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One of the most convenient methods for obtaining ethyl of N-substituted 4-hydroxy-2-oxo-1,2-dihydroquinoline-3-car-
boxylates and their tricyclic analogues at present is condensation of the corresponding anilines with triethyl methanet-
ricarboxylate. In spite of the fact that there are many methods describing the successful performance of this reaction
in conditions of laboratory, but unfortunately, all of them appeared to be completely unusable for large production for
a variety of reasons. The study of quality of the esters of 4-hydroxy-2-oxo-1,2-dihydroquinoline-3-carboxylic acids by
HPLC has shown that all of them contain from 2.4 to 5.6% of specific admixtures of 4-hydroxy-1,2-dihydroquinolin-
2-ones. In laboratory conditions these amounts can be neglected, but for industrial manufacture they can turn into
great losses. The source of admixtures of 4-hydroxy-1,2-dihydroquinolin-2-ones appearing in crude esters can be
only the esters themselves. It is obvious that ester grouping is partially destroyed not in the process of separation of
the final products, but during the course of the basic reaction. It has been experimentally proven that the cause of
contamination of the target products with the admixtures of the corresponding 4-hydroxy-1,2-dihydroquinolin-2-ones
is water, which is present in reagents. Applying the principles of «green chemistry» the alternative for carrying out the
syntheses of ethyl 4-hydroxy-2-oxo-1,2-dihydroquinoline-3-carboxylates adapted for industrial manufacture has been
suggested on the basis of N-substituted anilines and triethyl methanetricarboxylate.

«3EJIEHWA» CUHTE3 ETUJIOBUX ECTEPIB 4-I|JPOKCH-2-OKCO-1,2-AUrIPOXIHOJIH-3-KAPEOHO-
BUX KUCI1oT

|.B.YkpaiHneub, O.B.l'opoxoea, K.B.AHOpeeea, M.FO.onik

Knroyoei cnoea: ecmep 4-2idpokcu-2-okco-1,2-0ueidpoxiHoniH-3-kapbokcunamis; nipudo[3,2, 1-ij]-xiHomiHu, ri-
pono[3,2, 1-ij]-xiHoniHu; 3-(1-xiHoniHin)nponaHHIMpuUnu; «3eneHa Ximisi»

OdHuUM 3 Halibinbw 3py4HUX criocobie odepxxaHHs1 emunosux ecmepie N-3amiuieHuUx 4-2idpokcu-2-okco-1,2-0ueiopo-
XiHOMIH-3-KapBOHO8UX KUCIOM ma iX MPUUUKIIYHUX aHaso2ie Ha menepilHiti yac 3anuwaemscs KoHOeHcauis 8ioro-
8IOHUX aHiniHie 3 mpuemunMemaHmpukapbokcunamom. Hesgaxaro4u Ha me, Wo Memodi8 yCriHO20 NPo8edeHHs
uiei peakyii 8 nabopamopHux ymosax orucaHo docums baeamo, 6ci 80HU, Ha Xarb, 3 Pi3HUX MPUYUH 8USBUNUCH
308cim HerpudamHumu O macwmabHo20 8upobHuUUmea. BusueHHs1 sskocmi o0epxxysaHux ecmepig 4-2idpokcu-2-
0Kco-1,2-0uzidpoxiHoniH-3-kapboHosux Kucriom memodom BEPX nokasarno, uio eci 60HU micmsime 6i0 2,4 do 5,6%
crieyughidHux Oomiwok 4-gidpokcu-1,2-0ueiOpoxiHoniH-2-0Hig. Y nabopamopHili npakmuui makuMu KinbKocmsimu
MOXHa 3Hexmysamu, ane Ofisi MPOMUCI08020 8UPOBHULMEa 80HU MOXYmb 06epHymuCsi 3Ha4YHUMU empamamu.
[xeperiom nosisu 8 HeoduweHUX ecmepax 0OMiIlLOK 4-2i0pokcu-1,2-0u2iOpoXiHOrMiH-2-0Hi8 MOXYmb 6ymu minbKu
cami yi ecmepu. O4e8UOHO ecmepHe y2pyry8aHHs1 YacmKo8o po3skiadaemisCs He rpu sUdiNeHHI KiHueaux rnpodykmig, a
wie 8 npouyeci nposedeHHs1 0OCHOBHOI peakuii. EkcriepumeHmarnsHo 008e0eHO, WO NPUYUHO 3abpyOHEeHHS Uinbosux
rpodykmig crieyuchidyHUMU OOMiiKamUu 8i0rosiOHUX 4-2i0pokcu-1,2-0uiOpOXiHOIiH-2-0Hi8 € NPUCYMHS 8 peazeHmax
800a. Kepyroduck nMpuHyunamu «3en1eHoi Ximii», Mu 3arporoHysasnu adanmosaHull id npomMuciose 8UupobHULUMEo
8apiaHm nposedeHHs1 CUHMe3ie emuriogux ecmepig 4-2i0pokcu-2-okco-1,2-0uziopoxiHoniH-3-kapboHo8uUX KUCiom
Ha ocHoei N-3amiweHux aHiniHise ma mpuemunMemaxmpukapbokcunamy.

«3EJIEHbIA» CUHTE3 3TUJTIOBbIX 3®UPOB 4-rMOPOKCH-2-0OKCO-1,2-ANTrNgPOXNHOJINH-3-KAPEO-
HOBbIX KUCIIOT
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Knrodeenie cnoesa: sgpup 4-2udpokcu-2-okco-1,2-0uaudpoxuHonuH-3-kapbokcunamos; nupudof3,2, 1-ijj-xuHonu-
Hbl; nuppornol[3,2, 1-ij]-xuHonuHbi; 3-(1-XUHOMUHUIT)MPONaHHUMPUIbl, «3e1eHas XUMusi»

OdHuUM u3 Hauboriee yOobHbIX criocobo8 rory4YeHus1 amurnoabix 3¢ghupos N-3ameléHHbIX 4-2udpoKcu-2-okco-1,2-0u-
2UOPOXUHOIUH-3-KapbOHOBbIX KUC/IOM U UX MPUUUKITUYECKUX aHario208 8 Hacmosiuee epemMsi ocmaémcs KOHOeH-
cayusi coomeemcmeyrwux aHUMUHo8 ¢ mpusmunMemaxmpukapbokcunamom. Hecmompsi Ha mo, 4Ymo mMemodo8
yCcrewHoz2o rnposedeHust amol peakyuu 8 n1abopamopHbIX YCr108UsIX ornucaHo ocmarmoYyHO MHO20, 8Ce OHU, K CO-
JKareHuro, no pasHbIM MPUYUHaM OKa3aslluCh COBEPUIEHHO HernpuaoOHbIMU Orisi KpYNHO20 rnpou3sodcmea. M3ydeHue
Kayecmea rory4aemMbiX C/IOXHbIX 3¢hupo8 4-2u0poKcu-2-0KCo-1,2-0u2udpoxXuHonuH-3-kapboHO8bIX KUCIom mMemo-
Oom B3)KX nokasarno, 4mo ece oHu codepxkam om 2,4 do 5,6% crieyugbudeckux rnpumeceli 4-2udpokcu-1,2-duaud-
[POXUHO/IUH-2-0HO8. B nabopamopHoU npakmuke amumu Korudecmeamu MOXHO npeHebpedb, HO Ors MPOMBIUIEHHO20
rpou3eodcmea OHU Mo2ym 0bepHYMbCS 3Ha4UMebHbIMU MomepsiMu. ICMOYHUKOM MOSI8NIEeHUST 8 HEOHUUWEHHbIX
agbupax npumecel 4-2udpokcu-1,2-0u2udpPOXUHOUH-2-0HO08 Mo2ym bbimb MOsIbKO camu 3mu 3¢pupbl. O4esudHO
CITOXKHO3GhUPHAS epyrnupo8Ka Yacmu4yHO paspyuiaemcs He npu ebi0eieHUU KOHEYHbIX NMPodyKmos, a ewé 8 npo-
yecce nposedeHuUs1 OCHOBHOU peakyuu. dKcriepuMeHmasibHO 00Ka3aHO, YImo MPUYUHOU 3a2ps3HEHUS UeneabIX rpo-
OyKmoe npumecsiMu coomaemcmeyroujux 4-auépokcu-1,2-0uaudpoxXuHOmnuH-2-0HO8 sersiemcs npucymemsyowast
8 peazceHmax 800a. Pykogsodcmeysichb rpuHyunamu «3enéHol Xumuuy, Mbi npednoxunu adanmuposaHHbili nod rpo-
MbILWIIEHHOE MPOoU3800CME0 8apuaHm MposedeHUs1 CUHME308 3musosbix 3¢hupos 4-2udpokcu-2-okco-1,2-0ueud-
POXUHOMNUH-3-KapboHO8bIX KUCI0m Ha ocHoge N-3amewéHHbIX aHUMUHOo8 U mpuamunmMemaHmpukapbokcunama.
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The scientific direction «green chemistry» appe-
ared only at the end of the XX-th century, but it has
already found a lot of followers in the world chemi-
cal community. And this is not surprising since by
now environmental protection from the negative ef-
fect of chemical enterprises has been changed from
initially fashionable trend into vital necessity. Even a
shallow analysis of the principles declared by «green
chemistry» [1-2] shows that their implementation
(even partial) while synthesizing any given chemi-
cal product affect positively the various sides of the
industrial production - from economic to ecological
ones. Therefrom our interest is in the topic imposed
by the prospect of entering some new medicines of
the range of 4-hydroxy-2-oxo0-1,2-dihydroquinoline-
3-carboxamides at the pharmaceutical market.

The initial products for obtaining such compounds
are, as a rule, lower alkyl esters (more often ethyl) of
the corresponding quinolinecarboxylic acids [3-5].
Amidation of the acids themselves is possible [4-6].
However, due to their high tendency to decarboxy-
lation (especially in solution) [7] such methods are
used in practice in very rare cases.

One of the most convenient methods for obtain-
ing ethyl of N-substituted 4-hydroxy-2-oxo-1,2-di-
hydroquinoline-3-carboxylates 1 and their tricyclic
analogues 2 at present is condensation of the cor-
responding anilines 3 or 4 with triethyl methanetri-
carboxylate (Scheme).

In spite of the fact that there are many methods
describing the successful performance of this reac-
tion in conditions of laboratory, but unfortunately,
all of them appeared to be completely unusable for
large production for a variety of reasons. That is why
we have proposed the modified method constituting
a gradual addition of N-substituted aniline into the
solution of triethyl methanetricarboxylate in diphe-
nyl oxide heated up to 215-220°C [8]. This modifica-
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tion allows working with great loads and basically
can be easily reproduced industrially. At the same time
the necessity of using diphenyl oxide as the «weak-
est link» of the whole synthetic chain can become an
extremely serious problem with time. On the one hand,
this thermal medium has excellent characteristics of
thermal and chemical stability. Its benefits are also
low toxicity for many animals [9, 10] and human [11].
But on the other hand, it should be remembered that
even with all things considered diphenyl oxide is add-
ed to the list of chemicals that are hazardous for the
environment. It is inflammable, can form high-toxic
decomposition products and smoke when burning.
Finally, ingress of this material into waste water and
water supply is not absolutely permissible because
of its high toxicity for aquatic life. In other words,
the risk of occurrence of different emergency situa-
tions and environmental threats stipulated by use of
diphenyl oxide will be kept constant without regard
to the strictest control over production.

A durable solution of this problem can be one of
the approaches of «green chemistry», namely to re-
fuse to use of potentially toxic solvents. In case of the
reaction considered its practical implementation is
rather easy since one of the main reagents (triethyl
methanetricarboxylate) is perfectly acceptable as an
alternative to diphenyl oxide by its physical proper-
ties. In fact, addition of N-substituted anilines 3-4
into triple excess of triethyl methanetricarboxylate
heated to 215-220°C gives ethyl esters of the cor-
responding quinolinecarboxylic acids 1-2 with high
yields. It is true that therefrom the additional task ap-
pears - regeneration of triethyl methanetricarboxy-
late taken in excess. However, we have found that
upon completion of condensation the excess of this
expensive reagent is rather easily returned to pro-
duction with losses not exceeding 5% (see Experi-
mental Part).
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1,3,5:aR=Me; bR =-CH,CH,C=N
2,4,6:aR=-CH,CH,-; bR =-CH,CH(Me)-; ¢ R = -CH,CH,CH,-
Scheme. The synthesis of ethyl 4-hydroxy-2-oxo-1,2-dihydroquinoline-3-carboxylates 1 and 2.
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It should be noted that removal of diphenyl oxide
from the synthetic scheme is imposed not only with
production and ecological safety. The study of qua-
lity of the esters 1 and 2 by HPLC has shown that all
of them contain from 2.4 to 5.6% of specific admix-
tures of 4-hydroxy-1,2-dihydroquinolin-2-ones 5 or 6.
In laboratory conditions these amounts can be ne-
glected, but for industrial manufacture they can turn
into great losses. It is worth remembering one more
principle of «green chemistry» - the tendency to in-
troduction of technologies allowing to reduce the yields
of undesirable by-products.

The source of admixtures of 3H-quinolines 5-6
appearing in crude esters 1-2 can be only the esters
themselves. Our tentative assumption that their par-
tial hydrolysis and subsequent easily proceeding de-
carboxylation [7] occur at the stage of separation (when
treating with a hot aqueous solution of sodium car-
bonate [8]) or in the process of drying has not been
confirmed. In the experiments carried out under con-
ditions that exclude contacts with water the similar
results have been obtained. It is obvious that ester
grouping is partially destroyed not in the process of
separation of the final products, but during the course
of the basic reaction. A strong argument in favour of
such conclusion is the fact that ethyl esters of 4-hy-
droxy-2-oxo-1,2-dihydroquinoline-3-carboxylic acids
begin to reveal anomalously high sensitivity to water
and rapidly decompose at 95°C [12]. It is clear that
at 215-220°C all water, which present in the reac-
tion mixture, will be inevitably involved in hydroly-
sis of the resulting cyclic ester 1 or 2. Therefore, the
less water is in initial reagents, the lower is the yield
of by-products of 4-hydroxy-1,2-dihydroquinolin-2-
ones 5 and 6. This fact has just become another in-
centive for refusal of diphenyl oxide use as an addi-
tional potentially possible source of water.

To remove water from the main components of
the reaction - N-substituted anilines and triethyl me-
thanetricarboxylate — can be done by various ways.
We believe that it is expedient to use commercially
available molecular sieves as drying agents. They have
a good desiccant ability, readily regenerate, and, of
no less importance, they are environmentally harm-
less. Finally it should be noted that with introduction
of reagents dried in such way into the synthesis the
undesired process of 3H-quinolines formation can
be completely suppressed. In our experiments their
content in crude esters 1-2 did not exceed 0.1%.

Thus, based on detailed study of peculiarities of the
reaction of N-substituted anilines with triethyl metha-
netricarboxylate the method, which is simple in perfor-
mance and at the same time highly effective and suita-
ble for large scale production, for obtaining ethyl esters
of 4-hydroxy-2-oxo-1,2-dihydroquinoline-3-carboxylic
acids and their tricyclic analogues has been suggested.
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Experimental Part

Identification of the esters 1 and 2 synthesized
is confirmed by NMR *H spectra recorded on a Varian
Mercury-400 spectrometer (400 MHz) in the solution
of DMSO-d,, the internal standard TMS by compar-
ing with the similar spectra of the known samples
[8, 12-15]. Their quantitative analysis is carried out
by HPLC using a Waters Alliance 2695 liquid chro-
matograph with a Waters PDA 2998 diode matrix
spectrophotometric detector. The chromatographic
conditions are: the analytical column - Agilent Zor-
bax SB-CN with the size of 4.6x250 mm; the particle
size of the sorbent - 5 pm; the flow rate of the mobile
phase - 1 ml/min; the column temperature - 30°C;
the injection volume - 20 pcl; detection at wavelength
of 235 nm. The composition of the mobile phase is the
mixture of 0.05 M phosphate buffer solution with
pH 3.0 and acetonitrile (55:45). In chromatographic
studies as tracking substances the known samples
of esters 1 and 2, as well as 3H-quinolines 5 and 6
are used.

Ethyl 4-hydroxy-2-o0xo0-1,2-dihydroquinoline-
3-carboxylates 1-2 (General Method). In 69.67 g
(0.3 Mol) of triethyl methanetricarboxylate heated
to 215-220°C add dropwise while stirring 0.1 mol
of the corresponding N-substituted aniline 3 or 4
taking into account the temperature of the reaction
mixture, which should be maintained in the range of
215%5°C. In case of solid amines (for example, 3-ani-
linepropanenitrile 3b) to 0.2 Mol of triethyl metha-
netricarboxylate add 0.1 Mol of aniline solution in
0.1 Mol of triethyl methanetricarboxylate. Remove
ethanol liberating in the course of the reaction via
a suitable reflux condenser without entrainment of
initial reagents. After addition of all aniline, mix the
reaction mass for 1 h at 220°C to complete the re-
action. Then cool it to ~ 150°C, change the reflux con-
denser to the descending condenser and distill the
excess of triethyl methanetricarboxylate under re-
duced pressure (2-5 mm Hg). On the average 44.3 g
of triethyl methanetricarboxylate, which is available
for resynthesis without additional purification, is ob-
tained. While stirring add 200 ml of hexane to the
residue cooled to ~ 70°C. Gradually while decreas-
ing the temperature the viscous reaction mass is cry-
stallized. Sometimes, for example, in case of ethyl
6-hydroxy-2-methyl-4-oxo-2,4-dihydro-1H-pyrrolo
[3,2,1-ij]quinoline-5-carboxylate (2b) to accelerate
crystallization it is useful to add inoculation. Filter
the light-yellow precipitate formed, wash with hex-
ane and dry. The yields are 86-97% with the content
of the active substance not less than 94%. The tech-
nical esters 1 or 2 obtained in such way are suitable
for the majority of further chemical transformations
without additional purification.
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