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13C-NIVIR STUDY OF SOME SUBSTITUTED S-ACRIDANONE
DERIVATIVES

KEY WORDS : 13C-NMR, Substituent effects, Molecular

orbital calculations, Correlations,

Acridanones.

Robert Faure, Abdallah Mahamoud, Jean-Pierre Galy and
Emile-Jean Vincent,
Laboratoire de Chimie Organigue Physigue, Université
d'Aix-Marseille III, Rue Henri Poincaré, 13397 Marseille
Cedex 4, France

Anne-Marie Galy and Jacques Barbe,

Laboratoire de Chimie Minérale, Faculté de Pharmacie,
413385 Marseille Cedex 5, France

ABSTRACT : 13C-NMR apectra of several 9-acridancnes with different

substituents both on the ring (R1 = CH3, DCHB, NHZ’ N[CH3]2. N02]
and at the nitrogen atom (R2 = H, EH3 CZHS’ CHZ_CB?g‘ CEC—CH3,
(CH2)2N(C2H5]2. CH=C=CH2] have been recorded. The ~C-NMR chemical
shifts are discussed as a function of the nature of the substituent,
the importance of peri steric interactions and the electronic
structure of the acridanone ring. There is a good linear relation-

ship between the total electronic density and the chemical shifts.

INTRODUCTION
Acridanane derivatives which are significant ..cterocyclic

compounds in therapy, carry out polybiovalency. Over and above their
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antivira11, anti-allergy2 or analeptic propertiesa, these drugs can
be used as radioprotectives4 or antitumor agentss. In the latter
case, a steric interaction with DNA is involved5'7. Consequently,

the biological response is mainly dependent on the conformational
structuree, i.e. is governed by electronic and structural parameters.
In connection with other researches into the subjectg—qs, results
about a 13C—NMR study on some S-acridanone derivatives are analysed
below. This method indeed, is a suitable one, for stereochemical

14,15

investigations . The compounds studied are given in Table 1.

The methodology is the same one already used with some other medi-

cinal compounds18_18.

EXPERIMENTAL

13C-NMR spectra were recorded in the FT mode on a Varian CFT-20
spectrometer. A 8 éLsec pulse corresponding to a tilt angle of 45°
was used. Accumulation of 5,000-50,000 transients - according to the
solubility of the compounds - were made at a spectral width of
5,000 Hz. The compounds were studied as solutes in DMSD-d6 at
28 * 2°C. The latter was used either as lock or reference. Chemical
shifts were measured in the decoupled noise mode in reference to
the central line of the solvent. They were correlated to the TMS

signal using the relation’® Oy = 0 + 39.6 in which @ is

UNSO—dS
given in ppm. The accuracy of the measure of chemical shifts

was better than 0.1 ppm.

Electronic densities were calculated by means of CNDBGO/2 MO
method using a modified version20 of QCPE 14121. Acridanone bond

lengths and angles are specified in Figure 1.

From the point of view of an averaged time, it can be assumed
that rings are belonging to a same plane because of the rapid ni-
trogen inversion. As for the values of substituent atomic distan-

ces and bond angles, they are those arising out of the litera-
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Figure 1. Atomic distances and bond angles of
9-acridanones.

turezz. Some of the compounds used were prepared and isolated
according to a previously published process11. Synthesis of the

other ones will be stated laterza.

RESULTS AND DISCUSSION

Assigments were made in accordance with
(a) chemical shifts considerations14, particularly about substi-
tuent effects in benzenic seriesz4,
(b) signal multiplicities determined from a coherent off-
resonance decoupling,
(c) peak intensities,
(d) the assumption that, chemical shifts of an unsubstituted
benzene ring are slightly changed by various substitutions, except
if there are peri steric interactions. Chemical shifts are collected
in Tables 2 and 3 whereas substituent effects are gathered in
Table 4.

Substitution at the nitrogen atom

It can be generally pointed out that the shielding of the ring
carbons is slightly affected by substitution at the nitrogen atom.
However, the latter brings a shielding effect as far as the y posi-
tion is concerned - C-4 or C-5 - except with 38 in which such an

effect is compensated by the deshielding one brought about by the
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Table 2, - Chemical shifts of the ring carbons of the S-acridananes measured from Uzmodm salutions.

N° C-1 c-2 c-3 c-4 c-5 c-6 c-7 c-8 c-9 C-4a C-Sa C-8a C-9a
1 126.0  121.0,  133.5  117.4  117.4 133. 121.0,  126.0  176.8 140.9 440.9  120.5 120.5
2 140.5°  123.8 132.5  115.5  116.7 133.1 120.8 126.2,  178.5 142.6 140.2° 121.8, 122.9
3 125.0  129.9 134.7  117.1 1171 133.0  120.5% 125.9  176.5 139.0 140.8  120.5.  120.5,
4 126.0  122.8,  143.8  116.6  117.3 133.2  120.8,  126.0  176.4 141.1%  141.0° 120.8,  118.7
5 124,0  120.5 133.9  125.8  118.6 133,0  121.1 125.8  177.4 141.6 141.6  120.5 120.8
8 104.8  153.7 124.0  118.8,  117.1 132.7  120.4 125.7  175.9 135.5 140.3  120.8 119.5
7 118.3  120.5 2.4 147.8,  117.2 133.1 121.2 125.8  176.6 131.9 940.7  120.5%  120.3°
8 126.5  121.2 134.0  116.1 116.1 134.0  121.2 126.5  176.9 142.3 142,3  121.8 121.8
9 140.8  124.2 132.7  114.0  115.8 133.4, 120.8,  126.5  178.6 144.0 141.8  123.1 124,2

10 125.8  130.3 135.2  116.0  116.0 133.8  120.8,  126.6  176.4 140.4 142.2  121.5 121.5

1 126.5  122.7 144.5  115.6  116.0 133.7  120.8,  126.5  176.5 142.3 142.3 {b) (b)

12 124.0  121.8 137.3  127.0  117.3 133.7  121.2 125.9  177.5 145,8% 142,99 122.1 124.3

13 105.9  153.8 123.7  117.8  115.8 133.5,  120.7 126.5  175.9 137.0 144.8  122.3 120.6

14 117.9  122.0 116.8  149.8  116.0 133.7  121.2 125.8  176.7 135.0 145,17 121.2 124.86

15 106.0  145.2,  120.1 117.0 115,86 133.1 121.4,  126.6  176.0 134.5 141.5  122.5 120.6

18 126.0  130.2,  135.5. 115.6  115.6 133.9,  120.8 126.8  176.3 139.3 181.0  121.8 121.6

17 106.2,  153.9 124.1  117.5  115.4 133.8  120.8 126.8  175.8 135.9 140,7  122.4 120.8

18 118.3  122.0 116.7  149.8  116.1 133.9  121.3 128.3  176.7 134.4 1441, 121.7 124.7,

19 131.7%  123.1 131.37  138.0  119.1 134.3  121.2 126.4  176.0 140.,9 142.4  124,4 124.4

20 126.7  121.5 134.2  116.1  116.1 134.2  121.5 126.7  176.6 142.1 142,14 121.7 121.7

1102 Alenuer 0g /LT :¥0

v pspeo jumog



*sTRUBTS psBAlasgoun (9)

*punodwoo swes e UT PBsSasnad 8] Aew sSjuswudTSse asay) (e)

DR T4%
Ll
8° L2l
g izl
A Y4*
1A 74%
g ezl
st Lzl
[ARTA%
5 vzl
£ izl
3'pcl
LECL
PR Y A%
R TA%
6 %2l
8°6LL
9* Lzl
9 vzl

0°izL
vk
8 Lzl
9°i2l
LoLel
A Z4%
8 0ZL
Y4
7L
Lrzzl
5924
9*cci
6* 2L
5*L¢h
ST Lck
grecl
8°LZi
9*LZL
ezl

L"zvl
s 4%
E* Lyl
STl
Syl
Lrzyl
g eyl
A8 42
Ian24t
L Syl
E°Ltl
1*0blL
0°Stl
S ol
S 0ovl
gb Pl
oaradd
6" Lt
a3

brzvl
8" ivl
€ Lvl
S ibl
5Ltk
g oyl
9-zeL
£'BEL
LoLpL
6 Zvl
3°6EL
£rigl
6°Zpl
9°gEl
S ovl
ALY
L0l
Lrovl
Lo EvL

S

£°9L4L
ST 841
v 8t
€°941
¥*9s1
27841
B LLL
191
b 9l
B*LLV
€921
£G4}
6841
0 941t
(q)
ST Ll
9944
v 81
2 8Ll

39'8zL mD.rNr

8 8ci [ARTAY
47921 o°tct
Br9¢L A T4%
8°9¢k mN.rNr
0421 mm.NNv
9 8zt [AR 47
£°8C1 1ozl
47921 Lzl
€921 mv.NNr
§'8z1 STzl
G gzl D-gzl
€°92L 6 €zt
£°9¢h g ezl
98zt 9TEcl
6°Gct s°iet
8°9Zl [ XA
g9*aci [eh ¥4%
8 gzt g€ izt

1102 Alenuer 0g /LT :¥0

zreer  Szeil
VYEL SCUsLL
0'vEL JsesiL
ZvEL 6 5Ll
2 bEL 3°5L1
L sEL L'BLL
£rssl 5'8LL
9 €EL 5*5LL
6 Ecl g 5Ll
LbEL € 8Ll
L'eEl 8 oll
8 el £r8bL
Siper TeluL
LrvEL Ve bh
8 bEL o
£ Eet e
6°EEL LeaLL
S

B €EEL Al

LTEEL

v pspeo jumog

9°Gbl

mN.mre

mm.mrr
mm.mrv
6 GLL
=181
6°LEL
I=aai 4%
S*SLL
127
L"82Zt
B'OLL
g Ll
9421
LribL
L L
grsclL
g9°SLL
B Sk
| 2847

S

2 eel
LYEL
0 vEL
2 el
ZTvEL
€ Z€l
arsti
0'SEL
B EEL
8T i€l
L*SEL
§°zct
v RElL
B SEL
2 el
g°LEL
B bl
€ 5el
6*2€EL

SgrzL
zLzL
0*1zl
zizl

Szazi
0 vzl
z ezl
L*0EL
L Lzl
(2L
0" LEL
besyl
6 €zt
VrEeL
3-€z1
Lzzh
L ezl
9-gsl
g*tzl

9°821
8°9cL
£792)
8°9Z1
B 9Zb
E°2EL
LeglL
6 Sl
£°9Z1L
243
L7521
¥°/00
Legel
L9zl
98zl
€ vl
8 82zl
8 8¢t
2yl

6€
8E
LE
a9€
GE
14%
€€
43
LE
ae
6Z
8z
124
9z
14
vZ
4
[44
tZ



FAURE ET AL.

230

(5egL:SHa € e ér: TORY 51

Szs1:f0 ¢ g ap:d) % ¢ T5r9s:ty gl
(5°z0: 50 ¢ 9rop:%Hm Yt brssty 4L
wezL:fug f grop:%Hmy ¢ zroz:lu 9l
gree:®y f prov:y sl

z m ¢ prgs: Ty bl

s o-ce: m f pessily gl

czp:%y ¢ S5ezz:ly zL

9rge:7y ¢ 0vzz:ty n

grge:y f £102:%y oL

srpe:y ¢ zovz: 'y 6

£reety g

£-95: 7y L

Lo55: %y 9

5210y S

gr1z:5y b

prozt Nm £

g ezt y z
suogaed “iju...nu.mﬂjm OZ

“SUOTAN[OS Sp-QSWO Wol4 PaINSEsw

SBUOUBPTIOE-F 841 40 SUOGIEI UANITISANS 38U} 40 SI4TYS [EOTWBY] - € 8Tqel

1102 Alenuer 0g LT :¥0 @I Papeo |uwog



231

9-ACRIDANONE DERIVATIVES

*sTeu8Ts pangasqoun ()

€ s

0°ZV:"HD ¢ m.mv“NIu
.w.mvnqu

£ 9"kLLs.Z0 ¢ ETBSLEALD

(

m.DN"qu :

¢ £oebi ) %H f Bzt e
¢ eBLi (A% £ 8rez: ()% ¢ o'

(8-0L:%H0 ¢ zroz: (§H%a ¢ 99

e 5

¢

g 0ZL: . %3

¢ %9+ p9: (%0 ¢ seszi (%ot vz
g av:%H3 ¢ zeav: ()% ¢ 69

mm.m"mxu !

AN.mHMIu ! o.m¢"N
iieSua ¢ A/ Cun €

(B*LLITHD ¢ 0" /b HD ¢

(8-tLL:

(6°9ZL:. 43 ¢ €°92L¢ €D
(z=zzL:0p2 ¢ mm.mmw“.mu
(bszbiepd £ £782LE.ED
(2 42V:a%3 ¢ mm.mmw".mu

Hmm.mmr".¢u ¢ S

1102 Alenuer 0g /LT :¥0

v pspeo jumog

r.vm"qumm
b1 (03 %HD) %y
vt (01121 %y
v 2 (0)%u0) %y
f G°82L:,€2
vt (0101 %y
vt () °H) 7y

u

HI £ 1eusic8h%Ha ¢ S0t b (%Y ¢ 2rgs: My
60 ()% ¢ 9 %) e ¢ 1oz ly

€Ho £ 07 zp:%HD ¢ grevi(8) CHO f 2vb(0)%HD) N
(€*pB:%HD f 8°902:D f £°20L:HDIY f brez:Ty
(Z'v9:%HD  8°902:3 f L°S6:HI) Y ¢ g£'0z:%y
(Loe:%Ha ¢ zvsi80 7 6 agd Y

..k oy g e Soup, . NP 4
(6°Z:°HD f Z°Lz: 3 f 72res: )M f 8Lz:’y

(0 e:%Ha ¢ B vz 0 f seger W ¢ proz:ly

(0 e:fHa r (2):80 ¢ (2):02)°

£ Zr9zZLi.Zd f 9ULELE.LD f $°SS:CHD) Y f grzz:Vy
£ g GZLi.zo f ET9ELE. LD f B 8VICHDIN f 6e1z:CH
. S,. . ¢S, . ¢ mprqusC S5, ¢ nenssC
£ 7g9°6zL:,z0 f72°9EL:,10 ¢ B OPICHI)TY ¢ 0t0Z:%Y
£ 9e5ZLi.20 f £'9ELi. 1D ¢ 0°05:HD Y ¢ zbzity
9°82L1.€0 f 87620120 f €°9ELI (LT ¢ “0'ByiCHI)

6€
gE
LE
9€

519
123
EE
[4>
LE
o€
62
214
44
9z
514
74
¥4
2z
X4
a4



5 ,8.¢

H"J"HID B'2 vl S°0- 9L Z2°c L0 2'0- 90~ §"0- 0z~ €' L- [ S vl 0z-ie2
mIU 9°Z gt S°0- Ly L 0°0 mm.ol mm.O| G0~ Lz~ € - D°€E /AR 2% g-6
H v'Z mm.r (70~ Lt g°l mN.O mN.Ou v 0- L0~ 5L~ 0" L- mm.N G'bl -2
TAy3BU-1
BuTa 8Yyj3 uo UOTINITISANS
Nﬁququ S*'0 S0 2l 'L L0~ 9°'0 g'a €°0- mr.Dn mv.Dl €°0- g0 90 L-6€
NHmINUvaHNIUH ' z') °0 {0 €°0- B0 mv.o 9°0 mm.vu mw.rs 9'0D mr.o 8°'0 L-8¢€
mI¢UC |22 (21 v*0 ¥*0 D~ L'0 mD.Du 50 mm.vn mm.r| S0 mD.Dn (°0 L-LE
mImuc (% |22 9°0 g'0 G 0- 8 0 mv.o 40 S b~ St L- 4°0 mr.D g°0 L-8¢
meUDmHNIuH 2L 2L 9°0 a°'g mm.Du g°'0 Z2°a £°0 g b~ 8L~ £'0 2°0 g'0 L-S€
2 (5P (%) z',  z'L 80 90 S0- 0 S0°0  v'0 sl 9'- 40 00 <O b-1E
NIUuunIu mm.D mm.D [ 9°'0 2°'0- 9°'0 0L £°0 €£°0~ £°'0- v Lt (0 £-6¢
mIUnUMU oL o'l ¥°0- ?°0- - 9°0 mm.N €1 €°0-~ €°'0- €L mm.N g°0 1-5¢2
meUNIu 'L 2'L 2’ 'l Z2'0- (°0 mv.O (0 E* L~ £~ '0 m¢.O (°0 L-02
mIU Lt Lo 2% bl L0 S*0 mv.D S'0 €%~ £°L- S0 mr.D S*0 -8
wo3® USB0J3TU BY3 3E UOTINITISANS
%y -2 ©g-3 ©5-1 €py-] v-0 €-2 Z-2 L-2 spunadwe)
*§81I8§ BUOUBPTJIOR-F BU) U S108448 3USN3TISANS - °y BLGEL

1102 Alenuer 0g LT :¥0 @I Papeo |uwog



:NU\qu

H3

HJ-3=3

mImUN

€

4
N (%
mIUxU

mImUN

€

HJ

H3
HJ
H

3J)
=)
HJ
HJ

H

o't
2 G-

0" l-
0" -

Z'0-
0'0
L'0-
1°0-
[slgs)

v'0-
a}ye]

Z'0-
0'D
L*0-
l°0-
0’0o

L'a

g°0-

g8'c
Z2°0-

S0~
9°0-

E°D-
0°0
Z2°0-
L*o-
L 0-

€ /-
0°6-

€°G-
P S-

0]
0°0
[Ao]

0re-
6°L-
g°ez-
671~
8°l-

6°0- L*0- g'o
6'0- 10 mN.D

- 1" 0- 9°0-
mr.D| 8'0- g0
2°0- 2'0- mr.o
0'L- 0'a 5°0-
6°0- €°0- mm.Du

- £°0- €°0
60 8°0- 0°0
8'D 9°0- 0'0
9°'0 2'0- mo.o
0°0 10 2 0-
€°0- 0'0 mm.Dr
v 0- b0 mN.Du
€°0- 00 ¥ 0-

- L°0- L*D-
Z2°0- L 0- §°0-
§*0- L*a- mm.ol
€°0- L°0- mm.Dn

1102 Alenuer 0g /LT :¥0

S Q-

E°D-~
€°0-
€°0-

€°0-
1 0-
¥ 0-
2 0-
v 0-

L 0~
2 0~

£°0-
E°0-

0o
l*0-
L°0-

£'0-
0'0

Sc'o-
L0-
£ 0-

v pspeo jumog

5

622 JANA [ 2°S B-6L
QI3IN-t
8°0 §'EL- mo.¢N 5*0Z~
ouTwetAYy3BuWEg-z2
40 €'2L- B8'lZ Z'BL- 5z-8¢
ouTWY-Z
LTEE 2°/V- B°0 97 8- 5322
v*0E Lrie- mm.ou L2~ L=<
Axoyasy-¢
8% €0lL- 9°2¢ 9°Qz- 8-€l
St G°6- mw.Nm 2Lz~ -9
Axoy3ay-z
S0l 9 €0 pri- sz-12
§'6 Z°€ S0 vre- 0zZ-v2
6°0b '€ 80 5°Z- 8-zt
v'e  v'0  °s'0-  0'z- L-5
TAU3ay-t
S°0- 9'ol 9°L 10 0z-¢ec
5'0- S0 §'L 0°0 g-1l
8*0- €°0 8l 00 -
TAY3aW-€
€'0- Ll D'6 8°0- LE-ZE
0°0 mr.r 56 5*D- 5Z-82Z
Z2°0- Ll L'6 6°0- 0Z-22Z
Lo~ Z°L 16 £°0- 8-0L
€°0- 2 mm.m g°b- L-€
1Ay18W-2



04:17 30 January 2011

Downl oaded At:

234 FAURE ET AL.

methyl groupszs. Moreover, there is an unexpected deshielding -

46 = 2.5 ppm - at the C-2 or C-7 level with a propynyl substitution.
In accordance to the good correlation between chemical shifts and
electronic densities which will be emphasized below, such a deshiel-
ding can proceed from a decrease of the reactivity of these carbons

towards electrophilic reagents.

Substitution on the ring

Substituent chemical shifts (SCS) for a few selected mono-
substituted benzenesz4 are given in Table 5.
There is a grat similarity between these and those of the series
studied. That is consistent with theoretical calculations28 pre-
dicting a considerable delocalization of the ring s cloud. Conse-
quently, the following molecular formula is allowed for the acri-

danone substituted derivatives :

Table 5. - 13C substituent chemical shifts in monosubstituted

benzene for some selected compounds.

Substituents Position Solvent
ipso ortho meta para
CH3 9.0 0.6 -0.1 -3.0 DMs0
DCH3 31.0 -14.4 1.2 -7.9 DMSO
NH2 20.7 -14.3 0.5 -12.5 OMSsO
N[CH3)2 22.6 -15.8 0.5 -12.0 aceton
NO 18.5 -4.8 1.6 7.0 DMSD
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However, there are differences between the two series which are
compared above owing to steric or electronic interactions non-
existing in the benzenic compounds. As a matter of example, methy-
lation in position 1 leads to a noticeable ipso effect of 14.5 ppm.
That can be explained by a 6-& interaction, i.e. hyperconjugation

of the methyl group, as it is shown in the following scheme :

H
] 3
R 5
N

R

Besides, the shielding of the methyl carbon is in agreement with the

proposal the more so as a similar behavior is observed with the
1,4-naphtoguinone. In the latter compound, the ipso effect of the

methyl group is close to 15 ppm27.

CHy0
L OCHy
l

On the other hand, the unsymmetrical ortho effect noted with
amino, dimethylamino and methoxy substituents can be ascribed to
the favoured canonical structure B presented in the figurs 2.

Finally, if there are peri steric interactions (5,7,12,14.18,
22,27) SCS are changed with regard to the benzenic series. The
magnitude of the interaction can be portrayed by the deshielding

of the @ substituent carbons :
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Fig. 2

e
CH _~0=33.7
3
Q N g
C
N 0=17.9 CH3 } 3

1

H CH3/ 6:42.3 0222.5

Correlation between chemical shifts and the total

electronic densities

An attempt for correlating chemical shifts of some
9-acridanone derivatives (1,2,5-10,12-15,22,25-27) with the
total electronic densities calculated by means of a CNDO/2

method leads to the following good enough relationship :

= (- b4 b4
613C = (-108.2) 2.5JQ¢wr + 558.9 * 8.9

The correlation coefficient is 0.96.
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