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Abstract: Fast, easy, and scalable methodologies for the synthesis of unsym-
metrically substituted secondary amines containing naphthalene, indole, pyri-
dine and imidazole moieties through reductive amination were explored. The
investigated operating procedures were successful on a 50- to 30-mmol scale,
and present a high potentia for up-scaling.
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INTRODUCTION

Medicinal chemistry depends significantly on the generation of compound
libraries for the discovery of leads, exploration of structure—activity relationship
(SAR), and optimization of physical properties. However, the scope of a com-
pound library can be limited by the commercia availability of the starting mate-
rials. Several chemical classes of starting materials, such as aldehydes and carbo-
xylic acids, are well represented commercialy. Amongst other important scaf-
folds in the preparation of numerous biologically active substances, a large num-
ber of structuraly diverse amines are also available. Nonetheless, the significant
use of amines as building blocks in drug-like molecules justifies the expansion of
the available entities.

In connection with previous work concerning the synthesis,1.2 reactivity,34
and biological activity>6 of Mannich bases derived from ortho-hydroxyacetophe-
nones, easy access to novel, biologically relevant secondary amines in 10-gram
quantities was required. One-pot, solution-phase reductive alkylation of a pri-
mary amine with an aldehyde or a ketone is one of the most widely utilized me-
thods for the synthesis of secondary amines. One of the drawbacks of this ap-
proach is the necessity for the remova (usually by column chromatography) of
the unreacted primary amine along with other potential by-products, especialy

* E-mail: gheorghe.roman@icmpp.ro
doi: 10.2298/J5C110408173R

131

Available online at www.shd.org.rs/JSCS/

2012 Copyright (CC) SCS




132 ROMAN

the alcohol related to the initial carbonyl compound. Both solid-phase synthesis
and solution-phase synthesis with resin-bound scavengers/reagents have been
used to circumvent the shortcomings of the classical solution-phase synthesis.”
Although these methodologies alow fast preparation of a virtualy infinite num-
ber of pure secondary amines (either individually or in paralel synthesis) on a
very small scale, the cost of the resins employed makes large- or even medium-
scale synthesis prohibitive. Therefore, low-cost, classical, solution-phase synthe-
tic strategies that are amenable to scaling up without the need for chromategra-
phic separation were considered for the achievement of this synthetic goal. In this
paper, two of such strategies were employed for the multi-gram preparation of
unsymmetrically substituted secondary amines having naphthalene, indole,
pyridine and imidazole moieties in their structure; in addition, the potential for
scale-up of these two strategies was explored.

EXPERIMENTAL

All chemical reagents were obtained from Sigma-Aldrich and were used without prior
purification. Analytical thin-layer chromatography was performed on glass-backed SiliCycle
precoated silica gel 60 Fys54 plates, and the compounds were visualized by UV illumination
(254 nm). Melting points were taken on a Mel-Temp |l apparatus and are uncorrected. Ele-
mental analysis was conducted in-house, on a PerkinElmer 2400 Series Il CHNS/O system.
The 1H- and 13C-NMR spectra were recorded on a Bruker Avance 400-MHz spectrometer.
The signals owing to residua protons in the deuterated solvents were used as internal stan-
dards for the IH-NMR spectra. The chemical shifts for the carbon atoms are given relative to
CDClj3 (6 = 77.16 ppm), CD30D (0 = 49.00 ppm), or DMSO-dg (6 = 39.52 ppm). The high-re-
solution mass spectra were obtained on an Applied BiosystemdMDS Sciex QSTAR XL
spectrometer equipped with an Agilent HP1100 Cap-L C system in the electrospray ionization
(ESI) mode.

General procedure for the synthesis of N-(naphthalen-1-ylmethylene)benzylamines 1

A mixture of the required amine (50 mmol) and 1-naphthaldehyde (7.81 g, 50 mmol) in
ethanol (20 mL) was treated with 0.5 mL of ethereal HCI and stirred at room temperature for 1
h. The mixture was refrigerated overnight, and then the solid that separated was filtered and
recrystallized.

General procedure for the synthesis of N-(naphthalen-1-ylmethyl)benzylamines 2

A solution of N-(naphthalen-1-ylmethylene)benzylamine 1 (20 mmol) in methanol (50
mL) was gradually treated with NaBH, (2.28 g, 60 mmol) at room temperature. The mixture
was stirred at room temperature overnight, and then the solvent was removed under reduced
pressure and the residue was partitioned between water (80 mL) and ethyl acetate (50 mL).
The aqueous layer was further extracted with ethyl acetate (2x 20 mL) and the combined or-
ganic phase was washed with water and brine and dried over anhydrous Na,SO,. The solvent
was removed under reduced pressure to give the pure secondary amine. The hydrochloride
was prepared by treating a solution of the free base in diethyl ether with an excess of ethered
HCI. Filtration and recrystallization of the separated solid afforded the crystalline hydro-
chloride.
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General procedure for the synthesis of N-(arylidene)-2-(1H-indol-3-yl)ethanamines 3

A mixture of tryptamine (4.81 g, 30 mmol) and aldehyde (30 mmoal) in benzene (60 mL)
was heated at reflux temperature for 4 h while the formed water was removed as an azeotrope.
At the end of the reaction time, the solvent was removed under reduced pressure to give a
residue that was recrystallized from the appropriate solvent.

Reduction of imines 3 derived from tryptamine to amines 4
Starting from imines 3 (20 mmol) and NaBH, (2.28 g, 60 mmoal), the reduction was

performed in a manner similar to the procedure reported previously for amines 2. The hydro-
chlorides were prepared as described for the N-(naphthal en-1-ylmethyl)benzylamines 2.
General procedure for the one-pot synthesis of N-(pyridin-3-ylmethyl)benzylamines 5

A mixture of 3-(aminomethyl)pyridine (3.24 g, 30.0 mmol) and aldehyde (36 mmoal) in
methanol (50 mL) was stirred at room temperature for 6 h, and then NaBH, (3.42 g, 90.0
mmol) was gradually added to the solution, and the mixture was further stirred at room
temperature overnight. The solvent was removed under reduced pressure and the residue was
partitioned between water (50 mL) and ethyl acetate (50 mL). The aqueous layer was further
extracted with ethyl acetate (2x20 mL); the combined organic phase was washed with water
(3x30 mL) and extracted with 1 M HCI (60 mL). The acid extract was washed with ethyl
acetate (2x20 mL), and then the pH of the agueous phase was rendered akaline with 10 %
aqueous K,CO3 solution. The separated oil was extracted in ethyl acetate (2x30 mL), washed
with water and brine, and dried over anhydrous Na,SO,. The solvent was removed under
reduced pressure to yield the pure amine. The dihydrochlorides were prepared as described for
the N-(naphthal en-1-ylmethyl)benzylamines 2.
General procedure for the synthesis of N-(3-(1H-imidazol-1-yl)propyl)benzylamines 6

A mixture of 1-(3-aminopropyl)-1H-imidazole (1.25 g, 10.0 mmol) and aldehyde (12
mmol) in methanol (20 mL) was stirred at room temperature for 24 h, and then NaBH, (1.14
g, 30.0 mmol) was gradually added. The mixture was further stirred at room temperature
overnight, and then the solvent was removed under reduced pressure and the residue was
partitioned between water (50 mL) and ethyl acetate (30 mL). The aqueous phase was further
extracted with ethyl acetate (20 mL), and then the combined organic phase was washed with
water (3x50 mL) and brine (20 mL) and dried over anhydrous Na,SO,4. The solvent was
removed under reduced pressure to give an oil that was purified by column chromatography.
The dihydrochlorides were obtained by treating the solution of the free base in diethyl ether
with excess of HCI in diethyl ether.

RESULTS AND DISCUSSION

The first methodology towards the large-scale synthesis of pure secondary
amines investigated in this paper was based on the two-step reductive alkylation
of a primary amine, an approach that entails the isolation of the intermediate
imine. This methodology is less attractive for the preparation of secondary ami-
nes than the one-pot approach owing to the additional step. However, the two-
-step reductive akylation becomes acceptable provided that the intermediate imine
could be separated from the reaction mixture by filtration, and purified (prefe-
rably through recrystallization) prior to its reduction in the subsequent step; in
this case, the reduction of the imine could yield the secondary amine in high pu-
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rity even in bulk preparations. As a high molecular weight and the presence of
fused carbocycles or heterocyles are usually grounds for an organic compound to
beinthe solid state at room temperature, it was hypothesized that imines having at

least one naphthalene moiety could be good candidates for the exploration of this
strategy. Furthermore, a naphthalene scaffold could be an interesting structural
feature, as proved by its presence in the structure of the biologically active
compounds that bind to a highly hydrophobic active site of an enzyme,8 or by its
effectiveness as a pharmacophore required for the binding to melanocortin re-
ceptors.® A brief search of the literature showed that the available information
even on the common N-(naphthal en-1-ylmethylene)benzylamine or N-benzylide-
ne-1-(naphthalen-1-yl)methylamine is scarce, and that the corresponding secon-
dary amine is available from a limited number of commercial sources at conside-
rable cost. Encouraged by these findings, the synthesis of a series of N-(naphtha-
len-1-ylmethyl)benzylamines 2 was undertaken starting from the commercially
available naphthalene-1-carboxaldehyde and substituted benzylamines (Scheme
1). When an equimolar mixture of the starting materials in a small volume of
ethanol and in the presence of catalytic amounts of ethereal HCl was stirred at
room temperature for 1 hour and subsequently refrigerated overnight, the corres-
ponding imines 1 separated as solids. However, 4-methylbenzylamine and 4-fluo-
robenzylamine did not lead to solid imines, but produced the Schiff bases as
viscous oils that redissolved when the reaction mixture was allowed to warm to
room temperature; the experiments with these two benzylamines were not pur-
sued further. The solid imines 1 could be recrystallized from lower alcohols with
only a moderate loss of material, except for the Schiff base derived from 4-me-
thoxybenzylamine. Aside from 2-chloro-N-(naphthalen-1-ylmethylene)benzyl-
amine 1b, al other naphthalene-containing Schiff bases are novel, and were fully
characterized (the analytic and spectral data are given as supplementary mate-
rial). As a general feature, the TH-NMR spectra of imines 1 present one singlet
integrating for one proton at approximately 9 ppm that can be associated with the

Oy e b,
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Ar = 4-CH3OC6H4-; 2-C|CGH4-; 2-CH3C6H4-; 2,4-C|2C6H3'; 3,4'(OCH20)CGH3'

Scheme 1. Synthesis of naphthal ene-containing unsymmetrically substituted secondary
amines. Conditions. a) substituted benzylamine, 36 % HCI, diethyl ether, rt for 1 h,
then —10 °C overnight; b) NaBH,, methanal, rt, overnight.
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proton of the imine function, and one singlet integrating for two protons at
around 5 ppm, corresponding to the methylene group. The signal of the carbon
atom in the imine function just above 160 ppm and the peak of the carbon atom
of the methylene group at about 60 ppm can also serve as markers for the vali-
dation of the structure of imines 1.

As expected, the reduction of the pure imines with sodium borohydride in
methanol 10 afforded the pure secondary amines 2 almost quantitatively. As the
free amines are known to age badly or form carbamic acids in the presence of
carbon dioxide from air, the novel compounds were also converted into their
hydrochlorides by treating their solution in diethyl ether with ethereal HCI. A
comparative inspection of the IH-NMR spectra of amines 2 as free bases re-
vealed the presence of a new singlet integrating for two protons at around 4 ppm
and the disappearance of the singlet that was noticeable downfield in the spectra
of imines 1. Moreover, an additional peak in the aliphatic region of the 13C-NMR
spectra can be attributed to the aliphatic carbon atom in the naphthalen-1-ylme-
thyl residue. The 1H-NMR spectra of the hydrochlorides of amines 2 taken in
deuterated DM SO fesature a broad singlet at approximately 10 ppm that integrates
for two protons. Since the addition of deuterated methanol to the NMR sample
resulted in a decrease of the integration for this peak, the signal was attributed to
the hydrogen atoms of the protonated secondary nitrogen atom.

The investigation was extended to a second series of secondary amines de-
rived from tryptamine and aromatic aldehydes. A few N-benzyltryptamines with
sedative, anticonvulsant, analgesic, and neuroleptic action,11 or active as tubercu-
lostatics!2 have been so far obtained through the condensation of tryptamine with
aldehydes followed by the in situ reduction of the intermediate imine. On the
other hand, imines derived from tryptamine have usualy been reported in con-
nection with the synthesis of tetrahydro-$-carbolines via the Pictet—Spengler re-
action.13 A brief examination of the methods described in the literature for the
synthesis of imines 3 derived from tryptamine revealed that the most efficient
method is based on the condensation of the reactants in benzene with the removal
of the by-product water as an azeotrope (Scheme 2). For example, this method
produced a 70 % yield of (2-(1H-indol-3-yI)-N-(2-thienylmethylene)ethanamine
3d after recrystallization, whereas a low yield of only 24 % was reported when
the same compound was prepared by heating the reactants in ethanol at reflux
temperature for 30 min.14 The analytic and spectral data for imines 3 are givenin
the Supplementary material to this paper. The 1H-NMR spectra of the imines 3
showed two triplets around 3.1 and 3.9 ppm, attributable to the protons of the
methylene groups originating from tryptamine, whereas the imine proton and the
proton at the heterocyclic nitrogen atom were associated with a sharp singlet
usually above 8 ppm and a broad singlet at approximately 8 ppm, respectively. In
the 13C-NMR spectra of imines 3, the carbon atom of the imine function gave a
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signal downfield at about 160 ppm. In the subsequent step, the reduction of the
pure imines 3 with sodium borohydride in methanol at room temperature af-
forded, aimost quantitatively, the pure secondary amines 4. Amines 4a and 4d
were crystalline compounds, whereas amines 4b and 4c were dense oils that were
characterized both as free bases and as hydrochlorides.

Ar Ar
NH, N=/ HN—/

QFf ~-Qf =-QFf
N N N
H

4

H H

3

Ar = 4-BrCgHy-; 3,4-(CH30),CgH3-; naphthalen-1-yl; 2-thienyl

Scheme 2. Synthesis of tryptamine-derived unsymmetrically substituted secondary amines.
Conditions: a) (hetero)aromatic aldehyde, benzene, reflux, 4 h;
b) NaBH,, methanoal, rt, overnight.

A second hypothesized strategy that could provide uncomplicated access to
multi-gram quantities of secondary amines was also explored in this study. This
strategy relies on the association of the standard one-pot reductive alkylation
with a procedure allowing the adequate separation of the desired product from
the unreacted starting materials and any potential by-products. An inexpensive,
fast separation procedure that is applicable for large-scale preparations could be
based on the differential solubility of the components in the mixture. Thus, the
simple partition of the crude reaction mixture between an organic solvent and an
agueous acid solution would result in the extraction in the latter phase of the ba-
sic components only (i.e., the starting primary amine and the desired secondary
amine), whereas the unreacted carbonyl compound and the acohol by-product
derived from it remain in the organic phase. Next, the mixture consisting of a
hydrophilic primary amine and a more lipophilic secondary amine could be se-
parated owing to their differential solubility in water. In order to test this hypo-
thesis, the water-soluble 3-(aminomethyl)pyridine and 1-(3-aminopropyl)imida-
zole were selected as starting materials. These two primary amines are also good
candidates for the generation of biologically active chemical entities. For example,
the 3-pyridinyl moiety is important for the activity of several types of nicotinic
acetylcholine receptor agonists,1>-17 or it is present as the pharmacophore in in-
hibitors of aldosterone synthasel8 or cytochromes P450,1° whereas imidazole is
ubiquitous in azole antifungal agents?® and inhibitors of hemoenzymes, such as
nitric oxide synthase?! or heme oxygenase.22

Available online at www.shd.org.rs/JSCS/

2012 Copyright (CC) SCS



SCALABLE SYNTHESIS OF SECONDARY AMINES 137

Treatment of 3-(aminomethyl)pyridine with an excess of aromatic aldehydes
in methanol for 6 hours led to the formation of the corresponding imines, which,
in turn, were reduced in situ with sodium borohydride to the related secondary
amines 5 (Scheme 3). Sequential removal of the solvent and partition between
ethyl acetate and dilute hydrochloric acid alowed the separation of the basic
components from the crude reaction mixture. Subsequent release of the amine (or
amines, if unreacted 3-(aminomethyl)pyridine is still present) from their
hydrochlorides, followed by extraction with ethyl acetate afforded the pure se-
condary amine in good yield, as shown by TLC; the unreacted 3-(aminomethyl)-
pyridine, if present in the first ethyl acetate extract, appears to have remained in
the agueous phase after the second extraction. The analytic and spectral data for
the secondary amines are given in the Supplementary material to this paper. The
NMR characterization of the isolated amines 5 confirmed their purity and sup-
ported their structure through the two singlets integrating for two protons in the
vicinity of 4 ppm in the IH-NMR spectra and the two signals around 50 ppm in
the 13C-NMR spectra, which are associated with the two methylene groups ad-
jacent to the nitrogen atom. Inspection of the H-NMR spectra of the salts pre-
pared by treating the free bases of amines 5 with an excess of ethereal HCI re-
vedled that the corresponding dihydrochlorides were obtained in all cases. The
protonation of the heterocyclic nitrogen atom was supported by the displacement
of the signals of the protons in the pyridine moiety to lower magnetic fields. The
peak integrating for two protons noticeable above 10 ppm in 1H-NMR spectra of
the dihydrochlorides in deuterated DM SO confirmed the protonation of the nit-
rogen atom in the amine function; in contrast, the IH-NMR spectrum of dihydro-
chloride 5d taken in deuterated methanol lacks this peak.

| XONH  ab | X H/\Ar
2 N/
5

N

Ar = 4-BrCgHy-; 4-CH30CgH,-; 4-biphenylyl; naphthalen-1-yl; 2-thienyl

Scheme 3. Synthesis of pyridine-containing unsymmetrically substituted secondary amines.
Conditions: a) (hetero)aromatic aldehyde, methanal, rt, 6 h;
b) NaBH,, methanoal, rt, overnight.

Under similar reaction conditions, the condensation of 1-(3-aminopropyl)-
imidazole with aromatic aldehydes to the corresponding imines (Scheme 4) was
less straightforward. TLC analysis of the reaction mixture after 6 h revealed sig-
nificant amounts of unreacted starting materials; extension of the reaction time to
24 h resulted in a dlight improvement of the conversion. In situ reduction with
sodium borohydride followed by the separation procedure detailed for amines 5
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N//\N/\/\NHz ab N//\N/\/\N/\Ar
=/ ’ =/ H
6
Ar = CgH5-; naphthalen-1-yl; 2-thienyl; 2,4-(CH30),CgHs-

Scheme 4. Synthesis of imidazole-containing unsymmetrically substituted secondary amines.
Conditions: a) (hetero)aromatic aldehyde, methanal, rt, 24 h;
b) NaBH,, methanoal, rt, overnight.

led to a mixture of 1-(3-aminopropyl)imidazole and secondary amines 6, that re-
quired additional column chromatographic separation in order to afford modest
yields of pure amines 6. As a result, this strategy does not seem to be appropriate
for afast, medium-scale synthesis of amines derived from 1-(3-aminopropyl)imi-
dazole. The analytic and spectral data of the synthesized amines 6 are given in
the Supplementary material. The structure of the imidazole-containing secondary
amines 6 was supported by NMR analysis. In the aliphatic region of the IH-NMR
spectra, a multiplet at 2 ppm and two triplets at approximately 2.6 and 4 ppm are
indicative for the propyl moiety, whereas the aromatic protons in the imidazole
ring appear at 6.87, 7.03 and 7.43 ppm. The deliquescent dihydrochlorides of com-
pounds 6a and 6b were also prepared and characterized by NMR. Again, the dis-
placement of the protons in the heterocyclic ring towards higher chemical shifts
confirmed the protonation of the imidazole, and the peak integrating for two pro-
tons a 10 ppm in the spectrum of compound 6b taken in deuterated DM SO
(which was absent in the spectrum of the compound 6a taken in deuterated me-
thanol) suggested the protonation of the nitrogen atom in the amine function.

CONCLUSIONS

Novel naphthalene- and indole-containing secondary amines were synthe-
sized by atwo-step reductive alkylation process, with the separation of the inter-
mediate imine. The methodology was successfully applied to a 50-mmaol scale
synthesis of these novel amines, and the procedure could be scaled up for the
production of even larger quantities. A second strategy, employing heterocyclic,
water-soluble amines, and comprising the usual reductive alkylation process
combined with an isolation procedure relying on the differential solubility of the
initial primary amine and the resulting secondary amine, was successful only in
the case of 3-(aminomethyl)pyridine; the methodology was valid on a 30-mmol
scale, and its potential for scalability was high. On the other hand, the application
of the same methodology with 1-(3-aminopropyl)imidazole as the starting mate-
rial required chromatographic separation, making the procedure unsuitable for
scaling up.
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SUPPLEMENTARY MATERIAL
Analytical and spectral data of synthesized compounds are available electronically from

http://www.shd.org.rs/JSCS/, or from the corresponding author on request.

U3BOJ

METOJOJIOI'MJA CMHTE3E HOBUX ACUMETPUYHO CYIICTUTYUCAHUX
CEKYHAAPHUX AMHWHA

GHEORGHE ROMAN

Department of Inorganic Polymers, Petru Poni Institute for Macromolecular Chemistry,
41A Aleea Gr. Ghica Voda, lasi 700487, Romania

Hcnurana je 6p3a u jCHHOCTaBHa CHHTE3a ACUMETPUYHO CYTICTUTYUCAHUX CCKYHAApHUX aMU-

Ha KOju cajpxe HadTaJeHCKH, HHIOJICKM ¥ MMHIA30JICKH CTPYKTYpHH (parment. McnuTaHe mpo-
nexype ycremso cy npumMerere Ha ckamu 30 o 50 mmol u umajy 030uibaH moTeHnujam 3a npu-
MeHy Ha Behum ckanama.

wp e

O N UM

10.
11.

12.
13.

14.
15.

16.

17.

(Mpumsbero 8. anpuiia, pesuaupao 2. jyna 2011)

REFERENCES

E. Comanita, . Popovici, B. Comanita, G. Roman, ACH — Models Chem. 134 (1997) 3

E. Comanitd, G. Roman, I. Popovici, B. Comanita, J. Serb. Chem. Soc. 66 (2001) 9

E. Comanita, |. Popovici, G. Roman, G. Robertson, B. Comanita, Heterocycles 51 (1999)
2139

G. Roman, E. Comanita, B. Comanita, Tetrahedron 58 (2002) 1617

I. Popovici, C. Lupusoru, C. Ghiciuc, Rev. Med. Chir. Soc. Med. Nat. lasi 101 (1997) 186
I. Popovici, I. Popovici, A. D. Marculescu, Farmacia (Bucharest) 56 (2008) 221

R. N. Salvatore, C. H. Yoon, K. W. Jung, Tetrahedron 57 (2001) 7785

M. G. Gétz, K. E. James, E. Hansell, J. Dvoiék, A. Seshaadri, D. Sojka, P. Kopacek, J. H.
McKerrow, C. R. Caffrey, J. C. Powers, J. Med. Chem. 51 (2008) 2816

F. Mutulis, 1. Mutule, M. Lapins, J. E. S. Wikberg, Bioorg. Med. Chem. Lett. 12 (2002)
1035

J. H. Billman, A. C. Diesing, J. Org. Chem. 22 (1957) 1068

J. Boch, J. Malle (A.E.C. Société de Chimie Organique et Biologique), Fr. Pat. 2,181,559
(2975)

S. Mahboobi, G. Grothus, W. Meindl, Arch. Pharm. 327 (1994) 105

S.W. Youn, J. Org. Chem. 71 (2006) 2521

A. Szollésy, T. Tischer, |. Kédas, L. Toke, G. T6th, Tetrahedron 55 (1999) 7279

J. M. Frost, W. H. Bunnelle, K. R. Tietje, D. J. Anderson, L. E. Rueter, P. Curzon, C. S.
Surowy, J. Ji, J. F. Daanen, K. L. Kohlhaas, M J. Buckley, R. F. Henry, T. Dyhring, P. K.
Ahring, M. D. Meyer, J. Med. Chem. 49 (2006) 7843

W. H. Bunnelle, J. F. Daanen, K. B. Ryther, M. R. Schrimpf, M. J. Dart, A. Gelain, M. D.
Meyer, J. M. Frost, D. J. Anderson, M. Buckley, P. Curzon, Y .-J. Cao, P. Puttfarcken, X.
Searle, J. Ji, C. B. Putman, C. Surowy, L. Toma, D. Barlocco, J. Med. Chem. 50 (2007) 3627
W. H. Bunnelle, K. R. Tietje, J. M. Frost, D. Peters, J. Ji, T. Li, M. J. C. Scanio, L. Shi,
D. J. Anderson, T. Dyhring, J. H. Granlien, H. Ween, K. Thorin-Hagene, M. D. Meyer, J.
Med. Chem. 52 (2009) 4126

Available online at www.shd.org.rs/JSCS/

2012 Copyright (CC) SCS



140 ROMAN

18. S. Ulmschneider, U. Miller-Vieira, C. D. Klein, I. Antes, T. Lengauer, R. W. Hartmann,
J. Med. Chem. 48 (2005) 1563

19. G. A. Wéchter, R. W. Hartmann, T. Sergejew, G. L. Grun, D. Ledergerber, J. Med. Chem.
39 (1996) 834

20. L. Zirngibl, Antifungal Azoles: A Comprehensive Survey of their Structures and Pro-
perties, Wiley-VCH, Weinheim, Germany, 1998

21. L. Sderno, V. Sorrenti, C. Di Giacomo, G. Romeo, M. A. Siracusa, Curr. Pharm. Des. 8
(2002) 177

22. G. Roman, J. G. Riley, J. Z. Vlahakis, R T. Kinobe, J. F. Brien, K. Nakatsu, W. A.
Szarek, Bioorg. Med. Chem. 15 (2007) 3225.

Available online at www.shd.org.rs/JSCS/

2012 Copyright (CC) SCS





<<
  /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 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /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 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /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 1200
  /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 ()
  /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 [612.000 792.000]
>> setpagedevice




