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Abefrati- -Two chemiluminescent energy transfer compounds were synthesized (3 and 4). in which benza- 

cridone was a common acceptor portion and in which phthalic hydrazide and aminophthalic hydrazide, 

respectively, served as energy generators. A cleavage reaction during the chemiluminescence of 4 defeated 

attempts to compare the two energy generators quantitatively. Compound 3 was about 2% efficient in 

chemiluminescence in the DMSO system. 

CHEMILUMINESCENCE may be defined as the emission of light by chemically produced 
excited states. We found it possible recently to separate the energy producing function 
in this process from that of light emission through the use of bifunctional molecules 
X-Y.’ Hydrazides were used as energy generators (X) and highly fluorescent molecules 
such as 9,10-diphenylanthracene and acridone were used as light emitters (Y) (as in 
structure 1)’ Central problems in this area are: (1) the low efficiency of energy 
generation in most cases, and (2) the measurement of that efficiency. Since the amino 

GH5 
1 2 

group is known to increase the efficiency of light emission in hydrazide chemi- 
luminescence (compound 2 = luminol),’ it was decided to attack both problems via 
a comparison of compounds 3 and 4. Assuming for the moment that all tke light 
emitted will stem from the 2,3benzacridone portion of the molecules and that the 
transfer efficiencies will be the same, the ratio of light emission should give us directly 



482 M. A. RIBI, C. C. Wer and E. H. WHIR 

the ratio of excited state production. The synthesis and testing of compounds 3 and 4 
is the subject of this article. 

Synthesis 
The synthesis of 3 was patterned after that of a lower homologtb and it proceeded 

without incident (Chart 1). The synthesis of 4, on the other hand, encountered several 
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difficulties. In our first approach, the nitrogen function was introduced by nitration 
of N,4dimethylphthalimide (Chart 2). An unwanted isomer, 5-nitro-N4dimethyk 
phthalimide (9), was the chief product of the nitration, however. The structure was 
assigned largely on the basis of the NMR spectrum which showed that the two 
aromatic hydrogens were para to one another; the signals were quartets (J = 06 and 
04 Hz) because of coupling with the Me group; no significant coupling between the 
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aromatic hydrogens was revealed by double resonance experiments. While an amino 
function orrho to the carbonyl function enhances the chemiluminescence of hydrazides 
(as in luminol, 2). an amino function in the corresponding meta position is far less 
kffective.2 In any event, attempts to alkylate 5 with 10 w&e unsuccessful. Since the 
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analogous reaction of 5 with 6 was successful (Chart l), it is felt that the nitro group 
of 10 facilitates an electron transfer from anion 5 to 10 which competes with the 
desired displacement reaction.3 The radical ion so formed probably would eject 
bromide ion to form a substituted benzyl radical, which in turn could go on to other 
products.3 

A successful method for introducing the nitrogen function into the desired C-6 
position is given in Chart 3A. Nitration of benzene-1,2&tricarboxylic acid (13) was 



484 M. A. Rm, C. C. WEI and E. H. WHITE 

achieved with KNO, and H,SO, using essentially the procedure of Prelog and 
Schneider* for the nitration of benzene-1,2,3-tricarboxylic acid. The structures of 
compound 14 and derivatives 15-23 follow from the analytical and spectral data, 
especially the NMR spectra which showed an AB quartet (J = l-4-1.6 Hz) for the 
aromatic hydrogens of 15-23 characteristic of meta orientation.’ 5_Nitrobenzene- 
1,2,4-tricarboxylic acid has been reported by Cahn6 and by Franc,6 but in view of the 
broad m.p. of this acid (probably a result of dehydration), it isn’t clear whether the 
lower*m.ps given by these authors is significant. 

CHART 4 
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Further conversions of 14 (Chart 3A), led to the bromomethylimide 18. This 
compound was also synthesized via compound 19, although less expeditiously, by 
the reactions outlined in Chart 3B. Unfortunately, the condensation of benzacridone 
anion (5) with imide 18, as with compound 10, did not lead to the desired coupled 
product, presumably for the reason outlined above in the discussion of compound 10. 
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It was then decided to reduce the nitro function in order to circumvent radical 
anion formation. The bromomethyl and amino functions being incompatible, the 
amino group was protected with the phthaloyl group (Chart 4). The compounds 
illustrated were readily prepared with the exception of 28,31, and 4. The reduction of 
compound 27 with NaBH, led to low yields of 28 (14”/,), presumably because ring 
opening of the imide grouping occurred. Prolonged reduction under conditions of 
the Rosenmund reaction’ led to somewhat better yields (37%). Still better yields 
(50%) were obtained by hydrogenation to the aldehyde (Pd/BaSO,), followed by 
hydrogenation to the alcohol stage (Pt). In the hydrogenations, considerable de- 
carbonylated material (29) was formed, the yield increasing at high temperatures; 
similar decarbomonylations have been reported to accompany the Rosenmund 
reduction.’ The coupling of compounds 30 and 5 proved surprisingly difftcult. The 
best yield obtained, 9%, resulted from the reaction of equimolar amounts of the 
components in dimethoxyethane. Hydrazide 4 was prepared from 31 using hydrazine 
as the reactant and solvent; in AcOH, some cleavage to benzacridone occurred (see 
below). 

Results 
The chemiluminescence of simple hydrazides (i) involves an oxidative reaction that 

produces an electronically excited state of the corresponding carboxylate (eq. 1).2 In 
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aprotic solvents such as DMSO and in the presence of a strong base, the dianion of 
the hydrazide (II) is an intermediate and oxygen is the only other requirement for 
chemiluminescence.s In water and other protic media, the requirements for efficient 
chemiluminescence are base, H202, and a transition metal such as Fe (used in a 
chelated form, hemin in the present study); oxidizing agents such as ferricyanide can 
replace the transition metal.’ 

In view of the first statement in the above paragraph, the spectrum of light emitted 
in the chemiluminescence of a simple hydrazide should be tht same as the fluorescence 
spectrum of the corresponding carboxylate (iii). For a difunctional hydrazide such as 
1, however, light emission can also stem from the emitter portion of the molecule.’ 
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Thus, in the present study, compounds 32 (N-methyl-2,3benzacridone) and 33 were 
prepared for use in fluorescence studies. Solutions of carboxylate 34 were prepared 
by treatment of 33 with base. 

32 

The energy relationships in compounds 3 and 4 are proper in that the chemically 
produced excited states (carboxylate moieties) are sufficiently energetic to excite the 
emitter portions of the molecules. Excited phthalate ions are capable of transferring 
their excitation energy to acridone itself.lb Thus, ample energy should be available 
for the benzacridone moiety in 3 [the longest wavelength absorption band of N- 
methyl acridone is at 404 nm (log E 3.98)” and that of compound 32 is at 472 nm 
(log E 3*77)]. Similarly, since compound 2 emits at 425 nm in the water system and 
490 in DMSO, ample energy is available for energy transfer in 4, at least in the water 
system. l l 

TABLE I. EMSION MAXIMAL 

Compound 
Chemiluminescence 

maxima (nm) 
Fluorescence 

-.~ -- .- _. 
3 495,520 (sh) 

Spent reaction mixture 495,520 (sh) 
34 495,520 (sh) 
32 503,521 (sh) 

4 420,505 
Spent reaction mixture 405 and 495 (weak); 

585 (strong) 
5 587 

’ Uncorrected spectra in H,O/DMSO (28.4/71.6 mole %), 0.05 M in KOH. 

Compound 3 proved to be chemiluminescent in both the DMSO and water 
systems (eq. 1). The chemiluminescence emission peaked at 495 nm with a shoulder 
at 520 nm (Table 1). Exactly the same emission was found for the fluorescence of the 
spent reaction mixture and for the fluorescence of 34. Since phthalate ion is non- 
fluorescent,” all of the light in this instance comes from the benazcridone portion 
of the molecule.* The fluorescence of N-methylbenzacridone (32) is similar to, but 

l Intermolecular energy transfer is not expected to occur under the reaction conditions”.* 
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6-Nitrol,2,4_benzene~ricarboxyIic acid (14) and ester 24’. ’ 1,2,4-Benzenetricarboxylic acid (60 g, D288 

mol) was dissolved in HzSO, (974%. 450 ml). KNO, (156 g, 1.33 mol) was added in portions with vigorous 

shaking over a period of 2 hr at 65-95”. The mixture was heated at 120” for 20 hr. Another portion of 

KNO, (60 g, 059 mol) was added and heated for 6 hr. After a linal portion of KNO, (60 g 0.59 mmol) 

had been added, the mixture was heated for 16 hours, and then poured on ice, and extracted with ether 

(2 1). After evaporation of solvent, the residue was crystallized from C,H, to give 6-nitro-1.2,~benzenetri- 

carboxylic acid (34.4 g, 47%): m.p. 25545”: IR (KBr) 3400-2250, 1710 (----COOH), 1550, 1350 cm-’ 

(C-NOz). The trimethyl ester (24) of the acid was obtained by treating the acid in ether with CHzN,; m.p. 

104-105” after recrystallized from ether: NMR (CDCI,) 3.98 (s, OMc), 4.03 (s, two -OMe), 890 (d, J = 1.6 

Hz aromatic), and 8.96 (d, J = 1.6 HZ aromatic). (Found: C, 48.61: H, 3.86; N, 4.68. C1zH, ,NOs requires: 

C, 48.49: N, 3.73: N. 4.71%). 
4-Cmboxy-6-nitro_N-methylphthalimide (15). 6-Nitro-1.2.4~benzenetricarboxylic acid (160 g 62.5 mmol) 

and 1,3-dimethyl urea (110 g 125 mmol) were melted for 30 min on an oil bath at 150-160” with stirring. 

The mixture was cooled to room temp and dissolved in a mixture of EtOAc and H,O. The EtOAc extract 

was washed with Hz0 and extracted with sat. NaHCO, aq. Upon acidification of the extract with concen- 

trated HCI, a yellow precipitate formed and was filtered off. The crude sample was crystallid from 

EtOH+zO to give 4-carboxy-6-nitro-N-methylphthalimide (6.046 g, 24.6 mmol, 395%): m.p. 221-223”: 

IR (KBr) 3500-2500 (COOH), 1780.1770 (imide), 1725 (C==O), 1550.1350 cm-’ (C--NO,). A side product 

(@95 g, 3.78 mmol, 6%). m.p. 106-9” was also obtained. The title compound was also synthesized by heating 

4-carboxyl-6-nitrophthalic anhydride (50 mg, 0.12 mmol) with 1,3-dimethyl urea (37 mg, 0.42 mmol) at 

1% to 165” for 10 min. With a similar work-up procedure, the desired imide (26 mg 57%) was obtained. 

Compound 15 was also obtained (in 61% yield) by the hydrolysis of ester 23 with I N HCI in So”? aqueous 

dioxane at 98:/, for 8 hr. 

4-Chlorojormyl-6-nitro-N-methylphtholimide (16). 4-Carboxy-6-nitro-N-methylphthalimide (090 g, 3.62 

mmol) was dissolved in SOCI, (15 ml) and heated for 5 hr under rellux at 90-100”. Excess SOCI, was 

evaporated and the crude material sublimed (90--125”, 5 x lo-* mmHg) to give 4-chloroformyl-6-nitro- 

N-methylphthahmide (0.811 g, 857;): m.p. 142-4”; IR (KBr) 1785, 1715 (imide), 1755 (-COCI), 1550, 1365 

cm-’ (- C---NO,). (Found: C, 44.57: H, 1%: Cl, 13.36. C,,H&lNzO, requires: C, 44.72: H, 1.87: Cl. 

13.20%). 

4-Hydroxymethyl-6-nitro-N-methylphthalimide (17). KBH, (108 mg 2 mmol) was suspended in 1,2-di- 
methoxyethane (10 ml, freshly distilled dve~ NaH). CChloroformyl-6-nitro-N-methylphthalimide (537 

mg, 2 mmol) dissolved in dry 1,2-dimethoxyethane was added to the reduction medium at 0’. The resulting 

mixture was stirred at 0” for 1 hr and then at room temp for 1 hr. After reaction, the solvent was evaporated 

and ice, then 2 N HCI slowly added. The aqueous solution was extracted with EtOAc and after washing 

with sat NaHCO,, was purified by prep TLC (silica gel PFz,, Merck, development with EtOAc MeOH = 

955) to give 4-hydroxymethyl-6-nitro-N-methylphthalimide (97 mg, 205X), m.p. 145-147” after sublima- 

tion at 100-130” (10-l mmHg): IR (KBr) 3440 (-OH), 1765, 1700 (imide), 1535, 1365 (C--NO& 1445 

(N--Me): NMR (d,-acetone) 3.12 (s. N-Me), 3.12 (broad, --OH), 4.93 (s, - CH,---OH), 8.20-8.08 ppm 

(m, aromatic) 4-Carboxy-6-nitro-N-methylphthalimide (137 mg, 27%) was also isolated from the mixture. 
4-Bromomethyl-6-nitro-N-methylphthalimide (18). 4-Hydroxymethyld-N-methylphthalimide (77 mg 

@326 mmol) was dissolved in dry 1.2-dimethoxyethane (5 ml). PBr, (40 mg, 0148 mmol) in 1,2-dimethoxy- 

ethane (0.5 ml) was added at 0’ and after stirring at 0” for 30 min another portion of PBr, (@148 mmol) 

was added. The mixture was stirred at 0”. 25”. and 50” for 30 min, 1.5 hr and 20 min, respectively. After 

reaction, the solvent was evaporated and water added. The organic material was extracted with CHCI, 
and purified on prep TLC (silica gel PFzs, Merck, development with EtOAc pentane = 6:4) to give 
4-bromomethyl-6-nitro-N-methylphthalimide (78 mg 80%): m.p. 154-156”: IR (KBr) 1780, 1715 (imide), 

1545 (-C-NO,), 1450 cm-’ (N--Me); NMR (d,-acetone) 3.15 (s, N-Me), 4.95 (s, Br <Hz-_X 8.27 
(d. aromatic), 8.35 ppm (d, aromatic). (Found: C. 4@08: H, 2.38: Br, 26.84. C,,H,BrN,O* requires: 
C, &16: H, 2.36: Br, 26.72%). 

The reaction of benzacridone anion (5) with N-me~hyl4bromomethyl 5 (and also 6)-nitrophthalimide. The 
same conditions used for the synthesis of compound 7 led to a brownish color when the reagents were 
mixed and the formation of a brown, insoluble tar. Chromatography of the pro&d on alumina yielded 

only benzacridone ( - 45%). A second set of conditions (equimolar amounts of bcnzacridone and compound 
10 (or 18) and an excess of dry KzCO, in refiuxing glymc under N,) led to similar results. 

4-Carhoxy-6-nitrophthalic anhydride (19). Two sublimations of 6-nitro-1,2,4&.nzcnetricarboxylic acid 
(51.4 g) resulted in an impure fraction (4.3 g, m.p. 180-230”. sublimation at 180.-230”. 10-l mm) and the 
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pure anhydride (22.15 g 32.54/, sublimation at 23O”-260”. 10-l mm): m.p. 237-239”: IR (KBr) 1875, 1795 

(anhydride) and 1715, 23CG36OOcm-’ (carboxylic acid): NMR (acetone-d,) %lO (s, -COOH), 8.42 
(d, J = 1.4 HG aromatic) and 8.54 ppm (d, J = 1.4 Hz, aromatic). (Found: C, 45.61; H, 1.33; N, 5.90. 

C,H,NO, requires: C, 45.59; I-i, 1.27: N, 591%). 

echlorojormyl-6-nitrophthalic onhydride (20). SOCI, (130 ml) was added to well pulverized 4-carboxy+ 

nitrophthalic anhydride (21.11 g, OG89 mol). The resulting mixture was heated at loo” for 24 hr. SOCI, 

was evaporated under vacuum and the residue was treated with hot C,H, and filtered. The insoluble 

residue (4.3 g 20”/,) seemed to be the intermolecular anhydride. Tbe filtrate was concentrated and cooled 

to give the desired acid chloride (12.78 g, @05 mmol, 56%). Purification was by sublimation at 80-140” 

(5 x lo-’ mm) to give the pure compound: m.p. 89-91”; IR (KBr) 1870, 1795 (anhydride), 1765 (acid 

chloride). (Found: C, 42.49: H, &81: Cl, 1404. CsH,NO&l requires: C, 42.30; H, @78; Cl, 13.87). 

ecmbomethoxy-Cnitrophthalic anhydride (22). 4-Carboxy-6-nitrophthalic anhydride (424 g @018 mol) 

dissolved in 20 ml of dioxane was treated with CH,N, (50% excess). After evaporation of solvent, an oily 

product resulted: IR (CHCl,) 1870,1795 (anhydride), 1740 (ester), 1555 (C-NO*). The same material was 
obtained from acid chloride 20 and MeOH in dioxane at 12” for 30 min. 

ecorbomeihoxy-6-nirro-N-meihylphthalimid (23). 4-CarbomethoxyXi-nitrophthalic anhydride (ob- 

tained in the above experiment-from 4.24 g, 0018 mol of the acid anhydride) was mixed with 1,3dimethyl 

urea (3.2 g m36 mol) in a test tube. The mixture was heated in an oil bath at 165-180” for 20 min. After 

cooling, EtOAc was added and the organic solution washed with water, followed by extraction with sat. 

NaHCO,. Crystallization of the crude material from C,H,-cyclohexane gave pure crystals, m.p. 151-154” 

(2.17 g, 46% based on 4carboxy-6-nitrophthalic anhydride); IR (KBr) 1780, 1715 (imide), 1735 (ester), 

1545 cm-’ (C-NO,): NMR (acetone-d,), 3.17 (s, N-Me), 4G3 (s, COOMe), 8.53 (d, J = 1.4 Hz aromatic) 
and 8.66 ppm (s, J = 1.4 HZ aromatic). 

3-Amino-5-carhoxy-N-methylphthalimide (25). Pd/C (loo/, 0.780 g) suspended in MeOH, was saturated 
with hydrogen by stirring in an hydrogen atmosphm for 1 hr. 4-Carboxy-6-nitro-N-methylphthalimide 

(7.74 g, 31.0 mmol) dissolved in MeOH (200 ml) was added with stirring at room temp. After 2390 ml 

(91 mmol) of hydrogen had beez~ consumed, the mixtun was filtered and the insoluble product mixed 

with catalyst was separated by Soxhlet extraction using MeOH as solvent Evaporation of the filtrate and 

the extract gave 3-amino-5-carboxy-N-methylphthalimide (5.39 g, 24.5 mmol, 79y0); m.p. 295” dec; IR 

(KBr) 3465.3355 (N--H,), 1735,1680(imide), 164~cn-’ (COOH): UV (9% EtOH) i.,, 398,260-67 (sh), 

235,213 nm. 

3-Phthnlimido-5-carboxy-N-methylp/&zIimide (26). 3-Amino-5-carboxylic-N-methylphthalimide (2.60 g, 

11.8 mmol) and phthalic anhydride (6.8 g, 48 mmol) were heated in glacial AcOH (40 ml) for 56 hr at 
130”. AcOH was evaporated and the crystalline residue fractionally sublimed. The lirst fraction (100-120” 

5 x IO-’ mmHg) consisted of phthalic anhydride and the yellow colored starting material. The second 

fraction (21&270’, 5 x lo-’ mmHg) was the desired colorless product containing a small amount of the 
starting material as impurity. Resublimation of the second fraction gave pure 3-phthalimido-5-carboxy- 

N-methylphthalimide(2~72g,66~;):m.p.275-277°; UV (95”~ EtOH)I,, 298 nm: IR (KBr)3290(-COOH). 
1785, 1774 1740 (sh), 1725 (sh), 1710 (two imida and COOH); NMR (DMSOd,) 3.03 (s, N---Me), 

8.05 (m, aromatic), 8.35 (d, J = 1.3, aromatic) 846 ppm (d, J = 1.3, aromatic). (Found: C, 61.91: H, 2.82. 

C,sH,,N,O, requires: C, 61.72: H, 2.88%). 
3-Phthalimido-5-chloro~ormyl-N-methylphtholimide(27). 3-Phthalimido-5-carboxy-N-methylphthalimide 

(6.56 g, 18.75 mmol) was heated in SOCI, (70 ml) for 5 hr at 1 lo”, after which SOCI, was evaporated. C6H6 
was added twice, followed by evaporation to remove all the SOCI,. The crude material was sublimed at 
175-185’ (5 x 10-l mm), to give 3-phthalimido-5-chloroformyl-N-methylphthalimide (509 g 73.5%): 

m.p. 184-187”: IR (KBr) 1790, 1735 (imide), 1780, 1715 (imide), 1755 (XOCI). 
3-Phthalimido-5-hydroxymerhyl-N-methy(p@halimide (28). 3-Phthalimido-5_chloroformyl-N-methyl- 

phthalimide (4.5 g 12.1 mmol) was hydrogenated using 5% Pd-BaS04 (3.6 g) in boiling tolueoc for 4 hr. The 

mixture was filtered and evaporated to dryness. This intermediate, dissolved in MeOH, was further hydro- 

genated on Pt black (0.5 g) under high pressure (50 lb/it?) for 2 hr. After removing the catalyst by liltration, 
the mixture was purified through column chromatography (silica gel, eluting with CHCI,) to give the desired 

alcohol, (2.06 g, 6.13 mmol, 5pA) and a decarbonylated compound, 29 (1.10 g, 30%). m.p. 203-206. Re- 
crystallization of the former from EtOAc-cyclohexane gave pure 3-phthaIimido-S-hydroxymethyl-N- 

methylphthalimide: m.p. 213-214”; IR (KBr) 3485 (--OH), 1790, 1775, 1735, 1705 cm-’ (two imides): 

NMR (d,-acetone) 3+8 (s, N-Me), 490 (s, XH,- OH), 7.85 (d, J = 1.5 aromatic), 8.02 p.p.m. (m, aromatic). 
(Found: C, 64.34: H, 3.53. C,,,H,,NIO, requires: C, 64.29: H, 360). 
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Treatment of the decarbonylated material with hydrazinc in rcfluxing EtOH for 8 hr followed by 
chromatography on cellulose (NH,:H,O:C,H,OH = I :1:8) yielded luminol (65x), identified by the R, 
and the IR spectrum. 

3-Phtholimido-5-bromomethyl-N-methylphth (30). The title compound was synthesized by the 
procedure used for 4-bromomethyl-6-nitro-N-methylphthalimide. The crude product was purified on 
prep TLC (silica gel PF,,, Merck, development with CHCI,), followed by sublimation (200-225”, 
5 x 10-z mm). Pure 3-phthalimido-5-bromomethyl-N-methylphthalimide (494 mg, 73%). m.p. 209-210”. 
was obtained from 3-phthalimido-5-hydroxymethyl-N-methylphthalimide (564 mg, I.68 mmol): IR 
(KBr) 1785, 1735 (imide), 1770, 1705 cm-’ (imide). (Found: Br, 1999. C,,H,,BrN,O, requires: Br, 

20.0275). 

N-Methyl-3-phthalimido-5-[(12-oxo-5-benz[b]acridonyI)methyqphthalim~ (31). 2,3-Benzacridone (185 
mg, 0.75 mmol) was dissolved in 30 ml of dry 1,2-dimethoxyethane (freshly distilled from NaH) and 57”/, 
NaH (38 mg, 08 mmol) was added. The mixture was gently relluxed under dry N, for 1 hr N-Methyl-3- 
phthalimido-5-bromomethylphthalimide (300 mg, 0.75 mmol) in 20 ml of dry 1.2dimethoxyethane was 
added at one time. After the mixture had stirred at room temp under N, for 4 hr, NaH (7 mgl followed by 
the bromomethylphthalimide (125 mg, 0.3 mmol) was added and tbe mixture stirred at room temp for 20 
hr. Solvent was evaporated and H,O, then sat. NaHCO, was added. Tbe aqueous mixture was extracted 
with CHCI,. The organic extract was purified by prep. TLC (silica gel PF,,, Merck, development with 
CHCI,) lo give the desired product (51 rn& 9%), m.p. 343.5-345” (dec) after recrystallized from CsH, 
with a trace of CHCI,: IR 1790.1725 (imide), 17841720 (imide), 1650,1620,1600 (benzacridone). (Found: 
C, 74.73: H, 3.75: N, 7.20. C,SH,,N,Os requires: C, 74.59; H, 3.76; N, 746%). 

3-Amino-5j[ 12-oxo-5-benz[b]acridanyrlmethyl)phtholic hydraride (4). N-Methyl-3-phthalimido-5-([ 12- 
oxo-5-benz(b)acridanyl]methyl)phthalimide (40 mg, CO71 mmol) was dissolved in 95% hydrazinc (1 ml). 
The solution was degassed 3 times and sealed in tiacuo, and then heated at 125” for 6 hr. The solvent was 
evaporated and the residue washed with CHCI,, followed by warm-EtOH to give a yellow solid, m.p. 
346-348” (dcc): UV (95% EtOH) 1, (log E) 464 (3.79), 443 (3.83), 330 sh (3.83), 294 (4.30), 272 nm (484): 
IR 3420, 3305 (---NH,), 3155 (hydrazide), 3050, 2920, 1645, 1620 (sh), 1600 (benzacridone characteristics), 
furtherbandsat 155@(sh),1480,1450,1380,1350,1325,1290,1245,1225,1190,1175,1150, 1120,1050,l020, 
950, 914 850, 750cm-‘: R,, @63 (cellulose, NH,:HzO:EtOH = 1:1:8). (Found: C. 69.80: H, 4.18. 
Cz6H,,N,0J - l/2 Hz0 requires: C, 7@45; H, 4.32%). 

N-Methyl-2,3-benzacridone (32). The method of Acheson and JeNord’s was followed. The crude product 
was crystallized from EtOH to give yellow needlelike cjstals. Sublimation at 130-170”. (5 x lo-’ mm) 
gave pure N-methyl-2,3-benzacridone (44,5x), m.p. 212-213 (lit” 215”). The UV absorption and IR spec- 
trum were in agreement with the published data.‘* 

4-[(l2-oxo-5-benz[b]acridonyl)methy[lphthnlic Anhydride (33). To N-methyl-4-[(12-oxo-5-benz[b]- 
acridanyl)methyl]phthalimide (50 mg, 0.120 mmol), MeOH (10 ml), and aqueous NaOH (I N, 100 ml) were 
added. The mixture was stirred and refluxed for 4 days. The reaction was followed by TLC (cellulose- 
EtOH :l M NH,AcO aq = 7 :3, R, = @50 for the dicarboxylic acid). Tbe mixture was poured into dilute 
HCl and then heated on a steam bath for I5 min. The precipitate which formed during cooling was filtered, 
washed with water and dried under vacuum The crude product was sublimed at 250-290” (5 x IO-* mm), 
lo give the pure anhydride (26 mg, 53%): m.p. 302-304” (dec); IR (KBr) 1855, 1835, 17M (anhydride), 
1645, 1615, 1600 (benzacridone): W (95% EtOH) LX (log E), 464 (3.69), 444 (3.69), 324330 sh (364x317 
(3.67), 295 (4.28), 273 (4.85). (Found: C, 76.93; H, 3.66. CzsHIsNOb requires: C, 77.03; H, 3.73%). 

Idenrification ofthe products in the reaction oj5-[(12-oxo-5-benz[(b)]-acridony?yl)methy~phthahc hydrozide 
(13) with oxygen and potassium hydroxide in DMSO. A solution of I.72 x lo-* M hydrazide in DMSO 
(5 ml) containing @5 N KOH (O-5 ml) was bubbled with oxygen for 2 hr. Tbe resulting mixture was acidified 
with HCl, and the solvent removed. The residue was dissolved in Hz0 and extracted with CHCI,. The 
CHCI, solution (as shown by TLC and comparison with authentic samples) contained 5[( 12-oxo-S-benz[b]- 
acridanyl)methyl]phthalic acid (>90%), a tract of starting material, and a trace ofa compound at R, 0.85 
[cellulose; NH,:H,O:EtOH (1 :1:8)] which was probably benzacridone. 

Emission spectra. lC All emission spectra, both tluorescena and chemiluminesccnce. were measured on 

a Hitachi-Elmer MPF-M spectrophotofluorimeter, with a stabilized Xenon arc soura and a R106 

photomultiplier detector. Spectra are uncorrected for phototube sensitivity, instrumental distortion, or 
source intensity fluctuation. Wavelengths were determincd by superposition of a low-pressure mercury 
arc spectrum (Pen-Ray lamp) on the recorded spectrum Reported maxima are estimated lo be accurate 
to within f 3 nm. 
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Chemiluminescence spectra were obtained by reacting solutions of the hydrazides (-z IO-’ M in 0.1 M 
K,CO,) with aqueous solutions of hemin (od = 0.2, at 414nm) and H,O, (-01%) and running the 
spectrophotofluorimeter with the source off. For emission spectra in the aprotic system, the hydraddes 
were dissolved in air saturated DMSO, and KOH (05 M) was added to a final concentration of 005 M. 

Chemiluminescence quantum yields.” Chemiluminescence relative efIicien&s were determined using a 
RCA IP 21 photomultiplier, biased by a Fluke Model 4128 dc power supply. The output of the phototube 
was amplified with a unit designed and built by Mr. John Veise (Department of Biology, The Johns Hog 
kios University). The amplifier signal was collected on a capacitor and recorded on a Techni-rite chart 
recorder. Absolute quantum yields were determintd by direct comparison with luminol using the method 
of Lee and Seliger.19 
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