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We,  IMPERIAL  CHEMICAL   wherein benzene ring A stands for a group
INDUSTRIES   LIMITED,  of  Imperial  of the formula: - Chemical House,
Millbank, London, S.W.1., a British Company, do hereby declare the
COe 5  invention, for which we pray that a patent may be granted to us, and
the method by                       19 _l which it is to be performed, to
be particu-                         ON4 larly described in and by the
following state- ment: -                                                 c;
B 10    This invention relates to heterocyclic com- pounds, and more
particularly it relates to new  pyridoquinoline derivatives which are
(II) t        active as inhibitors of the effects following
or the combination of reagin-like antibodies and 15  their antigens. They
are therefore useful for           rcoe the treatment of asthma, for
example allergic                                          30 asthma, and
they may also be useful for the treatment of other syndromes or diseases
initi-                 TH t        ated by an antigen-antibody reaction,
for                        OH 20  example hay fever, urticaria and
auto-immune                                   (III) 2   diseases.
or According to the invention there are pro- vided pyridoquinoline
derivatives of the for- mula: - OH
N 25                                      (I)
(IV) or [Price 25yp] t  AreS  s  J  ,* , si, ii X xth41 /; ;._ii) Z kv
!,RAT  .Slh" ;!J-'T/f1-    1
4( 2                                         1,308,787 :OH            _
_2_.OH COFZ2~~~~~ Jo ~ ~ ~   ~      ~     ~      ~      ~     ~     ~ '
t~c~e    (V)                           eco SCOR0CO -whercin a in formulae
II to V indicates the common bond between the pyridine ring and
(VIII) the benzene ring A in formula I; R' stands 



5  'for'hydrogen or a methyl radical; R2 stands  (4,7-phcnanithroline
derivatives)         45 for a hydroxy, C1,- alkoxy, C,-,, phenyl- alkoxy or
phenoxv radical; and the benzene                    and ring B may
optionally bear not more than two substituents selected from C,-, alikyl,
10  cycloalkyl of not more than 6 carbon atoms,              ON          OH
C,-6  alkoxy, trifluoromethyl, phenyl and phenoxy radicals, and halogen'
atoms, and              .   I          N NR'R4  radicals wherein R3 stands
for a            Cc - .                 COR- C1-6 alkyl radical and  R'
stands for a                  N           N 15  ClA  alkyl or phenyl
radical or wherein -NR'R4  stands for a nitrogen-containing
(IX) heterocyclic radical of not more than 7 ring atoms; or, in the case of
formula II or  (pyrido[3,2-glquinolinc derivatives) IV, the said benzene
ring B may optionally 20  bear an alkylene radical of 3-5  carbon  wherein
B, R' and R2 have the meanings atoms; and wherein R' stands for a methyl
stated above, and non-toxic pharmaceutically-  50 radical, the compounds
are 1,7-phenanthro-  acceptable salts thereof, but excluding the line
derivatives only, bearing either a Cl-,- compounds specified above. alkyl,
Cl4-alkoxy, phenoxy, piperidino or    It is to be understood that the
compounds 25  morpholino substituent in the 5- or 6-posi-  of the invention
can exist in a tautomeric dion, or 5,6-dimethyl or 5 - phenyl - 6 -
quinoline form, for example, in the case of  55 methoxy substituents, or a
5,6-alkylene sub-  the compounds of formula VI, the tautomeric stituent of
3-5  carbon atoms; and non-  form having the formula: - toxic
pharmaccutically-acceptable salts there- 30  of; but excluding 2,8 -
dicarboxy - 4,10 - dihydroxy - 1,7 - phenanthroline and di -
co & C,-l6 - alkyl esters  thereof, and  4,9  -                       H
l dihydroxy - 2,7 - dimethoxy - carbonyl-                             N  N
f pyrido [2,3-g] quinoline, and non-toxic phar-                 0 35
maceutically-acceptable salts thereof.N It will be understood by those
skilled in the      l art that the pyridoquinoline derivatives of
.R2CO 0 the invention consist of compounds having                     N the
following formulae:                                       1 H 40  OH    N
it            However, for convenience the compounds of RN
the invention will all b  referred to in this  60 A,  R~ca~lX   Al B  r
specification  as 4-hydroxyquinoline deriva- N-   J
~~~~~~~~tiveS. As indicated above, those of the compounds (VI)    of the
invention wherein R' stands for a (1,7-phenanthroline derivatives)
methyl radical are all 1,7-phenanthroline  65 derivatives (i.e. formulae I,
II and VI are OH                            relevant) and they all bear at
least one speci- ,.  GOP .2i      d_ And fied substituent in the benzene
ring B. A                                < ) < *cop  A suitable value for
R2 when it stands for P2co-< R /
a C,-6, alkoxy radical is, for example, a meth-  70 RI co
-oxv, ethoxy, n-propoxy, n-butoxy or n-pentyl- OH                oxy
radical. A suitable value for R' when it stands for a C7-,01 phenylalkoxy
radical is, (VII)    for example, a benzyloxy radical.
(pyridio[2,3-g]quinoline derivatives)         Ring B may optionally bear
not more than  75    2             3
1,308,787                                             3 *          two
substituents selected from, for example,  alkoxy radical, and 11O0I-toxic
pharniaccutic- methyl, ethyl propyl, butyl, pent'l, hexyl,  ally-acceptablc
salts thereof, which comprises heptyl, octyl, cyclohexyl, mrcthox, ethoxy,
reacting a diamino compound of the for- propoxy, trifluoromethyl, phenyl,
phenoxy,  mula:- 5  dimethylamino,   diethylamino,   dipropyl- amino,
dibutylanmino and N-ncthvianilino radicals, and saturated heterocyclic
radlicals of                NH2 5,6 or 7 ring atoms, containing a nitrogen
atom  as hetero-atom  and  optionally  con-
70 10  taining a second hetero-atom  wh1ich is an 45                 oxygen
atom, for example a piperidino, 1-                                2 I
hexahydroazcpinyl or morpholino radical, and fluorine, chlorine and bromine
atoms. Alter-                                        (XI) 



natively, in the case of compounds of the 15  formula VI or VIII, ring B
may optionally                           or bear, for example, a
trimethylenc, tetra- methylene or pentamethylene radical. As stated above,
when RI stands for a                           N 14 methyl radical, ring B
always bears one or 20  two specified substituent(s), and suitable sub-
stituents are mentioned immediately above. !            Compounds of the
invention which are pre- ferred  because of their high  activity  are
NH 1,7-phenanthroline derivatives (i.e. formulae                        2
25  I, II and VI are relevant) wherein RI stands
'XII igs  50                for hydrogen, R1  stands for a hydroxy radi-
5C,               cal, and the benzene ring B bears a C3-5  wherein B  has
the meaning stated above, thle        I          alkyl radical in the
6-position of the nucleus,  with a comound of the formula:- for example an
n-propyl, n-butyl, t-butyl or ids         -     30  n-pentyl radical, and
in particular an n-propyl         R'CO . CUR' .    . COR   (XIII)    75 ric
;          or n-butyl radical, and non-toxic pharmaceu- of55
:tically-acceptablc salts thereof.
2 of  55                 tically-accep.able salts thereof,
wherein RI and R2 have the meanings stated nc                ~~~~~Suitable
salts of the invention in the case  imdaeyaoe(~.teCna-ipc ric
heetthsaadcomtondseflfrnunca   immediately above (i-e. the Conrad-Limpach
where the said compounds of formula I are  rato) 35  sufficientlv  basic
are  acid-addition  salts derived  from  inorganic  or  organic  acids
The Conrad-Limpach reaction involves two afrding  nomn-oxi  pharm
aceuticaly-accp-  stages. In the first stage a compound is pro- n affording
non-toxic  pdarmaceutdcalle-aofta-           .              t      o table
anions, for example  hydrochlorides,  duced  fhich in one of its tautomeric
forms hydrobromides, tartrates or citrates. Suitable  has one of thc
formulae 40  salts of the invention in the case where the said compounds of
formula I are sufficiently                  C OR'2 acidic, i.e. wherein R2
stands for a hydroxy                   I radical and/or wherein  the ring
hydroxy                 NC   Cl .   Rl .COR radical(s) is or arc
sufficiently acidic, are salts 45  containing  a  non-toxic
pharmaccutically-              A acceptable  cationic  moicty;  for
example,            N     N=C.CHR. CORZ ammonium, alkali metal, alkaline
earth metal or aluminium  salts, or salts with non-toxic
Co of        pharmaceutically-acceptable organic bases, for his  60
50  example   morpholine,  N-methylglucamine,
(XIV) piperidine,  triethanolamine   or  ethylene- .    .
~~~~~diamine.                                                       and ids
Particularly preferred  compounds of the a s                  invention are
6 - n - butyl - 2,8 - dicarboxy -                 CoR a                55
4,10  - dihydroxy  - 1,7 - phenanthroline,                      1  C      O
,De  65     !          2,8 - dicarboxy - 4,10 - dihydroxy - 6 -
N-C .CH2.CoR ire                    n - propyl - 1,7 - phenanthrolinc and
2,8 - Ci-         l          dicarboxy - 4,10 - dihvdroxy - 6 - n -
85 for       pentyl - 1,7 - phenanthroline, and non-toxic              ;
th-  70           60  pharmaceutically-acceptable salts thereof. yl-
According to a further feature of the inven-              N=C - C H .CoR'
tion there is provided a process for the inanu-                 l    2
facture of those of thle com1.pounnds of the                   C OR formula
I wherein A and R' have the mean- an  75            65  ings stated above
and R2 stands for a C,-,                                          (XV)    4
1,308,787                                             4           ____
wherein B, R' and R2 have the meanings  agent there may be mentioned, for
example, state(I immediately  above, depending upon   an alkali metal
hydroxide, for example sodium   65                    J which of the said
diamino compounds is used   or potassium  hydroxide, or an inorganic acid,
as starting material. (It will be appreciated  for example hydroch~loric
acid, optionally in                      ti 5   that the reason for R'
being omitted from   the presence of acetic acid.
P the formula XV  is that R' can only stand         According to a further
feature of the inven-                     m for hydrogen in respect of that
formula.) This  tion  there  is provided  a process for the  70a stage is
carried out at a moderately elevated   manufacture of those of the
compounds of                          aI temperature, for example
S0-1100C., in an  the formula I wherein A  and RI have the
10  co: 10  aromatic hydrocarbon  solvent, for example  meanings stated
above and R2' stands for a 



benzene, in  an  apparatus which  facilitates  C,~ alkoxy radical, which
comprises esterify-                      thl the removal of water (formed
during  the  ing  the  appropriate  carboxylic  acid, i.e.  75
fo reaction)  from  the  reaction  mixture, for  wherein R2 stands for a
hydroxy radical, or                         fox example a Dean and Stark
apparatus.             trans-esterifying an appropriate ester.
15ri 15    The second stage of the Conrad-Limpach           General methods
of esterification of car-tv reaction involves ring-closing the compound
boxylIic acids, and of trans-esterification, arecy of formula XIV or XV so
as to obtain a corn-  well known in the chemical art. Thus, for  80 pound
of formula VI, VII, VIII or IX,  example, the appropriate carboxylic acid
may                              ph wherein B, RI and R' have the meanings
be esterified by reacting it with the appropri-                      20  N]
20  stated immediately above. This stage may be  ate hydroxy compound of
the formula R'I-, cridout by heating the compound of for-  wherein R'
stnsfra    ,akxyrdcl                                      C1 mula  XIV   or
XV  at 230-2500C., for  and a suitable acid, for example an inorganic  85
C example by heating it in diphenyl ether or  acid, for example
hydrochloric  acid. The    -                        hei
n:-chloronaphthalene at 230-2500C., or by  reaction may conveniently be
carried out at                       25  atc 25  reacting the compound of
formula XIV  or  a  moderately  elevated  temperature,  fortl XV   with
polyphosphoric  acid  at  130-   example at reflux temperature.
Alternatively,                         a 1800C., for example 1500C. It is
to be under-  for example, an acid halide or anhydride of  90
ani stood that ring-closure of the compound of  the said carboxylic acid
may be reacted with                          rac formula XIV gives products
of formulae VI  the said  hydroxy compound, optionally  in
30  lin 30  and IX, and ring-closure of the compound  the presence of an
organic solvent. of formula XV  gives products of formulae         The
salts of the invention, and the comn-m VII and VIII.
pounds used  as starting  materials in  the  95M According, to  a  further
feature  of the  processes of the invention, are all obtainable
mec invention there is provided a process for the  by means of well known
general processes, as                  3 35  manufacture of those of the
compounds of  indicated in the Examples.35si formula I wherein A has the
meaning stated        The compounds of the invention, and the
C above, RI stands for hydrogen, and R-' stands  pharmaceutical
compositions of the invention  100                  0, for a C,,- alkoxy,
C7.-101 phenylalkoxy  or  which are described hereinafter, exhibit the
C phenoxy radical, and non-toxic pharmaceuti-  above-mentioned activity
when administered                      40  inN 40  cally-acceptable  salts
thereof, which  corn-  by inhalation or intravenously. Furthermore,.m
prises reacting a diamino, compound of the  some of the esters of the
invention; and some                         re formula XI and XII with an
acetylene deri-  of the esters which are active ingredients of  105 vative
of the formula: -the pharmaceutical compositions of the inven- tion, -arc
orally  active also. In  particular,              4 R2CO . C=r-C . COW?
(XVI)        diethyl esters are orally active.
4    n The activity of the compounds and phar-                        fin4
45  wherein R2 has the meaning stated immedi-  maceutical comnpositions of
this invention is  110                      tiol ately above, so as to give
a compound which   demonstrated by their ability to inhibit, inna in one of
its tautomeric forms has the for-  the rat, passive cutaneous anap'hylaxis
induced                 5 mula XIV  or XV, respectively, wherein RI  by
reaginic antibodies to egg albumin, using stands for hydrogen, and then
ring-closing   B. pert ussis as an adjuvant. When the said
ex. 50  this compound, for example by either of  compounds are used to
treat asthma in man  115                            ino the methods
described  above, to give the  by inhalation, a typical dose is from  0.01
prc desired product.                                mg./kg. to 1 mg./kg. at
suitable intervals,                  5 According to a further feature of
the inven-  for example at 6-hourly intervals during the
be tion  there  is provided  a process for the  day. When thley are used
intravenously totr 55  manufacture of those of the compounds of  treat
asthmak in mnan, a typical total daily  120                        trc;
formula I wherein A and RI have the meaim-  dose is 25 aing. per mnan. When
the appropri-                         te ings  stated  above  and  R-?
stands  for  a  ate compounds Which  are esters are used
60  be' hydroxy radical, which comprises hydrolysi-ng   orally to treat
nstoma in man, a typical dose                     exr the cor'responding
alkyl, pheniylalkyl .or phenyl  is 50 to 200 mug. per man, three times a
for 60  ester or the corresponding nitrilec or arniide.    day. When tie
said compo unds are used to  125                  Sol- The hydrolysis is
carried out in the pre-  treat other syndromes or diseases initiated by
sence of water, and an organic solvent may   an antigen-a:ntilbody
reaction, a typical total                  65  rinv optionally be present.
As a suitable hydrolytic  daily dose is 1 to 50 mg. per man wvhent    5
1,308,787                                           c given by inhalation,
25 mg. per man when  pound of the formula 1, or a non-toxic phar- )/8)  65d
given intravenously, and 300 mg. per man  maccutically-acceptable salt
thereof, one or :id,            when given orally.
more other known active ingredients selected Ad,
According to a further feature of the inven-  from  fl-adrenergic
stimulants, for example In               5  tion there are provided
pharmaceutical corm-  isoprenalinc, adrenaline, orciprenaline or iso-  70
positions comprising a compound of the for-  ethacine, or a
pharmaccutically  acceptable the  70               mula I, wherein the
benzene ring A stands for  acid addition salt thereof, for example a sul-
of                   a group of the formula II, III, IV  or V,  phate, and
prostaglandins having bronchodila- the                   wherein a in
formulae II to V indicates the  tory activity, for example prostaglandin E,
a                 10  comnon bond between the pyridine ring and  or  E2,
and  phosphodiesterase  inhibitors  75 



ay-                 the benzene ring A in formula I; R' stands  selected
from the following compounds:- fi-  75               for hydrogen or a
methyl radical; R2 stands or.        '         for a hydroxy, C,-, alkoxy,
C7-20 phenylalk-    (a) 3 - acetamido - 6 - methyl - 8 - n - oxy or phenoxy
radical; and the benzene          propyl - s - triazolo[4,3-a] - pyrazine;
15  ring B may optionally bear not more than    (b) 2 - amino - 4,6 - di -
C,4 - alkyl - ar-         ,         two substituents selected from  Cl,
alkyl,      5 - oxo - 4,5 - dihydro - s - triazolo  80 for  80
cycloalkyl of not more than 6 carbon atoms,       [1,5-a]pyrimidines, for
example  2  - oay                   Cl16 alkoxy, trifluoromethyl, phenyl
and         amino - 6 - methyl - 5 - oxo - 4 - n - 20  phenoxy radicals,
and halogen atoms, and         propyl - 4,5 - dihydro - s - triazolo - 20
NR'R' radicals wherein R' stands for a            [1,5-a]pyrimidine; H.I
i~Cl,  alkyl radical and  R4  stands for a    (c) theophylline and related
3,5 - di -  85 al, nic  85              Cl,-  alkyl or phenyl radical or
wherein        CG,.  - alkylxanthines; and The                   -NR3R'
stands for a nitrogen-containing    (d) 6,8 - di - Cl4 - alkyl - 5,6 -
dihydro - ate              25heterocyclic radical of not more than 7 ring
5 - oxo - s - triazolo - [4,3-c]pyrimi- atr        ,     25  atoms or, in
the case of formula II or IV,       dines, for example 5,6 - dihydro - 5 -
'ly,                  the said benzene ring B may optionally bear      oxo
- 6,8 - di - n - propyl - s - triazolo  90 of  90               an alkylene
radical of 3-5 carbon atoms;         [4,3-c]pyrimidine. .h         :and
wherein when RI stands for a methyl ith                  radical the
compounds are 1,7-phenanthro-    The pharmaceutical compositions of the 30
line derivatives only, bearing either a Cl ,-  invention may contain from
1%  to 50%  by alkyl, C,-,-alkoxy, phenoxy, piperidino  or  weight of a
compound of formula I or a morpholino substituent in the 5- or 6-posi-
non-toxic  pharmaceutically  acceptable  salt  95 the
tion, or 5,6-dimethyl or 5 - phenyl - 6 -  thereof. als
methoxy substituents, or a 5,6-alkylene sub-    The invention is
illustrated but not limited 35  stituent of 3-5 carbon atoms; or a non-  by
the following Examples:- the                   toxic
pharmaceutically-acceptable salt there- ion  100              of; and an
inert non-toxic pharmaceutically-                 Example 1 the         :
acceptable diluent or carrier.                 Sodio dicthyl oxalacetate
(15.8 g.) was 100 the         }           The pharmaceutical compositions
of the  added portionwise to a stirred mixture of red              40
invention  are  obtainable  by  well known  ION-hydrochloric acid (10 ml.),
water (100 )re,        .methods using conventional diluents or car-  ml.)
and benzene (50 ml.) at a temperature of 1_               riers.
not exceeding 200C. The mixture was stirred &_   )    .Suitable
compositions for administration by  for 1 hour and the benzene layer was
then  105 en-         ;         inhalation comprise a mixture of the active
separated and washed with water (50 ml.). far,        i    45  ingredient
with a solid diluent or carrier, for  The aqueous washings were
back-extracted tar-     example lactose, the said mixture being in  with
benzene (50 ml.) and the combined is 110              fine particulate form
suitable for administra-  benzene solutions were dried over anhydrous in
tion from a powder inhalation device. Alter-  magnesium   sulphate  and
filtered.  2,4- 110 ced              50  natively, the compositions may be
adminis-  Diaminotoluene (3.2 g.) was added and the g                50
tered by inhalation in the form  of a sus-  mixture was boiled in an
apparatus for con- aidn                  pension or solution in a suitable
liquid, for  tinuously removing water from  the reaction a -n 113
example water or an aqueous or non-aqueous  mixture (a Dean and Stark
apparatus) until 1a0l ilJ             medium, using a conventional
nebulizer or a  no more water was collected. The benzene  115 *01         .
pressurised container.                       was removed in vacuao and the
residue was aXls a55    Alternatively, the said compositions may  added
over 5 minutes to boiling diphenyl th e                  be in a form
suitable for intravenous adminis-  ether (100 ml.). The mixture wvas heated
at to tioy  10             tration, for example sterile aqueous solu-
220-2400C. until no  more ethanol was tions.
liberated (about 5 minutes). The solution was 120 sard              60
beAlternatively, the said compositions may  cooled to room  temperature and
diluted by oe               60  be  orallv-administrable  compesitions,
for  the addition of petroleum  ether (b.p. 40- ase                 example
an orally-administrable unit dosage  600C.; 500  ml.). After standing  for
30 t a12               form, for example a tablet or capsule, or a
minutes, the suspension was filtered and the by  12r0solution, suspension,
emulsion or syrup.                  solid residue washed several times with
ace- 125 Al                     The pharmaceultical compositions of the
tone. There was thus obtained, as solid resi- hetal
invention may contain, in addition to a com-  due, 2,8  -  diethoxycarbonyl
-  4,10  - hea~~~~~~~    6____               _____________
1,308,787                                            6 _ dihyldroxy - 6 -
methyl - 1,7 - phenanthro-  dihydroxy  -  1,7  -  pheniantlroline,  m.p.
60                  s line, m.p. 198-200C.                          310GC.
(decomipositionl), from 2,4 - diamnino -                 c 1 -
ethylbeazenz;                                               h Example 2
6 - t - butyl - 2,8 - dietboxycarbonyl - 2,8 - Diethoxycarbonyl - 4,10 -
dihydroxy -  4,10 - dihydroxy  - 1,7 - phenandiroline,                   5
r 5   6 - methyl - 1,7 - phenanthroline (1 g.) was  m.p. 253-2540C.
(crystallised from ethanol),  65                 c heated  with  10%/,  w/v
aqueous  sodiutm   and 6 - t - butyl - 2,8 - dicarboxy - 4,10 -
a 



hydroxide (10 ml.) on a steam  bath for 30  dihydroxy - 1,7 -
phenanthroline, im.p. 315GC. minutcs. The mixture was cooled, filtered, and
(decomposition), from  2,4 - diamino - 1 -                     a the solid
residue of sodium salt was dissolved  t - butylbenzene;
10  ; 10  in water (10 ml.). The solution was acidified    2,8 - dicarboxy
- 4,10 - dihydroxy - 6 -  70                  t with  concentrated
hydrochloric  acid. The  isopropyl - 1,7 - phenanthroline, m.p. 306-
I resultant precipitate was collected by filtra-  307?C. (decomposition),
from 2,4 - diamino -            '      I tion, dissolved in saturated
sodium hydrogen   1 - isopropylbenzene; and carbonate solution (15 ml.),
filtered, and the   6 - cliloro - 2,8 - diethoxycarbonyl - 4,10 - 15
filtrate  acidified  with  concentrated  hydro-  dihydroxv - 1,7 -
phenanthroline, m.p. 155-  75           15 chloric acid. The resultant
precipitate was  157C., and 6 - chloro - 2,8 - dicarboxv -
d collected by filtration, and washed successively  4,10 - dihydroxy - 1,7
- phenanthroline, m.p. with water and hot ethanol. There was thus  over
3002C., from 1,3 - diamino - 4 - chloro-                      d obtained
2,8 - dicarboxy - 4,10 - dihydroxy -  benzene. 20  6 - methyl - 1,7 -
phenanthroline, m.p.
20  r 3160C. (decomposition).
Example 5                     80                u 3,8   -
Dimethoxycarbonyl  -  1,10   -                       N1 Example 3
dihvdroxy - 5 - methyl - 4,7 - phenanthro-                      p The
methods described in Examples 1 and  line was hydrolysed by the process
described                        (: 2 were repeated using the appropriate
phenyl-  in Example 2, and there was thus obtained                   25  j
25  enediamine as starting material, and the fol-  3,8 - dicarboxy - 1,10 -
dihydroxy - 5 -  85 lowing compounds were obtained:-               methyl -
4,7 - phenanthroline, m.p. 2950C.                      n (decomposition),
(crystallised from 75 % v/v 2,8 - dicarboxy - 4,10 - dihydroxv - 5,6 -
dimethylsulphoxide/ethanol).                                    Si dimethyl
- 1,7 - phenanthroline, n.p. 310-       The  3,8  - dimethoxycarbonyl -
1,10 -                    30 3140C. (decomposition), from 1,3 - diamino -
dihydroxy - 5 - mcthyl - -4,7 - phenanthroline  90               a 30  4,5
- dimethvlbenzene;                         used as starting material was
obtained as                       a 3,8 - dicarboxy - 1,10 - dihydroxy -
5,6 -  follows: -                                                       u
dimethyl - 4,7 - phenanthroline, m.p. 306C.    Sodium  hydride (2.4 g. of a
50/. sus- (crystallised from  dimethylsulphoxide), from   pension in
mineral oil) was added gradually to             35  d 1,4 - diamino - 2,3 -
dimethylbenzenie;       a stirred, cooled suspension of 2,5 - diamino-  95
6 35    3,8 - dicarboxy - 1,10 - dihvdroxy - 4,7 -  toluene dihydrochloride
in dry methanol (100               -      n phenanthroline, m.p.
306--3080C., from  p-  ml.), keeping the temperature between 10 and
ii phenylenediamine; and                          15C. The solution was
allowed to rise to                       r 2,7 - dicarboxy - 4,9 -
dihydroxy - 5,10 -  room temperature, and then dimethyl acetyl-
40  rn dimethylpyrido[2,3-g]quinoline,  m.p.  over  ene-dicarboxylate (7.1
g.) in dry methanol 100                   n 40  3500C., from  1,4 - diamino
- 2,5 - dimethyl-  (10 ml.) was added. After the resulting exo-
fi benzene.                                       thermic reaction had
finished, the mixture                      C was. heated under reflux for 3
hours, and                       2 It should be noted that the structure of
the  then filtered, and the filtrate was evaporated            45  1
next-to-last product named above, i.e. the  under reduced pressure. The
residue solidi-  105 supposed  4,7-phenanthroline  derivative  of  fied on
trituration with ether, and was cry-                     u 45  m.p.
306-3080C., is not known with com-  stallised from  methanol to give the
bis anil,                         fc plete certainty. It is believed that
the product  m.p. 90-92GC. was at it has been namned; however, in fact
The bis anil was added to boiling diphenyl it may  have  2,7  - dicarboxy
- 4,9  -  ether (100 ml.), and the mixture was main-  110
50  a: dihydtoxvpyrido [2,3-g] quinoline.             tained at 220-240C.
until no more metha-                       . nol was liberated  (about 5
minutes). The                       iY 50                   Example 4
solution was cooled, and the resuiting yellow                  dc The
methods described in Examiples 1 and  solid filtered off, and washed with
petroleum                     ti 2, as appropriate, were repeated using the
ether (b.p. 40-600C.), and then crystallised  115              55  4A
appropriate  phenylenediamiine  as  starting  from pyridine. There was thus
obtained 3,8 -                     fc material, and the following compounds
were  diniethoxvcarbonyl  - 1,10 - dihydroxy - 5 -                       p
55  obtained:-                                     methyl - 4,7 -
phenanthroline, m.p. 302-                         e 3040C.
C i 2,8 - dicthoxycarbonyl - 6 - ethyl - 4,10 -
60  -w dihvdroxy - 1,7 - phenanthroline, m.p. 183-
Example 6                     120               1 1840C. (crystallised from
ethyl acetate), and   2,8 - Dicarboxy - 4,10 - dihydroxy - 6 -
a! 2,8  - dicarboxy  - 6 - ethyl - 4,10  -  methyl - 1,7 - phenantliroline
(0.8 g.) was                           tl    6           Et  ______________
_________1,308,787                                                       7
..p.  60               stirred with a solution of sodium  hydrogen  residue
was  fractionally  distilled  under JO -                    carbonate (0.3
g.) in water (5 ml.) for one  reduced pressure and a fraction collected at
65 hour. The mixture was filtered, the filtrate  b.p. 140--144zC./1  mm.
There was thus 1I -                    was diluted with ethanol (12 ml.),
and the   obtained 1 - n - butyl - 2,4 - dinitroben- fine,               5
resulting mixture was filtered. The solid resi-  zene. ol),  65
due was successively washed with hot ethanol    A solution of I - n - butyl
- 2,4 - dinitro- iO -       -            and ether, and then dried. There
was thus  benzene (10 g.) in ethanol (100 ml.) was  70 



i,-C.      ,           obtained the disodiuni salt of 2,8 - dicarb-
shakcni with hydrogen at room  temperature 1 -         r          oxy -
4,10 - dihydroxy - 6 - methyl - 1,7 -  and atmospheric pressure in the
presence of 6 -  70  10  phenanthroline, as a dihvdratc; n.mnr. spec-
palladium-on-charcoal (0.5 g. of 5/) as cata- 6 -  70                trum
(in D20): -Cl-I, single peak (2.1 a);  lyst. When the theoretical amount of
hvdro- i5-   If   H,, H9 single peak for two protons (6.4 8);  gen (5.2 1.)
had been absorbed, the mixture  75 i;o-                    I 11, single
peak (7.15 3).                    was filtered and the filtrate evaporated
to dryness under reduced pressure. The residue 10 -
Example 7                     of 2,4 - diamino - 1 - n - butylbenzene :5-
75            15    A  solution of acetylene dicarboxylic acid  (diacetyl
derivative, m.p. 209-2100C., cry- A' -        .           dimethyl ester
(8.4 g.) in dry methanol (50  stallised from  ethanol) veas used directly
for  80 n.p.                    ml.) was added  to  a  solution  of 2,4  -
the subsequent reaction with acetylene dicar- oro-
diamino - 1 - n - butylbenzene (6 g.) in dry  boxylic acid dimethyl ester.
methanol (50 ml.) and, when the exothermic 20  reaction was over, the
mixture was heated                       Example 8 80               tunder
the reflux for 3 hours. The methanol    6 - n - Butyl - 2,8 -
dimethoxycarbonyl - I -        was removed by distillation under reduced
4,10 - dihydroxy - 1,7 - phenanthroline (1 g.)  85 ;!ro-      ;
pressure, the residue was dissolved in ether  was heated with 10%/,, v/v
aqueous sodium bed                     (200  ml.), and  washed
successively  with  hydroxide (10 ml.) on a steam  bath for 30 ined
25  water  (2X100  ml.), N-hydrochloric  acid  minutes. The hot solution
was acidified with -  85                (2x100 ml.), N-sodium  hydroxide
(2x200   concentrated hydrochloric acid and the result- cCG.
ml.) and water (2 X 100 ml.). The ethereal  ant precipitate was collected
by filtration, dis-  90 v/v                    solution was dried over
anhydrous magnesium   solved in saturated sodium hydrogen carbon- 3
sulphate.  filtered,  and  the  solvent  was  ate solution (15 ml.),
filtered, and the filtrate 3 -         I      30  removed by distillation.
The residual oil was  acidified with concentrated hydrochloric acid. -ine
90                added to boiling diphenyl ether (100 ml.),  The resultant
precipitate was collected by fil- l as                    and the mixture
wvas kept at 220-2400GC.  tration, washed successively with water and  95
until no more methanol was liberated (about  ethanol, crystallised from
dimethylsulphoxide, sus-                    5 minutes). The solution was
cooled and  and washed with hot ethanol. There was thus .v to
35  diluted  with  petroleum   ether  (b.p. '10-  obtained 6 - n - butyl -
2,8 - dicarboxy - ino-  95                600C.; 500  ml.). After standing
for 30  4,10  - dihydroxy  - 1,7 - phenanthroline, '100
minutes, the petroleum  ether was decanted  m.p. 3000C. (decomposition).
100 and                    from  the precipitated oil, and the oil was to
rubbed  in  the presence  of acetone. The                      Example 9 40
resultant mixture was filtered, and the solid    The methods described in
Examples 7 and mnol 100                residue (m.p. 170-1750C.) was
crystallised  8 were repeated using the appropriate phenyl- Cxo-
from  2-ethoxyetllanol and then washed with  cnediamine as starting
material, and the fol- ture                   ether. There was thus
obtained 6 - n - butyl -  lowing compounds wvere obtained:-            105
and                    2,8 - dimethoxvcarbonyl - 4,10 - dihydroxy -    6 -
s - butyl - 2,8 - dicarboxy - 4,10 - lted               45  1,7 -
phenanthroline, m.p. 175-1770C.          dihydroxy  -  1,7  -
phenanthroline, m.p. lidi- 105                 The 2,4 - diamino - 1 - n -
butvlbenzene  3080C.  (decomposition)  (crystallised  from cry-
used as starting material was obtained as  dimethylsulphoxide) from 2,4 -
diamino - 1 - anil,                   follows:-
s - butylbenzene;                             110 2,8 - dicarboxy - 6 -
cyclohexyl - 4,10 - enyl                      n-Butylbenzene (25 g.) was
added gradu-  dihydroxy - 1,7 - phenanthroline, m.p. 314GC. Lain- 110
50  ally over a period of 1 hour to a stirred  (decomposition)
(crystallised from  dimethyl- 1ha-                   mixture of
concentrated sulphuric acid (122  sulphoxide) from  2,4 - diamino - 1 -
cyclo- The                   nml.) and concentrated nitric acid (66 ml.;
hexylbenzene;                                     115 low
density 1.42) heated at 400C. When the addi-    2,6  - dicarboxy  - 4,8  -
dihydroxy  - eum                    tion was complete, the mixture was
heated at  9,10,11,12 tetrahydrobenzo[f] [1,7] - phen- ised  115
55  400C. for 45 minutes and then at 1000C.  anthroline, m.p. 318-320oC.
(dlecomposi- ;,8-     i           for 45 minutes. The mixture was cooled,
tion) (crystallised  from  dimelhv;lsulphoxide 5 -        t
poured on to ice, and the resulting oil was  and  washed  with  ethanol)
from   5,7  - 120 c-_                    extracted twice with ether (200
ml.). The  diamrino - 1,2,3,4 - tctrallydronaphthalene; I          ethereal
solution was washed successively with    2,8 - dicarboxy - 4,10 - dihydroxv
- 6 - 60  water, sodium  carbonate solution and water.  n - pcntvl - 1,7 -
phenanthroline, m.p'. 297- 120               The  ethereal  solution  was
dried   over  3000C.  (decomposition)  (crvstallised  from 6 -
anhydrous magnesium  sulphate, filtered, and  dimethylsulphoxide) from 2,4
- diamino - 1 - 125 was                    the solvent was removed by
distillation. The  n - pentylbenzene;    3
~~~~~~~~~~~1,308,7878 -_____ .             __       __     _     _    ___
_           _      9 2,8 - dicarboxy - 6 - n - hexyl - 4,10 -  derivative,
m.p. 19S-199C., crystallised dihydroxy - 1,7 - phenanthroline, m.p. 2940C.
from  aqueous methanol) was used directly (decomposition) (crystalliscd
from  dimethyl-  for the reaction with acetylene dicarboxylic sulphoxidc)
from  2,4 - diamino - 1 - n -  acid dirmethyl ester. The said 1 - n - hcxyl
-             6 - 5  hexylbenzene;                               2,4 -
dinitrobenzene was obtained by nitra-  70            hyd 2,8 - dicarboxy -
4,10 - dihydroxy - 6 -  tion of n-hexylbenzene in a similar manner
5  hye' 



n - octvl - 1,7 - phenanthrolinc, m.p. 3000C.  to that described above for
the nitration of           Exa (decomposition) (crystallised from
dimethyl-  n-pentylbenzene.                                       2,8
sulphoxide and washed with ethanol) from      The 2,4 - diamino - 1 - n -
octylbenzene                n - 10  2,4 - diamino - 1 - n - octylbenzenie;
and  used in the preparation of the said 6 - n -  75           306' 2,8 -
dicarboxy - 4,10 - dihydroxy - 6 -  octyl derivative was obtained by
hydrogena-           10  din- methoxy - 5 - phenyl - 1,7 - phenanthrolinc,
tion of 2,4 - dinitro - 1 - n - octylbenzene            no]) m.p.
277-2780C.  (decomposition)  from  in a similar way to that described in
Example 3,5 - diamino - 2 - mnethoxydiphenyl.      7 for the hydrogenation
of 1 - n - butyl - 15    The 2,4 - diamino - I - n - pentylbenzenc  2,4 -
dinitrobenzene. The 2,4 - diamino -  80              2. used in the
preparation of the said 6 - n -  1 - n - octvlbenzene so obtained (diacetyl
dih; pentyl derivative was obtained by hydrogena-  derivative, m.p.
195-1970C., crystallised           15  qui; tion of 2,4 - dinitro - 1 - n -
pcntylbenzene  from  methanol) was used directly for the             sod.
in a similar way to that described in Example  reaction  with  acetylene
dicarboxylic  acid         in 20  7 for the hydrogenation of 1 - n - butyl
-  dimethyl ester.                            85             dicz. 2,4 -
dinitrobcnzene. The 2,4 - diamino - 1 -    The 3,5 - diamino - 2 -
methoxydiphenyl              pyri n - penrylbenzene so obtained (diacetyl
deri-  used in the preparation of the said 6 - meth-      20  (cry vative,
m.p. 200-202C., crystallised from   oxy - 5 - phenyl derivative was
obtained by                1 aqueous methanol) was used directly for the
hydrogenation of 2 - metboxy - 3,5 - dinitro-            dihv 25  reaction
with  acetylene  dicarboxylic  acid  diphenyl (as a suspension in ethanol)
in a  90         line dimethyl ester.                            similar
way to that described in Example 7                 as f. The said 2,4 -
dinitro - I - n - pentylbeni-  for the hydrogenation of I - n - butyl - 2,4
-   25    A zene was obtained as follows: -             dinitrobenzene. The
3,5 - diamino - 2 - meth-             dim Fuming nitric acid (40 ml., d
1.5) was  oxydiphenyl so obtained (diacetyl derivative,              ml.)
30  added gradually to n-pentylbenzene with stir-  m.p. 169-170C.,
crystallised from  methyl 95          diar ring and cooling so that the
temperature  acetate) was used directly for the reaction
met, remained below 50C. When the addition was  with  acetylene
dicarboxylic acid  dimethyl            30  und. complete, the mixture was
stirred at 300C.  ester.
then for 90 minutes, then poured into ice-watcr
due 35  and the resulting oil extracted with ether. The            Example
10                                 crvs ethereal extract was washed
successively with    The method described in Example 1 was 100
addc water, sodium carbonate solution and water.  repeated using an
equivalent amount of the           35  (50: The  ethereal  solution  was
dried  over  appropriate  phenylenediamine  as  starting                245
anhydrous magnesium sulphate, filtered, and  material, and the following
compounds were               then 40  the solvent was removed by
distillation. The  obtained:-
due residue (29 g.) was stirred vigorously while
40-. fuming nitric acid (90 ml., d 1.5) was added    2,8 - diethoxycarbonyl
- 4,10 - dihydroxy - 105  40  dimr' slowly, allowing the temperature to
rise to  6 - n propyl - 1,7 - phenanthroline, m.p.                carl.,
600C. without external cooling. When the  212-2140C. (crystallised  from
ethanol or                  pyri; 45  addition  was complete  the  mixture
was  2-ethoxyethanol), from 2,4 - diamino - 1 - stirred and heated at
45-500C. for 2 hours.  n - propylbenezene; and The mixture was poured into
ice-water, the    6 - n - butyl - 2,8 - dicthoxycarbonyl - 110
Ti oil extracted with ether, and the ethereal  4,10 - dihydroxy - 17 -
phenanthroline,             45  repc; extract  Washed  successively  with
water,  n.p. 192-193C. (crystallised from ethanol),             dian. 50
sodium  carbonate solution, and water. The  from 2,4 - diamino - 1 - n -
butylbenzene.                di:n ethereal solution was dried over
anhydrous    The 2,4 - diamino - 1 - n - propylben-                  obta:
magnesium sulphate, liltered, and the solvent  zene used as starting
material was obtained  115       4,6 removed bv distillation. The residual
oil was  as follows: -                                      50  abovy
fractionally distilled under reduced pressure,    A solution of 2,4 -
dinitro - 1 - n - pro- 55  and there was thus obtained 2,4 - dinitro -
pylbenzene (10 g.) in ethanol (125 ml.) was 1 - n - pentylbenzene, b.p.
150-1560C./0.7  shaken with hydrogen at room  temnerature
Ti mm.                                         and atmospheric pressure in
the presence of 120           8 WC The 2,4 - diamino - 1 - n - hexylbenzene
palladium-on-clharcoal (0.5 g. of 5%) as cata-           enedi used in the
preparation of the said 6 - n -  Ivst. When the theoretical amount of
hydro-         55  lowi- 60  hexyl derivative wvas obtained by hydrogena-
gen (6.4 1.) had been absorbed, the mixture               2, tion of I - n
- hexyl - 2,4 - dinitrobenzene  was filtered and the filtrate evaporated to
dry-        n - in a similar way to that described in Example  ness under
reduced pressure. The residue of 125       294r 7 for the hydrogenation of
1 - n - butyl -  2,4  diamino - 1 - n - propylbeizene was
one 2,4 - dinitrobenzene.  The 2,4 - diamino -  used directly for the
reaction with diethyl          60  pho. 65  1 - n - hexylbenzenie so
obtained (diacetyl  oxalacetate.
b~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~2:    b___U
1,308,787                            5              9 sed -,ly        :
Example 11                    dihydroxy - 1,7 - phenanthroline, m.p. 286-
,lie                   2,S - Diethoxycarbonyl - 4,10 - dihydroxy -  287GC.
(decomposition) (crystallising  as a -1 -                6 - n - propyl -
1,7 - phenanthroline was  hemihvdrate from  dimethylsulphoxide) from   65
ra-  70             hydrolysed   with   hot  aqueous  sodium   2.4 -
diaimino - phenetole; 



ncr             5  hydroxide  by  the  method  described  in    2,8 -
dicarboxy - 4,10 - dihydroxy - 6 - of                 Example 8, and  there
was thus obtained  methoxy - 1,7 - phenanthroline, m.p. above 2,8 -
dicarboxv - 4,10 - dihydroxy - 6 -  3200C. (crystallising with one molecule
of n - propyl - 1,7 - phenianthroline, m.p.  solvent from
dimethylsulphoxide) from  2,4-  70 t -  75             3060C.
(dccomposition)  (crystallised  from   diaminoanisole; 10
dimethylsulphoxide, and washed with etha-    2,8 - dicarboxy - 6 - fluoro
-- 4,10 - :ne                 no]).
dihydroxy - 1,7 - phenanthroline, m.p. above pie         ;
3200C. (crystallised from dimethylsulphoxide) Example 12
from 2,4 - diamino - 1 - fluorobenzene; and  75 -  80               2,S   -
Dimethoxycarbonyl  -  4,6   -    2,8 - dicarboxv - 6 - n - heptyl - 4,10 -
Lyl                 dihydroxy - 10 - methylpyrido - [3,2-g]  dihlydroxy -
1,.7 - phenanthroline, m.p. 2960C. ad         ,  15  quinoline was
hydrolysed with hot aqueous  (decomposition) (crystallised from  dimethyl-
-he                 sodium  hydroxide by the mcthod described  sulphoxide,
and washed with boiling etha- zid         ;       in Example 8. There was
thus obtained 2,8 -  no]) from  2,4 - diamino - 1 - n - heptyl-  80 85
dicarboxy - 4,6 - dihydroxy - 10 - methyl-  benzene. nyl
pyrido[3,2-g] - quinoline, m.p. above 3000C.,    The 2,4 - diamino - 1 - n
- propoxyben- ch-         j  20  (crystallised from dimethylsulphoxide).
zene used in the preparation of the said by                    The 2,8  -
dinletboxycarbonyl - 4,6  -  6 - n - propoxyv derivative was obtained by
'.o-               dihydroxy - 10 - methylpyrido[3,2-g]quino-
hydrogenation of 2,4 - dinitro - 1 - n -  85 a  90      I      line used as
starting material was obtained  propoxybeuzene, in a similar way that des-
7                 as follows:-                                  cribed in
Example 7 for the preparation of -             25    A solution of
acetylene dicarboxylic acid  2,4 - diamino - 1 - n - butylbenzenc. The ;.h-
i        dimethyl ester (2.8 g.) in dry methanol (20  2,4 - diamino - 1 - n
- propoxybenzene so ve,                 ml.) was added  to  a solution  of
2,6  -  obtained had m.p. 84-860C. after crystal-  90 iyl  95
diamino - 1 - methylbcnzene (1.2 g.) in dry  lisation from  benzene. on
methanol (20 ml.), and the mixture heated       The 2,4 - diamino - 1 -
fluorobenzene used :iyl        1  30  under reflux for 3 hours. The mixture
was  in the preparation of the said 6-fluoro deri- I      then cooled and
filtered, and the solid resi-  vative wmas obtained in essentially the same
due of bis anil (1.9 g., m.p. 194-1960C.,  way from  1 - fluoro - 2,4 -
dinitrobenzene,  95 crystallised  from  dimethyformamnide)  was  and it was
an oil (diaeytvl derivative, m.p. vas 100             added in portions to
boiling diphenyl ether  189-1910C., crystallised from  water) which he
35  (50 ml.), and the mixture was kept at 2-10-  was used directly for the
subsequent reac- hig        1       2450C. for 10 minutes. The mixture was
tion with acetylene dicarboxylic acid dimethyl :rc                tnen
cooled, and filtered, and the solid resi-  ester. Likewise, the 2,4 -
diamino - 1 - n - 100 due was washed with petroleum  ether (b.p.
heptylbcnzene  used in the preparation of the 40-600C.; 750 ml.), and
crystallised from   said 6 - n - heptvl derivative was obtained y- 105
40  dimethylsulphoxide to give 2,S - dimethoxy-  by hydrogenation of 1 - n
- heptyl - 2,4 - .p.                carbonyl - 4,6 - dihydroxy - 10 -
methyl-  dinitrobeu-zene. The 2,4 - diamino - 1 - n - or
pyrido[3,2-g]quinoline, m.p. 2960C.          heptylbenzene so obtained was
used directly  105 for the reaction with acetylene dicarboxvlic Example 13
acid dimetbvl ester. The said 1 - n - heptyl - 110              The methods
described in Example 12 were  2,4 - dinitrobenzene was obtained by nitra-
.C,            45  repeated using an equivalent amount of 2,6 -  tion of
n-hcpivlbenzene in a similar manner ol),                diamino - 1 -
chlorobenzene in place of 2,6 -  to that described for the nitration of
n-pentyl-  110 diamino - 1 - methylbeczene. There was thus  benzene in
Example 7. en-                 obtained 2,8 - dicarboxv - 10 - chloro - :ed
11,           4,6 - dihvdroxvpyrido[3,2-g]quinoline, m.p.
Example 15 50  above 300C.                                    A  solution
of 2,8 - diethoxycarbonyl - ro-         ,
4,10 - dihydroxy- 6 - phcnoxy - 1,7 - phen- Avas
Example 14                   anthroline monohvdrate (0.5 g.) in a mixture
115 urc                   The methods described in Examples 7 and   of hot
glacial acctic acid (10 ml.) and hydro- of 120             8 were repeated
using the appropriate phenyl-  chloric acid (15 mil. of 3N) was heated
under 'a-                enediamnine as starting material, and the fol-
rcflux for two hours. The mixture was cooled 0o-                lowing
compounds were obtained:-              and then filtered, and the solid
residucv was uire                  2,8 - dicarboxy - 4,10 - dihydroxy - 6 -
wvashed with boiling chloroform. There  was 120 y-                pi -
propoxy - ] ,7 - phenanthroline, m.p.  thus obtained  2,8  - dicarboxy  -
4,10 of 125             2940C. (decomposition)  (crystallising  wvith
dihydroxv - 6 - phenoxv - 1,7 - phetianthro- rzas                one
molecule of solvent from  dimethylsul-  line hemihydratc, m.p. 306-307C.
(decom- hyl            60  phoxide) from 2,4 - diamino - I - n - pro-
position). pomybenznen;                                    lThe  2,8  -
dicthoxycarbonyl - 4,10  - 125 2,8 - dicarboxy - 6 - ethoxy - 4,10 -
dihydroxy - 6 - phenoxy - 1,7 - phenanthro-    & ii 10
1,308,787                                        10          11 line used
in the above process was obtained  2,8 - dimethoxycarbonyl - 6 - piperidino
- as a monohydrate of im.p. 214-215C. (cry-  1,7 - phenanthroline, m.p.
268-270C. stallised from ethanol) by a similar method 



to that described in Example 1, using 2,4 - 5  diaminodiphenyl ether as
starting material.                Example 19                   65 The
appropriate  methods  described  in             5 Example 16
Example 18 were repeated using the appro- The method described in Example 7
was  priate phenylenediamine as starting material, repeated, but using 1,3
- diamino - 4 -  and   the   following   compounds   were bromobenzene as
starting material in place  obtained: -                                70
10  of 2,4 - diamino - 1 - n - butylbenzene, and    2,8 - dicarboxy - 4,10
- dihydroxy - 6 -       ;   10 there was thus obtained 6 - bromo - 2,8 -
morpholino  - 1,7  - phenanthroline, m.p. dimethoxycarbonyl - 4,10 -
dihydroxy - 1,7 -  3170C. (decomposition) (crystallising with one
phenanthroline, m.p. 208-210C.            molecule of solvent from
dimethylsuiplioxide) from  2,4 - diamino - 1 - morpholinoben-  75 Example
17                  zene;
15 15    The method described in Example 15 was    6 - di - n - butylamino
-. 2,8 - dicarboxy - repeated, but using 6 - bromo - 4,10 -  4,10 -
dihydroxy - 1,7 - phenalnthroline, dihydroxy - 2,8 - dimethoxycarbonyl -
1,7 -  m.p. 279-280C. (decomposition) from 2,4 - phenanthroline as starting
material and con-  diamino - 1 - di - n - butylaminobenrzene;   80 tinuing
the heating under reflux for 10 hours.    4,10 - dihydroxy - 2,8 -
dimethoxycar-           20 20  There was thus obtained 6 - bromo - 2,8 -
bonyl - 6 - N - methylanilino - 1,7 - phen- dicarboxy - 4,10 - dihydroxy -
1,7 - phen-  anthroline, m.p. 239-240C. (decomposi- anthroline, m.p.
318-3200C. (decomposi-  tion) (crystallised from  dioxan), and 2,8 - tion).
dicarboxy - 4,10 - dihydroxy - 6 - N  -  85 methylanilino - 1,7 -
phenanthroline, m.p.             25 Example 18                  304-306C.
(decomposition)  (crystallised 25    A  mixture of 4,10 - dihydroxy - 2,8 -
from   dimethylsulphoxide)  from   2,4   - dimethoxvcarbonyl - 6 -
piperidino - 1,7 -  diamino - 1 - N - mcthylanilinobenzene; phenanthroline
(1.4 g.) and hydrochloric acid    6 - diethylamino - 4,10 - di;ydroxy -  90
(30 ml. of 3N) was stirred and heated under  2,8 - dimethoxycarbonyl - 1,7
- phenanthro- the reflux for 6 hours. A clear solution was  line, m.p.
2O9-210C. (crystallised  from            30 30  obtained, and then the
product precipitated  methanol) from 2,4 - diamino - 1 - diethyl- from  the
boiling solution. The mixture was  aminobenzene; and cooled and filtered,
and the solid residue was    2,8 - dicarboxy - 6 - hexahydroazepin -  95
washed twice with boiling chloroform. The  1 - yl - 4,10 - dihydroxy - 1,7
- phenanthro- solid was crvstallised fronn dimethiylsullphoxide  line, m.p.
292-293CC. (decomposition) from      35 35  and there was thus obtained 2,8
- dicarboxy -  2,4 - diamino - 1 - hexahydroazcpinylben- 4,10 - dihvdroxy -
6 - piperidino - 1,7 -  zene. phenanthroline (crystallising with one mole-
The 2,4 - diarnino - 1 - morpholinoben- 100 cule of solvent), m.p. 2960C.
(decomposi-  zene used in the above process was obtained             40
tion).                                     as follows:-4 40    The 4,10 -
dihydroxy - 2,8 - dimerhloxy-    A suspension of 4 - (2,4 - dinitrophenyl)
carbonyl - 6 - piperidino - 1,7 - phenanthro-  morpholine (5 g.) in ethanol
(125 ml.) was line used as starting material was obtained as  shaken with
hydrogen at room  temperature  105 follows:-
and atmospheric pressure in the presence of a A solution of acetylene
dicarboxylic acid  palladium-on-charcoal catalyst (0.5 g. of 5%).        45
45  dimethyl ester (5.2 g.) in dry methanol (25  When the theorctical
amount of hydrogen ml.) was added  to a solution of 2,4 -  (2.9 1.) had
becen absorbed, the mixture was diamino - 1 - piperidinobenzene (3.3 g.) in
filtered and the filtratce evaporated to dryness 110 dry methanol (50 vol.)
and, when the exo-  under the reduced pressure. The residue of thermic
reaction was over, the mixture was  2,4 - diamino - 1 - morpholinobenzene
(m.p.             50 50  heated under reflux for 3 hours. The sol-
126--128CG.,  crystallised  from   benzene/ vent was removed by
distillation at 600C.  petroleum  ether, b.p. 40-60C.) was used in vacrto,
and the residue of bis-anil (m.p.  directly  for the subsequent reaction
with  115 122--1240C., after crystallisation from meth-  acetylene
dicarboxylic acid dinmethyl ester. anol) was added  in portions to  boiling
The 2,4 - diamino - 1 - di - n - butyl- 55  diphenyl ether (50 ml.), and
the mixture  aninobenzenc, 2,4 - diamino - N - mlethvl- heated at 240-245C.
until no more metha-  anilinobenzene and 2,4 - diamino I. I - hexa- nol was
liberated (5 minutes). The solu-  hyvdroazepinylbenzene were obtained
similarly  120 tion was cooled, and diluted with petroleum   by
hydrogenation of 2,4 - dinitro - 1 - di - cther (b.p. 40-60cC.; 300 ml.).
The sol-  n - butylaininobenizene, 2,4 - dinitro - N -              60 60
vCnt wVas decanted from the precipitated solid,  metliyldiphenylamine and
2,4 - dinitro - 1 - and the solid was crvstallised from methanol.
hexahydroazepinylbeinzenc respectively. The There was thus obtained 4,10 -
dihydroxy -  products were oils and were used directly for 125    61 10
11                                           1,308,787 clino -
the subsequent reaction with acetylene dicar-  6 - methyl - 4,10 -
dihydroxy - 1,7 - phen- boxylic acid dimethyl ester.
anthroline (0.37 g.) in ethanol (10 ml.) was 



nmixed with a solution of miorpholinc (0.087  65 Example 20
g.) in ethanol. The mixture was heated to 65                 A  suspension
of 2,8 - dicarboxy - 6 -  boiling, and sufficient ethanol (40 nml.) was 'ad
in               5   methyl - 4,10 - dihydroxy - 1,7 - phen-  added to
obtain almost complete dissolution. appro-                   anthrolinc (1
g.) in n-butanol (10 ml.) was  The hot mixture was filtered, the fiitrate
:terial,                 saturated with hydrogen chloride gas, and then
cooled and the resulting crystalline salt flu-  70 were
heated under rcflux for 2 hours while a stream   tered oil. There was thus
obtained by mor- 70               of hydrogen  chloride was passed in. The
pholine salt of 2,8 - dielhoxycarbonyl - 6 - - 6 -               10  clear
solution was left for 12 hours at room   methyl - 4,10 - dihydroxy - 1,7 -
phenanthro- m.p.                   temperaturc, then filtered, and the
crystalline  line, molecular formula OII ne                  residue washed
with dry ether. The solid 'oxide)                  was dissolved as much as
possible in cold                 C,,!!,    . CHON,                 75 oben-
75                chloroform, the mixture filtered, and the fil- 15  trate
evaporated to dryness under reduced  m.p. 213-214C. (decomposition)
(crystal- 5oxy -                   pressure. The solid residue was
crystalliscd  lised from ethanol). roline,                  from
n-butanol, and there was obtained the 2,4-                    hydrochloride
of 2,8 - di - n - butoxycar-                     Example 24 4ene;   80
bonyl - 4,10 - dihydroxy - 6 - methyl - 1,7 -    The method described in
Example 1 was *ycar-              20  phenanthroline, m.p. 182-1840C.
(decom-  repeated, but using aY-chloronaphthalenc in  80 phen-
position), which re-solidifies above  IS50,C.  in place of diphenyl ether
as solvent during nposi-                   and rc-melts at 2650C. To obtain
the free  the cyclisation, and the mixture was heated 2,8 -
base, the  hydrochloride  was  stirred  and  at 220--2300C. for 10 minutes.
There was N     85                washed with water until acid-frec, and
the  thius obtained 2,8 - diedhoxycarbonyl - 4,10 - m.p.              m25
ixture was then filtered and the solid resi-  dihydroxy - 6 - methyl - 1,7
- phenanthro-  85 allised                  due crystallised from  n-butyl
acetate. There  line, m.p. 208-209C. (crystallised  from ,4
was thus obtained 2,8 - di - n butoxycar-  dioxan). ;:  :       bonyl -
4,10 - dihydroxy - 6 - methyl - oxy -  90                 1,7 -
phenanthrolinc, m.p. 133-135C.                         Example 25 .ithro-
The method described in Example 1 was from                30
Example 21                     repeated except that the diphenyl ether was
90 ethyl-                     The method described in Example 20 was
replaced by polyphosphoric acid. The residue repeated, but using n-amnyl
alcohol in place  obtained  after removing  the benzene was -pin -  95
of n-butanol, and tlhere was obtained 4,10 -  added to polyphosphoric acid
(50 ml.) heated ;ihro-                   dihydroxy - 6 - methyl - 2,8 - di
- n -  at 1250C., and the mixture was stirred and from                35
pentyloxycarbonyl -  1,7  - phenanthroline,  heated at 1300C. for 15
minutes. The mix-  95 Iben-                   m.p. 127-139C. (crystallised
from  diethyl  ture was cooled to 90C., poured on to ice, ! I
ether).                                        filtered, and the filtrate
basified with ammo- ;oben-  100                               Example 22
nium hydroxide (density 0.88) to pH 4. The 'tained                     The
method described in Example 8 was  aqueous layer was decanted from  the
pre- 40  repeated, but using 2,8 - diethoxycarbonyl -  cipitated gum, which
solidified on rubbing  100 *5enyl)                  3,6,9 - trimcthyl -
4,10 - dihydroxy - 1,7 -  with acetone. The mixture was filtered, and was
!            phenanthroline in place of 6 - n - butyl -  the solid residue
crystallised  from  dioxan. vaturc  105              2,8 -
dimethoxycarbonyl - 4,10 - dihydroxy -  There was thus obtained 2,S -
diethoxvcar- a of a                    1,7 - phenanthroline, and there was
obtained  bonyl  4,10 - dihydroxy - 6 - methyl - 1,7 - 5%).
45  2,8 - dicarboxy - 3,6,9 - trimethyl - 4,10 -  phelnanthroline, m.p.
208-209CC.                105 'rogen                   dihydroxy - 1,7 -
phenanthroline, m.p. above e was                    320C. (crystallising
with one molecule of :yness  110              solvent from
diniethylsulphoxide).                            Example 26 .Ie oft,
The 2,8 - diethoxvcarboiiyl - 3,6,9 - tri-    The method described in
Example 6 was (m.p.               50  methyl - 4,10 - dihydroxy - 1,7 -
phenanthro-  repeated, but using an equivalent amount of ene/
line used in the above process was obtained   6 - n - butyl - 2,8 -
dicarboxy - 4,10 - used                    by the method described in
Example 7, but  dihydroxy - 1,7 - phenanthroline in place of 110 with  115
using  2,4  -  diaminotoluene  and  ethyl  2,8 - dicarboxy - 4,10 -
dihydroxy - 6 - .ster.                    ethoxalyipropionate in place of
2,4 - diamino -  methyl - 1,7 - phenanthroline, and there was hutyl-
55  1 - n - butylbenzene and acetylene dicar-  obtained the disodium salt
of 6 - n - butyl - ;:hyl-                   boxylic acid dimethyl ester
respectively. There  2,8 - dicarboxy - 4,10 - dihydroxy - 1,7 - 7;exa-
was thus obtained 2,8 - diethoxycarbonyl -  phenanthroline as a
tetrahlydrate after dry- 115 ilarly  120              3,6,9 - trimethyl -
4,10 - dihydroxy - 1,7 -  ing at room temperature in air; n.m.r. spec- di -
phenaanthroline, m.p. 205-2060C. (crystal-  trum  (in DjO):  II: (or HII,)
single peak N  -                60  lised from 2-ethoxyethaniol).
(6.60 .8); 1-, (or II,) single peak (6.70 8): -1-
II, single peak (7.25 X); aromatic -CTI., of The
Example 23                     n-C,11, multiplet (2.20 8). U.V. spectrum
120 ly for  125                 A suspension of 2,8 - diethoxycarbonyl -
in water: Amax 231 A0 (e 35,000), 293 A0    13 12
1,308,787                                          12 (e 16,400), 310 A0
inflection (c 13,400),  dimethylsulphoxicle) was either 5 - bromo - 



346 Al (e 11,900) and 365 A0 inflection  2,7 - dimethoxvcarbonyl - 4,9 -
dihydroxy-  60 (r 9,160). An aqueous solution of the disodium   pyrido [2
3-  quinoline or 5 - bromo - 3,8 - salt had pH 4.4.
dimethoxycarbonyl - 1,10 - dihydroxy - 4,7 - 5     In a similar way there
was obtained the  phenanthroline (believed more likely to be the disodium
salt of 6 - n - propyl - 2,8 - dicar-  latter). The product was hydrolysed
by heat-               3 boxy - 4,10 - dihydroxy - 1,7 - phenanthro-  ing
with a mixture of hydrochloric acid and  65 line as a retrahydratc; n.m.r.
spectrum  (in  acetic acid for 10 hours, according to the DO): I1, (or IL)
single peak (6.60 8);  method described in Example 15. There was 10  Il,
(or H1) single peak (6.70 8); II, single  thus obtained 5 - bromo - 2,7 -
dicarboxy - peak (7.20 8); aromatic -CIl,, of n-G,,H;  4,9 -
dihydroxvpyrido[2,3-g] - quinoline or                     10 multiplet
(2.20 3). U.V. spectrum  in water:   5 - bromo - 3,8 - dicarboxy - 1,10  -
70 Aimax  231   A0   (e  37,200),  293   AO  dihydroxy - 4,7 -
phenanthroline (believed (e 17,500), 310 A0  inflection (e 14,300),  more
likely to be the latter), m.p. 2900C. 15  346 A0 (e 12,800) and 365 A0
inflection  (decomposition). (e 9,530). An aqueous solution of the disodium
salt had pH 4.4.                                    Example 30 The method
described in Example 7 was  75                  15 Example 27
repeated, but using 1,9 - diamino - 2 - chloro- 2,8 - Diethoxycarbonyl - 6
- methyl -  benznce as starting material in place of 2,4 - 20  4,10 -
dihydroxy - 1,7 - phenanthroline (0.36  diamnino - 1 - n - butylbenzene,
and the g.) was added to a hot solution of N - mcthyl-  intermediate
bis-anil (p.p. 100-102C. after glucamine (0.2 g.) in ethanol (5 ml.), and
the  crystallisation from  cthatnol) was cyclised in  80        20 clear
solution was cooled and diluted with  diphenyl cther by the method
described in diethyl ether. The mixture was filtered, and  the same
Example. 25  the s'olid residue was triturated with acetone,    The product
[rm.p. 292-2940C. (decom- and then filtered. There was thus obtained
positiorn),  crystallised  from   dimethylsul- N-racithlglucaminc salt of
2,8 - diethoxycar-  phoxide] was either 5 - chloro - 2,7 - dimeth-  85
2 bonyl - 6 - methyl - 4,10 - dihydroxy -  oxvcarbonyl - 4,9 -
dihydroxypyrido[2,3-gj 1,7 - plhenanithroline as a hemihydrate, mole-
quinoline or 5 - chnloro - 3,8 - diniethoxycar- 30  cular formula
bonyl - 1,10 - dihydroxy - 4,7 - phenanthro- line (believed more likely to
be the latter). Cjj-.,HsN G          N . C.1 2HO,     The product was
hydrolysed by heating with  90 sodium  hydroxide according to the method
mnp. 85-900C.                                described in Example 8. There
was thus                        30 obtained 5 - chloro - 2,7 - dicarboxy -
4,9 - Example 28                    dihydroxypyrido[2,3-g]quinolinc   or  5
- 2,8 - Dicarboxy - 6 - methyl - 4,10 -  chloro - 3,8 - dicarboxy - 1,10 -
clihydroxy -  95 35  dihvdroxy - 1,7 - phenanthroline (0.4 g.) was  4,7 -
phenanthroline (believed more likely added to a solution of
N-methylglucamine  to be the latter) as a hemihvdrate after wash- (0.39 g.)
in water (3 ml.) and stirred until  ing with boiling ethanol, m.p. 2800G.
(decom- the solution had p1-1 4. The mixture was  position). filtered, and
the filtrate was diluted with 40  ethanol (15  ml.) and decanted  from  the
Example 31                   100              40 precipitated guim. 1'he
gum was stirred with   The method described in Example 7 was acetone, and
then filtered. The solid residue  repcated using 1,4 - diamino - 2 -
trifluoro- was the N-merhylglucamine salt of 2,8  -  methylbernzene as
starting material in place dicarboxy - 6 - methyl - 4,10 - dihydroxy -  of
2,4 - diamino - I - n - butylbenzene, and 45  1,7 - phenanthroline, m.p.
2103C. (decom-  the intermediate crude bis-anil was cyclised  105
position), and had the composition           in diphenvl ether by the
method described in the same example. The product [m.p.
4 C,1,HIOhNu . 2C7H,-O7.N . T1(O.      3020C. (decomposition); crystallised
from dliznethvlsulplhoxide) was either 5 - trifluoro- The aqueous solution
in water had pH  4.    methyl - 2,7 - dimethoxvcarbonyl - 4,9 - 110
dihyclroxypyrido [2,3-gl quiniolinie or 5 - tri- Example 29
fluoromethyl - 3,S  - dimethoxycarbonyl - 50    The method described in
Example 7 was  1,10  - dihvdroxy  - 4,7  - phenanthroline repeated, but
using 1,4 - diamino - 2 -  (believed more likely to be the latter). The
bromebenzene as starting material in place  product was hvdrolysed  hy
heating  with  115 of 2,4 - diamino - I - n - butylbenzene, and  sodium
hydlroxide as described in Example the intermediate bis-anil (m.p.
i00-1010C.  2. There was thlls obtained 5 - trifiunro- 55  after
crvstallisation  from   meTha1nol)  was  methyl - 2,7 - dicarboxy - 4,9 -
dihydroxy-                     V cyclised in diphenyl ether by the method
pyrido[2,3-gjquinoline  or  5  -  trifluoro.- described in the same
Example. The product  rmethyl - 3,8 - dicarboxy - 1,1I0 - dihydroxy - 120
(m.p.   2S3-284C.,   crystallised   from   4,7 - phenanthroline (believed
more likely to    13                                             1,303,787
1.3 -1......        --     be the lattcr) as a dihvqraie,  ..p. 320C 



(decomposition).                                                     CP 60
1qX E*an;p-.ipe 32                                    I The disodiumi salt
of 6 - n - prC . 5   diclarboxv - 4,1(0 - _`hvdroxv - 1.- - Dl1-
'   B 65                    anthroline (20 g.; scr-eenmed Ihr.; t'u*'esn
sihi 90; all mnesh sizes -nrejin are azorainmg to (,) Brritish Standard
-1>: i962' and I- to  (15 g.; screened  throutc'  mesh  size  90) were
or                         50 10  thoroughly nixed. Tere v as thu -
obtained 70                    a powder formulation suit able fo.
inhalation-                      N for medicinal purposes.
a             TCO;< 2 wExa::-pl2 33
01 An aerosol formnu   :on wvas prepared con- 75               15  sisting
of fimclv hdv-*ed  disoliu:ni salt of
(III) 6 - n - but- l-2   - dicarobx v- 4,10 - dihvdroxv - 1,7 -p
tathroline.2   .' w/v;                            or I           screened
throuah me'h size 90\, isoprenaline sulphate (0.1P. v/w: screened through
mesh size 90), and propei'.-nt to 100   v; /w  (the                       T
propella-rt wvas a           -.0 /v  nmixmure  of
clieh-iloro-diflloroin't'- n-  and 1,.2 - dichloro -                    LI
1,1,?.,2 - tetrnfuorc2-'nane). Th2-e wvas thus                          N
obtained an aerosol  .rmulation suitable for                 a    b' 85
25  inhalation for medicinal purposes. (IV) Exar-ole 34 A mixture of 6 - n
- burv1 - 2.S - diethoxv-                        or 90
carbonyl - 4,10 - d:ih-udrox   - 1.7 - phen- anthroline (50 g.) and
mannitol '25 g.) was 30  filld into hard gclat:n carpsule s. There was
55 thus obtained capsules cc.-nrininng betwLveen 25
55 mg. and 500 mg. of a-tive in.gredient which                   1 ,
L 95                    are  suitable  for  c:-l  administration  for
N therapeutic purposes. 35    The active ingredi-nt used  in the above
(V) process was replaced by equivalent quantity of 2,8 - diethoxyvcarloxnvl
- 4,10 - dihvdroxy -    -herein a in the formulae II to V indicates 6 - in
- propyl - 1. - ph'eainthrcline, and  the common bonod between the pyridin-
ring 100                   there were th'us octai:ed caps.:les containing
and the benzene ring A  in the formula I; 40  between 2'5 Itg. and 5^n
0ing. of active ingre-  R: stands for hydrogen or a methyl radical; dient
which were sUi'-e for oral aJministra-  RB stands for a hydroxv, C:..,.
alkvoxx, G  *,,  60 tion for therapeutic purposcs.
phelnylalkoxv  or phenoxv  radical; and  the benzene ring B mnav optionallv
bear not more 105
than two slbstituenis selected from C.-, alkvl, WHIIAT W`E CLAIM  IS:-
cycloalkyl of not morc than 6 carbon atoms, 1. A pyridoquinoline derivative
of the for-  C  ,. alkoxv,  trif:orometiw1,  phen!l  and   G 45  mnula:
pihenoxy  radicals, and  haiogcen  atoms. and NRi-IR4' radicals vherein R!
stands for a C.-C. 110
alkvl radical  and  R' stand s  for a  C: OU                          alky!
or plieyll  ra'ical or w.he-rein -'NR'4 X   .
stands for a nitrogen-cortairlin, heterocvclic  70 R f'     X   t ladical
of not more than 7 ring aroms: or, rec cc                                 i
n the case of the formula  F  or lV, the 115
N                           benzene ring .   may optionally I-ar an alkvl-
ene radical of 3-5 carbon atoms; and where- (I)    in when R: stands for a
me;htl  radical. the  75 compounds are I,7-pheni:nthrl!;'ne d rivaCir S *w
herein  the  benze;ne  ri:n   A  stands for a  only, bearl-ng citCher a
C..;j-a!kx, 1 C    '' x'; 120                    group of the formula:-
pretOx, piperidino or nierplpholuno sXilst~iu:-    12     13        *     I
L1,30I,787                                                               13
12j----.._.._.. be the latter) as a dihydratc, m.p. 3200C. (decomposition).
C y-  60
IR 



Example 32                                           -Ol The disodiurn salt
of 6 - n - propyl - 2,8 t1                  5  dicarboxy - 4,10 - dihydroxy
- 1,7 - phen- *d  65                  anthroline (20 g.; screened through
mesh size IC                      90; all mesh sizes herein are according
to                                        (II) ats
British Standard 410:1962) and lactose (15 g.; screened through mesh size
90) were                          or                      50 -!r          .
10  thoroughly mixed. There was thus obtained 70                  a powder
formulation suitable for inhalation A                       for medicinal
purposes.                                               C Yeoe Example 33
An aerosol formulation was prepared con- s  75              15  sisting of
finely divided disodium  salt of                                      (III)
;-          I           6 - n - butyl -2,8 - dicarboxy - 4,10- dihydroxy -
1,7 - phenanthroline (2%  w/w;                       or screened through
mesh size 90), isoprenaline sulphate (0.1%  w/w; screened through mesh *;
80      li      20  size 90), and propellant to 100%  w/w  (the propellant
was a 60 :40  v/v  mixture of                  HO K  co
Idichloro-difluoromethanc and 1,2 - dichloro -                %I  I 1,1,2,2
- tetrafluoroethane). There was thus                      N obtained an
aerosol formulation suitable for 25  inhalation for medicinal purposes.
a   1P (IV) Example 34 A mixture of 6 - n - butyl - 2,8 - diethoxy-
or ;  90    '          carbonyl - 4,10 - dihvdroxy - 1,7 - phen- anthroline
(50 g.) and mannitol (25 g.) was                    OH 30  filled into hard
gelatin capsules. There was                                             55
thus obtained capsules containing between 25               N   '
55 mg. and 500 mg. of active ingredient which               BCOP- 95
;          are  suitable  for  oral administration  for
N *          therapeutic purposes. *   ~35    The active ingredient used in
the above                                           (V) process was
replaced by equivalent quantity of 2,8 - diethoxycarbonyl - 4,10 -
dihydroxy -  wherein a in the formulae II to V indicates 6 - n - propyl -
1,7 - phenanthroline, and  the common bond between the pyridine ring 100
1          there were thus obtained capsules containing  and the beazene
ring A in the formula I; 40  between 25 mg. and 500 mg. of active ingre-
RI stands for hydrogen or a methyl radical; dient which were suitable for
oral administra-  R2 stands for a hydroxy, C-, alkoxy, C._,  60 tion for
therapeutic purposes.               phenylalkoxy or phenoxy radical; and
the benzene ring B may optionally bear not more 105
than two substituents selected from C.,, alkyl, WHAT WE CLAIM  IS : -
cycloalkyl of not more than 6 carbon atomns, 1. A pyridoquinoline
derivative of the for-  C,-.  alkoxy, trifluoromethyl, pheny! and  65 45
mula:                                        phenoxy radicals, and halogen
atoms, and NR'R4 radicals wherein RW  stands for a C1, 110
alkyl radical and  RI stands for a C, O,                      alkyl or
phenyl radical or whercin -N3Ri stands for a nitrogen-containing
heterocyclic  70 A         f          1 radical of not more than 7 ring
atems; or, eCO U   JIa>                        in the case of the formula
II or IV, the 115                               '     N
benzene ring B may optionally bear an alkyl- ene radical of 3-5 carbon
atoms; and where- (I)   in when RI stands for a methyl radical, the  75
compounds are 1,7-phenanthrol.ne derivativcs r          wherein the benzene
ring A  stands for a  only, bearing either a C,.,-alkyl, C2.,-alkoxy, 120
group of the formula:-                       phenoxy, piperidino or
morpholino substitum-    i     _______    _____   ______    ______
1,308,787                                           14 ent in the 5- or
6-position, or 5,6 - dimethyl  ents selected from  C,_8 alkyl, cycloalkyl
of                   6 or 5 - phenvl - 6 - methoxy substitucnts, or  not
more than 6 carbon atomns, C,-,, alkoxy,                      nr a
5,6-alkylene  substituent of 3-5  carbon  trilluoromethvl, phenyl and
phenoxy radicals,  55                  th atoms;  or  a  non-toxic
pharmaceutically-  and  halogeni  atoms, and  NR `R4  radicals 5
acceptable salt thereof; but excluding 2,8 -  wherein R' and RI are the
san.e or different                  5   Cc dicarboxy - 4,10 - dihydroxy -
1,7 - phen-  and either stands for a C.,  alkyl radical;
ar anthroline and di - C,- - alkyl esters thereof,  or, in the case of the
formula It or IV, the                   1 



and 4,9 - dihydroxy - 2,7 - dimethoxycar-  benzene ring ]B may optionally
bear an alkyl  60                     % bonylpyrido[2,3-g]quinoline,  and
non-toxic  cnc radical of 3 to 5 carbon atoms; or a
Ii 10  pharmaccutically-acceptable salts thereof.     non-toxic
pharmaceutically-acceptable  salt                 10  th 2. A
pyridoquinoline derivative of the for-  thereof; but excluding 2,8 -
dicarboxy - 4,10 - mula I, wherein the benzene ring A stands  dihydroxy  -
1,7  -  phenanthroline  and for a group of the formula II, IlT, IV or V;
di - C1_, - alkyl esters thereof, and 4,9 -  65 wherein a in the formulae
II to V indicates  dihydroxy - 2,7 - dimethoxv - carbonylpyrido 15  the
common bond between the pyridine ring   [2,3-g]quinoline, and non-toxic
pharmacen- and the benzene ring A in the 'formula I; RI  tically-acceptable
salts thereof. stands for hydrogen; R! stands for a hydroxy,    6. A
compound as claimed  in claim  1 C.,f alkoxy, C,-,., phnlr;alkoxy or
phenoxy  wherein R` stands for a methoxy, ethoxy,  70 radical: and the
benzene ring B may option-  n-propoxy, n-hutoxy, n-pentyloxy or benzyl- 20
allv  bear not more  than  two substituents  oxv radical. selected from
C,, alkyl, C-,-  alkoxy, tri-    7. A compound as claimed in claim  1 or
fluoromethy], phenyl and phenoxy radicals,  6 wherein the ring B bears not
more than two and  halogen  atoms, and  NR'R' radicals  substituents
selected  from  nmethyl,  ethyl,  75 wherein R' and R' arc the same or
different  propyl, butyl, pentyl, hexyl, heptyl, octyl, 25  and either
stands for a C,-, alkyl radical;  cyclohexyl, methoxy, ethoxy, propoxy,
tri- or a  non-toxic  pharmaccuticallv-acceptable  fluoroinethyl,  phenyl,
phenoxv,  dimethyl- salt thereof; but excluding 2,8 - dicarboxy -  amino,
diethylarmino, dipropylamino, dibutyl- 4,10 - dihydroxy - 1,7 -
phenanthroline and   amino  and  N-methylanilino  radicals, and  80 di -
C1, - alkyl esters thereof, and 4,9 -  saturatedc  heterocyclic radicals of
5,6 or 7 30  clihydroxy - 2,7 - dimzthoxycarbonylpyrido   ring atoms,
containing a nitrogcn atom  as [2,3-g] quinoline, and non-toxic pharmaccu-
hetero-atom   and  optionally  containing  a ticallv-acceptable salts
thereof.              second hetero-atom  which is an oxygen atom, 3. A 1,7
- phenanthroline derivative of the  and fluorine, chlorine and bromine
atoms.      85 formula: --                                      8. A
compound as claimed in claim  1 or 6 which is of the formula VI or VIII,
where-                15  1, in the ring B bears a trimethylene, tetra-
CaR2                 methylene or pontamethylene radical. 9. A compound as
claimed in claim  1 or  90 Nt    pjl               7 which is of the
formula VI, wherein R' I;>l   l    |      stands for hydrogen, Ri2 stands
for a hydroxv 35             a-X&       .<       01]-            radical,
and  the benzenc  ring  n  bears a                       1 B l    |
C, lalkyl radical in the 6-position of the co         ' 0
nucleus.                                       95            20  w. Nl
X10. A  compound as claimed in claimn 9
re wherein the benzene ring B bears an n-propyl, (VI)    n-but}"l, t-butyl
or n-pentyl radical in the                      ra. 6-position of the
nucleus.                                      fo wherein R' stands for
hydrogen, R' stands         11. A salt as claimed in any of claims 1  100
25 for a hydroxy radical, and the benzene ring  to 10 which is a non-toxic
pharmaceutically-                        1: 13 bears a C1,- alkyl radical
in the 6-position  acceptable acid-addition salt.
I. of the phenanthroline nucleus, or a non-toxic     12. A  salt as claimed
in any of claims                       thc 40  pharnmaceutically-acceptable
salt thereof.      1 to 10 whereini RI  stands for a hydroxy
Xi 4. A comnound as clained in claim  3 in  radical and/or the ring hydroxy
radicalts) is  105               30  or which the alk'yl radical in the
said 6-position   or are suflicienily acid, which is a salt con-
sa is a C2., alkvl radical.                       tamning  a non-toxic
pharmacentically-accep-                     ph, 5. A pyridoquinoline
derivative of the for-  table cationic moiety. mnula I, wherein the benzene
ring A stands        13. 6 n - Butyl - 2.8 - dicarboxy - 4,10 -
cO" 45  for a group of the formula II, III, IV  or  dihydroxy - 1,7 -
phenanthreline or a non-  110                  35  ha V; wherein a in the
formulae II to V indi-  toxic pharmaceultical!ly-acceptable salt there-
for cates the common bond bCetween the pyriditne  of.
al: ring and the benzene ring A in the formula        14. 2,8 - Dlicarboxy
- 4,10 - dihydroxy -                      cai I; RI stands for hydrogen; Ri
stands for a  6 - n - propyl - 1,7 - phenanthroline or a
pe: 50  hydroxy, C-, alkoxy, C7,- phenylalkoxy or  non-toxic
pharmaccutically-acceptable  salt 115                 40  acc phenoxv
radical; and the benzene ring B may  thereof. optionally bear not more than
two substitu-       15. 2,8 - Dicarboxy - 4,10 - dihydroxy - I 1||1||1
111111 11111 11|111 11 1|11    14           15
1,308,787                                            15 of
6 - n - pentyl - 1,7 - phenanthrolinc or a  wherein R2 has the meaning
stated inlniedi- Xv,                   non-toxic
pharmatceulticallb-acceptable  salt  ately above, so as to give an
intermieliate :s,  55                thereof.
compound which in one of its tautomleric :als                     16. A
process for the mantufacturc of a  forans has the ir'nafula XIV  or NV
respec-  45 ~nt               5   compontd claimed  in claim  1, wherein A
tively, wherein R' stands for Ii', diogen, and .-;                   and R'
have the meanings stated in claim  ihen ring-closing this compound by
hteating 



:hc                   1 and R' stands for a C,.; alkoxy radical,  it at
230-250C., for example in diphenyl vyl  60               which comprises
carrying out the Conrad-  ether or a-chloronaphthalene, or by heatillg it A
Limpach reaction on a diamino conpound of  with polyphosphoric acid at
130-1S0C.              50 alt               10  the formula:-
20. A1  process for thc manufacture of a ;-
compound claimed in claim  1, wherein A d:
and R' have the Mcanings stated in claim 65
I and RH  stands for a hydroxy radical, which so
comprises hydrolysing the corresponding alkyl,  55 il1-         ;
1 Bj lphenylalkyl or plhenyl ester or the correspond- '    N~l
ing nitnle or amnide. 1  2XI)                 21. A  process as claimed  in
claim  20 -y,  70                                                     (XI)
whercin  the hydrolytic agent is an  alkali .1-
metal hydroxide or an inorganic acid.          60 or
22. A  process for the manufacture of a or           ,      .
*       cormpound claimed in claim 1, wvherein A and uo
R' have the mcanings stated  in  claim  1 ,  75
and R: stands for a C,, alkoxy radical, which .i,
comprises  esterifying  the  appropriate  car-  65 *;-
Zboxylic acid or trans-esterifying an appro- "1-
B) E; |priate ester. 1-                                      N   J
23. A compound of thc formula I. wherein td  80
the benzene ring A stands for a groutp of the 7
NI-i                       formula II, III, IV or V, and a, R', RI and  70
as           .                                                       B have
the nmeanings stated in claim  J, or a a
I1011-toxic  pyharmaceutically-acceptable  salt n,  (XII)    thereof, but
cxcluding 2,8 - dicarboxy - 4,10 - 85
dihydroxy  -  1,7  -  phenanthroline  and or                    wherein R
has the meaning stated in claim   di - Cd- alkyl esters thereof, and 4,9 -
75 ...              15  1, and a compound of the formula:-
dihydroxy - 2,7 - dimethoxvcarbonylpyrido - [2,3-g]quinoline and non-toxic
pharnlaceUtic- R2CO . CHR' . CO . COR' (XIlI)    ally-acceptable salts
thereof, whenever prc- or  90
pared by a process claimed in any of claims the
16 to 22.                                      so *:y
wherein RI has the meaning stated in claim        24. A  pharmaceutical
comnposition  coin- a                    1 and RH  stands for a C-, alkoxy
radical.    prising a compound of the formula I, where- * ,e
17. A process as clained in claim  16 in  in the benzene ring A stands for
a group of 95           20  which the first stage of the Conrad-rintpach
the formula II, III, 1V or V; wherein a in 9                    reaction is
carried out at 80-1100C. in an  the formula II to V  indicates the co-mnon
85 i,          e        aromatic hydrocarbon solvent and in an appa-  bond
between the pyridine ring and benzene acC                   ratus wvhich
facilitates the removal of Nvater  ring A in the formula I; RH  stands for
hydro- formed during the said first stage.            gen or a methyl
radical; R! stands for a 1  100          25    18. A process as claimed in
claim  16 or  hydroxy, C,-,, alkoxy, C7-,, plichlylalkoxy or 17 in ;hich
the second stage of the Conrad-  phenoxy radical; and the benzene ring 13
may  90 Limpacd  reaction is carried out by heating  optionally bear not
more than two substitu- as                   the internmcdiate compound of
the formula  ents selected front C,-, alkyl, cycloalkyl of -.y
XIV or XV at 230-250C. in diplienyl ether  not more than 6 carbon atoms,
C.-, alkoxy, is 10J.,         30  or a-chloronaphthalene, or by heating the
trifluoromethyl, pheny'l and phenoxy radicals, 1-     *             said
intcrmediate compound wvith polyphos-  and  halogen  atoms, and  NRJR'
radicals  95 *            ,       phoric acid at 130-1Th0C.
ewherein R' stands for a C,-, alkyl radical 19. A  process for the
manufacture of a  and R' stands for a CI, alkyl or phenyl compound claimed
in claim  1, wherein A   radical or wherein -NRIR' stands for a 110
35  has the meaning stated in claim 1, R' stands  nitrogen-containing
heterocyclic radical of not for hydrogen, and  RH  stands  for a C,-,  more
than 7 ring atomas; or, in the case of  100 alkoxy, C-.,,, phenylalkoxy or
phenoxy radi-  formula II or IV, the said benzene ring B cal, which
comprises reacting a diamino COII-  May optionally bear an alkylene radical
of a                    pound of the formula XI or XII with an  3-5  carbon
aitomns; and wherein when RI !t 115          40  acetylenc derivative of
the formula:--           stands for a mneLhyl radical, the compounds are
1,7-phenanthrolialc derivatives only, bear-  105 R^CO . C-C . COR'    (XVI)
ing either a C,,-alklyl, C,-4-alkoxy, phenoxy, i           ~~~~I 1||1||
111|lie r11 111111111Il    16
1,303,787                                            16 piperidino or
moir3holino substituent in the  oxo - 4,5 - dihydro - s - triazolo[1,5-a]
5- or 6-position, or 5,6-dimethyl or 5  -  pyrimnidincs; (c) theophylline
and related 3,5 - phenyl - 6 - metl1oxy substituents, or a 5,6.  cli - C.1,
- alkylainthines; and (d) 6,8 - di -  30 alkylenc substitucnt of 3-5 carbon
atoms; or  C,-4 - alkyl - 5,6 - dihydro - 5 - oxo - s - 5   a non-toxic
phiarmaccuticallv-acceptable salt  triazolo[4,3-cjpyrir1midines.
GO 



thercof; and an incrt non-toxic pharmaceuti-    29. A  composition as
claimed in any of cally-acceptablc diluent or carrier.            claims 24
to 28 whvich contains 1%  to 50% 25. A composition as claimed in claim  24
by weight of a compound of the formula  35 which is in a form suitable for
administration   I, or a non-toxic pharmaceutically-acceptable
( 10  by inhalation.                                  salt thereof. 26. A
comoosition  as claincd  in  claim       30. A compound, claimed in claim
2, sub- 24 which is in a form suitable for intravenous  stantially as
described in Example 1, 2 or adcinistration.
3.                                              40 27. A comnposition as
claimed in claim  24      31. A  compound, claimed in claim  2, 3 15  which
is in a form suitable for oral adminis-  or 4, substantially as described
in Example tration.                                        4 or 5. 28. A
composition as claimed in any of         32. A compound, claimed in claim
5, sub- clainms 24 to 27 which contains, in addition   stantially as
described in any of Examples 6  45 to a compound of the formula I, one or
more  to 13. 20  other known active ingredients selected from       33. A
compound, claimed in claim 1, sub- ,8-adrencrgic stimulants, prostaglandins
having   stantially as described in any of Examples 14 bronchodilatory
activity  and   phosphodi-  to 31. esterase inhibitors selected from the
following   34. A pharmaceutical cotnposition, claimed   50 compounds: -
in claim  24, substantially  as described  in Example 32, 33 or 34. 25
(a) 3 - acetamido - 6 - methyl - 8 - n - propyl - s - triazolo[4,3-al -
pyrazine; (b)                  R. ALLERTON, 2 - amino - 4,6 - di - C,-.1 -
alkyl - 5 -                Agent for tne Applicants. .Prinited for I (or
aljesty'.s Stationery\ Of lico, by the C~ourier .'roess, L~eamin/gt.on Spa,
1973. Publishied( by 'I he P'ate!t ()flMeo, 25 SouthWampton lnildigs.
London, WC2A lAY, frcin which copies may be obtained.
( EIRRATA SPECIFICATION No. 1,308,787
U Ci Page 2, line 21, after wvherein insert when
a Page 2, line 55, for quinoline read quinolone
5   n Page 4, lines 5 and 6, for R' read R' Page 4, line 42, for and read
or Page 6, line 47, for at read as
ia Page 6, line 48, after have insert been
3t Page 8, line 109, for propylbenezene read
10 propylbenzene  .
Pt Page 10, line 29, delete the
at. Page 10, line 82, for N read N
a . Page 11, line 71, for by read the
thl. Page 13, line 69, for -N3R4 read -NR3R'
15  th. tiv~ THE PATENT OFFICE 25thz Jun72e, 1973
>.. 20 c dis v ( 25 -I li i   ie11111 1 11111 11 11111111112 * C   L   M
S * [(    


