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Introduction
Tricyclic quinazoline alkaloids (deoxyvasicinone, l; mackinazolinone, 2) are widelvdistributed in Паtuге [1-4]. Тhеrе ;";;;;;;;i.* 
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Fig. 1: Stагtiпg tricyclic quinazoline alkaloids,
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Materials and Methods
Rеsсаrсh objects ofthis work are tricyclic quinazolones, in

; раrtiсчlаr deoxyvasicinone (1), mackinazolinonc (2) and 8-
' цitrоmасkiпаzоliпопе (3) and their analogues. Reýearch

.', inethods аrе оrgапiс synthesis reaction, sчсh as cyclization,
nitration, electrophilic substitution (mопо-, апd
dibromination); NBS is used as selective Ьгоmiпаtiпg
agent; structural analysis ofthe synthesized compounds Ьу
IR, lH and lЗС NMR sресtга, .qualitative separation of
optical isomers using column chLromatography (HPLC) in
рrеsепсе of сhirаl adsorbent.
Synthesized пеw (Л, .Y)-4-bromo-8-nitromackinazolinone
(16) was sсrеепеd Ьу HPLC (Agilent ll00 Series, USA)
using а column йth chiral adsorbent - amylose /п's-[(ф-с-
methyl-benzylcarbamate] coated on lOpm silica-gel
(ChiralPak@ AS 0.46cm ф х25сm, DAIC 20025, Daicel
Chemical Industries, LTD, Frапсе), and mobile phasc А -
ACN, and В - i-PrOH in gradient mode: 0-10min В2% to
l0% and l0-1Smin Bl0%.
'H-NMR spectra wеrе recorded in CDC! оп Vаriап 400-
MR sресtrоmеtеr operating accordingly at 400 MHz.
Теtrа S) was used as internal standard,

а gQ0 mmol) macНnazolinone (l), then at the tempeгatul

below 2ОС was added drop йsе nitrating miхtur,
consisting of 3 ml nitric (59.69%, p=l.365g/cm]) and 3 п
of sчlfчriс (p=t.835 Усm') acids. Аftеr that miхturе wt
stirrcd at the tеmреrаtчrе of 5-10oC and 1 h at rool
tempcrature. Reaction mixture tгеаtеd Ьу ice and th

fогmсd yellow prccipitates filtcred off, washed with watt
to neйqal medium and dried.
Yield 4.55 g, 92 Yо, mр l 83-1 84'С (methanol).

'н NMR (400 MHz, cDCb): d:9.15 (d, J+.6 Hz, lH, Е
9), 8.5l (dd, -I:2.68 Hz, J=8,96 Hz, lH, H-7),7.7l (t

"I=9.0 Hz, lH, Н-6), 4.12 (t, J=6.1б Hz,2H, СНrl),3.0
(t, J:6.12 Hz, 2Н, CHz-4), 2. l - 1.9 (m, 4Н, СН2-2,3) ррm.
l3c NMR (l00.6 MHz, сDсlз): J = l9:l (с-з),2|.9 (с-2
З2.2 (С-4),42.9 (C-l), 120.3 (С-8), l23.5 (С-9а), l28.0 ((
6), |28,2 (С-9), l45.1 (С-7), l51.5 (С-5а), l58.7 (C-l0
lб1,1 (С-4а) ppm.

General рrосеdчrе fоr selective Ьrоmiпаtiоп: Synthesi
of (& Е-4-Ьгоmо-8-пitrо-mасkiпаzоIiпопе (l 6)
The reaction miхtчrЪ, coдgisting 0.5 g (2 mmol) of 8

nitromackinazolinone (З), 0.43 g (2.4 mmol) of NBS ап
0.04 g (0.2 mmol) of benzoyl peroxide in 15 ml а

tetrachloromethane refluxed fоr 8 h and was left overnighr
Thc formed precipitate of succinimide was filtered off, ап,

solvent was evaporated iп vacuo. Тhе rеsidче was treate,
with water and the resulting crystals wеге filtеrеd of]
washed with water and dried. 0.6l g (92%) рrоdчсt (16
has been synthesized, mр 136-137'C (ethanol), RЁO.r
(benzene:methanol - 7: l).

'HNMR (400 MHa CDCЬ): d=9.10 (d,J=2,2 Hz, lH, н
9), 8.43 (dd, J=2.2 Hz, -I=8.8 Hz, lH, Н_7), 7.60 (d, -r=8.1

Hz, lH, Н-6), 4.09 (t, .I=6.0 Hz,2H, CH2-1), 3.0 (t, .r:6.
Hz, lH, CHz-4), 1.97-1.90 (m, 4Н, CHz-2,3) ррm.
l3C NMR (100.6 MHz, сDсlз): d: l8.б (с-з), 20.s (с_2)
3l.З (С-4), 41.7 (C-l), l l9.4 (С_8), 121.4 (С_9а), 12'7.З (С
6), 127.8 (С-9), 144.3 (С-7), l50.4 (С-5а), l57,5 (C-l0)
l60.5 (С-4а) ppm.
IR, v (сm-l): 2956 (С-Н), l670 (СО), l580 (C=N), l55(
(C-N), 1505 (NOz),672 (С-Вr).

Results and discussion
Aromatic and heterocyclic compounds containing .

Ьrоmiпе atom in the ring аrе of considerable imроrtапсе fol
organic synthcsis.
It is known, that sodium ог potassium Ьrоmаtеs аrе i
powerful brominating agents fог аrоmаtiс compounds tha
conИin deactivating substituents [24].
Bromination of tricyclic quinazolines Ьу differenl
brominating agents (sodium/or potassium bromates
mоlесulаг Ьrоmiпе, NBS) has Ьееп studied,

Fоr example: it was studied агоmаtiс bromination о1

tricyclic quinazolones (1, 2) in sчlfuriс acid, and was
rечеаlеd that in this case takes place агоmаtiс electrophilic
substitution in benzene ring [2l] (Scheme l):

оО

фD"#"Ю(iз,"
l, п=l;2, п=2 -'.'

4, n=1; 5, п=2

chemical shifts 6
mеаsчrеd on а

wеrе rесоrdеd in ррm. Mps wеrе
(us and MEL-TEMP apparatus

mапufасtчrеd Ьу В international (USA) and wеrе
rесоrdеd on Shimadzu FTIR-чпсоrrесtеd. IR spectra

8400 and IR Fury System 2000 (Реrkiп-Еlmеr) as КВr
pellets. HPLC analysis was acquired on а Agilent 1200
series. The reaction рrосеss was mопitоrеd Ьу TLC оп
SоrЬfil and Whatman UV-254 percoated aluminum plates
using СоНо/СНзОН (7:l) solvent system and developed
plates wеrе visualized чпdеr UV lamp, апd/оr iodine tank
whеrе песеssагу. Solvents were рчгifiеd Ьу standard
рrосеdчrеs. Organic solutions wеrе dried очег anhydrous
NazSOa оr with the dгied CaClz.
Deoxyvasicinone (l), mackinazolinone (2) and 8-
nitromackinazolinone (3) were prepared Ьу tho litеrаturе
method [23].

Deoxyvasicinone (1): Yield '75 О/о, mp=l l0-1ll"C
(hexane).

'н NMK (400 MHz, сDсlз): 6 = 2.25 (q, ./=7.8 Hz,2H,
CHz-2), 3.15 (t, J=7.8 Hz,2H, сн2-3), 4.20 (t, J:,7.4 Hz,
2Н, CHz-l), 7.40 (td, J=|.2 Hz, J:8.0 Hz, lH, н_7), 7.60
(d, "/=8.0 Hz, lH, Н-5), 7.7l (td, -I=1.3 Hz, J:8.0 Hz, lH,
Н-6),8,22 (dd, 

"r=1.2 Hz, -I:8.0 Hz, lH, Н-8) ррm.lЗс NMR (l00.6 MHz, cDcb): d - l9.0 (c_j), зz.t (с_з),
46.2 (C-l), l19.6 (С-7), l25.1 (С-8а), 126.1(С-5), 126.6
(С-8), l3З.3 (С-6), 147.4 (С_4а), 15S.7 (С-9), l60.1 (С-3а)
ррm.

МасКпаzоliпопе (2): Yield 85 %, mр:98-99"С (hехапе).lH NMR (400 MHz, CDCц): а: B.zB (dd, "/=1.28 Hz,
J='1.92 Hz, lH, Н-9), 7,'l4 (td, -/=1.56 Hz, J=8.4 Hz, lH,
H-"l\, 7.62 (d, J=7,92 Hz, lH, Н-6), '1.44 (td, -I=1.04 Hz,
J:8.04 Hz, 1Н, H-8),4.1 (t,J:6.12Hz,2H,CH2-1),3.00 (t,
J=6.7 2 Hz, 2Н, CHz-4), 2.05_ l .96 (m, 4Н, CHz-2,3) ррm.lЗс NMR (l00.б MHz, сDсlз): ,: 19.з (с-з),22,I (с-2),
31.9 (С-4),42.3 (C-l), 120.4 (С-8), 126.1 (С-9а), 126.4 (С-
6),126.6 (С_9), 134.2 (C-'l), l47.4 (С-5а), 154.9 (C-lO),
l62.2 (С-4а) ррm.

8-NitromacКnazolinone (3).
In 8 ml (95;12%, p:1.835 Усmr) of concentrated sulfuric
acid with vigorous stiгring and cooling (ice bath) dissolved

,2,
Scheme l: Bromination Ьу iпогgапiс bromates.
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We pTeviously sfudied the interaction of ýоmе ticyclic
quinazolones with molecular Ьrоmiпе. Reaction goei оп
C=N double Ьопd апd аге fоrmеd аррюрriаtе регЬЙmiОеs.
Reaction саrгiеd out in the ratio of геа8епК l:2 in dry
сhlоrоfоrm at 0-5оС and со.ггеsропdiпg рогЬrоmidсs (б, 7)

The rесеiчеd\югьrоmidеs when stогеd under поrmаl
conditions loss ,of Ьгоmiпе molecule and tum into
hуdгоьrоmidеs. T{eating of реrьrоmidеs with асеtопе takes
place Ьrоmiпаtiоп of acetone and оссчrs rvith fоrmаtiоп of
ьrоmасеtопе and аrе fоrmеd the pгecipitates of the
соrгеsропdiпg hydrobromides (8, 9), which чпdег фе
асtiоп of аqчеоцs ammonia is easily trапsfеrгеd to the

9Иrti_пg 
compounds l, 2. РеrЬrоmidеs 6, 7 easily сопуеrtеd

into Ьrоmiпе complexes (10, ll) шrdеr the асЪоп of 5%
sodium bicarbonate. Heating of реrЬrоmidеs in aqueous
acetic acid аrс fогmеd а miхtчrе of the mопо_ (t2, 1З) and
dibromb (l4, l5) derivatives.
то obtain the taгgeted mопоьrоmо - dcгivatives, rvhich
contain аsуmmеtгiсаI сепtrе we sfudied the rеасtiоп of 8-
пitгоmасkiпаzоliпопе with N-bromosuccinimidc. The
геасtiоп cмied out in driеd tehchloromethane iп the
рrеýепсе of bnzoyl peroxide (Bzp) Ьу rеflчхiпg fоr 8 h of
mixfirre of NBS and 8-nitromacНnazolinone (3). As а
result of this reaction exclusively апd in hiф yield (92%)of mопоЬгоmо derivative 4-Ьrоmо-8-
nitromacНnazolinones (16) have Ьесп synthesized (ýcheme
3):

"-юфэ NBý, BzP

sсhеше 2: Вrоmiпдtiоп Ьу molecular Ьюmiпе and modification of formed perыomides.

ýcheme 3: Allylic bromination of quinazotones.

Fig.3; HPLC results of the separated optical isomeк.

"з-

miхtчrе

о-.J._о

фц"-ф}?:
12, Iз Ь. 14,15 Bi Вr

N-Bromosuccinimide (NВSЙ а Ьгоmiпаtiпg agent that is
used as source for bromine in radical геасtiопs (for
example: allylic bromination - Wohl-Ziegler Rеасtiоп) апd
various elecгophilic additions. The Ьгоmiпаtiоп of allylic
positions with N-bromosuccinimide ýBS) follows а
radical pathway.
Тhе synthesized compound 16 сап Ье in two forms of
optical isomers, аý 4-(i)- lба and 4-(,$-bromo-8-
пitгоmасkiпаzоЩпопеs (1 бЬ) Pig. 2);

о9
"-ФфР, 

OzN

Flg.2: Optical isomcв of соmрочпd l6.

Using HPLC equipped with а chiral соlчmп, w€
qualitatively sераrяtеd two optical isomers wiф RT 7.187
(5 1.5579%) and ?.468 (41 .20'l 4o/o),respectively (Fig, 3)

,SaД"л. Brz

VL*-tуr Б;г р"

have been synthesized. Conducted chemical
transforrnations of the оЬИiпеd реrЬrоmidеs чпdеr the
iпflчепсе of sodium ЬiсаrЬопаtе апd acetone; whегеiп
hydrobromides (8, 9) and Ьrоrпiпе complexes (10, ll) аrе
гесеiчеd [25] (Sсhеmе 2):

NaItCO,
)n "l

. 10,11 B'zt,2

ccL
гсflш
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сопсlusiоп
Соmраrаtiче bromination of the tгicyclic quinazolines (1-3)
апd tlreir sоmе analogues йф diffeTent Ыomating agcnts -
inorganic Ьrоmаtеs, mоlесчlаr Ьгошiпе ашd N-
bromosuccinimide (NBS) havc Ьеsп studied and discussed.
It was found that depending on the reaction conditions and
strчсturеý of the starting compounds and bromating agents
trkcs place bromination оп the aromatic ring, on Nl=C2
double bound of pyrimidine riпg оr on mеФуlепе groups of
the c-position (С-4). Targeted bromination of 8-
nitгomackinazolinone (3) was investigated Ьу N-
btomosuccinimide (NBS) in the presence of benzoyl
peroxide (BZP) in aЙydrous tеtасhlогоmеthапе апd was
developed the method fоr monobromination. Such selective
mопоьrоmiпаtiоп of 8-nitromackinazolinone in the
participation only of q-cн2 8rоuр wщ shown. ТЪс
synthesized optical isomers of (R,ý)-4-Ьrоmо-8-
nihomackinazolinone is quantitatively sераrаtеd оп HPLC
column, consisting chiral adsorbent. It rvas revealed that
using allylic brornination method (Wohl-Ziegler Rеасtiоп)
fог compound 3 gives exclusively and in high yield
targeted сhiгаl compound - (Л,ý)-4-Ьrоmо-8-
nitromackinмolinone (I 6).
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