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Synthesis, molecular and crystalline structure of 8-formylharmine

For the first time, synthesis of 8-formylharmine by the Vilsmeier reaction was carried out. 8-Formylharmine
was obtained by treating alkaloid harmine with dichloromethoxymethane in the presence of SnCly.The yield
of the target product was 64 %. The structure of the obtained compound was established on the basis of 'H
and >C NMR spectroscopy as well as mass-spectrometry data. The crystalline structure of 8-formylharmine
was determined by X-ray diffraction. It has been shown that the replacement of the hydrogen atom in the
harmine molecule with a formyl group occurs at the C8 atom. It was revealed that the methoxy group at the
C7 atom changes its orientation to the opposite one as compared to the orientation in the harmine molecule
and its salts due to the mutual Van der Waals repulsion of the methoxy and formyl groups. A weak
intramolecular hydrogen bond was found in the crystal between the O2 atom of the formyl group and the hy-
drogen atom of the secondary amino group. It was shown that molecules in the crystal form an intermolecular
hydrogen bond between the same atoms (O2 and HN9A), as a result of which dimers are formed.

Keywords: NMR spectroscopy, mass- spectrometry, X-ray diffraction analysis, crystal structure, hydrogen
bond, harmine, 8-formylharmine, harmine derivatives.

Introduction

B-Carboline fragments of heterocycles of natural origin are part of many indole alkaloids, showing val-
uable pharmacological properties. Known examples of compounds comprising B-carboline fragment and ex-
hibiting antimalarial and cytotoxic effect on certain types of tumor cells, as well as of great interest as prom-
ising compounds that are leaders in the search for new physiologically active agents to treat diseases of the
central nervous system and cardiovascular system [1, 2].

According to the literature, among indole alkaloids, B-carbolines are much less studied, and some of
them are unknown at all. At the same time, compounds of this class have a significant potential for medical
chemistry and pharmacology, since it can be assumed that they have a combination of biological properties
characteristic of isomeric carbolins.

The alkaloid of the B-carboline type harmine (1) is contained in the plant Peganum harmala L., which
is widespread in the Republic of Kazakhstan. Harmine has a diverse biological activity: antitumor [3], antivi-
ral [4] and anti-inflammatory [5]. Harmine has an effect on the central nervous system, exhibiting
neuroprotective activity in neurological diseases [6], and inhibits monoamine oxidase A [7].

In continuation of our studies on the conversions of the harmine alkaloid, the synthesis of a harmine de-
rivative containing a different substituent at position C8 was carried out [8]. It should be noted that modifica-
tions at the C8 atom are of interest in connection with the valuable antitumor and antimicrobial activity of
synthetic and natural 8-halogen-substituted [9] and 8-methylamino-substituted [10] B-carbolines described in
the literature.

Experimental

The 'H and "C NMR spectra of compound (2), dissolved in CDCl; + CD;0D, were recorded on a
Bruker AV-600 spectrometer (operating frequencies 600.30 (‘H) and 150.96 MHz (°C) relative to SiMe,.
Various types of proton-proton and carbon-proton shear correlation spectroscopy (COSY, COXH, COLOC)
were used for the assignment of signals in the NMR spectra. Multiplicity of signals in >°C NMR spectra was
determined by recording the spectra in J-modulation mode. High-resolution mass spectra were recorded on a
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DFS Thermo Scientific mass spectrometer, evaporator temperature 150-240 °C, ionization of ES (70 eV).
Elemental analysis was performed on the Eurovector 3000 analyzer.

Melting point was determined on an SMF-38 heating table. The reaction progress was monitored by
TLC on Silufol UV-254 plates. The spots were developed by spraying the plates with a 10 % aqueous solu-
tion of H,SO,, followed by heating to 100 °C or by irradiation with ultraviolet radiation. The reaction prod-
uct was isolated by column chromatography on silica gel ("Acros", 0.035-0.070 mm, pore diameter 6 nm),
eluent: chloroform-ethyl acetate.

8-Formylharmine (2). To a solution of 1.02 g (4.8 mmol) of harmine (1) in 40 ml of freshly distilled
CHCI; cooled to 0 °C, 1.21 g (10.5 mmol) of CI,CHOCHj; and 0.81 g (3.1 mmol) of SnCl, were added with
stirring. The reaction mixture was stirred for 2 hours at 0 °C, then 20 hours at room temperature, and then
poured onto ice. The mixture was treated with 5 % aqueous ammonia (to pH 9) and extracted with chloro-
form (3%30 ml). The organic extracts were combined, washed with saturated NaCl (15 ml) and dried over
MgSQ,. The desiccant is filtered off, the solvent is evaporated off under reduced pressure. The residue was
chromatographed on an alumina column (eluent is chloroform — EtOAc, gradient from 100:1 to 10:1). The
fraction containing the product was recrystallized from a mixture of chloroform-petroleum ether, 5:1. Yield
is 312 mg (64 %), yellow fine-crystalline powder, mp. 112—-115 °C.

NMR spectrum 'H (CDC13+CD;0D), 6, ppm. (J, I'm): 2.71 (3H, s, CH; at C-1); 3.95 (3H, s, OCHj);
6.79 (1H, d, J = 8.7, 6-CH); 7.62 (1H, d, J = 5.5, 4-CH); 8.13 (1H, d, J = 8.7, 5-CH); 8.16 (1H, d, J = 5.5,
3-CH); 10.75 (1H, br.s, CHO). NMR spectrum “C, (CDCl;+CD;OD), &, ppm.: 19.25 (1-CH;); 56.17
(OCHs;); 103.70 (C-6); 108.55 (C-8); 112.12 (C-4); 116.24 (C-4a); 127.42 (C-4b); 130.25 (C-5); 134.62
(C-9a); 140.06 (C-3); 141.52, 141.78 (C-1,8a); 163.50 (C-7); 190.58 (C=0). Mass spectrum, m/z (1o, %):
241 (14), 240 (100), 239 (7), 225 (6), 194 (15), 169 (18), 18 (12). Found, m/z: 240.0890 [M]". C1,H;N,0,.
Calculated, m/z: 240.0893. Found, %: C 69.71; H 5.12; N 11.49. C4H;,N,O,. Calculated, %: C 69.99;
H 5.03; N 11.66.

X-ray analysis of compound (2). The cell parameters and the intensity of 10235 reflections (2001 inde-
pendent, R;,=0.0601) were measured on a diffractometer "Bruker Kappa APEX2 CCD" (MoK, graphite
monochromator, ¢, 6-scan, 1.81<60<25.05) at 296 K. The crystals are monoclinic, a=11.539(2),
b=5.0197(9), ¢=20.198(4) A, p=103. 077(8)°, V=1139.6(4) A’, Z=4 (C,4H,,N,0,), The space group P2/,
deare=1.400 g/cm’, 1=0.096 mm™. The initial array of the measured intensities was processed and absorption
was taken into account using the SAINT [11] and SADABS [12] programs (multi-scan, T,,;, = 0.9700,
Tinax= 0.9986).

The structure of compound (2) is deciphered by a direct method. The positions of non-hydrogen atoms
are refined in the anisotropic approximation by the full-matrix least squares. Hydrogen atom at N9A is re-
vealed from the difference synthesis and its position is refined in the isotropic approximation. The remaining
hydrogen atoms were placed in geometrically calculated positions and positions were refined in an isotropic
approximation with fixed positional and thermal parameters (the "rider" model). The structure is deciphered
and refined by the complex of programs SHELXS [13] and SHELXL-2018/3 [14]. 1319 independent reflec-
tions used for calculations with I>26(I) (R;, = 0.0601), the number of parameters to be refined 169. The final
divergence factors R;=0.0428, wR,=0.1100 (for reflections with />2c(l)), R;=0.0880, wR,=0.1557 (for all
reflections), GooF=1.049. Peaks of residual density: Ap=0.283 and -0.283 ¢/A’. The CIF file containing the
complete information on the structure examined is deposited in the Cambridge Center for Crystal Structural
Data (CCDC), under number 1854103. The atomic coordinates are shown in Table 1.

Table 1

The coordinates of the atoms in the fractions of the cell (x10*, for H x10°%)
and isotropic thermal parameters (A%, x10%) in the structure (2)

Atom X y z U,
1 2 3 4 5
o1 13413(2) 655(4) 4336(1) 52(1)
02 11107(2) —3934(4) 4993(1) 48(1)
Cl 7032(2) —1004(5) 3561(1) 38(1)
N2 6199(2) 286(4) 3097(1) 46(1)
C3 6542(3) 2191(6) 2713(2) 49(1)
C4 7693(2) 2979(5) 2763(1) 45(1)
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Continuation of Table 1

1 2 3 4 5
C4A 8574(2) 1681(5) 3242(1) 34(1)
C4B 9851(2) 1876(5) 3447(1) 34(1)

Cs 10703(2) 3441(5) 3251(1) 41(1)
C6 11894(2) 3086(5) 3538(1) 41(1)
C7 12252(2) 1134(5) 4035(1) 37(1)
C8 11423(2) —494(5) 4260(1) 34(1)
C9 10215(2) —94(4) 3956(1) 31(1)
NOA 9236(2) —1389(4) 4064(1) 35(1)
C9B 8224(2) ~338(5) 3632(1) 33(1)
C10 6617(2) ~3085(6) 3982(2) 50(1)
Cll 14304(3) 2328(7) 4168(2) 63(1)
CI2 11791(2) —2498(5) 4783(1) 41(1)
HOA 922(2) ~258(6) 1312 49(1)

Results and Discussions

As a continuation of our research on the transformations of the harmine alkaloid (1) we synthesized a
harmine derivative containing a different substituent in the C-8 position.

The introduction of a formyl group into the harmine (1) molecule by the Wilsmeier reaction leads to the
formation of 8-formylharmine (2) with a yield of 64 %. We have proposed a method of producing
8-formylhamine when interacting with harmine dichloromethoxymethane in the presence SnCly.

CH;

The structure of the obtained compound (2) was established on the basis of "H and C NMR spectros-
copy and mass-spectrometry. A peak with a molecular weight of 240.0890 Da was found in the mass-
spectrum of the obtained product, corresponding to the molecular ion C;4H;,N,O,  (calculated:
240.0893 Da). When comparing the NMR spectra of compound (2) with the spectra of the original molecule
(1), new signals were detected. The proton signal at C8 disappeared in the 'H NMR spectrum and appeared
at 10.75 ppm. (1H, br.s), corresponding to the proton of the group C(H)=0, and in the >C NMR spectrum a
signal of 190.58 ppm corresponding to the carbon of the aldehyde group (C=0). The full assignment of
NMR signals is given in the experimental part.

In order to confirm the place of replacement of the hydrogen atom by the formyl group and to continue
studying the crystal structures of alkaloids, the structure of 8-formylharmine was studied (2), a general view
of which is shown in Figure 1.

Figure 1. The structure of 8-formylharmine (thermal vibration ellipsoids shown with a probability of 50 %).
The dashed line shows the hydrogen bond
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Bond lengths (d, A) in the structure (2)

Bond d Bond d

01-C7 1.362(3) C4A-C4B 1.441(4)

01-Cl11 1.427(3) C4B-C5 1.385(3)

02-C12 1.213(3) C4B-C9 1.420(3)

CI-N2 1.346(3) C5-C6 1.376(4)

C1-C9B 1.391(4) C6-C7 1.397(4)

C1-C10 1.492(4) C7-C8 1.409(3)

N2-C3 1.346(4) C8-C9 1.405(3)

C3-C4 1.367(4) C8-C12 1.452(4)

C4-C4A 1.396(4) C9-N9A 1.362(3)
C4A-C9B 1.399(3) N9A-C9B 1.394(3)
Valent angles (o, deg.) in the structure (2)

Angle [0} Angle 0]
C7-01-Cl11 118.6(2) 01-C7-C6 123.1(2)
N2-C1-C9B 119.3(2) 01-C7-C8 115.1(2)
N2-C1-C10 117.5(2) C6-C7-C8 121.8(2)
C9B-C1-C10 123.1(2) C9-C8-C7 117.1(2)

C3-N2-Cl1 119.1(2) C9-C8-C12 121.0(2)
N2-C3-C4 124.8(3) C7-C8-C12 121.9(2)
C3-C4-C4A 117.4(3) NI9A-C9-C8 129.7(2)
C4-C4A-C9B 118.0(2) NI9A-C9-C4B 109.2(2)
C4-C4A-C4B 134.8(2) C8-C9-C4B 121.1(2)
C9B-C4A-C4B 107.1(2) C9-N9A-C9B 109.1(2)
C5-C4B-C9 119.3(2) C1-C9B-N9A 130.0(2)
C5-C4B-C4A 134.6(2) C1-C9B-C4A 121.4(2)
C9-C4B-C4A 106.1(2) NI9A-C9B-C4A 108.6(2)
C6-C5-C4B 120.8(2) 02-C12-C8 124.0(2)

C5-C6-C7 119.8(2)
&
b b
= -
'y \“"Kv.
g
a ~
-
0
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Figure 2. Packing of molecules (2) in a crystal lattice. Dotted lines show hydrogen bond

From the data obtained it follows that bond lengths (Table 2) and bond angles (Table 3) in com-
pounds (2) are close to usual [15].

Table 2

Table 3
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Atoms of the main frame are in the same plane with an accuracy of £ 0.01 A. The methoxy group is lo-
cated almost in its plane (torsion angle C6C701C11 = 3.9°), however, it is turned in the opposite direction,
and the difference from the turn in the harmine molecule [16] is in the crystal hydrate of harmine hydrochlo-
ride [17] and harmine sulfate [18] (torsion angle C6C701C11=179.9°, —178.1° and 176.4(-177.4)° (two
crystallographically independent molecules, respectively).

In the crystal, molecules (2) are connected by a weak intramolecular hydrogen bond N9A-H (x, y, z)....
02 (X, y, z) (distances N-H 0.78 (3) A, N.... 0 2.824 (3) A, H.... 0 2.40 (3) A, angle N-H.... O 116 (3)°). In
addition, the intermolecular hydrogen bond N9A-H (x, y, z).... O2 (2-x, -1-y, 1-z) (distances N.... O 3.105 (3)
A, H... 0233(3) A, angle N-H....O 172 (3)°), as a result of which the molecules form dimers (Figure. 2).

Conclusions

As a result of synthesis and study of the spatial structure of 8-formylharmine:

— the place of substitution of the hydrogen atom in the harmine molecule with the formyl group was de-
termined;

— it was revealed that the methoxy group at the C7 atom changes its spatial orientation to the opposite in
comparison with the orientation in harmine and its salts;

—a weak hydrogen bond was detected between the O2 atom of the formyl group and the hydrogen atom
of the secondary amino group;

— it was shown that in a crystal the molecules form an intermolecular hydrogen bond between the same
atoms, as a result of which they form dimers.
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K.M. Typasioexos, XK.C. Hypmarau6etos, JI.M. Typabioexos,
I'.K. MykpimieBa, FO.B. I'atunos

8-DopMmwiIrapMuHHIH CHHTE31, MOJIEKYJISAPJIBIK KIHE KPUCTAJIABIK KYPbLIbIMbI

Anram per Buibcmaiiep peaknmuscel apKpUIBI  8-(OPMINITApMHHHIH CHHTE31 Ky3€re achIpBUIIBL 8-
QopMmirapMHH TYBIHABICEI TapMuH ankagouasiH SnCly KaThICBIHIA AWXJIOPMETOKCHMETAHMEH OHJICY
apKbUIbI CUHTE3/1eI11i. MaKcaTThl OHIMHIH MIBIFBIMBL 64 % Kypaiinsl. CHHTE31eIIeH KOCBUIBICTBIH KYPBUIBICHI
'H, *C SIMP crieKTpoCKOmHs KOHE MACC-CIIEKTPOMETPHS OMiCTepiMeH TomeueHi. 8-PopMuIrapMUHHIH
KPUCTAIIBIK KYPBUIBIMBI PEHTICH COYJICNEpiHiH IU(PaKUUACHIMEH aHBIKTAIbl. MoJekynanarsl CyTeri
aTOMBIH TapMHHHIH (GopMuI ToObiHa anMmacTeipy C8 aTombiHza xypetiHi kepcerinreH. C7 aTOMBIHIAFbI
METOKCH TOOBI KeHICTIKTer1 OaraapiIaHyblH, TApMUH MEH OHBIH TY3[apbIHIAFEl OarbITKa KaparaHjaa Kepicinmie
o3repTeTiHiH OalKaTrThl. bBya Merokcn- skoHe (OPMHIBIAI TONTAPIBIH ©3apa BaH-JEP-BaalbCTIK
BIFBICYJIAPBIHAH Maiiia 6oxaapl. @opMuit TOOBIHBIH O2 aTOMBI MEH €KIHIIUIIK aMUH TOOBIHBIH CYTET1 aTOMBI
apachIH/IaFbl KPUCTAIA IIIKIMOJICKYJIANIBIK JICI3 CYTEeKTik OaitmanbIch! Oaiikanansl. Kpucranma Monexynanap
Oipmeill aTomaap apacblHIa MOJEKyJNaapaiblK CyTekTik OaimanbichiH (O2 u HNOA) KkypaiiThiHBI >koHE
HOTIDKECIH/IE OJIapIbIH AUMEP TY3ETiH/AIr KOPCeTiIreH.

Kinm cesdep: SIMP-cnieKTpocKOmnHus, Macc-CIEKTPOMETPHUs, PEHTICHKYPBUIBIMABIK TaJldy, KPUCTAIIBIK
KYPBUIBIM, CYTEKTiK Oailanbic, rapMuH, 8-)OpMUIITapMHH, TAPMUHHIH TYBIHIBICHL

K.M. Typasibexos, XK.C. Hypmaran6etos, JI.M. TypasiOekos,
I'.K. Mykymesa, }O.B. I'atunos

CuHre3, MOJIeKYIAPHAsA M KPUCTALUINYeCKAs CTPYKTypa 8-popmuiarapmmua

BriepBeie ocymecTBieH cunTe3 §-hopMuarapMuHa o peakuun Bunbcmaiiepa. §-OopMumIrapMuH nosyduin
00paboTKOH ankajouna rapMuHa AUXJIOPMETOKCHMeTaHoM B npucytctBun SnCly. Brixoa neneBoro npomyk-
Ta coctaBun 64 %. CTpOCHHE TONYYEHHOTO COCAMHCHHS YCTAHOBHIM HA OCHOBaHMM crektpos 'H m °C
SIMP-cneKkTpoCKOINH, a TakkKe AAHHBIX Macc-CHEKTpoMeTpHuu. Kpucrammmdeckyio CTpykTypy 8-¢opMui-
TrapMUHA OIIPE/EIISUTH C IOMOIIBIO AU(PAKIUH PEHTTEHOBCKHX Jrydel. [lokazaHo, 4To 3aMeIeHne aTomMa Bo-
JI0poJia B MOJICKYJIe TapMUHa Ha ()OPMIIIBHYIO TPYIIY porcxoaut npu atome C8. BrisaBieHo, 4T0 MeTOKCH-
rpynmna npu atoMe C7 MEHSICT CBOIO OPHEHTAIMIO Ha NPOTUBOIOJIOKHYIO 10 CPAaBHEHHIO C OpHEHTaluel B
MOJIEKyJle TapMHHA U €T0 COMAX. DTO MPOUCXOAUT BCIIEACTBUE B3AUMHOTO BaH-/€P-BaalbCOBOTO OTTAIKHBa-
HMS METOKCH- U pOpMHUIBbHOM Tpynmn. B kpucramie oOHapyxeHa cnabas BHYTPUMOJEKYJIIpHas BOJOPOAHAs
cBsA3b Mexay atoMoM O2 (GOpMWIBHOH IPYINIbI H aTOMOM BOJOPOJa BTOPUYHON aMUHOrpymnmbl. I[lokasaHo,
YTO B KPUCTAJUIE MOJIEKYJIbl 00Pa3yloT MEXMOJEKYISIPHYIO BOZOPOIHYIO CBSI3b MEXKIY TEMH K€ aTOMaMu
(02 nu HN9A), B pe3ynbraTe uero o0pa3yroTcst AUMEpEL.

Kniouesvie crnosa: SIMP-criekTpockonusi, Macc-CIIEKTPOMETPHs], PEHTTCHOCTPYKTYPHBII aHAIN3, KPUCTAILIU-
Yyeckast CTPYKTypa, BOZOPOIHAsI CBsI3b, TapMHUH, 8-(popMuITapMuH, IPOU3BOHOE TapMHHA.
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