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H and**C NMR spectra of 2-acyl-substituted cyclohexane-1,3-diones G@dgrmyl, 1; 2-nitrobenzoyl,

2; 2-nitro-4-trifluoromethylbenzoyl3) and lithium sodium and potassium saltsldiave been measured.

The compouna, known as NTBC, is a life-saving medicine applied in tyrosinemia type I. The optimum
molecular structures of the investigated objects in solutions have been found using the DFT method with
B3LYP functional and 6-31G** and/or 6-311G(2d,p) basis set. The theoretical values of the NMR
parameters of the investigated compounds have been calculated using GIAO DFT B3LYP/6-311G(2d,p)
method. The theoretical data obtained for compouhd8 have been exploited to interpret their
experimental NMR spectra in terms of the equilibrium between different tautomers. It has been found
that for these triketones andctautomer prevails. The differences in NMR spectra of the salfsaain

be rationalized taking into account the size of the cation and the degree of salt dissociation. It seems that
in DMSO solution the lithium salt exists mainly as an ion pair stabilized by the chelation of a lithium
cation with two oxygen atoms. The activation free energy the of formyl group rotation for this salt has
been estimated to be 51.5 kJ/mol. The obtained results suggest that in all the investigated objects, including
the free enolate ions, all atoms directly bonded to the carbonyl carbons lie near the same plane. Some
observations concerning the chemical shift changes could indicate strong solvation of the anlpn of
water molecules. Implications of the results obtained in this work for the inhibition mechanism of (4-
hydroxyphenyl) pyruvate dioxygenase by NTBC are commented upon.

Introduction was the inhibition of (4-hydroxyphenyl)pyruvate dioxygenase
. . (HPPD), the enzyme that catalyzes the conversion of (4-
Several very efficient herbicides such as mesotdoae | qroxyphenyl)pyruvate to homogentisate. In plants, homogen-
sulcotrioné being presently in use to control a wide range of yisate s essential for the synthesis of plastoquinone and
broad-leaved and grass weeds in maize belong to the 2-acyl-_iqcopherol. Lack of those substances causes plant bleaching.
cyclohexane-1,3-dione family. The discovery of these active |, animals, the transformation of (4-hydroxyphenyl)pyruvate

sub_stances was connected with the o_b_servation that the C_ali-to homogentisate, catalyzed by HPPD, is a step of the tyrosine
fornia bottlebrush plant excreted a herbicidal compound, causing . atanolism path, the final products of which are fumarate and

the bleaching of surrounding plants and preventing their growth. jeatoacetate, which are excreted in urine. One of the severe
This active substance was found to be leptospermone (2-pman hereditary diseases connected with the tyrosine catabo-

isovaleryl-4,4,6,6-tetramethylcyclohexane-1,3,5-trione). Later |igm is tyrosinemia type 1.It is caused by fumaryl acetoacetate

studies evidenced that the mode of action of those herbicideshydm|ase deficiency, leading to an accumulation of fumaryl

and maleyl acetoacetate and their succinyl analogues, resulting
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in liver and kidney damage. For a long time, the only effective TABLE 1. Experimental and Calculated **C Chemical Shifts
treatment of this disease was liver transplantation. Progress in(PPm) for 1 in CDCl5 Solution

the biochemical investigations on benzoylcyclohexadiones led  carbon number Oexp Ocad Oendd Oexd
to the discovery that one of them, 2-[2-nitro-4-(trifluoromethyl)-

I 1 195.1 194.4 -17.7 -18.3
phenyl]cyclohexane-1,3-dione (NTBC), can be successfully 2 113.8 112.1 66.2 65.0
applied to treat tyrosinemia typée Blocking effectively HPPD, 3 195.6 196.8 —18.9 —29.7
it prevents the production of homogentisate and, in consequence, ‘5‘ %% gg'g igg'g igg'g
also the hepatotoxic compounds mentioned above. 6 365 365 143.2 142.0
Many guestions concerning the mechanism of inhibition of 7 191.3 191.8 -16.9 -1.7

HPPD. by NTBC ha\(e a.lre%dy been gnswe_red, but man.y others Chemical shifts calculated from eqTheoretical absolute values of

are still under investigation® Undertaking this work, we aimed  carhon atom shielding constants [GIAO DFT B3LYP/6-311G(2d,p) PCM].
at checking if NMR measurements, supported by theoretical
calculations, could provide new information on the solution

structure of NTBC and its analogues.

intermolecular hydroxyl proton exchange occurring despite the
existence of the strong intramolecular hydrogen bond. Expecting
that the spir-spin interaction between hydroxyl proton and H7

Results and Discussion could give important information on the structure of the
The chemical structures and atom numbering of investigated investigated compound, we measured the low-temperature
objects are shown below: spectra ofl in CD,Cl, solution. Indeed, at-90 °C, when the
hydroxyl proton exchange was slowed, the signals of the
1  R=H RI=H LiNaorK mentioned protons split into doublets. The line-shape analysis
- of this AX spin system gave the coupling constant 2.0 Hz.
2 } 0 . R2=H Even at the lowest temperature applied, the spectra gave no
R= R% RI=H, evidence for the restriction of the cyclohexane ring inversion.
3 5 10 R2=CF; To achieve a deeper interpretation of the obtained NMR data,
ON the optimum structure df has been calculated using the DFT

B3LYP/6-311G(2d,p) method. The influence of solvent has been

2-Formylcyclohexane-1,3-dione, 1The size of the NTBC described by the polarizable continuum model (PCNMhe
molecule does not impose any limitation on spectroscopic calculations show that the enolic proton exists in the potential
investigations. On the other hand, the level of theory applied with two minima, which correspond to exo and endo forms of
in the calculation is dictated by the size of the investigated the investigated enol. The calculated energy of@keenol is
molecule. Therefore, to obtain reliable results it is reasonable higher by 2.8 kJ/mol than that afndeenol, which suggests
to perform some of the calculations for carefully selected model that the endo form ofl should prevail in solution. This is in
compounds rather than for NTBC. The investigated object agreement with the literature data concerning cyelformyl
should be as small as possible to enable the use of a high leveketones® To get further evidence that could verify the above
of theory but still possessing all the important structural features conclusion, the NMR parameters have been calculated for both
as the object of primary interest. 2-Formylcyclohexane-1,3- tautomers ofl. We have found the values of the coupling
dione, 1, fulfils this demand. It was also expected that the spin  constants between OH and H7 protons in both tautomers to be:
spin interaction of the formyl proton with carbon atoms could J., = 12.3 Hz andJengo= 0.4 Hz. From these values and the
give valuable information on the molecule conformation. experimental valudey, = 2.0 Hz, the population of thende

In the proton NMR spectra dfin CDCl; or CD,Cl; solution enol could be estimated to be about 0.87. Moreover, we have
at room temperature two sharp pseudotriplets are observed forfound that the experimental values of the carbon chemical shifts
H4 and H6 protons, indicating that the rotation around theC2  of 1 can be accurately reproduced using the calculated absolute
C7 bond is stopped in the NMR time scale. The same conclusionvalues of the shielding constants for both enols (Table 1) by
comes out from the observation that in f8€ NMR spectra of means of the following equation:
1 there are separate signals for C1 and C3 as well as for C4
and C6 carbon atoms. This situation is not affected by the Oexp = AXTgngot (1 = X)0gyd + b 1)
concentration changes @f The hydroxyl proton signal in the
14 NMR spectra is broad, and its half-height-width depends The values of the adjustable parameterss —0.9817,b =
on the concentration: in about 0.5 M solutiam,, = 130 Hz 176.9 ppm, anc = 0.88 (std dev= 0.97,R = 0.9999), were
andd = 15.16 ppm, whereas in the solution diluted 1500 times, found using the least-squares method. The populationdd-e
Wi, = 9 Hz andd = 15.87 ppm. At the same time, no other €nol,x, calculated in this manner, is in full agreement with the
changes are observed in the spectra except small downfield shift§ormer estimation. It is noteworthy that all the above results
of the remaining signals. These observations evidence theindicate that the population of the tricarbonyl tautomed ar
solution to be negligible, if any.

(4) (a) Linstedt, S.; Holme, B.ancet1992 340, 813. (b) Pronicka, E.; Alkali Metal Salts of 1. Tricarbonyl compounds of the type
Rowifska, E.; Zawadzki, J.; Holme, E.; Linstedt, Inherited Metab. Dis. discussed here are acidid{p~ 3—4).° Thus, one may expect

1996 19, 234. (c) Lock, E. A.; Ellis, M. K.; Gaskin, P.; Robinson, M.; PR ; ; ; ;
Auton. T. R.: Provan, W. M. Smith, L. L.; Prisbylla, M. P.: Mutter, L. C.. that in living organisms they exist, exclusively or predominantly,

Lee, D. L.J. Inherited Metab. Dis1998 21, 498. (d) Holme, E.; Lindstedt,
S.J. Inherited Metab. Dis1998 21, 507. (7) Tomasi, J.; Mennucci, B.; Cammi, Rhem. Re. 2005 105, 2999.
(5) Kavana, M.; Moran G. RBiochemistry2003 42, 10238. (8) (a) Terpirski, J.; KoYluk, T. Rocz. Chemil974 48, 29. (b) Garbish,
(6) (a) Brownlee, J. M.; Johnson-Winters, K.; Harrison, D. H. T.; Moran, E. W., Jr.J. Am. Chem. Sod963 85, 1696. (c) Bolvig, S.; Duus, F.;
G. R.Biochemistry2004 43, 6370. (b) Neidig, M. L.; Decker, A.; Kavana, Hansen, P. EMagn. Reson. Chem998 36, 315. (d) Huang, M.-L.; Zou,
M.; Moran, G. R.; Solomon, E. Biochem. Biophys. Res. Comm@005 J.-W.; Yang, D.-Y.; Ning, B.-Z.; Shang, Z.-C.; Yu, Q.-$. Mol. Struct.
338 206. (THEOCHEM)2002 589-590, 321.
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TABLE 2. Dissociation Effect Caused by Changes of Counterion TABLE 3. Comparison of Calculated and Experimental Effect of
and Measurement Conditions Monitored by*3C Chemical Shifts for Water Solvation on the Carbon Chemical Shifts of the Free Anion
the Salts of 1 in DMSOds of 1
carbon atom C1,C3 Cc7 Cc2 C4,C6 C5
AO 1,3 7 2 4,6 5 Op,0? 205.2 191.8 119.1 39.9 22.4
b
i 197.7 188.5 117.2 39.1 21.4 Oomso 195.2 1865 1169 40.0 21.9
Op,0 — OpMSO 10.0 5.2 2.2 -0.1 0.4
OLi — Ona 0.7 01 00 -06  -03 OoMSO— OH.G® 47 2.8 02 -28 -06
oL — Ok? 1.6 1.1 0.0 -08 —04 DMSO ™ EH,0 ' ' ' ' :
oL — Ok 2.0 1.4 0.1 —0.8 -0.4 aMeasured for the potassium saltlof® Measured for 0.03 M potassium
OLi — Ok® 2.56 1.98 026 —10 —05 salt of 1 with kryptofix 222.¢Absolute values of shielding constants
O — Oanior 3.9 4.2 0.9 -0.9 -0.5 calculated for the anion df in which each oxygen atom is solvated by one

aConcentration= 0.15 M. ? Concentration= 0.03 M. ¢ Concentration molecule of water.

= 0.03 M + kryptofix 222.4 Theoretical values calculated using GIAO . . . . .
DFT B3LYP/6-311G(2d,p) PCM basis set. Triketones, used as biologically active agents, are to work in

water media. Thus, it seemed interesting to perform the
in anionic form. Therefore, an investigation of the structure of appropriate measurements for water solutions and to compare
their salts may be useful in understanding their mode of action their results with those described above. ThereforelSh&IMR
toward enzymes. For this reason, we prepared lithium, sodium, spectrum of the potassium salt bflissolved in RO has been

and potassium salts dfand recorded their NMR spectrain @ measured. It may be expected that in this solvent the salt is
DMSO solution with a concentration of about 0.15 M. Ad- completely dissociated. Strangely enough, the observed chemical
ditionally, the spectra of the diluted solution of the potassium shifts, especially those for oxygen-bonded carbon atoms, were
salt (about 0.03 M) and of the same solution with the addition remarkably different from those obtained for potassium salt with
of the potassium cation complexing agent, kryptofix 222, were kryptofix in DMSO. This discrepancy might have an origin in
measured. Theoretical calculations of molecular geometries andthe specific solvation of the carbonyl oxygen atoms with water
carbon chemical shifts for the lithium salt and for the free anion molecules. To verify this hypothesis, we performed the geometry
of 1 were also performed. The results of these measurementspptimization of a solvate of thé anion, in which each of its

and calculations are collected in Table 2. _ carbonyl oxygen atoms was hydrogen-bonded with one water
The following conclusions can be drawn from the obtained molecule, and then we calculated magnetic shielding constants
data: for the carbon nuclei in such a species (Table 3).

1. The observed carbon chemical shifts represent the averaged One may find that the calculated changes of the chemical
values of the chemical shifts of the associated salt and free anionghifts caused by the solvation mimic experimental effects
dependent on the populations of these two species. They chang@bserved for potassium salt solutions in DMSO an®DThe
monotonically going from lithium salt to diluted potassium salt importance of the water solvation for the carbonyl carbon
containing the potassium cation complexing agent, kryptofix chemical shift can also be illustrated by the data for acetone
222. These changes may reflect the degree of dissociation, which(see Supporting Information, Table S3). The carbonyl carbon
is small in the former case and probably complete in the latter, signal of acetone is strongly downfield-shifted indsolution
though the influence of the cation size on the carbon chemical when compared with its position in DMSO. All the above
shifts of the associated form should also be considered. observations indicate that in water solutions carbonyl oxygen

2. In the free anion, gxarbon atoms are deshielded, whereas atoms strongly interact with solvent molecules.
sp’ carbon atoms are shielded when compared with those of  Barrier to Formyl Group Rotation in the Lithium Salt of
the lithium salt. This observation is in agreement with theoretical 1. NMR spectra of all investigated salts bfn DMSO recorded
calculations. The size of the chemical shift difference between at ambient temperature indicate fast rotation about the C2
lithium salt and free anion, however, is only roughly reproduced. hond in the NMR time scale. It was, however, observed that

3. The calculated molecular geometries of the main parts of for lithium salt at 27°C, the common signal of C1 and C3 is
the free anion, the lithium ion pair aridtself are very similar.  broadened. Therefore, a series of low-temperature spectra of
All oxygen and carbon atoms in these molecules, with the this salt in DMFd; has been measured. A50 °C, the signal
exception of C5, are located on the same plane. It would suggesimentioned above splits into two relatively sharp singlets (
that the stabilizing effect of ther electron delocalization is = 2.0 ppm). In the coalescence region, the s/n ratio achievable
stronger than the destabilizing effect caused by the repulsionin a reasonable measurement time precluded the recording of
of the negatively charged oxygen atoms. In the case of lithium any reliable line shapes. Nevertheless, neglecting the temperature
salt, the chelating effect of the lithium cation should also be dependence of the chemical shift difference between the C1
taken into consideration. The importance of this effect is sjgnal and the C3 signal, the rotation rates could be estimated
reflected in the barriers to the formyl group rotation in the on the basis of the signal broadenings measured at four
lithium salt, when compared with that for the free anion (see temperatures above the coalescence point. Then, the free energy
below). of activation of the rotation about the EZ7 bond could be

4. The hydrogen bond between the aldehyde proton and thecalculated using the Eyring equation. The determined mean
ring carbonyl group may participate in the stabilization of the value of AG* at about 10°C is 51.5 kJ/mol. It might be
planar conformation of the anion. Calculated bond lengths surprising that slow rotation does not affect the signals of C4
suggest that this interaction is stronger in the free anion and inand C6 and the protons bonded to them=4&0 °C they are
the lithium salt than inl (see Supporting Information, Table  siill singlet and triplet, respectively. These observations may
S2). be rationalized taking into account calculated chemical shift

(9) Lee, D. L.; Knudsen, Ch. G.: Michaely, W. J.: Chin, H.-L.: Nguyen, differences between appropriate carbon signals. They are 3.00

N. H.: Carter, Ch. G.; Cromartie, T. H.; Lake, B. H.: Shribbs, J. M. Fraser, PPM fordci — dcs (in rough agreement with the experiment)
T. Pestic. Sci1998 54, 377. and only 0.17 ppm fobcs — dcs.
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The theoretical molecular geometry optimization predicts a TABLE 4. Experimental and Theoretical 13C Chemical Shifts for 2
planar conformation of the free anionbfo be the most stable. ~ @nd 3 in CDCls Solution
It was interesting to check whether it would be possible t0 carhon compound? compound3?
confirm this prediction by NMR. For this reason, the low number dexp Oca® Gend§ Oexd® Oexp  Ocald OTend§  Oexd
temperature'3C NMR spectra of potassium salt solution in

_ S _ 1 1939 192.7 —185 —195 1941 192.7 —18.7 —19.5
DMF-d7, with the addition of kryptofix 222, were measured. 2 112.8 1114 650 655 112.7 1115 64.7 65.7

Splitting of the C1,C3 signal was not observed down-60 3 1956 1973 —21.7 —-321 1958 197.4-21.9 —324
°C, the lowest temperature available for measurements, but at 2 318 323 1473 1122 316 319 147.9 1423
: p ' 5 19.1 202 1588 159.2 19.1 20.1 159.1 159.3
about—40°C the signal apparently started to broaden. Probably 6 375 372 1415 141.0 373 36.6 1424 1412
in this case the coalescence temperature is lower despite the g igg-g igg-g —22;539 —1%9191%3719&Z §24-g2;16-737 o
fact that the calculated chemical shift differenig — dcs = 9 1455 1448 305 312 1455 1449 305 303
5.6 ppm is higher than that for the lithium salt. One may thus 10 1236 1237 525 51.6 121.1 122.8 533 527
conclude that the barrier to the formyl group rotation in the 1% 129.6 157.3 48.3 43.2 lgé.g lgO.g 451 441
o e 1 134.1 135. 40. 40.7 130.8 131. 447 447
free anion is lower than that for lithium salt. Nevertheless, the 13 1267 1252 510 500 1277 1253 509 495

observed line broadening supports the proposed planar confor- _ _
maton of e fee arion A atlemp s also been made to,«-op 1228 IO 1208 s herin shte
estimate the barrier to formyl group rotation fbin the same [GIAO DFT B3LYP/6-311G(2d.p) PCM].

solvent. In’H NMR spectrum ofl in DMF-d;, H4 and H6

protons give a common signal. Carbon atoms C4 and C6 also . _ o
give one signal that is slightly broadened. Probably, the internal Pond with the enolic hydroxyl group. The phenyl ring is
hydrogen bond is broken in a fraction of the solute molecules considerably twisted, relative to the mentioned plane, apparently
because of competition of solvent molecules, which are strong due to steric reasons. Such a structure is very similar to that
proton acceptors. The barrier to the formyl group rotation in determined for2 in the solid statd?

the species with intermolecular hydrogen bonding is expected 2-[2-Nitro-4-(trifluoromethyl)benzoylcyclohexane-1,3-di-

to be lowered. Unfortunately, in the spectrumidgh DMF-d7, one 3.To our knowledge, the only NMR data fGravailable
recorded at-50 °C, C4 and C6 carbon atoms still give a broad i the literature are those reported by Kavana and Mbirese
common signal, which is additionally almost completely covered data, however, concern the anionic form of this compound in
by the residual CHPmultiplet of the solvent. This, in practice, ~ Water solution, and additionally, the carbon chemical shift

precluded the calculation of the barrier to rotation about the réféerence is not given. Therefore, we decided to synthesize
C2—C7 bond inl. NTBC and to record its spectra. The magnetic inequivalence

of C1 and C3 and C4 and C6, as well as appropriate §blup
protons, indicates that in chloroform the rotation around the C2
C7 bond is slow in the NMR time scale. The transparency of

the similar procedure to investigate a more complex object, . . .
. L the phenyl proton signals allowed to determine all the chemical
triketone 2, which is much closer an analogue of NTBC than - - .
shifts and H,H as well as H,F coupling constants using a

L In this case, however, the use of 6-311G(2d p) basis set duringhomemade Laokoon-like iterative program. The multiplets of

gzzg%t_gl%pﬂngtggp\l’;/:j ;[ntﬁglgggeT:feézrgl:leétfgﬁ ;Tdaifer the cyclohexane ring protons _have been a}nalyzed in the same

larger one only during the magnetic shielding calculation. It manner as forl (see. Supporting Informa’qon). Most carbon

seems that such a compromise remains without notice.ableSlgnals -COUId b-e aSSIQUed to_the appropriate carbon atoms on
the basis of their chemical shifts, intensities, and C,F coupling

consequences, as judged from the test calculat_ion of Shiem"ngconstants. The signal of carbonyl carbon C7 could be identified,
constants for the carbons bby two methods mentioned above. as in the proton-coupled spectrum, that it is split into a doublet

Both data sets are very close to each other. Corresponding Value%wing to a spir-spin interaction with proton H13. Al these

are shifted by about 1'? ppm and exceII.entIy correlatg:é assignments as well as the assignments of carbon atoms C1,
1.0063; — 1.81, wherey'; was calculated in smaller basis, std C3, C4, and C6 have been independently made by the method
dﬁv = Olli ppmf,zR_ - 1'0|OOO)' ka]le expenmentalh_callrl?on described foR, using the results of the theoretical calculations.
chemical shifts of2 in CDCl; and the appropriate shielding g anaiysis of the chemical shifts has shown that, similarly as

constants calculated for both of its enolic structures are coIIectedin two remaining cases, in CDg3olution, NTBC exists mainly

in Table 4. An gxcellent correlatioq betwegn the experimental |, ihe form ofendsenol (for eq 1:x = 0.82,a = —0.9693,b
and the theoretical data was obtained using the least-squares. 174 37 ppm, std dew= 1.32 ppm, and ce= 0.9997). The

method and eq 1x = 0.84,a = —0.9718b = 174.6 ppm, Std  heqretical calculations performed point out that the molecular
dev= 1.36 ppm, anR = 0.9997. This correlation, together geometry of3 is analogous to that d.

with Iscc)jT3eC additional informalfion gorrr:ing frorg_ the pro_ton-l It is interesting that according to the calculation results the
couple NMR spectrum, allowed the unambiguous signal .,htormation of the free anion of NTBC (in DMSO solution)

assignment in the carbon spectrun?db be made. Moreover, g gimilar to that of a neutral molecule, that is, C2 and all three

this analysis has shown that triketoBesimilarly as1, exists carbonyl groups occupy roughly the same plane. Apparently,

in CDCl; solution predominantly as thendoeenol. the internal hydrogen bond is not the dominant factor stabilizing
The proton and carbon spectra 2fin which H4, H6, C1, this conformation.

C3, C4, and C6 have separate signals, indicate restricted rotation The calculations fo3 were done using the same level of
around the C2C7 bond. In the calculated optimum structure theory as in the case & but with one additional constraint.
of both tautomers a2, the carbonyl oxygen atom of the benzoyl

group lies close to the plane defined by the C1, C2, C3, and  (10)wy, C.-S.; Huang, J.-L.; Sun, Y.-S.: Yang, D.-Y.Med. Chem
C7 carbon atoms. This oxygen atom participates in the hydrogen2002 45, 2222.

2-(2-Nitrobenzoyl)cyclohexane-1,3-dione 2A successful
interpretation of the results obtained foprompted us to apply
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Namely, during the geometry optimization, the rotation of the For example, the following parameters were used to medsure
CFs group was frozen, assuming its orientation with respect to and*C (in parentheses) NMR spectra®in CDCl, witha 4.7 T
the aromatic ring plane found by the semiempirical method spectrometer: spectral width, 5000 Hz (12 500 Hz); acquisition
PM3. This constraint economized the computation time and, time, 5 s (1 s);about a 30 pulse width, 6us (6 us); number of
simultaneously, was believed to have a marginal impact on the S¢ans, 1000 (10 000); and zero filling to 128 K (64 K) before FT.
calculation results. Looking through the data in Table 4, one Folr CDCE solutions, the solvent signals were used as the chemical
can admit that the calculated chemical shift of the; Girbon ~ Shift reference:dcyci, = 7.26 ppm for proton spectra amocy,
deviates from the experimental value. Actually, the data foy CF — /-0 ppm for carbon spectra. In the case @Ond DMSOeds
carbon was omitted in the appropriate correlation. We Supposesolut_lon_s, th_e spectra were calibrated relative t(_) 3-(trimethylsilyl)-
the main reason of this discrepancy is the level of theory at the propionic acid-2,2,3,8h, sodium salt used as the internal reference.
stage of shielding calculation, which is still too low, rather than ~ 2-Formylcyclohexane-13-dione (1). The compound was pre-
the mentioned constraint during geometry optimization. It is Pared according to the literature procedtir@po s = 69-70 °C.

well-known that the fluorine substituent is especially demanding P2!€ yellow liquid changing color to brown after a few days even
as far as shielding calculations are concerned. when stored at about & in a sealed ampule. No such change

Comments on the Inhibition Mechanism of HPPD by was observed when it was stored as a solid at abd& °C. For

NTBC. Recently, Moran et &% have performed a compre- NMR dat_a’ see Supporting Informatlo.n.

hensive investigation of the interaction between HPPD and 2-(2-Nitrobenzoyl)cyclohexane-B-dione (2. The compound
NTBC, proposed an almost complete mechanistic model of the Was obtained following the literature proceditrby O-acylation
interaction between this enzyme and its inhibitor, and discussedgf Cﬁclohexane-l,S-dlon? Vr‘]"th Z-Tltrobenzog}chl?r'lde, followed
its biochemical consequences. To explain the kinetic data, thePY the rearrangement of the enol ester to Giacyl isomer on
authors adopted a three-step mechanism of NTBC binding to treatment with sodium cyanide and triethylamine. Crude, beige
the HPPD. After the pre-equilibrium binding step, the bidentate triketone was dissolved in a water solution of sodium bicarbonate.

iati f NTBC (i f of N with th i The solution was stirred for a few minutes with charcoal at room
a_ssoma lon (.) (in a form xoe_no)_ wi € active temperature, filtered, and acidified with concentrated hydrochloric
site ferrous ion of HPPD occurs, which is followed by the

; : . . . . acid. A precipitated colorless solid was filtered, washed with water,
irreversible Lewis acid-assisted conversion of the bound enol ;.4 gried over FOs in a vacuum. Mp 143144 °C (lit.1° 135—

to the enolate. However, some arguments used by the authors 37 °c). The carbon spectrum @was identical with that given
to rationalize the above mechanism cannot be accepted. Thegp the literaturel®
authors believe that their NMR spectra prove NTBC to exist in

- . 2-(2-Nitro-4-trifluoromethylbenzoyl)cyclohexane-13-dione
neutral water solution predominantly as #e-enol tautomep. ( y yhey !

A v in vi f i d . . (NTBC; 3). The compound was prepared in the same manner as
ctually, in view of numerous literature data concerning various 5 g synthesis of an appropriate benzoic acid derivative was

p-dicarbonyl and -tricarbonyl compounds (including results of - gtarteq from the transformation of commercially available 2-nitro-
this work), a simple differentiation of two types of tautomers 4 gifjuoromethylaniline into benzonitrile by the classical Sandmeyer
by NMR spectra is unrealistic because of rapid tautomerization. method. Then the nitrile was hydrolyzed in 65% sulfuric acid to
In the case in hand, such a process demands not much morgjive 2-nitro-4-trifluoromethylbenzoic acid.The obtained triketone
than a short distance proton displacement along the hydrogen3 had a mp of 146142 °C (lit.14 141—143 °C). For NMR data,
bond. Moreover, neither the structure etoenol norendc see Supporting Information.

enol ensures the equivalence of the C1 and C3 signals (nor C4  akaji Metal Salts of 1. Formyldiketonel (2 mmol) and K-

and C§ or appropr_iate proton sig_nal_s). Such pseu_dosymmetryco& Na,COs, or LIOH (2.1 mmol) were dissolved in 3 mL of
can arise only owing to the rapid, in the NMR time scale, (jstilled water. The solution, if colored, was stirred for a few
rotation about the C2C7 bond. Our results fot, 2, and 3 minutes with charcoal at room temperature, filtered, and evaporated
obtained for CD{ solutions, as well as numerous literature at reduced pressure. The residue was triturated thoroughly with ether
data® suggest that the predominance of treleenol is more to remove any traces of nonionic compounds (if present) and then
likely. Furthermore, what is most important, in the case of water with 5 mL of methanol. The solution was filtered out from insoluble
NTBC solution, is the above problem becomes somewhat inorganic salts, which were then washed with 2 mL of methanol.
artificial, as this triketone, being a relatively strong aci&k{p =~ The combined filtrate was evaporated to dryness at reduced
= 3.1)? at pH 7 exists almost exclusively in the form of the pressure. The residue was dried in a vacuum oy&%,Rielding
enolate anion (99.99%). Thus, some reinterpretation of the White stable crystals. The obtained products were completely soluble
results Of ref 5 and the HPPENTBC interaction model seems in dry DMSO'dG, and in their carbon NMR SpeCtra, no other Signals
to be unavoidable. In light of our finding concerning strong than what were expected were observed.
solvation of the carbonyl oxygens by water molecules, it seems Theoretical Calculations. All theoretical calculations of the
possible that one of the steps of the interaction between NTBC optimum geometries of the investigated species and NMR param-
and HPPD, postulated by Moran et &ls actually the change  eters were performed using the Gaussian 03 progfamploying
in the solvation sphere of the triketone anion. the DFT-based approach with B3LYP functional and 6-311G(2d,p)
basis set. Only during geometry optimization of the tautomeg of
and3 was the smaller basis 6-31G** used. Calculations of the NMR
parameters were done by GIAO method. In all these calculations,
Low-temperaturéH NMR spectra of 2-formylcyclohexane-1,3-  the impact of the solvent was taken into account using the PCM of
dione () in CD,Cl, was measured using a spectrometer operating
at 11.7 T. All other spectra were recorded using a spectrometer
operating at 4.7 T!*H NMR spectra were recorded using the (11) Rogers, N. A. J.; Smith, Hl. Chem. Sacl955 341.
measurement conditions ensuring the receipt of nonsaturated and g%g Mgigttiihléir'\:,"MB_;Ungc?éfﬁ%?t,&é?gggogqoﬁglg?,1?_ ik_lg%h_ Soc.
nonfolded spectra with sufficient digital resolution and signal-to- 1954 76, 1051,
noise ratio. In the case &iC NMR, partially saturated spectra were (14) Ellis, M. K.; Whitfield, A. C.; Gowans, L. A.; Auton, T. R.; Provan,
recorded with the application of WALTZ 16 proton decoupling. W. M.; Lock, E. A.; Smith, L. L.Toxicol. Appl. Pharmacotl995 133 12.

Experimental Section
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Structure of 2-Acylcyclohexane-1,3-diones

Tomasi et al’;*6 with the explicit treatment of hydrogens (radii
taken from the UFF force field) as implemented in the Gaussian
program.

The comparison of the experimentdC NMR chemical shifts
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line-shape analysis of the appropriate spectral fragments, and the
Laokoon-type analysis of some spectral patterns were performed
using the nonlinear least-squares method and the homemade
programs written in Fortran, exploiting the NewtoRapson

with the calculated isotropic shielding constants based on eq 1, thealgorithm.
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