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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.

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

2010 Copyright (CC) SCS

@080



599

6-AMINOHEXANOIC ACIDS DERIVATIVES ENHANCING PERMEATION

sjuajed ur pauoHuIW, AINEI)| U} WO UIE) SAN[EA,

STYI
9°070°¢ ZH"D -0- |M v 91
TN
I'1F70'S STHY'D —HN- NP ¥€ I'179°6 THD -0 \M v ST
SN
- H'D -HN- N 33 - STH®D -0~ - 4
=Y B O
- STH®D ~HN- N € - UHEDT -0- €1
jo _ O
- THED ~HN- -N_ 1€ 1'1F0°9 s Le) -0- 4!
'1F0°S SO ~HN- \A v 0€ 12T 11 D -0 \M v A
- 3% (o) ~HN- |A v 67 - ZHD -0 |“ v o1
0'TF6'6 STHYD -HN-  —N(*HO) 87 ['ST0°0¢ 32 Lle) -0- - v 6
TTFYII (33 o) ~HN- —N*HD) LT - HHED -0 |M ) 8
¥'0F6'1 STHSD ~HN- ~NY(*HD) 97 - STHYD -0 “NYCH®D) L
- SHED-T ~HN- ~NY(*HD) ST ¢TFO01 THOD -0 “NYCH®D) 9
TTETII THED -HN- -N*(*HD) 44 - THD -0- -N*CH%D) S
- SHYD -0- 7| LO6IFL6L £45 (o) -0 -NY(*HD)
- 95 o) -0- 17| 06IFC8II ZH"D -O- -N°(*HD)
6'TF0ST 58 (e -0- 07| .0 TIFSH0I oty -0- -N*(*HD)
- STHD O~ — 61| .011F€68 STH®D O~ “N4HD)
- HEED -0- NP 81 - SHED-T -0- -NY(*HD)
¥'070'C STHED -0 \A v LT| L061FHT8 ke -0 —NE(* Svaa
¥q d X X “pdwo)) ¥q d X X “pduwo)

(I-X-0D5(PHD)-X) spunoduios pajera: pue paiedaid oy Jo (y7 ) ones juswasueyua ay) Jo sanjep T4 19VL

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

@080

2010 Copyright (CC) SCS



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.

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

2010 Copyright (CC) SCS

@080



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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