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1:1 Crystal complex of 2',6'-dimethoxyflavone and 2,6-
dimethoxybenzoic acid. Relationship of pK; to x-ray
hydrogen bond data
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ABSTRACT: The crystal structure of the,@-dimethoxyflavone—2,6-dimethoxybenzoic acid complex was deter-
mined. Owing steric hindrance of the methoxy groups, the two H-bonded molecules are twisted. Earlier results were
used to establish a relationship between thg palues of different acids and their hydrogen bond distances in
complexes with 26-dimethoxyflavoned 1998 John Wiley & Sons, Ltd.
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Hydrogen bonds are a type of intermolecular interactions During our studies of the recrystallization of fla-
that direct molecular self-assembly. Carboxylic acids are vones!® we encountered difficulties in growing mono-
good proton donors and form well known types of crystals of 26-dimethoxyflavone 1&). Crystals ofla
hydrogen bond patterns involving both carboxyl-carbo- obtained from ethanol, acetonitrile and chloroform
nyl and carboxyl-hydroxyl groups, each hydroxyl group quickly became efflorescent and were not usable for x-
binding the carbonyl group of a neighbouring molecllle. ray structure determinations. Air-stable crystals laf
It is accepted that the best proton donor will form a first
hydrogen bond with the best proton acceptdherefore,
if a group more basic than the carbonyl group is present,
the hydroxyl group should form preferentially a hydrogen
bond with it. Triphenylphosphine (TPP®)s a good
example. Numerous TPPO complexes have been
described and, among acidic guests, oxalidchloro-
acetic® dimethylmaloni€ and chloro-substituted
phenoxyacetit acids have been considered. Moreover,
taking the same base as a reference, it should be possible
to compare the strengths of acids.

The general proton transfer process can be represented
by the equation

A-H+B=A---H.---B=A +H-B".

With carboxylic acids, the proton will remain attached to
the acid molecule but with strong acids proton transfer
will occur and the base will be protonated.

Flavones are weak Bnsted bases, and only a few
dissociation constants have been meastifelreover,
flavones form isolable salts with strong acids. For
example, a bioflavone, meliternatin, gives salts with
hydrochloric, perchloric, picric and picrolinic acid.

*Correspondence tod.-C. Wallet, Laboratoire de Phytochimie, Case

412, Facultedes Sciences et Techniques de Sainbide, 13397 ) . .
Marseille Cedex 20, France. Figure 1. Structure of the complex with atom numbering.

E-mail: jean-claude.wallet@iut-chimie.u-3mrs.fr The thermal ellipsoids are drawn at 50% probability
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Table 1. Crystal data, summary of intensity data collection and structure refinement

Crystaldata:
Compound
Colour/shape

C17H1404.CoH1004 )
Colourless/parallelepiped

Formulaweight 464.45
Spacegroup P2,/c
F(000) 976
Cell constants:

a(A) 7.250(2)

b (A) 13.179(1)

c(A) 24.463(7)

() 96.46(1)

V (A3 2322.5(9)

4

Dc (gem™3) 1.328
n(em Y 0.99
Crystaldimensiongmm) 0.75x 0.49x 0.37
Intensitymeasurements:
Diffractometer/scan Enraf-NoniusCAR-4/w — 20
Radiation,A Mo Ko (0.71069A)
TemperaturgK) 294
Reflectionsmeasured 7174
Rangeof 20 (°) 3-60

Rangeof hkl

—10t0 10,0to 18 0 to 34

No. of standardeflections 3
Interval betweerthe standards 60 min
Intensity instability 0.4%

Structurerefinement:
No. of reflectionsincluded
No. of refinedparameters

7015with | > 2 o(l)

309

Weights

Goodnes®f fit .

R(F) 0.0617
wR(F?) . 0.1586

Final ApmadApmin/(€~ A™3) 0.229/-0.335

w = 1/[c4(Fo2) + (0.0106°)?] with P = [max(0F,2) + 2F.)/3
1.075

were grown from a 1:1 mixture of ethanoland acetic
anhydride.The x-ray crystaldeterminatiorrevealedthat
molecules of acetic acid were presentin the ratio
AcOH:la = 1:1. This was also observedby *H NMR
spectroscopyThe samecrystalswere obtainedby dis-
solvingla in aceticacidandthenallowing thesolutionto
evaporateat room temperaturelJsing similar methods,
complexesof la with formic and propionicacid"* were
characterizedWith stronginorganicacids,la was dis-
solvedin ananhydroussolvent(diethyl etheror absolute
ethanol)andconcentratedcid waspouredinto the solu-
tion to precipitatethe complex. Recrystallizationfrom
absolute ethanol afforded suitable crystals for x-ray
determination.With orthophosphoricacid? one mol-
ecule of acid is presentas a solvate molecule of
crystallization and the other is ionized and protonates
the carbonyl oxygen of la. With perchloric acid™® the
stoichiometryis flavone: perchloricacid: water=1:1:1.
A third methodwasusedto preparethetitle complex.
Equimolar amountsof acid and la were dissolvedin
ethanoland the solution allowed to evaporateat room
temperatureColourlesscrystalswere removedfrom the
solutionandair dried. They wereinitially characterized
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by *H NMR spectroscopyand the structurewas deter-
mined by x-ray crystallography(Fig. 1). The structure
was determinedby direct methodsand refined by full-
matrix least-square®n F2.** All non-hydrogenatoms
wererefinedanisotropically Hydrogenatomswereintro-
ducedin calculatedpositionsandrefinedriding on their
bondedatomwith a global isotropictemperaturdactor.
PLUTON-93wasusedfor structuredrawings®®

In 2',6-dimethoxyflavone(la) the bond lengthsand
bond anglesare comparableto thosefound in similar
complexes®*2ThetorsionangleO(1)—C(2)—C(1)—
C(6)=60.8(2) is in the range expected for these
complexes.Variations of the heterocycledouble bonds
C(4)=0(4) andC(2)=C(3), the singlebond C(3)—C(4)
andthe C(2)—C(2) bondlinking the heterocycleto the
dimethoxyphenylgroup are consistantwith previous
results'®

In 2,6-dimethoxybenzoiacid(Ib), the bonddistances
in the phenylring aresimilar to thosefoundin the crystal
structureof pure2,6-dimethoxybemoic acid (/b ).*® The
main differenceariseswith the carboxylgroup.lts plane
is more inclined [75.70(7) to that of the phenylring].
The C(1")—C(7") bond is lengthenedto 1.502(3)A
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Table 2. Fractional atomic coordinates and equivalent
isotropic displacement parameters U.q of the non-hydrogen
atoms in the complex®

Atom X y z Ueq (A?)
O(1)  0.8620(2) —0.1506(1) 0.5711(1) 0.048(1)
C(®)  08594(3) —02332(1) 0.5379(1) 0.043(1)
C(3)  08171(3) —02265(2) 0.4830(1) 0.046(1)
C(d)  07699(2) —01321(1) 0.4563(1) 0.041(1)
O(4)  07336(2) —01223(1) 0.4058(1) 0.057(1)
c(5) 0.7074(3) 0.0512(2) 0.4733(1) 0.051(1)
C(6)  06986(3) 0.1300(2) 0.5091(1) 0.063(1)
c(7) 0.7451(3) 0.1156(2) 0.5649(1) 0.067(1)
C(8)  07998(3) 0.0219(2) 0.5853(1) 0.058(1)
c(9) 0.8084(2) —0.0583(1) 0.5487(1) 0.042(1)

C(10)  0.7639(2) —0.0450(1) 0.4928(1) 0.039(1)
C(2) 0.9031(3) —0.3275(2) 0.5691(1) 0.049(1)
c(2) 1.0519(3) —0.3896(2) 0.5593(1) 0.055(1)
0(2) 1.1569(2) —0.3561(1) 0.5202(1) 0.069(1)
C(2M)  1.3058(4) —0.4183(2) 0.5064(1) 0.077(1)
C(3) 1.0860(4) —0.4792(2) 0.5888(1) 0.070(1)
c(4) 0.9668(5) —0.5061(2) 0.6264(1) 0.084(1)
c(5) 0.8192(4) —0.4474(2) 0.6370(1) 0.077(1)
c(6) 0.7866(3) —0.3580(2) 0.6085(1) 0.061(1)
0(6) 0.6414(3) —0.2951(2) 0.6138(1) 0.081(1)
C(6M)  0.5199(4) —0.3183(3) 0.6538(1) 0.098(1)
c(1) 0.3819(3) —0.3543(1) 0.2830(1) 0.042(1)
c() 0.4660(3) —0.4267(2) 0.2526(1) 0.048(1)
O(2)  0.6384(2) —0.4558(1) 0.2747(1) 0.065(1)
C(2ZM)  0.7260(4) —0.5360(2) 0.2488(1) 0.075(1)
C(3)  0.3755(3) —0.4624(2) 0.2034(1) 0.062(1)
c) 0.2027(4) —0.4251(2) 0.1853(1) 0.071(1)
C(5) 0.1157(3) —0.3540(2) 0.2147(1) 0.064(1)
c(6) 0.2067(3) —0.3187(2) 0.2642(1) 0.049(1)
O(6)  0.1362(2) —0.2494(1) 0.2976(1) 0.063(1)
O(6'M) —0.0509(3) —0.2186(2) 0.2849(1) 0.086(1)
c(7) 0.4848(3) —0.3137(2) 0.3351(1) 0.043(1)
O(8)  0.5498(2) -0.2227(1) 0.3276(1) 0.057(1)
O(@)  0.5078(3) —0.3581(1) 0.3778(1) 0.082(1)

#Numbersn parentheseareestimatedstandardieviationsin theleast
significantdigits.

[1.485(4),5\ in lIb], presumablyowing to the carboxyl
group being more twisted. In the complex, the acid is
boundthroughits hydroxyl groupto the carbonylof the
flavone and doesnot form chainswhich involve par-
ticipation of both oxygenatomsof the carboxyl group.
Thecarboxylgroupin Ib is foundin the Z conformation,
unlike the carboxylgroupin Ilb, which existsin the E
conformation®*’

0]
Il Il
R/C\O/H R/C\?
H
Z rotamer E rotamer

According to theoreticalcalculationson formic and
aceticacid'® Z rotamersaremorestablethanE rotamers.
SingleC—O anddoubleC=0 bonddistancesrelonger
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Table 3. Bond lengths (A) and angles (°)

0(1)—C(2) 1.358(2)
0(1)—C(9) 1.373(2)
C(2—C(3) 1.345(3)
C(2—C(1) 1.474(3)
C(3)—C(4) 1.429(3)
C(4)—0(4) 1.239(2)
C(4)—C(10) 1.458(3)
C(5)—C(6) 1.366(3)
C(5)—C(10) 1.399(3)
C(6)—C(7) 1.382(4)
C(7)—C(8) 1.373(3)
C(8)—C(9) 1.392(3)
C(9)—C(10) 1.381(3)
C(1)—C(2) 1.396(3)
C(1)—C(6) 1.409(3)
C(2)—0(2) 1.361(3)
C(2)—C(3) 1.392(3)
0(2)—C(2M) 1.426(3)
C(3)—C(4) 1.378(4)
C(4)—C(5) 1.369(4)
C(5)—C(6) 1.376(3)
C(6)—0(6) 1.358(3)
0O(6)—C(6M) 1.422(3)
C(1)—C(6") 1.384(3)
C(1)—C(2) 1.391(3)
C(1)—C(7) 1.502(3)
C(2)—0(2) 1.359(3)
C(2)—C(3) 1.387(3)
0(2)—C(2'M) 1.418(3)
C(3)—C#) 1.372(3)
C(4)—C(5") 1.376(3)
C(5)—C(8") 1.392(3)
C(6")—0(6") 1.363(2)
0O(6")—C(6'M) 1.417(3)
C(7)—0(9) 1.193(2)
C(7)—0(8) 1.309(2)
C(2)—0O(1)—C(9) 119.07(14)
C(3)—C(2)—0(1) 122.1(2)
C(3)—C(2—C®1 125.7(2)
0O(1)—C(2)—C(1) 112.2(2)
C(2)—C(3)—C(4) 122.0(2)
0(4)—C(4)—C(3) 124.1(2)
0O(4)—C(4)—C(10) 120.7(2)
C(3)—C(4)—C(10) 115.3(2)
C(6)—C(5)—C(10) 120.2(2)
C(5)—C(6)—C(7) 120.4(2)
C(8)—C(7)—C(6) 120.7(2)
C(7)—C(8)—C(9) 118.8(2)
0(1)—C(9)—C(10) 122.2(2)
0(1)—C(9)—C(8) 116.6(2)
C(10)—C(9)—C(8) 121.2(2)
C(9)—C(10)—C(5) 118.7(2)
C(9)—C(10)—C(4) 119.1(2)
C(5)—C(10)—C(4) 122.2(2)
C(2)—C(1)—C(®) 118.9(2)
C(2)—C(1)—C(2) 122.1(2)
C(6)—C(1)—C(2) 118.9(2)
0(2)—C(2)—C@3) 124.0(2)
0(2)—C(2)—C(2) 115.7(2)
C(3)—C(2)—C(1) 120.3(2)
C(2)—0(2)—C(2M) 118.6(2)
C(4)—C(3)—C(2) 118.4(3)
C(5)—C#4)—C(@3) 122.9(2)
C(4)—C(5)—C(6) 118.8(2)

continued
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Table 3. continued
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0O(6)—C(6)—C(5)
0(6)—C(6)—C(1)
C(5)—C(6)—C(1)

C(6)—O(6)—C(6M)
C(6)—C(11—C(2)
C(6")—C(1)—C(7")
C(2)—C(1)—C(7")
0(2)—C(2')—C(3)
0(2)—C(2)—C(1")
C(3)—C(2)—C(1)
C(2)—0(2')y—C(2'M)
C(4)—C(37—C(2)
C(3)—C(41—C(5)
C(4)—C(5)—C(6)
O(6")—C(6")—C(1")
O(6)—C(6")—C(S)
C(1)—C(6—C(5)
C(6")—0O(6")—C(6'M)
O(9)—C(7)—0(8")
O(9)—C(7")—C(1")
O(8)—C(7)—C(1)

124.4(2)
115.0(2)
120.6(2)
118.8(2)
119.8(2)
120.7(2)
119.5(2)
124.9(2)
114.9(2)
120.2(2)
118.1(2)
118.9(2)
122.1(2)
118.8(2)
114.8(2)
125.0(2)
120.2(2)
118.3(2)
123.8(2)
125.2(2)
111.0(2)

15 +

4

Figure 2. Dependence of pK; on hydrogen bond distance.

25 255

26

d(0...0)

For acid numbering, see Table 4

265

in pure acid crystals becauseO—H or C=0 groups
interactwith the C=0 and O—H (and C—H in acetic
acid)of neighbouringnolecules:>~**Thecorresponding
bond distancesn the complexesare shorter,involving

larger O—C=0 bond anglesdue to strongerrepulsion
betweenoxygenatoms(Table 3).

Sincein a seriesof carboxylicacids(plus orthophos-
phoricacid) (seeabove)theacid OH groupwasboundto
the carbonylof la througha single hydrogenbond in-
volving acid—flavonepairs of molecules,a favourable
situationwasavailableto examinethehydrogerbonding.
We correlatedthe pK, of theseacidswith the hydrogen
bonddistancen crystalsof the acid—flavonecomplexes.
Figure2 showsaplot of thedataobtainedor thedifferent
complexesThis plot exhibitsa satisfactorylinear corre-
lation (r =0.986) given by the equationpK,=(16.8+
1.6d(0—0O) — (39.8+ 4.2).

FlavonesarealsoweakLewis basesWe haverecently
reported the structure of the 2',6-dimethoxyflavone—
chlorotriphenyltinadduct?* Using the chlorotriphenyltin
as a Lewis acid, it seemspossible to compare the
strengthsof Lewis bases(the strongerthe base,the
shorterthe Sh—O distance).Converselyusing the title
flavoneasa Lewis basejt shouldbe possibleto compare
the strengthsof similar Lewis acids and establisha
quantitativeacidity ladder.

Henceit appearghatx-ray analysisof hydrogenbond
lengthsin all thesecomplexeswith thetitle flavoneallow
one to obtain pK, valuesof suitable carboxylic acids.
This method could be valuablewhen the experimental
pK, determinationis difficult or impossible.Work is in
progresdo analyseothercomplexeswith 2,6-substituted
benzoic acids usedin the preparationof inhibitors of
variousenzyme$® andothercarboxylicacidsto increase
the dataandimprovethe correlation.

A scale correlating carbon acidities to C—H---O
distancesn crystal structuresis known?® Resultswere
obtainedfrom large samplingsof crystallograpic data
from the Cambridge Structural Database.However,
carbon acids C—H were related to different O atom
basicities.

Table 4. pKj, values, bond angles, bond distances and hydrogen bond distances

Acid® oK. 0—C=0(°) C—O(A) C=0 (A) 0—H—0(A)

A C A C A C A C
1 2.12 - - - - - - - 2.484(3)
2 3.44  118.6(3) 123.8(2) 1.317(4) 1.309(2) 1.224(4) 1.193(2) 2.673(9  2.571(2)
3 3.75  123.9(2) 126.1(9) 1.308(2) 1.282(9)  1.222(2) 1.196(9)  2.624(2)  2.601(6)
4 475  122.0(6) 121.4(5) 1.318(7) 1.280(5)  1.220(6) 1.215(5)  2.626(6)  2.646(6)
5 487 122009 123.2(3) 1.32 (1) 1.310(4) 122 (1) 1.186(4) 2.644(9  2.638(4)

&1, Orthophosphac acid,Ref. 12; 2, dimethoxybenzoiacid,A Ref.16,C thiswork; 3, formic acid,A Ref.21,C Ref.11; 4, aceticacid,A Ref.20,C
Ref. 10; 5, propionicacid, A Ref. 19, C Ref. 11. A Crystalstructureof the pureacid; C, crystalstructureof the acid—flavonecomplex.

b pK, valuesarefrom Ref. 22, exceptfor acid 2 (Ref. 23).
¢ Estimatedstandarddeviationnot givenin the reference.
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