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Estersand amides of hexanoic acid substituted with tertiary
amino group in terminal position and their activity as
transdermal permeation enhancers

OLDRICH FARSA'  PAVEL DOLEZAL2 and ALEXANDR HRABALEK3

LInstitute of Chemical Drugs, Faculty of Pharmacy, University of Veterinary and Pharma-
ceutical Sciences Brno, Palackého 1/3, 612 42 Brno, 2Department of Pharmaceutical
Technology, Faculty of Pharmacy, Charles University, Hradec Kralové and
3Department of Inorganic and Organic Chemistry, Faculty of Pharmacy,
Charles University, Hradec Krélové, Czech Republic

(Received 27 May 2009, revised 4 January 2010)

Abstract: Series of alkyl esters of 6-(diethylamino)-, 6-(pyrrolidin-1-yl)-, 6-(pi-
peridin-1-yl) and 6-(morpholin-4-yl)hexanoic acids and alkylamides of 6-(di-
methylamino)-, 6-(piperidin-1-yl) and 6-(morpholin-4-yl)hexanoic acids, con-
taining 8-12 carbon atoms in the alkyl chain, were prepared by methods of
classical organic synthesis. The appropriate secondary amine was akylated
with ethyl 6-bromohexanoate to give ester of w-substituted hexanoic acid, ex-
cept of ethyl 6-(dimethylamino)hexanoate (1), which was prepared by Esch-
weiler—Clarke methylation of 6-aminohexanoic acid followed by direct este-
rification with ethanol. The resulted esters of w-substituted hexanoic acids
underwent direct transesterification with long chain alkanols to yield the de-
sired amino esters, or they were treated with long-chain alkylamines to prepare
secondary amides of the appropriate heterocyclic hexanoic acids. These pro-
ducts were in vitro tested on their activity as transdermal permeation enhancers
on the strips of the excised human skin with theophylline as the model per-
meant. The activity was evaluated using parameter enhancement ratio (ER),
defined as the ratio between the overall amount of the permeant passing
through the skin with the tested enhancer and that without tested substance.
Decyl 6-(pyrrolidin-1-yl)hexanoate (9) with ER = 30 showed the highest ac-
tivity. The enhancing effects of the esters were generally better than those of
the amides.

Keywords: transdermal permeation enhancers; w-amino acid derivatives.

INTRODUCTION

Transdermal permeation enhancers (TPES) are special pharmaceutical exci-
pients, which enable or facilitate the passage of various drugs through the skin
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596 FARSA, DOLEZAL and HRABALEK

barrier to the blood circulation, thereby enabling their systemic effect. Together
with antimicrobial preservatives and antioxidants, they belong to a narrow group
of excipients which can be characterized by their own enumerable activities.
Only a few drugs with high lipophilicity, such as steroids, nitrates, some opioid
analgesics (fentanyl) and several akaloids (e.g., nicotine or scopolamine), are
capable of penetrating through the skin by themselves. For this reason TPES con-
stitute important ingredients of transdermal application systems, which are po-
pular because of their benefits and used not only in human, but more recently
also in veterinary therapy.! They can provide steady-state plasma concentrations
of drugs and long-term therapy from a single dose, avoid the hepatic first-pass
metabolism associated with oral administration and allow easy termination of
drug input. The role of chemical TPEsisto reversibly ater the barrier properties
of the stratum corneum (SC), which is the outermost layer of skin, by disruption
of the membrane structures or by maximizing drug solubility within the skin.2
Compounds used or tested as TPESs constitute a very diverse group of struc-
tures. Various derivatives of amino acids occupy among them a comparatively
important position. Previously, a series of long chain alkyl esters of 6-(dimethyl-
amino)hexanoic acid with a linear alkyl chain having 8 to 12 carbon atoms were
prepared.3 The distance of 5 carbon atoms between the terminal amino group and
the carboxyl as well as the range of lengths of alkyl chains were selected based on
previous experiences. The older results demonstrated that alkyl esters of w-amino
acids have their optimum transdermal permeation enhancing effect for linear oc-
tyl to dodecyl groups, that branching of an alkyl chain essentially lowers the ac-
tivity,4 and that derivatives of 6-aminohexanoic acid are significantly more po-
tent than those with another number of carbon atoms in the acyl chain.® It was
found that these compounds showed high enhancement activity of transdermal
permeation of theophylline as a model permeant of “moderate lipophilicity”. The
highest effect was obtained with dodecyl 6-(dimethylamino)hexanoate (DDAK)
with an enhancement ratio (ER) of nearly 80. Such a significant activity was ra-
tionalized based on the higher basicity of the tertiary amino group of this com-
pound.3 It is also supposed this increase of activity must be connected with an
essentially higher toxicity due to high stability against enzymatic hydrolysis. For
this reason, this type of structural modification temporarily became of marginal
interest. More recently, the above-mentioned DDAK was shown to be an effec-
tive enhancer of percutaneous permeation of adefoviré and hydrocortisone. Sur-
prisingly, DDAK was demonstrated to be rapidly metabolized by porcine este-
rase with ty» = 17.2 min and displayed low acute toxicity. It also showed re-
versibility of action on treated skin expressed as electrical resistance (impedance)
at 120 kHz, which during 3 h after treatment with DDAK dropped to 20 % of its
initial value and after removal of the enhancer slowly increased.” These results
returned our interest to the field of enhancers with a tertiary amino group. The
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6-AMINOHEXANOIC ACIDS DERIVATIVES ENHANCING PERMEATION 597

aim of this preliminary pilot study was to determine the influence of expansion of
the dimethylamino group into either an open diethylamino group or a closed satu-
rated heterocyclic ring, i.e., pyrrolidine, piperidine or morpholine, on permeation
enhancement activity. Simultaneously, the effect of substitution of the ester group
with an amide moiety could also be evaluated.

RESULTS
Synthesis of compounds and determination of their activity

Long-chain alkyl esters of 6-aminohexanoic acids with a tertiary amino
group. Ethyl esters of 6-(diethylamino)hexanoic, 6-(pyrrolidin-1-yl)hexanoic, 6-
(piperidin-1-yl)hexanoic and 6-(morpholin-4-yl)hexanoic acids were prepared by
direct akylation of the appropriate secondary amine with ethyl 6-bromohexa-
noate. Their transesterification with an appropriate long-chain alkanol catalyzed
with in situ prepared sodium alcoholate under the simultaneous distilling off of
the arising ethanol according to Franke et al.8 led to octyl to dodecyl esters of
these w-amino acids (Scheme 1).

X= —N —_ O — —N o] R =CgH,; - CipHys alkyl

i = diethylamine, pyrrolidine, piperidine, morpholine
ii = octanol, octan-2-ol, nonanol - dodecanol
i=N
:I\; = ar?winooctan - aminododecan
Scheme 1. Procedure of the synthesis of alkyl esters and N-alkylamides of 6-(diethyl-
amino)hexanoic, 6-(pyrrolidin-1-yl)hexanoic, 6-(piperidin-1-yl)hexanoic and
6-(morpholin-4-yl)hexanoic acids.

Long chain alkyl amides of 6-(dimethylamino)hexanoic acid. Eschweiler—
—Clarke methylation of 6-aminohexanoic acid with formaldehyde and formic acid
according to Fusco et al.® (the detailed description of the reaction procedure is
given in the literature3) gave 6-(dimethylamino)hexanoic acid, which was di-
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598 FARSA, DOLEZAL and HRABALEK

rectly esterified with ethanol. The resulting ethyl-6-(dimethylamino)hexanoate was
heated with an appropriate aminoalkane to yield the corresponding alkylamide of
6-(dimethylamino)hexanoic acid (Scheme 2).

o} v ('3

. H, (0]
H N\/\/\/U\ " N\/\/\/U\
2 OH H,C” 0" CH,

(23)

vii

R = CgH,; - C;,H,5 alkyls
v = HCOH, HCOOH CH;, 0

|
vi = EtOH, H,S0,. Na,CO, H C/N \/\/\)J\NF/’R
3

vii = aminooctan - aminododecan
(24 - 28)

Scheme 2. Procedure of the synthesis of N-alkyl-6-dimethylaminohexanamides (24-28).

Long chain alkyl amides of N,N-disubstituted 6-aminohexanoic acids. Octyl
to dodecyl amides of 6-(diethylamino)hexanoic, 6-(pyrrolidin-1-yl)hexanoic,
6-(piperidin-1-yl)hexanoic and 6-(morpholin-4-yl)hexanoic acids were synthesized
similarly by heating of the appropriate aminoalkane with an w-substituted ethyl
hexanoate under the simultaneous distilling off of the arising ethanol (Scheme 1).

All products were isolated and purified either by distillation under reduced
pressure or by crystallization from a suitable system of solvents, or only by sorp-
tion filtration through an alumina column. The identities of all the compounds
were confirmed by their IR, 1H- and 13C-NMR-spectra and by elemental ana-
lysis.

Analytical and spectral data of the synthesized compounds

The complete analytical and spectral data of the synthesized compounds can
be found in the electronic version of the paper as Supplementary material
(http://mvww.shd.org.rdJSCS/), from the office of the Serbian Chemical Society
upon request (JSCS@shd.org.rs) or from the corresponding author upon request.

Evaluation of the activity of the synthesized compounds and their results

Testing of the transdermal permesation enhancing activity was performed in
vitro on strips of excised human skin with theophylline, thought to be a drug of
“middle lipophilicity”, as a model penetrant in the system of liberation cells ac-
cording to Franz10 from a propylene glycol medium. Due to capacity utilization
of the testing workplace, only one or several members of each homologous series
underwent the evaluation procedure. The final results of the testing are presented
as values of the enhancement ratio (ER), defined simply as the ratio between the
overal amount of the permeant which passed through the skin with tested en-
hancer and that without the tested substance. These values are given in Tablel.
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600 FARSA, DOLEZAL and HRABALEK

DISCUSSION

The results of the determination of the percutaneous permeation enhancing
activity of the prepared compounds showed that substitution of ester moiety with
the isosteric amide group led to significant activity loss. This fact is probably not
only due to a decrease of the overall lipophilicity of such amides in comparison
to the isosteric esters, but more to the presence of an additional hydrogen bond
donor site in the CONH moiety and possibly also to the higher melting points of
the amides (e.g., m.p. 4849 °C for 6-(dimethylamino)N-dodecyl-hexanamide
(28), while the isosteric dodecyl 6-dimethylaminohexanoate is a liquid at room
temperature). These changes of the physicochemical properties could lead to a
higher phase transition temperature of the lipid bilayers of cell membranes of SC
of a skin treated with an appropriate amide in comparison with that of a skin
treated with the isosteric ester, partially due to the lower SC uptake of the amidic
enhancer (comp.1314), In addition, an exchange of the termina dimethylamino
group with any other tertiary amino function, either acyclic diethylamino group,
or five- to six-membered saturated basic rings, caused a decrease in the activity.
Differences between the enhancing effect of the esters of 6-(piperidin-1-
yl)hexanoic acid and the isosteric esters of 6-(morpholin-4-yl)hexanoic acid (the
ER values of the decyl esters 15 and 20 are 5.6 and 15.0, respectively) suggest
that not only the bulkiness of the basic substituent at the terminal position of the
chain of hexanoic acid itself, but also its lipophilicity and/or the presence of
additional hydrogen bond acceptor site (etherea oxygen of the morpholine ring)
could influence the activity (comp.1®). However, aso the influence of the
different basicity of both heterocyclic substituents cannot be excluded (the pKj of
N-alkylpiperidines ranges between 9 and 10, while the pK, of N-alkylmorpho-
lines varies from 7 to 8). The overall basicity optimum could be found at a pKg
dightly under 9, which is the value of the most potent 6-(dimethylamino)-
hexanoic acid derivative (pK4 of 6-(dimethylamino)N-dodecyl-hexanamide (28)
is 8.811). Asfar asthe akyl chain length is concerned, the alkyls with 10 and 12
carbon atoms of both prepared esters and amides seem to be more advantageous
than those with 8, 9 or 11 carbon atoms, but more data are required for a more
concrete statement. In general, the structural changes realized in this study led to
compounds with reduced activities.

EXPERIMENTAL
General

The 1H- and 13C-NMR spectra were obtained using a Varian Mercury 300 MHz or Va-
rian Gemini 200 MHz FT-NMR spectrometer in deuterated chloroform or dimethy! sulfoxide.
The IR spectra were measured on a Nicolet Impact FTIR spectrometer. Melting points were
determined on a Boetius apparatus Nagema (Rapido Wagetechnik, Radebeul, Germany) and
are uncorrected. Elemental analyses (C, H, N, O) were performed on a Perkin—Elmer 2400
CHNS/O analyzer. All the presented reaction yields are preparative. Determination of trans-
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6-AMINOHEXANOIC ACIDS DERIVATIVES ENHANCING PERMEATION 601

dermal permeation enhancing activity was performed on the set of cells according to Franz™
manufactured in the workshops of the Faculty of Pharmacy of the Charles University in Hra-
dec Krdlové, Czech Republic. The HPLC analyses were performed on the chromatographic
system consisting of the isocratic pump LCP 4001(Ecom, Prague, Czech Republic), injector
LCI 30 (Laboratorni pristroje, Prague, Czech Republic), column LiChroCart 125-4 (LiChros-
pher 100, RP 18, 5 um, Merck, Darmstadt, Germany), an SP 8440 UV detector (Spectra Phy-
sics) and the integrating software CSW 1.7 (Data Apex, Prague, Czech Republic), the mixture
methanol:water 1:1 was used as the mobile phase at a flow rate 1ml/min. The effluent was
monitored at 272 nm. The retention time of theophylline was 2.70+0.02 min.

Synthesis of esters of 6-(diethylamino)hexanoic acid (1, 5-7), 6-(pyrrolidin-1-yl)hexanoic acid
(2,8-11), 6-(piperidin-1-yl)hexanoic acid (3, 12—17) and 6-(mor pholin-4-yl)hexanoic acid

,18-22)

A mixture of 0.500 mol (112 g) of ethyl 6-bromohexanoate and 1.5 mol of the appro-
priate secondary amine was refluxed under stirring for 24 h. After cooling, the reaction mix-
ture was diluted with 100 ml of diethyl ether and left in a refrigerator until crystals of hydro-
bromide of the appropriate secondary amine formed. This salt was filtered off, the diethyl
ether was evaporated and the residue was distilled under reduced pressure. A reduced pressure
distillation of the reaction mixture after alkylation of pyrrolidine with ethyl 6-bromohexanoate
also gave a smal amount of 1,6-bis(pyrrolidin-1-yl)hexan-1-one (2a) as a by-product, pro-
bably originating by the direct aminolysis of ethyl 6-(pyrrolidin-1-yl)hexanoate with pyr-
rolidine.

A solution of 0.020 mol of (1), (2) (3) or (4) and 0.10 mol of an appropriate alkanol was
heated to 90 °C and then 0.010 mol of sodium was dissolved in it. This mixture was heated to
boiling and kept boiling under continuous distilling off of the formed ethanol through a 10 cm
long Vigreux column for 6 h. The unreacted alkanol was then distilled off, the liquid residue
was diluted with 4.0 ml of 0.50 M agueous acetic acid, and this mixture was vigorously stirred
and then extracted with 3x20 ml of diethyl ether. The combined ethereal extracts were dried
with sodium sulfate, the diethyl ether was evaporated and the pure long-chain alkyl ester was
obtained by distillation of the liquid residue under reduced pressure.

Alkylamides of 6-(dimethylamino)hexanoic acid

A mixture of 20 mmol ethyl 6-(dimethylamino)hexanoate (23), prepared by Eschweiler—
—Clarke reductive methylation followed by direct esterification with ethanol,3 and 22 mmol of
an appropriate aminoalkane, was heated under stirring at 180 °C for 2.5 h. After cooling, the
reaction mixture was distilled under reduced pressure to remove both unreacted 23 and al-
kylamine and to isolate the desired alkyamide (24-27). N-Decyl-6-(dimethylamino)hexa-
namide (27), which spontaneously solidified at room temperature after it had been isolated by
digtillation, was additionally recrystallized from hexane. 6-(dimethylamino)N-dodecyl-hexa-
namide (28) could not be isolated by distillation under reduced pressure due to its to high
boiling temperature, for this reason it was isolated by recrystalization of the residue after
dodecylamine and 23 had been distilled off.

Alkylamides of 6-(piperidin-1-yl)hexanoic acid and 6-(mor pholin-4-yl)hexanoic acid
A mixture of 0.020 mol of 3 or 4 and 0.022 mol of an akylamine was heated to a tem-
perature near to the boiling point of the amine for 4 h, then the mixture was distilled under

reduced pressure, or it was dissolved in hexane and left to crystallize in a refrigerator to give
the corresponding alkylamide.
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602 FARSA, DOLEZAL and HRABALEK

Evaluation of the activity of the prepared compounds

Testing of transdermal permeation enhancing activity of the prepared compounds was
performed by the same manner as was previously described for akyl esters of 6-(dime-
thylamino)hexanoic acid.3

CONCLUSIONS

32 novel long-chain alkyl esters and N-alkylamides of 6-aminohexanoic acids
with an acyclic or cyclic tertiary amino group and with alkyl chainsin the range
from octyl to dodecyl were prepared (compound 28, 6-(dimethylamino) N-do-
decyl-hexanamide, which was previously patented in different contexts,11.12 was
also prepared as a member of the homologous series). Thirteen of the prepared
compounds were tested on their transdermal permeation enhancement activity in
vitro using excised human skin with theophylline as the model permeant. All the
evaluated substances showed an enhancing effect. The highest activity, characte-
rized by ER = 30 was exhibited by compound 9, i.e., decyl 6-(pyrrolidin-1-yl)-
hexanoate. In general, the esters were more potent than the amides. Comparison
of the activities of the tested compounds, including the previously prepared akyl
6-(dimethylamino)hexanoates,3 suggested that increasing bulkiness of the ter-
minal basic substituent leads to a decrease of the activity and, in addition, a ba-
sicity optimum exists in region of pKg slightly under 9.

Acknowledgements. This work was supported by the Research Project M SM 0021620822
of the Ministry of Education of the Czech Republic.

M3BOJ

ECTPU 1 AMUJI XEKCAHCKE KHUCEJIMHE CYIICTUTYUCAHU TEPLIUJAPHOM
AMMUHO I'PYIIOM Y TEPMUHAJIHOM I1O0JIOXAJY 1 BUXOBA AKTUBHOCT vV
I[NOBERABY TPAHCAEPMAJIHE ITPOITY CTJBMBOCTH

OLDRICH FARSA', PAVEL DOLEZAL? 1 ALEXANDR HRABALEK?

Y nstitute of Chemical Drugs, Faculty of Pharmacy, University of Veterinary and Pharmaceutical Sciences
Brno, Palackého 1/3, 612 42 Brno 2Department of Pharmaceutical Technology, Faculty of Pharmacy,
Charles University, Hradec Kralové u 3Department of Inorganic and Organic Chemistry, Faculty of
Pharmacy, Charles University, Hradec Kralové, Czech Republic

Cepuja ankui ecrapa 6-(1ueTiiaMuHo)-, 6-(mponuaus-1-wun)-, 6-(munepuaus-1-mn) u 6-(Mop-
(donuH-4-1T)XeKCAaHCKUX KHCEIHHA M ankmiamuga 6-(auMerniaMuuo)-, 6-(munepuauu-1-mmn)
u 6-(MopdoHH-4-1IT)XEKCAHCKUX KUCEHHA, KOjH caapike 8—12 yribeHUKOBUX aToMa y ajKWIl- HU-
3y, I00HjeHa je KIIaCHYHUM OpraHCcKuM cuHTe3aMa. OnroBapajyhn cekyHAapHH aMUH alKAIOBaH je
eTui-6-6pomxekcanoaroM (1) na 6u ce 106HO ecTap @-CYNCTUTYHCAHE XEKCAHCKE KHCEIHHE, OCHM
eTHII-6-(IuMeTHIaMIHO)XeKcaHoata, Koju je nobujen EmBajnep—Knapkosum (Eschweiler—Clarke)
METHJIOBabeM IpaleHUM JTUPEKTHOM ecTepr(HKALNjoM ca eTaHoJIOM. JI0OMjeHn ecTpH @-CyICTH-
TyHCaHe XEKCAHCKe KHCEJINHE MOABPTHYTH CY AMPEKTHO] TPAHCECTePU(PUKALMH Ca aTKOXOINMa
Iyradkor Hu3a 1a O ce JOOHITH JKEJbeHH aMHUHO SCTPHU, WIH CY TPETHPAHH alKHIaMHHHMA ca Iy-
rauykuM HH30M 1a OM ce JOOHMIH CeKyHIapHH aMHUAM OAroBapajyhux XeTepOLMKINYHUX XEKCaH-
CKHMX KHCEJIHHA. AKTHBHOCT OBHX IIPO03B0Jia y MoBeharmy TpaHCACpMAIIHE MPOIMYCT/BHBOCTH TECTH-
paHa je in Vitro Ha y3opuuMa JpyJCKe KoxkKe, ca TCOMHINHOM Ka0 MOJEIOM IPOIYCTIJHUBOCTH. 3a
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6-AMINOHEXANOIC ACIDS DERIVATIVES ENHANCING PERMEATION 603

OLIeHy aKTHBHOCTH KOpuIheH je mapamerap omnoca npomyctibuoct (ER), nedununcan kao ogHoc
YKyIHE KOJIMYMHE CYINCTaHIIE KOja MpOoJia3d KPOo3 KOXKY Y3 IPUCYCTBO UCHHUTHBAHHX jEIHICHA U
6e3 wux. Jdeumn-6-(muponuann-1-nm)xexcanoar (9) ca ER = 30 mokasao je Hajsehy akTHBHOCT.
Edexru ecrapa y nosehamy nporycT/bUBOCTH OUIIH Cy, TeHEPaIHO, 00JbH HEro epeKkTH aMua.

(Mpumsbero 27. maja 2009, pesuaupano 4. janyapa 2010)
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Supplementary material

SUPPLEMENTARY MATERIAL TO
Estersand amides of hexanoic acid substituted with tertiary
amino group in terminal position and their activity as
transdermal permeation enhancers

OLDRICH FARSAY, PAVEL DOLEZALZ? and ALEXANDR HRABALEK3

LInstitute of Chemical Drugs, Faculty of Pharmacy, University of Veterinary and Pharma-
ceutical Sciences Brno, Palackého 1/3, 612 42 Brno, 2Department of Pharmaceutical
Technology, Faculty of Pharmacy, Charles University, Hradec Kralové and
SDepartment of Inorganic and Organic Chemistry, Faculty of Pharmacy,
Charles University, Hradec Kralové, Czech Republic

J. Serb. Chem. Soc. 75 (5) (2010) 605-613

Ethyl 6-(diethylami no)hexan?ate (D). Yield 50 %; b.p. 104-109 °C at 0.7—
0.9 kPa (137-140 °C at 1.86 kPa 6) IR (CHCI3, cm1): 2973, 2838, 1727, 1466,
1375, 1300, 1270. *H-NMR (300 MHz, CDCl3, 6 / ppm): 4.13 (2H, g, J = 14.5,
7.4 Hz, CH3CH>0), 2.49 (4H, q, J = 14.0, 6.9 Hz, (CH3CH>)2N), 2.40 (2H, t,J =
= 7.2 Hz, CH,>CO), 2.30 (2H, t, J = 7.5 Hz, NCH> acyl), 1.70-1.58 (2H, m, CH>»
acyl), 1.52-1.38 (2H, m, CHy acyl), 1.36-1.20 (5H, m, CH> acyl + CH3CH0),
1.00 (6H, t, J = 6.5 Hz, (CH3CH>)2N). 13C-NMR (75 MHz, 6 / ppm): 173.45
(CO), 60.07 (OCHy), 52.70 (CH2N acyl), 46.80 ((CH2)2N), 34.28 (CH»CO),
27.22 (CH2CH2oN), 26.73 (CH2(CH2)2CO), 24.95 (CH>CH,CO), 14.25
(CH3CH>0) 11.68 ((CH3CH2)2N).

Ethyl 6-(pyrrolidin-1-yl)hexanoate (2). Yield 53 %; b.p. 106112 °C at 0.5~
—0.6 kPa (143-146°C at 2.0 kPal6). IR (CHCl3, cm1): 2965, 2938, 2880, 2865,
2800, 1727, 1464, 1375, 1301, 1271. ITH-NMR (200 MHz, CDCl3, § / ppm): 4.11
(2H, q, J = 14.3, 7.3 Hz, OCH>), 2.55-2.36 (6H, m, (CH2)3N), 2.29 (2H, t, J =
= 7.51 Hz, CH»>CO), 1.82-1.30 (10H, m, 5CH>), 1.24 (3H, t, J = 7.1 Hz, CH3).
13C-NMR (50 MHz, 6 / ppm): 173.67 (CO), 60.10 (OCH5) 56.40 (NCH. acyl),
54.18 ((CH2)2N pyrr.), 34.30 (CH2CO), 28.65 (CH>), 27.25 (CHy), 24.92 (CH>),
23.43 (CHy), 14.20 (CH3).

1,6-Bis(pyrrolidin-1-yl)hexan-1-one (2a), a side product. Yield 3 %; b.p.
178-183 °C at 0.06-0.08 kPa; Anal. Calcd. for C14H26N20: C, 70.54; H, 10.99;
N, 11.75; O, 6.71 %. Found: C, 70.61; H, 11.05; N, 11.69; O, 6.80 %. IR (CHCl 3,

* Corresponding author. E-mail: farsao@vfu.cz

S1

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

2010 Copyright (CC) SCS ‘@ G}@@\
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cm1): 2973, 2936, 2879, 2800, 1624, 1448, 1343, 1328, 1294, 1270, 1252. 1H-
-NMR (200 MHz, CDCl3, ¢ / ppm): 3.40 (4H, qi, 2 CH)); 2.58-2.37 (6H, m,
(CH2)3N) acyl); 2.24 (2H, t, J = 7.5 Hz, CH,CO), 2.00-1.15 (14H, m, 7 CH)>).
1I3C-NMR (50 MHz, 6 / ppm): 171.55 (CO), 56.43 (NCH> acyl), 54.16 ((CH2)-N
pyrr-acyl), 46.50 (CON(CHy),), 45.48 (CH5), 34.63 (CH»CO), 28.81 (CH>),
27.55 (CHy), 26.06 (CHy), 24.77 (CH>), 24.33 (CH>), 23.38 (CH>).

Ethyl 6-(piperidin-1-yl)hexanoate (3). Yield 55 %, b.p. 120-124 °C at 0.13
kPa (114-115 °C at 0.11 kPal’). IR (CHCI3, cm1): 2938, 2865, 2800, 1727,
1464, 1375, 1271. IH-NMR (200 MHz, CDCl3, ¢ / ppm): 4.11 (2H, g, J = 14.3,
7.3 Hz, OCH>) 2.43-2.20 (4H, m, NCH» + CH>CN acyl), 2.3 (4H, 4t, J= 7.0 Hz,
2 CH2N piperid.), 1.77-1.30 (12H, m, g+y CH> piperid. + f+y+06 CH» acyl), 1.24
(3H, t, J = 7.1 Hz, CHs). 13C-NMR (50 MHz, ¢ / ppm): 173.67 (CO), 60.10
(OCHy), 59.35 (NCH> acyl), 54.63 ((CH2)2N piperid), 34.33 (CH2CO), 27.33
(NCH2CH)), 26.04 (CH>), 25.02 (CH2CH2CO), 14.20 (CHa3).

Ethyl 6-(morpholin-4-yl)hexanoate (4). Yield: 82 %; b.p. 120-123 °C at 0.4
kPa (140-144 °C at 0.53 kPa,18 150-153 °C at 0.53 kPal9). IR (CHCl3, cml):
2941, 2863, 1727, 1458, 1375, 1256. 1H-NMR (300 MHz, CDCls, 6 / ppm): 4.11
(2H, q, J = 144, 7.5 Hz, CH3CH20), 3.70 (4H, t, J = 4.7 Hz, O(CH2>CH2)2N),
2.40 (4H, t, J = 4.4 Hz, O(CH2CH2)2N), 2.35-2.25 (4H, m, CH>CO + NCH>
acyl), 1.73-1.41 (6H, m, (3CHy), 0.87 (3H, t, J = 6.7 Hz, CH3). 13C-NMR (75
MHz, CDCl3, ¢ / ppm): 173.28 (CO), 66.82 ((CH2)20 morph.), 60.04 (CH,OCO),
58.74 (CH2N acyl), 53.64 ((CH2)2N morph.), 34.15 (CH2CO), 26.93 (CH2CH,N
acyl), 26.16 (CH»(CH»)2CO), 24.79 (CH2CH>CO), 14.21 (CH3).

Octyl 6-(diethylamino)hexanoate (5). Yield 67 %; b.p. 134-138 °C at 0.035
kPa; Anal. Calcd. for C1gH37NO2: C, 72.19; H, 12.45; N, 4.68; O, 10.68 %.
Found: C, 72.25; H, 12.35; N, 4.59; O, 10.80 %. IR (CHCl3, cm1): 2930, 2856,
1727, 1465, 1378, 1271. 1H-NMR (300 MHz, CDCls3, 6 / ppm): 4.04 (2H, t, J =
6.9 Hz, OCH>), 2.50 (4H, g, J = 7.1, 14.3 Hz, (CH3CH2)2N), 2.36 (2H,t,J=7.7
Hz, NCH>CH>), 2.29 (2H, t, J = 7.6 Hz, CH»CO), 1.68-1.25 (18H, m, 9 CH)),
0.99 (6H, t, J = 7.1 Hz, (CH3CH))2N), 0.87 (3H, t, J = 6.7 Hz, CH3 octyl). 13C-
NMR (75 MHz, ¢ / ppm): 174.12 (CO), 64.66 (OCH>), 52.98 (NCH>), 47.07
((CH3CH2)2N), 34.58 (CH2CO), 32.01 (CHy), 29.44 (CH2CO), 29.41 (CH»CO),
28.86 (CH»CO), 27.48 (CH2CO), 26.94 (CH»CO), 26.16 (CH,CO), 25.23
(CH2CO), 22.65 (CH2>CH3 octyl), 14.32 (CH3 octyl). 11.87 ((CH3CH2)2N).

Decyl 6-(diethylamino)hexanoate (6). Yield 52 %; b.p. 154-158 °C at 0.018
kPa. Anal. calcd. for CogH41NO>: C, 73.34; H, 12.62; N, 4.28; O, 9.77 %. Found:
C, 73.25; H, 12.54; N, 4.17; O, 9.66 %. IR (CHCI3, cm1): 2933, 2859, 1727,
1458, 1378, 1270. 1H-NMR (300 MHz, CDCl3, 6 / ppm): 4.05 (2H, t, J = 6.8 Hz,
OCHy), 2.51 (4H, q, J = 7.1, 14.3 Hz, (CH3CH>)2N), 2.37 (2H, t, J = 7.7 Hz,
NCH>CHpy), 2.29 (2H, t, J = 7.6 Hz, CH>CO), 1.69-1.23 (20H, m, 10 CH>), 0.99
(6H, t, J = 7.1 Hz, (CH3CH>),N), 0.87 (3H, t, J = 6.7 Hz, CH3 decyl). 13C-NMR
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(75 MHz, ¢ / ppm): 173.91 (CO), 64.48 (OCH>), 52.69 (NCH>), 46.80
((CH3CH2)2N), 29.31 (CHj), 29.22 (CHy), 28.59 (CH»), 27.21 (CHy); 26.66
(CH»), 25.89 (CHy), 24.96 (CHy), 22.65 (CH»), 14.15 (CH3 decyl), 11.59
((CH3CH2)2N).

Dodecyl 6-(diethylamino)hexanoate (7). Yield: 52 %; b.p. 162-166 at 0.02
kPa. Anal. Calcd. for CooHsusNOo: C, 74.31; H, 12.76; N, 3.94; O, 9.0 %. Found:
C, 74.27, H, 12.64; N, 4.02; O, 8.92 %. IR (CHCI3, cm1): 2931, 2859, 1727,
1465, 1378, 1270. 1H-NMR (300 MHz, CDCl3, 6 / ppm): 4.03 (2H, t, J = 6.7 Hz,
OCHy), 2.50 (4H, q, J = 14.3, 7.1 Hz, (CH3CH>)2N), 2.38 (2H, t, J = 7.6 Hz,
NCH>CHy), 2.30 (2H, t, J = 7.6 Hz, CH»CO), 1.63-1.56 (2H, m, OCH>CH>),
1.49-1.35 (2H, m, CH»), 1.32-1.24 (18H, m, 9 CH>), 0.99 (6H, t, J = 7.1 Hz,
(CH3CH2)2N), 0.88 (3H, t, J = 6.7 Hz, CH3 dodecyl). 13C-NMR (75 MHz, & /
/ ppm): 173.83 (CO), 64.38 (OCHy), 52.69 (NCH>), 46.79 ((CH3CH2)2N), 34.30
(CH2CO0), 29.60 (CH>), 29.59 (CH>), 29.54 (CH>), 29.49 (CHy), 29.31 (CHy), 29.22
(CHy), 28.59 (CHy), 27.21 (CHy), 26.66 (CHy), 25.89 (CHy), 24.96 (CH,CH.CO),
22.65 (CH2CH3 dodecyl), 14.08 (CH3 dodecyl), 11.59 ((CH3CH2)2N).

Octyl 6-(pyrrolidin-1-yl)hexanoate (8). Yield: 71 %; b.p. 127-136 °C at 0.03
kPa. Ana. Calcd. for C1gH3sNO2: C, 72.68; H, 11.86; N, 4.71; O, 10.76 %.
Found: C, 72.56; H, 11.92; N, 4.61; O, 10.82 %. IR (CHCls, cm1): 2930, 2858,
2801, 1724, 1466, 1352, 1270. IH-NMR (300 MHz, CDCl3, 6 / ppm): 4.04 (2H,
t, J=6.7 Hz, OCH>), 2.51-2.35 (6H, m, (CH2)2N pyrr. + NCH> acyl), 2.30 (2H,
t, J = 7.5 Hz, CH,CO), 1.79-1.73 (4H, m, 2 CH>), 1.69-1.46 (6H, m, 3 CH)),
1.40-1.19 (14H, m, 7 CHy), 0.87 (3H, t, J = 6.9 Hz, CH3). 13C-NMR (75 MHz,
o / ppm): 173.59 (CO), 64.40 (OCH>), 56.40 (NCH. acyl), 54.20 ((CH2)2N pyrr.),
34.30 (CH2CO), 31.79 (CHoCHoCHg), 29.22 (CH» alkyl), 29.20 (CH»> akyl),
28.80 (OCH2CHp>), 28.66 (NCH>CH» acyl), 27.29 (CH2(CH»)»,CO), 25.95
(O(CH2)2CH>), 24.99 (CH2CH»CO), 23.40 ((CH2)2CHoN pyrr., i.e., 2 SCH2
pyrr.), 22.66 (CH>CH3), 14.13 (CH3).

Decyl 6-(pyrrolidin-1-yl)hexanoate (9). Yield: 62 %; b.p.150-155 °C at 0.02
kPa. Anal. Cacd. for CyoH3gNOo: C, 73.79; H, 12.08; N, 4.30; O, 9.83 %.
Found: C, 73.67; H, 12.15; N, 4.21; O, 9.91 %. IR (CHCls, cm1): 2929, 2858,
2800, 1724, 1467, 1353, 1272. I1H-NMR (300 MHz, CDCl3, 6 / ppm): 4.07 (2H,
t, J = 6.8 Hz, OCH>), 2.51-2.34 (6H, m, (CH2)2N pyrr.+ NCH» acyl), 2.29 (2H,
t, J = 7.5 Hz, CH,CO), 1.79-1.73 (4H, m, 2 CH>), 1.68-1.45 (6H, m, 3 CH)),
1.41-1.16 (16H, m, 8 CHy), 0.87 (3H, t, J = 6.7 Hz, CH3). 13C-NMR (75 MHz,
o/ ppm): 173.61 (CO), 64.40 (OCH>), 56.42 (NCH> acyl), 54.21((CH2)2N pyrr.),
34.33 (CH2CO), 31.92 (CH2oCH2CHg), 29.66 (CH» alkyl), 29.62 (CH> akyl),
29.57 (CH» dkyl), 29.35 (CH» akyl), 29.29 (CH» alkyl), 28.79 (OCH>CHy>),
28.68 (NCH2CH» acyl), 27.31 (CHy(CH2)2CO), 25.98 (O(CH»2)2CHy), 25.01
(CH2CH2CO), 23.42 ((CH2)2CH2N pyrr., i.e., 2 SCHo pyrr.), 22.73 (CH2CH3),
14.18 (CHa3).
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Undecyl 6-(pyrrolidin-1-yl)hexanoate (10). Yield: 66 %; b.p. 169-170 °C at
0.04 kPa. IR (CHClI3, cm1): 2928, 2856, 2801, 1724, 1466, 1352, 1275; 1H-
-NMR (300 MHz, CDCl3, ¢ / ppm): 4.04 (2H, t, J = 6.8 Hz, OCHy), 2.51-2.35
(m, 6H, (CH2)2N pyrr.+ NCH» acyl), 2.29 (2H, t, J = 7.5 Hz, CH,CO), 1.81-1.71
(4H, m, 2 CHp), 1.69-1.47 (6H, m, 3 CHp); 1.40-1.18 (18H, m, 9 CHy), 0.87
(3H, t, J = 6.6 Hz, CH3). 13C-NMR (75 MHz, 6 / ppm): 173.57 (CO), 64.37
(OCHy), 56.40 (NCH»> acyl); 54.21 ((CH2)2N pyrr.), 34.30 (CH,CO), 31.92
(CH2CH2CHg); 29.62 (CH> alkyl); 29.60 (CH» akyl), 29.55 (CH> akyl), 29.35
(CH2 alkyl), 29.28 (CH> akyl), 28.81 (OCH2CH>), 28.66 (NCH>CH, acyl), 27.29
(CH2(CH2)2CO), 25.96 (O(CH2)2CH2), 25.00 (CH2CH,CO), 23.41
((CH2)2CH2N pyrr., i.e., 2 SCH2 pyrr.), 22.71 (CHoCH3), 14.17 (CH3).

Dodecyl 6-(pyrrolidin-1-yl)hexanoate (11). Yield 49 %; b.p. 182-183 °C at
0.04 kPa. Anal. Calcd. for CooH43NOo: C, 74.73; H, 12.26; N, 3.96; O, 9.05 %.
Found: C, 74.68; H, 12.35; N, 3.89; O, 9.11 %. IR (CHCl3, cm™1): 2928, 2856,
2801, 1724, 1466, 1352, 1275. IH-NMR (300 MHz, CDCl3, 6 / ppm): 4.04 (2H,
t, J = 6.8 Hz, OCHy), 2.52-2.37 (6H, m, (CH2)2N pyrr. + NCH> acyl), 2.30 (2H,
t, J = 7.4 Hz, CH,CO), 1.81-1.71 (4H, m, 2 CHy), 1.70-1.46 (6H, m, 3 CHy),
1.42-1.17 (20H, m, 10 CHy), 0.87 (3H, t, J = 6.8 Hz, CH3). 13C-NMR (75 MHz,
o/ ppm): 173.61 (CO). 64.40 (OCH)), 56.42 (NCH2 acyl), 54.22 (CH>2)2N pyrr.),
34.33 (CH2CO), 31.95 (CH2CH2CH3g), 29.69 (CH» akyl), 29.67 (CH> akyl),
29.62 (CH2 akyl), 29.57 (CH> alkyl), 29.39 (CH> alkyl), 29.30 (CH2 akyl), 28.81
(OCH2CHpy), 28.69 (NCH2CH> acyl), 27.32 (CH2(CH2)2CO), 25.98 (O(CH2)2CHy),
25.02 (CH2CH2CO), 23.43 ((CH2)2CH2N pyrr., i.e., 2 fCH2 pyrr.), 22.74
(CH2CH3), 14.19 (CH3y).

Octyl 6-(piperidin-1-yl)hexanoate (12). Yield: 62 %; b.p.163 °C at 0.04-0.05
kPa; Anal. Calcd. for C19H37NOy: C, 73.26; H, 11.97; N, 4.50; O, 10.27 %.
Found: C, 73.18; H, 12.05; N, 4.43; O, 10.39 %. IR (CHCl3, cm1): 2934, 2858,
1724, 1469, 1456, 1378, 1271, 1258. 1H-NMR (300 MHz, CDCls, 6 / ppm): 4.04
(2H, t, J = 6.5 Hz, OCHy), 2.41-2.20 (8H, m, (4 CHy), 1.69-1.37 (12H, m, 6
CHj), 1.36-1.20 (12H, m, 6 CH5), 0.88 (3H, t, J = 6.8 Hz, CH3). 13C-NMR (75
MHz, CDCl3, ¢ / ppm): 173.61 (CO); 64.39 (OCHy>), 59.35 (NCH> acyl), 54.63
((CH2)2N piperid.), 34.33 (CH2CO), 31.81 (CHy); 29.25 (CH2) 29.22 (CH)),
28.67 (CHy), 27.33 (NCH2CHy), 26.68 (CHy); 26.04 (CHy), 25.97 (CHy), 25.02
(CH2CH2CO), 24.54 (CH)), 22.68 (CH2CH3); 14.15 (CH3).

2-Octyl 6-(piperidin-1-yl)hexanoate (13). Yield: 68 %; pae yellow oil. Anal.
Calcd. for C1gH37NO2: C, 73.26; H, 11.97; N, 4.50; O, 10.27 %. Found: C,
73.21; H, 12.08; N, 4.41; O, 10.34 %. IR (CHCl3, cm1): 2936, 2858, 1725,
1469, 1456, 1378, 1271, 1257. IH-NMR (300 MHz, CDCl3, § / ppm): 4.98-4.82
(1H, m, OCH), 2.43-2.20 (8H, m, 4 CH») 1.69-1.37 (12H, m, 6 CHy), 1.36-1.13
(13H, m, 5 CHy + CHCH3), 0.87 (3H, t, J = 6.80 Hz, termina CHz3). 13C-NMR
(75 MHz, CDCl3, 6 / ppm) 173.17 (CO), 70.71 (OCH), 59.37 (NCH2 acyl), 54.63
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((CH2)2N piperid.), 35.96 (OCHCHy), 34.69 (CH2CO), 31.78 (CH)), 29.14
(CH>»), 27.32 (NCH2CHy), 26.70 (CHy), 26.04 (CH>), 25.41 (OCHCH>CH)y),
25.10 (CH2CH2CO), 24.54 (CH2(CH2)2 piperid.), 22.62 (CH>CH3), 20.06
(OCHCH3), 14.13 (CH2CH3).

Nonyl 6-(piperidin-1-yl)hexanoate (14). Yield: 47 %; pale yellow oil. Anal.
Calcd. for CogH3gNO»: C, 73.79; H, 12.08; N, 4.30; O, 9.83 %. Found: C, 73.69;
H, 12.15; N, 4.24; O, 9.94 %. IR (CHCls, cm1): 2934, 2857, 1724, 1468, 1456,
1378, 1271, 1257. 1H-NMR (300 MHz, CDCl3, 6 / ppm): 4.03 (2H, t, J = 6.7 Hz,
OCHy), 2.41-2.21 (8H, m, 4 CH»), 1.70-1.18 (26H, m, 13 CH>), 0.86 (3H, t,J =
= 6.7 Hz, CH3). 13C-NMR (75 MHz, CDCl3, § / ppm): 173.81 (CO), 64.38
(OCHy), 59.30 (NCH> acyl), 54.57 ((CH2)2N piperid.), 34.25 (CH>CO), 31.80
(CHy), 29.43 (CH>), 29.20 (CHy), 29.19 (CHy), 28.58 (CHy), 27.24 (CH>), 26.56
(CHyp), 25.91 (CHy), 25.88 (CH)), 24.92 (CH2CH2CO), 24.42 (CHy), 22.61
(CH2CH3), 14.06 (CH3).

Decyl 6-(piperidin-1-yl)hexanoate (15). Yield: 55 %; pale yellow oil. Anal.
Calcd. for Cp1H41NOo: C, 74.28; H, 12.17; N, 4.13; O, 9.42 %. Found: C, 74.18;
H, 12.25; N, 4.07; O, 9.53 %. IR (CHCIl3 cm1): 2931, 2857, 1724, 1468, 1456,
1378, 1271, 1258. 1H-NMR (300 MHz, CDCl3, § / ppm): 4.04 (2H, t, J = 6.7 Hz,
OCHy), 2.38-2.30 (4H, m, 2 CH»), 2.26 (2H, t, J = 7.7 Hz, CH»>CO), 1.67-1.48
(10H, m, 5 CH»), 1.35-1.24 (20H, m, 10 CHy), 0.87 (3H, t, J = 6.7 Hz, CH3).
13C-NMR (75 MHz, CDCl3, § / ppm): 173.86 (CO), 64.41 (OCH>), 59.36 (NCH>
acyl), 54.62 ((CH2)2N piperid.), 34.29 (CH2CO), 31.89 (CHy), 29.62 (CHy),
29.61 (CHy), 29.55 (CH>), 29.51 (CH>), 29.33 (CHy), 29.24 (CH>); 28.61 (CH>),
27.27 (CHy), 26.62 (CHj), 25.97 (CH»), 25.91 (CHy), 24.95 (CH2CH>CO),
24.47 (CHy), 22.66 (CH2CH3), 14.10 (CH3).

Undecyl 6-(piperidin-1-yl)hexanoate (16). Yield 53 %; pale yellow oil. Anal.
Calcd. for CooH43NOo: C, 74.73; H, 12.26; N, 3.96; O, 9.05 %. Found: C, 74.68;
H, 12.35; N, 3.88; O, 9.12 %. IR (CHCl3, cm1): 2927. 2856, 1724, 1468, 1457,
1378, 1271, 1258. 1H-NMR (300 MHz, CDCls3, 6 / ppm): 4.04 (2H, t, J = 6.7 Hz,
OCHy), 2.40-2.24 (8H, m, 4 CH>), 1.68-1.25 (30H, m, 15 CH>), 0.87 (3H, t,J =
= 6.6 Hz, CH3). 13C-NMR (75 MHz, CDCl3, ¢ / ppm): 174.11 (CO), 64.67
(OCHy), 59.57 (NCH2 acyl), 54.84 ((CH2)2N piperid.), 34.54 (CH,CO), 32.14
(CH>), 31.82 (CH>), 29.84 (CH>); 29.81 (CH>), 29.76 (CH>), 29.57 (CH>), 29.49
(CH>), 28.87 (CH)>), 27.52 (CH>), 26.83 (CH>), 26.18 (CH>), 25.20 (CH>), 24.69
(CHy), 22.89 (CH,CH3); 14.36 (CH3).

Dodecyl 6-(piperidin-1-yl)hexanoate (17). Yield: 78 %; pale yellow ail.
Anal. Calcd. for CogHssNO2: C, 75.15; H, 12.34; N, 3.81; O, 8.70 %. Found: C,
75.08; H, 12.42; N, 3.75; O, 8.79 %. IR (CHCl3, cm1): 2930, 2856, 1724, 1468,
1457, 1378, 1271, 1258; 1H-NMR (300 MHz, CDCl3, 6 / ppm): 4.05 (2H, t, J =
= 6.7 Hz, OCHy), 2.40-2.24 (8H, m, 4 CH>), 1.69-1.26 (32H, m, 16 CH>), 0.88
(3H, t, J = 6.6 Hz, CH3). 13C-NMR (75 MHz CDCl3, 6 / ppm): 173.86 (CO),
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64.41 (OCHpy), 59.36 (NCH2 acyl), 54.62 ((CH2)2N piperid.), 34.29 (CH,CO),
31.89 (CHy), 29.62 (CHy), 2961 (CHy), 2955 (CHy), 2951 (CHy), 29.33(CHy),
2923 (CHy), 28.61 (CHy), 27.27 (NCH2CH, acyl), 26.62 (CHy), 25.97 (CHy),
25.91 (CHy), 24.95 (CH,CH2CO), 24.47 (CHy), 22.66 (CH2CH3), 14.10 (CHJ).

Octyl 6-(morpholin-4-yl)hexanoate (18). Yield: 58 %, b.p. 161-163 °C at

0.04-0.05 kPa. Anal. Cdcd. for C1gH3sNO3: C, 68.97; H, 11.25; N, 4.47; O,
15.31 %. Found: C, 69.08; H, 11.33; N, 4.38; O, 15.39 %. IR (CHCl3, cm1):
2930, 2859, 1724, 1468, 1373, 1287, 1258. IH-NMR (300 MHz, CDCl3, 6 / ppm):
4.04 (2H, t, J = 6.7 Hz, OCH akyl), 3.70 (4H, t, J = 4.6 Hz, O(CH2CH>)2N),
2.41 (4H, t, O(CH2CH2)2N), 2.30-2.26 (4H, m, CH,CO + NCH» acyl), 1.73—-
1.41 (6H, m, 3 CH5), 1.40-1.18 (12H, m, 6 CH>), 0.87 (3H, t, J = 6.8 Hz, CH3).
13c-
-NMR (75 MHz, CDCl3, ¢ / ppm): 173.53 (CO), 66.93 ((CH2)>0 morph.), 64.41
(OCHy), 58.86 (NCH2 acyl), 53.74 ((CH2)2N morph.), 34.28 (CH>CO), 31.79
(CH2CH2CHg), 29.23 (CHy), 29.21 (CHy), 28.66 (OCH,CH>), 27.05 (NCH,CH>
acyl), 26.26 (CH2(CH2)2CO), 25.95 (O(CH2)2CHpy), 24.93 (CH,CH2CO), 22.67
(CH2CH3), 14.15 (CH3).

Nonyl 6-(morpholin-4-yl)hexanoate (19). Yield 56 %; b.p. 175-179 °C at
0.04-0.06 kPa. Anal. Calcd. for C19H37NO3: C, 69.68; H, 11.39; N, 4.28; O,
14.66 %. Found: C, 69.78; H, 11.43; N, 4.19; O, 14.69 %. IR (CHCI3, cm1):
2928, 2858, 1725, 1467, 1375, 1287, 1259. 1H-NMR (300MHz, CDCls, 6 /
ppm): 4.15-3.95 (2H, m, OCHy), 3.70 (4H, t, J = 6.8 Hz, O(CH2CH>)2N), 2.41
(4H, t, J = 4.5 Hz, O(CH,CH2)2N), 2.34-2.24 (4H, m, CH>CO + NCH, acyl),
1.70-1.43 (6H, m, 3 CHy), 1.39-1.19 (14H, m, 7 CH>), 0.87 (3H, t, J = 6.8 Hz,
CH3). 13C-NMR (75 MHz, CDCl3, 6 / ppm): 173.52 (CO), 66.94 ((CH2),0 morph.),
64.41 (OCHpy), 58.87 (NCH> acyl), 53.75 ((CH2)2N morph.), 34.28 (CH2CO),
31.91 (CH2CH,CH3), 29.55 (CHy), 29.33 (CHp), 29.27 (CHy), 28.66 (OCH2CH)),
27.05 (NCH2CH2 acyl), 26.27 (CH2(CH2)2C0O), 25.96 (O(CH2)2CHy), 24.94
(CH2CH2CO), 22.71 (CH2CH3), 14.17 (CH3).

Decyl 6-(morpholin-4-yl)hexanoate (20). Yield 48 %; b.p. 150 °C at 0.02
kPa. Anal. Calcd. for CogH3gNO3: C, 70.33; H, 11.51; N, 4.10; O, 14.05 %.
Found: C, 70.44; H, 11.63; N, 4.08; O, 14.11 %. IR (CHCl3, cmr1): 2929, 2857,
1724, 1467, 1375, 1287, 1258. 1H-NMR (300 MHz, CDCl3, § / ppm): 4.05 (2H,
t, J = 6.7 Hz, OCHy), 3.71 (4H, t, J = 5.0 Hz, O(CH2CH2)2N), 2.42 (4H, t, J =
= 4.5 Hz, O(CH,CH>)2N), 2.35-2.27 (4H, m, CH2CO + NCH> acyl), 1.72-1.44
(6H, m, 3 CHy), 1.42-1.17 (16H, m, 8 CH>), 0.87 (3H, t, J = 6.7 Hz, CH3). 13C-
-NMR (75 MHz, CDCl3, ¢ / ppm): 173.52 (CO), 66.93 ((CH2)>0 morph.), 64.41
(OCHy), 58.85 (NCH> acyl), 53.74 ((CH2)2N morph.), 34.26 (CH>CO), 31.86
(CH2CH2CH3), 29.50 (CHyp), 29.44 (CHy), 29.27 (CHy), 29.25 (CHy), 28.66
(OCH2CHj), 27.04 (NCH2CH» acyl), 26.26 (CH2(CH2)2CO), 25.95
(O(CH2)2CHy), 24.93 (CH2CH2CO), 22.69 (CH2CH3), 14.16 (CH3).
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Undecyl 6-(morpholin-4-yl)hexanoate (21). Yield 43 %; b.p. 180 °C at 0.055
kPa. Anal. Cacd. for Co1H41NO3: C, 70.94; H, 11.62; N, 3.94; O, 13.50 %.
Found: C, 71.08; H, 11.73; N, 3.82; O, 13.59 %. IR (CHCl3, cm1): 2928, 2857,
1725, 1467, 1375, 1287, 1259. IH-NMR (300 MHz, CDCl3, 6 / ppm): 4.07 (2H,
t, J = 6.8 Hz, OCH>), 3.71 (4H, t, J = 4.9 Hz, O(CH2CH>)2N), 2.41 (4H, t, J =
= 5.7 Hz, O(CH,CH>2)2N), 2.35-2.23 (4H, m, CH>CO + NCH> acyl), 1.73-1.42
(6H, m, 3 CHy), 1.40-1.15 (18H, m, 9 CHy), 0.86 (3H, t, J = 7.0 Hz, CH3). 13C-
-NMR (75 MHz, CDCl3, ¢ / ppm): 173.48 (CO), 66.92 ((CH2)20 morph.), 64.38
(OCHy), 58.81 (NCH> acyl), 53.73 ((CH2)2N morph.), 34.25 (CH»CO), 31.91
(CH2CH2CH3), 29.69 (CHy), 29.61 (CH>), 29.52 (CH>), 29.36 (O(CH2)3CHD>),
29.26 (CHy(CH2)2CH3), 28.64 (OCH2CH»), 27.03 (NCH>CH»> acyl), 26.22
(CH2(CH2)2CO0), 25.94 (O(CH2)2CH>), 24.98 (CH2CH2CO), 22.73 (CH2CH3),
14.18 (CH3).

Dodecyl 6-(morphoalin-4-yl)hexanoate (22). Yield 29 %; b.p. 178-182 °C at
0.03 kPa. Anal. Calcd. for CooHy3NO3: C, 71.5; H, 11.73; N, 3.79; O, 12.99 %.
Found: C, 71.58; H, 11.81; N, 3.65; O, 13.09 %. IR (CHCl3, cm1): 2927, 2856,
1724, 1467, 1374, 1287, 1257. 1H-NMR (300 MHz, CDCl3, 6 / ppm): 4.05 (2H,
t, J = 6.8 Hz, OCH»), 3.71 (4H, t, J = 4.9 Hz, O(CH2CH>)5N), 2.42 (4H, t, J =
= 4.4 Hz, O(CH2CH2)oN), 2.35-2.27 (4H, m, CH,CO + NCH; acyl), 1.73-1.43
(6H, m, 3 CHy), 1.41-1.19 (20H, m, 10 CH>), 0.88 (3H, t, J = 6.7 Hz, CH3). 13C-
-NMR (75 MHz, CDCl3, 6 / ppm): 173.47 (CO), 66.92 ((CH2)20 morph.), 64.38
(OCHy), 58.84 (NCH, acyl), 53.73 ((CH2)2N morph.), 34.25 (CH»CO), 31.91
(CH2CH2CH3), 29.65 (CH»), 29.64 (CH>), 29.58 (CH»), 29.54 (CH>), 29.36
(O(CH2)3CHy), 29.26 (CH2(CH2)2CH3g), 28.65 (OCH>CHy), 27.03 (NCH>CH»
acyl), 26.26 (CH2(CH2)2CO), 25.94 (O(CH2)2CHy), 24.92 (CH2CH»CO), 22.70
(CH2CH3), 14.16 (CH3).

6-(Dimethylamino)-N-octyl-hexanamide (24). Yield: 77 %; b.p.: 152 °C at
0.4 kPa. Anal. Calcd. for C1gH34N20: C, 71.06; H, 12.67; N, 10.36; O, 5.92 %.
Found: C, 71.12; H, 12.75; N, 10.54; O, 6.01 %. IR (KBr, cm1): 3449, 2930,
2859, 1660, 1518, 1467, 1378. IH-NMR (300 MHz, CDCl3, 6 / ppm): 5.60 (1H,
s, CONH), 3.21 (2H, g, J = 7.0, 13.1 Hz, CH>), 2.25-2.12 (10H, m, (CH3)oN + 2
CHy), 1.68-1.58 (2H, m, CH») 1.48-1.41 (4H, m, 2 CHy), 1.36-1.25 (12H, m, 6
CHy), 0.88 (3H, t, J = 6.7 Hz, CH3 octyl). 13C-NMR (75 MHz, CDCl3, § / ppm):
172.83 (CO), 59.52 ((CH3)2NCHy), 45.56 ((CH3)2N), 39.46 (CONHCHy>), 36.74
(CH>), 31.74 (CH>), 29.65 (CH>), 29.22 (CH>), 29.17 (CH>), 27.38 (CH>), 26.98
(CHy), 26.89 (CHy), 25.60 (CH5), 22.59 (CH>), 14.05 (CH3).

6-(Dimethylamino)-N-(1-methyl heptyl)-hexanamide (25). Yield: 54 %; b.p.:
176-178 °C at 0.6-0.8 kPa. Anal. Calcd. for C16H34N20: C, 71.06; H, 12.67; N,
10.36; O, 5.92 %. Found: C, 71.10; H, 12.73; N, 10.45; O, 5.87 %. IR (KBr, cnmr1):
3436, 2931, 2860, 1656, 1511, 1466, 1379. H-NMR (300 MHz, CDCl3, 6 /
/ ppm): 5.31 (1H, d, J = 8.8 Hz, CONH), 4.08-3.88 (1H, m, NHCH(CH3)CH>),
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2.32-2.20 (8H, m, (CH3)2N + CHb), 2.15 (2H, t, J = 7.3 Hz, CH»CO), 1.73-1.35
(16H, m, 8 CH»), 1.11 (3H, d, J = 6.6 Hz, NHCH(CH3)CH>), 0.88 (3H,t,J=6.4
Hz, CH3 terminal). 13C-NMR (75 MHz, CDCl3, § / ppm): 172.05 (CO), 59.57
((CH3)2NCHy), 45.38 (CONHCH), 45.08 ((CH3)2N), 37.05 (CONHCH(CH3)CH)),
36.94 (CH2CO), 31.75 (CH»), 29.14 (CHy), 27.34 (CH»), 27.00 (CH>), 25.97
(CHy), 25.67 (CH>), 22.53 (CH5), 21.02 (CONHCH(CH3)CH>), 13.97 (CH3
terminal).

6-(Dimethylamino)-N-nonyl-hexanamide (26). Yield 59 %; b.p. 211212 °C
at 0.7-0.8 kPa. Anad. Calcd. for C17H36N20: C, 71.77; H, 12.76; N, 9.85; O, 5.62
%. Found: C, 71.70; H, 12.81; N, 9.91; O, 5.55 %. IR (KBr, cm1): 3449, 2930,
2858, 1660, 1518, 1467, 1378. IH-NMR (300 MHz, CDCls;, 6 / ppm): 5.64 (1H,
s, CONH); 3.21 (2H, q, J = 7.0, 13.1 Hz, CH>), 2.24-2.11 (10H, m, (CH3)oN + 2
CH>), 1.67-1.57 (2H, m, CH»), 1.50-1.42 (4H, m, 2 CH»), 1.40-1.23 (14H, m, 7
CHJ>), 0.85 (3H, t, J = 6.7 Hz, CH3 nonyl). 13C-NMR (75 MHz, CDCl3, 6 / ppm):
173.10 (CO), 59.78 ((CH3)2NCH>); 45.71 ((CH3)2N) 39.72 (CONHCH)), 36.98
(CH>), 32.07 (CH>), 29.91 (CHy), 29.73 (CHy), 29.53 (CH>), 29.46 (CH>), 27.64
(CHy), 27.24 (CH>), 27.16 (CH>), 25.87 (CH>), 22.87 (CH>), 14.33 (CH3).

6-(Dimethylamino)-N-decyl-hexanamide (27). Yield 69 %; colorless powder,
m.p. 3640 °C, b.p. 173-175 °C at 0.03 kPa. Anal. Calcd. for C1gH3gN20: C,
72.42; H, 12.83; N, 9.38; O, 5.36 %. Found: C, 72.35; H, 12.81; N, 9.45; O, 5.28 %.
IR (KBr, c1): 3449, 2928, 2856, 1660, 1518, 1467, 1378. 1H-NMR (300 MHz,
CDCl3, ¢ / ppm): 5.60 (1H, s, (CONH), 3.21 (2H, g, J = 7.0, 13.2 Hz, CH)>),
2.26-2.13 (10H, m, ((CH3)2N + 2 CH>), 1.67-1.57 (2H, m, CH>), 1.49-1.40 (4H,
m, 2 CH5), 1.38-1.21 (16H m, 8 CH>), 0.87 (3H, t, J = 6.7 Hz, CH3 decyl). 13C-
-NMR (75 MHz, CDCl3, § / ppm): 172.82 (CO), 59.51 ((CH3)oNCH>) 45.45
((CH3)2N), 39.46 (CONHCHy), 36.74 (CH2CO), 29.05 (CHy), 29.12 (CHy),
29.27 (CHy), 29.48 (CH>), 27.37 (CH>), 26.97 (CH>), 26.90 (CH>), 25.60 (CH>),
22.64 (CHy), 14.09 (CH3).

6-(Dimethylamino)-N-dodecyl-hexanamide (28). Yield 40 %; colorless
powder, m.p. 48-49 °C (48-50 °C).12 IR (KBr, cm1): 3449, 2927, 2856, 1660,
1518, 1467, 1377. 'H-NMR (300 MHz, CDCl3, 6 / ppm): 5.57 (1H s, (CONH),
3.21 (2H, q, J = 7.0, 13.1, CHy), 2.25-2.12 (10H, m, (CH3)2N + 2 CH)), 1.68—
1.58 (2H, m, CHy), 1.51-1.36 (2H, m, CH>), 1.35-1.23 (22H, m, 11 CH5), 0.86
(3H, t, J = 6.6 Hz, CH3 dodecyl). 13C-NMR (75 MHz, CDClg, § / ppm): 172.82
(CO), 59.51 ((CH3)2NCHb), 45.45 ((CH3)2N), 39.46 (CONHCH)), 36.74
(CH2CO) 31.87 (CHy), 29.65 (CHy), 29.61 (CHy), 29.59 (CHy), 29.58 (CHy),
29.55 (CHy), 29.31 (CHy), 29.27 (CHy), 27.37 (CH>), 26.97 (CH>), 26.90 (CH>),
25.60 (CHy), 22.64 (CH>), 14.09 (CHa3).

N-Decyl-6-(piperidin-1-yl)hexanamide (29). Yield: 40 %; colorless powder,
m.p. 36-40 °C. Anal. Calcd. for Co1H4oN20: C, 74.5; H, 12.5; N, 8.27; O, 4.73 %.
Found: C, 74.39; H, 12.53; N, 8.38; O, 4.61 %. IR (CHCls, cm1): 3450, 2930,
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2856, 1660, 1518, 1468, 1377. 1H-NMR (300 MHz, CDCl3, ¢ / ppm): 5.51 (1H,
s, NH), 3.24-3.17 (2H, g, CHy), 2.33 (4H, s, 2 CH)), 2.25 (2H, t, J = 7.7 Hz,
NCH>), 2.14 (2H, t, J = 7.6 Hz, CH,>CO), 1.68-1.23 (28H, m, 14 CH>), 0.86 (3H,
t, J = 6.6 Hz, CH3). 13C-NMR (75 MHz, CDCl3, 6 / ppm): 172.84 (CO), 59.34
(CH2(CH2CHo)2N), 54.61 (NCH» acyl), 39.45 (CONHCHy), 36.74 (CH»CO),
31.84 (CONHCH>CHy), 29.65 (CHy), 29.50 (CH>), 29.27 (CH>), 27.30 (CH>),
26.89 (CH»), 26.63 (CHyp), 25.95 (CHj), 25.70 (CH»), 24.44 (CH)), 22.64
(CH2CHg3), 14.08 (CH3).

N-Dodecyl-6-(piperidin-1-yl)hexanamide (30). Yield: 38 %,; colorless pow-
der, m.p. 4549 °C. Anal. Calcd. for Cp3HzgN20: C, 75.35; H, 12.65; N, 7.64; O,
4.36 %. Found: C, 75.28; H, 12.73; N, 7.74; O, 4.29 %. IR (CHClI3, cm1): 3449,
2931, 2856, 1660, 1518, 1468, 1377. 1H-NMR (300 MHz, CDCl3, 6 / ppm): 5.50
(1H, s, NH), 3.24-3.18 (2H, q, CH»), 2.33 (4H, s, 2 CH»), 2.26 (2H, t,J = 7.8
Hz, NCHy), 2.14 (2H, t, J = 7.6 Hz, CH,CO), 1.68-1.24 (32H, m, 16 CH>), 0.86
(3H, t, J = 6.7 Hz, CH3). 13C-NMR (75 MHz, CDCl3, ¢ / ppm): 172.83 (CO),
59.35 (CH2(CH2CH>)2N), 54.62 (NCH> acyl), 39.46 (CONHCH>), 36.76 (CH2CO),
31.88 (CONHCH2CHy), 29.66 (CH>), 29.61 (CH>), 29.60 (CH>), 29.55 (CH>),
29.52 (CHy), 29.31 (CH>), 29.28 (CH>), 27.30 (CH>), 26.90 (CH>), 26.64 (CH>),
25.96 (CHy), 25.70 (CHy), 24.45 (CHy), 22.65 (CH>CH3), 14.10 (CH3).

6-(Mor pholin-4-yl)-N-octyl-hexanamide (31). Yield 28 %,; b.p. 225-230 °C
at 0.2 kPa. Anal. Calcd. for C1gH3sN205: C, 69.18; H, 11.61; N, 8.96; O, 10.24
%. Found: C, 69.28; H, 11.73; N, 9.04; O, 10.29 %. IR (CHCI3, cm1): 3449,
2930, 2857, 1660, 1518, 1467, 1459, 1373. 1H-NMR (300 MHz, CDCls3, ¢ /
/ ppm): 5.58 (1H, s, CONH), 3.72 (4H, t, O(CH2CH>)-N), 3.20 (2H, g, J = 7.2,
12.8 Hz, CH>), 2.39 (4H, t, J = 4.5 Hz, O(CH2CH)oN), 2.32 (2H, t, J = 7.7 Hz,
NCH> acyl), 2.13 (2H, t, J = 7.6 Hz, CH»CO), 1.70-1.55 (2H, m, CH,CH>CO),
1.52-1.41 (4H, m, 2 CHy), 1.38-1.25 (12H, m, 6 CH5), 0.88 (3H, t, J = 6.7 Hz,
CH3). 13C-NMR (75 MHz, CDCls, § / ppm): 172.72 (CO), 66.75
(O(CH2CH»2)2N), 58.80 (NCH» acyl), 53.54 (O(CH2CH2)>N), 39.44
(CONHCHy), 36.55 (CH>CO0), 31.82 (CHy), 29.71 (CHy), 29.48 (CHy), 29.28
(CHy), 27.11 (CH>), 26.86 (CH>), 26.19 (CH>), 25.63 (CH>), 22.60 (CH>), 14.05
(CH3).

6-(Morphoalin-4-yl)-N-nonyl-hexanamide (32). Yield 41 %; colorless pow-
der, m.p. 4147 °C, b.p. 201-203 °C at 0.05 kPa. Anal. Calcd. for C19H3gN205:
C, 69.89; H, 11.73; N, 8.58; O, 9.80 %. Found: C, 69.95; H, 11.83; N, 8.64; O,
9.91 %. IR (CHCI3, cmr1): 3449, 2930, 2858, 1661, 1518,1467, 1459, 1375. 1H-
-NMR (300 MHz, CDCl3, 6 / ppm): 5.45 (1H, s, CONH), 3.70 (4H, t, J = 4.7 Hz,
O(CH2CH)2N), 3.21 (2H, g, J = 7.1, 12.9, CH»), 240 (4H, t, J = 4.4 Hz,
O(CH2CHJ)2N), 2.31 (2H, t, J = 7.7 Hz, NCH> acyl), 2.14 (2H, t, J = 7.6 Hz,
CH»CO), 1.69-1.59 (2H, m, CH,CH2CO), 1.54-1.44 (4H, m, 2 CH>), 1.37-1.24
(14H, m, 7 CHy), 0.86 (3H, t, J = 6.7 Hz, CH3). 13C-NMR (75MHz, CDCl3, 6 /
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/ ppm): 172.73 (CO), 66.95 (O(CH2CH>)2N), 58.88 (NCH»> acyl), 53.73
(O(CH2CH2)2N), 39.46 (CONHCH)), 36.73 (CH2CO), 31.81 (CH>), 29.65 (CH>),
29.47 (CHy), 29.26 (CH>), 29.20 (CH>), 27.11 (CHy), 26.88 (CH>), 26.27 (CH>),
25.65 (CHy), 22.62 (CH>CH3), 14.08 (CH3).

N-Decyl-6-(morpholin-4-yl)hexanamide (33). Yield 44 %; colorless powder,
m.p. 4548 °C. And. Cdcd. for CogHggN202: C, 70.54; H, 11.84; N, 8.23; O, 9.40
%. Found: C, 70.65; H, 11.75; N, 8.14; O, 9.51 %. IR (CHCls, cnm1): 3449,
2930, 2857, 1660, 1518, 1467, 1459, 1378. 1H-NMR (300 MHz, CDCl3, 6 /
/ ppm): 5.45 (1H, s, CONH), 3.70 (4H, t, J = 4.7 Hz, O(CH>CH>)2N), 3.21 (2H,
g,J=7.1, 129 Hz, CHy), 2.40 (4H, t, J = 4.4 Hz, O(CH2>CH>2)2N), 2.31 (2H, t,
J = 7.7 Hz, NCH» acyl), 2.14 (2H, t, J = 7.6 Hz, CH»CO), 1.69-1.59 (2H, m,
CH>CH>CO), 1.54-1.44 (4H, m, 2 CHy), 1.37-1.24 (14H, m, 7 CH>), 0.86 (3H,
t, J = 6.7 Hz, CH3). 13C-NMR (75 MHz, CDCls3, ¢ / ppm): 172.72 (CO), 66.74
(O(CH2CH2)2N), 58.76 (NCH2 acyl), 53.60 (O(CH2CH»)2N), 39.43 (CONHCH)),
36.60 (CH2CO), 31.80 (CH»), 29.59 (CHy), 29.47 (CHy), 29.46 (CH>), 29.43
(CH>), 29.22 (CH>), 26.98 (CH>), 26.85 (CH>), 26.05 (CH>), 25.55 (CH>), 22.59
(CH2CH3), 14.04 (CH3).

N-Dodecyl-6-(mor pholin-4-yl)hexanamide (34). Yield 50 %; colorless pow-
der, m.p. 48-53 °C. Anal. Calcd. for CooHg4N202: C, 71.69; H, 12.03; N, 7.6; O,
8.68 %. Found: C, 71.58; H, 11.93; N, 7.54; O, 8.71 %. IR (CHClI3, cm1): 3449,
2930, 2858, 1660, 1518, 1467, 1459, 1376. 1H-NMR (300 MHz, CDCl3,  / ppm):
5.56 (1H, s, CONH), 3.77 (4H, t, J = 4.6 Hz, O(CH2CH>)2N), 3.22 (2H, q, J =
= 13.2 Hz, 6.6 Hz, CH>), 2.43 (4H, t, J= 7.5 Hz, O(CH2CH>2)2N), 2.34 (2H, t, J =
= 4.6 Hz, NCH» acyl), 2.17 (2H, t, J = 7.51 Hz, CH»CO), 1.65-1.12 (26H, m, 13
CHy), 0.87 (3H, t, J = 6.42, CH3). 13C-NMR (75 MHz, CDCl3, § / ppm): 172.70
(CO), 66.43 (O(CH2CH>)2N), 58.65 (NCH2 acyl), 53.49 (O(CH2CH»),N), 39.55
(CONHCHy), 36.55 (CH>CO), 31.88 (CH>), 29.69 (CH>), 29.59 (CHy), 29.55
(CH>), 29.30 (CH>), 29.01 (CHy), 28.93 (CHy), 27.82 (CH>), 26.93 (CH>), 26.56
(CH>), 25.64 (CH>), 25.43 (CH>), 22.64 (CH2CH3), 14.03 (CH3).
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Abstract: Novel acid mono azo and mordent acid mono azo dyes were syn-
thesised by the coupling of diazonium salt solution of different aromatic ami-
nes with 2-hydroxy-4-methoxybenzophenone. The resulting dyes were charac-
terized by spectral techniques, i.e., elemental analysis, IR, TH-NMR and UV-
—visible spectroscopy. The dyeing performance of al the dyes was evaluated
on wool and silk fabrics. The dyeing of chrome pre-treated wool and silk fab-
rics showed better hues on mordented fabrics. Dyeing of wool and silk fabrics
resulted in pinkish blue to red shades with very good depth and levelness. The
dyed fabrics showed excellent to very good light, washing, perspiration, sub-
limation and rubbing fastness. The results of antibacterial studies of chrome
pre-treated fabrics revealed that the toxicity of mordented dyes against
Escherichia coli, Staphylococcus aureus, Salmonella typhi, Bacillus subtilis
bacteriawas fairly good.

Keywords: acid azo dye; mordent acid azo dye; light fastness; washing fastness.

INTRODUCTION

Traditionally, azo dyes are the most important class of commercia dyes, oc-
cupying more than half of the dye chemistry, which contain phenols as interme-
diates.16 If they contain sodium salts of a sulphonic acid group in addition to a
phenoalic group, they are referred as an acid azo dye. All such dyes having pheno-
lic and sulphonic acid moieties, contain hydroxyl (-OH) and sulphonic (—SO3H)
groups as auxochromic groups. Such an auxochromic (—OH) and chromophoric
(C=0) groups-containing compound, i.e., 2-hydroxy-4-methoxybenzophenone,
has shown wide applications as a polymer additive.”9 It is also known for its ex-

* Corresponding author. E-mail: dixits20002003@yahoo.co.in
doi: 10.2298/JSC090704039D
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606 DIXIT etal.

cellent UV absorbing capacity, as it prevents the photo-degradability of most vi-
nyl polymers.10-12 The acid mono azo dyes and mordent mono azo dyes forma-
tion based on this compound has not been developed except in afew patents.13-16
Considering the above-mentioned importance of 2-hydroxy-4-methoxybenzophe-
none, it was planned to explore the field of acid azo dyes based on this com-
pound, which may yield dyes with good hue properties.

Hence, in continuation of earlier work,17.18 the present communication com-
prises the synthesis, characterization and dyeing assessment of novel acid mono
azo and mordent acid mono azo dyes based on 2-hydroxy-4-methoxybenzophe-
none. The proposed synthetic route is shown in Scheme 1.

NaNO, / HCI
Ar— NH2

Ar—I:TENél
) . 0-5°
Aromatic Amine Diazonium Salt

0
H,CO OH 0-5°C

O

N
" N
H,CO OH

Dye (D, -Dy)

Scheme 1. Proposed synthetic route for the 2-hydroxy-4-methoxybenzophenone
based dyes (Dl—D7).

EXPERIMENTAL

All the employed chemicals were of analytical reagent grade. The aromatic amines
shown in Table | were used for diazotization. Wool and silk fabrics were gifted by Color Tax
(Pvt) Ltd., Surat, India. Melting points were determined by the open capillary method and are
given uncorrected. The UV—-visible absorption spectra were measured on a Carl Zeiss UV/Vis
Specord spectrometer, and the elemental analysis was realized using a Perkin Elmer CHNS/O
Anayzer 2400 Series I1. The infrared spectra were recorded in KBr pellets on a Perkin—Elmer
Spectrum GX FT-IR model. The *H-NMR spectra were recorded on Hitachi R-1500 (400
MHZz) in DMSO-dg solvent and thin layer chromatography (TLC) was run on aluminium
sheets pre-coated with silica gel 60 F,s, (Merck, Germany) using a methanol—-water—acetic
acid (12:3:7) solvent system. The colour spots were visualized by a UV cabinet. A HTHP
dyeing machine (model LL) was used for dyeing.

Synthesis of acid mono azo dyes

Diazotization. Diazotization of various aromatic amines (shown in Table 1) was per-
formed by a reported method. 1920
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DYEING ASSESSMENT OF NOVEL ACID AZO DYES 607

Accordingly, each of the aromatic amines (3.19 g, 0.010 mol) was mixed with HCI (25
mL, 37 %) in a mortar, transferred to a 3-neck round bottom flask, and additional HCI (20
mL., 37 %) was added. To the resultant suspension, crushed ice (25 g) and NaNO, (2.5 mL, 4
M) were added. Diazotization was realized over 0.5 h at 0-5 °C under continuous stirring. The
complete synthetic route is shown in Scheme 1 and the structures of the various aromatic ami-
nes and the corresponding dyes are shown in Tablel.

TABLE I. Structures of the aromatic amines and corresponding acid azo dyes

Dye Aromatic amine Acid azo dye structure
D, HO5S,
OH NH, O o o O
P
HO5S SO4H N OH
HO;S
HsCO
D, HO5S
- O
CO ar
Y
HO N O OH
OH
HsCO
D, HO,S
NH, OH
O o9 2
0 o5 ),
(e
SO4H
HsCO
D, Q
N
Y
o
HO;S
HaCO
Ds SOzH o
O O
e
(0 W
H,CO
D6 COOH o]
O
NH, N\\
N OH
HsCO
D- Q
NH,
HO;S N
W\
o
HO5S
HaCO
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608 DIXIT etal.

Coupling procedure. The coupling of above mentioned diazotized aromatic amines (as
shown in Table 1) was performed by a method reported in the literature.1%20 The general
procedure followed is given below: 2-hydroxy-4-methoxybenzophenone (2.15 g, 0.010 mol)
was dissolved in aqueous sodium hydroxide (100 mL, 0.10 M) solution. The clear solution
was cooled in an ice-salt bath and the diazonium salt solution of an aromatic amine was added
dropwise over a period of 30 min under vigorous stirring. The pH was maintained between 2.0
to 3.0 by the simultaneous addition of 10 % w/v sodium carbonate solution. Stirring was
continued for 2 h, allowing the temperature to rise to ambient. The dye was then filtered off
and dissolved in distilled water. Then the acid azo dye was obtained by the evaporation
procedure and subsequently dried at room temperature. The dyes were designated as acid
mono azo dyes (D1-D-).

Acid mono azo dyeing method

Wool and silk fabrics are conveniently dyed in the laboratory at 90-130 °C and at a high
pressure (166207 kPa). A model glycerine-bath, high-temperature beaker and HTHP (model
LL) dyeing machine were used. For this purpose, a paste of finely powdered acid azo dye
(0.060 g) was prepared with a dispersing agent dodamol (0.090 g), wetting agent Tween-80
(0.0060 g) and water (2.0 mL) in a ball mill. Water (10 mL) was added to this paste under
stirring and the pH was adjusted to 2.0-4.0 using acetic acid. This dye suspension (100 mL)
was added to a beaker provided with a lid and a screw cap. A wetted pattern of wool or silk
fabric was rolled into the beaker and the lid was placed on the beaker the metal cap tightened.
The beaker was then placed vertically on the rotatory carrier inside the tank and the clamp
plate was firmly tightened.

The rotatory carrier was then allowed to rotate in the glycerine-bath and the temperature
was raised to 90 °C at arate of 2 °C/min. The dyeing was continued for 1 h under pressure.
After cooling for 1 h, the beaker was removed from the bath and washed with distilled water.
The dyed pattern was thoroughly washed with cold water and dried at room temperature.

Mordent dyeing method

The wool and silk fabric dye pattern obtained from the above-mentioned process was
treated with potassium dichromate solution equal to half of the weight of the dye and it was
alowed to roll into the beaker and again the beaker was then placed vertically on the rotatory
carrier inside the tank and the dyeing was continued for 1 h under pressure. After cooling for 1
h, the beaker was removed from the bath and washed with cold distilled water. The dyed
pattern was thoroughly washed with warm water and air dried at room temperature.

Determination of the percentage exhaustion and fixation

The percentage exhaustion and fixation of the dyed fabrics were determined according to
the reported methods.?!
Fastness property

All the fastness properties of the synthesized dyes were assessed, i.e., the light, sublima-
tion and perspiration fastnesses according to the British standard: 1006-1978, the wash fast-
ness according to the Indian standard: 1S: 765-1979 and the rubbing fastness using a Crock
meter (Atlas) AATCC-1961.
Antimicrobial activity

The in vitro antimicrobial activities of the acid azo chrome dyes were tested against
Escherichia coli, Saphylococcus aureus, Salmonella typhi and Bacillus subtilis bacteria using
agar nutrient as the medium. A stock solution of 250 ppm was prepared by dissolving the
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DYEING ASSESSMENT OF NOVEL ACID AZO DYES 609

compounds in 20 % DMSO solution. The antimicrobial activity was performed a a
concentration 100 pg/ml, using the agar-cup method in which the well diameter was 4 mm, 2
with DM SO as the control.

RESULTS AND DISCUSSION
Physical properties of dyes
All the dyes obtained upon recrystallization from acetone were crystalline
powders ranging in colour from pinkish blue to red. The purity of the dyes was

checked by TLC using methanol-water—acetic acid (12:3:7) solvent system. A
single spot was observed for each dye.

Analytical and spectral data of the dyes

4-(5-Benzoyl-4-hydr oxy-2-methoxyphenyl azo)-5- hydr oxy-2, 7-naphthal enedi-
sulphonic acid (D1). Yield: 78 %; m.p.: 146-150 °C; Rf. value: 0.78. Anal.
Calcd. for CpgH18010N2S, (FW 558): C, 51.61; H, 3.32; N, 5.01; S, 11.46 %.
Found: C, 51.59; H, 3.21; N, 5.00; S, 11.38 %. IR (KBr, cnr1): 3463 (-OH),
3072 (=CH, aromatic), 1628 (C=0, diaryl), 1521 (N=N), 1520 (for naphthalene
substitution), 1481 (C=C, aromatic), 1333 (C-N), 1101 (C-0O), 1030, 650 (for
sulphonic acid), 732, 584, 481 (for substituted benzene). 1H-NMR (400 MHz,
DMSO-dg, 6 / ppm): 3.82 (3H, s, Ar—OCHg), 5.4 (2H, s, Ar—OH), 7.2—7.4 (11H,
m, Ar—H), 8.0 (1H, s, -SO3H), 8.2 (1H, s, —=SO3H).

7-(5-Benzoyl-4-hydroxy-2-methoxyphenyl azo)-4-hydr oxy-2-naphthal enesul -
phonic acid (D2). Yield: 80 %; m.p.: 138-142 °C; Rf. vaue: 0.82. Anal. Calcd.
for Cp4H1807N2S (FW 478): C, 60.25; H, 3.76; N, 5.85; S, 6.69 %. Found: C,
60.20; H, 3.72; N, 5.83; S, 6.61 %. IR (KBr, cm1): 3450 (—~OH), 3082 (=CH,
aromatic), 1624 (C=0, diaryl), 1540 (for naphthalene substitution), 1522 (N=N),
1490 (C=C, aromatic), 1345 (C—N), 1101 (C-0), 1032, 653 (for sulphonic acid),
744, 564, 478 (for substituted benzene). 1H-NMR (400 MHz, DMSO-
-dg, 0 / ppm): 3.81 (3H, s, Ar—OCH3y), 7.2-7.5 (12H, m, Ar—H), 5.42 (1H, s, Ar—
—OH), 6.3 (1H, s, Ar—OH), 8.2 (1H, s, —=SO3H).

4-(5-Benzoyl-4-hydr oxy-2-methoxyphenyl azo)-5- hydr oxy- 1, 7-naphthal enedi-
sulphonic acid (Dg). Yield: 79 %; m.p.: 142-146 °C; Rf. vaue: 0.77. Anal.
Calcd. for CpgH18010N2Sy (FW 558): C, 51.61; H, 3.32; N, 5.01; S, 11.46 %.
Found: C, 51.58; H, 3.19; N, 4.97; S, 11.34 %. IR (KBr, cnr1): 3481 (—OH),
3070 (=CH, aromatic), 1632 (C=0, diaryl), 1542 (N=N), 1525 (for naphthalene
substitution), 1483 (C=C, aromatic), 1337 (C-N), 1103 (C-0O), 1029, 650 (for
sulphonic acid), 737, 562, 472 (for substituted benzene). 1H-NMR (400 MHz,
DMSO-dg, 6 / ppm): 3.82 (3H, s, Ar—OCH3), 7.1-7.3 (11H, m, Ar—H), 5.5 (2H, s,
Ar-OH), 7.9 (1H, s, —SO3H), 8.35 (1H, s, —SO3H).

6-(5-Benzoyl-4-hydroxy-2-methoxyphenyl azo)-2-naphthal enesul phonic  acid
(Dg). Yidd: 81 %; m.p.: 131-135 °C; Rf. value: 0.84. Anal. Cacd. for
CoqH1806N5S (FW 462): C, 62.33; H, 3.89; N, 6.06; S, 6.92 %. Found: C, 62.27;
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610 DIXIT etal.

H, 3.83; N, 6.00; S, 6.89 %. IR (KBr, cm1): 3633 (~OH), 3080 (=CH, aromatic),
1652 (C=0, diaryl), 1560 (for naphthalene substitution), 1532 (N=N), 1473
(C=C, aromatic), 1338 (C-N), 1104 (C-0), 1032, 653 (for sulphonic acid), 782,
741, 583, 485 (for substituted benzene). 1H-NMR (400 MHz, DMSO-dg, 6 /
/ ppm): 3.83 (3H, s, Ar-OCH3), 7.2-7.4 (13H, m, Ar—H), 6.10 (1H, s, Ar—OH),
8.1 (1H, s, —SO;H).

2-(5-Benzoyl-4-hydr oxy-2-methoxyphenyl azo)- 1-naphthal enesul phonic - acid
(D). Yidd: 79 %; m.p.. 136-141 °C; Rf. value: 0.82. Ana. Calcd. for
CoqH1806N5S (FW 462): C, 62.33; H, 3.89; N, 6.06; S, 6.92 %. Found: C, 62.26;
H, 3.84; N, 6.01; S, 6.88 %. IR (KBr, cm1): 3580 (—OH, phenolic), 3070 (=CH,
aromatic), 1621 (C=0, diaryl), 1575 (for naphthalene substitution), 1531 (N=N),
1482 (C=C, aromatic), 1463 (C—N), 1338 (C-0), 1034, 650 (for sulphonic acid),
1103, 732, 574, 473 (for substituted benzene). 1H-NMR (400 MHz, DM SO-dg, ¢
/ ppm): 3.82 (3H, Ar—OCH3), 7.1-7.5 (13H, m, Ar-H), 6.3 (1H, s, Ar—OH), 8.2
(1H, s, —SO3H).

2-(5-Benzoyl-4-hydroxy-2-methoxyphenylazo)benzoic acid (Dg). Yield: 78
%; m.p.: 145-148 °C; Rf. value: 0.83. Anal. Calcd. for Co1H1605N> (FW 376):
C, 67.02; H, 4.25; N, 7.44 %. Found: C, 67.01; H, 4.18; N, 7.39 %. IR (KBr, cm~
1): 3430 (-OH, phenolic), 3540 (-OH, acidic), 3062 (=CH, aromatic), 1634
(C=0, diaryl), 1678 (C=0, carboxylic acid), 1581 (N=N), 1483 (C=C, aromatic),
1352 (C—N), 1103 (C-0), 1100, 850 (for carboxylic acid), 783, 741, 583, 482
(for substituted benzene). TH-NMR (400 MHz, DMSO-dg, 5 / ppm): 3.82 (3H, s,
Ar—-OCH3), 7.1-7.5 (11H, m, Ar-H), 5.5 (1H, s, Ar—OH), 10.9 (1H, s, -COCH).

4-(5-Benzoyl-4-hydr oxy-2-methoxyphenylazo)benzenesulphonic  acid  (D7).
Yield: 83 %; m.p.: 150-154 °C; Rf. value: 0.85. Anal. Calcd. for CogH1606N2S
(FW 412): C, 58.25; H, 3.88; N, 6.79; S, 7.76 %. Found: C, 58.18; H, 3.82; N,
6.71; S, 7.70 %. IR (KBr, cm1): 3590 (-OH), 3063 (=CH, aromatic), 1632
(C=0, diaryl), 1533 (N=N), 1471 (C=C, aromatic), 1324 (C-N), 1103 (C-O),
1031, 652 (for sulphonic acid), 780, 744, 586, 475 (for substituted benzene). 1H-
-NMR (400 MHz, DMSO-dg, 6 / ppm): 3.82 (3H, s, Ar—OCHg), 7.2—7.4 (11H, m,
Ar—H), 6.1 (1H, s, Ar—OH), 7.9 (1H, s, ~SO3H).

The results of elemental analyses of each acid azo dye were consistent with
the predicted structure, as shown in Table |. The number of azo group was almost
one for each dye. The nitrogen content and number of azo group for each dye are
co-related with each other. The IR spectrum of each dye comprised the important
features of aromatic, azo, hydroxyl, keto and carboxylic acid groups.

The IH-NMR spectra of al the dye compounds based on 2-hydroxy-4-me-
thoxybenzophenone shows important signals at their respective positions, con-
firming the structures of various acid azo dyes, as shown in Table |I. One of the
—OH protons in the D1 and D3 dyes might be merged with the aromatic protons,
while the other —OH protons in the other dyes resonated as a singlet between 5.4
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DYEING ASSESSMENT OF NOVEL ACID AZO DYES 611

t0 6.3 6. In the Dg dye, the —COOH proton gave asinglet at 10.9 6. The singlet of
the —SO3H proton resonated between 7.9 to 8.35 6 and —OCH3 protons resonated
asasinglet around 3.8 6 in al the acid azo dyes.

The visible absorption spectroscopic properties of the dyes were recorded in
DMF. The absorption maxima (4max) Of al the dyes fals in the range 422-465
nm in DMF, and the values are given in Table Il. The values of the logarithm of
molar extinction coefficient (log &) of al the dyes were in the range of 4.21-4.60,
consistent with their high absorption intensity. Moreover, the presence of elec-
tron donating or electron attracting groups did not bring about any marked in-
crease or decrease in Amax in the visible region and log € remained nearly cons-
tant. However, an electron attracting substituent, such as —SO3H, in the structure
of the coupler increases the polarizability and will results in bathochromic shifts.
This leads to a decrease in the energy between the highest occupied molecular
orbital and lowest unoccupied molecular orbital and thus the 1 — n* electronic
transition occurs with alower frequency photon, resulting in a bathochromic shift
of the visible absorption band.

TABLE II. Absorption maximain DMF (Amax), intensities (log &), exhaustion (E) and fixation
(F) of acid mono azo dyes on wool and silk fabrics

Acid azo dyeing on wool Acid azo dyeing on silk
Dye  Ama/nm  loge E/% F /% E/% F /%
D, 465 4.60 80 89 72 90
D, 445 4.36 75 o4 75 87
D3 450 4.45 72 90 80 92
D, 435 4.27 85 89 76 88
Ds 430 4.20 74 86 82 91
Dsg 420 4.18 71 88 75 89
D, 422 421 85 92 78 90

Dyeing properties of dyes

The acid mono azo dyes were applied at a 2 % depth on wool and silk fab-
rics. Their dyeing properties are shown in Tables I11-VI. These dyes gave awide
range of colours varying from pinkish blue to red shades with good levelness,
brightness and depth on the fabrics. The variation in the shades of the dye fabric
results from both the nature and position of the substituent present on the diazo-
tized compound. The dyeing showed excellent fastness to light, with a very good
to excellent washing, perspiration, rubbing and sublimation fastnesses.

A remarkable degree of smoothness after washing was observed. This may
be attributed to the good penetration into and affinity of the dye molecule for the
structure of the fabrics. The most prominent feature of these dyes is that the dye
patterns treated with Cr(l11) salt solution afforded an excellent shining shade of
the dyes. This might be due to chrome complex formation on the fabric matrix.
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612 DIXIT etal.

TABLE I1l. Results of acid mono azo dyeing and various fastness properties of dyes on wool
fabrics (grading: 5 — excellent, 4 — very good, 3 —good, 2 —fair, 1 — poor)

. . Perspiration o Rubbing

Dye Colour she:des f;.sltght \]{Va;tasm ng fastness St;k;létmatl N  tocness
on woo ness TasINess aGid  Alkaline "S5 Dy wet

D, Pinkish blue 5 5 4 5 4 4 4
D, Pinkish blue 5 4 5 4 4 4 4
D3 Reddish brown 5 5 5 5 5 5 4
D, Y ellowish pink 4 5 4 5 4 4 3
Ds Chaocolate brown 4 4 5 5 4 5 4
Dg Red 5 5 5 5 5 4 3
D, Red 5 4 5 5 4 5 4

TABLE IV. Results of acid mono azo dyeing and various fastness properties of dyes on silk
fabrics (grading: 5 — excellent, 4 — very good, 3 —good, 2 —fair, 1 — poor)

. Perspiration N Rubbing
Dye Colour slhkades fal_sltght faV:taSh fastness Sufl;lsltmatl N fodness
ons Ness 188eSS acid  Alkdline &S Dry wet
D, Pinkish blue 5 4 4 5 5 4 34
D, Pinkish blue 5 4 5 4 4 4 3
Dj Reddish brown 4 4 4 5 5 4 4
D, Y ellowish pink 4 4 4 4 4 4 34
Ds Chocolate brown 5 5 4 4 4 5 4
Deg Red 5 4 4 4 5 4 4
D, Red 5 4 4 4 5 5 34

TABLE V. Results of mordent acid azo dyeing and various fastness properties of dyes on
wool fabrics (grading: 5 — excellent, 4 — very good, 3 —good, 2 —fair, 1 — poor)

. . Perspiration o Rubbing

Dye Colour she:des f;.sltght \]{Va;tasm ng fastness St;k;létmatl N tocness
on woo ness TasIness "aGid  Alkaline " Dry wet

D, Pinkish blue 5 5 4 5 5 5 4
D, Pinkish blue 5 5 5 4 5 4 4
D3 Reddish brown 5 5 5 5 5 5 4
D, Y ellowish pink 5 5 5 5 5 5 4
Ds Chocolate brown 5 4 5 5 4 5 4
Dg Red 5 5 5 5 5 4 4
D, Red 5 5 5 5 5 5 4

The antibacterial activities of the chrome complexes of the dyes (D1-D7)
were monitored against the various pathogens. The results (Table VII) showed
that the D1, D3 and D7 dyes had moderate to high, Dg weak to moderate and the
other dyes weak activity against all the tested microorganisms. The dye pattern of
the chrome-treated dye may be tolerable for the human body.
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TABLE VI. Results of mordent acid azo dyeing and various fastness properties of dyes on silk
(grading: 5 — excellent, 4 — very good, 3 —good, 2 —fair, 1 — poor)

bye  Colorshades  Light  Wash PSIAION  Sublimation oo
onsilk fastness fastness rcd  Alkdine fastness Dry Wet
D, Pinkish blue 5 5 5 5 5 5 4
D, Pinkish blue 5 5 5 5 5 4 4
D5 Reddish brown 5 4 5 5 5 4 4
D, Yéellowish pink 5 5 5 5 4 5 5
Ds Chocolate brown 5 5 5 5 4 5 4
D¢ Red 5 5 5 5 5 4 4
D, Red 5 5 5 4 5 5 4

TABLE VII. Antibacterial activity of the acid azo chrome dyes (100 pg/mL)
Zone of inhibition, mm

Dye E. coli S aureus S typhi B. subtilis
D, >21 16-20 16-20 16-20
D, 11-15 11-15 11-15 11-15
Ds >21 16-20 16-20 16-20
D, 11-15 11-15 11-15 11-15
Ds 11-15 11-15 11-15 11-15
Ds 16-20 16-20 11-15 16-20
D, >21 >21 16-20 16-20
CONCLUSIONS

All newly synthesized acid mono azo dyes and mordent acid mono azo dyes
exhibited very good to excellent fastness to light, sublimation, perspiration and
rubbing. The remarkable degree of levelness after dyeing indicates good penetra-
tion into, and affinity of these dyes for the fabric matrix. They give deep and
bright hues with levelling dyeing. The nature of the substituent in the coupling
component has little influence on the UV-visible absorption and shade of the
dyeing. A comparison of the acid mono azo and the mordent acid azo dyes re-
vealed that the mordent acid mono azo dyes have better shades than the acid azo
dyes. Of the acid azo chrome dyes (D1—D7), the dyes D1, D3 and D7 showed mo-
derate to high antibacterial activity against all the tested microorganisms.
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U3BOA

CHUHTE3A, KAPAKTEPU3ALIMJA U UCITUTUBABE BOJEIbA BYHEHUX 11 CBUJIEHUX
TKAHMHA HOBUM KHNCEJIMM U MOYMJICKHUM A30 BOJAMA
HA BA3U 2-XUJIPOKCU-4-METOKCHUBEH30®EHOHA

BHARAT C. DIXIT?, HITENDRA M. PATEL", RITU B. DIXIT? u DHIRUBHAI J. DESAI*

1Department of Chemistry, V. P. & R. P.T. P Science College, Vallabh Vidyanagar-388 120. Gujarat u 2ashok
& Rita Patel Institute of Integrated Study & Research in Biotechnology and Allied Sciences,
New Vallabh Vidyanagar-388120, Gujarat Sate, India

HoBe kucene ¥ MOYMIICKE MOHOa30 00je Cy CHHTETH30BAaHE KYIUIOBAHEM HA30HH]jYMOBHX
COJIM Pa3IMYUTHX aPOMATUYHUX aMHHA Ca 2-x1/mp01<cn 4-metokcubenzopenonom. [obujene 6oje
Cy OKapakTepucaHe ejieMeHTapHoM aHanuzoM, WL, H-NMR u UV-Vis texuukama. CBojcTBa
0ojera Cy MCIHTAaHa Ha ByHCHHM M CBUJICHMM TKaHMHaMa. bojere ByHEHHX M CBHJICHUX TKaHMHA
MPETXO/IHO TPETUPAHUX XPOMOM 1ajio je 6osbe obojere. O60jeHOCT 60jeHNX BYHEHUX M CBUIICHUX
TKaHHMHA Ce KpeTalia OJf IUIaBHYacTo po3e 10 pBeHe HujaHce. OO0jeHe TKaHMHE Cy MOKa3aue BeoMa
no0py MOCTOjaHOCT Ha CBETIIOCT, Tparme, 3HOj, cyOnuMalujy u Tpeme. Pesynratu aHTnbakTepuj-
CKHX HCIIUTHBamba CBOjCTaBa TKAHHHA MPETXOAHO TPETHPAHUX XPOMOM yKa3alla Cy Ha PelaTHBHO
no6py TokcuuHOCT MoUmIcKuX 60ja mpema Escherichia coli, Staphylococcus aureus, Salmonella
typhi u Bacillus subtilis.

(Mpumsseno 4. jyna 2009, pesuaupano 21. janyapa 2010)
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Preparation of microcapsules containing different contents of
different kinds of oils by a segregative coacervation method
and their characterization
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Abstract: Microencapsulation of different oils was performed using a segrega-
tive coacervation method. In order to microencapsulate, 20 % oil-in-water
(O/W) emulsions were prepared in a continuous phase consisting of a1 % mix-
ture of hydroxypropylmethylcellulose (HPMC)/sodium carboxymethylcel-
lulose (NaCMC) mass ratio (0.7/0.3) and various concentrations (0, 0.35 and 1
%) of the anionic surfactant sodium dodecylsulfate (SDS). Various interactions
between the components occur in the continuous phase of emulsions, which
influence the structure and properties of the adsorption layer around the oil
droplets. The formed HPM C/SDS complexes in the presence of NaCMC mole-
cules undergo segregative phase separation and form a coacervate which ad-
sorbs onto the oil droplets, forming the wall of the microcapsules. Sunflower
oil, pumpkin seed oil and a mixture of sunflower and linseed oil were used as
the core material. Microcapsules in the solid form were obtained by spray
drying the emulsions. The stability of the emulsions, the particle size and par-
ticle size distribution of the emulsions and suspensions of microcapsules and
the oil content of the microcapsules were determined. The influence of the ail
kind on the properties of the microcapsules was a so investigated. It was found
that at 0.35 % SDS, a coacervate layer around the oil droplets forms a stabile,
compact microcapsules wall, which prevents oil extraction. The kind of oil in-
fluences the properties of the emulsions and microcapsules, which is important
in the selection of oils for microencapsulation by this method.

Keywords: microencapsulation; coacervation; segregation; emulsions; oil content.
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INTRODUCTION

Microencapsulation is an effective method to wrap a liquid and/or a solid
material by polymers and has extensive potential applications in the fields of food,
pharmaceutics, cosmetics, pesticides, biotechnology, catalysis and many other
areas.1 Recently, microencapsulation techniques were adopted for the production
of polymer-coated nanoparticles for electronic paper application? or for the pro-
duction of electrorheological fluids.3 The reason for microencapsulation of food
ingredients is to protect sensitive food components, improve the stability of reac-
tive or volatile additives (such as vitamins, flavors, etc.), mask unpleasant taste
and flavor of certain ingredients, incorporate time-release mechanisms into the
formulation or simply convert liquids to solid.4° In recent years, the controlled
release concept of encapsulated ingredients at the right time and in the right place
has increased more and more.6 Microencapsulated medical plant extracts can be
used as supplements in functional food. Such microcapsules can improve the ef-
fectiveness of food designed for a health diet and for a food targeted to certain risk
groups.

Among different technigques for microencapsulation of functional food ingre-
dients, coacervation (phase separation) is the most common one applied in the
food industry.” The term coacervation was suggested for the first time by Bun-
genberg de Jong? to explain the phenomenon of phase separation in a macromo-
lecular system in which two phases are formed. Simple coacervation refers to
phase separation brought about by reducing the solubility of a polymer by chang-
ing the temperature, adding non-solvents or “salting-out” by electrolytes, while
complex coacervation or “associative” phase separation involves the addition of
another oppositely charged macromolecule.1.9.10 As a consequence, the system
demixes into two phases: a solvent-rich phase containing a very small amount of
polymer and a polymer-rich phase — coacervate. “ Segregative’ phase separation
occurs due to the thermodynamic incompatibility of two polymers, which results
in system demixing into two phases, each phase rich with one of the two poly-
mers.11

In microencapsulation processes by a coacervation method, the material to
be encapsulated is emulsified or dispersed in a solution of a polymer, and by
changing the temperature, pH value or adding another polymer or non-solvent,
coacervation can be induced, where the coacervate deposits at the surfaces of the
dispersed particles and forms a thin coating. After further treatment, in order to
solidify the polymeric wall, microcapsules can be obtained and separated from
the system.512.13 The coacervation method of microencapsulation was recently
adopted for coating nanoparticles for electronic paper application. The most com-
monly used wall materials in microencapsulation by coacervation processes are
proteins, gums, carbohydrates and various synthetic polymers.>7
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In recent years, hydroxypropylmethylcellulose (HPMC), a water soluble,
non-ionic cellulose derivative, has been widely used in food products.14 The pre-
sence of hydroxypropyl and methyl groups renders the cellulose molecules hyd-
rophobic and makes them surface active.1® The hydroxypropyl and methyl groups
represent potential sites for adsorption of low molar mass surfactants, such as
sodium dodecylsulfate (SDS), which results in the formation of a polymer—sur-
factant complex. Thisis of practical interest in dispersed systems, since such in-
teractions affect the structure of the adsorption layer around oil droplets. It was
shown in a previous investigationl6 that HPMC-SDS interactions affect the
emulsion stability and adsorption layer formation. Since, the HPMC/SDS com-
plex bears a net negative charge and behaves like a polyelectrolyte, the addition
of an oppositely charged polyelectrolyte, such as sodium carboxymethylcellulose
(NaCMC), causes electrostatic repulsion and “segregative’ phase separation.1?
The system separates into an HPMC/SDS complex-rich phase, i.e., coacervate
and a NaCMC-rich phasg, i.e., supernatant.18 This is a method of coacervate for-
mation by thermodynamic incompatibility where one polyelectrolyte is actualy a
polymer—surfactant complex, formed through the interaction. If coacervation oc-
curs in the continuous phase of an emulsion, it results in the adsorption of the
coacervate around oil droplets and microcapsules wall formation.

The aim of the present work was to investigate the influence of coacervate
formation in the continuous phase of emulsions in the system HPMC/SDS/
/NaCMC on wall formation around oil droplets, i.e., microencapsulation, as well
as on the properties of the microcapsules. In addition, the influence of the kind of
oil on the properties of the microcapsules was investigated. Different properties
of emulsions and microcapsules, such as stability, particle size and particle size
distribution, redispersibility in water and encapsulation efficiency, were deter-
mined.

EXPERIMENTAL
Materials

Hydroxypropylmethylcellulose (HPMC), (trade name Methocel K4M CR, methoxyl
content: 22.7 %, hydroxypropyl content: 8.9 %), pharmaceutical grade, was obtained from
Colorcon Ltd., England. The viscosity average molecular mass was My = 91500 g/mol, de-
termined at 20 °C, and the critical overlap concentration c¢* = 0.127 %. Sodium carboxy-
methylcellulose (NaCMC), DS = 0.77, purity >96 %, was obtained from “Milan Blagojevi¢”
Lucani, Serbia. The viscosity average molecular masswas My = 116000 g/mol, determined at
25 °C, and the critical overlap concentration c* = 0.187 %. Sodium dodecylsulfate (SDS),
purity > 99 %, was obtained from Merck, Germany. As core materials, sunflower oil (“Sun-
ce”, Sombor, Serbia), pumpkin seed oil (“Banat”, Nova Crnja, Serbia) and a mixture of cold
pressed linseed/sunflower oil (mass ratio 0.2:0.8) were used. Cyclohexane was obtained from
“Kemika’, Zagreb, Croatia.
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Preparation of the solutions

Stock solutions of HPMC and NaCM C were prepared at concentrations of 2.56 % (w/w)
and 2.4 % (w/w), respectively, by dispersing the required amount of HPMC and NaCMC in
bidistilled water at 80 °C (above the gel point of HPMC, which is approximately 70 °C) and
20 °C, respectively, by gentle stirring. The stock solutions were left for 24 h at room tempe-
rature before further use. A stock solution of SDS was prepared at a concentration of 7 %
(w/v). Bidistilled water was used as the solvent.

Preparation of the emulsions

Stock emulsions of different oils 22.22 % (w/w) in a binary mixture HPMC/SDS (con-
tinuous phase) were prepared by homogenization using an Ultraturrax T-25 (Janke & Kunkel,
Germany) at 4700 rpm for 3 min. The emulsification temperature was 25 °C. Binary mixtures
were composed of 0.8 % w/w HPMC (based on the mass of the continuous phase) and various
concentrations of SDS. The final emulsion was prepared by careful addition (drop by drop) of
10 g of a 2.4 % w/w NaCMC solution into 90 g of the stock emulsion stirred on a magnetic
gtirrer. In this way, 20 % w/w oil-in-water (O/W) final emulsions with continuous phases
composed of a 1 % mixture HPMC/NaCMC (mass ratio 0.7:0.3) and SDS (0, 0.35 and 1 %
SDS) were obtained.

