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Abstract: The creation of new amino acid derivatives of 4-(1-oxo-1H-isochromen-3-yl)benzenesulfonyl chloride 1 was investigated. The
interaction of the sulfonyl chloride 1 with amino acid methyl esters (hydrochlorides) in 1,4-dioxane in the presence of triethylamine led to
the corresponding amino acid sulfonamide derivatives of isocoumarin. The reaction of the sulfonyl chloride 1 with phenylalanine in the
basic aqueous solution was complicated by the lactone system disclosure and led to 2'-carboxydeoxybenzoin ultimately (namely, 2-(2-(4-
(N-(1-carboxy-2-phenylethyl)sulfamoyl) phenyl)-2-oxoethyl)benzoic acid). Similar product was obtained by the alkali hydrolysis of methyl
((4-(1-oxo-1H-isochromen-3-yl)phenyl)sulfonyl)leucinate.
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Introduction reactions for isocoumarin compounds have not been widely
explored as a possible route for their chemical modification.
Synthetic [1-2] and natural [2-3] compounds that contain It can be viewed as an opportunity to tackle the problem.
the isocoumarin (1H-isochromen-1-one) fragment are well [10-12].
known group of oxygen containing heterocycle. These
substances have a tremendous potential as starting materials
in synthetic organic chemistry (synthesis of isoquinolines
[4]) or as bioactive compounds [5-6]. However,
isocoumarins can be found in the scientific literature not as
often as isomeric chromones and coumarins. It can be
explained by the fact that the existing methods for synthesis
of isocoumarins and their derivatives [1, 7] do not allow
obtaining structures with certain functional groups.
Moreover, different polyfunctionalized chromones and
coumarins can be easily constructed using phenols as a
starting material [8, 9] whereas the synthesis of
isocoumarins requires prefunctionalized and not readily
available compounds. The electrophilic substitution

One of the promising electrophilic substitution reactions
for the isocoumarin system is a chlorosulfonation. The
reaction medium for the chlorosulfonation combines the
high activity of the electrophilic particle and weak oxidizing
properties, that is especially important for the electron
deficient and disposed to oxidative degradation of
isocoumarin  system. The possibility of preparative
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Scheme 1. The basic directions of chlorosulfonation in the 3-aryl-
isocoumarins [14].
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chlorosulfonation of isocoumarin derivatives was confirmed
by the preparation of 7-chlorosulfonylisocoumarin-3-

carboxylic acid in this way [13].
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Scheme 2. Previously reported methods for the synthesis of
sulfonamide-containing isocoumarins [15-21].
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Earlier, we investigated the basic directions of
chlorosulfonation in the 3-arylisocoumarins [14]. For
unsubstituted 3-phenylisocoumarin, this reaction proceeds
on the 4-position of the phenyl substituent and leads to the
sulfonyl chloride 1 (Scheme 1).

The formation of sulfonamides in the reaction of sulfonyl
chlorides with selected aromatic and aliphatic amines was
also reported [14]. Only several examples of isocoumarins
with a sulfonamide group are known to date. The synthetic
methods that was developed for obtaining such compounds
often required specific substrates, numerous steps,
expensive reagents and catalysts (Scheme 2) [15-20].
Moreover, the sulfonamide fragment is attached to
isocoumarin mainly by the nitrogen atom and just a few
cases of reaction of chlorosulfonyl isocoumarins with
amines have been described [21].

The isocoumarins with fragments of amino acid have
been attracting significant attention due to their high
biological activity [22]. The most known representatives of
this class of compounds are ochratoxins [5] and
amicoumacins [6] (Figure 1). Therefore, we chose amino
acids as an amino component to continue developing
synthetic methods and to understand the reactivity of
isocoumarins in the following row: isocoumarin
chlorosulfonyl isocoumarin — sulfonamide isocoumarin.

HOOC O OH O OH O
(‘\H o Op y OH NH,
Ph N

cl O OH COOH

Ochratoxin A
(strong mycotoxin)

Amicoumacin B
(natural antibiotic)

Figure 1. Natural amino-acids derivatives of 3,4-dihydroiso-
coumarins.

Results and Discussion

The simple 3-phenylisocoumarin (Scheme 1, R=H) asa
convenient and available substrate for its transformation
into  sulfonamide  derivative was selected. The
chlorosulfonation of this substance occurs easily over a
wide temperature range (from room temperature up to
60 °C) [14], and the sulfonyl chloride 1 was obtained
without any by-products (Scheme 1). Only the mechanical
losses during the isolation process can decrease the reaction
yield at this stage.

However, the formation of sulfonamides by the reaction
of sulfochloride 1 with phenylalanine in a slightly alkaline
solution at room temperature is accompanied by a partial
opening of the lactone ring. To increase solubility of amino
acids during reaction water has to be used as a solvent. At
first, we carried out this reaction in an aqueous solution
using sodium bicarbonate as a base, so the observed
hydrolysis of the lactone was not surprising. However,
when a 1,4-dioxane-water solution (5:1, respectively) in
the presence of triethylamine was used the mixture of
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isocoumarin 2
obtained.

and deoxybenzoin 3 (Scheme 3) was
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Scheme 3. The interaction of 4-(1-oxo-1H-isochromen-3-yl)-
benzenesulfonyl chloride (1) with glycine.

The fast hydrolysis of 2 is atypical for these lactones. It
can be explained by both the electron-withdrawing effect of
sulfonyl group and the higher solubility of 2 due to the
amino acid fragment. Interestingly, the addition of racemic
alanine to 7-chlorosulfonylisocoumarin-3-carboxylic acid
under mild basic conditions (K2COs) in the water-acetone
mixture occured without opening the lactone cycle
(Scheme 2) [21].

According to LCMS analysis, substances 2 and 3 are
formed in approximately equal proportions. The two are
very difficult to separate because they have similar
physicochemical properties. The additional heating of this
mixture in an aqueous solution with the presence of sodium
bicarbonate yields the pure deoxybenzoin 3 (Scheme 3). It
is worth noting that the isocoumarin cycle of the
sulfonamide derivative was opened under stronger
conditions (heating with KOH in a water-alcohol solution)
while saving of the sulfonamide fragment [15].

Therefore, making the reaction of sulfonyl chloride 1
with methyl esters of amino acids in an anhydrous 1,4-
dioxane in the presence of EtsN solved this problem and
gave sulfonamides 4a-d easily and without undesirable by-
products (Scheme 4). The yields of compounds 4 did not
depend on the nature of substituent in the amino acid
fragment.

NH, « HCI Et3N 0
1 + —_—
R COOMe 1,4-dioxane, =
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Ve ¥ o), me S ()
Me

Scheme 4. Reaction of 4-(1-oxo-1H-isochromen-3-yl)-
benzenesulfonyl chloride (1) with amino acid esters.

To confirm the higher hydrolytic stability of sulfonamide
group compare to ester or lactone fragments, the leucine
methyl ester derivative 4c was heated in an aqueous

solution with a large excess of NaHCO; for 4 h. After
acidification the sulfonamide 5 with two carboxylic groups
was isolated with high yield (Scheme 5).
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Scheme 5. Hydrolysis reaction of isochromone cycle of the
compound 4c.

The sulfonamides 4a as well as deoxybenzoins 3 and 5
are the colorless crystalline solids. The structures of
compounds 4a-d were confirmed 'H, *C and IR
spectroscopic data that correlated with a previously known
data for isochromone derivatives. The *H NMR resonance
signal for the sulfonamide proton appeared as a broad
dublet or broad singlet in a weak field at ~ 8.4 ppm and the
methyl ester group appeared as a singlet at 3.4-3.5 ppm.
Characteristically, the *H NMR spectra of deoxybenzoins 3
and 5 showed a resonance signal for the CH, group of
CH,C=0 fragment at ~ 4.7 ppm.

The characteristic absorption bands associated with
N-H, C=0, and S=0 bonds of compounds 3-4 can be easily
identified in the IR spectra; the absorption bands associated
with two (compounds 4) or three (acids 3, 5) C=0 groups
can appears as two separated bands or appears as one very
strong broad band at 1693 (compound 3) or 1721
(compounds 4b,d) cm™.

Conclusions

The reaction of 4-(1-oxo0-1H-isochromen-3-
yl)benzenesulfonyl chloride with amino acids in the
alkaline water-containing solution occurred with the
opening of the lactone ring and can be recommended for
synthesis of 2'-carboxydeoxybenzoins that contains the
amino acid sulfamide group. At the same time, the reaction
of this sulfochloride with amino acid esters in 1,4-dioxane
in the presence of triethylamine yielded the corresponding
isocoumarin sulfonamide derivatives.

Experimental section

All solvents were purified according to the standard
procedures [23]. All materials were purchased from
commercial sources and used without further purification.
'H and ®C NMR spectra were recorded on a Mercury-400
spectrometer (400 and 100 MHz respectively) in DMSO-dg
solutions. Chemical shifts are reported in ppm downfield
from TMS as internal standards. FT-IR (KBr pellet) spectra
were performed on a Bruker VERTEX 70 spectrometer.
Melting points were determined by using a Kofler-type
Leica Galen Il micro hot stage microscope and are
uncorrected. LC-MS/MS analyses were performed using an
Agilent 1200 LCMSD SL system equipped with
DAD/ELSD/LCMS-6120 diode matrix and mass-selective
detector (chemical ionization (APCI), electrospray



ionization (ESI)). Elemental analyses for C, H, and N were
determined using Perkin-Elmer CHN Analyzer. All the
experiment values are in a good agreement (+0.4%) with
the calculation results.

Synthesis of the mixture of isocoumarin 2 and

deoxybenzoin 3.

Method 1. To a solution of 330mg (2 mmol) of
phenylalanine and 504 mg (6 mmol) of NaHCO3 in 10 mL
of water 321 mg (1 mmol) of sulfonyl chloride 1 was added
by three portion with a vigorous stirring at room
temperature. The reaction mixture was stirred at room
temperature for 3h to a clear solution formation; the
medium should remain alkaline all the time. The solution
was acidified by 1N HCI to pH 4-5 and leaved for a night.
The precipitate was filtered, washed with water, and dried.

Method 2. To a solution of 321 mg (1 mmol) of sulfonyl
chloride 1 in 7.5 mL of 1,4-dioxane 330 mg (2 mmol) of
phenylalanine, 1.5 mL of water, and 0.55 mL (4 mmol) of
EtsN were added. The reaction mixture was heated slightly
(up to 40 °C) with stirring to a homogeneous condition, and
was stirred at room temperature for 30 min. Then the
mixture was poured into ice and acidified by 1N HCI to
pH 4-5. The precipitate was filtered, washed with water,
and dried.

2-(2-(4-(N-(1-carboxy-2-phenylethyl)sulfamoyl)phenyl)-
2-oxoethyl)benzoic acid (3).

The obtained mixture of isocoumarin2 and
deoxybenzoin 3 was suspended in 20 mL water with
336 mg (4 mmol) of NaHCO3, and was stirred at 60 °C to a
clear solution formation. The solution was cooled to room
temperature and acidified by 1IN HCI to pH4-5. The
precipitate was filtered and washed with water obtaining
pure deoxybenzoin 3. Yield: 257 mg, 55% (after two stage
through Method 1) or 313 mg, 68% (after two stage through
Method 2), mp 114-115 °C. *H NMR (400 MHz, DMSO-ds)
0850 (brd, J 8.2Hz, 1H, NH), 8.01 (d, J 8.0 Hz, 2H,
H-3'5"), 7.97 (d, J 7.8 Hz, 1H, H-6), 7.66 (d, J 8.0 Hz, 2H,
H-2',6"), 7.55 (t, J 7.4 Hz, 1H, H-4), 7.42 (t, J 7.4 Hz, 1H,
H-5), 7.37 (d, J 7.4 Hz, 1H, H-3), 7.20-7.14 (m, 3H, CgHs),
7.14-7.08 (m, 2H, C¢Hs), 4.75 (s, 2H, CH,CO), 3.99-3.89
(m, 1H, CH,CH), 3.01-2.92 (m, 1H, CH,CH), 2.78-2.65 (m,
1H, CH.CH). *C NMR (100 MHz, DMSO-dg) 6 197.2,
172.7, 168.6, 145.1, 139.8, 137.1, 133.3, 132.5, 131.0,
129.6, 128.8, 128.6, 127.6, 127.0, 126.9, 58.0, 45.3, 38.2.
IR (KBr) v 3539 (br), 3304 (br, NH), 3069, 3034, 2963,
2928, 2911, 1693 (vs, br, C=0), 1602, 1577, 1496, 1454,
1423, 1400, 1349 (S=0), 1294, 1235, 1211, 1162 (S=0),
1094, 1079, 999, 952, 832, 749, 727, 702, 651, 621, 584,
549. LC/MS (CI) m/z (M+H)* 468.

General procedure for preparation of sulfonamides 4a-d.

To a solution of 321 mg (1 mmol) of sulfonyl chloride 1
in 5 mL of 1,4-dioxane 2 mmol of hydrochloride of amino
acid methyl ester, and 0.55mL (4 mmol) of EtsN were
added. The reaction mixture was stirred vigorously at room
temperature for 3 h; then 30 mL of water was added. The
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forming precipitate was filtered, washed with water, and
recrystallized from isopropyl alcohol (5-10 mL).

Methyl  ((4-(1-oxo-1H-isochromen-3-yl)phenyl)sulfonyl)-
glycinate (4a).
Yield: 209mg, 56%, mp 196-197 °C. HNMR

(400 MHz, DMSO-ds)  8.35 (brs, 1H, NH), 8.19 (d, J
7.5 Hz, 1H, H-8), 8.09 (d, J 8.5 Hz, 2H, H-3'5'), 7.95-7.85
(m, 3H, H-6,2'6), 7.74 (d, J 7.6 Hz, 1H, H-5), 7.70-7.60
(m, 2H, H-4,7), 3.76 (s, 2H, CH,), 3.51 (s, 3H, COOMe).
13C NMR (100 MHz, DMSO-ds) & 169.9, 160.8, 151.3,
142.1, 137.3, 136.0, 135.7, 129.8, 129.5, 127.7, 127.5,
126.0, 120.7, 104.7, 52.3, 44.2. IR (KBr) v 3335 (br, NH),
3100, 2987, 2955, 1751 (s, C=0), 1720 (vs, C=0), 1637,
1603, 1485, 1455, 1407, 1328 (S=0), 1239, 1207, 1162
(S=0), 1112, 1066, 977, 830, 756, 727, 686, 630, 612, 540.
LCIMS (Cl) m/z (M+H)* 374.

Methyl  ((4-(1-oxo-1H-isochromen-3-yl)phenyl)sulfonyl)-
alaninate (4b).
Yield: 195mg, 50%, mp 177-178°C. HNMR

(400 MHz, DMSO-de) & 8.45 (br d, J 5.6 Hz, 1H, NH), 8.19
(d, J 8.1 Hz, 1H, H-8), 8.09 (d, J 7.6 Hz, 2H, H-3'5'), 7.93-
7.84 (m, 3H, H-6,2'6)), 7.74 (d, J 7.6 Hz, 1H, H-5), 7.70-
7.61 (m, 2H, H-4,7), 3.99-3.89 (m, 1H, CHCH), 3.39 (s,
3H, COOMe), 1.18 (d, J 6.4 Hz, 3H, CHCHs). *C NMR
(100 MHz, DMSO-ds) 6 172.5, 161.3, 151.4, 142.1, 137.1,
136.1, 1355, 129.8, 129.5, 127.7, 127.5, 125.7, 120.6,
104.8, 54.5, 52.4, 17.1. IR (KBr) v 3286 (br, NH), 3097,
2957, 1721 (vs, C=0), 1638, 1604, 1485, 1454, 1434, 1408,
1339 (S=0), 1237, 1212, 1168 (S=0), 1131, 1093, 1065,
1014, 972, 834, 756, 727, 686, 631, 614, 560. LC/MS
(Cl) m/z (M+H)* 388.

Methyl  ((4-(1-oxo-1H-isochromen-3-yl)phenyl)sulfonyl)-
leucinate (4c).
Yield: 338mg, 79%, mp 194-195°C. HNMR

(400 MHz, DMSO-dg) 6 8.48 (br d, J 8.2 Hz, 1H, NH), 8.20
(d, J 7.9 Hz, 1H, H-8), 8.10 (d, J 8.4 Hz, 2H, H-3'5'), 7.94-
7.84 (m, 3H, H-6,2'6"), 7.75 (d, J 7.8 Hz, 1H, H-5), 7.69 (s,
1H, H-4), 7.65 (t, J 8.1 Hz, 1H, H-7), 3.87-3.73 (m, 1H,
NHCH), 3.37 (s, 3H, COOMe), 1.62-1.50 (m, 1H,
CH(CHs)2), 1.50-1.33 (m, 2H, CHy), 0.82 (d, J 6.5 Hz, 3H,
CHCHs), 0.72 (d, J 6.4 Hz, 3H, CHCHs). “C NMR
(100 MHz, DMSO-ds) & 172.3, 161.5, 151.2, 142.0, 137.2,
136.0, 135.5, 129.7, 129.4, 127.6, 127.4, 125.8, 120.7,
104.7, 54.4, 52.3, 41.0, 24.3, 22.9, 21.4. IR (KBr) v 3314
(br, NH), 3281 (br, NH), 3097, 2956, 2935, 2870, 1739 (s,
C=0), 1720 (vs, C=0), 1617, 1586, 1512, 1469, 1414, 1340
(S=0), 1311, 1297, 1237, 1169 (S=0), 1141, 1091, 1065,
1012, 966, 887, 833, 756, 685, 634, 569, 537. LC/MS
(C1) m/z (M+H)* 430.

Methyl  ((4-(1-oxo-1H-isochromen-3-yl)phenyl)sulfonyl)
methioninate (4d).
Yield: 288mg, 64%, mp 182-183°C. HNMR

(400 MHz, DMSO-ds) & 8.52 (br.d, J 8.8 Hz, 1H, NH),
8.20 (d, J 7.6 Hz, 1H, H-8), 8.11 (d, J 8.2 Hz, 2H, H-3'5),
7.92-7.84 (m, 3H, H-6,2'6"), 7.75 (d, J 7.6 Hz, 1H, H-5),
7.70-7.61 (m, 2H, H-4,7), 4.04-3.98 (m, 1H, NHCH), 3.38
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(s, 3H, COOMe), 2.44-2.26 (2H, m, CH>CH,SCH), 1.93 (s,
3H, SCHs), 1.88-1.72 (2H, m, CH,CH,SCHs). 3C NMR
(100 MHz, DMSO-ds) & 172.3, 161.6, 151.1, 141.8, 137.1,
135.8, 135.6, 129.6, 129.5, 127.6, 127.2, 126.0, 120.6,
104.8, 54.2, 52.0, 24.4, 22.8, 21.3. IR (KBr) v 3272 (br,
NH), 3094, 2956, 2917, 1721 (vs, C=0), 1638, 1604, 1485,
1451, 1430, 1408, 1341 (S=0), 1282, 1233, 1209, 1162
(S=0), 1092, 1066, 974, 864, 834, 755, 728, 685, 633, 615,
564. LC/MS (CI) m/z (M+H)* 448.

2-(2-(4-(N-(1-carboxy-3-methylbutyl)sulfamoyl)phenyl)-
2-oxoethyl)benzoic acid (5).

The sulfonamide 4c¢ (200 mg, 0.47 mmol) was suspended
in 20 mL water with 2 mL of ethanol and 672 mg (8 mmol)
of NaHCQ3, and was stirred at 60 °C near 4 h to a clear
solution formation. The solution was cooled down to room
temperature and acidified by 1N HCI to pH4-5. The
precipitate was filtered, washed with water, dried to give
deoxybenzoin 5. Yield: 192 mg, 95%, mp 188-189 °C.
!H NMR (400 MHz, DMSO-ds) 6 8.20-8.10 (m, 3H, H-3',5',
NH), 8.01 (d, J 7.5 Hz, 1H, H-6), 7.90 (d, J 8.2 Hz, 2H,
H-2',6"), 7.51 (t, J 7.0 Hz, 1H, H-4), 7.38 (t, J 7.0 Hz, 1H,
H-5), 7.30 (d, J 7.2 Hz, 1H, H-3), 4.73 (s, 2H, CH,CO),
3.80-3.70 (m, 1H, NHCH), 1.79-1.66 (m, 1H, CH(CHz3).),
1.55-1.35 (m, 2H, CHy), 0.91 (d, J 6.5 Hz, 3H, CHCHy),
0.85 (d, J 6.4 Hz, 3H, CHCH3). C NMR (100 MHz,
DMSO-ds) ¢ 196.6, 173.3, 168.4, 1454, 140.1, 137.2,
133.0, 132.0, 131.1, 130.6, 128.5, 127.2, 127.1, 54.5, 45.2,
415, 24.4, 23.1, 21.4. IR (KBr) v 3604, 3525, 3395 (br),
3240 (br), 2963. 2874, 2629, 1711 (s, C=0), 1691 (vs,
C=0), 1400, 1330 (S=0), 1294, 1251, 1214, 1168 (S=0),
1146, 1081, 1000, 934, 842, 811, 752, 729, 715, 624, 582.
LC/MS (CI) m/z (M+H)* 434.
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OnepxkaHHsI aMIHOKUCTIOTHUX CYJb(DOHAMIJIIB HA OCHOBI
4-(1-oxco-1H-130xpoMeH-3-11)0eH3eHCYIb(POHUTXIOPUIY

A. A. Ps6uenxo’, O. B. llaGnukina’?*, C. B. Ilnnin’, C. A. Yymauenko?, B. TT. Xuns'

! Kuiscoxuii nayionanonuii ynisepcumem imeni Tapaca Illesuenxa, eyn. Bonooumupcuvka, 60, Kuis, 01601, Ykpaina
2 Incmumym 6ioopaaniunoi ximii ma nagpmoxinii in. B.I1. Kyxapsa HAH Ypainu, syn. Mypmanceka, 1, Kuis, 02094, Yipaina

Pesome: IlpencraBiieHo JOCTIKEHHsT 0co0amBocTel B3aemoii 4-(1-oxco-1H-i30xpomen-3-in)0en3encybponinxiopuny (1) 3 moximHumu aMiHOKHCIIOT,
0 Bele MO YTBOPEHHS BIANOBiHUX cyibpoHaMmiHiB. Ha mouaTky cTaTTi HOJaHO KOPOTKMIl OV CIOCOOIB CHHTE3y pIAKICHHX Ha ChOTOJHI
1H-i30XxpoMOHIB (i30KyMapuHiB) i3 cysib(GoHaMiTHUMH (parMeHTaMy. [30KkyMapuHU Ta CIOPIIHEHI 10 HUX MOJICKYJIH, SIK CHHTCTHYHOI'O, TaK 1 HPHPOHOTO
TIOXO/KEHHS — JIaBHO 3HaHA TPyNa OKCHUI'€HOBMICHHX reTeponukiis. Lli pedoBHHM I1iKaBi 3 TOUKM 30py iX 610aKTHBHOCTI, @ TAKOXX MAIOTh JIy’Ke BEIMKHIt
MOTEHI[ia]l BUKOPUCTAHHS CHHTETHYHIH OpraHivHiil Ximii (Hanmpukian, s OTpHUMaHHS i30XiHOMIHIB). Ha »anb, iCHyI04i METOIH CHHTe3y i30KyMapHHiB
O0OMEXYIOTh MOXJIMBOCTI MOOYZOBH MOJEKYT 3 TEBHMMHM (YHKIIOHAJBHUMHU TpynaMu. 30KpeMma, BiIOMO jayxke Hebararo HpUKIaliB OAEpKaHHSI
I30KyMapHHIB i3 CyabhaMiTHUMU TpymaMy; MEepeBa)KHO METOAM CHHTE3y TAaKUX MHOXITHUX 0a3yroThes Ha Nanafii-KaTaai30BaHHX CIOIYyYEHHSIX I3
BUKOPHCTaHHSAM JOCHTh BapTICHUX BUXiJHHX PEYOBHUH, a MPsIMa TOCITIOBHICTE Cy/Ib()OXIOPYBaHHS i30KyMapuHy — aMilyBaHHs BUKOPHUCTOBYBAJIACh JIHIIE
Kinbka pasiB. Panime Hamm Oyi0 MOKa3aHo, MO CyJIb(OXIOPYBAHHS i3 HACTYIHUM YTBOPEHHSAM Cyib(aMiniB Moxe OyTH 3 IMpenapaTHBHUMH BHXOJaMH
NPOBEIICHO B psidy 3-apuii3oKyMapuHiB. B maniit po6oti cyinboninxmopus 1 Oyno 3aayueHO B peakiilo 3 aMiHOKHCIOTHHMH MOXiZHMMH. BHacmimok
B3aeMmonil cymbdoniutxiaopuny 1 i3 QeninanaHiHoM B NPHCYTHOCTI OCHOBU Ta IPH HAsBHOCTI HAaBITh HEBENMKHX KUIbKOCTEl BOOM B peakuiifHOMy
CepeIOBHUIII YTBOPEHHS CyJb(OHAMITHOTO (GparMeHTy YCKJIAaJHIOEThCSA YaCTKOBHM PO3KPUTTAM XPOMOHOBOTo Imkiy. JlogaTkoBa oOpoOka Takoi cyminri
c1a0KOTY)KHUM BOJAHHM PO3YMHOM 3aBEpILIyE PO3KPHTTS LUKy Ta NPHUBOAMTEH O yTBOPEHHS MOXiAHOI Je30kcuben3oiny 3 — 2-(2-(4-(N-(1-kapGokcu-2-
tdeninernin)cynbhamoin)denin)-2-okcoeTnn)oeH30iHol  kucnotiH. HaromicTe B pe3ynbTaTi peakuii cyibhoHiNXIOpHAy 1 3 METHIOBHMH eCTepaMH
amiHoKHCIIOT (y (opMi Tizpoxyopuais), o Oyna mpopeneHa y 0e3BogHoMy 1,4-IiokcaHi Ta 3 10AaBaHHIM TPHETHIAMiHYy Y SKOCTI OCHOBH, JIETKO Ta 6e3
MOOIYHNX MPOJYKTIB YTBODIOIOTHCSA BIINMOBIMHI CyNb()OHAMIAM; BHACITIZOK 4Oro OylO CHHTE30BAaHO i30KyMapHHOBI Cyib(oHaMigH i3 QparmeH TaMu
IJILUHY, alaHiHy, JeiuHy Ta MeTioHiHy. 11lo6 mpoxeMoHcTpyBaTn Oublly, HiX y ecTepy abo JAKTOHY, TiAPONITUYHY CTabiIbHICTB Cyib(oHaMiTHOT
TPYNU y CHHTE30BaHHX CIIONYKaX, OJMH i3 ecTtepiB 4 (moximHa neiiuHy 4C) OyB oOpoOuenunii Boguum posunHomM NaHCOj; mpu narpiBanwi. ITicns
MiIKHCICHHS OyJI0 BUAUICHO 3 Malke KUTbKICHUM BHXOJ0M CyabhoHaMia 5 3 1BoMa KapOOKCUIIBHUMH IPyNaMy, CopigHenuit cnomymi 3.

Kurouosi ciioBa: cynb(hoHaminy; aMiHOKHCIOTH; 3-()eHiNi30KyMapyH; Cyab(oXI0pyBaHHS.
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