Oct. 1072

Notes

1165

Diazepines. 1X. 7,8-Dihydro-6/[-dipyrido[1,2-a:2',1'-c][ I 4] diazepinediium
Dibromide; 6,7-Dihydro-5H-[1,4]diazepino[1,2,3,4-lmn][1,10]-

phenanthrolinediium Dibromide; and Related Compounds (1)

Frank D. Popp and Dennis K. Chesney

Department of Chemistry, Clarkson College of Technology, Potsdam, N.Y. 13676

Received May 5, 1972

Diquat (1) and certain related diquaternary salts have
attracted much attention as herbicides (2). Their mode
of action is believed (3,4) to be connected with their
ability to be rapidly reduced to stable radical cations.
The hydrates of compounds 2 (n = 2, 3, and 4) were
prepared by treatment of 2,2"-dipyridyl with the appro-
dihalides (5). Apart from the studies of the
reduction to the radical cation and some spectral studies

priate

(0) little has been reported on the chemistry of these
compounds or on the generality of their preparation (7).
[n view of our interest in diazepines (1) it was decided to
further investigate 7,8-dihydro- 6H-dlpyr1do[l 24a:2"-1"c]-
[ 1,4 ]diazepinediium dibromide (2 n = 3) and related
compounds.

Compounds 2 (n = 2, 3, and 4) have been obtained as
the noun-hydrated products after thorough drying. Use of
I,5-dibromopentane in an attempt to extend the synthesis
1o 2 (n = 5) did not lead to a cyclic product but gave 3.
Use of 1,3-dibromo-2-propanol and 1,3-dibromobutane
gave the diazepines 4 and 5, while use of 1,4-dibromo-2-
butene and a,a"-dibromo-o-xylene gave the diazocines
6 and 7. Reaction of 1,10-phenanthroline with 1,3-
dibromopropane gave the diazepine 8 (8). The spectral
data for the new diazepines and diazocines is consistent
with that previously reported for 2 (6).

Oxidation of the diazepines 2 (n = 3), 4, and 8 with
alkaline potassium ferricyanide gave the bipyridones 9, 10,
and 11 (9). The bipyridones had carbonyl absorption at
6.00-6.05 u in the infrared (potassium bromide) while the
absorption at 6.12-6.18 u present in all of the dibromides
was absent in the bipyridones.

Catalytic hydrogenation of the diazepines 2 (n = 3),
4, and 8 gave the reduction products 12, 13, and 14. The
fact that one of the aromatic rings was not reduced in the
reduction of 8 to 14 was confirmed by the presence ol a
lwo proton peak at 6.98 8 in the nmr of 14.

The principal peaks in the mass spectrum of 2 (n = 3),
2 (n = 4) and 3 resemble those found in the mass spectrum
of 2,2 dipyridyl, while those in 8 resemble those in the
mass spectrum of 1,10-phenanthroline. The mass spectrum

of 11 is included in the Experimental and appears to
and HCN. The mass
spectrum of the reduced diazepines confirm the presence

involve cleavages of CH,, CO,

of one aromatic ring in 14 and the fact that hydrogenolysis
of the hydroxy group had not taken place during the
reduction of 4 to 13.
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TABLE 1
Condensation of Dihalides with 2,2'-Dipyridyl and 1,10-Phenanthroline
Compd. No. Hca!:‘rl)gulr’:riod Yi(;nld M.p. Formula Anal. (a) ff‘)llf:d
C H N Br
2(n - 2) 18.5 30 >365(b)  Cy2HiaBraN, 1}:‘7’3 ;gf{
2 3)(e) 18.5 44 320321(d)  Cy3HyaBraN, ig:gg g:zg §j§§ ii:i;
2(m ) 18.5 42 259250(¢)  CyaHyeBraNs (h) i;:(')'; 211{23 Z:gf
4 18.5 21 >360 Cy3H14BrzN;0 i}:gi gzgi ;:‘;g ﬁf,g ©
5 18.5 30 271272 CaH16BraN, :g:;g i:gi ;:gg ig:gf
6 1.0 84 225229 C1aH14BraN, ﬁjgm, 4296 (&)
7 0.75 90  269-271 CysH16BraN, i}:‘;g 32% 2:21 3{73:3; ®
8 3.5 87 279281 ()  C,sHi4BraN, i;;i jg’g Zzg 1:222

(1) After drying at 110° in vacuo. (b) Reported (5) for hydrate, m.p. 340°. (¢) Dipicrate, m.p. 213-214° (ethanol), Caled. for
Co5H gNgOyq: €, 45.88; H, 2.77; N, 17.12. Found: C,4585; H,2.81; N,17.33. (d) Reported (5) for hydrate, m.p. >300°. (e)
Reported (5) for -H,0-1/3HBr, m.p. 265°. (f) Total Br. (g) lonic Br. (h) Analysis includes 1/3HBr, see also footnote e. (i) Reported

(7) m.p. 286°.

EXPERIMENTAL (10)

Typical Condensation.

A mixture of equimolar quantities of the dihaloalkane and
the diazaheterocyclic compound were heated on a steam bath.
After it had stood at room temperature, the mixture was filtered
and washed with hexane or benzene to give after recrystallization
from methanol the compounds shown in Table L.

Oxidation of 2 (n = 3).

To 1.08 g. (0.003 mole) of 2(n = 3) in 25 ml. of water was
added with stirring 8.8 g. (0.027 mole) of potassium ferricyanide
in 25 ml. of water. After stirring for 15 minutes 40 ml. of benzene
was added and then 4.0 g. (0.1 mole) of sodium hydroxide in 40
ml. of water was added with stirring over 15 minutes. The mixture
was stirred for 30 minutes and the benzene separated. Fresh
benzene was added and the mixture was stirred for an additional
2 hours. The combined benzene phases were evaporated and the
residue was recrystallized from ethanol to give 0.13 g. (20%) of 9,
m.p. 305-307°.

Anal. Caled. for C;3H,N2O4: C,68.41; H,5.30; N, 12.28,
Found: C, 68.47; H,5.51; N, 12.08.

Oxidation of 4.

Reaction of 4 with alkaline potassium ferricyanide as described
above gave a 33% vield of 10, m.p. 194-196°.

Anal. Caled. for Cy3H2N,05: C,63.92; H,4.95; N, 11.47.
Found: C, 63.78; H, 5.14; N, 11.33.

Oxidation of 8.

Reaction of 8 with alkaline potassium ferricyanide as described
above gave a 45% yield of 11, m.p. 333-334°; mass spectrum:
253 (18%), 252 (100%), 251 (17%), 238 (13%), 237 (83%),
224 (6%), 223 (20%), 209 (6%), 208 (8%), 197 (19%), 196 (6%),
195 (6%), 179 (7%), 168 (7%), 126 (7%).

Anal. Caled. for C;5H,,N,0,: C,71.41; H,4.80; N, 11.11.
Found: C,71.46; H, 4.78; N, 11.02.

Reduction of 2 (n = 3).

A mixture of 3.6 g. (0.01 mole) of 2 (n = 3) and 0.2 g. of
platinum oxide in 140 ml. of ethanol was hydrogenated at room
temperature and 50 psi. After 1 hour the uptake of hydrogen
had stopped and the mixture was filtered. Evaporation of the
ethanol gave 3.48 g. (94%) of a gum which was crystallized from
ethanol to give 12, m.p. 270-272° mass spectrum: 209 (6%),
208 (30%), 193 (3%), 179 (3%), 166 (3%), 152 (3%), 151 (3%),
136 (3%), 126 (3%), 125 (13%), 124 (46%), 123 (14%), 122
(11%), 111 (10%), 110 (100%), 109 (9%), 98 (62%), 97 (86%),
96 (29%), 83 (36%), 82 (59%), 81 (20%), 80 (59%), 79 (20%),
69 (18%), 55 (15%), 42 (14%), 41 (22%).

Anal. Caled. for Cy3H,6BraN,: C, 42.18; H,7.08; N, 7.57.
Found: C, 42.06; H,6.99; N, 7.48.

Treatment with picric acid gave a picrate, m.p. 237-239°.

Anal. Calcd. for (‘,25H30N8014C C, 4505, H, 454, N, |68]
Found: C, 45.15; H, 4.69; N, 16.80.

Treatment with methyl iodide gave a methiodide, m.p.
247-248°.
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Anal. Caled. for C15H3012N2'2H20: C., 3410, H, 649,
N, 5.30. Found: C, 33.83; H,6.18; N, 5.45.

Reduction of 4.

In a similar manner reduction of 4 gave a 95% yield of a gum
which was crystallized from ethanol to give 13, m.p. 283-285°.

Anal. Caled. for C;3H,4BryN,O:  C, 40.43; H, 6.79; N,
7.26. Found: C, 40.86; H, 7.04; N, 6.96.

Treatment with picric acid gave a dipicrate, m.p. 232-234°.

Anal. Caled. for C35H39NgO;5: C, 43.99; H, 4.43. Found:
C, 43.79; H, 4.43.

Treatment with methyl iodide gave a dimethiodide, m.p.
221-223°; mass spectrum of the dimethiodide: 224 (3%), 207
(3%), 206 (5%), 156 (6%), 142 (59%), 141 (6%), 140 (5%), 128
(100%), 127 (66%), 126 (40%), 124 (6%), 98 (26%), 97 (30%),
96 (8%), 84 (7%), 45 (11%), 31 (27%).

Reduction of 8.

In a similar manner reduction of 8 gave a 97% yield of 14,
m.p. 226-229° (from ethanol); mass spectrum: 229 (18%), 228
(100%), 227 (18%), 213 (5%), 212 (5%), 200 (10%), 199 (39%),
198 (5%), 187 (5%), 185 (7%), 172 (5%), 171 (10%), 170(6%),
156 (5%), 114 (5%), 100 (10%), 82 (26%), 81 (10%), 80 (27%).
79 (10%).

Anal. Caled. for CysH,2BraNy: C, 46.17; H, 5.68; N, 7.23.
Found: C, 46.30; H, 5.68; N, 7.23.
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