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A.B.Eresko, V.S.Tolkunov, S.V. Tolkunov ESCHWEILER-CLARKE REACTION IN

SYNTHESIS OF TETRAHYDROBENZOTHIENO[2,3-C]JPYRIDINES, TETRAHYDROBENZOFURO
[2,3-C]PYRIDINES, TETRAHYDROBENZOTHIENO[2,3-C]PYRIDINES
The Eschweiler-Clarke reaction is commonly used for methylation of primary or secondary amines by
the action of formaldehyde in the presence of formic acid. This reaction can be used for obtaining of 2-
methyltetrahydropyridines as well as azepines.
The 1-R-1,2,3,4-tetrahydrobenzothieno[2,3-c]pyridines and 7-methyl-1-R-1,2,3,4-
tetrahydrobenzofuro[2,3-c]pyridines obtained by Pictet-Spengler reaction was used as the starting
products for the synthesis of 2-methylderivatives by the Eschweiler-Clarke reaction. A different
behavior of initial 2-(1-hetaryl-3)ethylamine by Pictet-Spengler reaction was found. The reaction
proceeds well in the series of benzofuranes. Under similar conditions, [2-(1-benzothien-3-
yl)ethylJamine reacts with benzaldehyde to form by-products — aminoacetales. Interaction of [2-(1-
benzothien-3-yl)ethyllmethylamine and benzaldehyde under Pictet-Spengler reaction occurs
exclusively with the formation of aminoacetales, so this method is not applicable for the preparation of
1-aryl-2-metiltetragidrobenzotieno[2,3-c]pyridine. These pyridines were synthesized by the methylation
with formaldehyde in formic acid by the reaction of Eschweiler-Clarke. Methylation of 7-methyl-1-R-
1,2,3,4-tetrahydrobenzofuro[2,3-c]pyridines with formic acid and formaldehyde mixture in the
Eschweiler-Clarke reaction conditions does not lead to the 2,7-dimethyl-1-R-1,2,3,4-
tetrahydrobenzofuro[2,3-c]pyridine formation. Corresponding 2,7-dimethyl-1,2,3,4-
tetrahydro[1]benzofuro[2,3-c]pyridine was obtained by this method. This compound is formed directly
from the [2-(6-methyl-1-benzofuran-3-yl)ethyllamine in the Eschweiler—Clarke reaction conditions.
Eschweiler-Clarke reaction proceeds well in the series of benzothienyl-3-ethyl(propyl)amine. 2-Methy!-
1,2,3,4-benzothieno[2,3-c]pyridines and 2-methyl-2,3,4,5-tetrahydro-1H-benzothieno[2,3-cJazepine
were obtained by heating of 2-(1-benzothienyl-3)ethylamine and benzothienyl-3-propylamine in a
mixture of 90% formic acid - formaldehyde in high yields. Benzothienyl-3-propylamine does not react
with aromatic aldehydes under any conditions. We have shown that the Eschweiler—Clarke reaction
conditions can be successfully used for obtaining of N-substituted derivatives of benzothieno[2,3-
cJpyridines and benzothieno[2,3-c]azepine.

Key words: Eschweiler—Clarke reaction, Pictet-Spengler  reaction, 1,2,3,4-
tetrahydrobenzothieno[2,3-c]pyridines, 1,2,3,4-tetrahydrobenzofuro[2,3-c]pyridines, 2,3,4,5-tetrahydro-
1H-[1]benzothieno[2,3-c]azepines.
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AJICOPBIIMOHHBIE XAPAKTEPUCTHUKH IETUJITPUMETHJIIAMMOHUM
BPOMUJIA HA 'PAHULE PA3JIEJIA )KUAKOCTb-I'A3

Memodom Konbya Ao Hyu u3yyeHnbl aldcopbyUOHHbIe Xxapakmepucmuku
uemunmpumemurnammoHuti bpomuda (LITAB) Ha epaHuue pa3dena xudKocmb-2a3 U 8/USHUE Ha HUX
006aB80K cusIbHbIX 3JIEKMPOIUMO8. YCmaHo8IeHO, 4Ymo repecyem 8esluduH KoHUeHmpauyuu LITAB Ha
CPEeOHIO aKmu8HOCMb UOHO8 8 pacmeope [0380JIiem y4Yumbieams e/usHUe 006a80K CUJIbHbIX
3/71IEKMPOIUMO8 U MoJjlydame corocmasuMbie C sumepamypHbiMu OaHHble Onsi cmeceld [1AB-
anekmponum.

Knroueeblie csioga: uemunmpumemusiaMMoHuli 6pomud, MOBEPXHOCMHOE HamsKeHue,
adcopbuyus, pH cpedei.

KaTnoHHble  noBepxHOCTHO-akTuBHble  BewectBa (KIMAB) obnagatoT
KOMMMEKCOM TEXHOSOMMYECKMX CBOWCTB, BbIFOAHO OTAMYAKOWMX MX OT OPYrnx
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Knaccos MAB. KIMAB obnapatoT BblpaXX€HHbIMU aHTUCTAaTUYECKMMMU,
AHTUKOPPO3MOHHbIMK,  aHTUBaKTepuanbHbIMKM ~ CBOWCTBAMM W OTAMYAKOTCH
CNOCOOHOCTBbIO MPOSABNATL BbICOKYID aare3vio K pasfnuyHbiM nosepxHocTam [1].
[ob6aBkn anekTponutoB M pH cpeabl NO3BOMAKT perynvpoBaTb  KONMOUOHO-
XumMmnyeckne  csouctea pactsopoB [MAB v nossonsiT  paccmaTpuBaTb
3aKoHOMepHOCTU agcopbunn BO B3anmMocBaan cTpyktypa NAB-cBoncTBo.

B atom paborte paccmotpeHo BnusHue pH cpeabl Ha agcopbuUMOHHbIE
XapakTepucTukn uetuntpumetTunammonmin 6pomuaa (LUTAB) Ha rpaHvue pasgena
XWOKOCTb-ras.

3KcnepumeHTaanaﬂ 4acTb

[ns uccnepoBanna mncnonb3oBanu LITAB co cTteneHbio YncTtoThl Bbiwe 99%
(SigmaUltra, Sigma-Aldrich). [Ona npurotoBneHns pacTBOPOB WUCMOMb30Banu
GuancTunnupoBaHHyo Boay, pH pacrteBopoB perynupoBanu gobtasneHnem NaOH
(«xy»).

[OWHaMnKy CHWXEeHUS NOBEPXHOCTHOrO HaTaXeHus BoAHbIX pactBopoB LITAB
(v, MH/m ) namepsanu metogom konbua o Hyun (tTeHanomeTtp TE-1, Lauda, Germany)
npu Temnepatype (20 = 0.1)°C. Monyyanu aKcnepUMeHTaslbHble 3aBUCUMOCTU
N3MEHEHUS MOBEPXHOCTHOrO HaTSXKEeHWs BOAHbIX PacTBOPOB FymaToB HaTpusa OT
BpemeHu, y = f ().

O6cyxaeHue pe3ynbTaToB

Ha puc.1 npuBegeHa m3otepma paBHOBECHOIO MOBEPXHOCTHOMO HaTSXKEHUs
LUTAB c pobaskon NaOH nipu pH 11.5.
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Puc.1. NI3oTepMbl paBHOBECHOIO MOBEPXHOCTHOrO HaTsXeHust pactsopoB LITAB
B npucytcteBum 0.014 M NaOH ot cpegHen aktuBHocTu wmoHoB C* (1, 3) u ot
kKoHueHTpauuun LUTAB (2): 1 — nuTepaTypHble AaHHble [3]; 2, 3 — aKcnepuMeHTanbHble
OaHHble. KpuBble paccuntaHbl C NCMOMb30BaHMEM TeopeTnyeckon mogenn OpymkmHa

SKCnepMMeHTarnbHyo 3aBUCUMOCTb obpabaTbiBanu, ncnonb3ys
TeopeTnyeckyto Mmogene OpymMknHa, C y4ETOM BHYTPEHHEN CXXMMAEMOCTUM MOJIEKYIT
MAB [2]. B oaTtoM wMogenu npuvHUMaETCH, 4YTO MOSsSIpHas MOBEPXHOCTb
apcopbuposaHHon Monekynbl MAB (ws) 3aBUCUT OT MOBEPXHOCTHOrO AaBrieHus
[T=y,—v W CTeneHn 3anonHeHNsi NOBEPXHOCTHOrO Crnos

0 =wsl, Oy :@0(1—8119), (1)
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roe € - KO3gUUMEHT OBYMEPHON CxXuMMaemocTn monekyn MNMAB B MOBEPXHOCTHOM

cnoe, Yo WM Yy — TOBEPXHOCTHOE HaTSXKEeHMe pacTBOpUTENns W pacTBopa

COOTBETCTBEHHO, I' - agcopbuus, wy — monsapHas nosepxHocTb [MAB npu I = 0.
YpaBHEHMs1 COCTOSIHUSA 1 n30TepMbl agcopbunmn cxnmaemoro MNAB [2]:

Hz—g[ln(l—e)wtocez], bc=Lexp[—2oc9], (2)
®, (1—6)

rae R — rasoBas noctosHHada, T — Temnepartypa, ¢ — koHueHTpaums NAB B o6beme

pacTBopa, O — KOHCTaHTa MEXMOMEKYNApHOro B3aMMOAencTBUSA, b — KOHCTaHTa
afacopbUMOHHOro paBHOBECUS.

Mpn ¢ =0 N ws= wp ypaBHeHus (1) 1 (2) NpeBpaLLalOTCsa B KITAaCCUYECKYHO

mMoaens PpymkuHa:
0 =T, = Fo,[l-I16] (3)

TeopeTnyeckass kpuBasi Ha puc. 1 paccumTaHa no ypasHeHusM (1)-(3) npwm
creayoLmMX 3HAYEHUSIX napameTpoB: wy = 3.7-10° mM?/Monb, a = — 0.2, € = 0.0055
M/MH 1 b = 2 m*/monb.

[na cpaBHEHWSI MOMYYEHHbIX 3HAYEeHWA PaBHOBECHOIO MOBEPXHOCTHOIO
HaTaXXeHus BoaHbIX pacTteopos LITAB ¢ nutepaTypHbiMu faHHbIMK [3] ncnonb3oBanu
3aBUCUMOCTb Y OT CpeAdHeN akTMBHOCTU MOHOB (C*), a He OT KoHueHTpauun LITAB,
MOCKONbKY B 3TON paboTe nccnegoBaHus 6oinmn BoiNnonHeHsl B npucytcteum 0.014 M
NaOH:

*

/2
c=fi ((CNaOH “Crrus )t Curas ), (4)

roe fi — cpeaHuin KoatbPULIMEHT aKTUBHOCTU MOHOB B 06beMe pacTBopa.

YpaBHeHvne [ebas-Xiokkensi, yTodHeHHoe B [4] ana Onun3ko4enCTBYHOLMX
B3aMMOOENCTBUN, UMEET BUL:

0.5115/1
log f, = ——‘/_+0.0551
o 1+1.316V1
roe | — noHHasa cuna, MOnb/N; YMUCNEHHbIE KOHCTaHTbI MOMyYeHbl NpU Temneparype

25°C [4].

[MpuBeOeHHbIE Ha PUCYHKE 3KCNepuMeHTasbHble 3aBUCMMOCTU WU3MEHEHUS
PaBHOBECHOrO MOBEPXHOCTHOrO HaTshkeHuss pactBopoB ULTAB oT cpegHen
aKTMBHOCTW MOHOB XOPOLLO COrNacyrTcs ¢ NMTepaTypHbIMN OAaHHBIMMN.

Takmm obpasom, gobaBkM CUMbHBIX 3NEKTPONUTOB (B [aHHOM cryvae —
pobaskn NaOH) cywectBeHHo BnusAlT Ha xop 3asucumoctn Yy = f(Cyras) ©
agcopOunoHHble xapaktepuctukn LUITAB. lMNepecyeT BennumH koHueHTpauun LITAB
Ha CpEedHI aKTMBHOCTb MOHOB B pacTBOpe MO3BONSAET YYMTbIBaTb BIUSHWE
006aBOK pasnNUYHbIX CUSbHbLIX 3MIEKTPOSNIMTOB M MNOJSlyYyaTb COMOCTaBMMblE OAHHble
ans cmecen MNAB-anekTponurT.
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C.J1. Xunsko ALCOPBLINHI XAPAKTEPUCTUKU LETITTPUMETUITAMMOHIA BPOMIZY
HA MEXI po3rioginy PIOUHA-TA3

Memodowm kinbus o Hyi eugueHi adcopbuiliHi xapakmepucmuKku ueminmpumemunammoHit
bpomidy (LUTAB) Ha mexi pos3nodiny piQuHa-ea3 i ernnue Ha Hux 00b6asoK CUMbHUX eriekmpornimis.
BcmaHoeneHo, w0 nepepaxyHoK 8enuquH KoHueHmpauii UTAB Ha cepedHro akmueHicmb iOHi8 8
po34uHi do3eorisie 8paxosysamu ersiug 00basoK CUMbHUX e/1eKmposiimie i ompuMysamu 3icmasHi 3
nimepamypHumu OaHi 0nis cymiwed NAB-enekmpornim.

Knro4oei cnoea: ueminmpimeminammoHiti 6pomid, nosepxHesuli Hamse, adcopbuis, dobasku
enekmpornimis, pH cepedosuuja.

S.L.Khi’ko ADSORPTION CHARACTERISTICS OF CETYLTRIMETHYLAMMONIUM
BROMIDE AT THE INTERFACE LIQUID-GAS

Electrolyte additives and pH can control colloid-chemical properties of solutions of surface-
active agents (surfactants) - their behavior in different phase interfaces and regulatory properties of
the surfactant in dispersed systems.

Were studied adsorption characteristics of cetyltrimethylammonium bromide (CTAB) at the
liquid-gas and the effects of additives of strong electrolytes.

Dynamic surface tension of aqueous solutions of CTAB was measured by Du Nui method
(Tensiometer TE-1, Lauda, Germany) at (20 £ 0.1)°. Received the experimental dependences of the
surface tension of aqueous solutions of CTAB on time.

The experimental dependence of the equilibrium surface tension on the concentration of
CTAB and the mean activity of the ions were treated using a theoretical model of Frumkin. The
experimental dependences of the equilibrium surface tension of solutions of CTAB on the average
activity of the ions are in good agreement with literature data.

In this connection, the translation of the concentration of CTAB on the average activity of the
ions in the solution takes into account the effect of the addition of strong electrolytes and achieve
comparable with published data for mixtures of surfactant-electrolyte.

Keywords: cetyltrimethylammonium bromide, surface tension, adsorption, eelectrolytes
additives, pH.
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AJIKWJINPOBAHUE CAMOOPI'AHN30BAHHBIX KOMIIVIEKCOB HA OCHOBE
MUPUINH-3-BOPOHOBO KUCJIOThI

lMonyyeHa u oxapakmepu3sosaHa CyrnpaMosIeKyIspHas cmpykmypa — rneHmaoexkamep nupuouH-3-
60opoHoeol Kucriombl. M3ydeHO e20 cmpoeHue, ycmou4ueocmb U CriocobHocmb K obpasosaHuro N-
arnkunnpou3eooHbix. V3bupamernbHoe arnkusnuposaHue rneHmadekamepa liodankaHamu npueooum K
obpaszoeaHurd HOB020 muna amgughuioe — MOHO- U mpuasnkundameuweHblx 6HOopPOKCUHO8
nupuduH-3-6opoHosol  Kucriombel, a 6 crydae 1,10-0utioddekaHa u 1,2-6uc(2-tio0amokcu)amaHa
r10380719em rosy4ums OUMEPHbLIE CMPYKMYPbI — NMPEKYPCOPbI KOBANEHMHbLIX Op2aHUYECKUX KapKacos

Knoueeble cnoea: nupuduH-3-60poHogasi  Kucrioma, GOPOKCUH,  arnkuiuposaHue,
KoBasieHMHbIe Op2aHUYeCcKUe KapKachl.

119 © CascyHeHko A.O., LLlupokopodosa FO.A.,
Kapnuues E.A., lNonog A.®., Mamondo HO.,
Puko-lamm W., Jlamm A., 2013



