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Chemical Transformations of the Vinyl Group in Natural Chlorins.
The Synthesis of 3—Azidomethylchlorins
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Transformation of 3-vinylchlorins into azidomethyl-derivatives was investigated for chlorin p  trimethyl ester. The azide
group allows modifying chlorophyll derivatives on pyrrole ring A by the use of “click reaction” with terminal alkynes.
As an example, reaction with phenylacetylene was carried out.
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Ipespawenue UHUTLHOU pYNNbL 6 AZUOOMEMUTLHYIO 8 NPUPOOHBIX XAOPUHAX ObLIO U3YUEHO HA npumepe mpumemu-
1106020 9¢hupa xnopuna p . A3uonas pynna no3eonsem MoouGuyuposamo npouseoorsle Xi10popuiLa O NUPPOTLHOMY
YUKILY A ¢ NOMOWbIO KIUK-PEaKyul ¢ mepMuHaIbHbIMU ayemuienamu. B kauecmese npumepa 6vina npogedena peakyus

Cc d)enuﬂauemuﬂeﬂom.

KiroueBrble ciioBa: HpI/IpO[[HI)Ie XJIOpUHBI, XJIOPUH Do a3uJibl, (IJOTOCGHCI/I6I/IJ'II/I3aTOpI>I, KIIMK-PCAKIHA.

Photodynamic therapy (PDT) of cancer is widely used
in clinical medicine for treatment of malignant tumors.
Further successful development of this non-invasive
method is closely associated with the development of new
highly effective photosensitizers (PS).'¥ One of the most
perspective sources of receiving modern PS is the natural
chlorophyll a. It can be easily isolated from Spirulina pla-
tensis biomass. The possibility of macrocycle substituents
modification in chlorophyll derivatives opens the ways
for creation of new PS with the improved physical, chemical
and spectral properties.”! One of the directions in the devel-
opment of drugs on chlorophyll « is its chemical modifica-
tion, which allows to optimize the hydrophilic-hydrophobic
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balance of macrocycle substituents, affecting the accumula-
tion of PS in the tumor.®7!

Chlorin e, — chlorophyll a derivative, the structure
of which underlies a number of PSs currently used in oncol-
ogy (Talaporfin, Photoditazin, etc.). At the same time, chlorin
p, and its derivatives, having a similar structure, are not
almost used in PDT. Chlorin p, can be easily obtained from
purpurin 18 and, unlike chlorin e, contains only one aliphatic
carboxyl group on which chemical transformations can be
carried out without affecting the two aromatic acid residues.

In order to expand the possible range of PS based
on natural chlorins, we have modified the pyrrole ring A
in chlorin p, with the formation of alkylazide group for
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Figure 1. Synthesis of chlorin p, azide derivative.
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Figure 2. Click reaction.

further modification of molecule by substituents of different
nature, affecting the physico-chemical properties of new PS
and their tropism to malignant tumors.

The vinyl group in chlorin p, was oxidized to aldehyde
(2) by osmium tetroxide in the presence of sodium periodate
(Figure 1).

Next, the aldehyde group was reduced to alcohol.
In the literature, the complex of fert-butylamine and borane
or sodium cyanoborohydride is most frequently used for
reduction of 3-formylchlorins with average yields.®~' Here,
we managed to reduce the aldehyde group in chlorin (2)
using solid sodium borohydride in aqueous THF with excel-
lent yield.

Thereafter, a one-step conversion of alcohol to azide
was performed. It is known that reaction of bis(p-nitrophe-
nyl)phosphorazidate in the presence of DBU with aliphatic
alcohols leads to formation of alkylazides.'” In our case,
the alcohol (3) was mixed with excess of p-NO,DPPA
and DBU in toluene to obtain azide (4). The reaction
was fully completed in 10 min at room temperature with
88 % yield. The structure of the compound was confirmed
by '"H NMR spectrum and high-resolution mass spectrum.

Resulting azide (4) easily enters to “click reaction”
with compounds containing a terminal acetylene group
(Figure 2). Model synthesis was carried out in DMF on a zinc
complex of chlorin (4) with phenylacetylene in the presence
of copper(I) iodide as a catalyst. The reaction yield was 75 %.
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Thus, the reported here method of preparation of 3-azi-
domethylchlorins opens up new possibilities for modifica-
tion of natural chlorins in pyrrole ring A and the develop-
ment of new potential photosensitizers for PDT.

Experimental

Sodium periodate, sodium borohydride and 1,8-diazabicy-
clo[5.4.0Jundec-7-ene (DBU) were purchased from Sigma-Aldrich
company. Chlorin p, trimethyl ester," bis(p-nitrophenyl)phos-
phorazidate!'? were prepared according to reported procedures.
Column chromatography and preparative TLC was performed on
silica gel (Merck, Kieselgel 60, 40—63 um, and 5-40 pum, respec-
tively). UV-Visible absorption spectra were taken on a Shimadzu
UV-1800 spectrophotometer. '"H NMR spectra were obtained on
a 300 MHz Bruker DPX-300 spectrometer. High resolution mass
spectra (HRMS) were measured on a Bruker micrOTOF II instru-
ment using electrospray ionization (ESI).

3-Devinyl-3-formylchlorin p trimethyl ester (2). Chlorin p,
trimethyl ester (1) (100 mg, 0.136 mmol) was dissolved
in 20 ml of THF, 5 ml of 10 % aqueous solution of sodium periodate
and 5 % solution of osmium tetroxide in dichloromethane (40 pl,
0.0079 mmol) was added. The solution was stirred for 1.5 h at
room temperature in argon atmosphere. The mixture was diluted
with 100 ml of dichloromethane and washed with water. Organic
phase was dried over anhydrous sodium sulfate and evaporated
to dryness. The residue was purified by silica gel column
chromatography (CHCI,:MeOH, 60:1). Yield: 84 mg (85 %).
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UV-Vis (CH,CL) A (e/dm’mol~'em™) nm: 699.0 (42600), 639.5
(6300), 544.5 (9000), 508.0 (7900), 412.5 (123600). 'H NMR
(300 MHz, CDCl,) 8, ppm: 11.45 (s, 1H, -CHO), 10.19 (s, 1H,
10-H), 9.68 (s, 1H, 5-H), 8.84 (s, 1H, 20-H), 5.19 (d, J = 9.1 Hz,
1H, 18-H), 4.46 (m, 1H, 17-H), 4.27 (s, 3H, 13-CO,CH,), 4.21 (s,
3H, 15-CO,CH,), 3.73 (s, 3H, 12-CH,), 3.71 (q, J = 7.6 Hz , 2H,
-CH,-CH,), 3.66 (s, 3H, 2-CH,), 3.57 (s, 3H, 7-CH,), 3.26 (s, 3H,
17-CO,CH,), 2.46 (m, 1H, 17°-H), 2.25 (m, 1H, 17-H), 2.14 (m,
IH, 17*-H), 1.93 (m, 1H, 17--H), 1.88 (d,J = 7.2 Hz, 2H, 18-CH,),
1.69 (t,J= 7.6 Hz, 3H, -CH -CH ), —0.86 and —1.36 (2bs, 2H, NH).
3-Devinyl-3-hydroxymethylchlorin p, trimethyl ester (3).
Chlorin (2) (70 mg, 0.082 mmol) was dissolved in a mixture
of 20 ml of THF and 20 pl of water. 3 mg of sodium borohydride
(0.026 mmol) was added over 2 h. The mixture was diluted with
200 ml of dichloromethane and washed twice with water. Organic
phase was dried over anhydrous sodium sulfate and evaporated
to dryness. The chlorin (3) was recrystallized from THF:heptane
system (1:5). Yield: 63 mg (90 %). HRMS (ESI) m/z 629.2978, calcd
for C,;H,\N,0, M, 629.2969. UV-Vis (CH,CL) & (e/dm’mol~'cm™)
nm: 664 (44600), 609.5 (5600), 526.5 (4700), 496.5 (11800), 397.5
(145800). 'H NMR (300 MHz, CDCL,) 8, ppm: 9.64 (s, 1H, 10-H),
9.34 (s, 1H, 5-H), 8.65 (s, 1H, 20-H), 5.62 (s, 2H, CH,0H), 5.20 (d,
J=9 Hz, H, 18-H), 442 (m, 1H, 17-H), 4.25 (s, 3H, 13-CO,CH,),
4.19 (s, 3H, 15-CO,CH,), 3.63 (q, J = 7.6 Hz, 2H, -CH,-CH,), 3.62
(s, 3H, 12-CH,), 3.54 (s, 3H, 2-CH,), 3.29 (s, 3H, 7-CH,), 3.14 (s, 3H,
173—C02CH3), 2.41 (m, 1H, 17*-H), 2.24 (m, 1H, 17°-H), 2.08 (m, 1H,
17>-H), 1.90 (m, 1H, 17>-H), 1.88 (d, /= 7.2 Hz, 3H, 18-CH,), 1.65 t,
J=17.6Hz, 3H,-CH,-CH), -1.14 (bs, 2H, NH).
3-Devinyl-3-azidomethylchlorin p  trimethyl ester (4).
Hydroxychlorin (3) (50 mg, 0.049 mmol) was dissolved in 5 ml
of toluene, 32 mg (0.1 mmol) of bis(p-nitrophenyl)phosphorazidate
and 16 pl (0.1 mmol) of DBU were added. Mixture was stirred
at a room temperature for 10 min in argon atmosphere. Solvent
was evaporated, product was dissolved in 50 ml of dichlorometh-
ane, washed with water followed by 30 ml of 0.5 % HCI aqueous
solution and water. Then solution was dried over anhydrous
sodium sulfate and evaporated to dryness. Chlorin (4) was purified
by silica gel column chromatography (CHCI,:MeOH, 40:1). Yield
45 mg (88 %). HRMS (ESI) m/z 654.3031, caled for C,;H, N.O,
M, 654.3034. UV-Vis (CH,CL) 2 (e/dm’mol”'cm™) nm: 667.0
(36500), 611.5 (3300), 527 (4500), 497.0 (6900), 398.0 (127400). 'H
NMR (300 MHz, CDCL,) § , ppm: 9.73 (s, 1H, 10-H), 9.40 (s, 1H,
5-H), 8.72 (s, 1H, 20-H), 5.51 (s, 2H, CH N,), 5.19 (d, /=9 Hz, 1H),
4.42 (m, 1H), 4.24 (s, 3H, 13-CO,CH,), 4.19 (s, 3H, 15-CO,CH,),
3.73 (q, /= 7.6 Hz, 2H, -CH -CH,), 3.66 (s, 3H, 12-CH,), 3.54 (s,
3H, 2-CH,), 3.43 (s, 3H, 7-CH,), 3.26 (s, 3H, 17°-CO,CH,), 2.41 (m,
1H, 17°-H), 2.23 (m, 1H, 17°-H), 2.09 (m, 1H, 17>-H), 1.88 (m, 1H,
17*-H), 1.88 (d, J = 7.2 Hz, 3H, 18-CH,), 1.70 (t, / = 7.6 Hz, 3H,
-CH,-CH)), -0.63 and —1.21 (bs, 2H, NH).
3-Devinyl-3-(4-phenyl-1,2,3-triazole-1-yl)methyl chlorin p,
trimethyl ester (6). Azide (4) (35 mg, 0.055 mmol) was dissolved
in 5 ml of chloroform and 1 ml of methanol. Zinc acetate (10 mg)
was added and mixture was stirred for 2 h. Solution was washed
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with water, dried over anhydrous sodium sulfate and evapo-
rated to dryness. Residue was dissolved in 3 ml of DMF, 10 mg
(0.1 mmol) of phenylacetylene and 0.2 mg of copper iodide (I)
were added. Mixture was stirred for 2 h at room temperature.
The solvent was evaporated in vacuo, the residue was dissolved
in 3 ml of chloroform and 500 pl of trifluoroacetic acid was added.
Mixture was stirred during 2 h, 50 ml of chloroform was added
and washed with water, followed by 2 % aqueous solution
of NaHCO, and water. Chlorin (5) was purified by silica gel pre-
parative TLC chromatography (CHCl,:MeOH, 40:1). Yield 31 mg
(75 %). UV-Vis (CH,CL) 2, (e/dm’mol”'em™') nm: 669.3 (37100),
609.3 (3700), 524.9 (4900), 496.2 (7300), 403.6 (129100). 'H NMR
(300 MHz, CDCl,) 8, ppm: 9.77 (s, 1H, 10-H), 9.47 (s, 1H, 5-H),
8.78 (s, 1H, 20-H), 7.64 (m, 2H, Ph-H), 7.61 (s, 1H, triazole-H),
7.23 (m, 3H, Ph-H), 6.86 (s, 2H, 3>-CH,), 5.21 (d, / = 6.2 Hz, 1H,
18-H), 4.45 (m, 1H, 17-H), 4.26 (s, 3H, 13-CO,CH,), 4.20 (s, 3H,
15-CO,CH,), 3.75 (q, J = 7.6 Hz, 2H, -CH,-CH,), 3.68 (s, 3H,
12-CH,), 3.55 (s, 3H, 2-CH,), 3.47 (s, 3H, 7-CH,), 3.25 (s, 3H, 17*-
CO,CH,), 2.42 (m, 1H, 17°-H), 2.24 (m, 1H, 17°-H), 2.09 (m, 1H,
17*-H), 1.90 (m, 1H, 17*-H), 1.88 (d, / = 7.2 Hz, 3H, 18-CH,), 1.70
(t,J=176Hz, 3H, -CH,-CH)), -1.3 (bs, 2H, NH).
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