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The r ing i s o m e r  of the cor responding  acyl  de r iva t ive  - 5 ,9 -d ioxo-17a-hydroxy-9 ,10 ,11 ,16-  
17,17a-hexahydro-5H-dibenzo[d,e ,h]phthalazino[2,3-a]  cinnoline - was  obtained by acylat ion of 
1 ,2 ,3 ,4- te t rahydrophtha laz ine  with an th r aqu inone - l - ca rboxy l i c  acid chlor ide .  T r e a t m e n t  of the 
product  with thionyl chlor ide  or  hydrogen chlor ide  gave the deeply colored 5,9-dioxo-9,10,11,1 6-  
te t rahydro-5H-dibenzo[d ,e ,h]phtha laz ino[2 ,3-a]  cinnolinium chlor ide .  The poss ib i l i ty  of cha rge  
t r a n s f e r  between the chlor ide  anion and the phthalazinium cation is examined as a r e a son  fo r  
the deep colora t ion .  Th i s  compound v e r y  read i ly  undergoes  hydroly t ic  oxidative c leavage  at  the 
C - N  bond to give 2 - (2 - fo rmylbenzy l )  -3 ,7-d ioxo-2 ,3-d ihydro-7H-dibenzo[d ,e ,h]  cinnoline. 

The N,N'-dimethylhydrazides of 2-benzoylbenzoic [I] and anthraquinone-l-carboxylic acids [2] have 
ring structure I. Under the influence of electrophilic agents they are demethylated under mild conditions to 
give phthalazone ]/Ia or its condensed analog IIIb. It has been assumed [I] that the methyl group is split out in 
the form of a carbonium ion from intermediately formed immonium ion II. 
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To ascertain the mechanism, it was of interest to investigate this reaction in the case of the cyclic N,N'- 
dialkylhydrazide. In this case the alkyl residue after cleavage of the C-N bond nevertheless remains bonded 
to the principal fragment of the molecule. 

The aim of the present research was the synthesis and study of the structure and reactions with electro- 
philic agents of 2- (1-anthraquinonecarbonyl)-1,2,3,4-tetrahydrophthalazine, which, like the N,N'-dimethyl- 
hydrazide of the same acid, has the hexahydro-5H-dibenzo[d,e,h]phthalazino[2,3-a]einnoline ring structure 
(IV). Compound IV was obtained by acylation of tetrahydrophthalazine with anthraquinone-l-earboxylic acid 
chloride in the presence of triethylamine. Structure IV was vonfirmed by the similarity between the IR and 
electronic spectra of this compound and the spectra of the previously synthesized [2] dibenzo[d,e,h]cirmoline 
(Ib). 

A der iva t ive  with an open s t ruc tu re  (V) is f o rmed  in the reac t ion  of acet ic  anhydride with phthalazine IV. 
An intense ( in tegral  in tensi ty  9.42 p rac t i ca l  uni ts*)  ove r  all  absorpt ion  band of anthraqninone and acyl  C---- O 
g r o u p s  is  obse rved  in the IR s p e c t r u m  of a solution of V in dioxane at 1678 cm -1. Open s t ruc tu re  V is also 
conf i rmed  by the e lec t ronic  s pec t rum  of th is  compound, which is  s i m i l a r  to the spec t r a  of o ther  de r iva t ives  of 
a n t h r a q u i n o n e - l - c a r b o x y l i c  acid [2]. 

*A pract ical  unit is  10 4 l i t e r s ,  mole -I �9 cm -2 (In). 

Riga Polytechnic Institute, Riga 226355. Translated from Khimiya Geterotsiklicheskikh Soedinenii, No. 
I0, pp. 1411-1415, October, 1977. Original article submitted November 9, 1976; revision submitted February 
22, 1977. 

0009-3122/77/1310-1133507.50 �9 1978 Plenum Publishing Corpora t ion  1133 



Compound IV d i f fe rs  with r e spec t  to i ts reac t iv i ty  f r o m  previous ly  invest igated [1] Ia, which undergoes  
demethylat ion when it is  t r ea t ed  with acet ic  anhydride.  The fo rmat ion  of V in this  reac t ion  can be explained 
by p r i m a r y  at tack of the e lect rophi l ic  agent on the N(17) a tom and subsequent opening of the phthalazine r ing.  
S imi la r  r ing opening has  been observed  [1, 2] in the reac t ion  of phenyl isocyanate  with Ia,  b. 
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The reac t ion  of hydrogen chlor ide o r  thionyl chloride with IV gives an eas i ly  separable  mix ture  of dark-  
blue c rys ta l l ine  9,10,11,16-tetrahydro-5H-dibenzo[d,e ,h]phthalazino[2,3-a]cinnolinium chloride (VI) and yellow 
dibenzo[d,e,h]cinnoline (X). Chloride VI is unstable with respec t  to the action of moi s tu re  and a i r  and is  rapidly 
conver ted  to aldehyde X during s torage.  The format ion  of aldehyde X in the course  of this reac t ion  and during 
the react ion of chlor ide VI with pyr idine,  which is d iscussed  below, is evidently due to the p resence  of mois tu re  
and oxygen in the reac t ion  mixture .  The reac t ion  of chlor ide VI and pyridine gave a mix tu re  of aldehyde X 
and 2-[2-(pyridinomethyl)benzyl]-3,7-dioxo-2,3-dLhydro-7H-dibenzo[d,e ,h]cinnol ine chlor ide (XIa), which for  
working convenience was conver ted to the more  m o i s t u r e - r e s i s t a n t  pe rch lo ra te  XIb. The XI s t ruc tu re  was 
conf i rmed by the  s imi la r i ty  between its e lec t ronic  and IR spec t ra  and the spec t ra  of model  compounds - 2- 
benzyl-3 ,7-dioxo-2,3-dihydro-7H-dibenzo[d,e ,h]  cinnoline (XII) and the previous ly  synthesized [2] 2 -methy l -  
substi tuted analog. Compound XII was obtained by acylation of benzylhydrazine with an th raqu inone- l - ca rboxy-  
l i c  acid chlor ide .  Singlets of CH2-N + and CH2-N groups a re  observed in the PMR spec t rum of der ivat ive  Xllo. 
The fo rmat ion  of pyr idinium der ivat ive  XI is,  i n c u r  opinion, a conf i rmat ionof  the s t ruc tu re  of s tar t ing chlor-  
ide VI. The  benzylearbonium ion that is  fo rmed  a f te r  he tero ly t ic  cleavage of the CH2-N + bond is captured 

by pyr idine.  

The s t ruc tu re  of aldehyde X is conf i rmed by the s imi la r i ty  in the e lec t ronic  spec t ra  of X-XH. A new 
band of an aldehyde group at 1688 cm -1 appears  in the IR spec t rum of aldehyde X in addition to the C ~ O bands 
(1681 and 1655 cm -1) that a re  also observed  in the spec t ra  of XI and XII. The overa l l  integral  intensit ies of 
the C ~ O and C = N bands in the spec t rum of aldehyde X a re  1.7 prac t ica l  units h igher  than the intensi t ies  of 
the C = O and C = N absorpt ion in the spec t rum of model compound XH. This  d i f ference is  in good agreement  
with the data  in [3] on the intensi t ies  of the a romat ic  aldehyde group in the IR spec t ra .  Singlets of a methylene 
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group and aldehyde proton are  observed in the PMR spect rum of aldehyde X. The molecu la r  ion peak in the 
m a s s  spec t rum cor responds  to the calculated molecular  m a s s  of aldehyde X. 

To explain the oxidative cleavage of the C - N  + bond under such mild conditions (water and a i r  oxygen) 
we assumed initial protot ropic  equil ibrium of the cation (VI ~ VII) ,  after  which ni t rogen-containing base VII), 
is  hydra ted  covalently with r ing opening (VII ~ VIII ~ IX); this is general ly  cha rac te r i s t i c  [4, 5] for  immonium 
he te rocyc les ,  which are  weak bases .  Finally,  9 -hydroxy-10-amino  derivat ive of anthracene is oxidized by a i r  
oxygen (IX - -  X). 

The problem of the reasons  for  such intense colorat ion of immonium salt VI in the crys ta l l ine  state has 
not been solved. The long-wave absorpt ion band in the e lectronic  spect rum of crys ta l l ine  VI, recorded  by the 
method of diffuse ref lect ion,  is observed at 590 nm. In our  opinion, the appearance of this band can be ex- 
plained by the format ion  of a c h a r g e - t r a n s f e r  complex (CTC) between the chloride anion and the immonium 
cation. C h a r g e - t r a n s f e r  complexes of the chloride ion with a number  of e lectron accep to r s  [6], including ca-  
tions [7, 8], a re  known. However,  the appearance of new long-wave cha rge - t r an s f e r  (CT) bands is possible 
only if the cation acceptor  has a v e r y  high e lectron affinity. Fo r  example,  the CT band is found at 298 nm in 
the spec t rum of a solution of t ropyl ium chloride [7] in methylene chloride,  whereas  it is  found at 377 um in the 
spec t rum of the crys ta l l ine  N,N~-dimethyl-4 ,4 ' -d ipyr idyl ium dichloride [8]. It is  known [9] that the electron 
affinity of the t ropyl ium cation is 6.24 eV. Since the CT band is found at 590 nm in the spect rum of crysta l l ine  
VI, it follows that the VI cation has an electron affinity (EA) that is at least  1 eV higher  than the EA of the 
t ropyl ium ion. 

In o rde r  to make an indirect  es t imate  of the EA for  ion VI, we calculated the EA for  its nonquaternized 
analog XII f rom the equation [10] 

ltvcT-/lv~ = EAn- EA, 

where hvCT and hV~T are  the CT energies ,  respect ively ,  for  the CTC of the investigated acceptor  and chlor-  
anil with the same donor,  and EA and EA 0 are  the e lectron affinities of the investigated acceptor  and chloroanil .  
According to the data in [11], the EA of chloranil  is 2.45 eV. As the common donor we used dibenzotetrathio-  
fulvalene. To es t imate  the h~CT and hV~T values we measured  the wavelengths of the maxima of the CT 
bands in the spec t ra  of solutions in chloroform:  ~CT 550 nm for  XII -d ibenzote t ra th iofulva lene ,  and ACT 885 
nm for  ch lorani l -d ibenzote t ra th iofu lva lene .  The EA for  XII is 1.6 eV. Calculations by the CNDO/2 (complete 
neglect  of differential  overlap) method in [12] showed that quaternizat ion of ni trogen he te roeyc les  leads to an 
increase  of 5.5-10 eV in their  e lect ron affinities. An increase  in the ~-elect ron sys tem of the bases  and an 
inc rease  in the i r  e l ec t ron -accep to r  ability lower this difference; however,  since EA = 1.6 eV for  X]I, one may 
fully expect that i ts  quaternized analog VI has an e lec t ron affinity on the o rde r  of 7 eV. Consequently, the 
long-wave absorpt ion of VI may  be due to the format ion  of a CTC with the chloride ion. 

The authors  thank I. Mazheika for  recording  the m a s s  spectrum,  1~. Kampare  for  record ing  the PMI~ 
spect ra ,  and S. Val te r  for  calculation of the integral  intensit ies of the bands in the IR spectra .  

EXPERIMENTAL 

The II~ spec t ra  of suspensions of the compounds in minera l  oil and hexachlorobutadiene and of solutions 
in dioxane (c = 2.5 �9 10  -2  M ,  l = O.01  cm) were  recorded  with Ul~-20 and IKS-14A spec t romete r s .  The integral  
intensi t ies  of the bands were  calculated by the Wi l son -Wel l s  method with cor rec t ions  for  the Ramsay  wings 
[13]. The electronic  spec t ra  of solutions of the compounds in ethanol and dioxane (c = 10 -4 M, l = 0.4 and 1 
cm) were  obtained with a Specord UV-vis spect rophotometer .  The diffuse reflect ion spec t rum was obtained 
with an SFD-2 apparatus  with a PDO-1 adapter.  The compound was ground with magnes ium oxide. The PMR 
spect ra  were  obtained with a P e r k i n - E l m e r  R-12A (60 MHz) spec t romete r  with te t ramethyls i lane  as the in- 
te rna l  s tandard.  The m a s s  spect rum was obtained with an MS-905 spec t romete r  at an ionizing-electron energy 
of 70 eV. 

5,9-Dioxo- 17a-hydroxy-  9,10,11,16,17,17a-hexahydro-5H-dibenzo[d,e ~h] phthalazino[2,3- a] cinnoline (IV). 
A solution of 1.35 g (5 mmole) of an thraquinone- l -ca rboxyl ic  acid chloride in 15 ml of dioxane was added to 
a solution of 1.34 g (10 mmole) of te t rahydrophthalazine and 1.4 ml  (10 mmole) of t r ie thylamine in 15 ml of 
dioxane. Af ter  2 h,  the mixture  was diluted with water ,  and the precipi tate  was separated to give 0.8 g (45%) 
of co lo r l ess  c rys t a l s  with mp 180~ (dec., f rom benzene). Ii~ spect rum in Nujol: 1677 (anthrone C ~ O), 1632 
(hydrazide C = O), and 3215 cm -1 (O-H);  in dioxane: 1675 shoulder,  1657 cm -1. UV spect rum (in ethanol), 
kmax(log e): 227 (4.35) and 272 nm (4.14)~ Found: C 75.3; H 4.5; N 7.4%. C23HI6N203 .  Calculated: C 75.2; H 
4.4; N 7~ 
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2-Acetyl-3- (1-anthraquinonecarbonyl)-1,2,3,4-tetrahydrophthalazine (V). A solution of 0.25 g (0.7 mmole) 
of IV and 0.5 ml (5 mmole) of acetic amhydride in 5 ml of dioxane was heated at 100~ for 1 h, after  which it 
was diluted with water,  and the precipitate was separated to give 0.2 g (78%) of light-yellow crystals  with mp 
236-237~ (from benzene-cyelohexane) .  IR spectrum in Nujol: 1685 cm -1 ( C :  O); in dioxane: 1678 cm -1 
(Ac----- O = 9.42 practical  units). UV spectrum (in dioxane), ~max(log e): 253 (4.51) and 325 nm (3.69). Found: 

C 72.3; H 4.4; bI 6.6%. C25Hi8I~204. Calculated: C 72.6; H 4.5; iN 6.9%. 

5,9-Dioxo-9,10,11,16 -tetrahydro-5H-dibenzo[d,e ,h] phthalazino[2,3-a] cinnolinium Chloride (VD and 2- 
(2-Formylbenzyl)-3,7-dioxo-2,3-dihydro-7H-dibenzo[d,e,h]cinnoline (X). A) A solution of 1.8 g of IV in 100 ml 
of anhydrous benzene was saturated with dry hydrogen chloride, during which a precipitate formed rapidly. 
The mixture was worked up to give 0.3 g (17%) of dark-blue crystals  of VI with mp > 150~ (dec.). IR spec- 
t rum (in Nujol): 1682, 1646, 1596, 1556, and 1537 cm -1. Diffuse reflection UV spectrum: ~max 390 and 590 
nm. Found: C 71.6; H 4.1; C19.8; N 6.9%. C23H15C1N20 2. Calculated: C 71.4; H 3.9; C19.2; N 7.2%. 

The fi l trate af ter  separation of salt VI was evaporated to give 1.2 g (63%) of yellow crysta ls  of X. For  
purification, it was dissolved in chloroform, and the solution was chromatographed through a column filled 
with silica gel (L100/250~) as the support with elution by chloroform. Evaporation of the eluate gave 0.8 g 
(42%) of X with mp 214-216~ IR spectrum in Nujol: 1688, 1681, and 1655 cm -~ (C : O); in dioxane: 1694, 
1657 cm -1 (Ac ~ X = 9.71 practical  units). UV spectrum (in dioxane), ~max (log e): 310 (3.78), 340 (3.69), 
and 390 nm (3.97). PMR spectrum in DMSO: 10.4 (1H, s, C H ~  O), 7-9 ( l lH,  m, aromatic),  and 5.92 ppm (2H, 
s, CH2-N); in CF~COOH: 7-9 ( l lH,  m, aromatic) and 6.29 ppm (2H, s, CH2-N). Found: C 75.5; H 4.1; N 7.4%; 
M+ 366. C23H14N203. Calculated: C 75.4; H 3.9; N 7.7%; M 366. 

B) A solution of 0.2 g of IV in 10 ml of anhydrous benzene was heated to the boiling point, and 0.2 ml of 
thionyl chloride was added. The solution was cooled, and 0.01 g of salt VI was separated. Evaporation of the 
fi l trate gave 0.15 g of dibenzocinnoline X. 

2-[ (2-Pyridinomethyl)benzyl] -3,7-dioxo-2,3-dihydro-7H-dibenzo[d,e,h] cinnoline Perehlorate  (XIb). A 
0.2-g sample of VI was dissolved in 5 ml of anhydrous pyridine, and the resulting red solution was vacuum 
evaporated in a s tream of argon. The dry resinous residue was washed with hot benzene until a colorless 
wash solution was obtained. The benzene solution was vacuum evaporated to give 0.08 g (40%) of aldehyde X. 
The residue was washed with a few drops of pyridine and dissolved in 5 ml of ethanol, and one to two drops of 
perchlorie  acid were added to the solution. It was then cooled to -10~  and the precipitate was separated to 
give 0.045 g (16%) of yellow crysta ls  of perchlorate XIb, which decomposed explosively at 250~ IR spectrum 
(in Nujol): 1672 and 1643 cm -1. UV spectrum (in ethanol), ~max Clog e): 310 (3.99), 335 (3.75), and 385 nm 
(3.89). PMR spectrum (in DMSO): 7-9.15 (16H, m, aromatic),  6.23 (2H, s, CH2-N+), and 5.64 ppm (2H, s, 
CH2-N). Found: CI 7.2%. C28H20CIN306. Calculated: C1 6.7%. 

2-Benzyl-3,7-dioxo-2,3-dihydro-7H-dibenzo[d,e~h]cinnoline (XII). A solution of 0.5 g (2 mmole) of an- 
thraquinone-l-carboxylie  acid chloride in 15 ml of dioxane was added to a solution of 2 ml (20 mmole) of ben- 
zy]hydrazine and 1 ml (7 mmole) of triethylamine in 10 ml of dioxane. After 2 h, the mixture was diluted with 
water,  and the precipitate was separated to give 0.4 g (63%) of yellow crystals  of XII with mp 232-235~ (from 
dioxane). IR spectrum in Nujol: 1677 and 1661 cm-1; in dioxane: 1654 cm -1. (A = 8.03 pract ical  units). UV 
spectrum (in dioxane), ~max (log e): 312 (3.90), 340 (3.66), and 390 nm (397). PMR spectrum (in CF3COOH): 
7-9 (12H, m, aromatic) and 5.80 ppm (2H, s, CH2--N). Found: C 76.8; H 4.2; N 8.0%. C22H14N20 2. Calculated: 
C 78.1; H 4.2; N 8.3%. 
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