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The concerted use of the H/**C shift correlation with full "H/'H decoupling and the modified COLOC se-
quence for long-range X/H correlation 2D nmr spectroscopy allows the total assignment of the **C nmr reso-
nances of 1,2,3,4-tetrahydroquinazoline and 3-benzyl-1,2,3,4-tetrahydroquinazoline. From these data, the **C
nmr chemical shifts of a series of 3-benzylsubstituted-1,2,3,4-tetrahydroquinazolines are deduced.
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Introduction.

We have synthesized in our laboratory a new series of 3-
substituted-1,2,3,4-tetrahydroquinazoline derivatives [1].
They show an in vitro antiaggregant activity, comparable
to and sometimes greater than the inhibiting power of
aspirin; the structure of these molecules had to be de-
termined. The concerted use of Reynold’s '"H/**C 2D nmr
shift correlation with full 'H/'H decoupling [2] and
Krishnamurthy’s modified COLOC sequence for long-
range 'H/**C correlation [3], applied to compound 1, per-
mits a complete assignment.
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These two-dimensional 'H/**C nmr methods are also
employed to establish the structure of the 1,2,3,4-tetrahy-
droquinazoline nucleus itself.
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This study is one of the few applications [4,5] of these
two recently published methods.

Results and Discussion. 'H and *C-NMR Studies.

The 'H nmr spectrum of compound 1-9 in deuteriochlo-
roform at 200 MHz consisted of three singulets, a broad
signal around 4 ppm and a complex pattern between 7.5-6

The broad signal corresponded to the NH proton which
was exchangeable with deuterium oxide. The use of deu-
terated dimethylsulfoxide shifted the NH proton to about
6 ppm, but did not make it possible to observe the cou-
pling with vicinal protons (H.2). Thus, the three methylene
group singulets could not be differentiated.

For compound 1, two series of signals could be distin-
guished in the complex pattern; one due to the H.5, H.6,
H.7, H.8 quinazoline protons and the other to the aromat-
ic protons of the benzylic group. The multiplicity of the
signals made it possible to distinguish the H.5, H.8 pro-
tons (doublet) and the H.6, H.7 protons (triplet), but the
exact assignment of each one remained ambiguous.

The direct analysis of the **C nmr proton noise decou-
pled and DEPT spectra of compounds 1-9 showed three
CH, carbons. The first signal at 60 ppm was assigned to
the methylene C.2, according to the relative deshielding
induced by the proximity of two nitrogen atoms, whereas
the other two at about 50 ppm were associated with the
methylene C.4 and C.a. However, these also remained a
doubt about the assignment, except for the fluorobenzyl
derivative 2 where we observed the following '*F/**C cou-
plings: 'J = 246.6 Hz; *Jp o, = 14.7 Hz; 2Jp oy = 21.9 Hz;
Jece = 2.5 Hz; ey = 8.5 Hz; Jp e = 3.6 Hz.

For the aromatic part, we observed two quaternary car-
bons at constant chemical shifts (142-143 ppm and 119-120
ppm). These carbons were assigned to the C.8a and C.4a
carbons respectively. The other quaternary carbons had
chemical shifts depending on the nature and the position
of the benzylic ring substituant.

Moreover, in one-dimensional **C nmr, it was very diffi-
cult to differentiate unequivocally the CH carbons be-
cause they resonated in a narrow range.

With regard to the ambiguity of the general 'H and *C
assignment, we used two-dimensional 'H/**C nmr experi-
ments, applied to the model compound 1: the 3-benzyl-
1,2,3,4-tetrahydroquinazoline.

First, the use of the heteronuclear two-dimensional
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Table 1
One-bond and Long-range 2D 1H/13C Correlations for
3-Benzyl-1,2,3,4-tetrahydroquinazoline
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'H/*3C shift correlated spectra for directly-bonded carbons
and hydrogens with full elimination of proton-proton cou-
pling [2], allowed chemical shift correlations to appear via
single sharp peaks with F, = 6 'H and F, = 6 **C. This
gave maximum signal/noise and accuracy in determining
proton shifts.

Secondly, the long-range two-dimensional heteronuclear
chemical shift correlation COLOC-S [3], which employs
'H/*3C coupling via two and three bonds, was applied with
advantage for the assignment of quaternary carbons. This
method provides a selective long-range correlation 2D nmr
spectra, without responses due to the directly attached
protons.

The concerted use of these methods proved particularly
helpful for the complete assignment of the 1,2,3,4-tetrahydro-
quinazoline skeleton. Results are given in Table 1.

The direct 'H/**C correlation spectrum allowed us to know, for
each carbon atom, the chemical shift of the directly-bonded pro-
tons (Figure 1).

I3C 5 ppm Type one-bond long-range Assign-
connected connected ment
protons (3 ppm) protons (5 ppm)

5323 CH, 382 3.71-3.98-6.84 [a] C4
5713 CHp 370 3.83-3.98-7.36 [a] Co
62.87 CHy 398 3.70-3.83 C2
11505 CH 651 6.67 C8
11822 CH  6.68 3.83 [a] -6.50 c6
11997 Q - 3.83-6.51[a] -6.68 [a] C.da
12717 CH  7.01-7.25 6.84-7.36 C4a-C7
12751 CH 684 3.83-7.00 [a] C5
12830 CH 731 732 C3-C5
12003 CH 736 3.70-7.24 [a] C2-Ce'
13849 Q - 3.70-71.32 cr
14279 Q - 3.84-3.98-6.84-6.99[a] C.8a
[a] Weak intensity correlation.
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Figure 1. One-bond *H/**C 2D aromatic correlation by CORFD method-F1 'H nmr spectrum - F2 3C projection of the correlations.
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The analysis of the long-range correlation spectrum served to
identify each carbon (Figure 2). For the aromatic compounds, the
3J 'H/*3C long-range correlation [6] were the most intense. The
multiplicity of the H.5, H.8 (doublet) H.6, H.7 (triplet), observed
in the one-dimensional 'H nmr spectrum, and the three-bond cor-
relations between the carbon C.4a and the protons H.6, H.8 on
one hand and between the carbon C.8a and the protons H.2, H.4,
H.5, H.7 on the other, prove the assignment reported in Table 1.

The aromatic carbons of the benzylic substituent are assigned
with respect to the one-bond and long-range correlations existing
between carbons C.o, H.2', H.6' and C.1°, H.3', H.5".

The two-dimensional 'H/**C experiment was used only for the
compound 1 model. The chemical shifts obtained for the benzylic
part served as reference for applying an empirical method based
on the SCS tabulation of Ewing [7]. We determined the aromatic
carbon calculated shifts of the mono-substituted derivatives 2-9.
The good agreement between the estimated and experimental
values allowed the assignment of the benzylic carbons (Table 2).

C.8a

Carbon-13 Nuclear Magnetic Resonance Spectra of 1,2,3,4-Tetrahydroquinazoline 393

Moreover, the quinazoline carbon shifts present a great
similitude with the values observed in the unsubstituted
model compound 1. Thus, all carbons of derivatives 2-9
can be assigned.

So it now seems interesting to study the influence of the
benzylic ring and its substituants on the chemical shifts of
the tetrahydroquinazoline nucleus carbons themselves. In
fact, no nmr characteristics are as yet published to our
knowledge. Thus, we have achieved the two-dimensional
'H/**C nmr spectrum of the 1,2,3,4-tetrahydroquinazoline.
The same analysis method allowed us to assign all the car-
bons and protons; the chemical shifts and the different
assignments are shown in Table 3.

Finally, the presence of a benzylic group involves a
large unequivalent shift of carbons C.2 (4.77 ppm) and C.4
(6.67 ppm) at a higher frequency. The difference in shift
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Figure 2. Long-range 'H/**C 2D aromatic correlation by COLOC-S method-F1 'H nmr spectrum - F2 *C projection of the correlations.




Vol. 28

D. Gravier, J.-P. Dupin, F. Casadebaig, G. Hou, M. Petraud, J. Moulines and B. Barbe

394

*LOOET
8¢€°0EL
*PE0El
PS0CL
*C6'8C1
£0°6C1
*C6'8C1
[o] 68°621
*£V'OEl
e0el
*EV'OET
oLoer
*[9°0€1
090t
*19°0ET
8YIEl

9D

*88°E11
I8¢l
*65°0C1
[ VA4
*96'8C1
£0°6¢C1
P AYAL
€LST1
*0L"8T1
8¢'8T1
*«0P 9T
§9°971
*EE€'CT1T
00°611
*68'€T1
POvCl

SO

€8’
LD
o
L1400
9D
8D
[4e]
vO

wowudissy

*LS'8ST
0651
*1T8C1L
[4%:(4¢
*6£9E1
869¢€1
*90°STL
el sz Lzt
*LV'EE]
69°CEl
*LS'8T1
ov'6Cl
6'191
L1791
*SL'8C1
00°6¢1

$O

[e] 86'9-¢8'9-81°

P96’

$8'9-[e] g6°¢
[e] 86'9-L6'¢
(el 8v'9-L6'€

(el sL'9-Lv'9-[e] 86°¢
[e186°9- [¥] £8'9-99- [e] v6°¢

L6t

[e] s8'9-81¥

(wdd @) suoioud
pa19auuoo s3uel-3uof

869
€89

L99
89’9
Ly
86t

(udd @) suojoad
P3109UTOD PUOQ-3UO

‘UONEJALIOD ANSTAIUT Jea M [®]

0
HD
HD

0
HO
HD

[53)
o

adA],

surjozeumbolpAyens-y'¢°Z‘1 Y1 JOJ SUONE[ALOD) Dgp/H1 AT a3ues-3uor] pue puog-auQ
€ dlqel

8TErL
1reet
SE9CIL
96’171
S6'LTT
LTSI
91°88

869y

wdd ¢ D¢l

wdd 61°5s ‘€HDO [f] "wdd oz'ss “SHOO (1] “wdd po 1z ‘6D [yl "wdd g1°61 €HD [8] “punodutod aues oy uf padueyasagur aq Kewr [o°qe]-sYIYs [eoraYo Pate[nofe)

*88°¢l1
18°€l1
+88°€I1
9¢°011
*96'8¢C1
t06Cl
*96'8C1
[o] ev'o€T
*0L'8CI
8£°8C1
*0L'8T1
LT8TL
*€E'S11
00°S11
*EECT1L
134 13¢

£D

*»LO0E]
8¢°0t1
*EV'091
£ LS
*C6'8T1
£0°6C1
*STGEL
[al €979¢1
*EP°0el
e0el
*EE°SET
9THEL
*190E1
09'0el1
*8L€91
SS 191

YA®)

*8L°0El
6S°0¢1
*«L0PT1
12974
*SY'SEL
6e°6e1
*ST6E1
[al 09°L€1
*659¢1
rLel
*68°8E1
1e'9¢1
*80VET
1epel
*C0'9T1
'Sl

JD

1I

W6'6S  pOErl SIS
€69 00°Epl st
€99  v6THI STSII
L8°0S  00°€Epl 118594
SL9S  06THI 06411
SLYS  00°€pl 90°611
019§  8LTIVI 06411
8L'ES  €8°TYI 00°St1
929§  OLTYI 0TSl
S6'6y  SLTYI LTSIt

0D L3 30) L¥e]

(wdd) y1ys [eoturey)

oI

. _\:z;

*HO. N S
0 14 <

8
38,

z L
N 9
oW

0 14 s

[e) syLTl
(el ovLe1

(el 8921
LIKAKAN
[elzs Lzt
[el €9°L21
el zs LTl
(el zs'Lat
[e] 8921
[elzoLen

LD

10°811
0811

GE8II

L6'LTT

L6'LTL

61811

0811

08Il

0T'811

ov'81l

9D

11~ spunodwio) jo (wdd) syrys [eorustd ey

[ACLAR

[e] LoL2l
[e] 61°L21

[e] og Lt
[el 60°L21
el p1°L21
[el sTitl
(el vz LTI
[el61°LT1
el geLel
el geLzn

§O

67

¥y oTlL
00Tl

LO0OTT
£1°0C1
SLell
€10t
8P'611
69611
oL'61l
16°611

ep'D

60vS 96'¢9
TA%Y 00°€9
el'es €L'T9
6T°ES 00°€9
wes 89779
61°¢S 06'79
L6'TS 979
yees $6'79
80'€S 0L'?9
[A%Y 6879
(48] (4]

[1 tHOOK
{1 tHdoz
{4l tHDw
[81¢HOT
037
o¥4
ER,

42

I
or



Feb-Mar 1991

amplitude observed for these two carbons is probably due
to a conformational modification of the heterocycle induc-
ed by the 3-substituant. There also appears to be a sub-
stantial long-range shift effect on carbon C.4a, but which
is weaker on the other atoms. The substitution of the ben-
zyl ring or its replacement by an ethyl or cyclohexylmethyl
group confirms the above observations in the same man-
ner.

The mean difference of the chemical shifts between de-
rivatives 1-11 and 1,2,3,4-tetrahydroquinazoline (A ppm
= 6 NR - 6 NH) are summarized in Figure 3. These values
can eventually be used as increments to determine the car-
bon chemical shifts of the 1,2,3,4-tetrahydroquinazoline
3-substituted by a CH,-aromatic or CH,-alkyl group.

+ 088  +6.67
H 4
da
+ 017 6 NH
+ 0417 J 2+ 477
8a
8 -039
-0.19

Figure 3. Mean difference of the chemical shifts between derivatives
1-11 and 1,2,3,4-tetrahydroquinazoline (A ppm).

EXPERIMENTAL

The compounds studied were prepared from isatoic anhydride
according to the reported method [8,9].

The **C nmr spectra were recorded on a BRUKER WH 90
spectrometer operating in the pulsed Fourier Transform mode at
22.63 MHz. The acquisition parameters were as follows: spectra
width 5000 Hz, acquisition time 0.81 s and pulse width 6 us (cor-
responding to a 45° pulse).

All compounds were examined in deuteriochloroform solution
(10% wlv) containing a few drops of tetramethylsilane (TMS) as
internal reference.

The 2D 'H/**C nmr correlations and 1D *H spectra for com-
pound 1 and 12 were recorded on a BRUKER AC 200 spectrom-
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eter equipped with a 10 mm multinuclear probe (**C 90° pulse
width: 13 us; *H 90° pulse width through decoupler coils: 28 pus).

The heteronuclear two-dimensional 'H/**C shift correlated
spectra for directly-bonded carbons and hydrogens with full
'H/'H decoupling along the F1 frequency axis was obtained using
the Reynolds sequence [2]; CORrelation with Full Decoupling
(CORFD).

The spectrum was acquired with 2024 x 256 data points or data
acquisition of 32 scans x 128 increments in tl and zero filling in
the F1 dimension only, and spectra width of 8064 Hz and + 1000
Hz were used in the F2 (**C) and the F1 (*H) domains respective-
ly. The relaxation delay was 1 s, delay constant T = 3.75 x 107,
Yo Jen = 4 x 1072 s, refocalisation delay = 2 x 107% s.

The long-range two-dimensional heteronuclear chemical shift
correlation was obtained using a modified version of the COLOC
experiment, which is referred to as COLOC-S [3]. The COLOC-S
spectrum was run with the same spectra width as the CORFD
spectrum. The relaxation delay was 2's, 12 Jox = 3.3 x 1073 s,
delay constant T = 5 x 1072 s, reflocalisation delay = 4 x 107%s.
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