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Summary. Unambiguous 1H and 13C NMR assignments for 4(3H)-quinazolinones 1-6 and their 
corresponding 4-thiones 7-12 have been made. This resulted in the revision of the previous assignments 
for the two benzenoid carbons (C-5 and C-8) of quinazolinones 1,2,4, and 5. Thionation of the 
nucleophilic amides 1-6 has been found to cause a distinct change in the ~ac chemical shift of 
particularly C-4, but also of those of C-4a, C-5, and C-8a. One-bond and several long range 
heteronuclear coupling constants for the compounds have also been measured. 
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Kernresonanzspektroskopie yon 4(3H)-Chinazolinonen und 4(3H)-Chinazolinthionen 

Zusammenfassung. Die 1H- und 13C-NMR-Spektren der 4(3H)-Chinazolinone 1 6 und ihrer 
entsprechenden 4-Thione 7-12 wurden zugeordnet. Dabei zeigte sich, dab eine frfihere Zuordnung der 
beiden benzoiden Kohlenstoffe (C-5 und C-8) der Chinazolinone 1,2,4 und 5 falsch war. Ersatz des 
Sauerstoffs durch Schwefel in den nukleophilen Amiden 1-6 ftihrt insbesondere ffir C-4, aber auch ffir 
C-4a, C-5 und C-8a zu einer deutlichen Anderung der chemischen Verschiebung. Heteronukleare 
Kopplungskonstanten fiber eine und fiber mehrere Bindungen wurden bestimmt. 

Introduction 

Substituted and annulated 4(3H)-quinazolinones constitute an important class of 
bioactive natural products of plant, microbial, and fungal origin [1-7]. Several 
synthetic analogues also display a wide range of biological activities [8-10]. 
However, despite their comprehensive chemistry and biology, structural characteri- 
zation of this type of compounds by NMR spectroscopy is still scarce in the 
literature [ 11-13]. Recently, 2-(e-hydroxyethyl)-4(3/-/)-quinazolinone (chrysogine) 
[14] has been synthesized [15] and examined by two-dimensional NMR spectros- 
copy [16]. A survey of the literature also reveals that for 4(3H)-quinazolinethiones 
neither 1H nor 13C NMR spectra have been fully interpreted until now [17]. 
Therefore we report here the total assignment of the proton and carbon resonances 
of a series of 4(3H)-quinazolinones 1-6 and their thione analogues 7-12, deduced 
from 2D and selected 1D NMR techniques. 
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Results and Discussion 

The assignments of the well resolved 1H N M R  signals of quinazol inones  1-6  and  
their thione analogues  7-12  were derived from splitting patterns,  single-frequency 
decoupling,  and  characterist ic chemical  shift values. The 1H chemical shifts 
assignments are collected in Table 1. The da ta  show consistently tha t  the homocycl ic  
p ro ton  signal with the lowest field shift in bo th  series of compounds  is a doublet  
with addi t ional  fine s tructure due to further m e t a  and para couplings. This signal is 
assigned to H-5 on the basis of the proximity  to the carbonyl  or thione group. 
The assignment  of H-5 led to the assignment  of H-8 by default. In the same 
spectral region the signal for H-2 is found as a singlet. The signals for protons  
H-6 and  H-7 show two or tho  couplings. We have assigned the H-7 signal to the 
lower field one on the basis of  p ro ton  decoupl ing experiments performed by 
i r radiat ing H-5. 

The change in funct ional i ty  from a carbonyl  to a thione group results in a 
deshielding effect at the H-5 resonance of ca. 0.5 ppm, reflecting the greater electron 
density of the sulfur atom. The remaining homocycl ic  chemical shift values in 7-12 
are close to those of  the corresponding carbonyl  compounds .  It is known  that  in 

Table 1. 1H NMR chemical shifts (ppm) in D M S O - d  6 

Compound H-2 H-5 H-6 H-7 H-8 R and R' 

1 8.19 8.20 7.57 7.86 7.73 
2 8.12 7.48 7.79 7.61 
3 8.19 7.54 7.84 7.76 
4 8.10 7.48 7.78 7.62 
5 8.37 8.17 7.55 7.82 7.68 
6 8.37 8.21 7.60 7.89 7.75 
7 8.19 8.58 7.63 7.91 7.74 
8 8.57 7.55 7.85 7.64 
9 8.65 7.62 7.91 7.80 

10 8.60 7.56 7.85 7.69 
11 8.69 8.66 7.61 7.87 7.72 
12 8.54 8.71 7.67 7.93 7.80 

Average coupling constants (in Hz) 

12.32 (NH) 
12.23 (NH), 2.40 (Me) 
12.47 (NH), 8.22 (o), 7.57 (m), 7.60 (p) 
12.42 (NH), 7.40 (o), 7.34 (m), 7.26 (p), 3.96 (CH2) 
3.54 (Me) 
7.59-7.53 (Ph) 

13.85 (NH) 
13.75 (NH), 2.50 (Me) 
13.92 (NH), 8.19 (o), 7.58 (m). 7.61 (p) 
14.01 (NH), 7.44 (o) 7.36 (m), 7.27 (p), 4.15 (CH2) 
3.91 (Me) 
7.62-7.52 (Ph) 

Jortho Jmefa J para 

1-6 H s , H  6 = 7.9 H 6 , H  7 = 7.1 H~,H 8 = 8.2 H s , H  7 = 1.6 H 6 ,  8 = 1.2 Hs,H 8 = 0.5 
7-12 Hs,H 6 = 8.2 H6,H 7 = 7.0 H7,H 8 = 8.2 Hs,H 7 = 1.6 H 6 ,  8 = 1.3 Hs,H 8 = 0.5 
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benzo-fused heterocyclic rings the magnitude of the ortho coupling constants 3J1H,1H 
can be influenced by the hetero atom [18]. This influence is apparent in the 
quinazolinone compounds which show the following trend. 3j6,7 < 3j 5,6 < 3j 7,8 (see 
Table 1). The observed value of 3j which is greater than 3 j  further supports 7,8 5,6 
the assignments. 

The ~3C chemical shift values are given in Table 2. All ternary resonances were 
assigned from the corresponding proton resonances using a 2D 1H-13C HETCOR 
correlation experiment. This technique permitted the unequivocal assignment of the 
closely spaced C-5, C-6, and C-8 signals which appeared in the range of 
125.6-127.4 ppm in the quinazolinone series and of 127.1-130.0 ppm in the thione 
series. The signal sequence in order of increasing chemical shifts in 1-5 is 
C-5 < C-6 < C-8. This analysis allows us to reverse the assignments for C-5 and C-8 

Table 3. Heteronuclear coupling constants (Hz) 

Compound C2 C4 C4a C5 C6 C7 C8 C-8a 

1 1Jd204.2 S u 1Jd163.6 1Jd162.8 1Jd160.3 aJd163.6 
3Jt6.& 3J d 7.7 3J d 8.9 3J d 9.0 3J d 6.7 3Jq8.1" 

2J d 3.2 

2 S b 1Jd162.5 1Jd162.5 aJdl60.2 1Ja163.0 
2jq 6.8 3Jfi.4a 3J d 8.6 aJ d 8.8 3J d 8.2 3J d 6.6 3Jt6.5 

2J d 2.7 
3 s b 1Jd163.6 1Jd162.5 1Jd160.2 1Jd163.6 

3Ja3.2 3Jt6.5~ 3J d 7.5 3J d 8.3 3J d 8.7 3J d 6.7 3Jt7.6 
2J a 2.7 

4 s b 1Jd163.3 aJa162.6 1Jd160.4 1Jd163.1 
2J t 7.2 3Jt6.4~ 3J d 7.9 3J d 8.1 3J d 9.1 3J d 7.0 3Jt7.6 

2J d 2.7 

5 1Jd206.2 S b 1Jd163.7 1J0162.9 1Jd159.9 1Jd164.1 
3Jq 3.8 3Jt6.6a 3J d 7.6 3J d 8.3 3J d 8.8 3J d 7.2 aJdt9.6,5.3 

2J d 2.8 

6 1Jd208.7 1Jd164.1 1Jd163.4 1Jd160.6 1Jd163.6 
3Jt4.3 3Jdd8.3,5.3 3J d 7.8 3J d 7.9 3J d 8.5 3J d 7.1 3Jar9.0 ,7.0 

2J d 3.2 
7 1Ja207.7 aJd164.2 xJa163.8 1Jdl61.2 iJa165.0 

3Jt4.8 3Jdd8.1 , 5.3 3J d 7.1 3J d 8.5 3J d 8.9 2J d 7.3 3Jdt10.3,6.6 
2J d 3.3 

8 1Jd163.8 1Jd162.9 1Jd161.4 1Jd164.6 
2jq 7.0 3Jd4.6 3Jt6.3a 3J d 7.4 3J d 8.1 3J d 8.7 3J d 7.4 3J t 7.7 

2J d 3.3 

9 s b 1Jd163.6 1Jd162.9 1Jd161.5 aJd164.2 
3J t 3.7 3Jdd7.8 , 5.3 3J d 7.1 3J d 8.2 3J d 9.1 3J d 6.3 3J t 7.8 

2J d 2.3 
10 s b c 1Jd165.0 1Ja162.9 1Jd162.0 1Jd163.8 

2J t 7.6 3J d 7.9 3J d 8.1 3J d 8.0 3J d 8.1 3J t 7.6 
l l  1Jd211.2 1Jd164.4 1Jd165.0 1Jd160.5 1Ja164.5 

3jq 3.8 m 3Jt6.9a 3J d 7.0 3J d 7.5 3J d 9.0 3J d 7.2 3Jatl0.2 ,6.2 
12 1Jd212.7 C 1Ja166.4 1Jd165.4 1Jdl61.1 aJd165.1 

3Jt4.4 3J d 6.9 3J d 8.0 3J d 8.8 3J d 7.1 3JdtlO.2,7.2 

s: singlet; d: doublet; t: triplet: q: quartet; m: multiplet; a: apparent multiplicity; b: broad; c: overlapping 
multiplet 
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in compounds 1, 2, 4 and 5 from those given in Ref. [11] and for 1 and 2 from those 
in Ref. [12], measured in D M S O - d  6 solutions. 

The large value of the one-bond C - H  coupling constant of the ternary carbon 
C-2 adjacent to N-1 and N-3 (1Jc_2,H_ 2 ~ 204-213 Hz, see Table 3) also allowed this 
carbon to be distinguished from those of the homocyclic ring (1JcAr, H g 160-166 Hz) 
in both series of compounds. The quaternary carbons C-4, C-4a, and C-8a were 
assigned based on the standard chemical shifts and characteristic splitting caused by 
long-range carbon-pro ton  coupling constants, (3Jc,H), obtained from the 13C 
gated-decoupling mode spectra (Table 3). On the basis of chemical shifts, the most 
deshielded signal was expected to be due to the amide carbonyl (C-4), and the 
observed coupling constants over three bonds with H-5 and H-2 confirmed this 
assignment. As expected, the ring fusion carbon C-8a, directly attached to the 
heteroatom, resonates at much lower field than C-4a [19]. Thus, whereas C-4a is 
coupled over three bonds with H-6 and H-8 and appears as a triplet or as a double 
doublet, the C-8a signal is split by 3j couplings with H-2, H-5, and H-7 and appears 
as a double triplet except when H-2 was replaced by a methyl (2 and 8), phenyl (3 
and 9), or benzyl group (4 and 10). In these cases, the signal for C-8a is a clear triplet. 
The remaining signal, due to C-2 in compounds 2-4 and 8-10, is coupled over 
two or three bonds with the substituent at position 2. This completes the assignment 
of the ~ 3C N M R  spectra. 

In the thione series 7-12, the main differences in the chemical shift values with 
respect to those of the corresponding quinazolinone compounds were found for C-4 
and C-4a which show a strong deshielding effect of ca. 26 ppm for C-4 and ca. 

6.5 ppm for C-4a. Influenced to a lesser extent, C-5 is shifted to lower field by ca. 

3.5 ppm, whereas the chemical shift of C-8a decreases by ca. 4.5 ppm. These results 
are consistent with previous investigations on structurally related compounds [20]. 

Experimental 
The 4(3H)-quinazolinones 1-6 were obtained by dehydrative eyclization of the appropriate 
anthranilamides which in turn were synthesized from isatoic anhydride [21]. The thione analogues 
7-12 were prepared from the corresponding quinazolinones by refluxing with phosphorous 
pentasulfide in pyridine [22]. 

All 1H and 13C NMR spectra were measured in 5 mm tubes with solutions prepared in 0.7 ml of 
DMSO-d 6. All chemical shifts given are relative to TMS.  Spectra were recorded on a Varian XL 300 GS 
spectrometer. Routine proton spectra (300 MHz) were recorded with a pulse angle of 45 ° and an 
acquisition time of 3.75 s. The data size was 32 k at a spectral width of 4 kHz. Routine 13 C NMR spectra 
(75 MHz) were recorded with broad-band decoupling, a pulse angle of 40 °, and an acquisition time of 
0.91 s. The data size was 32 k at a spectral width of 16.5 kHz, a relaxation delay: 2 s. 

A typical HETCOR spectrum was acquired with a spectral width of 2350 Hz at 75 MHz in the f2 
domain and 435 Hz in the fl domain. The spectra were acquired with 1 k data points in f2 and 128 
increments in f~ (128 transients each). Before processing, zero filling in fl was applied (512 data points). 
The delay between pulses was 1.0 s. The values of polarization transfer and the refocussing delay were 
4 and 2 ms, respectively. 
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