with the acid chloride of triptycenepro-
pionic acid (34).1° Repetition of the enamine procedure
on the octanoic acid 52 lengthened the side chain to 13
carbons (Chart III). The amide 56 so formed was
transforiied to the tridecylamine 57 and by Hofmann
degradation to the dodecylamine. 58.

Properties of the triptycene derivatives prepared in
the present work are summarized in Table II.

Pharmacological Evaluation.—The triptycene de-
rivatives were screened in normal mice., Groups of

(10) 8. Hinig and W. Lendle, Ber., 93, 918 (1960).
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NaOBr
i NaOH
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T—(CH‘Z)ISNHQ'HCI T_(CHg)lgNHg'Hcl
57 58

mice were given graded i.p. doses of the various com-
pounds; gross behavioral effects were observed, and
comparison was made with known drugs. The bridge-
head amines 2 and 3 were CNS depressants, while the
1-carbon side-chain amines 12, 13, aud 14 showed a
mixed CNS stimulant and depressant activity. The
longer chain antines were characterized mainly as weak
CXS depressants. On the whole the series was lack-
ing in CNS activity of an interesting niagnitude. From
these results we would conclude that triptycene does
not function as a very effective aromatic blocking group
in CNS-type drugs. The evidence from this series
seenis to support the idea that gross planarity of the
blocking group is important.

With these results as background, the new conipounds
were then screened i1 the carragenin-inflamed rat paw
antiinflammatory test.!! At a dose of 50 mg./kg.
given subcutaneously, the extent of inhibition of in-
flanunation as recorded in Table IT was observed. It
may be noted that: (1) triptycenes lacking a basic side
chain are devoid of significant activity, (2) bridgehead
amines 2 and 3 are also inactive, and (3) best activity is
observed with side chains containing two or more car-
bon atomns. Further testing has indicated rather low
oral activity for the series.

Experimental '?

9-Substituted Anthracenes—The 9-nitroanthracene and an-
thracene-9-carboxaldehyde were commercial samples. The
aldehyde was converted to the dimethyl acetal using methanol!s
and to the ethylene acetal by means of ethylene glycol.1* The
9-cvanoanthracene was made from the aldehyde.’s 9-g8-Chloro-

(11} C. A, Winter, E. A, Risley, and G. W. Nuss, Proc. Soc. Ezptl, Biol.
Med., 111, 544 (1962).

(12) All melting points are corrected. Infrared, ultraviolet, and n.m.r.
spectra were obtained on most of the compounds reported and were con-
sistent with the structures indicated.

(13) J. 8. Meek and J. R, Dann, J. Org. Chem., 21, 968 {1356).

(14) G. Rio and B, Sillion, Compt. rend., 244, 625 (1957).

(15) L. F, Fieser and J. L. Hartwell, J. Am. Chem. Soc., 60, 2555 (1938):
J. 8. Meek and J. W. Rowe, tbid., T7, 6677 (1853).
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O-SUBsTrrrreh TRIPTY CENDS

L 0, N, .
No. I Al T Sobr et Fopmsio Caderd Foun? o Caled, Yonnd o Caled, Foand iahidnn,
I NO. 2406248 5 P CawHpNO, L .
2 NH,-HCI BH4-380 CuH;N-HC 108 403 1
3 NHCH;-HCI 330-304 . CoH)sN-HC . . 198 1.2 n
4 CH,Cl 22052365 1 CaH)Cl N3L200ONS 200 400 51y 11T 110N
5 CH,OH 238--240 AV CaH;s0 SN.700 8SN8T 567 .81
G CH(OCH;): 259 .5H-26 AY | ClayHaoOs N2 83 RN GU1d GL2N
OCH,
v 11(.‘<l L IN4--2NG IR gl )50 N 64 SE L2 5000 DL ON 1
N~ CHO AW C'aH,,0 NUNGONS N2 50 49y o . a
9 CH==NOH TP CaHLNO o . .. 4.7 470 1
10 CN I CaHisN D020 D024 H 00 483 H02 4074
11 CH(OCOCH; ). (DAY CoHagl), TN TR 00 524 540 . o
12 CH,NH.-H(CI o CayHi; N -HCI TRONG O TNNS 567 .67 4838 4.25 24
13 CH==NCH DMW  CpHN NO 46 SSN0 AN 612 14.74  4.61
14 CH,NHCH, DAY CuH)yN NRURSONR U7 644 0. H6 4.71 445 )
15 CH.NHCH, HCI M CH )N HCI TO T 04 G603 G0y 4.20 397 5!
16 CH:N(CH; - HCI M CyHaN - HCI TUH TYGL 68T 600 105 3R2 19
17 COOH 1M CoHyi0s R T T I Wi S 4 4
18 Cocl 1'1’ 1'14* B CaHeClO ot 1l
19 COOCH, 145° AVl CaaH O . . .
20 CONH. 2042088 CoHyND) R N O RS P} 1ou7 4.71 4,65
2 CON, D480 52400 o CyyH N0
22 NCO D4R--2408 CW CoyHpNO ) } .
2 CH.CHLCI 168-171) .5 1M CwH)-Cl S A0 N2 600 S5 400 53N 1y 142
D4 CHQCHQN\_J HCl 2052006 M CosHo N -HC SO0 80052 6.7H 0 676 301 305
25 CHOHCN 204007 TP Coul,),NO SO A4l SHBT s Hol 403 446 .
26 CHOHCH,NH,- HCI 320327 NIz Co 1 NO -1 THO0 THNT 08 .96 3,00 SRS (18}
0.HH.0
27 CH.CHNHCOOCH, 2453 24800 hAAY CHayNOL STy sapb 5 004 5l DU 3N q
28 (‘HoCHoNH. 193 194.5 D) Cuy N R O B 1= = N TS | E RS B RS 33
20 CH.CH.NH, HCI BRI <1 (__,1{11\ 1 TOOE TS0 603 LGS . Ho 0
30 CHCH.NHCH,- 500 R Cu T TOA0 THH0 65T 6.5l 4.0 .84 H0
HCL
31 CH.CH.N{CH,; ). 4044 ME CaosFL N - 1 764 UL 6,68 GO BUST g2 BE
H(
32 CH.,CH,COOCH, 156--15% M CaHop0Oy SEBNONE G 502 H w4 20
33 CH,CH,COOH 2045208 B CaH)504 N 0h sS4 520 5T 571
34 CH,CH,COC! 168--172 BP CyuH,)CHO 1025 10,14 . . o .
3h CH,CH,CONH. 265-207 MW CoyH,) N SESLORHU2 A8y 5 4.30 0 427
36 (CH.):NH,-HCL 205300 b CuyHo N -HC TO40 THAT 6,87 GLSN 408 GRS 1N
37 CH.,CH,CONHCH; 247 5-2449 Ayl CoyHyNO S 020 R4 600 6024 (S 413 4,12 8]
38 (CH.)uNHCH;-HCI 334-330 R CoHyN - HC TOGE TOAS GBS 6.7 BONT HEE: |§H]
39 (/H_CH,C()I\(( Hj) B C'HuNO K400 400 6.6 6.TH 0 396 3TN X
40 (CH.).N(CH,y),- HCI b3 D CaHe,N-HC TUNT TOUT 697 T.08 i B En
41 CH.CH,CONHA+ S P CysHasNO . . . . S.0h 0 2 ud
42 (CH.%NHAd-HCH =380 . CyuHauN - HO R N e T a
3 CH.,CH.CONHVe 1915104 ISAYAAY CyuHa NGOy NO DS Ra T 6osNs 6ot 2,86 R N}
44 (CHauaNHV-HCI 265.5-266.5 DI CyuHyNO, - HCI 602 (42 - . 274 204 B!
4 CH.CH,CH,OH 196--104 B CagHaO SROE2ORR 26 6.4 646
46 {CH)080.C6H CH, 22022 Pl CyoHosOs G NT .94 )
17 (CH),OCOCH; 179181 (GRS o HanO S4.710 REOY 626 15,35 - .
48 CH,CH.CH,CN 218221 DAMW  CuHN NOG8 RGN H06 0 6,01 4.86 4.23 .
49 (CH.))NH.-HCL 200 MB CosHayN - HC 9,80 9. .aY 387 359 61
0O
50 (‘H»_)CH'_)CO'@ D00--200 FEP CrasHa O RH.068 K506 616 631
S CHLCH.CO(CLL - 201 2y 0 (G NEU2 0 ON2ON 0 0N 6dh
COOH
72 {CHCOOH 175 17N M Clagl g S R O A L A B .. .
53 (CHakCONL 167 169 31 CullyNO NouzZ NENG T3 TS BINHE S B N


7S.li

May 1965 TRIPTYCENE DERIVATIVES 345
TasLe IT (Continued)
—C, H—— ——H, %—— —N, G—— %’
No. R M.p., °C. Solvent® Formula Caled. Found Caled. Found Caled. Found inhibit,
54 (CH,)sNH, -HCl 233-235 NE CosHy N -HC1 80.44 79.66 7.71 7.76 3.35 3.05 60
55 (CH:):CO(CHz)s 153-154 OE CaH30; 82.46 82.20 7.556 7.58
COOH
56 (CHz),CONH, 117-121 BS Cy3:HauNO L - L o 3.01 2.82 Lo
57 (CHy)3sNH,-HCI 160-162 ME C3:HuN - -HCI 7.26c 7.20 o o 2.8 2.83 34/20
58 (CH.):NH.-HCI 163-165 NE CyH;3N-HCI 7.48¢ 7.38 . . 2.95 2.91  52/20

¢ A = acetic acid, B = benzene, C = acetone, D = dimethylformamide, E = ether, F = ethylene dichloride, G = methylene

chloride, L = ligroin, M = methanol, N = ethanol, O = toluene, P = petroleum ether, 8 = Methyl Cellosolve, T = ethyl acetate,

W = water. b Antiinflammatory assay.!! ¢ Cl analysis,

ethvlanthracene was made from 9-8-hydroxyvethylanthracene!s
using the following procedure described for 1-8-hydroxyethyl-
naphthalene.!”

9.3-Chloroethylanthracene.—Thionyl chloride (2.3 ml.) was
added slowly to a mixture of 6.6 g. of 9-8-hvdroxyethylanthracene,
3.9 ml. of dimethylaniline, and 25 mi. of benzene. The solution
was warmed for 30 min. on a steam bath, after which it was
diluted with 3 vol. of ether. The mixture was washed first
with water, twice with dilute HCI, and once with aqueous
NaHCO;. The ether solution was dried and concentrated, and
the crude product was crystallized from ether-petroleum ether;
vield 4.14 g. (579%), m.p. 87-90°. Recrvystallization raised the
melting point to 90-91.5°.

Anal. Caled, for CgH;3Cl: C, 79.82; H, 5.44; CI, 14.73.
Found: C, 79.39; H, 5.69; CI, 14.82.

9-Hydroxymethylanthracene.—To a solution of 10.3 g. of 9-
anthraldehyde in 100 ml. of warm ethanol was added 3.8 g. of
NaBH. in small portions with stirring. The mixture was al-
lowed to cool to room temperature. Water was added, and the
product was filtered, washed with water and ethanol, and dried;
vield 10.0 g. (969 ), m.p. 158-161°.

9-Chioromethylanthracene.—Dry HCI was passed into a warm
solution of 4.0 g. of 9-hvdroxymethylanthracene in 80 ml. of
ethanol keepivg the temperature at 30-40°. The mixture was
cooled in ice, and the product was filtered, washed with cold
ethanol, and dried; yield 3.01 g., m.p. 132-133°.18

9-(B-Carbomethoxyethyl )anthracene.—A solution of 133 g. of
9-(B-carboxyethyl)anthracene!® in 4.5 1. of methanol was satu-
rated with dry HCI below 25°. The solution was kept at 25°
overnight and then concentrated to dryness in vacuo. The
crude ester was crystallized from methanol; yield 132 g., m.p.
65°.

Anal. Caled. for C;sH60s:
C, 81.94; H, 5.99.

9-(3-Carbomethoxyethyl)-5,8,82,9,10,10a-hexahydro-9,10-0-
benzenoanthracene-5,8-dione (II, R = CH,CH.COOCH;).—A
solution of 26 g. of pure quinone and 26 g. of 9~(8-carbometh-
oxyethyl)anthracene in 350 ml. of ligroin (b.p. 80-100°) was re-
fluxed for 45 min. The solution was cooled, and the product (39
g.) was filtered and recrystallized from a mixture of benzene and
ligroin; vield 30 g., m.p. 186-189°.

Anal. Caled. for CuHsOs: C, 77.45;
C, 77.67; H, 5.49.

Preparation of Triptycenes by the Friedman and Logullo
Procedure.>—The derivatives listed in Table I were made by
either of the methods given below for 32 and 7. No attempt
was made to study conditions to maximize the yields.

9-(3-Carbomethoxyethyl)triptycene (32).—A solution of
157.5 g. of 9-(B-carbomethoxyethyl)anthracene and 138 ml. of
amyl nitrite in 1500 ml. of methylene chloride was added dropwise
during 4 hr. to a stirred and refluxing solution of 118.5 g. of
anthranilic acid in 600 ml. of acetone. Refluxing was continued
for 15 min., after which time the mixture was cooled and washed
twice with dilute HCl and twice with saturated aqueous NaHCO;.
The solution was dried, and the solvent was distilled in vacuo.
The product was crystallized from methanol; yield 108 g.

Triptycene-9-carboxaldehyde Ethylene Acetal (7).—To a
stirred and refluxing solution of 122.5 g. of anthracene-9-carbox-
aldehyde ethylene acetal in 1225 ml. of dioxane was added simul-

C, 81.79; H, 6.10. Found:

H, 5.41. Found:

(16) B. M. Mikhallov, Tzv. Akad. Nauk SSSR., Otd. Khim. Nauk, 420
(1948); Chem, Absir., 43, 2087 (1949).

(17) J. W. Cook and C. L. Hewett, J. Chem. Soc., 1098 (1933),

(18) W. T. Hunter, J. 8. Buck, F. W. Gubitz, and C. H. Bolen, J. Org.
Chem., 21, 1512 (1956).

(19) G. H. Daub and W. C. Doyle, J. Am. Chem. Soc., 72, 4449 (1952).

i@ Ad = l-adamantyl.

¢V = homoveratryl. /8 analysis.

taneously during 6 hr. from separate dropping funnels solutions
of 73.5 g. of anthranilic acid in 2450 ml. of dioxane and 78.3 g.
of amyl nitrite in 2450 ml. of dioxane. The mixture was refluxed
for another 30 min., after which time the solvent was distilled
in vacuo. The product was crystallized from methanol; rield
(two crops) 83.5 g.

9-(8-Carboxyethyl)triptycene (33).—The methyl ester (5 g.)
in 85 ml. of methanol was hydrolyzed using 2.2 g. of NaOH and
17 ml. of water during a reflux period of 2 hr. The methanol was
distilled in vacuo, and the residue was dissolved in water. The
product was precipitated by acidification with HClL. The acid
was filtered and washed thoroughly with water; yield 4.8 g.

Acid Chioride of 9-(3-Carboxyethyl)triptycene (34).—A solu-
tion of the acid (21.2 g.)in 300 ml. of dry benzene and 16.75 ml. of
oxalyl chloride was refluxed and stirred for 1 hr. The mixture
was concentrated 7n vacuo, and the crude acid chloride was
recrystallized from a mixture of toluene and petroleum ether
(b.p. 60-68°)2; yield 16.3 g. (73%).

Amides of Triptycenepropionic Acid.—These were made either
from the methyl ester (32) or from the acid chloride (34). The
following two procedures are illustrative.

Triptycene-9-propionamide (35)—A solution of 9-(8-carbo-
methoxyethyltriptycene (5.0 g.) in 50 ml. of methanol and 100
ml. of liquid ammonia was heated for 18 hr. at 100° in a sealed
vessel. The mixture was evaporated to dryness, and the crude
product was crystallized from aqueous methanol; vield 3.92 g.
(829%). The methylamide (37) and the dimethylamide (39)
were also prepared by this procedure; yields 86 and 609, re-
spectively.

9-(3-Homoveratrylcarbamoylethyl )triptycene (43).—A solu-
tion of 4.56 g. of homoveratrylamine in 25 ml. of dry benzene
was added to a solution of 3.4 g. of the acid chloride of 9-(8-
carboxyethyl)triptycene in 25 ml. of benzene. The mixture was
refluxed for 1 hr., Homoveratrylamine hydrochloride (1.91 g.)
was filtered, and the filtrate was washed twice with dilute HCI
and dried (MgSO,). The benzene was distilled, and the amide
was crystallized from methanol; yield 4.3 g. (909,).

Preparation of Amines by Reduction with Lithtum Aluminum
Hydride.—The amines 3, 12, 14, 26, 30, 36, 38, 40, 42, 44, 49,
and 54 were prepared by reduction of the corresponding isocya-
nates, amides, nitriles, oximes, carbamates, etc. (see charts)
using an equal weight of LiAlH, in either tetrahydrofuran or
benzene-ether mixtures. The following will illustrate the gen-
eral procedure.

9-(y-Methylaminopropyl)triptycene Hydrochloride (38).—To
a solution of 2.0 g. of LiAlH, in 35 ml. of dry tetrahydrofuran was
added dropwise with stirring during 30 min. a solution of 2.0 g.
of the amide 37 in 50 ml. of tetrahydrofuran. Stirring was
continued at room temperature for 1 hr., after which time the
mixture was refluxed for 45 min, The solution was cooled and

(20) When excess thionyl chloride at reflux temperature was used in
this preparation, the acid chloride lost HCl and cyclized to form the a-
tetralone derivative i, m.p. 301-305°, after crystallization from Methyl

O ) i
O‘ )
1
Cellosolve-methanol. Anhydrous HT also effected the same cyclodehydra-

tion of the acid. Anal. Caled. for Cy3H1eO: C, 89.58; H, 5.23. Found:
C, 89.33; H, 5.45.



346 Epyusp €. KogNFELD, Pay BARNEY, JoHN BLANKLEY. AND WILLIAM [Facr,

treated dropwise with a mixture of 13.5 ml of water and 20 ml. of
tetrahydrofuran. The organiclayer was decanted, and the slndge
was extracted with benzene. The combined solution was evapo-
rated to dryness 7n vacvo. The crude product was dissolved iy
benzene, and the hydrochloride salt was precipitated nsing dry
HCI; vield 2.08 g. (W79, ).

Methyl 2-(9-Triptycyl)ethyl Carbamate 127).— Iriptyeenc-
propionamide (35) (4.0 g.) was dissolved in a mixture of 40 ml. of
methanol and 40 ml. of tetrnhydrofnran, and this soliution was
added to 57 il of 0.435 M sodinm methoxide in methanol.  To
the resulting solution was added dropwise with stirring 20 ml. of a
0.625 A solution of bromine in methanol, sud the reaction mix-
ture wis heated under rettux for 1.75 hr. "The mixture was evapo-
rated to dryness, and the residne was (aken up in water.  The
prounet was fltered, washed with methonol, and vecrystallized
from tolnene; yvield 67¢,,

9-( 3-Aminoethy! )triptycene Hydrochloride (29).—A 1mixture
of 2.5 g. of the urethan 27 and 1.23 g. of KOH in 75 ml of ethyvlene
glveol and 5wl of water was refluxed gently for 2 hr.  Part of
the solvent wus distilled ¢n vacuv, and the mixtare was diluted
with water.  The aminoethyltriptycene (28) was filtered and
washed with water. The hydrochloride salt was prepared in
ether mnd was ery=tallized from a mistire of Methyl Cellosolve
and ether; yvield 54¢7.

9-(B-Dimethylaminoethyl)triptycene Hydrochloride (31).--9-
(3-Methylaminoethyl)triptycene hydrochloride (30) (1.7 g.) was
converted with aqueans NaH to the free base, which was re-
ervstallized fromn agneous methanol; vield 1.09 g, m.p. 161 -
168°.

dnal. Caleds tfor CyHa Nt €, NST0;
Fouud: ¢, 88.07; H, 7.00; N, 427,

The free base (1.0 g1 was dissolved in 10 mb ol tolnene, mud
0.5 mb of 379, ayueous formaldehyde was added.  The solution
was thoronghly mixed, warnned, and treated with 0.15 ml of 98¢
formic aecid.  The resnlting mixture was refluxed for 1 hre, and
evaporated 1o dryness under redneed pressure. The residue
was dissolved in 100 ml. of ether, and the resulting solution was
washed with aqueons NalCy The solution was dried, and
the hydrochloride was precipitated with dry HCI and recrystal-
hized from methanol-ether: yield 0.8 g, (927,

9-(y-Hydroxypropyl)triptycene (45).--A solation of 15 g. of
the propionate ester 32 in 150 ml. of benzene was added with
stirring in 10 win, to a solution of 10 g. of TiAIH, in 450 ml. of
dry ether. The mixture was stirred and refluxed for L hr.,
after which tiine the excess hydride was decomposed with 60 wml.
of ethyl acetate, and 300 mh of 107 HCI was added slowly.
The organie laver was separated, washed with dilute acid aud
with agqueous NaHC();, and dried (MgSO4i. ‘The solvent was
distilled, and the prodnet was tritnrated ader petrolenm ether
and filtered; yvield 13.1 g. (957 .

9-( y-Acetoxypropyitriptycene (47).-—A mixture of 2.0 g. of
the propanol 45 in 25 mb of a 3077 solution of HBr in acetic acid
was kept at 25° for 2 . The solntion was evaporated to dryness
under reduced pressure, wid the prodaet was erystallized frou:
ether-petroleum ether; wvield 1.71 g. 17HU0).

9-(y-Tosyloxypropyl)triptycene (46).--A solution ot 7.8 g. ol
the propanol 45 in 20 ml. of dry pyridine was cooled to about 5°,
and 5.25 g. of p-tohrenesulfony! chloride was added with stirring.
The cooling bath was removed, and the mixture was stirred for
3 b at room temperature,  The solution wag then poured into
exeess ice containing 50 ml af concentrated HCL. ‘The product
wag filtered, washed with water, dried, and recrysvallized from
w mixture of ethylene dichloride nud ether; vield 7.05 .

9-(+-Cyanopropyl)triptycene (48). - A mixune of 7.0 g. of the
tosylate 46 and 2.0 g. of dry NaCN powder in 30 ml. of dimethyl
sulfoxide was stirred and healed 1o 140° i1 3 min. and was kept
at that temperature for 10 min. T was cooled and poured into
tee-wuter.  The produer was filtered, washed with water, and
dried; yield 4.72 g.

Triptycene-9-carboxaldehyde (8).---A solntion of 77.5 g. of the
ethvlene neetal (7Y in 3880 ml. of glacial acetie acid, 1000 ml. of
witer, and 775wl ol concenmraied HCL was reflused for 2 o
The solution was cooled to —3°, and the product was filtered
and washed with 5097 ncetie neid, water, and methanol: vield
625 @ (9300

Triptycene-9-carboxaldoxime (9). A solution of the aldehyde
8 (3.0 g and 5.0 g. of hyvdroxylunine hvdrochloride e 100 nd.
of pyridine wus refluxed for 2 hr. after which the pyridine was
distilled 7 cucuo. The residize was dissolved i methyvlene chlo-
ride, wnd the solution was washed with dilute HCL and agueons

H, 6.80; N, 4.00.
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NalHCO, The solvent was distilled, and the oxinle was crystal-
lizedd from othyl neeiate-petrolenm ether: yvield 8¢y

9-Cyanotriptycene (10).-—-A solution of U.4 g «f the oxime 9
in 20 ml of acetie anhydride was refluved for 2 hr. The solvem
was distilled e eacno, and the prodnet was erystallized fron
ether-petrolenu ether; vield 0.29 g (774 %

9-Hydroxymethyltriptvcene (5) from Triptycene-9-carboxalde-
hyee (8). A wixture of 1.0 g. of the aldehyde 8 and H0 wl. of
methun! wis wirnsed nnril homogencous. It was cooled 1o
roonn teinperginre aud then treated with 1.0 g of NaBH,.  The
solntion wes stivred for 1 hr, and then dilinted gradually with 15
il of warer. Sowme of 1the methanol was evaporaved i rucao,
and he produer was Gilvered and washed witl water and merh-
aoly vield X g This ronte e the aleohol 5 is =uperior 1o
that Dased on addition of henzyue o Q-hydrasymerhvlanthra-
cene.,

9-Diacetoxymethyliriptyveene {11+ Inan atiempt ro condense
triptyeene-9-curboxaldehyde with --picoline, only the ahlehyde
disecrate 11 was isolated. A solution of 1.0 g, of triptyeene-9-
enrboxaldelivde (8 in 30 ml. of acerie anhydride aud 1 ml. of
s-picoline was refluxed for IS hre The reaction mixinre wis
evaporated 10 drvness (e ceeno. The vesidue was cryseallized
from methanal; vield .25 g.

9-Methyliminomethyltriptycene (13).--Triptyeenealdehyde 8
(20 g3 was dissolved irr 100 mb of dioxane and 25 wl. of lignid
wethylumine, ad the =adintion was heated for 7 hr. at 120° nonder
5,45 kg, /em® hvdrogen pressure nsing abont 5 g of Raney
nickel cnalvo. No hydrogen was abzorbed, so the eatalyst wiax
fileered, and 1be Blirde was evaporated to dryness o vacio.
The Sehiff Dase was vrvstadlized from aomixtore of dimethy lform-
aade, merhanol, and o linde water: vield 1.64 @ (7870 Aeid
hydroly=is of thi= Sehifi hase regenerted triptyeene-H-carbox-
aldehyde,  Althongh eatalytie rednetion failed nnder tle above
colditions, vhe Sehify hase was converted in good vield to corve-
sponding methylnninomethyl componnd 14 by means of LiAlH.

9.Dimethylaminomethyltriptycene Hydrochloride (16).—This
was prepaved in 107 vield from 9-monomerhylaminomethyltrip-
tyveence (341 by the merhod given above D 31,

Avtengts o prepare ihis compaand by alkylation of dimethyl-
andue with O-clovompehvhviptyeene i4) were fruitless.  Ai-
ey ted reaction even at 180 resulted in 700 recovery of starting
material, This wis not neexpected in view of the neopenryl
natire of 1the chloride (4).

Triptycene-9-carboxaldehyde Cyanehydrin (23).-A solntion
of the aldehyde S (4.0 ¢y in 250 mi. of liquid HCN was cooled in
ice, and 16 g, ol dry, powdered NaCN was added.  The mixure
was stirred wh 0% Jor 30 min., after which time it was evaporated
quickly to devness (n cqewo below 25°. The residue was tuken
np in ethyl acetate and ice-water, and the organic layer was
wushed well with cold water, wich dilnte HCL, and again with
witer.  The extricn wue dried and then coneentated fa aboug
25 ml. under rediecd pressire. Petrolemn ether (75 wmly wis
added, and the product was filtered; vield 3.7 g (3445

Triptycene-9-carboxylic Acid (17).- To w solution of 3.0 g. of
triptyveene--carboxaldehyvde 18) i 40 il of pyridine was added
with stiing o solnioe of LGS g of KMuO, o 50wl
of water during 90 mit. The reaction mixtire was maintained
at ahiont 495-55° daring the additien and for an additional o
min.  The mixinre wos evaporated to dryness in eacwo, wid
the vesidite was token np in water aud 2 ml of 500, NaOH.
The mangmiese dioxide was filtered, and the filrate was acidified
with HCL  T'he product was filtered and washed with waier;
vield 204 g cas7, Compoinds 2 and 18~22 were prepuired
trom thi= aeid by the methods given by Banletr.®

9.(3-Pyrrolidinoethyl)triptycene Hydrochloride (24).--A solu-
tion of .65 g. of the chloroethylripty cene (23) in about 25 mlb. of
pyrrolidine was heated for 18 hr. at 1257 in a sealed vessel.
The mixture was evaporated to dryness nuder reduced pressure.
The residue was tiaken np in ether and excess aqueoas NaHCU,.
The ether kaver was dried, wnd the hyvdroehloride was precipitated
with dry HCL yield s .

2-(3-9-Triptycvipropionyljcyclopentanone (50). To a solution
of 7.5 g ol the morpholine enmuine of cyelopentamone® aud 5.1 g.
of dethylnmine sn 5t ml of dry chloroforin was added with
~tirring « solution of 1623 g. ol the aeid chloride 1343 in HU Il ol
The temperature rose 1e035-40° and =thiring

iy chlbeadorim.

21 3 D el waed 3 Greene, L e Gl S, 76, 1088 {10)):.
(22) S (ldape arel W Genddle, Bee,, 98, 0G4 @ LMD,
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at 35-38° was continued for 30 min. The reaction mixture was
kept overnight at room temperature, after which 25 ml. of 6 V
HCI was added. The mixture was stirred at 35-42° for 30 min.
The chloroform layer was separated and washed with water,
and the solvent was distilled 7n vacuo. The residue was crystal-
lized from ether—petroleum ether; yield 8.5 g., m.p. 193-203°.
A sample was recrystallized from ethylene dichloride-ether—
petroleum ether.
5-(B-9-Triptycylpropionyl )valeric Acid (51} —A solution of
the diketone 50 (7.85 g.) and 0.95 g. of NaOH in 100 ml. of 509,
ethanol was refluxed for 4 hr. Concentrated HC! (2.5 ml.)
was added, and most of the ethanol was distilled in vacuo. The
product was filtered and washed with water; vield 7.5 g., m.p.
193-197°. A sample was recrystallized from toluene for analysis.
8-(9-Triptycyl)octanoic Acid (52).—A mixture of 7.3 g. of the
keto acid 51, 1.05 g. of KOH, 7.5 ml. of 85¢% hydrazine hydrate,
and 20 ml. of diethyvlene glycol was stirred and refluxed for 6 hr.
Diethylene glycol (20 ml.) and 5.5 g. of KOH were added, and
the mixture was heated for 17 hr. in an open flask iu an oil bath
kept at 195°. The reaction mixture was poured into several
volumes of water. Then 12 N HCI (20 ml.) was added. and the
mixture was heated, then cooled, and the product was filtered
and washed well with water; vield 6.7 g., m.p. 160-168°. It
was recrystallized from methanol-ether. The acid chloride was
prepared using oxalyl chloride according to the procedure given
above for the acid chloride 34. This was converted to the amide
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53 using excess dry NH; in ether solution, and the amide was
reduced with LiAlH, by the general procedure above to vield
the amine hydrochloride 54.

13-(9-Triptycyl)-6-ketotridecanoic Acid (55).—The acid chlo-
ride of 8-(9-triptveyvi)octanoic acid (52) was used to acylate the
niorpholine enamine of cyclopentanone by the procedure used
above. The crude g-diketone on alkaline hydrolysis afforded
the keto acid 55.

13-(9-Triptyeyl)tridecanoic Acid Amide (56 ).—Wolff-Kischner
reduction of the keto acid 55 by the procedure used for 52 gave
the tridecanoic acid, which was converted to the ammide 56 in the
usual way. Reduction of the amide afforded the amine hydro-
chloride 57.

12-(9-Triptycyl)dodecylamine Hydrochloride (58).—Hofmann
degradation of the amide 56 was carried out using the procedure
emiployed with 35. The crude carbamate so formed was hydro-
Iyzed by the method used for conversion 27 — 29 above.
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Derivatives of Fluorene.

9-0-Chlorocinnamylidenefluorene and

Related Compounds
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In screening sponsored by the National Service Center of the National Cancer Institute, activity against an
animal tumor was discovered with a compound presumed (and first reported in 1919) to be 9-o-chlorobenzyli-

denefluorene.

Upon examination, the compound has been found to be 9-o-chlorocinnamylidenefluorene which

was produced in small yield as the only recognizable product in an attempted sodium ethoxide—ethanol con-
densation of o-chlorobenzaldehyde and fluorene, presumably after formation of acetaldehyde and then o-chloro-
cinnamaldehyde or 9-ethylidenefluorene or both. A number of analogs have been made for antitumor screening,
particularly by the phosphonium-ylide route which, in general, is much superior to the alkaline condensation
method. Spectral properties were recorded and some new triphenylphosphonium fluorenylides were made as

intermediates,

Included in the preparation of a numnber of deriva-
tives of fluorene and aminofluorenes, with extended con-
jugation from the 9-position, we repeated the reaction
reported by Sieglitz between fluorene and o-chlorobenz-
aldehyde in the presence of sodiumi ethoxide. We,
too, obtained a small yield of the yellow product (m.p.
177-178°, lit. 176°) which had been nained o-chloro-
benzalfluorene,® and observed the same distressing
facts that analyses were not good, and that further at-
tenipted purification did not result in better analyses.
About this time we were notified that the compound
was showing slight antitumor activity against S180
in tests sponsored by the Cancer Chemotherapy Na-
tional Service Center, and that a relatively large amount

(1) Paper XVIII in this series: H.-L. Pan and T. L. Fletclier, J. Med.
Chem.. T, 31 (1964).

(2) This research was supported in part by Research Grant No. CA-01744
from the National Cancer Institute, by Career Development Award No.
5-K3-GM-14, 991 (T. L. F.) from the National Institutes of Health, and by
Contract SA-43-ph-4320, Cancer Chemotherapy National Service Center,
National Cancer Institute, National Institutes of Health. The advice of
Drs. Howard W. Bond, Ronald B. Ross, Harry B. Wood, Jr.. and C. Verne
Bowen of the Cancer Chemotherapy National Service Center is also grate-

fully acknowledged.
(3) A. Sieglitz, Chen. Ber., 52, 1513 (1919).

was wanted for further testing. In view of the poor
analyses and low yields of this substance (which also
seemed to be a deeper yellow than expected from coni-
parison with similar 9-benzylidenefluorenes), it ap-
peared necessary both to prepare the o-chlorobenzyli-
denefluorene by an alternate route and to examine
more critically the structure of the compound melting
at 178°, It was then observed that analyses were con-
sistent with an empirical fornmla C.H, greater than
tliat for the alleged compound. Thus we were led to
feel that the compound wanted in further amounts by
the CCNSC was probably 9-o-chlorocinnamylidene-
fluorene.

Badger and Spotswood described and confirmed the
synthesis of 9-o-chlorobenzylidenefluorene* (in.p. 69—
70°), essentially by Sieglitz’s method, with no reference
to Sieglitz's data or to the fact that there was a dif-
ference of over 100° iu the melting points of the re-
ported compounds. Reactiou of o-chlorobenzaldehyde
and 9-triphenylphosphine fluorenylide gives authentic
9-o-chlorobenzylidenefluorene. The nielting point, al-

(4) G. M. Badger and T. M. Spotswood, J. Chem. Soc., 1635 (1959).



