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The significance of the acylation reaction of amines is presented in the literary reference information. The products
of the reaction of 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, trifluoroacety-
lation and formylation, usually acid anhydrides or chlorides are used as acylating reagents in these reactions 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 the 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
acids. The scheme of the reaction discovered has been proposed, it involves in situ generation of ammonium ac-
etate from carboxylic acid and ammonium thiocyanate, which serves as the acylating reagent.

N-ALNITFOBAHHST AMIHO-9,10-AHTPAXIHOHIB CUCTEMOK CUIIbHA KAPEOHOBA KUCJIOTA - TIO-
LIAHAT AMOHIO

B.l.3sapuy, M.B.Cmacesudy, B.B.JlyHiH, B.l1.Hoeikoe, M.B.Boek

Krnroyoei crosa: amiHo-9, 10-aHmpaxiHOHU; KapbOoHO8I Kuciomu; miouiaHam aMOHIt0; auemam aMOHit0; auusiFo8aHHS
HasedeHa iHghopmamueHa nimepamypHa 008i0ka CUHMEMUYHOI 3Ha4UMOCMI peaKuii ayumo8aHHs aMiHig, MpodyK-
mu siKol 8i0roeidHi amiou € saxnusuMu iHmepmediamamu rpu OmMpUMaHHi 3Ha4HO20 Macusy NPaKmMu4yHO KOPUCHUX
crionyk. Ha ocHosi aHani3y nimepamypHux 0xepest 8Usi8NeHo, WO 8 rnpouecax ayurnghyHKUioHasizauii amiHie Halro-
wiupeHiwumu € Memodu auemuriosaHHsl, mpughmopoauemuritosaHHsi ma gbopMIrio8aHHs, 8 SIKUX, SIK Npasusio, 8 pori
ayunYUX peazeHmie 8UKOPUCMO8YmbCs aHeiopudu abo xropoaHziopudu KUCiom y MpucymHOCMi 8UCOKOMOKCUY-
Hux i dopoaux kamarnizamopig. Aemopamu po3pobrieHo nidxio 0o cuHme3sy Hu3ku N-ayunboeaHux amiHo-9,10-aHmpa-
XIHOHI8, SKUU epyHMYembCs Ha 3aCmocysaHHi HOB0T ayusItorYOl cuCmeMU CurlbHa OpaaHiyHa Kucrioma — mioyjiaHam
aMoHito. Ha nipuknadax e3aemodii amiHo-9, 10-aHmpaxiHoHig i3 ghopMiamHOK, auemamHoro, mioauemamHor ma mpu-
gbmopoavemamHOor KUcriomamu 8 npucymHocmi O80KpamHo20 HalnuwiKy mioujaHamy aMOHIk 3’C08aH0 8IIUE CIMpPyK-
mypu amiHocybcmpamy ma KapboHO80iI Kucriomu Ha riepebie peakuii ayunoeaHHs1 i ymeopeHHs1 aHmpaxiHoninami-
dis. BcmaroerneHo, wo 1-amiHo-9,10-aHmpaxiHoH ma (i020 3aMilieHi aHanoau 8 npucymHocmi mioyiaHamy aMoHito
cXusibHi 00 ayuntoeaHHs1 MinibKu ¢hopMiamHoOK ma mpughmopoauemamHor Kuciomamu, Hamomicme 2-amiHo-9,10-
aHmpaxiHoH OKpiM ghopmiamHoOI ma mpugbmopoauemamHol Kucriom ymeoproe amiou nid dieto ayemamHoi ma mio-
auemamHoi kucriom. 3anporioHogaHa cxema 3HaldeHol peakuii, sika nepedbaqac in situ eeHepysaHHs i3 kapboHOB8oT
Kucriomu ma miouiaHamy aMOHito0 auemamy aMOHIto, IKUU erlacHe | BUKOHYE pOJib aUUITIOH020 peazeHma.

N-ALMNITUPOBAHUE AMWUHO-9,10-AHTPAXMHOHOB CUCTEMOW CUJTbHASI KAPEOHOBASI KUCJTOTA —
TUOLUMNAHAT AMMOHMUS

B.N.3sapu4, M.B.Cmaceeudy, B.B.JlyHuH, B.[1.Hoeukoe, M.B.Boek

Krnroyesnie crioea: amuHo-9, 10-aHmMpaxuHOHbI; KapboHO8bIe KUC/IOMbI; muoyuaHam aMMOHUS; ayunuposaHue
lpusedeHa uHopmMamueHasi iumepamypHasi crpaska CUHMemMu4Yeckol 3Ha4UMOCMU peakyuu ayusiuposaHust
amuHos, MpodyKmbl KOMOPOU coomeemcmsyouue amudbl SI8IISIHMCS 8aXXHbIMU UHMepMeduamamu npu rnosyde-
HUU 3Ha4uUmesibHO20 Maccuea rpaKkmu4yecKu rnonesHbIx coeOuHeHUl. Ha ocHose aHarnusa numepamypHbIX UCMOY-
HUKO8 yCmaHO8IIeHO, Ymo 8 npoueccax auungyHKUUoHanusayuu amuHos Haubornee pacrnpocmpaHeHbl Memoodb|
auemurnuposaHusi, mpughmop- auemusiuposaHusi U ¢hopMuIupO8aHUs, 8 KOMOPbIX, KaK rpasusio, 8 Poru ayusnu-
PYHOWUX peazeHmo8 UCronb3ytomcs aHaudpuodbl unu xnopaHaudpudbl KUCIIOM 8 MpUCymcmeuu 8bICOKOMOKCUY-
HbIX U dopoaux Kamasnu3amopos. Aemopamu pa3pabomaH nodxod k cuHmesy pssida N-ayunuposaHHbIX amMUHO-
9,10-aHMpaxuHOHO8, OCHOBaHHbIU Ha NPuUMeHeHUU Ho8oU ayunupyrouwel cucmemMbl CuslbHasi opaaHu4yecKkasi
Kucroma — muouyuaHam aMMoHusi. Ha npumepax esaumodeticmeusi amuHo-9, 10-aHmMpaxuHOHO8 ¢ MypagbUHOU,
YKCYCHOU, MUOYKCYCHOU U mpughmopyKcycHOU Kucromamu 8 rpucymemeuu 08yxKpamHo2o u3bbimka muoyua-
Hama aMMOHUSI 8bISICHEHO 8ITUSIHUE CmMpPyKmypbl amMuHocybcmpamos u kapboHOB80U KUC/IOMbI Ha NMpomekaHue
peakyuu ayunuposaHusi u obpa3osaHus aHmpaxuHonunamudos. YcmaHoeneHo, Ymo 1-amuHo-9,10-aHmpaxuHoH
U e20 3aMelieHHble aHao2u 8 npucymemaeuu muoyuaHama aMMOHUST M008epXKeHb! auulupO8aHUI0 MOSTbKO My-
pasbUHOU U mpughmopyKcyCcHOU Kucriomamu, 8 mo epemsi Kak 2-amuHo-9,10-aHmpaxuHOH Kpome MypasbuHoU u
mpughmopykcycHou Kucriom obpasyem amudbi nod delicmauem yKCyCHOU U muoykcycHol kucrom. [NpednoxeHa
cxema HallOeHHOU peakyuu, komopasi npedycmampusaem in situ 2eHepuposaHue ¢ KapboHO80U KUC/I0MbI U MUO-
yuaHama aMMOHUSI auemama aMMOHUST, KOmOopPbIl COBCMBEHHO U 8bIMOTHSEM POrlb auuupyroueao peazeHma.
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Acylation of amines is one of the most common
methods of their structural modifications, and it is
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 general-
ly used methods are: acetylation [1], trifluoroacety-
lation [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 other
highly electrophilic derivatives of trifluoroacetic acid
[10-13], complexes of formic acid with carbodiimides
[14, 15] or Lewis acids [16]. Thus, the search for en-
vironmentally benign and technologically convenient
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 became the sub-
ject of increased attention of researchers in recent
years because of identification of 1-acetamide-9,10-
anthraquinone as a new mutagenetic metabolite of
1-aminoanthracene [20]. 2-Trifluoroacetamide-9,10-
anthraquinone was used as a selective colorimetric
sensor for a cyanide anion in aqueous solutions [21].
The synthesis of N-acylamino-9,10-anthraquinones
was carried out via the reaction with acetic [20, 22,
23], trifluoroacetic [21] acid anhydrides, 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.
[t was found that the structure of aminosubstrate and
carboxylic acid affected the acylation reactions of N-acyl-
amino-9,10-anthraquinones 2a-l on examples of reac-
tions of 1- and 2-amino-9,10-anthraquinones (AQ-NH,)

1a-f with formic, acetic, mercaptoacetic, and trifluo-
roacetic acids in the presence of the two-fold excess
of ammonium thiocyanate (Table). [t was determined
that 1-amino-9,10-anthraquinone 1a and its deriva-
tives 1b-d were acylated only by formic and trifluo-
roacetic acids in the presence of ammonium thiocy-
anate. In the case of diamino-9,10-anthraquinones
1c,d both amino groups took part in the reaction.
2-Amino-9,10-anthraquinone 1e reacted not only with
strong formic and trifluoroacetic acids, but it also gave
amides with mercaptoacetic and acetic acids. On the
contrary, 2-amino-3-chloro-9,10-anthraquinone 1f
underwent only trifluoroacylation, and isomeric 1-ami-
no-2-chloro-9,10-anthraquinone was not acylated by
any of the acids tested.

The regularities found well correlate with the elect-
ronic parameters of amino-9,10-anthraquinones, as
well as with acidity of carboxylic acids. Thus, less ba-
sic 1-amino-9,10-anthraquinones 1a-d gave the cor-
responding amides 2a-g only with relatively strong
trifluoroacetic (pKa = 0.23) and formic (pKa = 3.73)
acids. At the same time more basic 2-amino-9,10-
anthraquinone 1e 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 pro-
ceed with propanoic or butanoic acids. The result of
the reaction is quite unexpected because the system
of inorganic (organic) acid and ammonium thiocy-
anate is normally used to generate in situ thiocyanic
acid, which is a thiocarbamoyl reagent for weak ba-
ses [25]. Therefore, in the case of amino-9,10-anthra-
quinones 1 formation of antraquinoylthioureas was
expected. In fact, an alternative reaction - acylation of
amino-9,10-anthraquinones by ammonium carboxy-
late resulted from the reaction of ammonium thiocy-
anate with strong organic acids took place (Scheme).
These results are consistent with the data published

o (0]
R OH R ONHy4
R=H, Me, HSCH, CF,
O (0]
AQ NH + )J\ o AQ\ )J\ + NH4OH
2 R ONH, A NH R
laf 2a-|

Scheme
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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 reTa':t‘iir‘]’fh AQNHC(O)R
1 2 3 4
HC(O)OH 6 2
o) NH,
1a
(0]
F,CC(O)OH 1 2b
o NH, o)
OH
1b F,CC(O)OH 1 2
(0]
HC(0)OH 6 |2d
o) NH,
1c
o) NH,
F,CC(O)OH 1 2e
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in work [26] on direct acetylation of anilines with
ammonium acetate in acetic acid, as well as the ex-
perimental 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 the excess of am-
monium acetate in acetic acid.

The composition and structure of amides 2a-1 syn-
thesized were confirmed by elemental analysis data,
mass spectrometry, and 'H, *F NMR spectroscopy.

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

Experimental Part

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

The 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) of ammonium thiocyanate (in the
case of compounds 1a,b,f) or 0.304 g (0.004 Mol) of
ammonium thiocyanate (in the case of compounds
1c,d), and heat when boiling for 1-6 h. Cool the reac-
tion mixture, dilute with the 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,
6, 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 br.s (1H,
NH). [M+1]* 252. Found, %: C 71.59; H 3.69; N 5.47.
C,sHyNO,. 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, ,HgF;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). F NMR, §, 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.
"HNMR, 8, ppm.: 7.86-8.12 m (5H, CH, ); 8.57 m (1H,

30

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 br.s (2H,
NH). F NMR, §, ppm.: -75.42 (c, 2CF,). [M+1]* 431
Found, %: C 50.35; H 1.81; N 6.58. C,,H,F(N,0,. Cal-
culated, %: 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. 'H NMR,
8, ppm.: 7.86-7.95 m (4H, CH,); 8.67 m (2H, CH_);
8.91 br.s (2H, COH); 11.84 br.s (2H, NH). [M+1]* 295.
Found, %: C 65.41; H 3.32; N 9.60. C,;H,,N,0,. Calcu-
lated, %: 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,
S, ppm.: -75.43 (c, 2CF,). [M+1]*431. Found, %: C 50.34;
H 1.79; N 6.54. C,;H4F.N,0,. Calculated, %: C 50.25;
H 1.87; N 6.51.
N-(9,10-Diox0-9,10-dihydroanthracen-2-yl)ace-
tamide 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
1le, 0.152 g (0.002 Mol) of ammonium acetate and
heat when boiling for 3 h. Cool the reaction mixture,
dilute with the 4-fold excess of water, filter the pre-
cipitate, wash with water and dry. Yield - 87%. M.p. -
258-260°C. 'H NMR, 8, 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; H
4.01; N 5.32. C,,H,,NO,. Calculated, %: C 72.45; H
4.18; N 5.28.
N-(9,10-Diox0-9,10-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,); 8.12 m (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, §,
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,;H,NO,. Calculated, %: C 71.71; H
3.61; N 5.58.
N-(9,10-Diox0-9,10-dihydroanthracen-2-yl)-2,2,
2-trifluoroacetamide 2k. Yield - 96%. M.p. - 216-
217°C.'H NMR, §, ppm.: 8.13-8.36 m (4H, CH,,); 8.75-
7.81m (3H, CH,); 13.01 s (1H, NH). °F NMR, §, ppm.:
-75.61 ¢ (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.
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N-(3-Chloro-9,10-dioxo-9,10-dihydroanthracen-
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; C1 10.12; N
3.91. C,H,CIF;NO,. Calculated, %: C 54.34; H 2.00; Cl
10.02; N 3.96.

Conclusions

The effective method for the synthesis of N-for-
myl(acetyl-, mercaptoacetyl- and trifluoroacetyl)ami-
no-9,10-anthraquinones based on the interaction of
amino-9,10-anthraquinones with the corresponding
carboxylic acids in the presence of the excess ammo-
nium thiocyanate has been developed.
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