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711. Some aw-Di(phenanthridin-6-yl)alkanes.
By B. L. HorLINGSWORTH and V. PETROW.

The preparation of some NN’-di-(2-biphenylyl)alkylenediamines and
their cyclisation to the corresponding ow-di(phenanthridin-6-yl)alkanes
are described.

SoME aw-di(phenanthridin-6-yl)alkanes, which are structurally similar to emetine and were
required for biological study as possible amcebicides, have been prepared.

Morgan and Walls! prepared 6-substituted phenanthridines by cyclisation of 2-acyl-
amidobiphenyls with phosphorus oxychloride. Ritchie 2 extended this method to
NN’-di-(2-biphenylyl)adipamide (I; # = 4) obtaining 1,4-di(phenanthridin-6-yl)butane
(IT; » = 4) in low yield, together with a second, unidentified compound. We now find
that, when ring closure is effected by phosphorus oxychloride in nitrobenzene, 1,4-di-
(phenanthridin-6-yl)butane is formed in 509, yield, without the second compound
described by Ritchie.? The pentane, hexane, heptane, octane, and decane compounds
(IT; » = 5—38, 10) have now been prepared similarly in 55—809%, yield, but the glutar-
amide derivative (I; # = 3) resisted attempts at ring closure, even under experimental
conditions that led to extensive resinification (cf. Ritchie 2).

Attempts to prepare amino-derivatives of compounds (II) by extending the ring closure
to nitro-derivative of adipamide (I; # = 4) failed. This was not entirely unexpected, as
Walls 3 had shown that cyclisation of 2-acetamido-4'-nitrobiphenyl gives only a negligible
yield of 6-methyl-8-nitrophenanthridine, presumably owing to the deactivating influence
of the nitro-substituent. Aminophenanthridines were later prepared by Petrow 4 and by
Walls® by reducing 2-acylamido-nitrobiphenyls and protecting the amino-group by
benzoylation or by ethoxycarbonylation before cyclisation.

Morgan and Walls, J., 1931, 2447.
Ritchie, J. Proc. Roy. Soc. New South Wales, 1944, 78, 155.
Walls, J., 1932, 2229.

Petrow, J., 1945, 18.
5 Walls, J., 1947, 67.
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Accordingly the 5-nitro-2-biphenylyl-amide was reduced and benzoylated, but this
product and its 4'-benzamido-isomer resisted cyclisation by phosphorus oxychloride alone
or in mitrobenzene. The desired ring closures were achieved, however, by using the 5-
and the 4’-ethoxycarbonylamino-derivatives.

NH-CO-[CH1],-CO-NH N
O m 35 O (1

The di(phenanthridin-6-yl)alkanes (II) are fairly high-melting, rather insoluble
compounds, readily form quaternary salts and picrates, and exhibit the characteristic
phenanthridine blue fluorescence in sulphuric acid. The quaternary salts are somewhat
unstable in solution and have no biological activity.

1,4-Di(phenanthridin-6-yl)butane has slight action against Entamoeba histolytica in vivo
and i vitro.

EXPERIMENTAL

The following acid chlorides were prepared by refluxing the acids with an excess of thionyl
chloride in benzene and were repeatedly distilled under reduced pressure: glutaroyl, b. p.
103—104°/11 mm., », ?° 1-47178, adipoyl, b. p. 118—119°/12 mm., #,*° 147172, pimeloyl,
b. p. 135—136°/11 mm., %, 2% 1-47005, suberoyl, b. p. 147—148°/11 mm., 7,25 1-46923,
azeloyl, b. p. 158—159°/12 mm., #?° 1-46749, sebacoyl, b. p. 168—169°/12 mm., % 1-46864,
and dodecanedioyl dichloride, b. p. 192—193°/11 mm., 275 1-46814.

NN'-Di-(2-biphenylyl)adipamide.—2-Aminobiphenyl (17-75 g.), adipoyl dichloride (9-2 g.),
and dry benzene (70 ml.) were gently refluxed until evolution of hydrogen chloride had ceased
(~3 hr.). The products were made alkaline with aqueous ammonia and again refluxed for a
short time. The solution was evaporated to dryness, and the solid obtained was suspended
in 50% aqueous alcohol and refluxed for 15 min. After cooling, the precipitated solid was
collected. It formed needles (from ethanol), m. p. 174—175° (Found: C, 80-3; H, 6-3; N, 6-5.
Calc. for C4;)H,N,O,: C, 80-3; H, 6-:3; N, 6-39%,) (yield 95%). Ritchie 2 gives m. p. 171°.

The compounds in Table 1 were prepared similarly. The following notes apply:

No. 1: Ritchie gives m. p. 162°.

No. 7: This was prepared from adipoyl dichloride and 2-amino-4-methylbiphenyl ¢ in toluene.

No. 8: This was prepared from 2-amino-4-chlorobiphenyl ¢ in toluene.

No. 12: This was prepared from the 4’-nitro-compound by use of reduced iron in aqueous
ethanol.

No. 13: Anidentical compound was prepared by reaction of adipoyl dichloride with 2-amino-
4’-ethoxycarbonylaminobiphenyl ¢ in benzene.

No. 14: This was prepared by reaction of adipoyl dichloride with 2-amino-4’-benzamido-
biphenyl ¢ in chlorobenzene, and by benzoylation (Schotten-Baumann) of No. 12.

No. 16: This was prepared from the 5-nitro-compound by use of reduced iron in aqueous
ethanol.

1,4-Di(phenanthridin-6-yl)butane.—The amide (I; » = 4) (30 g.), dry nitrobenzene (100 ml.),
and phosphorus oxychloride (36 ml.) were heated at 180° until evolution of hydrogen chloride,
which at first was vigorous, had practically ceased (~1 hr.). The cooled product was poured
on ice (300 g.) and neutralised with aqueous ammonia. The collected solid was heated in 509,
aqueous alcohol for 30 min. The solid residue was collected and crystallised from pyridine.
1,4-Di(phenanthridin-6-yl)butane formed very pale yellow needles, m. p. 215° (Found: C, 86-8;
H, 5-8; N, 6:7. Calc. for C3o0Hy,N,: C, 87-4; H, 5:7; N, 6-8%,) (yield 50%). Ritchie 2 gives
m. p. 214°. It is soluble in pyridine, nitrobenzene, and glacial acetic acid, but only sparingly
soluble in other organic solvents.

The dimethosulphate, white needles, m. p. 287° (decomp.) (Found: S, 9-6. C;H,;,N,0O.S,

¢ Hollingsworth and Petrow, J., in the press.



Some ow-Di(phenanthridin-6-yl)alkanes.

3666

96 1 RY L-g
¢8-¢ 6G g6
6¥ 6-€ €
R 8y 987
gg-9 ¢¢-9 gL
9-S gL 1L
0-9 6-9 6L
39 99 gL
v-9 ¥-9 g-L
99 19 gL
N H 0
(%) poamboy
¥-81 8¢ gL
68 g-g 0-L
0-6 19 V-6
L1t €9 69
¥-01 8-¥ 69
68 8Y 0-L
06 -9 V6
LTI €9 GG
¥-01 8-y 6-9
L€ 1€ L
9y 8¥ ¥-6
189 0-g 96
6 8 L-0
8¢ GL (41
gg-g SI-L 01
L-g G6-9 8:0
6-¢ L9 L-0
1-9 S-9 9-0
S¥-9 0-9 G0
N H J

(%) pextuboy

Q0 00 00 G0 00 GO I~ ¢© <H I~

WRPVWORVOLHOI~OI=O~Or~10

¥ Oe.z‘amono
YO N )
TN T L T )
B PED
N T o)
NS T
ﬂz»nmwno
NZNnHlenU
qu._nmnno
HZmNHIHNnO
memmuno
B[NULIO ]

‘Ioponu yjoq uy |

oD
chZmnmenU
NOchnmcno
eOchnmano
vOchnmqqo
chZmnmeno
O'N"H™D
NO«ZGnmamo
o QNS
NONZNhMH@NHlHQmU
O°N*Ig™H *O
NI
NOchqmunO
wOwZenman
wOwZ«amaaO
NONZNMEN&O
NONZ:nmﬁnO
NONZONHleNU
O°N™H "D
e[NULIOJ

jlel
DO FHBDODH

i
TR WODIRD D

DOOO SO HM NI D

COODNOHFHROID

z
o)

(%) punog

(11) sauvyw (14-9-waprappuvusyd)rg-on
ouIptihg = Ad ‘(,001—08 "d 'q) wnoponjed AT = "d «

L8l L-§
G-¢1 L€
€8 ¥-g
6-8 9
9-11 ¥-9
9-01 0-¢
0-8 RY
88 09
y11 g9
9-01 6y
9-¢ 0-¢
9y (4 4
(2 1-¢
1-9 0-8
8¢ VL
¥ 6-9
g-g L9
09 99
8¢ 99
€9 09

N H

(%) punog

DIV A= HO DWW
OIS~ rs-HA S MM
Q0 0 0 GO G0 00 I~ © H b= =

Q

VLS
8:LS
8-9L
969
G-GL
G-L9
G-9L
6-89
8-¥L
G'L9
gLy
G669
$-69
9-08
18
8-08
6-08
G-08
508
1-08
o)

(1) 2942 fo saprmy

Pupuhg = Ad &

9
09
03
08
oF
v
08
GL
9
oL
gg

(%)

PRIK

0g
oL
08
SL
09
S9
0¢
0¢
03
0¢

el
r~
[°)

06
06
(%)

PRIX

116—013
183983
166—063
815—LI3
6¥3—8%3
61
9¥1
L91—991
OvI—68I1
BLI—ILI
S9ET—GET
d W

60€—80¢
0¥G—6¢€3
4 ¢4
I61—061
§86—¥3¢S
996
038
GE3—I¢€g
981
98¢—G83¢
893—LIG
G8C—VE3
088—6323
013
SII—¥II
EVI—3¥1
61T—SII
6¥1—8¥1
89T—LI1
oI[9T—091
.AM .S

HOYE-Ad
HO¥F-4d
HO¥I-4d
HOYA-Ad
A4
HO3d-4d
HO¥I-4d
A4
A4
A9
A4
£ U3SAI0

10} JUSA[OS

EETIPEETN
S9[PIaU WEedl)
SO[PIdU UIes1)

soye[d Mmo[[ax
SO[PadU WBII)
SOIPIIN
SO[PIIU UMEBT

S9[PIaN

S9IPIIN

SIIPIIN

SOIPIdN

urIoy

‘g A1V

A SIIPIdIN
%ONO0D-HO¥d  S9[PeaN
‘Pd-HO¥L  SPIPedN
HOYL saquy
1°d-HOIA S[PaaN
£ sojeld
1d-HO¥L seyeld
HOY Iapmod
1d-HO¥L S9[pPaaN
Ad SIIP9IN
HO¥I-4d SO[PaaN
HOYI-4Ad seyeld
HOYI-Ad SO[POaN
HO¥T SO[PoaN
O°H-HO¥A S9[PaaN.
HOY sejeld
1d-HO¥A so3eld
O*H-HOY S[PIaN
HO¥d S[PaaN
HO¥A S3[PaaN

» U3sEI0 wIo,q

10} JUQA[OS

‘1 A1aV]

WOMSOO HH KK
—

o
=

gmmwl‘wgﬁﬁﬁﬁﬂ‘ﬁ‘ﬂ*ﬂ‘ﬂ‘ﬁ‘ﬁ‘ﬂ‘ﬁﬂ‘

¥I°0D-HN-G
3H°0)-HN-8
tg-9'g

1g-3

0¢

SN-¢

QUON

QUON

QUON

QUON

SUON

13squg

CFON)-¥'e
tON)-g'¢
2 HN-G
$I°00-HN-¢
*HN-G
*ON-2
ZgHN-¥
1H°00-HN-¥
HN-¥
*ON-¥
f19-6'¢

ig-g

0%

SN-¥

QUON

QUON

QUON

QUON

QUON

QUON

3sqng

—
—

-—<wam<ol~ooag

IoquIn N

SFAMFOITNVO=NMHINOI-0 DD
R R e R R NN

IoqunN



[1961] Aspinall, Greenwood, and Sturgeon. 3667

requires S, 9-6%,) after crystallisation from aqueous alcohol, was prepared by use of dimethyl
sulphate in nearly boiling nitrobenzene (yield 80%). With aqueous potassium iodide it gave
the yellow dimethiodide (95%), m. p. 278 —280° (decomp.) [from alcohol-light petroleum (b. p.
80—100°)] (Found: I,36-1. C;,H,,N,,2CH;I requires I, 36-5%,). On repeated recrystallisation
this formed the monomethiodide, also yellow, m. p. 274° (decomp.) (Found: I, 23-2.
CyoH 24N, CH,I requires I, 22-99,), that with wet silver chloride in boiling absolute alcohol gave
the white monomethochloride, needles (60%) (from alcohol-ether), m. p. 228 -229° (decomp.)
(Found: Cl, 7-5. Cz,H,,N,,CH,CI requires Cl, 7-7%,).

1,5-Di(phenanthrvidin-6-yl)pentane di-isethionate, white prisms (from alcohol-acetone),
m. p. 173—-174° (Found: S, 9-3. C,;HyN,0O.S, requires S, 9-49,), was obtained (709,) by
treating the base with isethionic acid in boiling alcohol: it was easily soluble in alcohol and
water, but practically insoluble in non-ionic solvents.

The compounds in Table 2 were prepared similarly. Compound 10 was recovered unchanged
after 5 hours’ refluxing in fuming hydrochloric acid, and after 2 hours’ in 709, sulphuric acid
at 150°.

This work was commenced at Queen Mary College (University of London), during the period
1946—1948.
QUEEN MARY CoLLEGE (UNIVERsITY OF Lonpon), E.1.

(B. L. H.) MINISTRY OF AVIATION, WALTHAM ABBEY, ESSEX.
(V. P.) THE BritisuH Druc Houses, L1p., LonDON, N.1. [Recetved, March 3rd, 1961.]




