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Structure, Properties, Thermodynamics, and Isomerization Ability of 9-Acridinones
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9(1H)-Acridinone and its 13 derivatives were examined at the semiempirical (MNDO, AM1, PM3, MNDO/

d), ab initio (HF, MP2), and density functional (DFT) levels of theory with the 6-31G**, 6-3G**, and
6-311G** basis sets to predict structure, enthalpies and free enthalpies of formation, entropies, HOMO and
LUMO energies, and dipole moments. The possibilities of some of the compounds occurring in more than
one tautomeric (isomeric) form were further considered. The behavior of 9-acridinones and their features,
which may be useful if the compounds are to be used as analytical spectral indicators or fragments of fluorescent
or chemiluminescent labels, are also briefly discussed.

Introduction functional, in which Becke’s nonlocal exchari§e’ and the
- ) ) Lee—Yang—Parr correlation functional&were applied, as well

Acridinones are a group of heterocyclic aromatic compounds 4 with the MPW1PW91 functional. in which the Perdew
th_at_contam secondary or tertiary amino and keto fragments Wang exchange and correlation functioratsodified by Bar-
within the ring systent? The presence of these two fragments ;e and Adami§—were used® After completion of each
lends these compounds the ability to interact specifically with optimization, the Hessian (second derivatives of the energy as
solvent or other molecules present in the system. For these, qnction of nuclear coordinates) was calculated and checked
reasons acridinones can serve as models suitable for investigatiy hositive definiteness, to assess whether the structures were
ing features of entities that are simultaneously aromatic amines; ;o minima2°3L41The harmonic vibrational frequencies were
and ketones. An |mport_ant_8feature of qcrgdirgflr;e_s is their gypsequently derived from the numerical values of these second
relatively strong absorptidrf™® and emissioh®**% in the jerjyatived®3141and used to determine zero-point energies and
UV —vis region; hence, the compounds have potentially useful enropies, as well as enthalpy and free enthalpy contributions
appllc%n??s as spectral sensér$or fragments of fluorescent 5 598 15 K and standard pressure, with the aid of a built-in
labels:*"° Electronically excited acridinones are also formed oo tational program with statistical thermodynamics routines.
when strong oxidants, e.g. hydrogen ngox'de: react With The ' calculations were carried out using the MOPAC 2000
9-substituted-10-methylacridinium catiotis?? This process  mojecylar orbital packade (semiempirical methods) and the
forms the basis for the use of these entities as chemiluminescenizpyss|AN 98 program packaéfe(on computers of the Tri-
indicators or fragments of chemiluminescent labels that have City Academic Network Computer Center in Ge#n Poland
found application in the assay of macromolecules present in (TASK)).

ni 18,22-24 i i . .
I|V|tng tmﬁtt?r;[ " In thelldetslgn O.I .se.nsorst ort ![abkels W,'[Lh Structural data, dipole moments, HOMO and LUMO energies,
potentially Interesting applications, 1t 1S important to Know € o yihainies of formation (in the case of the semiempirical

properties of fragments absorbing and/or emitting radiation, and methods), and electronic energies (in the case of ab initio and

this was the reason for undertaking studies of acridinones. et ethods) were extracted directly from data files following
This publication focuses on the theoretical studies of selectedpg geometry optimizations. Enthalpies (HF, MP2, and DFT)
9-acridinones that we think are interesting for the above- ang free enthalpies (DFT) of formation were calculated by
mentioned reasons. The aim of these studies was to predict thefollowing the basic rules of thermodynamit&i.e., the enthal-
structure of t_he compo_unds an_d to dete_rmine their basic pies (free enthalpies) of gaseous, M, O,, and C and solid
thermodynamic and physicochemical properties, to compare thec (values of the last quantity were obtained by subtracting the
characteristics thus obtained with those available in the Iitera’rure,emha“py or free enthalpy of atomization equal to 716.67 and
and to indicate how far these data can be helpful in the selectiong7q 3 (298.15 K, standard pressure) kJ/fiokspectively, from
and design of analytically interesting sensors or labels basedine gata of the gaseous entity), multiplied by the relevant

on 9-acridinones. stoichiometric coefficients, were subtracted from the enthalpies
(free enthalpies) of gaseous 9-acridinones. In the case of HF
Calculations data, isodesmic correction was additionally introduette

. N ) details are given below in Table 2.
Unconstrained geometry optimizations of isolated molecules

(shown in Chart 1) were carried out at the level of semiempirical
MNDO,25 AM1,26 PM327 and MNDO/d&8 methods, the ab initio
Hartee-Fock (HF}°® method, and the MgllerPlesset second- Structural Features. DFT-optimized structures of isolated
order perturbation theordf, as well as the density functional ~ 9-acridinones are shown in Figure 1, while Table 1 sets out
theory (DFT¥! using gradient techniqu&and the 6-31G**, selected bond lengths and dihedral angles obtained on the
6-31++G**, or 6-311G** basis set3§>333 The density various levels of theory, together with relevant values extracted
functional calculations were carried out with the B3LYP from crystallographic data fot, 3, 13, and 14. All methods
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CHART 1: Compounds Investigated with the Atom Numbering Indicated
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predict the planar or nearly planar ring systen2 iend4 typical The theoretically predicted §C2) and N10)C(12) bond lengths

of acridine moietie§® The remaining compounds are 9-acridi- are somewhat longer than those determined by the X-ray
nones, whose central ring only partially participates in conjuga- method, which is a typical regulariy};5? while in the case of
tion. One can thus expect this ring to be more or less nonplanar,the GgO(15) bond this tendency is reversed. The general

like the side ring in8 and 11 to which >C=0 and>C=NH impression is that the theoretically predicted structural data for
fragments are attached. These expectations generally confirm9-acridinones (particularly at the DFT level) are roughly
the structural data listed in Table 1. 9e)BAcridinone () and comparable with the structural data for these compounds in

10-phenyl-9-acridinone1d), whose acridinone moieties are crystalline phases.

predicted to be planar at the HF, MP2, and DFT (in most cases) Thermochemistry. The thermochemical data relating to
levels of theory, are somewhat atypical. As predicted by the 9-acridinones are given in Table 2. The standard enthalpies of
results of HF and DFT calculations, the phenyl ring at the formation predicted at the PM3 level are always the lowest,
heterocyclic nitrogen atom i is perpendicular to the acridine  while those obtained at the HF and DFT levels are higher and
moiety. The central ring in other acridinones is more or less are comparable. The experimental value\gfogH° is available
convex at the nitrogen atom site and concave at the keto carboronly for gaseous 9(M)-acridinone and is equal to 34.6 kJ/
atom site. The data in Table 1 show that the values arising outmol 57 This value is much lower than the ones obtained at the
of DFT geometry optimizations are generally closest to the DFT, HF, or even PM3 levels. To discover how the level of
crystallographic data available fdr 3, 13, and14. DFT data theory affects electronic energies and standard enthalpies of
can thus be regarded as the most reliable. Discrepancies aréormation, we extended the calculations for 3f)éacridinone
most pronounced when PM3 data are compared with crystal- to include electron correlation at the MP2 level, for HF or MP2
lographic structural data. The PM3 data then seem less reliable.optimized structure 6-3t+G** and 6-311G** basis sets, and
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TABLE 1: Structural Features of the Compounds in the Gaseous Phase

bond lengthg( A) dihedral angles (deg)
CuCeyf NaoCaz/  CeCeCwCay  CunCuaNuoCus/  CuzCuuCeCuaf
compdno. method  Cy)Ce CeoAan CeOusy NauoCus  NauoCus  CeChCeCus CuaNuoCusCus  CunCeCuaCas
1 PM3 1.386 1.221 1.422 —0.03/0.03 —19.11/19.11 9.84#9.84
HFP 1.372 1.204 1.374 0.00 —0.06/0.07 0.01-0.01
MP2> 1.385 1.240 1.379 0.00 —0.01/0.01 0.00
MP2 1.387 1.244 1.381 0.00 —0.01/0.01 0.00
DFTH 1.381 1.227 1.374 0.00 —0.02/0.02 0.00
DFTe 1.378 1.221 1.373 0.00 0.610.01 0.00
DFT' 1.385 1.232 1.381 0.00 0.610.01 0.01+0.01
DFT9 1.386 1.235 1.382 0.00 —0.01/0.01 0.00
DFTh 1.387 1.244 1.382/1.381 3.05/2.17 3.89/0.68 58912
X-ray’  1.366/1.350 1.250 1.355/1.363 —1.5/-0.3 —0.6/-0.2 0.3~0.1
2 PM3 1.360/1.362 1.360 1.359/1.363 0.00 0.00 0.00
HF? 1.347/1.349 1.339 1.327/1.321 0.00 0.00 0.00
DFT' 1.370/1.371 1.356 1.342/1.345 0.00 0.00 0.00
3 PM3 1.385 1.223 1.482 1.432 —-0.17/0.17 —8.87/8.87 1.7H1.70
HF° 1.372 1.204 1.453 1.389 —0.61~0.61 —12.00/12.00 6.73#6.73
DFT 1.384 1.233 1.460 1.397 —0.68/0.68 —9.57/9.57 4. THATT
X-ray 1.342/1.402 1.251 1.491 1.355/1.393—-1.4/-1.9 5.9/5.8 —4.5/-4.5
4 PM3 1.360 1.391 1.359 0.060.10 —0.19/0.23 0.26+0.22
HFP 1.348 1.355 1.324 0.040.04 —0.95/0.95 —2.01+~2.01
DFT' 1.370 1.375 1.344 —0.05/0.05 —0.97/0.97 1.96+1.96
5 PM3 1.389/1.385 1.485 1.223 1.482 1.432 03BA7 —8.96/9.01 1.8H1.77
HFP 1.373/1.372 1.510 1.205 1.453 1.390/1.387—0.64/0.60 —11.67/11.61 6.57#6.60
DFT! 1.387/1.384 1.510 1.233 1.460 1.397/1.396—0.70/0.64 —9.56/9.58 4.84+4.80
6 PM3 1.386/1.385 1.686 1.222 1.482 1.430/1.432 06-0918 8.70/8.63 1.56/1.63
HFP 1.368/1.372 1.743 1.203 1.454 1.386/1.390 O-@662 11.82+11.91 —6.73/-6.64
DFT' 1.381/1.384 1.758 1.232 1.461 1.394/1.397 0066 9.58+9.69 —4.934.81
7 PM3 1.393/1.384 1.370 1.223 1.482 1.435/1.431 0:-p011 —8.03/8.18 0.60+0.46
HF? 1.368/1.371 1.354 1.205 1.453 1.393/1.384—0.77/0.59 —11.53/11.35 6.35/6.51
DFT 1.385/1.383 1.367 1.234 1.460 1.400/1.393—-0.78/0.65 —9.34/9.31 4.564.58
8 PM3 1.508/1.384 1.219 1.223 1.482 1.429/1.431-5.88/0.06 4.18+4.34 2.28+2.46
HF? 1.509/1.371 1.195 1.207 1.457 1.383/1.389-9.96/0.47 —9.30~8.75 5.31+5.59
DFT! 1.517/1.384 1.223 1.237 1.465 1.393/1.398-5.11/0.49 —7.91/7.49 4.0#44.30
9 PM3 1.391/1.384 1.383 1.223 1.482 1.435/1.431 06-0915 —8.27/8.42 0.90+0.75
HF? 1.369/1.371 1.351 1.205 1.453 1.393/1.384—0.77/0.59 —11.39/11.22 6.3376.46
DFT' 1.386/1.383 1.365 1.235 1.460 1.399/1.393—-0.82/0.65 —9.14/8.95 4.38+4.55
10 PM3 1.396/1.384 1.432 1.223 1.482 1.435/1.431 0.01/0.06 6638 1.82+1.79
HF? 1.375/1.371 1.402 1.204 1.452 1.385/1.383 O-0i57 11.77+11.67 —6.876.95
DFT! 1.392/1.383 1.399 1.234 1.459 1.401/1.392 O @64 9.42+9.52 —5.02-4.92
11 PM3 1.500/1.384 1.293 1.225 1.482 1.427/1.430-8.52/0.11 5.26+5.49 0.66#0.94
HFP 1.511/1.371 1.257 1.209 1.459 1.381/1.389 21.67/0.50 —9.06/8.31 —4.394.88
DFT' 1.517/1.384 1.284 1.239 1.464 1.392/1.398—-13.19/0.52 —7.65/7.21 3.5%#3.84
12 PM3 1.395/1.385 1.493 1.221 1.481 1.416/1.434 00624 —7.64/7.11 1.4241.92
HFP 1.371/1.372 1.449 1.202 1.457 1.376/1.396 O-®464 11.79+12.19 —6.96/-6.57
DFTf 1.383/1.385 1.464 1.230 1.463 1.387/1.403 O-®765 9.67+9.94 —5.21+4.94
13 PM3 1.385 1.223 1.489 1.429 —0.04/0.04 3.35+3.36 4.42+4.42
HF? 1.371 1.205 1.462 1.391 —0.39+0.39 7.04+7.04 —4.01+4.01
DFT! 1.383 1.233 1.470 1.398 —0.44/-0.44 —6.24/6.24 3.09+3.09
X-ray'  1.365/1.366 1.238 1.478 1.393/1.390 0.6/0.1 4.8/4.2 —2.7-3.3
14 PM3 1.385 1.223 1.465 1.429 0.3@.10 —13.60/13.62 6.4246.42
HF? 1.371 1.205 1.433 1.393 0.00 0.00 —0.01+~0.01
DFT' 1.383 1.233 1.441 1.400 0.00 0.00 —0.01/0.00
X-ray 1.357/1.359 1.236 1.450 1.391/1.393 6.7/3 4.4/2.3 —-1.0~3.1

a A denotes the atom in position (17)6-31G” basis set 6-31++G™ basis set! MPW1PW91 functional and 6-31G** basis seMPW1PW91
functional and 6-311G basis set! B 3LYP functional and 6-31G basis set¢ B 3LYP functional and 6-3++G™ basis set" B 3LYP functional
and 6-311G basis set! Values taken from crystallographic data in the literatuteref 46; 3, ref 47;13, ref 48; 14, ref 49.

the MPW1PWO91 functional. We also performed calculations level (listed in Table 2). The values corresponding to the HF
using MNDO, AM1, and MNDO/d methods. The results are level are unrealisti€?52which necessitates the introduction of
compiled in Table 3. As can be seen, the use of larger basisan isodesmic correction (Table 2). On the other hand, values
sets causes a lowering of the electronic energy at the HF, MP2,0f Af,9gH° emerging from the use of semiempirical methods
and DFT levels of theory (DFT values are always lower than are lower than the value obtained at the DFT (B 3LYP)/6-31G**
the respective HF or MP2 ones), which is an expected regularity. level; they are thus closer to the experimental value of this
As far as enthalpies of formation are concerned, values quantity. Itis difficult to assess the reasons for the discrepancies
determined at the DFT (MPW1PW091) level are substantially between the theoretical and experimental valuea\gbsH®.
lower, while those obtained at the MP2 and DFT (B 3LYP) Sabbah and El Watik determined the heat of combustion of
(using 6-3%+G** and 6-311G** basis sets) levels are mark- 9(10H)-acridinone, and the standard enthalpy of formation was
edly higher than the experimental value of this quantityuch obtained using basic thermodynamic relations on the assumption
more than the value obtained at the DFT (B 3LYP)/6-31G** that the products of combustion are g@aseous), kD (liquid),
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TABLE 2: Physicochemical Characteristics of the Compounds in the Gaseous Phdse

energy
compd no. methdd Ay, 298H° &4 A, 208G° 2085 HOMO LUMO u
1 PM3 57.2 427.5 —8.533 —0.597 3.78
HF 93.6 407.9 —7.754 2.183 5.02
DFT 123.7 (125.9) 220.1 418.2 4.93
2 PM3 104.1 421.8 —8.378 —1.153 2.19
HF 180.6 410.8 —7.430 1.752 2.70
DFT 179.1 (177.6) 274.6 421.3 2.56
3 PM3 64.8 458.7 —8.433 —0.579 4.04
HF 134.2 433.2 —-7.711 2.165 5.13
DFT 148.1 (166.7) 273.7 447.2 511
4 PM3 146.6 455.1 —8.547 —1.267 2.03
HF 215.7 437.8 —7.516 1.637 2.69
DFT 211.3 (204.0) 335.2 452.9 2.42
5 PM3 25.7 505.1 —8.351 —0.555 3.93
HF 112.2 472.0 —7.575 2.196 5.04
DFT 123.4 (131.7) 274.7 488.1 5.00
6 PM3 38.3 492.1 —8.455 —0.709 4.59
HF 120.0 462.0 —7.883 1.882 6.55
DFT 117.5(123.3) 248.2 476.6 6.37
7 PM3 —121.4 486.8 —8.300 —0.651 3.24
HF —25.8 459.4 —7.482 2.055 4.20
DFT —-3.6(2.1) 146.0 469.4 4.06
8 PM3 —73.7 496.4 —8.722 —1.181 6.25
HF 31.9 466.7 —8.173 1.402 7.93
DFT 56.8 (29.9) 202.6 482.3 7.64
9 PM3 —92.2 526.7 —8.271 —0.612 3.04
HF —4.7 485.8 —7.429 2.125 3.97
DFT 13.2 (24.3) 191.7 499.5 3.90
10 PM3 58.1 489.2 —8.097 —0.561 4.09
HF 152.4 462.2 —7.201 2.174 4.90
DFT 151.1 (156.9) 316.6 474.4 4.90
11 PM3 144.0 498.6 —8.552 —0.961 4.33
HF 274.6 462.1 —8.003 1.758 5.79
DFT 247.8 (240.6) 410.5 483.8 5.68
12 PM3 26.5 527.3 —8.994 —1.267 8.89
HF 113.8 489.1 —8.385 1.615 9.45
DFT 129.6 (137.2) 308.3 505.1 9.12
13 PM3 39.8 459.6 —8.425 —0.562 4.08
HF 115.9 456.3 —7.675 2.179 5.28
DFT 130.2 (131.7) 286.9 470.1 5.26
14 PM3 199.8 536.1 —8.384 —0.524 4.66
HF 273.7 502.8 —7.674 2.256 5.85
DFT 307.0 (288.8) 4447 520.4 5.92

a Ar29sHand Ar205G°, in kd/mol, denote enthalpy and free enthalpy of formation, respectivgf’; in J/(mol K), is the entropy; HOMO and
LUMO, in eV, indicate the energies of the highest occupied and lowest unoccupied molecular @rhittal; is the dipole moment. HF, geometries
and Hessian obtained using the 6-31G** basis set; DFT, the same values obtained using the B 3LYP functional and the 6-31G** hasigtset.
values obtained at the HF level were supplemented with the corrections arising out of the consideration of isodesmié¥¥aétacrsdinone+
V]_(CH4) + Vz(NH3) - V3(H3CCOCH;) + ’V4(H3CNH2) + V5(H3CCH3) + Ve(HzCCHz) + V7(H2CNH) + ’Vs(H3COH) + Vg(H3COCHg) + v10(H3CCI)
+ v11(HsCNQ,) (wherevy, ..., vi; denote the relevant stoichiometric coefficients), which preserve the number and nature of the chemic#l bonds;
these corrections were equal to the sum of the differences between the experitental’(equal to (in kd/mol)-74.4,—45.9,—217.3,—22.5,
—83.8, 52.9, 110,—201.5,—184.1,—81.9, and—74.7 for CH,*> NHj3,*> H;CCOCH;,*> H3CNH,,*> H3CCHjz,*> H,CCH,,*® H,CNH,% H3COH*
H3COCH;,*® H3CCl,*5 and BhCNO,,* respectively) and theoretical value of the enthalpy of formation of all reactants (with the exception of the
molecule studied), multiplied by the relevant stoichiometric coefficients (negative in the case, @h@HNH; and positive for others), and were
added to the theoretically determinaghogH® values for 9-acridinone$.At the DFT (B 3LYP)/6-31G** values of\;,0gH°, the standard enthalpies
of formation reproduced by following egs 1 and 2 and the procedure described in the text are given in parentheses.

and N (gaseousy’ This last product may be uncertain, and formation obtained at the DFT (B 3LYP)/6-31G** level may
the above assumption may be the reason for the observedoe regarded as the most suitable, especially as they are close to
discrepancies. It is much more difficult to explain the discrep- the HF values (after introducing the isodesmic correction), and
ancies between the predicted valued\pfogH* at various levels  thjs was the reason we listed these values in Table 2. It is also
of theory. It could be helpful in such a situation to know how \yorth mentioning that the DFT (B 3LYP) method is considered
theoretical and experimental values of this quality compare for generally quite reliable for predicting the thermochemical and

other compounds S'”.‘"gf totggﬂ_(-jl){_acn(ljlnc?nel. Io m?ke su_(éh physicochemical characteristics of gaseous molecules in the
a comparison we carried out additional calculations for acridine, ground electronic stafé,

and the results are given in Table 3. It can be noted that when . . .
these data, as well as data reported by us e&PRérare Standard free enthalpies of formation were determined only

analyzed, the standard enthalpies of formation determined atat the DFT (B 3LYP/6-31G**) level, since the data necessary
the DFT (B 3LYP)/6-31G** level correlate also in this case for calculating these enthalpies were available directly from
much better with the experimental value than those obtained attheoretical computations. On the other hand, entropies of
other levels of theory. We therefore think that the enthalpies of gaseous compounds were determined by all three methods
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Figure 1. DFT structures of the compounds investigated.
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TABLE 3: Energies and Standard Enthalpies of Formation of 9(10H)-Acridinone at Various Levels of Theon?

compd
9(10H)-acridinone acridine

method or basis sétgeometry energy At 208H° At 208H°
ExptP 34.6 292.5
MNDO 73.5
AM1 92.8
PM3 57.2
MNDO/d 74.3
HF/6-31G** || HF/6-31G** —626.898553
MP2/6-31G**|| HF/6-31G** ¢ —628.916519 169.0 388.6
MP2/6-31G**|| MP2/6-31G**¢ —628.920500 178.9 384.7
MP2/6-3t+G** || MP2/6-3H-+G** © —628.958310 223.9
MP2/6-311G**|| MP2/6-3H-+G** ¢ —629.128841 225.0
MP2/6-311G**|| MP2/6-31G**¢ —629.129068 224.3 433.9
DFT (MPW1PW091)/6-31G*{| DFT (MPW1PW91)/6-31G** —630.680340 —145.5 77.1
DFT (MPW1PW91)/6-311G*t| DFT (MPW1PW91)/6-311G** —630.806378 —75.8 149.9
DFT (B 3LYP)/6-31G**|| DFT (B 3LYP)/6-31G** —630.828284 123.7 336.0
DFT (B 3LYP)/6-31+G** || DFT (B 3LYP)/6-31++G** —630.851279 257.5
DFT (B 3LYP)/ 6-311G**|| DFT (B 3LYP)/ 6-311G** —630.965843 205.8 421.2

aEnergy, in hartrees (1 hartree 2625.5 kJ/mol), corresponds to the total electronic energy AapgH®, in kd/mol, is the standard enthalpy of
formation.? Reference 57 (9(1d)-acridinone) or ref 58 (acridiney.Zero point energy and thermal enthalpy contributions were assumed to be the
same as those obtained at the DFT (B 3LYP)/6-311GBFT (B 3LYP)/6-311G** level of calculations.

indicated in Table 2. To recapitulate, Table 2 provides unique
and hitherto unavailable thermochemical data for 9-acridinones.
The impression left by the above-mentioned difficulties in

sum of the products of the dissociation enthalpies of molecular
substrates (b O,, N2, Cl) or sublimation enthalpy of C (equal
to 716.67 kJ/mdP)—denoted in both cases a@g;0dH°—and

explaining the discrepancies between the predicted and experithe relevant stoichiometric factorg)(from the standard en-

mental standard enthalpies of formation would not be so bad if
it were possible to demonstrate the internal consistency of the
theoretically determined thermochemical data. To do so, we
followed the general idea which states that enthalpies of
formation of gaseous entities from gaseous atoi® ogH°)

are reflected by the negative values of the sum of energies
(enthalpies) of all bonds forming moleculdspfngd,**

Aatf,zgsHo = _z (Hponadi 1)
I

where values ofA%; ,9gH° can be obtained by subtracting the

thalpies of formation of the compound&sbesH©):

Aatf,zgsHo = Ajp98H° — Z (VAg 2081k 2

We employed this approach by taking data determined at the
DFT (B 3LYP)/6-31G** level of theory. Treating bond enthal-
pies as adjustable parameters, we fittéi ,0sH° values of 14
compounds investigated and 17 similar compounds (for which
At 298H° values were additionally determined) using the least-
squares meth&8limplemented in the STATISTICA prografa.
This procedure yielded the following values of bond enthalpies
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TABLE 4: Thermodynamics of Transformation two molecules differ in polarity, and by changing solvents, one
At zodH° At 206G° can shift the equilibrium towardlin more polar media or toward

ransformation  PM3 HE DFT PM3 HE DFT 2in less polar ones. It may also be e>.<pecteq that thg protpn of

the hydroxy group ir2 can be removed in alkaline media, which

%—"21 g?-g %-g gg-g gg-g ?g-i Zi-i would lead to the formation of a 9-oxoacridine anidi.’%.77

’ ’ ’ : ) : 3 and 4 are the isomers and methyl-substituted derivatives
7—8 47.8 57.7 60.4 449 555 56.5 _ . o .
10— 11 859 1222 967 831 1222 939 Ofland2, respectively. In this case, too, the acridinone isomer

(3) is thermodynamically more stable than the acridine isomer

(bond/energy, in kd/mol): €H/382.37; C-C/431.23; G=C/ (4) (Table 4). This explains why, when 9-acridinones are
615.72; G=0/579.14; C-N/340.43; N-H/367.28; C-0/398.24; alkylated, it is 10-alkyl-9-acridinones that are predominantly

O—H/410.73; G=N/426.16; C-Cl/305.21; N~0/414.83. Using  formed®!
these bond enthalpies we calculated the standard enthalpies of \we also considered the possibilities of the coexistence of
formation on the basis of egs 1 and 2. The values thus anq 8 (light emitters which appear upon photooxidation of
determined are given in Table 2. The procedure presented abOV%\damantylideneacridin%% and 10 and 11. In both cases,
reproduces values dft 20gH° quite well, so the thermochemical  g_acridinone forms are predicted to be thermodynamically more
characteristics that we determined are presumably internally staple 7 and 10) (Table 4). The free enthalpy gap betwe®n
consistent. o _ _ and7is comparable to that betwe@rand1, which means that
Physmgche_rmcal CharacteristicsAccording to Koopmans'  ynder favorable conditions both forms could coexist. However,
theorem?? which does not apply to the density functional gjkaline media, which could favor the existence2pfvould in

formalism?® the negative energies of the lowest unoccupied thjs case act in the opposite direction; i.e., they would favor
(LUMO) and highest occupied (HOMO) molecular orbitals the existence of.

(Table 2) approximate the electron affinity and the first

ionization potential of a molecule, respectivéhf> The ioniza- Concluding Remarks
tion potentials (in eV) of 9(18)-acridinone (7.6% or 7.697), ) o )
10-methyl-9-acridinonedj (7.5%), 10-ethyl-9-acridinonel(3) The molecules examined in this work were selected with

(7.499), and 10-phenyl-9-acridinone (7 ¥pcompare well with regard to their potential application as fragments of absorption,
the negative HOMO energies determined at the HF level fluorescent, or chemiluminescent analytical sensors or labels.
(discrepancies do not exceed 0.22 eV). PM3 HOMO energies For these reasons we investigated mainly 10-substituted-9-
are from 0.549 to 1.031 lower than the corresponding values acridinones, which are most often used in analytical assays.
predicted at the HF level, which means that they are less reliable.9(10H)-Acridinone and its tautomer, 9-hydroxyacridine, are
HF LUMO energies are always positive, which suggests that Pasic molecules and a convenient reference to which one can
an electron attachment would lead to unstable negative ions off€late the properties of this group of compounds.
9-acridinones. By contrast, PM3 LUMO energies are negative, Geometry optimizations provided structural data which, for
which would mean that the compounds form stable negative the majority of compounds, had not been available earlier. When
ions upon electron attachment. As the latter feature did not find these data were compared with those obtained from X-ray

experimental confirmation, we do not think that the PM3 method Mmeasurements, it appeared that the DFT method provides
provides reliable values of LUMO energies. structural characteristics that are closest to the experimental ones.

Dipole moments) are a reflection of nonuniform negative ~ This latter finding therefore indicates that the DFT method is
charge distribution within molecules. Values of this quantity Suitable for predicting the structure of unknown 9-acridinones.
(in D) for 9(10H)-acridinone (6.6f), 10-methyl-9-acridinone The thermochemical data for 9-acridinones also seem the most
(5.3 or 5.399), and 10-phenyl-9-acridinone (5% compare suitable when determined at the DFT (B 3LYP)/6-31G** level,
reasonably well with those predicted at the HF and DFT levels. this being borne out by the work of other auth&tdhe only
Both DFT and HF methods yield valuesothat differ by less value of the standard enthalpy of formation of f)&acridinone
than 0.34 D (in most cases they are higher in the case of HF).that originates from measuremettss much lower than that
On the other hand, dipole moments predicted at the PM3 level predicted theoretically, and we have indicated reasons for
are always the lowest among those determined. The compoundgossible discrepancies. Nevertheless, the thermochemical data
which may be regarded as highly polar, li&e8, and12, exhibit in Table 2 constitute a unique set of information which may be
relatively high dipole moments, while less polar compounds, helpful in evaluating the relative stabilities of the compounds
such ag and4, have lower dipole moments. These values may and their ability to undergo transformations.
be considered a measure of the ability of 9-acridinones to The HF method provides reliable values of HOMO and
participate in nonspecific interactions with other molecules, and LUMO energies, since negative HOMO energies compare well
the data in Table 2 can serve as a convenient source ofwith the experimentally determined ionization potentials of
information enabling the features of such interactions to be several molecules. Dipole moments determined at the HF and
predicted. DFT levels correlate well with each other and those available

Possibilities of Tautomerization (Isomerization).9(10H)- in the literature, so they can be regarded as more reliable than
Acridinone and 9-hydroxyacridine2) are tautomeric forms  values calculated at the PM3 level. Physicochemical charac-
which could potentially coexist, as has been postulated in the teristics can be helpful in predicting the properties of the
past’®77 The 9(1GH)-Acridinone == 9-hydroxyacridine tau-  compounds investigated in liquid phases with various properties.
tomerism also appears in 9-acridinone crown ethers having 2,7- Forecasting the utility of the results obtained during this work
dihydroxy-9-acridinone rings linked by poly(ethylene)glycol is related to the possibilities of predicting the features and
chains’-80 According to the results of our theoretical calcula- behavior of 9-acridinones (when they are regarded as absorption
tions, 1 is energetically and thermodynamically more stable than or fluorescence fragments of sensors) or their precursors (when
2 by 50 kJ/mol (Table 4). This is most probably the reason they are regarded as chemiluminogenic fragments or sensors).
why 9(1H)-acridinone is the only form that exists in the solid To do so, it is important to know whether theoretically derived
phase® In solutions, however] and2 may coexist, since the  characteristics correlate with the measured properties of 9-acri-
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(42) Stewart, J. J. MOPAC 2000 Fujitsu Ltd.: Tokyo, 1999.

dinones. We have already correlated IR absorption data with
(43) Frisch, M. J.; Trucks, G. W.; Schlegel, H. B.; Scuseria, G. E.; Robb,

the theoretically predicted structural and physicochemical
characteristics of 9-acridinon&s.We have also undertaken
further work in the search for a correlation betwéeinand3C

M. A.; Cheeseman, J. R.; Zakrzewski, V. G.; Montgomery, J. A., Jr.;
Stratmann, R. E.; Burant, J. C.; Dapprich, S.; Millam, J. M.; Daniels, A.
D.; Kudin, K. N.; Strain, M. C.; Farkas, O.; Tomasi, J.; Barone, V.; Cossi,

NMR signals8 as well as absorption and fluorescence spectra M.; Cammi, R.; Mennucci, B.; Pomelli, C.; Adamo, C.; Clifford, S.;

with structural and physicochemical characteristickhis bodes
well for the design of 9-acridinones or their precursors with
interesting utilitarian properties.
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