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Abstract. Several phenylenediamine derivatives of dehydroacetic acid, 3-acetyl-4-hydroxy-6-methyl-2H-
pyran-2-one have been synthesized and their structure elucidated by using NMR and IR spectroscopies
and mass spectrometry. Spectral analyses have pointed toward the localized keto-amine form as the pre-
dominant tautomeric form in solution and solid-state which was in agreement with X-ray data. The rela-
tively broad N—H stretching bands observed in IR spectra and significant N-H proton down-field and keto
C=0 up-field shifts in NMR spectra indicated the presence of intra-molecular hydrogen bonds in all stu-
died compounds. In order to gain further insights into nature of these interactions in solution deuterated
isotopomers have been prepared and deuterium isotope effects in ?C NMR spectra have been determined
and analyzed. The magnitude and sign of isotope effects have confirmed the existence of intra-molecular
hydrogen bonds. Observed differences in isotope effects reflected different hydrogen bond structure and
dynamics in studied compounds. The results presented in this paper might help in better understanding of
biological properties of the related compounds.(doi: 10.5562/ccal825)

Keywords: dehydroacetic acid, phenylenediamine derivatives, IR, NMR, MS, hydrogen Bonds, tautomer-

ism, deuterium isotope effects

INTRODUCTION

Dehydroacetic acid, 3-acetyl-4-hydroxy-6-methyl-2H-
pyran-2-one possesses interesting biological properties
such as fungicide and antibacterial activities and it can
also act as a complexing ligand."” Furthermore, this
compound has several reactive functional groups and
can serve as a reagent in organic synthesis.’ ¢ Schiff
bases derived from dehydroacetic acid and phenylene-
diamines have a great potential as bioactive com-
pounds, too. Chelate complexes with Schiff base li-
gands have found applications in antibacterial therapy
based on selective DNA cleveage ability,” brain imag-
ing® and catalysis.” They were also reported to be used
in polymerization reactions, as biosensor and as chelat-
ing ligands for coordination of transition metal ca-
tions.'*!!

In this paper we report on preparation of ortho (1)-,
meta (2)- and para (3)- N,N’-phenylene-diylbis[3-(1-a-
minoethyl)-6-methyl-2H-pyran-2,4(3H)-diones] (Figure
1) and their deuterated isotopomers (4—6) in order to

study possible hydrogen bonding interactions and tau-
tomeric keto-enol equilibria these compounds might
undergo which in turn could affect their biological
properties.

Generally, enaminones might exist in two tauto-
meric forms: keto-amine and enol-imine (Figure 2)."
They have conjugated N-C=C—C=0 moiety with two
electron-deficient centers at atoms C-1 and C-3, electron
rich atom C-2 and an amino/imino group. Hence, they
may act as both electrophiles and nucleophiles. A strong
intramolecular resonance assisted hydrogen bond
(RAHB) was found to be present in both tautomeric
forms (Figure 2).">'*

Hydrogen bonding is one of the major factors that
govern the overall structure and functionality of biologi-
cally important molecules.” Hydrogen bonds in solution
can successfully be studied by the combination of various
spectroscopic and theoretical methods.'*"® Furthermore,
X-ray structural analysis proved the existence of keto-
amine tautomeric form and intramolecular hydrogen
bonds in 1 in solid state.’ The same tautomer was ob-

T This article belongs to the Special Issue Chemistry of Living Systems devoted to the intersection of chemistry with life.
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Figure 1. The structures and atom numbering of 1-3.

served in the asymmetrical Schiff bases derived from
dehydroacetic acid and p-phenylenediamine.'’ Since the
position of tautomeric equilibria can be crucial for reac-
tivity of these compounds, one of the most important
aims of this work was to study solvent influence on
tautomeric equilibria and nature of hydrogen bonds in
1-3.

Isotope effects have proven useful to study tauto-
merism and hydrogen bonds in solution.””*’ Many
isotopes have been investigated, but the most important
is deuterium owing to the largest change in mass upon
proton/deuterium substitution. Secondary deuterium
isotope effects in *C NMR spectra (DIE) can be deter-
mined as the difference in chemical shifts between car-
bon substituted with hydrogen 6"*C(H) and carbon subs-
tituted with deuterium 6"°C(D), where n represents a

(@) (b)

Figure 2. Tautomeric structures of enaminones: a) keto-
amine, b) enol-imine.
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Figure 3. Deuterated isotopomers of dehydroacetic acid de-
rivatives.

number of bonds between the investigated nucleus and
deuterium:

" A°C(D) = 8"C(H) - 6"C(D)

DIE can be intrinsic and equilibrium in origin.
They differ in magnitude, sign and temperature depen-
dence. Intrinsic isotope effects can be observed in sys-
tems which are not in chemical equilibrium and they are
described with a potential energy curve with one mini-
mum. Equilibrium isotope effects, which are described
with a two-minimum potential energy curve, exist when
isotope exchange alters chemical equilibrium.'**” The
measured deuterium isotope effects can help in elucidat-
ing the reactivity of certain functional groups in studied
compounds, the nature and strength of possible hydro-
gen bonds and influence of the solvent. Hence, we pre-
pared deuterated isotopomers 4—6 (Figure 3) and rec-
orded their *C NMR spectra. An attention was also paid
to conditions of deuteration which might occur at differ-
ent sites in the molecule yielding various isotopomers.
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EXPERIMENTAL

Materials

Dehydroacetic acid, ortho-, meta- and para- phenyle-
nediamine, methanol-d,, chloroform-d; and deuterium
oxide were purchased from commercial sources and
used without further purification. Chloroform and
dichloromethane were dried using P,Os. Methanol was
dried using iodine and magnesium turnings and then
distilled.

Synthesis of Non-deuterated Compounds

Ortho-N,N -phenylene-diylbis[3-(1-aminoethyl)-6-meth-
yl-2H-pyran-2,4(3H)-dione] (1) was prepared as pub-
lished in the literature.” 2.5 mmol of ortho-
phenylenediamine was added in a hot methanolic solu-
tion (15 ml) of dehydroacetic acid (5.0 mmol). The
reaction mixture was refluxed and temporally stirred for
10 h. After staying for 6 days at approximately 4 °C
crystals were filtered, rinsed with cold ethanol and dried
under vacuo. Yield: 0.53 g, 52%.

Meta-N,N -phenylene-diylbis[3-(1-aminoethyl)-6-
methyl-2H-pyran-2,4(3H)-dione] (2) was prepared by a
similar procedure. Solution of meta-phenylenediamine
(0.27 mmol in 5 ml) was added in a hot methanolic
solution (6 ml) of dehydroacetic acid (0.13 mmol). The
reaction mixture was refluxed and temporally stirred for
4 h. After staying for one day at room temperature,
crystals were filtered, rinsed with cold methanol and
dried on the air. Yield: 35.3 mg, 65%.

Para-N,N -phenylene-diylbis[3-(1-aminoethyl)-6-
methyl-2H-pyran-2,4(3H)-dione] (3) was prepared in a
hot methanolic solution (6 ml) of deydroacetic acid
(2.85 mmol) with addition of para-phenylenediamine
(0.71 mmol in 4 ml of methanol). The reaction mixture
was refluxed and temporally stirred for 6 h. After stay-
ing for approximately 2 days, crystals were filtered,
rinsed with cold methanol and dried on the air. Yield:
20.7 mg, 71.4%.

Synthesis of Deuterated Isotopomers

Partially deuterated isotopomer of (1) was prepared by
dissolving 1 (30 mg) in deuterated methanol (1.0 ml)
and by adding a few drops of deuterium oxide. The
solution was refluxed for 3 h, evaporated under vacuo to
1/3 of initial volume and the reaction product was rinsed
and dried. Yield: 21.5 mg, 71 %.

Partially deuterated isotopomer of (2) was pre-
pared by dissolving 2 (15 mg) in deuterated methanol
(1.0 ml) and by adding a few drops of deuterium oxide.
Solvent was almost completely evaporated under vacuo
and the reaction product at the bottom of the reaction
flask was rinsed and dried. Yield: 10.5 mg, 70 %.

Partially deuterated isotopomer of (2) was also
prepared by dissolving 2 (15 mg) in the metha-

nol/chloroform mixture (v:v = 2:1, 2.0 ml) and by add-
ing a few drops of deuterium oxide. The solution was
refluxed for 5 h, evaporated under vacuo to 1/3 of initial
volume and the reaction product was rinsed and dried.
Yield: 11 mg, 73.3%.

Partially deuterated isotopomer of (3), owing to its
low solubility in methanol, was prepared by dissolving
3 (10 mg) in solution of deuterated methanol and chlo-
roform (viv = 2:1, 2.0 ml) by adding a few drops of
deuterium oxide. The solution was refluxed for 5 h and
then evaporated under vacuo to 1/3 of the initial vo-
lume. Crystals were filtered and dried. Yield: 11 mg,
66.7 %.

To the best of our knowledge, the synthesis of
compounds 2—6 has not yet been reported in the litera-
ture.

IR Spectroscopy

IR spectra of compounds 1-3 and deuterated isotopo-
mers 4-6 were recorded on Perkin-Elmer Spectropho-
tometer 502, with a resolution of 2 cm™' and 4 scans per
spectrum. Samples were prepared by KBr pellets.

Mass spectrometry

Mass spectra were recorded on a Waters Micromass Q-
TOF micro instrument equipped with an electrospray
ionization (ESI) source and operating in positive ion
mode. The instrument parameters were as follows: ca-
pillary voltage 3.0 kV, sample cone voltage 18 V, ex-
tractor voltage 1 V, source temperature 100 °C, desolva-
tion temperature 150 °C and desolvation gas flow 350
L/h.

Samples were dissolved either in a 1:1 (v:v) mix-
ture of acetonitrile and water or in methanol, to a con-
centration of about 10 pg/mL and introduced into the
ESI source from a gastight 250 pL syringe driven by a
syringe pump at a flowrate of 10 pL/min.

NMR spectroscopy

One-dimensional (‘H and APT) and two-dimensional
(COSY, HSQC and HMBC) NMR spectra were record-
ed on a Bruker Avance 600 spectrometer equipped with
an inverse probe and z — gradient accessories with con-
stant magnetic field operating at 14.2 T. Samples were
measured at 298 K in 5 mm tubes. CDCl; was used as
solvent and TMS as internal standard.

Proton spectra with spectral width of 12019.23
Hz, acquisition time of 1.36 s and digital resolution of
0.55 Hz per point were measured with 32 scans. A
number of points in time domain was 32 K.

APT spectra with spectral width of 35971.22 Hz,
acquisition time of 0.91 s and digital resolution of 0.55
Hz per point were measured with 51791 scans per spec-
trum. Number of points in time domain was 64 K.
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Table 1. Characteristic IR vibrational modes (cm™") of 1-3

Vibrational mode 7/ om”

1 2 3
v(N-H) 3450 3400 3459
V(C—H)aromatic 3050 3050 _
V(C—H)atiphatic 2950 2950 2950
W(C=0)iactone 1706 1708 1700
V(C=0)ictone 1570 1563 1559
V(C—H)o.0.p.* bending, aromatic 998, 950, 840 999, 846 800

* out of plane

In the gCOSY experiment, 2048 points in F2
dimension and 512 increments in F1 dimension were
used. Spectra were measured with spectral width of
12019.23 Hz, 4 pulses per increment and relaxation
delay of 1 s. Digital resolution was 5.87 Hz per point in
F2 and 23.44 Hz per point in F1 dimension.

For gHSQC and gHMBC spectra 2048 points in F2
dimension and 512 increments in F1 dimension were
used. Spectral width was 12019 Hz in F2 dimension and
36216 Hz in F1 dimension. Relaxation delay was 1 s and
number of scans was 128. Digital resolution was 5.87 and
141.48 Hz per point in F2 and F1 dimension, respective-
ly. A delay for long-range coupling was set to 65 ms.

RESULTS AND DISCUSSION

Structural Characterization

The structures of prepared compounds 1-3 were charac-
terized by IR and NMR spectroscopies and MS spec-

Table 2. 'H and '*C NMR chemical shifts (ppm) for 1-3 in CDCl;

trometry. IR spectra revealed characteristic vibrational
modes of phenylenediamines and diones. These are
displayed in Table 1.

Owing to structural similarity, the IR spectra of
1-3 are very similar in the range 3500-1100 cm . The
C-H aromatic stretching vibration in 3 is partially over-
lapped by a broad N-H stretching vibration band and
hence could not be unambiguously assigned in the spec-
trum. Differences in out of plane bending vibrations are
due to different substitution at the benzene ring. The
broadening of secondary amine N-H stretching vibra-
tion band at ~ 3450 cm ™' pointed towards the presence
of intramolecular hydrogen bonds. This is in agreement
with the results obtained by X-ray diffraction analysis of
1.° The existence of C=0O stretching band of conjugated
ketone and lack of O-H stretching mode in 1-3 indi-
cated that the predominant form in solid state is the
keto-amine.

The ESI mass spectra of 1-3 showed the existence
of precursor ion [M+H]" at m/z = 409 and the expected

1 2 3
Atom 1 3 1 3 1 3
H o/ ppm CJ/ppm H o/ ppm CJ/ppm H o/ ppm CJ/ppm

(1Y) 97.42 97.19 97.28
2(2%) 184.51 184.53 184.57
3(3Y) 5.73 106.39 5.77 106.46 5.79 106.54
4(4%) 163.22 163.42 163.40
5(5Y) 162.46 162.59 162.72
6(6") 2.16 19.83 2.18 19.47 2.20 19.72
7(7) 2.55 19.94 2.63 19.85 2.66 19.89
8(8Y) 175.65 174.89 174.82
9(9Y) 16.12 16.07 16.04

10(10%) 132.19 137.32 135.56

11 7.49 128.60 7.24 124.65 7.29 126.27

12(12Y) 7.31 127.09 7.57 130.31

13(13Y) 7.07 122.36
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Figure 4. Precursor ion peaks in the mass spectrum of 6.

fragmentation pattern. The precursor ion signal at m/z =
411 in the mass spectra of deuterated compounds 1
(isotopomer 4) and 2 (isotopomer 5a) obtained in me-
thanol indicated the exchange of both N—H groups with
deuterium. Surprisingly, precursor ion peaks of deute-
rated compounds 5b and 6 prepared in a mixture of
deuterated methanol and chloroform pointed towards
multiple deuteration. This finding will be discussed later
on.

The analysis of 'H and *C NMR spectra con-
firmed the structures of 1-3 in solution and corroborated
the presence of the keto-amine form (Table 2). The
chemical shifts of C-2(2") atoms assigned at ~184.5
ppm corresponded to the keto group of dehydroacetic
acid involved in the RAHB. The amino group has been
found in proton spectrum at 16.1 ppm. Proton chemical
shifts at ~ 2.2 ppm and = 2.6 ppm were observed for
methyl protons H-6(6") and H-7(7"), respectively. The
COSY spectra of 1-3 exhibited correlation peaks cor-
responding to different substitutions at the benzene ring.
Two correlated aromatic proton signals between H-
11(11") and H-12(12") with equal integrals revealed
ortho- substitution in 1. The H-13(13") proton singlet at
7.07ppm confirmed the mefa- substitution in 2. The
absence of correlation peaks between aromatic protons
in COSY spectrum of 3 indicated the symmetric para-
substitution at the benzene ring.

The HMBC spectra of 1-3 exhibited correlation
peaks between C-4(4") and H-6(6") as well as between
C-8(8') and H-7(7"). Significant line-broadening and
deshielding effects observed for amine N—H protons and
shielding of keto C-2(2") carbons reflected interactions
of these groups via intramolecular hydrogen bonds.

Deuterium Isotope Effects

Deuterium isotope effects have found practical applica-
tions as a structural tool for analysis of hydrogen bonds
and tautomeric equilibria in solution.">”® In order to

[rel]

C-7(H)
|
|

T T T T
200 19.8 19.6 19.4 [ppm]

Figure 5. The methyl region of *C NMR APT spectrum of 6.

elucidate structure and dynamics of possible hydrogen
bonds and influence of the non-polar solvent we pre-
pared deuterated isotopomers of 1-3 in solution of deu-
terated methanol. According to NMR and MS spectra,
deuteration of N-H group was successful for 1 and 2
giving isotopomers 4 and 5a (Figure 3).

An attempt to prepare deuterated compound 3 (iso-
topomer 6) in deuterated methanol was unsuccessful due
to its very low solubility. Hence, isotopomer 6 was pre-
pared in a mixture of deuterated methanol and chloroform
(Figure 3). Deuteration of 2 was also performed under
these conditions yielding isotopomer 5b (Figure 3).

'H NMR and mass spectra of isotopomers 4 and
5a revealed that the deuteration occurred at both amino
groups. Furthermore, in mass spectra of isotopomers 5b
and 6 precursor ion peaks at m/z = 409.2, 410.2, 411.1
and 412.2 were observed (Figure 4). These findings
pointed towards the formation of multiple deuterated
species. The percentage of particular species can be
estimated from the peak intensities. Peaks at m/z 411.1
and 412.2 corresponded to three and four deuterium
atoms in the molecule which could not be obtained only
by deuteration of amino groups. This issue was resolved
by a close inspection of *C NMR spectra.

Namely, the °C NMR spectra of deuterated com-
pounds Sb and 6 prepared in a mixture of deuterated
methanol and chloroform exhibited C-D triplets around
19.7 ppm indicating the presence of monodeuterated
methyl groups in a-position to amino group (Figure 5).
The “C NMR spectra recorded with more scans re-
vealed quintets and septets corresponding to two and
three deuteriums in the methyl groups, respectively.
According to these findings, the following mechanism
of deuteration shown in Figure 6 can be proposed.

The mechanism involves hyperconjugation of po-
lar resonant form (c) and the deuteration of methyl
groups. The resonant form (c) is stabilized by the partial
double bond character of C-N bond, present both in
amides and their higher homologues enaminones. The
catalytic D" ions might come from the dissociation of
CD;OD or as a consequence of the decomposition of
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CHy

Figure 6. The mechanism of the methyl group deuteration at
position 7.

CDCl; yielding D™ and CCl;” which can be accelerated
by heating.”®

Owing to the higher pK, value of the mixture of
deuterated methanol and chloroform in comparison with
the pure deuterated methanol, the deuteration of N-H
groups is less possible and the main reaction products
are 5b and 6. This is in accordance with much smaller
deuterium isotope effects measured for these com-
pounds in comparison with 4 and 5a as seen in Table 3.

(a)

v (b)

13‘5.5 ‘ ‘ ‘ ‘ 18‘5.0 18‘4.5 &/ppm
Figure 7. Determination of a deuterium isotope effect at C-
2(2") in 5a. The narrow region APT spectrum of the partially
deuterated Sa (a) before and (b) after addition of the non-
deuterated isotopomer.

Hence, the site and selectivity of deuteration depend on
solvent properties and reaction conditions.

Subsequently, DIEs were determined from mix-
tures of partially deuterated 4—6 and non-deuterated 1—
3 samples using the equation (1). The sign of DIE was
determined by quantitative addition of the non-
deuterated sample in the NMR tube of the deuterated
sample, as demonstrated in Figure 7. DIEs are given in
Table 3.

In 4 and Sa generally high values of DIE were ob-
served. The high positive values at C-8(8") in 4 (+320.9
ppb) and Sa (+250.0 ppb) provided further evidence for
the localized keto-amine form in solution stabilized by
intra-molecular N-H---O hydrogen bonds. Relatively

Table 3. Deuterium isotope effects (ppb) on *C NMR chemical shifts for 4 — 6 in CDCl,

Atom

"A3C (D) / ppb

4 5a 5p®@ 6

1(1) ® 600.0 -7.7 -8.0
2(2Y) ® 700.0 -7.8
3(3) -193.1 -187.5
4(4) 100.1 375.0
5(5Y) 108.0 -150.0 -9.4
6(6) ® 100.0
(7 ® -350.0 231.2 230.7
8(8") 320.9 250.0 22.9 24.1
9(9")

10(10%) ® 500.3

11(11°) -132.5 ® 7.7 9.2

12(12") -107.9 500.5

13(13Y) ® 7.4

@ prepared in a mixture of deuterated methanol and chloroform

® proad signal
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high values of DIEs through five bonds observed at
C-3(3") and C-4(4’) in 4 and 5a as well as that at C-
2(2) in 5a are in accordance with this. The values of
DIEs at C-10(10%), C-11(11") and C-12(12") are also a
consequence of an efficient transfer of isotopic pertur-
bation through conjugated system and hydrogen bonds.
The difference in sign and magnitude of DIEs in 4 and
5a could be explained by different structure and dynam-
ics of hydrogen bonds in these molecules. Due to the
proximity of keto and amino groups, N-H---O as well
as N-H---N intra- and inter-molecular hydrogen bonds
between two dehydroacetic acid moieties are possible in
4 as also observed in solid state.” On the other hand, a
larger distance between these units in Sa prevents the
formation of the corresponding intramolecular hydrogen
bonding interactions.

The magnitude of DIEs in 5b and 6 prepared in
solution of methanol and chloroform depends on the
number of deuterium atoms in the methyl groups.
Hence, in C NMR spectra cumulative effects were
observed.”*” The highest value of DIE in both com-
pounds was that observed at the site of deuteration, e.g.
at C-7(7"). The triplets arising from a scalar coupling
between methyl carbon and directly attached deuterium
were observed in *C NMR spectra (Figure 5). High
values of DIE (22.9 and 24.1 ppb) at atom C-8(8") in 5b
and 6 could be attributed to the proximity of deuterium
and are intrinsic in nature. Negative DIEs were ob-
served at carbonyl carbons C-2(2°) and C-5(57) in 6
whereas no such effects were detected in Sb. It is not
quite clear what the reason for this observation is but
inter-molecular interactions with other molecules and
influence of the solvent which can easily approach these
C=0 groups cannot be excluded.*

Overall values of DIEs in 4-6 are the sum of
equilibrium and intrinsic contributions. Generally,
equilibrium DIEs have higher magnitude than intrinsic
ones.'>**?” Much larger values of DIEs in isotopomers
4 and 5a with respect to those observed in 5b and 6
can be rationalized by an efficient transmission path-
way through intramolecular N—H(D)---O hydrogen
bonds.

Acknowledgements. This study was supported by the Ministry
of Science, Education and Sports of the Republic of Croatia
(Project Nos. 119-1191342-1083 and 119-1191342-1082). We
thank Prof. Hrvoj Vangik and Katarina Culjak for helpful
suggestions.

REFERENCES

1. D. M. Fouad, N. M. Ismail, M. A. El-Gahami, and S. A. Ibrahim,
Spectrochim. Acta Part A 67 (2007) 564-567.

2.

10.

11.

12.

13.

14.

15.

17.

18.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

209

E. Mikami, T. Goto, T. Ohno, H. Matsumoto, and M. Nishida, .J.
Pharmaceut. Biomed. Anal. 28 (2002) 261-267.

E. Marengo, V. Gianotti, S. Angioi, and M.C. Gennaro, J.
Chromatogr. A 1029 (2004)  57-65.

M. Z. Chalaca, J. D. Figueroa-Villar, J. A. Ellena, and E. E. Cas-
tellano, /norg. Chim. Acta 328 (2002) 45-52.

M. Cindri¢, T. K. Novak, and K. Uzarevi¢, J. Mol. Struct. 750
(2005) 135-141.

O. Prakash, A. Kumar, and S. P. Singh, Heterocycles 63 (2004)
1193-1220.

N. Raman, S. Thalamuthu, J. D. Raja, M. A Neelakandan, and S.
Banerjee, J. Chil. Chem. Soc. 53 (2008) 1439-1443.

A. M. Verbruggen, Eur. J. Nucl. Med. 17 (1990) 346-364.

R. I. Kureshy, N. H. Khan, S. H. R. Abdi, S. T. Patel, P. Iyer, E.
Suresh, and P. Dastidar, J. Mol. Catal. A: Chem. 160 (2000)
217-227.

I. Roth, A. Aziz Jbarah, R. Holze, M. Friedrich, and S. Spange,
Macromol. Rapid Commun. 27 (2006) 193—-199.

C. Deng, M. Li, Q. Xie, M. Liu, Y. Tan, X. Xu, and S. Yao,
Anal. Chim. Acta 557 (2006) 85-94.

A. R. Katritzky, I. Ghiviriga, D. C. Oniciu, R. A. More O'Ferrall,
and S. M. Walsh J. Chem. Soc., Perkin Trans. 2, (1997) 2605—
2608.

G. Gilli, F. Bellucci, V. Ferretti, and V. Bertolasi, J. Am. Chem.
Soc. 111 (1989) 1023-1028.

S.R. Salman, S.H. Shawkat, and G. M. Al-Obaidi, Can. J.
Spectrosc. 35 (1990) 25-27.

P. E. Hansen, NMR Studies of Isotope Effects of Compounds with
Intramolecular Hydrogen Bonds, in: A. Kohen and H. H. Lim-
bach (Eds.), Isotope Effects in Chemistry and Biology, CRC
Press, Taylor & Francis Group, Boca Raton, 2006, pp. 253-275.
P. Novak, V. Gabelica, D. Ziher, D. Kovac¢ek and Z. Ivezié, J.
Mol. Struct. 565-566 (2001) 13-16.

P. Novak, K. Pi¢uljan, T. Hrenar, T. Biljan, and Z. Mei¢, J. Mol.
Struct. 919 (2009) 66-71.

P. Novak, K. Pi¢uljan, T. Hrenar, and V. Smrecki, Croat. Chem.
Acta 82 (2) (2009) 477-483.

K. Uzarevi¢, M. Rub¢i¢, V. Stilinovi¢, B. Kaitner, and M.
Cindri¢, J. Mol. Struct. 984 (2010) 232-239.

P. Novak, D. Viki¢-Topi¢, V. Smrecki, and Z Meié, Isotope Ef-
fects in NMR spectra as a Structural Tool for Organic Mole-
cules, in: A.-ur Rahman (Ed.), New Advances in Analytical Che-
mistry, Harwood Academic Publishers, Singapore, 2000, pp.
135-168.

P. Novak, K. Pi¢uljan, T. Biljan, T. Hrenar, M. Cindri¢, M.
Rubci¢, and Z. Mei¢, Croat. Chem. Acta 80 (3-4) (2007)
575-581.

P. Novak, D. Viki¢-Topi¢, Z. Mei¢, and E. Gacs-Baitz, Magn.
Res. Chem. 34 (1996) 610-615.

P. Novak, D. Skare, S. Sekusak, and D. Vikié-Topi¢, Croat.
Chem. Acta 73 (4) (2000) 1153-1170.

S. Bolvig, P. E. Hansen, D. Wemmer, and P. Williams, J. Mol.
Struct. 509 (1999) 171-181.

T. Dziembowska, P. E. Hansen, and Z. Rozwadowski, Progr.
NMR Spectrosc. 45 (2004) 1-29.

Z. Rozwadowski, K. Ambroziak, T. Dziembowska, and M.
Kotfica, J. Mol. Struct. 643 (2002) 93—100.

P. E. Hansen, Progr. NMR Spectrosc. 20 (1988) 207-255.
http://www.isotope.com/uploads/File/NMRUNpriced-proof.pdf
V. Smrecki, D. Viki¢-Topi¢, Z. Mei¢, and P. Novak, Croat.
Chem. Acta 69 (1996) 1501-1509.

P. Novak, D. Viki¢-Topi¢, Z. Mei¢, S. Sekusak, and A. Sablji¢ J.
Mol. Struct. 356 (1995) 131-141.

Croat. Chem. Acta 84 (2011) 203.


http://dx.doi.org/10.1016/j.saa.2006.05.039�
http://dx.doi.org/10.1016/S0731-7085(01)00564-7�
http://dx.doi.org/10.1016/S0731-7085(01)00564-7�
http://dx.doi.org/10.1016/j.chroma.2003.12.044�
http://dx.doi.org/10.1016/j.chroma.2003.12.044�
http://dx.doi.org/10.1016/S0020-1693(01)00672-7�
http://dx.doi.org/10.1016/j.molstruc.2005.04.024�
http://dx.doi.org/10.3987/REV-03-572�
http://dx.doi.org/10.1007/BF01268027�
http://dx.doi.org/10.1016/S1381-1169(00)00213-2�
http://dx.doi.org/10.1002/marc.200500722�
http://dx.doi.org/10.1016/j.aca.2005.10.009�
http://dx.doi.org/10.1039/a705235i�
http://dx.doi.org/10.1021/ja00185a035�
http://dx.doi.org/10.1021/ja00185a035�
http://dx.doi.org/10.1016/j.molstruc.2008.08.020�
http://dx.doi.org/10.1016/j.molstruc.2008.08.020�
http://dx.doi.org/10.1016/j.molstruc.2010.09.034�
http://dx.doi.org/10.1002/(SICI)1097-458X(199608)34:8%3c610::AID-OMR938%3e3.0.CO;2-O�
http://dx.doi.org/10.1002/(SICI)1097-458X(199608)34:8%3c610::AID-OMR938%3e3.0.CO;2-O�
http://dx.doi.org/10.1016/S0022-2860(99)00219-7�
http://dx.doi.org/10.1016/S0022-2860(99)00219-7�
http://dx.doi.org/10.1016/j.pnmrs.2004.04.001�
http://dx.doi.org/10.1016/j.pnmrs.2004.04.001�
http://dx.doi.org/10.1016/S0022-2860(02)00408-8�
http://dx.doi.org/10.1016/0079-6565(88)80002-5�
http://www.isotope.com/uploads/File/NMRUNpriced-proof.pdf�
http://dx.doi.org/10.1016/0022-2860(95)08939-S�
http://dx.doi.org/10.1016/0022-2860(95)08939-S�

	CCA_084_2011_203-209.pdf
	CCA_084_2011_203-209_LINKS.pdf
	Croat. Chem. Acta 84 (2) (2011) 203–209. CCA-3467
	RECEIVED JANUARY 18, 2011; REVISED MARCH 24, 2011; ACCEPTED MARCH 29, 2011
	Synthesis of Non-deuterated Compounds
	Synthesis of Deuterated Isotopomers
	References




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 600
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 2.00000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 600
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice


