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The significance of acylation reaction of amines is presented in the literary reference information. The products of
this reaction — the corresponding amides — are important intermediates in obtaining practically useful compounds. It
has been shown that the most common methods of acylfunctionalization of amines are acetylation, trifluoroacetyla-
tion and formylation; usually anhydrides or chlorides are used in these reactions as acylating reagents acid in the
presence of highly toxic and expensive catalysts. The authors have developed an approach to the synthesis of a
number of N-acylated amino-9, 10-anthraquinones, which is based on the use of a new acylation system consisting
of a strong organic acid and ammonium thiocyanate. It has been determined that 1-amino-9, 10-anthraquinone and
its derivatives in the presence of two-fold excess of ammonium thiocyanate can be acetylated only by formic and
trifluoroacetic acids. 2-Amino-9, 10-anthraquinone additionally can be acetylated by mercaptoacetic and acetic ac-
ids. The scheme of the reaction discovered has been proposed, it involves in situ generation of ammonium acetate
from carboxylic acid and ammonium thiocyanate, which serves as the acylating reagent.

N-ALUTTOBAHHSA AMIHO-9,10-AHTPAXIHOHIB CUCTEMOK CUJIbHA KAPEOHOBA KUCJIOTA - TIO-
LIAHAT AMOHIKO

B.l.3sapuy, M.B.Cmacesudy, B.B.JlyHiH, B.I1.Hoegikoe, M.B.Boek

Krnroqoei cnoea: amiHo-9, 10-aHmpaxiHoHU; KapboHO8I KUC/Iomu; mioujiaHam aMOHIto; auemam aMOHIto; auUsTo8aHHST

HaeedeHa iHghopmamueHa nimepamypHa dosidka CUHMEMUYHOI 3Ha4UMOCMIi peakuii ayuroeaHHs1 amiHie, npodykmu
SIKOI — 8iOMN08IOHI aMidu € 8axkUBUMU iHMepMediamamu rpu OmMpuUMaHHi 3Ha4HO20 Macusy NMPakmMUYHO KOPUCHUX CIo-
nyK. Ha ocHosi aHani3y nimepamypHux Oxepest 8UsIBIIEHO, WO 8 rpouecax ayungyHKyjoHanisauii amiHie Hatinowupe-
HituumMu € Memoodu auemusTto8aHHs1, mpugmopoauemuoeaHHs ma (hopMIrto8aHHsI, 8 SIKUX, SIK Mpasusio, 8 pori ayu-
TIOIOYUX peac2eHmig 8UKOPUCMOBYomMbCs aHeiopudu abo xriopoaHaidpudu KUCIIom y NMpUCymMHOCMI 8UCOKOMOKCUYHUX
i dopoaux kamarnizamopis. Aemopamu po3pobiieHo ridxio 0o cuHmesy Hu3Ku N-auyurnboeaHux amiHo-9, 10-aHmpaxiHoHig,
SKUU 2pyHMyembCsi Ha 3aCmocy8aHHI HO80I aUuuTor40i CUCMeMU — CUrbHa opaaHiyHa Kucroma-miouiaHam aMOHito.
Ha npuknadax e3aemodii amiHo-9, 10-aHmpaxiHoHi8 i3 ghopMiamHor0, auemamHoro, mioauemamHo ma mpugmo-
poauemamHor Kucriomamu 8 rpucymHocmi 080KpamHo20 HadmuwKy miouiaHamy aMOHItO 3’CO8aHO 8r/IU8 CMpyK-
mypu amiHocybcmpamy ma KapboHO80I Kucriomu Ha riepebie peakuii auurnro8aHHs1 i ymeopeHHs1 aHmpaxiHosinami-
Oig. BcmaroernieHo, wo 1-amiHo-9,10-aHmpaxiHoH ma (1020 3aMilleHi aHanoau 8 nNpucymHoCcmi mioyiaHamy aMoHito
CXUrbHi 00 ayurtoeaHHs MirbKu ¢hopMiamHOK ma mpughbmopoauemamHoro Kucriomamu, Hamomicmes 2-amiHo-9,10-
aHmpaxiHOoH OKpiM ghopmiamHoi ma mpugbmopoauemamHoi Kucsiom, ymeoptoe amiou rid dieto ayemamHoi ma mio-
auemamHoi kucriom. 3anporoHosaHa cxema 3HalideHol peakuii, sika nepedbaqac in situ 2eHepysaHHs i3 kapboOHOB8OT
Kucriomu ma mioujaHamy aMOHito ayemamy aMOHito, SIKUL riacHe | BUKOHYE POrib auUITiOKH020 peazeHma.

N-ALMNITUPOBAHUE AMWUHO-9,10-AHTPAXMHOHOB CUCTEMOW CUITbHASI KAPEOHOBASI KUCJIOTA —
TUOUNAHAT AMMOHMUS

B.N.3eapuy, M.B.Cmaceeudy, B.B.JlyHuH, B.l[.Hoeukoe, M.B.Boek

Knroyeenie crioea: amuHo-9, 10-aHmMpaxuHOHbI; KapbOHO8bIe KUC/I0OMbI; MuUoyuaHam aMMOHUS; ayunnuposaHue
lNpusedeHa uHopmamueHasi umepamypHasi cripaska CUHMeMmMuUYecKol 3Ha4UMOCMU peaKkyuu ayuinupo8aHusi
amMuHos, rpodyKmsl KOmMopol — coomeemcmaeyroujue amudbl ABISIOMCS 8aXHbIMU UHMepMeduamamu rpu o-
JIy4YeHuUU 3Ha4umesibHo20 Maccusa npakmu4yecKu rnonesHbix coeduHeHul. Ha ocHose aHanu3a numepamypHbIX
UCMOYHUKO8 yCmaHOoB/TIeHO, Ymo 8 rnpoyeccax ayurngyHKyuoHanu3ayuu aMuHo8 Haubonee pacrnpocmpaHeHsbl
Memodbl auemuruposaHusi, mpughmopauemunuposaHusi U (hoOpMUILUPO8aHUS, 8 KOMOPbIX, KaK rpasusio, 8 ponu
auunupyrwux peazeHmos ucronb3ytomest aHaudpudbl unu xopaHaudpudbl KUCIOM 8 pucymcmeuu 8bICOKO-
MOKCUYHbIX U Oopoeaux Kamanu3damopos. Aemopamu paspabomaH nodxod k cuHmesy psida N-ayunuposaHHbIX
amuHo-9, 10-aHmpaxuHOHO8, OCHOBaHHbIU Ha MPUMeHEHUU HO80U ayunupyrowel cucmeMbl — CUrlbHasi opaaHu4ve-
CKasi Kucroma-muoyuaHam aMmMoHusi. Ha npumepax e3aumodelicmeusi amuHo-9,10-aHmpaxuHoHO8 ¢ Mypasbu-
HOU, yKCYCHOU, mUOYKCYCHOU U mpugbmopyKcycHOU Kucromamu 8 rnpucymcmeuu 08yxKpamHo2o u3bbimka muo-
yuaHama aMMOHUSI 8bISICHEHO 8ITUSIHUEe CMPyKmMypbl aMuHocybcmpamos u kapboHO80U KUCIIOMbI Ha rpomeKaHue
peakyuu ayunuposaHusi u 0bpasosaHusi aHmpaxuHonunamudos. YcmaHoeneHo, 4ymo 1-amuHo-9,10-aHmpaxuHoH
U e20 3aMelWeHHble aHaoau 8 npucymemeuu muoyuaHama aMMOHUST MOO08ePXXeHb! auuTupO8aHUK MOIbKO My-
pasbuHOU U MpugmMOpyKCyCHOU Kucriomamu, 8 mo epemsi Kak 2-amMuHo-9,10-aHmpaxuHOH Kpome MypasbuHoU u
mpugbmopykcycHoul Kucriom obpayem amudbi nod delicmaueM yKcycHol u muoykcycHou kucrom. [pednoxeHa
cxema HalideHHOU peaKyuu, Komopasi npedycmampusaem in Situ 2eHepupogaHue ¢ kapboHO80U KUCIOMbI U muo-
yuaHama aMMOHUSI auemama aMMOHUS, KOmOopbIl COOCMBEHHO U 8bIMOMTHAEM POrib ayuupyroueso peazeHma.
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The acylation of amines is one of the most com-
mon methods of their structural modifications and
widely used in organic synthesis and medicinal che-
mistry. N-Acyl residues are important protective groups,
and the corresponding amides are effective interme-
diates in various chemical transformations aimed to
obtain practically useful compounds. In the process
of acylfunctionalization of amines the most generally
used methods are: acetylation [1], trifluoroacetyla-
tion [2] and formylation [3-5]. The commonly used
acylating reagents are acetic acid anhydride and chlo-
ride in the presence of highly toxic and expensive ca-
talysts [6-9], trifluoroacetic acid anhydride and oth-
er highly electrophilic derivatives of trifluoroacetic
acid [10-13], complexes of formic acid with carbodi-
imides [14, 15] or Lewis acids [16]. Thus, the search
for environmentally benign and technologically con-
venient methods of acylation of amines by carboxylic
acids with catalytic addition of cheap reagents is a
topic of great interest [17-19].

N-Acylamino-9,10-anthraquinones have become
the subject of increased attention of researchers in
recent years, because of identification of 1-acetami-
de-9,10-anthraquinone as a new mutagenesis me-
tabolite of 1-aminoanthracene [20]. 2-Trifluoroacet-
amide-9,10-anthraquinone was used as selective co-
lorimetric sensor for cyanide anion in aqueous so-
lutions [21]. The synthesis of N-acylamino-9,10-an-
thraquinones was carried out via the reaction with
acetic [20, 22, 23], trifluoroacetic [21] acid anhydri-
des, and acetyl chloride [24].

We have shown that for this purpose a new acy-
lating system consisting of a strong carboxylic acid
and ammonium thiocyanate could be successfully used.
It has been found that the structure of aminosubstra-
te and carboxylic acid influenced on the acylation reac-
tions of N-acylamino-9,10-anthraquinones 2a-l on the
examples of reactions of 1- and 2-amino-9,10-anthra-
quinones (AQ-NH,) 1a-f with formic, acetic, mercap-
toacetic, and trifluoroacetic acids in the presence of
a two-fold excess of ammonium thiocyanate (Table).
It has been determined that 1-amino-9,10-anthra-

o 0
)L +  NH4SCN )k +
R

R OH

R=H, Me, HSCH, CF3

o}
AQ*NHZ + R)'L

1a-f

ONH,4

Scheme
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quinone 1a and its derivatives 1b-d were acylated
only by formic and trifluoroacetic acids in the pres-
ence of ammonium thiocyanate. In the case of diami-
no-9,10-anthraquinones 1¢,d both amino groups took
part in the reaction. 2-Amino-9,10-anthraquinone 1e
reacted not only with strong formic and trifluoroace-
tic acids, but it also gave amides with mercaptoace-
tic and acetic acids. On the contrary, 2-amino-3-chlo-
ro-9,10-anthraquinone 1f underwent only trifluoro-
acylation, and isomeric 1-amino-2-chloro-9,10-anthra-
quinone was not acylated by any of the acids tested.

The regularities found well correlate with electro-
nic parameters of amino-9,10-anthraquinones, as well
as with acidity of carboxylic acids. Thus, less basic
1-amino-9,10-anthraquinones 1a-d gave the corres-
ponding amides 2a-g only with relatively strong trif-
luoroacetic (pKa = 0.23) and formic (pKa = 3.73) acids.
At the same time, more basic 2-amino-9,10-anthra-
quinone 1le gave amides not only with such strong
acids as trifluoroacetic and formic acids, but with
weaker mercaptoacetic (pKa = 3.83) and acetic (pKa
= 4.76) acids. However, acylation did not proceed
with propanoic or butanoic acids. The result of the
given reaction is quite unexpected because the sys-
tem of inorganic (organic) acid and ammonium thio-
cyanate is normally used to generate in situ thiocy-
anic acid, which is a thiocarbamoyl reagent for weak
bases [25]. Therefore, in the case of amino-9,10-an-
thraquinones 1 formation of antraquinoylthioureas
was expected. In fact, an alternative reaction - acyla-
tion of amino-9,10-anthraquinones by ammonium
carboxylate resulted from the reaction of ammoni-
um thiocyanate with strong organic acids took place
(Scheme). These results are consistent with the data
published in work [26] on direct acetylation of ani-
lines by ammonium acetate in acetic acid, as well as
experimental data on the absence of reactions when
instead of thiocyanate ammonium, thiocyanate po-
tassium or ammonium chloride were used, and di-
rect conversion of 2-amino-9,10-anthraquinone 1e
to amide 2h in the reaction with excess of ammonium
acetate in acetic acid.

HSCN
ONH,4
0
AQ_ //JL\\ +  NH4OH
NH R
2a-|
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Products of N-acylation of amino-9,10-anthraquinones 1a-f by the system

of strong carboxylic acid - ammonium thiocyanate

Table

AQNH, Acid rez'giigfh AQNHC(OR
1 2 3 4 5 6
HC(O)OH 6 2
o) NH,
Ta
(0]
F,CC(O)OH 1 2b
o) NH, o
OH
b F,CC(O)OH 1 2
(0]
HC(O)OH 6 2d
o NH,
1c
o NH,
F,CC(O)OH 1 2e

HN

~

CF3
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Table continued
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The composition and structure of amides 2a-1
synthesized have been confirmed by elemental ana-
lysis data, mass spectrometry, and *H, **F NMR spec-
troscopy.

Herein, the new preparative, high yielding method
for the synthesis of N-acylated amino-9,10-anthra-
quinones is introduced.

Experimental Part

'H NMR spectra of the compounds synthesized
were obtained on a Bruker Avance DRX-500 spec-
trometer, TMS was the internal standard. F NMR
spectra were registered on a Varian VXR-300 spec-
trometer, CFCl, was the internal standard. Chroma-
to-mass spectra were obtained on a Aligent 1100 /
DAD / HSD / VLG 119,562 device.

General method of acylation of amino-9,10-
anthraquinone 1a-f

To 30 ml of the corresponding carboxylic acid
add (0.001 Mol) of amino-9,10-anthraquinone 1a-f,
0.152 g (0.002 Mol) ammonium thiocyanate (in the
case of compounds 1a,b,f) or 0.304 g (0.004 Mol)
ammonium thiocyanate (in the case of compounds
1c,d), and heat while boiling for 1-6 h. Cool the reac-
tion mixture, dilute with 4-fold excess of water, filter
the precipitate, wash with water and dry.

N-(9,10-Diox0-9,10-dihydroanthracen-1-yl)for-
mamide 2a. Yield - 91%. M.p. - 210-212°C. 'H NMR,
8, ppm.: 8.08-8.17 m (3H, CH,); 7.87-7.91 m (3H, CH,);
8.64 M (1H, CH_); 8.96 br.s (1H, COH); 11.89 brs (1H,
NH). [M+1]* 252. Found, %: C 71.59; H 3.69; N 5.47.
C,sH,NO,. Calculated, %: C 71.71; H 3.61; N 5.58.

N-(9,10-Diox0-9,10-dihydroanthracen-1-yl)-
2,2,2-trifluoroacetamide 2b. Yield - 95%. M.p. - 182-
183°C.'H NMR, §, ppm.: 7.95-8.24 m (6H, CH, ); 8.74
d (1H, J=7.7 Hz, CH,); 13.17 s (1H, NH). F NMR, §,
ppm.: -75.55 (CF,). [M+1]* 319. Found, %: C 60.31;
H 2.43; N 4.31. C,(H4F;NO,. Calculated, %: C 60.20; H
2.53; N 4.39.

9,10-Dioxo-1-(2,2,2-trifluoroacetamido)-
9,10-dihydroanthracene-2-carboxylic acid 2c. Yield
-92%. M.p. - 287-289°C."H NMR, §, ppm.: 7.77-7.87 m
(2H, CH,)); 8.04-8.12 m (4H, CH,); 11.85 s (1H, NH);
13.03 s (1H, OH). FNMR, §, ppm.: -75.40 (CF,). [M+1]*
364. Found, %: C 56.17; H 2.17; N 3.92. C,,H,F,NO..
Calculated, %: C 56.21; H 2.22; N 3.86.

N,N’-(9,10-Diox0-9,10-dihydroanthracene-
1,4-diyl)diformamide 2d. Yield - 87%. M.p. - 290-
292°C.'H NMR, §, ppm.: 7.86-8.12 m (5H, CH, ); 8.57
m (1H, CH, ); 8.87 br.s (2H, COH); 12.01 br.s (2H,
NH). [M+1]* 295. Found, %: C 65.40; H 3.36; N 9.57.
C,H,,N,0,. Calculated, %: C 65.32; H 3.45; N 9.51.

N,N’-(9,10-Diox0-9,10-dihydroanthracene-
1,4-diyl)bis(2,2,2-trifluoroacetamide) 2e. Yield -
81%. M.p. - 260-261°C. *H NMR, §, ppm.: 7.87 m (2H,
CH,); 8.01 m (2H, CH,,); 8.62 m (2H, CH,); 13.10 brs

(2H, NH). *F NMR, §, ppm.: -75.42 (c, 2CF,). [M+1]*
431 Found, %: C 50.35; H 1.81; N 6.58. C;,H,FN,0,.
Calculated, %: C 50.25; H 1.87; N 6.51.
N,N’-(9,10-Diox0-9,10-dihydroanthracene-
1,5-diyl)diformamide 2f. Yield - 85%. M.p.>330°C.
'HNMR, §, ppm.: 7.86-7.95 m (4H, CH, ); 8.67 m (2H,
CH,,); 8.91 brs (2H, COH); 11.84 brs (2H, NH). [M+1]*
295. Found, %: C 65.41; H 3.32; N 9.60. C,;H,,N,0,.
Calculated, %: C 65.32; H 3.45; N 9.51.
N,N’-(9,10-Diox0-9,10-dihydroanthracene-
1,5-diyl)bis(2,2,2-trifluoroacetamide) 2g. Yield -
79%. M.p. - 242-243°C. 'H NMR, §, ppm.: 7.67-7.86
m (4H, CH_); 8.62-8.64 m (2H, CH,); 12.25 br.s (2H,
NH). F NMR, §, ppm.: -75.43 (c, 2CF;). [M+1]*431.
Found, %: C 50.34; H 1.79; N 6.54. C;;HgF.N,0,. Cal-
culated, %: C 50.25; H 1.87; N 6.51.
N-(9,10-Dioxo0-9,10-dihydroanthracen-2-yl)
acetamide 2h. Method A: see the general procedure,
yield - 88%. Method B: to 30 ml of acetic acid add
0.223 g (0.001 Mol) of 2-amino-9,10-anthraquinone
le, 0.152 g (0.002 Mol) of ammonium acetate and
heat while boiling for 3 h. Cool the reaction mixture,
dilute with 4-fold excess of water, filter the precipi-
tate, wash with water and dry. Yield - 87%. M.p. -
258-260°C. 'H NMR, §, ppm.: 2.12 s (3H, CH,); 7.88
m (2H, CH,,); 8.04-8.15 m (4H, CH,); 8.39 s (1H, CH,);
10.57 s (1H, NH). [M+1]* 264. Found, %: C 72.54; H4.01;
N 5.32.C,(H,;NO,. Calculated, %: C 72.45; H 4.18; N 5.28.
N-(9,10-Dioxo0-9,10-dihydroanthracen-2-yl)-
2-mercaptoacetamide 2i. Yield - 89%. M.p. - 232-
233°C.'H NMR, §, ppm.: 3.04 s (1H, SH); 3.81 m (2H,
CH,); 7.81-7.87 m (3H, CH,); 8.12m (3H,CH_,); 8.35 s
(1H, CH,); 10.70 s (1H, NH).: [M+1]* 297. Found, %:
C 64.74; H 3.59; N 4.82; C, ;H,,NO,S. Calculated, %: C
64.63; H3.73; N 4.71.
N-(9,10-Diox0-9,10-dihydroanthracen-2-yl)for-
mamide 2j. Yield - 93%. M.p. - 282-283°C. '"H NMR,
8, ppm.: 7.84-7.87 m (2H, CH,); 7.96-7.99 m (1H,
CH,); 8.08-8.11 m (3H, CH,); 8.36 s (1H, COH); 8.41
s (1H, CH,,);10.79 s (1H, NH). [M+1]* 252. Found, %:
C 71.56; H 3.67; N 5.50. C,;HyNO,. Calculated, %: C
71.71; H 3.61; N 5.58.
N-(9,10-Diox0-9,10-dihydroanthracen-2-yl)-
2,2,2-trifluoroacetamide 2Kk. Yield - 96%. M.p. -
216-217°C. 'H NMR, 8, ppm.: 8.13-8.36 m (4H, CH,);
8.75-7.81m (3H, CH,); 13.01 s (1H, NH). F NMR, §,
ppm.: -75.61 c (CF;). [M+1]* 319. Found, %: C 60.32;
H 2.48; N 4.29. C, HgF;NO,. Calculated, %: C 60.20; H
2.53; N 4.39.
N-(3-Chloro-9,10-diox0-9,10-dihydroanthra-
cen-2-yl)-2,2,2-trifluoroacetamide 21. Yield - 90%.
M.p.>330°C.'H NMR, §, ppm.: 7.90-8.25 m (6H, CH,,);
11.69 br.s (1H, NH). F NMR, §, ppm.: -75.16 ¢, (CF,).
[M+1]* 354. Found, %: C 54.27; H 2.10; Cl 10.12; N
3.91. C,,H,CIF,NO,. Calculated, %: C 54.34; H 2.00; CI
10.02; N 3.96.
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Conclusions anthraquinones, which is based on the interaction of

amino-9,10-anthraquinones with the corresponding
The effective method for synthesis of N-formyl(ace-  carboxylic acids in the presence of excess ammoni-

tyl-, mercaptoacetyl- and trifluoroacetyl)amino-9,10- um thiocyanate has been developed.
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