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CHARACTERISTIC OF MASS-SPECTROMETRIC
FRAGMENTATION MOLECULAR IONS
OF EMODINE AND ITS METHYL ETHERS

Abstract. The work is devoted to the mass-spectrometric study and comparative
analysis of mass-spectrometric fragmentation of molecular ions of 1,6,8-trihydroxy-3-
methyl-9,10-anthraquinone (emodin) and its mono- and dimethyl ether. The influence of
the substituent on the stability of molecular ions to ionization by electrons is considered,
and schemes for their mass-spectrometric decay proposed. It is shown that the fragmen-
tation of the derivatives depends on the location of the substituent in the anthraquinone
system.

Key words: mass-spectrum, molecular ion, fragmentation, electron ionization, eli-
mination, derivatives of 9,10-anthraquinone

Anthraquinones represent the most numerous group of natural quinones with
diverse biological activity [1, 2]. Among them, one of the most common deri-
vatives of 9,10-anthraquinone is emodin (1), which is identified not only in the
free state, but in glycosidated, dimeric and condensed forms, in plants of such
families as Rhamnaceae (Rhamnus, Maesopsis, Ventilage), Fabaceae (Cassia),
Senna, Polygonaceae (Rheum, Rumex, Polygonum), Liliaceae (Aloe, Bulbine),
Hypericaceae [3-8]. Modern studies have made it possible to establish, in addition
to the laxative, also its antibacterial, vasorelaxant, cardiotonic, hepatoprotective
and antitumor effects [9-12], and the ability of derivatives of emodin to inhibit the
enzymatic activity of ATP-citrate lyase (ACL), a key player in the metabolism of
cancer cells [ 13].

Considering the importance of the emodin derivatives (1) as biologically
active compounds and continuing research into the mass spectrometric frag-
mentation of 9,10-anthraquinone derivatives [14-17]. This article is devoted to the
analysis of the mass spectra of 1,6,8-trinydroxy-3 -methyl-9,10-anthraquinone
(emodin) (1) and its methyl esters (2,3). The structure of the derivatives is
presented below:

OHO R
1 R, Ry-OH
O‘O 2 R;- OCHy R,-OH
R{ CHs, 3 Ry, Rp-OCHg
0
1-3
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Table 1 shows the total mass spectra of emodin (1) and its methyl esters
(2,3), and table 2 shows the data on the stability of MI (W) for ionization by
electrons (IE), as well as the characteristic ions (F;-F7) from of the total ion cur-
rent. From the data in table 1, it can be seen that for the anthraquinones studied
the MI peak in the spectra is the maximum (I = 100%), and the M1 stability to the
IE (Wy) is in the range 11.9 + 40.6% (table 2).

Table 1 — Mass spectra of 9,10-anthraquinone derivatives (1-3)

No Compound Mass spectrum: M*, m/z (1o B %)*
271 (17), M* 270 (100), 269 (2), 255 (2), 254 (2), 253 (3), 243
(2), 242 (14), 241 (9), 227 (1), 226 (1), 225 (3), 224 (1), 215 (1),
214 (7), 213 (10), 200 (3), 199 (2), 197 (4), 196 (3), 195 (1), 186
1,6,8-Trihydroxy- | (2), 185 (5), 172 (1), 171 (2), 169 (2), 168 (5), 167 (2), 158 (1),
. 3-Methyl- 157 (2), 155 (1), 145 (1), 141 (1), 140 (2), 139 (8), 137 (2), 136
9,10-anthraquinone | (1), 135 (3), 129 (2), 128 (4), 127 (3), 126 (1), 121 (4), 116 (1),
(emodin) 115 (5), 114 (1), 108 (1), 107 (2), 106 (2), 105 (2), 102 (1), 101
(1), 92 (2), 91 (1), 90 (1), 84 (4), 79 (2), 78 (2), 77 (5), 76 (2), 75
(2), 74 (2), 70 (2), 69 (7), 65 (2), 64 (2), 63 (4), 62 (2), 53 (2), 52
(2), 51 (6), 50 (2), 39 (4).
. 286 (4), 285 (23), M™ 284 (100), 283 (5), 269 (1), 267 (8), 257
6|\je8thlg>l<hygr?n)gh L | (1,256 (7), 255 (13), 254 (9), 253 (1), 242 (2), 241 (10), 239 (1),
o 0antbreauions | 237 (1), 228 (2), 227 (6), 226 (7), 225 (6), 214 (1), 213 (7), 212
2 o Sci%n) (1), 211 (1), 210 (1), 199 (2), 198 (5), 197 (2), 195 (2), 185 (4),
(emepth}’ne methyl | 184 (2), 167 (2), 139 (4), 129 (2), 128 (7), 127 (2), 115 (3), 106
ester) (2), 105 (2), 79 (2), 78 (1), 77 (3), 76 (2), 75 (2), 63 (2), 51 (2),
28 (4).
300 (4), 299 (21), M™ 298 (100), 297 (8), 295 (2), 285 (2), 284
(5), 283 (5), 282 (5), 281 (22), 280 (49), 279 (3), 271 (2), 270 (7),
269 (26), 268 (10), 267 (5), 266 (3), 265 (15), 256 (3), 255 (9),
L Hvdroxy. 254 (6), 253 (19), 252 (70), 251 (6), 250 (3), 249 (2), 248 (2),
s Bdimethony. | 242 (1), 241 (4), 240 (5), 239 (10), 238 (11), 237 (27), 236 (2),
iionlied 229 (3), 228 (8), 227 (6), 226 (10), 225 (7), 224 (7), 223 (7), 222
3 | gi0amtracuone | () 213 (3), 212 (7), 211 (10), 210 (12), 209 (13), 208 (3), 207
(emodin | (3), 199 (4), 198 (5), 197 (13), 196 (6), 195 (5), 194 (4), 185 (3),
ether) Y| 184 (10), 183 (7), 182 (11), 181 (15), 169 (12), 168 (8), 167 (4),
166 (4), 165 (6), 157 (4), 156 (8), 155 (8), 154 (5), 153 (11), 152
(10), 151 (7), 150 (5), 141 (12), 140 (9), 139 (20), 138 (4), 135
(24), 129 (5), 128 (17), 127 (13), 126 (7), 119 (7), 115 (17), 113
(7), 106 (7), 102 (7), 101 (6), 99 (6), 98 (6), 91 (9).

1,6,8-Trihydroxy-3-methyl-9,10-anthraquinone (1). In the mass spectrum
of 1,6,8-trihydroxy-3-methyl-9,10-anthraquinone (emodin) (2), the peak of MI
has a maximum intensity (I = 100%), whose stability is Wy, = 35.2% (table 2).
The most intense peak of MI emodin (2) decays under the action of ionization by
electrons (IE) along four directions and gives low-intensity ions (scheme 1).
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Table 2 — Stability of molecular ions (W) and characteristic ions (F1-F;) (Ws)
from the total ion current of anthraquinone derivatives (1-3)

m/z (Ws, %)

Ne Wi,
% Fl/ Fz/ F3/ F4/ F-/F.’ F(;/ E
Flr_ Flmr FZV_FZ//// F3r_F3//// F4V_F4!N 5/T5 F6'x FGN 7
| s | 2000|2109 | 2509|2280 e e
' 213 (3,0) | 199 (0,6) | 197 (1.2) ' ' ' '
185 (1,5) | 171 (0,6) | 169 (0,6)
283 (1,6) | 269 (0,3) |267 (0,65)
255 (4,2) | 241 (3.2) | 239 (0,3)
2 | 406 |57(19) | 213(22) | 211(03) | 256 23) | 254(3.0) | 226 (2:3) | 198 (16)
199 (0,65)| 185 (1,3) | 183 (0,3)
280 (4,7) | 265 (1.4) 255 (0,9)
3 11,9 gg;ggg; gg%gé; 252 (6,7) | 237 (2.,6) ggg(gg) 227 (0,6) -
’ ' 209 (1,2) ) 1197 (1,2)

When hydrogen is lost, a peak of the ion F; [M-H]" with m/z 269 (I = 2%) is
formed, which successively loses three molecules of carbon monoxide, which
leads to the appearance of the ions F;' [M-H-CO]" with m/z 241, F," [M-H-CO-CO]"
with m/z 213 and F,"™ [M-H-CO-CO-CO]" with m/z 185. The most intense, from
the formed peaks, with | = 10% is the peak of the ion F;" [M-H-CO-CO]" with
m/z 213 and with | = 9% - the peak of the ion F;' [M-H-CO]" with m/z 241, and
the intensity of the ion F1"' [M-H-CO-CO-CO]" is | = 5% (table 1).

The second direction of MI fragmentation occurs when a methyl radical
is lost with the formation of the F, [M-CHs]" ion with m/z 255. Further, the
F, [M-CH;]" ion sequentially eliminates three CO molecules to form
F,' [M-CH3-CO]" with m/z 227, F," [M-CH;-CO-CO]" with m/z 199 and F,"
[M-CH;-CO-CO-COJ" with m/z 171, the intensity of the ions formed is | = 1-2%.

The third direction of fragmentation begins with the release of the OH group
and the formation of the F; [M-OH]" ion with m/z 253, from which the CO
molecules are eliminated, which leads to F5' [M-OH-CO]" fragment ions with m/z
225, F3" [M-OH-CO-CO]* with m/z 197 and F5" [M-OH-CO-CO-CO]" with m/z
169, with intensity | = 2-4% .

The fourth direction of MI disintegration proceeds analogously to the decay
of MI 9,10-anthraquinone and is associated with the sequential elimination of the
carbon monoxide molecule. The ions of 1,6,8-trihydroxy-3-methylfluorenone F,
[M-COJ™ with m/z 242 (I = 14%) and 1,6,8-trihydroxy-3-methylbiphenylene are
formed F,' [M-CO-CO]"™ with m/z 214 (I = 7%). The formed ion F,, in turn, can
consecutively lose the water molecule (the ion Fs [M-2CO-H,;0]*, m/z 196), CO
(ion Fg [M-2CO-H,0-CO]*, m/z 168) and CHO (ion F; [M-2CO-H,0-COOH]",
m/z 139) due to reorganization processes, that is scrambling of hydrogen atoms
due to migration and scrambling of carbon atoms as a result of valence isome-
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-H [M_H]+ -Co [M-H-CO]+ -CO [M-H-2C0]+ -CO [M-H-3COT*
m/z 269 miz 241 m/z 213 m/z 185
= F Fy" Fi"

CHy  [M-CHy* "©© [M-CHy-cOl* "°©  [M-CHz-2COT* -CO  [M-CH,-3CO]*
™ miz 255 miz 227 m/z 199 miz 171

F, Fy Ry Fy"
+e

OH O OH
O MoHr €0 meon-cor_%°_ [M-oH-2co]*

O‘O [ miz 253 miz 225 m/z 197
HO CH,
O

F3 Fs' 3"

M** 270

"
— b-t~

Fs
[M-CO]* [M-CO-COT*
miz 242 miz 214
Fs Fy
-CO
[M-2CO-H,0-CO-COH]* -COH [M-2CO-H,0-COJ*
m/z 139 m/z 168
F; Fs

Scheme 1 — Fragmentation of a molecular ion 1,6,8-trihydroxy-3-methyl-9,10-anthraquinone (1)

rism, as well as processes of randomization-displacement hydrogen atoms and
carbon [18, 19]. Consequently, a significant peak with m/z 139 in the mass spec-
trum corresponds to the F- ion:

B
_

F, [M-2CO-H,0-COH]", m/z 139

1,8-Dihydroxy-6-methoxy-3-methyl-9,10-anthraquinone (2). The substitu-
tion of the B-hydroxyl group for the methoxy group in the molecule of emodin (1)
in the case of B-methoxyemodine (physcion) (2) practically does not affect the
character of the initial MI decay in the mass spectrum, but increases the stability
of Ml (W, = 40.6%) (table 2).

For the mass-spectrometric decomposition of 1,8-dihydroxy-6-methoxy-3-
methyl-9,10-anthraquinone (2), the original fragmentation of Ml, as in the case of
the emodin molecule (1), occurs as a result of the splitting off of the hydrogen
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atom, OH and CO with the formation of primary fragment ions F; [M-H]" with
m/z 283, F, [M-CHs]" with m/z 269, F; [M-OH]" with m/z 267 and F, [M-CO]"™
with m/z 256 (scheme 2).

H_ MH ° MeHcoprCO [M-H2cO]r_-co  [M-H-3COT"
miz 283 miz 255 miz 227 m/z 199

Fi Fy Py R

CHy [M-CH;]* "©°  [M-CHy-COl* €O  [M-CHy-2cO]* “©_ [M-CHs-3COT*
— = — —_—
m/z 269 m/z 241 m/z 213 m/z 185

R Py R R

-OH [M-OH]* €© [M-OH-cOJ* -CO [M-OH-2COJ" -CO  [M-OH-3COJ*
St M miz267 > miz239 — > mz21l —> m/z183
OH O OH

00 -
H,CO CHs
3 o) _I +eo
OH OH
-CO +
+e -Co -CH,0 [M-CO-CH,0]* [M-CH,0-2C0]
M2 [ ™ miz 226 m/z 198
H,CO CHg
© Fe Fr
[M-COT*
m/z 256
Fa
-CO

-CH,0 [M-CH,0]*
——> m/z 254

Fs

Scheme 2 — Fragmentation of a molecular ion
1,8-dihydroxy-6-methoxy-3-methyl-9,10-anthraquinone (2)

A distinctive feature of the mass-spectrometric decay of Ml (2), in contrast to
the emodin spectrum (1), is the elimination of the formyl radical CH,O and the
formation of the fragment ion Fs [M-CH,O]™ with m/z 254 (scheme 2). The
intensity of the formed F;-Fs ions is | = 5-9% (table 1). The further decay of the
fragment ions Fy [M-H]" with m/z 283, F, [M-CHs]" with m/z 269 and F; [M-
OH]" occurs by successive elimination of carbon monoxide molecules, which
leads to the formation of ions F;' [M-H-CO]* with m z 255, F," [M-H-CO-CO]*
with m/z 227, F,' [M-CH3-CO]* with m/z 241, F5' [M-OH-CO]* with m/z 239, F,"
[M-OH-CO-CO]" with m/z 211. The most intense of these are F;' (I = 13% ) and
F, (1 = 10%).

It is possible to eliminate the formyl radical CH,O from the F4 [M-CO]"™ m/z
256 fragment with the formation of the Fg [M-CO-CH,O]" ion with m/z 226
(I = 7%). The Fs ion can also arise from the Fs ion, after the elimination of
the carbon monoxide molecule. The emission of a CO molecule from the Fg
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[M-CO-CH,0]" ion with m/z 226 leads to the pairing of the F; [M-CO-CH,O-
CO]J" ion with m/z 198 (I = 5%).

1-Hydroxy-6,8-dimethoxy-3-methyl-9,10-anthraquinone (3). The replace-
ment of one a-hydroxyl group with an electron-donor methoxy group does not
affect the intensity of MI of compound (3), which is | = 100% (table 1), but
sharply decreases its stability - W, = 11.9% (table 2). Due to the diversity of the
MI decay channels, in the mass spectrum, multiple peaks of fragment ions are
observed.

For 1-methoxyanthraquinone, the main direction of the mass-spectral de-
composition of Ml is the elimination of the carbon monoxide molecule to form
the ion fragment F; (m/z 210), from which the methyl radical and CO, as well as
the separation of H, HCO and CH,0, [M-H]*, [M-HCO]" and [M-CH,O]"" respec-
tively [14]. The replacement of one a-hydroxyl group with a methoxy group in
the case of the derivative (3) sharply changes the picture of the MI decay, in com-
parison with the mass spectrum of the physcion (2). In the case of mass-spectro-
metric fragmentation of 1-hydroxy-6,8-dimethoxy-3-methyl-9,10-anthraquinone
(3), primary M1 decays occur as a result of the splitting off of the hydrogen atom,
OH, H,0, CH,0 and the group of COCHj3 atoms, of the primary fragment ions F;
[M-H]" with m/z 297, F, [M-OH]" with m/z 281, F3 [M-H,0]™ ¢ m/z 280, Fs [M-
CH,O]™ with m/z 268, Fs [M-CO-CH]" with m/z 255 (scheme 3). The most
intense peaks in the spectrum are due to the release of the water molecule -
Fs [M-H,O]" with m/z 280 (I = 49%) and OH- F, [M-OH]" with m/z 281
(I =22 %) (table 1).

Further, the ions F;-F; and Fg eliminate the CO molecule, with the formation
of the secondary fragment ions F;' [M-H-CO]" with m/z 269, F,' [M-OH-CO]"
with m/z 253, F3' [M-H,0-CO]™ with m/z 252 and F¢' [M-CO-CH3-CO]* with
m/z 227, and in the case of the Fs ion [M-CH,O]™ ¢ m/z 268, another formyl
group of CH,O eliminates to form the radical cation Fs' [M-CH,0-CH,O]" with
m/z 238. The most intense peaks correspond to the ions F;' [M-H-CO]" with
m/iz = 269 (I = 26%), F,' [M-OH-CO]" with m/z 253 (I = 19%) and F;'
[M-H,0-CO]"™ ¢ m/z 252 (1 = 70%) (table 1). The fragment ion F; can also con-
secutively lose the methyl group and carbon monoxide molecules to form the F4
ion [M-H,0-CHs]" with m/z 265 (I=15%), F;' [M-H,0-CH3-CO]™ with m/z 237
(I = 27%) and F," [M-H,O-CH3-2CO]"" with m/z 209 (I = 13%). The secondary
ion Fg' [M-CO-CH;-CO]* with m/z 227 due to the loss of the formyl group CH,O
forms the fragment ion F¢" [M-CO-CHs-CO-CH,O]" with m/z 197 (I = 13%)).

Thus, an analysis of the mass-spectral decomposition of Ml of the group of
derivatives considered showed that if the decomposition of 1,8-dihydroxyanthra-
quinone (1) is associated with the successive elimination of two carbon monoxide
molecules to form the cation of dihydroxyfluorenone with m/z 212 (I = 15%) and
dihydroxybiphenylene F, [M-CO-CO]™ with m/z 184 (I = 16%), the fragmen-
tation of the derivatives (2,3) depends on the position of the substituent in the
anthraquinone system. In the case of mass-spectrometric decomposition of emo-
din (1), in the region of high mass numbers, several low-intensity peaks of the
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Ho MH 9 [M-H-cOTt
m/z 297 m/z 269
F X

-OH  [M-OH]* €°  [M-OH-cOJ*

—_—

> m/z 281 m/z 253
F, R
+eo
OH O OCH, [M-HOI** “¢©  [M-H,0-cO* *

-H,0
O ‘ O T, miz280 T T miz 252
H4CO CHs Fs Fs
o] -CHy [M-H,0-CHg]* -CO  [M-H,0-CH,-COJ*

M** 298 miz 265 ~———> miz 237
F, F
#  -CHO  [M-CH,0-CH,0]* €0
cH,0  [M-CH,0] 0 2 201
m/z 268 > m/z 238
, [M-H,0-CH,-2COT*
Fs Fs miz 209
0,
+ -CO + “CH0 +
-CH3-CO [M-CH3-CO] [M-CH3-CO-CO] [M-CH3-CO-CH,0]
——> m/z 255 m/z 227 m/z 197
Fs Fe Fe"

Scheme 3 — Fragmentation of a molecular ion
1-hydroxy-6,8-dimethoxy-3-methyl-9,10-anthraquinone (3)

characteristic ions associated with the initial decay of MI can be identified as a
result of the splitting off of the hydrogen atom, CH3;, OH and CO with formation
of primary fragment ions F; [M-H]", F, [M-CH3]", F; [M-OH]" and F,4 [M-CO]"™".
The main direction of the decomposition of stable MI of emodin (1) (I = 100%,
Wi = 35.2%) is the consecutive elimination of CO molecules by the "anthra-
quinone” type with the formation of the radical cation 1,6,8-trihydroxy-3-methyl-
fluorenone F4 [M-CO]™ with m/z 242 (1 = 14%) and 1,6,8-trihydroxy-3-methyI-
biphenylene F,' [M-CO-CO]™ with m/z 214 (I = 7%). MI physcion (2) decays
with EI mainly by sequential ejection from MI of a hydrogen atom and two CO
molecules, and for a dimethoxy derivative (3), the underlying direction of decom-
position is the consecutive loss of H,O and CO molecules. The replacement of
one or two hydroxyl groups by the methoxy group in compounds (2,3) causes the
appearance of yet another direction of fragmentation associated with the elimina-
tion of the formyl radical CH,O. As in the case of the previously considered
methoxy derivatives of 9,10-anthraquinone [14, 17], substitution of the a-hydro-
xyl group by the methoxy group reduces the stability of Ml to ionization by elec-
trons. So, if the stability of the MI physcion (2) is Wy, = 40.6%, then its a-methyl
ester (3) - Wpi = 11.9% (Table 2). The low stability of the MI compound (3)
promotes the diversity of the MI decay channels, which is reflected in the mass
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spectrum of the derivative by the presence of a large number of peaks of frag-
ment ions.
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Pe3iome
T. B. Xapnamosa, C. XK. Kymazanues

OMO/JIMH )XOHE OHbIH METHNJI 2®HWPJIEPIHIH MOJIEKYJIAJIBIK
NOHIOAPBIHBIH MACC-CIIEKTPOMETPUAJIBIK ®PATMEHTALINUSACBIHBIH,
CHUITATTAMACHI

3eprrey skymbic 1,6,8-yuruapokcu-3-metun-9,10-aHTpaxMHOHHBIH,  (IMOMHHIH)
JKOHE OHBIH KeWOip MeTHi1 3pupiepiHiH Macc-CIEKTPOMETPUSIBI 3ePTTEyiHE )KOHE MOJIEKY-
JIApNBIK MOHIAPBIHBIH Macc-CHEeKTPOMETpaIabl (hparMEHTAIMSCHIHBIH —CaJIbICTHIPMAJIbI
TaljayblHa apHanraH. KapacTelppurraH KOCBUIBICTap TonTapbiHa MU KapKbIHIBI HIBIHBI
CHIIATTHI KaHe OHBIH TypakThutbiFbl W,,,=11,9+40,6% kyObuITY Meepinie eKeHi Kep-
cerinred. Monekynapislk noHnapasiy (MU) nonusanusiiay snexrporgapmer (MD) MbIk-
TBUIBIFBIHA OPBIHOACAPABIH SCepi KapaJiFaH ’KoHE OJapblH MacC-CIEKTPOMETPAI/IbI bIbI-
pay KecTeci YChIHBUTFaH. TyBIHABUIAPABIH (pparMeHTAUSICHl OPbIHOACAPABIH AHTPaXUHOH
CHUTEMAaCBhIHIa OpPHATACKAH OPHBIHA TOYEIAUIITT KOPreNTuTFeH. DMOAUH MOJICKYJIaCHIHBIH
MU Gacranksr pparmenTanusicer cyteri atomel, CHs, OH xone CO OeniHy HOTHXeCiHIE
XKYpeli, all OHbIH METOKCUTYBIHABLIAPEI JkoHe (opmumn pamukansiaeiy CH,O snmuMunup-
JICHY1 CUTIATTHI.

Tyiiin ce3aep: Macc-CIIEKTp, MOJICKYJIApPIBIK HOH, (parMeHTalHsIay, SIeKTPOH/IBIK
WOoHM3anusay, snumMunupey, 9,10-aHTpaXuHOH TYBIHIBUIAPHI.

Pesrome
T. B. Xapramosa, C. )K. Kymaecanues

XAPAKTEPUCTUKA MACC-CIIEKTPOMETPUUYECKOM ®PATMEHTALIMHU
MOJIEKVYJIAPHBIX MOHOB SMO/JUHA U ETO METUJIOBBIX 5OHNPOB

Pabota mocesieHa Macc-CreKTpaIbHOMY HCCIIEIOBAHHIO U CPABHUTEIBHOMY aHa-
JIU3Y Macc-CIEeKTPaIbHON (pparMeHTaIlul MOJICKYJSIPHBIX HOHOB 1,6,8-aurumpokcu-3-me-
tin-9,10-antpaxmHoHa (IMOIMHA) M ero0 METWIOBBIX 3¢dupos. ITokasano, ¥ro amis pac-
CMaTpUBaeMOM I'PYIIbI COSANHEHNH XapaKTepeH MHTeHCHBHBIN MUK MU, a ero craduib-
HOCTh BapbupyeTcs B mpeaeiax 11,9+40,6 %. PaccMoTpeHO BiMSHHC 3aMECTUTENS Ha
YCTOWYHMBOCTh MOJIEKYJISIPHBIX MOHOB K MOHU3AIMU 3JIEKTPOHAMH U MPEJIOKECHBI CXEMBI
UX Macc-ClleKTpalbHOTo pacnana. ITokazaHo, 4To ¢parMeHTanus MPOU3BOAHBIX 3aBHCHUT
OT PACHOJIOKEHHUS 3aMECTHUTEINS B aHTPAaXMHOHOBOH cucteMe. IlepBoHadanbHas (pparmen-
tarmss MU MoJeKyIbl SMOIHA TIPOUCXOHUT B PE3yJIbTaTe OTIIEIIEHUS aTOMa BOJOPO/Ia,
CHs, OH u CO, a ans ero METOKCUIPOM3BOJHBIX XapaKTEPHO TAKXKE HNMMUHHPOBAHUE
¢dopmmsHOTO pagukana CH,0.

KawoueBble ci10Ba: Macc-CreKTp, MOJCKYISPHBIA HOH, ()parMeHTaIus, JIEKTPOH-
Hasl HOHU3AIHA, YTUMHHAPOBaHue, pom3BoaHble 9,10-aHTpaxnHOHA.
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