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Abstract -- Analogues of the title compound have been prepared: minor alterations in the 
reactfan conditions give a benztnoid isomer 2b of the title compound. Reactions of the title 
compound were studied, and the structure-vss conffraed by X-ray crystallography. )rNDO 
calcul.ations give a geouetry in agreement vith that found, and indicate 99 energyldffference of 
13 kcallaol in fhvour of the benzenoid isomer e. Temperature-dependent C- and H-NMR spectra 
afforded rotational barriers, 

The isolation of 2,4-dichloro-3-(N,N-dimethylanfnomethylene)-l,4-cyclohexadiene-l,5- _- 
dicarboxaldehyde 3, obtalned by the action of 

1,3-diooe at 20 ‘C, vas recently reported.’ 

the fminiun salt from DHPIPOC13 on cyclohcxane- 

Dialdehyde e is stable at 20 ‘C for at least 

sever81 veeks+ In viev of the resonance energy of benzene, cn. 36 kcal a01 -1,2 it seened - 
remarkable that dialdthyde la could exist without conversion into the btnzenoid tautomer &; for - 
this reason ve have continued our investigations. 

In the present paper we report: (i] further preparative vork including the synthesis and 

some transformations of analogucs oE dialdehyde k, (ii) conclusive proof of the structure by X- 

ray analysis, (iii) HNDO calculations of the energy of compounds of this type and of their 

benzenoid tautomers, (iv) measured rotational barriers in compound 9. 

PREPARATION OF CB~RINATB~ ABIDES 

Reaction of cyclohexant-1,3-dione at 20 ‘C vfth iminium salts derived from mixtures of 

POC13 with N-methylformanilide, pyrrolidine-?+carboxaldehyde and l$formylmorphollne afforded the 

novel 1,4-cyclohexadiene-l,!&dicarboxaldehydes l&, lc and I&, respectively+ With a variety of - 
dialdehydes i in hand, attempts vere made to prepare the benzenoid tautomers (e.g. dialdehyde 

k; vide infra). -- During the preparation of dialdehydes I, none of the corresponding benzenoid 

tautoaers vas detected. However, ve have nov found that dialdehyde G can be obtained by 

performing the above reaction vith dimethylformamide at 100 Oc. At that temperature, no 

dialdehyde h vas detected. The ‘H-NHR spectrum of dialdehyde z_b displeyed signals at delta 

3.63 (CH2) and 8.20 (CH), signals at chemical shifts appreciably different from the methylene 

and methine resonances’ of dfaldehyde &, at delta 3.27 and 7.61. respectively. The *3C NHR 

spectrum of dialdehyde 2J displayed signdls for CH at 59.2 ppm and for CH at 132.7 ppm; again, 

the corresponding signals for dialdehyde fa occur l2 
at 23.3 and 151.3 ppm. Neither the spectrum 

of dialdehyde la nor that of dialdehyde 2b disclosed signals due to the other isomer. - - 

a Rl-R2=!?e b Rl&e,R2=Fh a RI-CR2NHe2: R2=CBO 

c R1,R2-(CA214 d R1,R2=W2)20 b RI-CHO; R2-Cli2NMt2 

* This paper is dedicsted to Ted Taylor on his 65th birthday, vishing hia many core! 
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In attempts to convert dialdehyde & into the benxenoid tautoner &, the former was 

subjected to a variety of conditions and reagents. Eeating dialdehyde la at 150 ‘C under argon - 
afforded a tarry residue mainly insoluble in CRC13 and from which neither dialdehyde la nor - 
dialdehyde 2a could be obtained. - Beating a solution of dialdehyde & in POCl3 under reflux in a 

stteam of argon afforded an oil vhich also containtd ntithtr dialdthyde la nor dialdehyde et - 
products of hydrolysis of the beta-chlorovinylaldthydt moletics in dialdehydc la appeared to be - 
formed. Reaction of the latter vith UC13 (3 q ol) in CB2C12 at 20 ‘C also gave hydrolysis 

products which could not be readily idtntified. When dialdehyde & vas added to cont. H2S04 at 

20 ‘C a deep purple solution rtsulted. Although ESR Indicated the presence of radicals, no data 

could be obtained . 

The action of q ethanolic NaOHe caused decomposition of dialdehyde &, apparently involving 

displactment of Cl-; tht products could not be identified. The action of BP3.Bt20 in CB2C12 

upon dialdthydt la at 20 ‘C afforded the trialdthyde 2 in 17 X yield. It seems likely that -. 
trlaldthydt 2 vas produced by aerial oxidation of dialdehydt I+ although the atchanistic 

details are not currently knovn. Inttrestfngly, no carboxylfc acids vert dettcttd fn the mass 

spectra of any of the products isolated from the above reactions. 

X-RAY CRYSTALLDGRAPEIC ANALYSIS 

The structures of k and i (the 2:l adduct of & vith hydroquinont) vert determined by X- 

ray diffraction. The adduct vas discovered in a samplt of & rtcrystallised from i-Pr20 

containing hydroquinont as a stablllser and vas subsequently preptrtd by co-crystallising the 

two components from a mixture of CBC13 - EtOAc - petroleun. Crystals of lc art triclinic, PI - 
vith a I 8.1939 (17), b I 9.1772 (19), c - 10.0050 (20) i, alpha - 73.510 (17), beta = 108.512 

(16), gamma - 114.704 (15)’ and V - 638.06 (23) i3. Dm - 1.482 and Dx . 1.489 g cm -3 for 2 - 2. 

A crystal 0.08 x 0.34 x 0.44 mm vas used to mtasurt 1675 refltctions, of vhlch 1458 vith Fobs 1 

3 sigma (Fobs) vere used in the analysis. The final R - 0.035 and Rvo- 0.031. Crystals of 4 

are triclinic, PI, a - 8.5692 (23), b - 9.0718 (24), c I 10.7684 (23) A, alpha I 105.196 (18), 

beta . 91.706 (20), gamma = 105.494 (21)‘, V . 774.0 (3) i3. 

1.464 g cmS3 

The values D,,, = 1.445 and Dx = 

are for one 2:l adduct per cell. A crystal 0.11 x 0.27 x 0.38 mm was used to 

measure 2139 refltctions, of vhich 1829 vith Fobs > 3 sigma (Fobs) vere used in the analysis. 

The final R - 0.045 and Rv I 0.035. Tables of the final positional parameters, thermal 

parameters, and bond angles have been submitted to the Cambridge Crystallographic Data Centre. 

All calculations on both compounds used the SRELXTL programs. Rev. 4.0, on a Hodel 30 Eclipse. 

All the measurements vere made with a Nicolet R3m difftactometer, using graphite-monochtomatised 

HoK-alpha radiation. 

A draving of the adduct 4 is given in Figure 1. The hydroquinone molecule lies on the 

crystallographic centre of symmetry and is hydrogen-bonded to O(1) of the aldthyde on the 

cyclohexadient ring. Bond distances in 4 and lc are compared in Table 1. The lengthening of - 
C(7)-O(1) and the shortening of C(4)-C(7) bonds in 4, relative to &, are consequences of the 

presence of the hydrogen bond. All other distances in the cyclohexadiene portions of 2 and & 

are closely similar. 

Cl 

2 

OHC 

Figure 1. Tht hydroqufnone adduct 4 

shoving tht thermal l lltpsoids, atomic numbering 

and the O(1) - O(a) hydrogen bond. 
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Table 1. The WNMI optimiscd bond lengths, dipole moments and enthalpits of formation for 

&, lc and a, and aelactcd experimental X-ray bond lengths for & and 4. - 

0 
Bond XHW Calculated Bond Lengths (A) X-Ray Bond Lengths 

(see Pig. 1 for lc i!! 2a lc 4 - - 

numbering) 

C(1) - C(2) 1.484 1.466 1.420 1.454(4) 1.462(3) 

C(1) - C(6) 1.359 1.365 1.413 1.349(3) 1.341(4) 

C(2) - C(3) 1.479 I.473 1.421 1.442(4) 1.44#(4) 

C(2) - C(9) 1.369 1.393 1.529 1.388(3) 1.389(4) 

C(3) - C(4) 1.354 1.369 1.414 1.347(3) 1.3x?(4) 

C(4) - C(5) 1.519 1.491 1.409 1.495(5) 1.500(4) 

C(4) - C(7) 1,501 1.506 1.506 1*458(5) 1.427(5) 

C(5) - C(6) 1.503 1.489 1.410 1.495(4) 1.504(4) 

C(6) - C(8) 1.501 1.504 1.506 1.457(4) 1.44%(4) 

C(7) - O(1) 1.219 1.217 1.219 1.214(b) 1.233(4) 

C(8) - O(2) 1*220 1.220 1.219 1.219(4) 1.222(4) 

C(9) - Nfl) 1.410 1.373 1.471 1.323(3) 1.317(3) 

N(1) - C(l0) 1.468 1.479 1.468 1.463(3) 1.476(4) 

N(1) - C(13) 1.469 1.482 I.468 1.480(3) 1.483(4) 

Dipole 
H lonent (kcal/aol) 

4.01 11.45 1.72 -- ___ 
Delta -_ ___ f -189.1 -26.3 -39.7 

The average of the C(l)-C(6) and C(3)-C(4) distances in 2 is 1.348 R, vhfch clearly 

establishes the cyclohexsdiene formulation. The average is slightly longer than the distance 

observed In three similar cyclohexadiene compounds: perchlorobenzylfdenecyclohexa-2,5-diene,2 

and the solvated3 and unsolvated4 forms of I-diphenylmethylene-4-triphenylmethylcyc~ohexa-2,~- 

diene. There appears to be some delocalisation betveen the C-C and the C=O groups which 

lengthens the former bond and shortens the latter bond. 

The cyclohexadiene ring is in a boat conformatiw, atoms C(l), C(3), C(4), and C(6) being 

approximately planar. In &, 4, and p~r~hlorobenryl~dene~y~lohex~-2,5-diene2 the methylene 

carbon, C(S), is 0,208, 0.215 and 0.207 i respectively above the plane. rjhile the triponal 

carbon, C(2). is 0.310, 0.326 and 0.329 i respectively abow the planr. Surprisinplv. the 

cyclohexadiene ring in the solvated3 and unsolvated forms4 of the triphenylmethyl “dimer” is 

closer to planarity. Presumably, the steric interactions involving the phenyl rings can be 

relieved by flattening the cyclohexadfene ring. While there are no significant differences 

betveen the cyclohexadiene rings in & and 4, the solvated species 4 does appear to have larger - 
differences in chemically equivalent bonds owing to hydrogen-bonding. 

W.0. CALCU~T~ONS 

Full geometry optimisationo of the molecules la and 2a wets carried out using the HNRO 

quantum-chemical aethodq5 
- - 

The calculated optiaised bond lengths are recorded in Table 1. The 

experimental and theoretical bond lengths (and angles) are in good agreement vith the non- 
benzenoid molecules la and Ic. 

length (about 0.09 i< 
- The largest discrepancy fs observed for the C(9)-N(1) bond 

The other calculated and experiaental lengths are equal, vithin O.Ol- 

0.05 i, the !4NDD calculated values usually being larger. 

The UNDO energy difference betveen the non-benzenoid compound la and its benzenoid isomer 
- 

2 predicts tha latter to be more stable by about 13 kcal/nol (Table 1). That difference is 
markedly smaller than the usual value of the resonance energy of a substituted benzene ring (ca 

30 kcalfmol). 
-* 

An extra stabilisation energy of ca. - 17 kcal/mol for la is implled, and is - 
evidently caused by the extensive delocalisation of charge. 



3212 A. R. KATRITZKY er cd. 

No such resonance interaction is possible in the case of the benzenoid molecule a. These 

differences in charge dclocalisation of l_a and a result in a big difference of the dipole 

moment values of these molecules (Table 1). The Kirkwood-Onsagcc theory of dielectric solvation 

of the molecules 
6 

states that the dlpolar 

square of the dipole moment mu2 

stabilisation energy (AEel) is proportional to the 

of a given molecule in a condensed medium of dielectric 

permittivity epsilon (Eq. 1). Hence, depending on the value of cavity radius o. chosen for the 

molecule, the nonbenztnoid form & may even be more thermodynamically stable in solution than 

its tautomerlc form 2a. Quantitative SCRF calculations 798 
- should give a good estimate of the 

difference of electrostatic salvation energy of these compounds in solution. 

Ae 
el - - (c-l) / (+zc+l)~. u2 (Eq. 1) 

The experimentally observed high stability of the compound 2 vith respect to the benzenoid 

form could also be due to kinetic factors. HNDO calculations shov a marked lovering of the 

positive charge at the mcthylenc hydrogen atoms of compound &. This lmplles stronger bonding 

betveen the annular carbon and the methylene hydrogen atoms of compound 2, and ipso facto an 

elevated activation energy barrier for the isonerisation la ---> 2a. Ve are currently exploring - - 
the pathvay by vhich cyclohexane-1,Ldione is converted into dialdehyde 2J, and ve are seeking 

an explanation of why the latter is formed, rather than the isomer 2a. - 

TEHPERATURE-DEPENDENCE OF NHR SPECTRA 

Fourier-transform carbon-13 spectra at 75 HHz and hydrogen spectra at 300 MHz vere obtained 

for la at temperatures between -6O’C and +55’C. - Temperatures of the samples vece controlled to 

0.3’C by passing chilled or heated N 
13 

C NNR spectra and 0.12 Hz for the 
1 

through the probe. Digital resolutlon vas 0.35 Hz for the 

H NKR spectra. 

The aim of this work vas to evaluate the barriers to rotation for the groups attached to 

the cyclohexsdfene ring. The tvo methyl groups of dieldehyde 2 shov different chemical shifts 

at lov temperatures in both ‘H and 13 C NHR spectra owing to the delocalisation of the formally 

unshared electron pair on nitrogen. At room temperature and above, the coalescence of these 

peaks vas observed in both the ‘H and 13 
C NHR spectra. Non-equivalence vas also demonstrated at 

low temperatures in the 13 C NBR spectrum for ring carbon atoms 2 and 4, 1 and 5, and the tvo 

aldehydic carbons, as veil as in the 
1 

H NHR spectrum for the tvo aldehydic hydrogens. At 

sufficiently high temperature, coalescence of all these pairs vas observed, although at room 

temperature the ring carbon resonances were still somewhat broad. 

From the observed coalescence temperatrlle. T,. ad fhr lirnirillr 1~. r~rnperatl~lP Thift 

difference, 6, the free energy of activation for the rotarional p~ocesscrr; rn.l;,* be estimated from 

equation 2. 
9 

The results of these calculations are given in Table 2. 

L?G * = 1.576 Tc (9.97 + log T,/&] cal/mol (Eq. 2) 

Table 2. Barriers to Bond Rotation Determined from NHR Coalescence Temperatures 

Data from ‘g Spectra Data from 13C Spectcan 

Atoalc AC* ffif AE 

Croup’ I (Hz) Tc’W) (kcal/mol) UBz) To (‘to (kcal/aol) (kca;/mol) 

CHO 4.8 + 0.1 235 + 2 12.5 + 0.2 60 + 3 229 + 4 11.1 + 0.5 A__ - - 
1 and 3 --- ___ _____ 290 + 5 258 + 3 11.7 t 0.4 7.8 + 0.4 

4 and 6 --- _-- _____ 290 + 5 258 + 3 If.7 ,+ 0.4 7.8 l 0.4 

Nne2 41 + 1 248 + 5 12.2 + 0.5 215 + 5 271 + 2 12.5 - l 0.5 13.5 + 0.5 
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Attempts vtre made to evaluate the Atrhenius energy of activation (A Pa) fro& ucasurements 

of the NMR liwshapas belov aad above coalescence. In rhc ‘8 NNR spectrum, the c82 resonance 

AOVCS through the -IWe resonance as the temperature changes; overlap prtomted accurate 

evaluation of the shape of either rtsonance. Results of lineshape fitting for the sldehydc, 

ring, and NHe2 carbon atou, aastming wo equally populated sites, are given in Table 2. Tuo 

distinct processes are expected to affect the spectral equivalence of various atassr (I) Rapid 

rotation about the for&al double bond C-CIiNHe2 should rrndtr equivalent the C80 groups, the 1,5- 

pair of ring carbons, and the 2,4-pair of ring carbons; (ii) rapid totarion about the for&al 

single bond Cli-Me2 should rendtr tquivalent tht tvo atthyl groups. The results (Tablt 2) 

indicate that these tvo processes must be very similar in energy. For proceso (i), four 

measurements of dtlta C are available with results of 11.1 - 12.5 kcal a01 
-1 

. Por proctas (ii) 

the tvo aeasurenents indicate a barrier of ~a. 12.2-12.5 kc&l a01 
-1 . flowever, the temperature- 

dtpendancc of the carbon lineshape for the aldthydic hydrogtns does not follow a simple pattern, 

an indication that several proctsses may be contributing to the removal of nontquivalence of 

these groups. 

ExPERIII8MTAL 

Melting points vere taken on a Reichtrt hot stage apparatus and are uncorrected. lw NHR 

spectra were recorded with a Varian lM-360 spactroaeter; 13C NHR spactra (25.00 and 75.86 HHz) 

vece tecotdtd with XL-100 and Nicolet m-300 spectrometers. IR spectra veee measured on a 

Perkin Elmer 283-B spectroaeter. Hsss spectra vere recorded on an AEI If530 instrument. 

“Evaporationm refers to rtaoval of solvent under reduced pressure. !fgSO4 vas used as the drying 

agent , 

General Procedure for Preparing Dialdehydts (lb), (lc), (Id). The appropriate form&aide 

(15 ml) and phosphorus oxychloride (14.0 g, 0,091 mol) was stirred at 5 “C for IO &in and then 

alloved to stand at the ambient temperature for 10 lain, folloved by addition of cyclohexane-1,3- 

diont (3.36 g, 0.030 mol). The mixture vas stirred at 20 ‘C for 72 h, then treated with Clf2C12 

(100 ml) and aqueous 10% Na2C03 (100 ml); solid Na2C03 v&s then added to bring the p8 to 7.0. 

The organic layer vas separated, washed vith water (2 x 30 al), dried and evaporated to give an 

oil vhich vas treated as described belov. 

2,4-Dichloro-3-(N-set~l-N-phenylaainomethylene~-l,4-cyclohtxadiene-l,5-dfcarboxaldehyde 

(Tb). The oil v&s chromatographtd on silica gel (309; 230-400 mesh) using ethyl acettte ss the 

eluant (200 ml). Evaporation of the solvent and trfturation of the rtsidue with petroleum 

afforded 0.96 g (10 X) of 5, vhich crystallised from chloroform as orange prisms, a.p. 128-130 

‘C; IR nuaax CEBr3 2920, 2860, 1655(s), 1585(s), 1530, 1270, 915, 855, 745 ea-li 1H NM7 fcDcf3) 

delta 3.37 (28, s),3.53 (3H, s), 7.00-7.40 (5H, m), 7.70 (lR, s), 10.07 (ZR, s). Pound; C, 

59.75; if, 4.09; N, 4.31. Calc. for C16X13C12N02: C, 59.65; 8, 4.07; N, 4.3T X. 

2,4-Dichloro-3-(pyttolidfnylmethylene~-l,4-cycloh&x&dfene-l,5-dicarboxa~d~yde (tel. The 

oil vas triturattd with petroleum (3 x 20 al; 60-80 ‘C), and then with diethyl ether (2 x 10 ml) 

to give 3.60 g (42%) of k, which crystallistd fKOm ethyl acetate as orange plates, l .p. 124-126 

‘C; IR numax CR8r3 2950 (v), 2870, 1650, 1580 (a), 1270, 920, 870 cm-*; ‘H IWR <cDc13) delta 

2.00 (48, m), 3.27 (28, s), 3.67 (48, a), 7.63 (18, s), 9.97 (28, s); 13C-NMR (CDC13) delta 23.4 

(t), 24.7 (t), 54.9 (t), 148.0 (d), 188.1 (d). Found : C, 54.61; R, 4.60; N, 4.85. Calc. for 

C13H13C12N02: C, 54.561 8, 4.58; N, 4.90%. 

2,4-Dichloro-3-~~rpholinylmethylene)-~,4-cyclohexaditnt-l,5-dic&rboxaldehyde (Id). The 

oil ctystalliscd upon cooling to O’C; the crystals vere vashtd with diethyl tther (10 ml) to 

give 2.71 g (30%) of Id vhich crystallised from - acetic acid as orange prisms, m.p. 168-170 ‘C; 

XR nu_x CR8r3 2920(w), 2850, 1650, 1585(s), 1290(s), 1030, 9110, 860 cmwl: *Ii NHR (CDCl3) delta 

3.33 (2S, s), 3.75 (8B, m), 7.67 (IF!, s), IO.27 (2H. $1. Found! C, 51.58: H, 6.35; N, 4.64. 

Calc. for C13H13N03: C, 51.67; A, 4.34; N, 4.66%. 
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2,4-Diehloro-3-(N,I-dimethyl~inomethyl)banzenc-l,3-dialdehyde 2b. - _- - Cyclohcxanc-1,3-dione 

(3.36 gj 30 ml) ~8s added to a stirred mixtura of dimathylforaaaidr (5.6 g, 0.076 1001) and 

phosphorus oxychloridc (11.7 g, 0.076 sol) in trichloroothylmr (10 al) at 5 ‘C. The ice bath 

vas removad, chlorofora (10 ml) added, and the mixture stirred at 20 ‘C for 30 aln, After 

heating at reflux for 2 h, the mixture vas vorked up as in the General Procedure. The resulting 

oil vaa chroaatographed on silica gel using 1:9 ethyl acetate-60-80% petroleum to remove traces 

of impurity; aubrequent elution of the yellov band vith 2:8 ethyl acetate-petroleum afforded a 

fraction vhich YM evaporated to give 1 (1.55 g+ 20%) as a yellov oil: IR 2975, 2940, 2860, 

2820, 2770, 1705 (a), 1690 (a), 1575, 1085, 1035, 995, 935, 840 ca-*; ‘Ii-NHR (CD3j2C0 delta 

10.51 (iii, s), 10.48 (16, s), a.20 (la, t, J= 0.7Hz), 3.63 (ZH, d, J- 0.7Az) 2.30 (68, 8) 13C- 

NUR(CD3j2C0 delta 188.2(s), 187.8(s), 140.9(s), 138.1(s), 136.3(s), 133.2(d), 132.4(s), 

131.2(a), 59.5(t), 45.3(q). WC a/z 259.0173. Pi*, Calc for CllEIllC12N02 I 259.01671 261, 260, 

259, 258, 217, 215, 123, 89, 58 -(base peak), 42. Vhen dialdchyde 2 vas refluxed vith 

hydroxylaaine hydrochloride in 1:l pyridine-ethanol, the dloxiae hydrochloride separated as 

prisms, q .p. 252-253 ‘C (decomp.). Found: C, 40.56; H, 4.37; N, 12.57. Calc. for 

C11H14C13N302: C, 40.45; 8, 4.32; N, 12.87%. 

Reaction of 2,4-Dichloro-3-(dimethylam~nomethylene~-l,4-cyclohexadiene-l,5-dicarboxaldehyde 

h vlth Boron Trifluoride Etherate. A mixture of dialdehyde la’ (0.20 g, 0.77 mmol) and, - 
BP3.Et20 (0.05 ml) was stirrred in CR2C12 (5 ml) at 20 ‘C for 20 h. Water (2 ml) vas then 

slovly added, and the mixture evaporated to a bulk of 5 ml. To this vas added CH2C12 (10 ml) 

and vater (3 ml). The mixture vas shaken and the organic layer separated, vashed vith vater (5 

ml) and dried. Evaporation gave a residue vhich vas recrystallised from ethyl acetate to give 2 

(30 mg, 17 X) as needIes, n.p. 102-104 ‘C (lit PI.P.~ 104-106°C; ’ H-NUR (CDCL3), delta 8.47 (lH, 

s), 10.43 (s, 311). MS: m/z 229.9532. H’, Calc. for CgE4C1203 = 229.9536. -- 

Preparatlon of Adduct 4. Dialdehyde & (0.572 g, 2.0 amol) and hydroqulnone (0.11 g, 1.0 

mm011 vere dissolved in a mixture of hot chloroform-ethyl acetate (1:l); petroleum (60-80 ‘C) 

vas then added until a slight turbidity appeared. On standing at 25 “C the adduct 4 (0.58 g, 

85%) crystalllsed as ruby-red needles, m.p. 155-158 ‘C; IX nuaax CRBr3 2970, 2870, 2850, 1650, 

1580(s), 1270, 920, 870 cm -l; ‘H-N?iR (CDC13-DHSOd6) delta 2.00 (8A, m), 3.30 (4H, s), 3.72 (8H, 

m), 6.73 (48, s), 7.82 (28, s), 10.20 (4H, m). Found : C, 56.11; B, 4.70; N, 3.95. Calc. for 

C32H32C14N206: C, 56.32; B, 4.73; N, 4.11%. 
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