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Abstract: This study discusses the synthesis of spiropyranoneoflavones and the modification of obtained compounds at the exocyclic
oxygen atom. Kabbe cyclization of 6-acetyl-7-hydroxy-8-methyl-4-phenyl-2H-chromene-2-one with cyclohexanone or cyclopentanone in
the presence of pyrrolidine provided 10'-methyl-6'-phenyl-8'H-spiro[cyclohexane(cyclopentane)-1,2'-pyrano[3,2-g]chromene]-4',8'(3'H)-
diones. Their new functionalized derivatives with thiosemicarbazide residues were synthesized. Acetylation of obtained thio-
semicarbazones with acetic anhydride proceeded via cyclization of thiosemicarbazide fragment into 1,3,4-thiadiazole ring to
give corresponding N-[3"-acetyl-10'-methyl-8'-0x0-6'-phenyl-3'H,3"H,8'H-dispiro[cyclohexane-1,2"-pyrano[3,2-g]chromene-4',2"-[1,3,4]-
thiadiazol]-5"-yl]acetamide and N-[3"-acetyl-10-methyl-8'-ox0-6'-phenyl-3'H,3"H,8'H-dispiro[cyclopentane-1,2'-pyrano[3,2-g]chromene-
4',2"-[1,3,4]thiadiazol]-5"-ylJacetamide. The structure of the obtained compounds was confirmed by NMR spectroscopy.
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Introduction

Derivatives of 4-phenylcoumarin, also known as
neoflavones, are a research topic of significant interest.
Neoflavones are common in plants — as of today, more than
160 compounds of this class have been obtained from
natural sources [1] - and both natural neoflavones and their
synthetic analogs demonstrate a wide range of biological
activities, including antitumor [2], cytotoxic [3], antioxidant
[4], antibacterial [5, 6], insecticidal [7], and many others.

In this study, we discuss the synthesis of
spiropyranoneoflavone derivatives, the modification of
obtained compounds at the exocyclic oxygen atom, and the
confirmation of their structure with NMR spectroscopy
data.
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Two common synthetic approaches to the synthesis of
pyranocoumarins exist: coumarin ring formation in a pyran
system, and pyran ring formation in a coumarin system.
Earlier, we have obtained spirodihydropyranocoumarins via
Pechmann condensation of 3,4-dihydrospirocyclohexane-
chomane-7-ol [8]. 4-Phenylcoumarin with a fused
dimethylpyran ring was synthesized through Kabbe
cyclization of 6-acetyl-7-hydroxy-8-methylneoflavone with
acetone [9].

Results and Discussion

In this study, we used Kabbe cyclization of 6-acetyl-7-
hydroxy-8-methyl-4-phenyl-2H-chromene-2-one (1) with
cyclohexanone and cyclopentanone in the presence of
pyrrolidine to obtain the corresponding linear
spiropyranoneoflavones 2 and 3 (Scheme 1).

The subsequent heating of compounds 2, 3 with thio-
semicarbazide led to thiosemicarbazones 4, 5. The substi-
tution takes place at the exocyclic oxygen atom of the
spiropyran ring, and not the benzopyran-2-one system, even
in the presence of a threefold excess of the nucleophilic
reagent. Acetylation of thiosemicarbazones 4, 5 proceeds
via cyclization of thiosemicarbazide fragment into
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Scheme 1. The synthesis of linear spiropyranoneoflavones 2 and 3.
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Scheme 2. The synthesis of spirothiadiazole derivatives of spiropyranoneoflavones 6 and 7.

Table 1. *H chemical shifts (6/ppm) of compounds 2-7 in DMSO-ds.
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No H-3% H-5% 7-CH; 8-(CH)" 10-CHz2  H-2",6"™ H-3", 4" 5" Other signals

2 622 769 272 1.56-1.96/ 2.35 7.44 757 -

3 622 757  2.86° 1.69-2.01 2.29 7.45 7.46 -

4 617 794 288 1.61-1.83 231 751 757 7.06 (5, NH), 8.22 (s, NH), 10.52 (s, NH)

5 618 795  3.00° 1.73-1.90 2.26 751 7.55 7.08 (s, NH), 8.21 (s, NH), 10.48 (s, NH)

6 623 726 255, 1.48-1.88) 2.25 7.39 753 2.06 (5, ACN-TDA), 1.99 (s, AcNH-TDA),

3.16¢f 11.64 (s, NH)
7 613 725  2.40°, 1.75-1.85/ 2.25 7.40 7.55 2.00 (s, ACN-TDA), 2.08 (s, AcNH-TDA),
355 11.50 (s, NH)

as,;2d., J=8.8Hz cm.; dpro-S; ¢ pro-R;f2xd., J=140Hz;in=5;in=4

Table 2. 3C chemical shifts (6/ppm) of compounds 2-7 in DMSO-ds.

No c-2 Cc-3 c-4 C-4a8 C-% C-5a0 C-6' c-r c-8 C-9a' C-10 C-10a

2 1608 1127 1554 1116 1232 1169 1968 498 784 156.4 119.0 155.4

3 1604 1126 1552 1114  123. 1167 1965 495 78.6 156.1 119.1 155.4

4 1599 1128 1554 1118 1236 1139 1465 361 78.3 156.8 1192 153.4

5 1500 1127 1554 1116 1239 1129 1465 346 78.1 153.3 1192 153.4

6 1604 1124 1553 1135 1234 1227 742 449 77.6 153.7 1135 152.8

7 1608 1125 1554 1116 1238 1217 742 448 774 153.5 118.9 15322

No 8-(CHy)n 10-CHs C-1"  C-2"6" C-3"5" C-4"  Othersignals

2 37.7,345,238,22.4,21.2 8.6 140.0 126.4 1295 130.1 -

3 37.9,345,236,219 8.6 140.0 126.6 128.9 130.1 -

4 37.3,35.6,24.1,226,213 8.9 134.2 128.9 128.7 130.4 181.3 (C=5)

5 384,365,246, 211 8.6 136.1 128.4 128.6 130.3 181.3 (C=5)

6  37.8,33.3,24.7,22.0,21.1 8.8 135.6 129.1 1295 130.6 23.0,167.8 (Ac), 22.0,170.2
(AcNH), 143.7 (TDA-C-5)

7 386,34.1,236,21.3 8.9 136.3 129.1 129.7 130.4 23.1,168.3 (Ac), 22.7, 171.4

(AcNH), 144.3 (TDA-C-5)

19



ISSN 1814-9758. Ukr. Bioorg. Acta, 2021, Vol. 16, N 2

1,3,4-thiadiazole ring, and gives corresponding N-[3"-
acetyl-10'-methyl-8'-ox0-6'-phenyl-3'H,3"H,8'H-dispiro[cy-
clohexane-1,2'-pyrano[3,2-g]chromene-4',2"-[1,3,4]thiadia-
zol]-5"-yl]acetamide (6) and N-[3"-acetyl-10'-methyl-8'-
0x0-6'-phenyl-3'H,3"H,8'H-dispiro[cyclopentane-1,2'-pyra-
no[3,2-g]chromene-4',2"-[1,3,4]thiadiazol]-5"-yl]-acetamide
(7) (Scheme 2).

Table 3. Heteronuclear correlation data for compound 6.

H 13C NMR signals which correlate with *H
NMR NMR signal, o/ppm
55'/%';)?:1 HMQC HMBC
155 217
1.48-1.65 22.0 24.7,44.9,77.6,153.7
24.7
1.65-1.88 33.3 143.7,170.2
37.8
1.99 22.0 170.2,143.7
2.06 23.0 167.8
2.25 8.8 153.7,152.8,123.4, 1135
255 44.9 123.4,74.2
3.16 44.9 77.6,74.2,37.8,333
6.23 1124 160.4,135.6, 112.4, 123.4
7.26 1234 155.3, 153.7, 152.8, 123.4, 113.5, 74.2
7.39 129.1 155.3,130.6, 129.1
753 129.5,130.6 135.6,129.5, 129.1
11.64 - 170.2,1437

'H and 3C NMR spectra were measured to confirm the
structures of obtained compounds. *H NMR spectra (Table
1) of compounds 2-7 match the assumed structures;
however, due to their relative complexity and instability of
lactone derivatives toward nucleophilic reagent, *C NMR
spectra were measured (Table 2).

In *C NMR spectra of compounds 2, 3, signals at 196.8-
196.5 ppm are attributed to the C-6 atom; this carbon atom
is observed at 146.5 ppm for compounds 4, 5, and at 77.4-
78.6 ppm for compounds 2-7, which is typical for a
spirocarbon (C-8). The second spirocyclic carbon in
compounds 6, 7 gives a signal at 74.2 ppm. Cyclohexane or
cyclopentane ring gives a wide signal in *H NMR spectra at
1.48-2.01 ppm. A less expressed correlation of C-7 atom's
chemical shift with the nature of the exocyclic substituent at
C-6 can also be observed (Table 2). *H and *C NMR
spectra of remaining elements of molecules 2-7 are only
slightly affected by the substituent at C-6, but even though
the spectra do not contradict the proposed structures, a
reliable correlation of signals cannot be established. It
becomes possible after 2D heteronuclear *H-**C correlation
experiments: via one bond (HMQC) and 2-3 bonds
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(HMBC). Table 3 summarizes cross-peak coordinates,
found in HMQC and HMBC spectra of the compound 6.

A scheme below shows the assignments and the most
important HMBC correlations upon which the assignments
were based (Figure 1).

Figure 1. The principal HMBC correlations for compound 6.

Conclusions

To summarize, we have demonstrated an easy and
effective approach to the synthesis of 10-methyl-4-phenyl-
2H-spiro[cyclohexane(or  cyclopentane)-1',8-pyrano-[3,2-
g]chromene]-2,6(7H)-diones via condensation of 6-acetyl-
7-hydroxyneoflavone with cyclohexanone and cyclo-
pentanone. The further reaction of spiropyranoneoflavones
with thiosemicarbazide led to the obtainment of
thiosemicarbazones. It is worth noting that only C-6
position, and not C-2 position, was affected in the course of
the reaction. Acetylation of thiosemicarbazones led to the
synthesis of dispiro[cyclohexane(or cyclopentane)-1',8-
pyrano[3,2-g]chromene-4',6-[1,3,4]thiadiazol]-5'-yl]aceta-
mides. The structure of obtained compounds was confirmed
by 'H and **C NMR spectra data of two-dimensional ‘H-*C
shift correlation experiments via one bond and multiple
bonds.

Experimental section

Reaction flow and identity of obtained compounds were
controlled with TLC on Merck Fss plates using
chloroform:methanol (9:1, v/v) and (95:5, v/v) systems as
eluents. Melting points were determined using a Kofler-type
Leica Galen Il micro hot stage microscope. NMR spectra
were recorded on a Mercury-400  spectrometer
(spectrometer frequency for *H: 400 MHz, 3C: 100 MHz)
from DMSO-dg solutions. The TMS signal was used as an
internal standard. HMQC spectra were acquired as 128x32
data matrices with spectral ranges: for *H — 4 kHz, for 3C —
21 kHz; mixing time corresponds to *Jcy = 140 Hz. HMBC
spectra were acquired as 400x32 data matrices with spectral
ranges: for *H — 4 kHz, for 3C — 21 kHz; mixing time
corresponds to 23Jcy = 8 Hz. Spectra were measured with
detection on protons and gradient selection of signals.



Elemental analyses for C, H, and N were conducted using
Perkin-Elmer C, H, N Analyzer. Their results were found to
be in good agreement (+ 0.2%) with the calculated values.
Mass spectra were recorded on Agilent 1100 LC/MSD
instrument with chemical ionization (ClI).

6-Acetyl-7-hydroxy-8-methyl-4-phenyl-2H-chromene-2-
one (1) was synthesized earlier [10].

General procedure for the of

spiropyranoneoflavones (2, 3).

To a solution of 2.94 g of 1 (10 mmol) in 20 ml
acetonitrile, 2.0 ml pyrrolidine (25 mmol) and 7 mmol of a
corresponding ketone (cyclohexanone, 7.2 ml; cyclopenta-
none, 5.8 ml) were added. The reaction mixture was kept at
45 °C for 8 h (the reaction completeness was monitored
with TLC). The resulting solution was diluted with ice H,O,
acidified to pH 5 and filtered. Recrystallization from
acetonitrile afforded the product.

preparation

10'-Methyl-6'-phenyl-8'H-spiro[ cyclohexane-1,2"-pyra-
no[3,2-g]chromene]-4',8'(3'H)-dione (2, C24H2204).

Yield 2.93 g (78.2%), mp 246-248 °C.

!H NMR spectra are shown in Table 1.
13C NMR spectra are shown in Table 2.
MS m/z 375.4 [M+H]".

10'-Methyl-6'-phenyl-8'H-spiro[ cyclopentane-1,2'-
pyrano[3,2-g]chromene]-4',8'(3'H)-dione (3, C23sH2004).

Yield 1.56 g (43.3%), mp 201-202 °C.

'H NMR spectra are shown in Table 1.
13C NMR spectra are shown in Table 2.
MS m/z 361.4 [M+H]".

General procedure for the preparation of 10-methyl-
4-phenyl-2H-spiro[cyclohexane(cyclopentane)-1°,8-pyrano-
[3,2-g]chromene]-2,6(7H)-dione thiosemicarbazones (4, 5).

To a solution of a corresponding compound 2 or 3
(3 mmol) in 10 ml ethanol, an alcoholic solution of 3.5
mmol of a thiosemicarbazide with 1 ml HCI was added
dropwise. The reaction mixture was kept on a water bath for
3-5 h. The formed precipitate was filtered and crystallized
from propan-2-ol.

(E/Z)-2-(10'-methyl-8'-0x0-6'-phenyl-8'H-spiro[ cyclo-
hexane-1,2'-pyrano[3,2-g]chromen]-4'(3'H)-ylidene)-hyd-
razine-1-carbothioamide (4, C2sH25N305S).

Yield: 1.24 g (86.8%), mp 258-259 °C.
'H NMR spectra are shown in Table 1.
13C NMR spectra are shown in Table 2.
MS m/z 448.6 [M+H]*.

(E/2)-2-(10'-methyl-8'-0x0-6'-phenyl-8'H-spiro[ cyclo-
pentane-1,2'-pyrano[3,2-g]chromen]-4'(3'H)-ylidene)-hyd-
razine-1-carbothioamide (5, C24H23N303S).

Yield: 1.14 g (93.4%), mp 244-246 °C.
'H NMR spectra are shown in Table 1.
13C NMR spectra are shown in Table 2.
MS m/z 434.5 [M+H]".
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General procedure for the preparation of N-[3'-
acetyl-10-methyl-2-ox0-4-phenyl-3'H,2H-dispiro[ cyclo-
hexane(cyclopentane)-1’,8-pyrano[3,2-g]chromene-4’,6-
[1,3,4]thiadiazol]-5'-yl]acetamides (6, 7).

A solution of 1 mmol of a corresponding thiosemi-
carbazone 4, 5 in 10 ml acetic anhydride was refluxed at a
water bath for 6-7 h. The reaction mixture was left to cool
to room temperature and then poured on ice. The formed
precipitate was filtered and crystallized from aqueous
propan-2-ol (20:80, v/v).

N-(3"-acetyl-10"-methyl-8'-oxo0-6'-phenyl-3'H,3"H,8'H-
dispiro[cyclohexane-1,2'-pyrano[3,2-g]chromene-4',2"-
[1,3,4]thiadiazol]-5"-yl)acetamide (6, C29H29N30sS).

Yield: 0.45 g (80.8%), mp 204-206 °C.
'H NMR spectra are shown in Table 1.
13C NMR spectra are shown in Table 2.
MS m/z 532.6 [M+H]".

N-(3"-acetyl-10"-methyl-8'-oxo0-6'-phenyl-3'H,3"H,8'H-
dispiro[cyclopentane-1,2'-pyrano[3,2-g]chromene-4',2"-
[1,3,4]thiadiazol]-5"-yl)acetamide (7, C2sH27N3OsS).

Yield: 0.16 g (42.0%), mp 196-198 °C.
'H NMR spectra are shown in Table 1.
13C NMR spectra are shown in Table 2.
MS m/z 518.5 [M+H]".
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Cunre3 ta gocmimxeHHs IMP cekTpockomnii pyHKIIOHAII30BaHUX
CHIPOMIPAaHOXPOMEH/IIOHIB Ta 1X CIIPOTiaN1a30bHUX MOXITHUX

B. C. Mocksina® >*,|0.B. Typos/", T. B. Illokox", B. I1. Xumst*

! Kuiscoxuii nayionansnuii ynieepcumem imeni Tapaca Llleeuenxa, eyn. Bonooumupcuoka, 60, Kuis, 01601, Ykpaina
2 Incmumym 6ioopaaniunoi ximii ma nagmoximii im. B. IT. Kyxapsa HAH Yxpainu, eyn. Mypmanceka, 1, Kuis, 02094, Yipaina

Pestome: JIOCIIDKEHHS TPUCBAYEHO CHUHTE3Y CIipOIipaHOHEO(IaBOHIB Ta MPOBEACHHIO MoAMdIKalii OTPUMAHUX CIOJIYK 3a €K30LMKIIYHUM aTOMOM
Oxkcureny. Hukmizanis Kad6e 6-anerw-7-rigpokcu-8-metui-4-denin-2H-XpoMeH-2-0Hy 3 LHUKJIOIeKCCAHOHOM ab0 IMKIONEHTAaHOHOM B IPHCYTHOCTI
niposizuHy 3aBepuryBaiack orpuMantsaM 10'-metun-6'-denin-8'H-cripo[uukiorekcan(uukinonentau)-1,2'-mipano-[3,2-g]xpomen]-4',8'(3'H)-nionis. Takox
oTpHMaHi X HOBI (yHKIiOHATI30BaHI MOXigHI 3 3aJMIIKOM TioceMikapbasumy. HacTynHe aleTHIIOBaHHS OTPUMAHHMX TioceMikapOa3oHIB B OLTOBOMY
AHTIIPUJIl CYyNPOBOIKYBANOCH LUKII3ali€elo TiocemikapbasuaHoro dparmenty B 1,3,4-riaxiasonpHuil Uk Ta 3aBepiryBanock orpumantsaM N-[3"-auerni-
10'-metuin-8'-okco-6"-dpenin-3'H,3"H,8'H-aucnipo[uuknorexkcan-1,2'-nipano[3,2-g]xpomen-4',2"-[1,3 4] rianiazon]-5"-inlaneraminy Tta N-[3"-auernn-10'-
metni-8'-okco-6'-dpenin-3'H,3"H,8'H-nucnipo[uuknonentan-1,2"-nipauno[3,2-g]xpomen-4',2"-[1,3,4] riaxiazon] -5"-in]aueraminy BIMIOBIZHO. Bynosa
OTPHMAaHHX CIIONYK JoBesieHa MeTogamu SIMP criekTpockomii.

Ko1ro4oBi ci1oBa: cipornoXinHi; HeodnaBoHOIAN; criponipaHOXpoMeH TioHH; criekTpockomis SIMP; reteposiiepHa Kopensitist.
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