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The synthesis of novel spirocyclic N-aryl-substituted
2-thiopyrimidine-4,6-diones

A convenient and efficient method for the synthesis of new unsaturated spiro-annulated N-aryl-4,6-dioxopyrimidine-
2-thione derivatives has been developed. The resulting compounds can be potential biological active molecules
or precursors for further chemical modification.

Aim. To develop the methods for the synthesis of new unsaturated spiro-annulated 2-thiopyrimidine-4,6-
dione derivatives, which can be used as potentially biological active molecules or precursors for their formation.

Results and discussion. By condensation of N-aryl-substituted thioureas and allylmalonic acid using acetic
anhydride or acetyl chloride the series of 5-allyl-substituted 2-thiopyrimidinediones has been synthesized. Their
further alkylation with allyl bromide or metallyl chloride led to formation of 5,5-dialkenyl derivatives, which were
converted to the corresponding unsaturated spirocyclic dioxopyrimidine-2-thiones by ring-closing metathesis.

Experimental part. The synthesis of the starting compounds and title products was performed by prepara-
tive chemical methods, TLC and column chromatography, elemental analysis, NMR-spectroscopy.

Conclusions. The efficient three-step synthetic route of new unsaturated spiro-annulated N-aryl-4,6-dioxopyrimidine-2-
thione derivatives from the starting N-arylsubstituted thioureas and allylmalonic acid has been developed. The spiro-
annulated products obtained can find application in biological and pharmaceutical science or as starting sub-
strates for further chemical modification.
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H. I. Kobuxua, B. M. Nonoeartiok, B. B. PoxkoB., B. |. KawukoBcbkum

CuHTe3 HoBUX cniipouukniyHnx N-apunsamiweHux 2-tionipumignH-4,6-gioHis

Po3pobrneHo 3pyyHuii Ta ePeKTUBHUIA METOS, CUHTE3Y HOBUX HEHACUYEHMX CripOo-aHenboBaHUX N-apunaamillleHnX
2-TionipumianH-4,6-gioHiB. OfgeprkaHi cnonyku MoxyTb OyTW NOTEHLiIHUMYK BioakTUBHMMKU MonekynamMmm abo npe-
Kypcopamu Ansi NoganbLuoi XiMiyHoT mogudikauii.

Meta po6otu — po3pobka MeToAiB OAepXKaHHsI HOBUX HEHACUYEHUX Cripo-aHeNbOBaHUX MOXiOHUX 2-TionipuMianH-
4,6-0ioHy SIK MOTEHUiHUX BionoriYHO akTMBHMX Crionyk abo HaniBNpoAyKTiB Anst iX OTPYMaHHS.

Pe3ynkraTty Ta ix o6roBopeHHs. KoHgeHcauieto N-apun3amillieHnx TioCe4OBUH Ta anifiMarioHOBOI KMCIOTH
i3 3aCTOCYBaHHSIM OLTOBOrO aHrigpvay abo aueTunxnopuay CMHTE30BaHO cepito 5-aninsamilleHnx 2-Tionipumi-
AunHgaioHiB. MNpy noganbLioMy ixX ankinyBaHHi aninbpomigom abo MeTaninxnopuaoMm ofepXaHo 5,5-aiankeHinbHi
NOXiZHi, sIKi peakuisMu MeTaTesucy i3 3akpuTTaM LKy 6yno nepeTBoOpeHO Ha BiAMOBiAHI HEHAcK4eHi cnipoum-
KNiYHi giokconipumignH-2-TioHW.

EkcnepumeHTanbHa yactuHa. CvHTE3 BUXiAHMX CMOMYK Ta UiNbOBUX NPOAYKTIB KNAcU4YHUMU MeToAamMu
npenapaTuBHOT XiMil; O4MCTKY Ta igeHTUdIKaLilo OTPUMaHNX CNOMYK 34iMCHEHO METOAaMM TOHKOLLAPOBOI Ta KO-
NOHKOBOI XpomaTtorpadii, enemMeHTHMM aHanidom, AMP-cnekTpockonieto.

BucHoBKkU. Po3po6neHo ehekTUBHUN TpUCTaAiIHMIA LWINSAX OTPUMAHHS 3 BUXIOHUX TIOCEYOBUH Ta anin-
MarOHOBOI KMCIOTU HOBUX HEHACUYEHUX CMipo-aHenboBaHUX noxigHux N-apun-4,6-giokconipumMignH-2-TioHy.
OpepxkaHi cnipouuKnivHi NPOAYKTU MOXYTb 3HaWTW 3acTOCyBaHHA B Bionorii Ta dhapmaueBTUYHiA Hayui, abo Bu-
KOPUCTOBYBATUCb K BUXIOHI CNOMNyKW ANs NofarnbLUol XiMivHOT mogudikadlii.

Krro4oei crioea: a30TOBMICHI reTepo LKW, Cnipo-aHeNoBaHHs; TionipumiavH-4,6-4ioH; MeTaTtesuc; katanisatop
[pabbca

H. 1. Ko6bikua, B. H. lonoeartiok, B. B. PoxkoB, B. U. KawkoBckum

CuHTE3 HOBbIX cnupouuknuyecknx N-apunsameweHHbIX 2-TUONUPUMULUNH-4,6-OMOHOB

PaspaboTtaH yaobHbI 1 3¢pPEeKTUBHbBIA METOL, CUHTE3a HOBbIX HEHACLILLEHHbLIX CMNPO-aHHEeNMPOBAHHbIX
N-apunsamelueHHbIX 2-TuonupumMnamnH-4,6-auoHoB. MNonyyeHHble COeAnHEHNA MOryT ObITb MNOTEHLMannbHbIMU
610aKTMBHBLIMY MOMEKYIAMU UM UCXOAHbIMY BELLECTBaMU ANs AanbHeNLwen XMMUYecKon mogudukaumn.

Llenb paboTbl — pa3paboTka METOAOB MOSTy4YEHUS HOBbIX HEHACBILLEHHbIX CMUPO-aHHENTMPOBAHHbIX NPOU3-
BOAHbIX 2-TUONUPUMUANH-4,6-0M0Ha Kak NOTEHUManbHbIX GUONMOrMYeckn akTUBHLIX COEQUHEHWIA UNU NOnynpo-
OYKTOB AN X MONyYeHus.

Pe3ynbraTbl u ux obceyxaeHue. KoHgeHcauven N-apunsamelleHHbIX TUOMOYEBVH U annuimanoHOBOM
KMCMOThI C UCMOMNb30BaHMEM YKCYCHOTO aHrmapvaa unm auetunxnopuaa CMHTE3NpoBaH pag S-annvnsaveLleH-
HbIX 2-TMOMUPUMUANHAMOHOB. [Npy MX NocneayoLeM ankunMpoBaHuM annuMnoépoMuaoM UM MeTanInIxIopu-
[OM norny4yeHbl 5,5-anankeHnnbHble NPOU3BOAHbIE, KOTOPbIE peakUMaMn MeTaTeaunca C 3akpbiTMeM Lukna Obinu
KOHBEPTUPOBaHbI B COOTBETCTBYIOLLME HENPeaenbHble CNMPOLMKITUYECKME ANOKCONMUPUMUNANH-2-TUOHbI.

OkcnepumeHTanbHas YacTb. CMHTE3 NUCXOOHbLIX COEQUHEHUI U LIENEBbLIX NPOAYKTOB KIACCUYECKUMU Me-
ToO4aMM NpenapaTMBHOM XMMUU; OYMCTKA U OEHTUUKALMS MNONYYEHHbIX COEAMHEHMI NPOBOAMNCE METOAAMM
TOHKOCINOWMHON N KONOHOYHOW XpoMaTtorpadumm, MeEToOOM 3NeMEHTHOro aHanusa, cnekrpockonven AMP.

BbiBogbl. PazpaboraH apheKkTvBHbI TPEXCTaAUIHBIA MyTb MOMYYEHUS N3 UCXOAHBLIX TMIOMOYEBVH U annunvano-
HOBOW KMUCIOTbl HOBbIX HEHACbILLEHHbLIX CMMPO-aHHENMPOBaHHbLIX NPou3BoAHbIX N-apwn-4,6-AMoKCONMPUMUONH-
2-TnoHa. Mony4eHHble CNNPOLMKIMYECKE NPOAYKTbl MOTYT HAUTVU NPUMEHEHNE B Guonorum n papmaveBTuye-
CKOW HayKe, a Takke MCNosb30BaTbCsA Kak MCXOAHbIE COeANHEHUNS A1 AalNbHENLLIEN XMMUYECKOM MoanduKaunm.

Knrodeenie croga: AsoTcoaepxallme reTepouukiibl; CNMpo-aHHENpoBaHme; TMONUPUMUANH-4,6-01O0H;
mMeTaTe3uc; katanusaTtop pabbca

20



ISSN 2518-1548 (Online)

XKypHan opraHiyHoi Ta dpapmaueBTu4Hoi Ximii. — 2019. — T. 17, Bun. 1 (65)

ISSN 2308-8303 (Print)

Barbituric acid derivatives have been shown to
be a class of biologically significant heterocycles with
a broad spectrum of pharmacological and physiolo-
gical activities. Therefore, they are widely used in me-
dicinal chemistry and drug discovery. The spiro ana-
logs of (thio)barbituric acids have attracted signifi-
cant attention in recent time since they show a wide
range of activities, such as hypnotic and sedative [1-3],
anticonvulsant [4], antibacterial [3, 5], anticancer [6],
antifungal [5, 7], urease inhibitor [8] and others. Moreo-
ver, in many cases, spirobarbiturates have the higher
therapeutic index than linear derivatives [2, 9, 10].
The possibility to obtain unsaturated spirobarbituric
acids by ring-closing metathesis (RCM) were shown
by Kotha and co-workers [11]. Their protocol was ap-
plied for the synthesis of 1,3-dialkyl-5,5-spirobarbi-
turates and some thiobarbiturates by RCM using the first
generation Grubbs catalyst [12]. Recently, we have re-
ported the synthesis of new spyrocyclic pyrimidine-
triones with various aliphatic, heteroaliphatic, aro-
matic and functionalized substituents in positions
1 and 3 on the pyrimidine moiety from the correspon-
ding 5,5-diallyl- or allylmetallyl-substituted deriva-
tives via RCM [13]. It should be noted that the most ef-
fective catalyst for metathesis is the phosphine-free
Grubbs-Hoveyda type complex. Herein, we present
the convenient and effective method for the synthe-
sis of new unsaturated spirocyclic N-aryl-substituted
4,6-dioxopyrimidine-2-thione derivatives.

The target spirocyclic molecules of N-aryldioxo-
pyrimidine-2-thiones were prepared in 3 steps. In the be-
ginning by condensation of disubstituted thioureas
1a-f with commercially available allylmalonic acid 2
the series of monoallyl-substituted thiobarbituric acids
3a-f were synthesized (Scheme 1). The corresponding
thioureas were prepared from phenyl- or 4-tolyliso-
thiocyanates and appropriate aliphatic and aromatic
amines [14]. The condensation of malonic acid 2 with
disubstituted arylthioureas 1a-f were carried out uti-
lizing acetic anhydride or acetyl chloride as dehydra-

ting agents. The reactions with acetic anhydride were
carried outat 110 °C for 3 h. At the same time, the use
of acetyl chloride allowed decreasing the reaction tem-
perature (60 °C) and making shorter the reaction time
(45 min) (Tab. 1). The application of acetyl chloride has
additional advantages. Firstly, it increases the yield
of title compounds, and secondly, this method enab-
les to form a minimal quantity of by-products.

In some cases the resulting thiobarbiturate deri-
vatives were purified from impurities by column chro-
matography with silica gel using the mixture of ben-
zene-hexane (3 : 1) as an eluent.

The next step was the synthesis of 5,5-dialkenyl-
substituted dioxothiopyrimidines 6a-h by C-alkyla-
tion of the resulting compounds 3a-f with allyl bro-
mide 4 or 2-methyl-3-chloro-1-propene (metallyl chlo-
ride) 5 (Scheme 2). In the case of allyl bromide 4 the re-
action I was performed in dry acetonitrile in the pre-
sence of anhydrous K,CO, as a base. 2-Methyl-3-chloro-
1-propene 5 was less active than allyl bromide 4 and
more sterically hindered, and therefore, for alkyla-
tion of barbiturates 3a, b potassium tert-butoxide was
used as a strong base. The attempts to use potassium
carbonate or sodium ethoxide did not lead to forma-
tion of desirable products. Alkylation of compound
3a,b with metallyl chloride 5 were performed in a
highly polar aprotic solvent DMSO at 65 °C for 12-18 h
(TLC control). The target 5,5-dialkenylsubstituted thio-
barbiturates 6a-h were purified by column chroma-
tography with silica gel using the mixture of benze-
ne-hexane (3 : 1) as an eluent. Yields of 6a-h are
listed in Tab. 2.

In order to convert 5,5-dialkenylthiobarbiturates
6a-h into the corresponding spiro-annulated deriva-
tives 7a-h the ring-closing metathesis (RCM) was ap-
plied (Scheme 3). The phosphine-free Grubbs-Hoveyda
type catalyst 8 was used for RCM. Upon the treatment
with the ruthenium complex 8 (3-5 Mol. %) synthe-
sized according to the known Hoveyda protocol [15]
compounds 6a-h were transformed into the corres-

o o
HooN 1 Ac,,0 or AcCl © ©
Y R, HO OH
s -2H,0 N Noge
R = \ﬂ/
s
R
1a-f 2 3a-f
+R'NH,
R =H, CH,

R@N:C:S

Scheme 1. The synthesis of 5-allyl-substituted 2-thiopyrimidinediones

12
R'= Ph, 4-CH,Ph, CH,, C,H,, CH,Ph
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Table 1

Yields of new 5-allyl-substituted
2-thiopyrimidinediones

Entry R R" | Product 3| Isolated yields, %
1 H Ph 3a 34* 67**
2 CH, | 4-Tol 3b 29% 58%*
3 CH, Ph 3c 24* 63**
4 H CH,Ph 3d 32% 71%*
5 H CH, 3e 21* 65**
6 H C,H, 3f 27* 59%*

Notes: * — Reactions were carried out using thiourea 1a-e

(10 mmol), allylmalonic acid 2 (10 mmol), acetic anhydride (40
mmol), 110 °C, 3 h; ** — Reactions were performed using thiourea
1a-e (10 mmol), malonic acid 2 (13 mmol), acetyl chloride

(30 mmol), 60 °C, 45 min.

ponding spiro-annulated derivatives 7a-h with over
70 %. Yields of the spirocyclic derivatives 7a-h ob-
tained are presented in Tab. 3.

The spirane ring was formed in the mixture of di-
chloromethane and toluene in the argon atmosphe-
re at 40 °C for 2-3 h (Scheme 3). The concentration
of the catalyst depends on allyl or methylallyl moie-
ties on the thiobarbituric ring. More sterically hin-
dered substrates demand the increase of the catalyst
concentration. Products of metathesis were separa-
ted from the catalyst by column chromatography on si-
lica gel using dichloromethane as an eluent, and the re-
sulting crude thiopyrimidines 7a-h were recrystalli-
zed from ethanol or the ethyl acetate-hexane mixture.

The synthetic route of RCM cyclization developed
has some advantages compared to the protocols pre-
viously described. First of all, the reaction proceeds
at moderate temperature (40 °C) and for relatively
short time (2-3 h). The concentration of ruthenium
catalyst 8 does not exceed 3-5 Mol. %.

Formation of the cyclopentene ring was monitored
by *H and 3C NMR-spectroscopy. According to 'H NMR
data the disappearance of peaks at 5.94-5.63 ppm

/\/Br

(-CH=) and 5.34-5.13 ppm (=CH,), and the emergence
of new signals at 5.72-5.65 ppm (-CH=CH-) indicate
formation of the target thiobarbituric spiranes. In the case
of 3C NMR we observed the disappearance of carbon
signals at 130.8-129.9 ppm (-CH=) and carbons at
121.5-121.0 ppm (=CH,), and the appearance of the spiro-
cycle double bond carbon peaks at 127.0-119.8 ppm
(-CH=CH-).

The 5,5-spirocyclopentene N-aryl-4,6-dioxo-py-
rimidine-2-thione derivatives 7a-h synthesized can
be useful for biological and pharmaceutical applica-
tion. These spiranes can be used as building blocks
for accessing a new type of thiobarbiturate deriva-
tives. The double bond of cyclopentene ring can be
also modified with various functional groups.

Experimental part

All reagents were commercial products used wit-
hout further purification. Solvents were purified accor-
ding to standard procedures. The 'H and **C NMR-spect-
ra were recorded on Varian Mercury 400 (400 and
100 MHz for 'H and *3C nuclei, respectively) and Bru-
ker Avance DRX-500 (500 and 125 MHz for 'H and
13C nuclei, respectively) instruments. The *C NMR sig-
nals were assigned by using APT method. Chemical
shifts were reported in ppm downfield from TMS
(*H, 3C) as an internal standard. Elemental analysis
was performed in the Analytical laboratory at the Insti-
tute of Bioorganic Chemistry and Petrochemistry of
the NAS of Ukraine. Melting points were determined
on a Boetius hot stage apparatus. The reaction prog-
ress was controlled by TLC on Silufol UV-254 plates
using the mixture of benzene-acetonitrile (4 : 1) as an
eluent. Purification of the compounds obtained was
performed by column chromatography using silica gel
60 (particle size of 0.04-0.063 mm, 230-400 mesh).

5-Allyl-1-phenyl-4,6-dioxopyrimidine-2-thione
derivatives 3a-f were prepared by condensation of
allylmalonic acid with disubstituted arylthioureas in
the presence of dehydrating agents - acetic anhydri-
de (method A) or acetyl chloride (method B).

AN R

o} (0]

/K,CO,/CH,CN

-

5

N N _ 4 or
\”/ R' N N.
s )yq /t-BUOK /DM SO /©/ TR
R

R=R”=H,CH,

R'=Ph,4-CH,Ph,CH,,C,H,, CH,Ph

Scheme 2. Alkylation of 5-allyl-N-aryldioxopyrimidine-2-thiones
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Table 2

Yields of 5,5-dialkenyl-4,6-dioxopyrimidine-
2-thione derivatives

Entry R R! R? Product 6 | Yield, %
1 H Ph H 6a 64%**
2 CH, 4-Tol H 6b 58***
3 CH, Ph H 6¢ 50%**
4 H CH,Ph H 6d 61%**
5 H CH, H 6e 47 %%
6 H C,H, H 6f 5gx**
7 H Ph CH, 69 4ogrxxx
8 CH, 4-Tol CH, 6h 51%xxx

Notes: *** —Reaction was carried out using thiobarbitric acid 3a-e
(2 mmol), allyl bromide 4 (2.05 mmol), K,CO, (2.5 mmol),
acetonitrile, 50 °C, 3-5 h; **** Reaction was carried out using
thiobarbituric acid 3a, b (2 mmol), 2-methyl-3-chloro-1-propene
5 (2.2 mmol), potassium tert-butoxide (2 mmol ),

DMSO, 65 °C, 12-18h.

Method A (Exemplified by the synthesis of 3a).

5-Allyl-1,3-diphenyl-2-thioxodihydropyrimi-
dine-4,6(1H,5H)-dione (3a). To the mixture of 1,3-di-
phenylthiourea 1a (2.28 g, 10 mmol) and 3-allylma-
lonic acid 2 (1.44 g, 10 mmol) add acetic anhydride
(3.80 g, 40 mmol), heat the resulting suspension and
vigorously stir for 3 h at 110 °C. After completion of
the reaction (TLC control) evaporate the excess of an-
hydride and acetic acid under reduced pressure, and
pour the residue into cold water to precipitate a cru-
de yellow product. Basificate the suspension to pH =12
and stir with activated charcoal for 1 h, filter the mix-
ture, and acidify the resulting solution with 15% aque-
ous hydrogen chloride to pH = 2. Collect the product by
filtration and recrystallize from ethyl acetate-hexa-
ne or ethanol to provide the title thiopyrimidine 3a as
pale yellow crystals (1.14 g, 34%). M. p. - 134-136 °C.
'HNMR, §, ppm: 3.09 m (2H, CH,), 3.98 t (1H,/=4.8 Hz,
CH), 5.36 m (2H, CH,), 5.98 m (1H, CH), 7.15-7.22 m
(4H,H,,), 748 m (6H, H, ). *C NMR, §, ppm: 36.2 (CH,),
50.3(C-4),121.0 (CH,), 128.6 (C,.), 129.0 (C,,), 129.5

(C,), 131.0 (CH), 138.8 (C,,), 166.6 (CO), 181.1 (CS).
Anal. Calcd. for C;,H,(N,0,S: C 67.84, H 4.79, N 8.33.
Found: C 67.75,H 4.71, N 8.27.
Method B (Exemplified by the synthesis of 3b).
5-Allyl-2-thioxo-1,3-di(4-tolyl)dihydropyri-
midine-4,6(1H,5H)-dione (3b). Heat di-p-tolylthiou-
rea 1b (2.56 g, 10 mmol), 3-allylmalonic acid 2 (1.87 g,
13 mmol) and acetyl chloride (2.35 g, 30 mmol) and
vigorously stir for 45 min at 60 °C. Then evaporate
all volatile components under reduced pressure, ba-
sificate the resulting residue to pH = 12 and stir with
activated charcoal for 1 h. After that filter the mix-
ture, and acidify the water solution with 15 % aque-
ous hydrogen chloride to pH = 2. Purify the crude pro-
duct by column chromatography with silica gel using
the mixture of benzene-hexane (3 : 1) and recrystal-
lize from the ethyl acetate-hexane mixture (2 : 1).
Compound 3b was isolated as a yellow solid (1.75 g,
58 %). M. p. - 143-145 °C. 'H NMR, §, ppm: 2.43 s
(6H, CH,), 3.08 m (2H, CH,), 3.97 t (1H, /= 5.2 Hz, CH),
5.36 m (2H, CH,), 5.97 m (1H, CH), 7.04-7.11 m (4H,
H,), 7.32 m (4H, H,,). ®C NMR, §, ppm: 21.3 (CH,),
36.2 (CH,), 50.5 (C-4),121.0 (CH,), 128.2 (C,,), 130.2
(C,), 131.1 (CH), 136.3 (C,,), 139.0(C,,), 166.7 (CO),
181.3 (CS). Anal. Calcd. for C,,H,,N,0,S: C 69.20, H
5.53,N 7.69. Found: C 69.31, H 5.42, N 7.61.
5-Allyl-1-phenyl-2-thioxo-3-(4-tolyl)dihydropy-
rimidine-4,6(1H,5H)-dione (3c): M. p. - 106-108 °C.
'H NMR, §, ppm: 2.41 s (3H, CH,), 3.08 m (2H, CH,),
3.97 brt (1H, CH), 5.33-5.37 m (2H, CH,), 5.95 m (1H,
CH), 7.04-7.21 m (4H,H,.), 729 m (2H, H, ), 7.47 m
(3H,H,,). *CNMR, §, ppm: 21.3 (CH;), 36.2 (CH,), 50.3
(C-4),121.0 (CH,),128.2 (C,),128.5(C,),129.0 (C,),
129.5(C,), 130.3(C,), 131.0 (CH), 136.2 (C,,), 138.9
(C,), 139.1 (C,), 166.7 (CO), 166.8 (CO), 181.2 (CS).
Anal. Calcd. for C,,H,4(N,0,S: C 68.55, H 5.18, N 7.99.
Found: C 68.39,H 5.24, N 7.87.
5-Allyl-1-benzyl-3-phenyl-2-thioxodihydro-
pyrimidine-4,6(1H,5H)-dione (3d): M. p. - 82-84 °C.
'HNMR, §, ppm: 2.98 m (2H, CH,), 3.84 t (1H,/=4.4 Hz,
CH), 5.17-5.20 m (2H, CH,), 5.66 s (2H, CH,Ph), 5.75 m
(1H, CH), 7.06-7.13 m (2H, H, ), 7.28-7.34 m (3H, H, ),

N R2 R?
o o} 8 (3-5 mol.%) 0 ; _0
N T N R dichloromethane-toluene N T N. .
S - CoH, S
) ) Q . @
NTN
- .Cl
Ga-h R, R2 = H, CH3 7a-h Cl_R{J_
R' = Ph, 4-CH,Ph, CH,, C,H,, CH,Ph \(o‘\@

Phosphine-free Grubbs-Hoveyda
type catalyst

Scheme 3. The synthesis of spirocyclic N-aryldioxopyrimidinethione derivatives via RCM

23



ISSN 2308-8303 (Print)

Zurnal organignoi ta farmacevtiénoi himii. — 2019. — Vol. 17, Iss. 1 (65)

ISSN 2518-1548 (Online)

Table 3

Spirocyclyc thiobarbiturate derivatives
obtained by RCM

Entry | R R! R? Ca,;c/‘acl){i/EJS, Product 7 Y'S/cl) d,
1 H Ph H 3 7a 89
2 |CH,| 4-Tol H 3 7b 92
3 |CH,| Ph H 3 7c 83
4 H |CH,Ph| H 3 7d 80
5 H | CH, H 4 7e 85
6 H | CH, H 3 7f 87
7 H Ph | CH, 5 79 81
8 |CH,| 4Tol | CH, 5 7h 77

7.42-7.47 m (5H, H, ). *C NMR, §, ppm: 35.2 (CH,),
49.7 (CH,Ph), 50.2 (C-4), 120.1 (CH,), 127.3 (C,,),
127.9 (C,,), 128.0 (C,,), 128.1 (C,,), 128.4 (C,,), 129.0
(C,,), 130.6 (CH), 135.3 (C,), 138.8 (C,,), 165.9 (CO),
166.3 (CO), 180.4 (CS). Anal. Calcd. for C,,H,;N,0,S:
€ 68.55,H5.18,N 7.99. Found: C 68.43,H 5.10,N 7.91.

5-Allyl-1-methyl-3-phenyl-2-thioxodihydro-
pyrimidine-4,6(1H,5H)-dione (3e): M. p. - 96-98 °C.
'H NMR, §, ppm: 2.99 m (2H, CH,), 3.71 s (3H, CH,),
3.82 t (1H, J = 5.2 Hz, CH), 5.21-5.27 m (2H, CH,),
5.79 m (1H, CH), 7.14-7.06 br m (2H, H,,), 7.46 m (3H,
H,).®CNMR, §, ppm: 35.3 (CH,), 35.6 (CH,), 50.1 (C-4),
120.5(CH,),128.5(C,,),128.9 (C,,), 129.5 (CH), 131.2
(C,), 139.2 (C,), 166.5 (CO), 166.8 (CO), 181.1 (CS).
Anal. Calcd. for C,,H,,N,0,S: C61.29,H 5.14,N 10.21.
Found: C 61.36,H 5.07, N 10.09.

5-Allyl-1-ethyl-3-phenyl-2-thioxodihydropy-
rimidine-4,6(1H,5H)-dione (3f): M. p. - 85-87 °C.
'H NMR, §, ppm: 1.29 t (3H, J = 5.6 Hz, CH,); 2.99 m
(2H, CH,), 3.79 t (1H, ] = 4.4 Hz, CH), 4.47 q (2H,
J =5.6 Hz, CH,), 5.24 m (2H, CH,), 5.81 m (1H, CH),
7.07-7.14m (2H, H, ), 7.43-7.50 m (3H, H, ). ®*CNMR,
S, ppm: 12.3 (CH,), 35.9 (CH,), 43.5 (CH,), 50.0 (C-4),
120.5(CH,),128.6 (C,,),128.9 (C,,), 129.5 (CH), 131.0
(C,), 139.2 (C,), 166.3 (CO), 166.5 (CO), 180.5 (CS).
Anal. Calcd. for C;;H,(N,0,S: C 62.48, H 5.59, N 9.71.
Found: C 62.32, H 5.50, N 9.63.

The monoallyl substituted thiobarbiturates 3a-f
obtained were converted to the corresponding dial-
kenyl derivatives 6a-h by alkylation of the active po-
sition 5 with allyl bromide 4 (method C) or 2-methyl-
3-chloro-1-propene (metallyl chloride) 5 (method D).

Method C (Exemplified by the synthesis of 6a).

5,5-Diallyl-1,3-diphenyl-2-thioxodihydropyri-
midine-4,6(1H,5H)-dione (6a). To the suspension
of 5-allyl-1,3-diphenyl-2-thiopyrimidine-4,6-dione 3a
(0.67 g, 2.0 mmol) and anhydrous potassium carbo-
nate (0.35 g, 2.5 mmol) in dry acetonitrile (5 ml) add
dropwise allyl bromide 4 (0.25 g, 2.05 mmol). Heat
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the mixture with stirring for 3-5 h at 50 °C. After comple-
tion of the reaction (TLC control) filter all insoluble
compounds, and evaporate the organic solvent. Purify
the resulting residue by column chromatography using
benzene-hexane (3 : 1) as an eluent to collect the yel-
low band. Analytically pure compound 6a was obtai-
ned by recrystallization from ethanol as a pale yel-
low solid (0.48 g, 64 %). M. p. - 140-142 °C. 'H NMR,
S, ppm: 2.90d (4H,J=7.2 Hz, CH,), 5.30-5.34 m (4H,
CH,), 5.88 m (2H, CH), 7.14 d (4H,J = 7.6 Hz, H, ),
7.44-7.50 m (6H, H, ). *C NMR, §, ppm: 43.6 (CH,),
57.9 (C-4),121.3 (CH,), 128.5(C,), 1289 (C,,), 129.5
(C,), 130.7 (CH), 139.1 (C,,), 169.4 (CO), 180.4 (CS).
Anal. Calcd. for C,,H,,N,0,S: C 70.19, H 5.35, N 7.44.
Found: C 70.10, H 5.28, N 7.36.
Method D (Exemplified by the synthesis of 6g).
5-Allyl-5-(2-methylallyl)-1,3-diphenyl-2-thi-
oxodihydropyrimidine-4,6-(1H,5H)-dione (6g). Heat
themixtureof5-allyl-1,3-diphenyl-2-thiopyrimidine-
4,6-dione 3a (0.67 g, 2.0 mmol), 2-methyl-3-chloro-
1-propene 5 (0.17 g, 2.2 mmol), and potassium tert-
butoxide (0.22 g, 2.0 mmol) in dry DMSO (3 ml) for
12-18 h with vigorous stirring at 65 °C. After that pour
the mixture into water and extract with dichlorome-
tane (2 x 10 ml). Combine the organic layers and dry
over anhydrous MgSO,. Evaporate the solvent, and pu-
rify the residue by column chromatography using ben-
zene-hexane (3 : 1). Analytically pure compound 6g
was obtained by re-crystallization from ethanol to give
a yellow solid (0.38 g, 49 %). M. p. - 155-157 °C. 'H
NMR, §, ppm: 1.84 br s (3H, CH;), 2.90 m (4H, CH,),
4.88 brd (1H, CH,), 5.04 br d (1H, CH,), 5.35 m (2H,
CH,),5.88m(1H,CH),7.12-7.18brm (4H,H, ), 7.45-7.49 m
(6H, H,). *CNMR, §, ppm: 23.6 (CH,), 45.2 (CH,), 45.6
(CH,), 56.8 (C-4), 114.6 (CH,), 121.2 (CH,), 128.0 (C,)),
128.4 (C,,), 129.0 (CH), 129.9 (CH), 138.7 (C,,), 139.9
(C,), 169.0 (C0O),179.9 (CS). Anal. Calcd. for C,,H,,N,0,S:
C70.74,H5.68,N 7.17. Found: C 70.85, H 5.61, N 6.99.
5,5-Diallyl-2-thioxo-1,3-di(4-tolyl)dihydropy-
rimidine-4,6(1H,5H)-dione (6b). M. p. - 145-147 °C.
'HNMR, 8, ppm: 2.41 s (6H, CH,), 2.89d (4H,/ = 7.2 Hz,
CH,), 5.28-5.32 m (4H, CH,), 5.87 m (2H, CH), 7.03 d
(4H,J=7.6 Hz,H,),7.29d (4H, ] =7.6 Hz, H, ). *C NMR,
S, ppm: 21.3 (CH,), 43.6 (CH,), 57.9 (C-4), 121.2 (CH,),
128.1(C,), 130.2 (CH), 130.8 (C, ), 136.4 (C, ), 138.9
(C,), 169.5 (C0O), 180.7 (CS). Anal. Calcd. for C,,H,,N,0,S:
C71.26,H5.98,N 6.93. Found: C 71.18,H 5.89, N 6.87.
5,5-Diallyl-1-phenyl-2-thioxo-3-(4-tolyl)dihydro-
pyrimidine-4,6(1H,5H)-dione (6c). M. p. - 154-156 °C.
'HNMR, 8, ppm: 2.41 s (3H, CH;), 2.89d (4H,/ = 6.0 Hz,
CH,), 5.28-5.33 br m (4H, CH,), 5.87 m (2H, CH), 7.01 d
(2H,J=7.6 Hz,H,,),7.13d (1H,/= 7.2 Hz,H, ), 7.28 m
(3H,H,,), 747 m (3H, H,,). ®*C NMR, §, ppm: 21.3 (CH,),
43.6 (CH,),57.9 (C-4),121.2 (CH,), 128.1 (C, ), 128.5
(C,), 128.8(C,),129.4 (C,), 130.2 (CH), 130.8 (C,),
136.6 (C,), 138.8(C,.), 139.2 (C,), 169.4 (CO), 169.5
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(CO), 180.5 (CS). Anal. Calcd. for C,,H,,N,0,S: C70.74,
H 5.68,N 7.17. Found: C 70.85, H 5.59, N 7.10.
5,5-Diallyl-1-benzyl-3-phenyl-2-thioxodihydro-
pyrimidine-4,6(1H,5H)-dione (6d). M. p. - 76-78 °C.
'H NMR, §, ppm: 2.81 m (4H, CH,), 5.16 m (4H, CH,),
5.60 m (2H, CH), 5.67 s (2H, CH,Ph), 7.06 d (2H,
J=6.8Hz,H,),7.32 m (3H, H, ), 7.40 m (5H, H, ).
13C NMR, §, ppm: 43.6 (CH,), 50.8 (CH,Ph), 57.7 (C-4),
121.1(C,), 127.6 (C,), 128.2 (C,), 128.4 (C,), 128.5
(128.5),128.8(C,,), 129.4 (C,,), 130.5 (CH), 135.8
(C,), 139.7 (C,), 169.1 (CO), 169.6 (CO), 180.3 (CS).
Anal. Calcd. for C,;H,,N,0,S: C 70.74, H 5.68, N 7.17.
Found: C 70.65, H 5.64, N 7.10.
5,5-Diallyl-1-methyl-3-phenyl-2-thioxodihydro-
pyrimidine-4,6(1H,5H)-dione (6€). M. p. - 80-82 °C.
'H NMR, §, ppm: 2.82 m (4H, CH,), 3.71 s (3H, CH,),
5.19-5.23 m (4H, CH,), 5.69 m (2H, CH), 7.06 d (2H,
J=6.8Hz H,), 7.47 m (3H, H,,). *C NMR, §, ppm:
35.2 (CH;), 43.4 (CH,),57.8 (C-4),121.0 (CH,), 128.5
(C,), 128.8(C,),129.4 (C,,), 130.6 (CH), 139.4 (C,),
169.1 (CO), 169.6 (CO), 180.5 (CS). Anal. Calcd. for
C,,H4N,0,S: C 64.94,H 5.77, N 8.91. Found: C 64.87,
H5.71, N 8.87.
5,5-Diallyl-1-ethyl-3-phenyl-2-thioxodihydro-
pyrimidine-4,6(1H,5H)-dione (6f). M. p. - 90-91 °C.
'H NMR, §, ppm: 1.26 t (3H, J = 7.2 Hz, CH,), 2.81 m
(4H, CH,), 4.47 q (2H, ] = 7.2 Hz, CH,), 5.20 m (4H,
CH,),5.70 m (2H,CH), 7.05d (2H,/=7.2HzH, ), 743 m
(3H,H,). ®CNMR, §, ppm: 12.4 (CH,), 43.6 (CH,), 43.7
(CH,), 57.4 (C-4), 121.0 (CH,), 1285 (C,,), 128.7 (C,)),
129.4(C,),130.6 (CH),139.5(C,), 169.1 (C0O), 169.2
(CO), 179.8 (CS). Anal. Calcd. for C,;H,,N,0,S: C 65.83,
H 6.14, N 8.53. Found: C 65.79, H 5.99, N 8.43.
5-Allyl-5-(2-methylallyl)-2-thioxo-1,3-di(4-
tolyl)dihydropyrimidine-4,6(1H,5H)-dione (6h).
M.p.-162-164 °C.'H NMR, §, ppm: 1.85 s (3H, CH,),
2.41 s (6H, CH,), 2.91 m (4H, CH,), 4.88 br d (1H, CH,),
5.03 br d (1H, CH,), 5.34 m (2H, CH,), 5.89 m (1H,
CH), 6.99-7.06 br m (4H, H,,. ), 7.28 m (4H, H, ). 13C
NMR, §, ppm: 21.2 (CH,), 24.0 (CH,), 45.6 (CH,), 46.2
(CH,), 57.3 (C-4), 115.2 (CH,), 121.5 (CH,), 127.9 (C,,),
130.2 (CH), 130.4 (C,,), 136.6 (C,,), 138.8 (C,.), 140.3
(C,), 169.6 (CO), 180.6 (CS). Anal. Calcd. for C,H,(N,0,S:
C71.74,H6.26,N 6.69. Found: C 71.85,H 6.19, N 6.64.
The general procedure for the synthesis of spiro-
cyclic 4,6-dioxopyrimidine-2-thiones 7a-h. To the so-
lution of compound 6a-h (5.8 mmol) in dry and deoxy-
genated dichloromethane and toluene (20 mL) add
dropwise catalyst 8 (146 mg, 0.24 mmol) in dichlo-
romethane at 40 °C under Ar. Stir the mixture for 2-4 h
at the same temperature. After that evaporate the sol-
vent, and separate the crude product from the ruthe-
nium catalyst by column chromatography on silica gel
using CHCI, as an eluent. Analytically pure compounds
7a-h were obtained by re-crystallization from ethanol.

7,9-Diphenyl-8-thioxo-7,9-diazaspiro[4.5]dec-
2-ene-6,10-dione (7a). M. p. - 170-172 °C. 'H NMR,
6, ppm: 3.30 m (4H, CH,), 5.70 br m (2H, CH), 7.21-7.26 br
m (4H, H, ), 7.44-7.50 br m (6H, H, ). ®*C NMR, §, ppm:
44.7 (CH,), 57.1 (C-4),127.0 (C,), 128.2 (C, ), 128.9
(C,), 129.5 (CH), 139.2 (C,,), 169.9 (CO), 180.9 (CS).
Anal. Calcd. for C,,H,(N,0,S: C 68.94, H 4.63, N 8.04.
Found: C 68.97, H 4.58, N 7.98.

8-Thioxo-7,9-di(4-tolyl)-7,9-diazaspiro[4.5]
dec-2-ene-6,10-dione (7b). M. p.- 175-177 °C.'H NMR,
8, ppm: 2.42 s (6H, CH,); 3.30 m (4H, CH,), 5.70 m
(2H,CH),7.11d (4H,/=7.6 Hz H, ), 7.32d (4H,/=7.6 Hz,
H,).®*CNMR, §, ppm: 21.3 (CH,), 44.0 (CH,), 57.1 (C-4),
127.0 (C,,), 128.0 (C,), 130.2 (CH), 136.6 (C,.), 138.9
(C,),170.0 (CO), 181.2 (CS). Anal. Calcd. for C,,H,,N,0,S:
C70.19,H5.35,N 7.44. Found: C 70.24,H 5.31,N 7.37.

7-Phenyl-8-thioxo-9-p-tolyl-7,9-diazaspiro[4.5]
dec-2-ene-6,10-dione (7c). M. p.- 174-176 °C. 'H NMR,
S, ppm: 2.41 s (3H, CH;), 3.30 m (4H, CH,), 5.69 m
(2H, CH),7.10d (2H,/= 7.6 Hz, H, ), 7.18-7.30 m (4H,
H,),7.43-7.51m (3H,H, ). 3 C NMR, §, ppm. 21.3 (CH,),
44.0 (CH,), 57.0 (C-4),127.0 (C,), 128.0 (C,), 128.4
(C,), 1289 (C,),129.4(C,), 130.2 (CH), 136.5 (C, ),
138.9 (C,,), 139.2(C,), 170.0 (CO),170.1 (CO), 181.1
(CS). Anal. Calcd. for C,;H;(N,0,S: C 69.59, H 5.01, N
7.73. Found: C 69.64, H4.97, N 7.64.

7-Benzyl-9-phenyl-8-thioxo-7,9-diazaspiro
[4.5]dec-2-ene-6,10-dione (7d). M. p. - 119-121 °C.
'HNMR, §,ppm: 3.15m (4H, CH,), 5.65m (2H, CH,), 5.67 s
(2H, CH,Ph), 7.13d (2H,/=7.2Hz H, ), 7.31-7.43 m
(3H, H,), 7.46-7.50 m (5H, H,,). *C NMR, §, ppm: 43.8
(CH,), 51.0 (CH,Ph), 56.6 (C-4), 127.0 (C,), 127.7 (C,)),
128.4(C,), 128.4(C,), 128.8(C,), 128.8 (C,), 129.4
(CH), 135.8(C,,), 139.6 (C,,), 169.8 (C0O), 169.9 (CO),
180.8 (CS). Anal. Calcd. for C,,H,4N,0,S: C69.59,H 5.01,
N 7.73. Found: C 69.48, H 4.87, N 7.65.

7-Methyl-9-phenyl-8-thioxo-7,9-diazaspiro
[4.5]dec-2-ene-6,10-dione (7e). M. p.— 177-179 °C
'H NMR, §, ppm: 3.18 m (4H, CH,), 3.74 s (3H, CH,),
5.68m (2H,CH), 7.14d (2H,/=7.2Hz,H, ), 7.42-7.49 m
(3H, H,). ®CNMR, §, ppm: 35.9 (CH,), 44.5 (CH,), 56.4
(C-4),127.0(C,), 128.4 (C,,), 128.8 (C,,), 129.4 (CH),
139.4 (C,,), 170.1 (CO), 170.5 (CO), 181.0 (CS). Anal.
Calcd. for C,.H,,N,0,S: C 62.92, H 4.93, N 9.78. Found:
C 62.86,H 4.87, N 9.5.

7-Ethyl-9-phenyl-8-thioxo-7,9-diazaspiro
[4.5]dec-2-ene-6,10-dione (10f). M. p. - 117-119 °C.
'H NMR, §, ppm: 1.29 t (3H, / = 6.8 Hz, CH,), 3.16 m
(4H, CH,), 4.48 q (2H, ] = 6.8 Hz, CH,), 5.67 m (2H,
CH),7.13d (2H,/=6.8 Hz, H, ), 7.42-7.49 m (3H,H, ).
13C NMR, 8, ppm: 12.2 (CH,), 43.9 (CH,), 44.1 (CH,),
56.5(C-4),127.0 (C,,), 128.4 (C,), 128.8 (C,,), 129.4
(CH), 139.5 (C,,), 169.7 (CO), 170.0 (CO), 180.3 (CS).
Anal. Calcd. for C,(H,(N,0,S: C 63.98, H 5.37, N 9.33.
Found: C 63.89, H 5.32, N 9.27.
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2-Methyl-7,9-diphenyl-8-thioxo-7,9-diazaspiro
[4.5]dec-2-ene-6,10-dione (10g). M. p. - 145-147 °C.
'H NMR, §, ppm: 1.79 s (3H, CH,), 3.17 m (2H, CH,),
3.26 m (2H, CH,), 5.25 m ( 1H, CH), 7.18-7.24 br d
(4H,H,,),7.42-7.52 m (6H, H,,). ®*CNMR, §, ppm: 15.8
(CH,), 45.0 (CH,), 46.1 (CH,), 57.8 (C-4), 119.8 (C,,),
128.5 (C,,), 128.9 (C*%),129.5 (CH), 137.7 (C,,), 139.2
(C,), 170.0 (CO), 181.0 (CS). Anal. Calcd. for C,,H,(N,0,S:
C69.59,H5.01,N 7.73. Found: C 69.64, H 4.84, N 7.55.

2-Methyl-8-thioxo-7,9-di(4-tolyl)-7,9-diazaspiro
[4.5]dec-2-ene-6,10-dione (10h). M. p. - 153-155 °C.
'H NMR, §, ppm: 1.78 s (3H, CH,;), 2.40 s (6H, CH,),
3.15m (2H, CH,), 3.23 m (2H, CH,), 5.24 m (1H, CH),
7.08brd (4H,H, ), 7.27 brd (4H, H,). ®C NMR, §, ppm:
15.7 (CH,), 21.3 (CH,), 44.8 (CH,), 46.0 (CH,), 57.8
(C-4),119.7 (C,,), 128.1 (C'),130.2 (CH), 136.7 (C,,),
137.6 (C,,), 138.9 (C,,), 170.1 (CO), 181.3 (CS). Anal.
Calcd. for C,;H,,N,0,S: C70.74,H 5.68,N 7.17. Found:
C70.59,H 5.55,N 6.59.

Conclusions

The general and effective method for the facile syn-
thesis of the novel unsaturated spirocyclic N-aryl-4,6-
dioxopyrimidine-2-thiones derivatives has been de-
veloped. The synthetical pathway includes the con-
densation of disubstituted thioureas with allylmalo-
nic acid and the preparation of 5,5-dialkenylsubsti-
tuted dioxothiopyrimidines by C-alkylation with allyl
bromide or metallyl chloride. The latter ones are trans-
formed into the corresponding spirocyclic thiobarbi-
turic acids by utilizing the ring-closing metathesis of
the phosphine-free third generation Grubbs-Hoveyda
catalyst. The spiro-annulated products obtained can
find application in biological and pharmaceutical sci-
ence or as starting substrates for further chemical
modification.
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