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The 13C NMR chemical shifts, one-bond 
and some long-range l3C-'H coupling 
constants and the 'H NMR chemical 
shifts for isoquinolinone, phthalazinone, 
quinazolinone and their derivatives con- 
taining CH, COOH, COOCH, and 
CH,COOH substituents in the hetero-ring 
are reported. The NMR data are in agree- 
ment with the lactam structure for all 
compounds studied; no evidence for the 
detectable presence of other tautomers 
was obtained. 

INTRODUCIlON 

In a previous paper,' 13C NMR data for N- 
methyl-l(2H)-isoquinolinone and some of 
its substituted derivatives were reported. 
Although the 1(2H)-isoquinolinones have 
been extensively studied by UV, IR and 
'H NMR spectroscopy, mainly in connec- 
tion with their possible tautomerism? there 

are almost no 13CNMR data published for 
such compounds. I3C NMR data for substi- 
tuted phthalazines and quinazolines are also 
scarce, whereas other fused-ring diaza- 
heterocycles, such as benzimidazoles and 
quinoxalines, have received more atten- 
t i ~ n . ~  

In this paper, the 13C chemical shifts and 
the one-bond and some long-range 13C-'H 
coupling constants for l(2H)-iso- 
quinolinone, l(2H)-phthalazinone, 4(3H)- 
quinazolinone and some of their substituted 
derivatives are reported. Proton chemical 
shift data obtained at 250MHz are also 
included. 

RESULTS AND DISCUSSION 

The 13C NMR chemical shifts and one-bond 
carbon-hydrogen coupling constants are 
given in Tables 1 and 2. Some of the long- 
range "C-'H coupling constants which 
could be determined and assigned are pre- 
sented in Table 3. The proton chemical 
shifts are reported in Table 4; their assign- 
ment was confirmed by 'H-'H selective de- 
coupling experiments. 

lpoqninolinones 1-6 

For isoquinolinone (l), the assignment of all 
protonated carbon signals was achieved un- 
equivocally by two-dimensional 'H-13C cor- 
relation based on the already identified pro- 
ton signals. The assignments of C-9,lO were 
achieved as described in Ref. 1. The 13C 
chemical shifts obtained for 1 (Table 1) are 

close to those reported for the N-methyl 
derivative,' except for C-3, which is 
shielded by ca 4ppm in 1. On the other 
hand, the C-3,4 signals in 1 are more than 
10 ppm upfield with respect to the corres- 
ponding C atoms in 1-methoxyisoquinoline 
(71, used as a model for the aromatic 
tautomer of 1. This confirms the 0x0 (lac- 
tam) structure of isoquinolinone (1) and its 
analogues 2-6, in agreement with results 
based on other methods.' 

For the substituted isoquinolinones 2-6, 
similar trends are observed to those for their 
N-methyl analogues.' For the benzene ring 
carbons, the substituent effect is more pro- 
nounced for a substituent in the 3-position 
(compounds 2 and 4), where the deshielding 
of C-5,7,9 by 2-3 ppm can be attributed to 
an increased electron withdrawal due to 
substituent conjugation. The magnitude of 
the effect is almost the same as in cinnamic 
acid and its esters, in contrast to styrene. In 
view of the present conclusions, as well as 
other recent results: the C-7,8 chemical 
shift values for the 3-COOR'-substituted 
(R = H, CH,) isocoumarins and isoquinolin- 
ones reported in Ref. 1 may have to be 
interchanged. 

In addition to the chemical shift of C-1, 
the isoquinolinone ring system is also 
characterized by the high values (compared 
with protonated benzene carbons) of ' J  
(13C1H) for C-3 (178-182 Hz) and, to some 
extent, also for C-4 (167-172Hz). For the 
long-range couplings (Table 3), the slightly 
smaller 3J('3C1H) value for C-5 (6-7Hz). 
compared with those for C-6,7,8 (7-8 Hz), 
may be of some diagnostic value. 

Table 1. uCNMR data for 1(2~-h~ninol inones  1-6 and 1-methoxyisoqhline (7), with -C chemical shifts, and one-bond =C-'H 

Compound R' R2 Solvent 

1 H H DMSO-d6 

2 COOCH, H DMSO-d6 

3 H COOCH, DMSO-d, 

4 COOH H DMSO-d6 

5 H COOH DMSO-d, 

6b H H DMSO-d, 

7" 1-Methoxy- CDCI, 
isoquinoline 

a Values may be interchanged. 
CH,COOH substituents at the N atom 
CH,. 
COOH. 

CH3 
- 

52.8 

51.4 

- 

- 

49.8" 

53.6 

coupling constants (HZ) in parintheses 

P2 

II 
0 

COW 
- 

161.8 

165.1 

162.7 

166.4 

1 69.7d 

- 

c-1 

101.8 

161.3 

161.7 

161.2 

161.7 

161.1 

161.0 

c-3 
128.6 

(180.0) 
128.9 

137.3 
(181.0) 
129.7 

137.4 
(181.0) 
133.5 

(182.0) 
139.7 

(179 0) 

c 4  c-5 c-6 c-7 C-8 

104.5 126.0 132.1 126.1 126.5 
(168.0) (163) (161.0) (163.5) (162.5) 
110.2 128.3 132.9 129.1 126.9 

(172.0) (163.5) (162.0) (163.0) (163.5) 
104.7 124.7 133.0 126.8" 127.0a 

(166.0) (161.5) (163.0) (164.0) 
109.6 128.1 132.8 128.7 126.8 

(171.5) (163.5) (162.0) (164.0) (164.0) 
105.3 125.1 132.8 126.5" 126.ga 

(164.5) (161.5) (163.5) (163.5) 
104.7 126.1 132.3 126.6" 126.8' 

(169.0) (162.5) (161.5) (163.0) (163.5) 
114.9 126.0 130.3 126.5 124.1 

(163.0) (161.0) (160.5) (161.5) (163.5) 

The chemical shift values are very close to those reported for l-ethoxyisoquinoline.= 

c-9 
125.9 

127.9 

125.2 

127.7 

125.3 

125.1 

119.8 

c-10 

137.8 

135.7 

134.6 

135.8 

135.0 

137.1 

137.9 
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Table 2. =CNMR data for phtaalpzinonea 8-15 and qoinnzolinonea 16-l!P S O ~ U ~ ~ O M  in DMSO-I, witb -C chemical shifts (ppm) and 
one-bond -C-l€I coupling e ~ ~ C a n t ~  (Hz) m parenthesea 

R.R& C-1 C-3 C 4  G5 C-S G7 c8 G9 Compound X Y R R1 R2 

8 N C  H - H - 159.7 - 138.3 131.7 133.6 126.7 125.4 127.6 

H - CH, 18.3 159.4 - 143.1 131.3 133.3 125.4 125.7 127.3 9 N C  

10 N C  H - COOH 164.8 159.6 - 136.5 131.8 134.0 125.9 126.3 127.5 

11 N C  H - CH,COOH 38.2 159.5 - 141.4 131.5 133.5 125.5 125.9 127.5 

12 N C CH3 - COOH 50.6 158.5 - 135.7 31.8 133.5 126.0' 126.1' 126.8 

13 N C CH, - CH,COOH 38.1b 158.4 - 141.0 131.7 133.1 125.5 126.0 127.0 

(186.5) (162.5) (164.0) (164.5) (163.5) 

(163) (163.0) (163.5) (164.5) 

(164.0) (163.5) (164.5) (164) 

171.4 (164) (163.5) (164) (164) 

164.3 (164.0) (163.5) (164) (164) 

171.2 (164.0) (164.0) (164.0) (164.5) 
38.7b 

14 N C CH,COOH - H 52.5 158.5 - 138.0 132.1 133.6 126.9 125.6 126.9 

15 N C CH,COOH - CH, 18.3 158.3 - 143.3 131.7 133.5 125.6 126.0 126.7 
169.3 (188.0) (162.5) (164.5) (165.0) (164) 

52.3 (164) (163.5) (164.5) (164.5) 
169.3 

16 C N  H H - - 161.4 145.8 - 126.2 134.6 127.0 127.3 122.8 

17 C N  H CH3 - 21.3 161.6 154.1 - 125.6 134.0 125.6 126.5 120.6 

18 C N CH,COOH H - 47.1 160.1 148.0 - 125.9 134.4 127.1' 1272 121.3 

19 C N CH,COOH CH, - 22.7 161.0 154.8 - 126.1' 134.3 126.4' 126.5' 119.5 

(204.5) (163.0) (163.0) (164.5) (164.0) 

(163.0) (163) (164.5) (163.0) 

169.2 207.5 (164.0) (163.0) (165.0) (164.0) 

45.3 (163.5) (164.0) (164.5) (164) 
169.4 

a The numbering of quinazolinones is non-systematic for convenience. 
Assignment of CH, and CH, unknown, owing to partial overlap with the DMSO-d, signal. 
Values may be interchanged. 

In the case of the 'H chemical shifts, the 
order 6(H-8)> 6(H-6)> 6(H-7). also valid 
for isocoumarins and N-methylisoquinolin- 

was observed. The position of the 
H-5 signal is variable, reaching 8.8 ppm in 
the case of the 4-substituted compounds 
3 and 5, evidently owing to the aniso- 
tropic effect of the COOR' (R' = H, CH,) 
group. 

Phthalazinones 8-15 

No I3CNMR data for phthalazinones have 
been reported to our knowledge. The clos- 
est systems studied include phthalazine it- 
self' and compound 20.6 

20 

For the assignment of the 13C signals 
(Table 2), C-4 was recognized by its high 
lJ(I3C1H) value, C-5 by the additional vici- 

nal coupling with H-4 and C-6 by its chemi- 
cal shift, which is the least sensitive to sub- 
stituent effects in all compounds 1-19. 
Differentiation between C-7 and C-8 was 
achieved by selective decoupling. The 
quaternary carbons C-9, and C-10 were 
identified on the basis of the long-range 
'H-W coupling pattern. The slightly dis- 
torted c-8 signal form observed for most 
phthalazinone derivatives was useful for its 
identification. As can be seen from Table 2, 
the 13C chemical shifts for C-1 in phthalazin- 
ones (158.3-159.7 ppm) differ from those 
for isoquinolinones, N-methylisoquino- 
bones  and quinazolinones (161- 
163 pp~n).'.~ Another distinction from the 
compounds mentioned is that the C-5 signal 
position in phthalazinones is practically un- 
affected by 4-substituents. 

In the 'HNMR spectra of phthalazin- 
ones, H-5,6,7 give closely packed complex 
multiplets at 250 MHz, with the exception of 
compounds 10 and 12, where H-5 is again 
strongly deshielded by a 4-COOH. The H-8 
signal (near doublet) at 8.2-8.3ppm is 
characteris tic. 

No NMR evidence was found for the 
detectable presence of a lactim tautomer in 

C10 

129.9 

129.7 

127.8 

129.6 

127.4 

129.1 

129.5 

129.4 

148.9 

148.9 

147.9 

147.0 

phthalazinones, in agreement with IR' and 
uV8 results. 

QoiaPzolinones (16-19) 

For comparative purposes, the atomic num- 
bering in Tables 2-4 dsers  from that USU- 
ally employed for 4(3H)-quinazolinones. 
Published I3C NMR data (chemical shifts 
only) are limited to quinazolinone (16) and 
some 2- and 3-alkyl derivatives (including 
17): and some tricyclic 3,4-dihydro 
analogues." The I3C chemical shifts for 16 
and 17 are in satisfactory agreement with 
those given in Ref. 9, with the exception of 
the carbonyl signal in 16 (reported value 
165.7 ppmq. For this type of compound the 
most characteristic signal is that for C-3, 
with its high 'J(l3C1H) value and/or distinc- 
tive long-range coupling pattern. 

The 'H NMR spectra of quinazolinones 
16-19 resemble those of isoquinolinones 1- 
6, the chemical shift order of the benzenoid 
protons being the same. The low-field sing- 
let for H-3 at 8.1-8.4ppm is characteristic, 

Again, no evidence was obtained for the 
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TaMe 3. Some long-range uC-lH coupling collstnnts (Hz) for compound 1-19" 
Compound C-1 c-3 C 4  c-5 C-6 c-7 C-8 Others 

1 

2 

3 
4 

5 
6 

7 

8 
9 

10 
11 
12 
13 

14 

15 

16 
17 

7.0 H-3 4.5 H-4 
3.5 H-8 
3.0H-8 1.5H-4 

3.0 H-8 1.5 H-4 

4.5 H-4 

3.0 H-4 

3.5 H-8 

3.0 H-8 

3.0H-8 7.0CH3 
18 4H-8 4.5CH2 

3.5 H-3 
3.5 H-5 
5.0 H-5 

4.5 H-5 

3.0 H-3 
3.0 H-5 
7.0 H-3 
4.6 H-5 

3 H-5 

4.0 H-4 

4.5 H-4 
7.0 H-7 

7.0 H-7 
4.0 H-4 
7.0 H-7 
6.0 H-7 
4.0 H-4 

4 H-4 
7.0 H-7 

7 H-7 

7.0 H-7 
8.0 H-7 
7.0 H-7 
8.5 H-7 
7.0 H-7 

8.0 H-7 

8.0 H-8 

8.0 H-8 

8.0 H-8 
8.0 H-8 

8.0 H-8 
8.0 H-8 

8.0 H-8 

8.5 H-8 
8.0 H-8 
8.0 H-8 

8.0 H-8 
8.0 H-8 

8.0 H-8 

8.0 H-8 

8.0 H-8 

8.5 H-8 
8.5 H-8 

7.5 H-7 8.5 H-8 

19 7.5 H-7 
8.5 H-8 

a See Table 2, footnote a. 

8.0 H-5 7.0 H-6 

7.5 H-5 7.0 H-6 3J(COOCH3) = 4.0 
3J(COOCH3, H = 4) 
= 4.0 

8.0H-5 7.5H-6 
8.0 H-5 7.0 H-6 3J(COOH, H-4) = 

4.0 
8.0H-5 8.0H-6 
7.5 H-5 7.0 H-6 2J(CH2COOH)= 

8.0H-5 6.5H-6 
6.0 

7.0 H-5 
7.0 H-5 
8.0H-5 8.0H-6 

'J(CH2C0OH) = 8 

7.5 H-5 2J(CH2COOH) = 

7.5 H-5 'J(CH,CHOH) = 

7.0 H-5 2J(CH2COOH) = 

7.0 

6.0 

5.5 
8.0H-5 8.0H-6 

7.5 H-6 
'J(CH,COOH) = 
6.0 
2J(CH2COOH) = 

6.0 

presence of other tautomers, in accordance 
with previous data." 

EXPERMENTAL 

The 13C and 'HNMR spectra were ob- 
tained at ambient temperature (297 K) on a 
Bruker WM-250 FT spectrometer equipped 
with an ASPECT 2000 computer at 62.9 
and 250.1 MHz, respectively. Typical condi- 
tions for the 13C spectra were as follows: 
memory size, 16K; pulse width, ca 30"; 
relaxation delay, 2 s; and digital resolution, 
2 Hz (0.5 Hz for the proton-coupled 
spectra). The concentrations of the solutions 
were 0 . 5 - 1 ~  and TMS was used as the 
internal standard. The 13C-lH coupling 
constants were obtained from the proton- 
coupled 13C spectra (gated-decoupling 
technique) by first-order analysis, and their 
signs were not determined. The two- 
dimensional 'H-13C correlation was per- 
formed using the standard Bruker 
programme (DISNMR Manual, 1983). The 
optimal parameters were similar to those 
employed in Ref. 35. 

The preparative methods and the physical 
properties of most of the compounds 
studied are summarized in Table 4. 

1(2H)-I~ioquinolinone (1) 

Isoquinoline N-oxide (5 g) and acetic 
anhydride (100 ml) were boiled for 6 h and 

the hot mixture was poured over lOOg of 
ice and then neutralized with solid KOH. 
After filtration and dilution with 100ml of 
cold water, crystalline 1(2H)-isoquinolinone 
(4g) was obtained and recrystallized from 
benzene. 

3-Metboxyearbonyl-l(2H)-~q~o~one 
(2) 

3-Carboxy-l(2H)-isoquinolinone (1.89 g, 
10 mmol) was suspended in 10 ml of meth- 
anol, 3.4 ml (20 mmol) of N-ethyldiiso- 
propylamine and 1.21111 (12mmol) of di- 
methyl sulphate were added and the mixture 
was heated for 15min on a steam-bath. 
After addition of 5 ml of water and 5 ml of 
ZN HCl the crude ester (1.90g, 92%) was 
filtered and recrystallized from methanol. 
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