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«Solvent-less» mechanochemical approach to the synthesis
of allobetulin and some of its esters

Various significant biological activities have been recently foundfor allobetulin and its derivatives which in
combination with their low toxicities lead to an increased research effort. In the present work allobetulin and
some its acyl derivatives have been synthesized by different reactions using a grindstone method. All reac-
tions were carried out at room temperature. Allobetulin (1a) and allobetulin 3-O-formate (1b) were prepared
by reacting betulin with trifluoroacetic acid (TFA) and HCOOH, consecutively. The reactions time was
30-40 min, and the yield of the products was 82 and 98 %, respectively. Allobetulin (1a) under the action of
TFA for 2 hours affords allobetulin 3-O-trifluoroacetate (3) in 95 % yield. Whereas, the treatment of betulin
diacetate with TFA for 30 min gives allobetulin 3-O- acetate (2a) in 92 % yield. The formation of products
was detected by TLC using C4Hg:CH,Cl,:CH;0H (5:5:1) as eluent and the spots were revealed after spraying
the TLC plates with reagent (1 % phosphomolybdic acid-water) followed by heating at 110 °C for 5 minutes
to show a characteristic blue colour. The present procedure is simple, efficient, and environmentally benign.
The structures of all products were confirmed by 'H NMR, '*C NMR, and FT-IR spectroscopy.

Keywords: betulin, allobetulin, = trifluoroacetic acid, mechanochemistry, grindstone, formic acid,
allobetulinformate, betulin diacetate.

Introduction

The organic solvents are volatile and harmful, causing risks to people who inhale them as well as the
environment. Thus, development of less hazardous synthetic methods for organic reactions is one of our ob-
jectives in current research. One of the methods belonging to such a protocol is a grindstone method. This
mechanically activated solvent-free reaction helps in reducing the toxic waste produced, and therefore, be-
comes less harmful to the environment. Solvent-less organic reactions based on grinding of two macroscopic
particles together mostly involves the formation of a liquid phase prior to the reaction, i.e. formation of an
eutectic melt of uniform distribution where the reacting components being in close proximity react in a con-
trolled way [1].

The grindstone method has been successfully applied for many reactions like Reformatsky reaction [2],
Aldol condensation [3], Dieckmann condensation [4], Knoevenagel condensation [5], Biginelli reaction [6],
synthesis of carbamates [7], and others [8]. On the other hand, allobetulin has been utilized as an important
precursor in the further transformation of triterpenoids [9—22] and as a sample for biological studies. Recent-
ly, considerable attention is paid to the study of their biological activity among which are compounds with
anti-inflammatory, antiulcerous [23], antiviral [24, 25], and immunoregulatory activities [26], an antibacteri-
al, hepatoprotective, and antifeedant activity [9, 27, 28].

We report herein a simple and highly efficient method for the synthesis of allobetulin and its derivatives
bearing acyl moiety at C-3 by a grindstone method.
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Experimental

'H and ">C NMR spectra have been recorded with Bruker AVANCE 400 III HD spectrometer (Bruker,
Billerica, MA, USA), 400.17 and 100.63 MHz, respectively. Chemical shifts are reported relative to
tetramethylsilane peak set at 0.00 ppm. In the case of multiplets the signals were reported as intervals. Sig-
nals were abbreviated as s, singlet; d, doublet; t, triplet; m, multiplet. Coupling constants were expressed in
Hz.

TLC was conducted on Sorbfil plates using CsHy: CH,Cl,: CH;0H (5:5:1). Spots were detected by
spraying TLC plates with 1 % phosphomolybdic acid and heating at 110 °C for 5 minutes to show a charac-
teristic blue colour.

Infrared spectra were obtained directly from the products using Bruker Tensor 27 FT-IR Spectrometer.
The spectra were recorded in the range of 400 to 4000 cm™. Melting temperatures have been detected in
open capillaries using Buchi apparatus. Finely cut birch bark was extracted with hot ethanol to give crude
betulin 1 [29].

Synthesis of compound allobetulin 1a

0.5 g (1.1mmol.) of betulin, 15 ml of TFA were added into a porcelain mortar (8 cm diameter). After
few seconds of grinding with the aid of a pestle, the reaction mixture became a dark paste. The mixture was
grinded for a period of 40 minutes until totally solidified when a beige solid powder became: At the end of
grinding, 10 ml of methanol was added to the mortar (to facilitate the product precipitation) and further well
mixed with the product so obtained using the pestle and a spatula to remove the solid from mortar wall. The
resulting solid was collected by vacuum filtration on a Biichner funnel. Yield is 98 %. R¢is 0.56 (in system
A), mp is 265 °C (lit., [30] 264-266 °C). IR spectrum (KBr, v, ém_'): 3423.4 = OH, 2934.5-2880.7 (-CH;
and -CH,), 1451.6, 1381.6 (-CH; and -CH,), 1039.0 (C-O-C). "H NMR spectrum (400.17 MHz, CDCl;, §,
ppm, J/Hz): 0.78 (3H, s, CH3), 0.81 (3H, s, CH3;), 0.86 (3H,_ s, CH3), 0.93 (3H, s, CH;), 0.95 (3H, s, CH;),
0.99 (6H, s, CH;), 1.20-1.73 (24H, m, CH,, CH), 3.22 (1H, t, C;H, J 5.6 Hz), 3.45 (1H, d, CxH,, J 8 Hz),
3.54 (1H, s, CyoH), 3.78 (1H, dd, C,sH,, J 7.2 Hz). *C NMR spectrum (100.63 MHz, CDCls, 8, ppm): 13.52
(C27), 15.39 (C24), 15.72 (C26), 16.50 (C25), 18.26:(€6), 21.00 (C11), 24.56 (C29 or C30), 26.28 (CH,),
26.45 (CH,), 27.43 (C2), 27.99 (C23), 28.83 (C29 or C30), 32.72 (C21), 33.92 (C7), 34.16 (C13), 36.28
(C17), 36.76 (C16), 37.27 (C10), 38.90 (C4), 38.92 (Cl), 40.62 (C), 40.72 (C), 41.49 (C), 46.84(C18), 51.09
(C9), 55.49 (C5), 71.29 (C28), 78.99 (C3), 87.94 (C19).

Synthesis of allobetulin 3-O-acetate2a

Betulin diacetate 0.5 g (1.1 mmol) and 15 ml of TFA were mixed and placed in a mortar and ground by
hand with a pestle. Grinding was continued until the mixture appeared homogeneous and the reaction was
complete (TLC), which took 0.5'h. After removal of most solvent, the residue was diluted with methanol,
and the white precipitate was collected by filtration to afford white product. Yield is 92 %. Ry is 0.64
(C¢Hs:CH,Cl,:CH;0H / 5:5:1),.and mp is 283 °C (lit., [31] 285-287 °C). IR spectrum (KBr, v, crn'l): 2924.4—
2856 (-CH; and -CH,), 1726 (C=0), 1247.5 and 1023.3 (C-O-C). '"H NMR spectrum (400.17 MHz, CDCl;,
d, ppm, J/Hz): 0.70 (3H, s), 0.74 (3H, s), 0.75 (3H, s), 0.77 (3H, s), 0.83 (3H, s), 0.87 (3H, s), 0.94 (3H, s),
2.08 (3H, s, 3b-COCHj3), 3.35 (1H, d, J=7.6, 28-H,), 3.46 (1H, s, 19-H), 3.70 (1H, d, J=7.6, 28-Hy), 4.38
(1H, m, 30-H).’C NMR spectrum (100.63 MHz, CDCl;, §, ppm): 13.52 (C27), 15.69 (C24), 15.77 (C26),
16.50 (C25), 18.14 (C6), 20.99 (C11), 21.37, 24.55 (C29 or C30), 26.23 (CH,), 26.42 (CH,), 27.93 (C2),
28.36 (C23), 28.80 (C29 or C30), 32.69 (C21), 33.83 (C7), 34.13 (C13), 36.26 (C17), 36.70 (C16), 37.17
(C10);38.59 (C4), 39.66 (C1), 40.62 (C), 40.71 (C), 41.49 (C), 46.80 (C18), 51.00 (C9), 55.56 (C5), 71.26
(C28), 80.96(C3), 88.04 (C19), 171.15 (CH;COO).

Synthesis of compound allobetulin 3-O-trifluoroacetate 3

0.5 g of allobetulin (1.1 mmol), and 50 ml of TFA were added in a mortar and ground continuously.
The mixture was ground until completion of the reaction, which was monitored by TLC (2h). 10 ml of meth-
anol was added to the syrupy formed product to give a white precipitate, which filtered through the filtration
flask to afford the pure product without further purification. Yield is 95 %, Ry is 0.63 (CsHs:CH,Cl,:CH30H /
5:5:1), and mp is 268 °C (lit., [24] 265.5-266.8 °C). IR spectrum (KBr, v, cm™): 2944.6-2869.0 (-CH; and
-CH,), 1770.1 (C=0), 1219.3, 1188.6 and 1033.0 (C-O-C), 1166.6 (C-F). '"H NMR spectrum (400.17 MHz,
CDCl;, 6, ppm, J/Hz): 0.72 (3H, s), 0.81 (3H, s), 0.82 (3H, s), 0.84 (3H, s), 0.85 (3H, s), 0.87 (3H, s), 0.91
(3H, s), 3.37 (1H, d, J= 7.6, 28-Ha), 3.47 (1H, s, 19a-H), 3.70 (1H, d, J=7.6, 28-Hb), 4.63 (1H, m, 3a-H).
PC NMR spectrum (100.63 MHz, CDCl;, 3, ppm): 12.46 (C27), 14.73 (C24), 15.22 (C26), 15.49 (C25),
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17.04 (C6), 20.01 (C11), 22.23 (CH2), 23.52 (C29 or C30), 25.49 (CH,), 26.73 (CH,), 26.84 (C2), 27.77
(C23), 31.66 (C29 or C30), 32.74 (C21), 33.09 (C7), 35.24 (C13), 35.69 (C17), 36.12 (C16), 37.05 (C10),
37.39 (C4), 39.60 (C1), 39.71 (C), 40.44 (C), 45.77(C18), 49.94 (C9), 54.40 (C5), 70.22 (C28), 85.25 (C3),
86.93 (C19). 115.09 (CF5COO0), 156.57 (CF5COO).

Synthesis of compound allobetulin 3-O-formate 1b

Betulin 0.5 g (1.1 mmol) and 25 ml TFA were taken in a pestle; the mixture was grounded till the reac-
tion completion, which was monitored by TLC. The reaction was completed about 30 min at room tempera-
ture, after completion 10 ml of methanol was added, the precipitated product was filtered, and recrystallized
in ethanol solvent. Yield is 82 %, R;is 0.63 (C¢Hy:CH,Cl,:CH;0H / 5:5:1), and mp is 314 °C (lit., [32]
315°C). IR (KBr, v, cm'): 2925 (=C-H), 1720 (C=0), 1175 (C-O-C)."H NMR (400.17 MHz, CDCl;, §,
ppm): 0.73 (s, 3H, CH3), 0.79 (s, 3H, CH3), 0.80 (s, 3H, CHj3), 0.84 (s, 3H, CHj3), 0.86 (s, 3H; CHj3), 0.89 (s,
3H, CH,), 0.97 (s, 3H, CH;), 3.36 (d, 1H, J 7.6, 28-Ha), 3.47 (s, 1H, 19a-H), 3.7 (d, 1H, J 7.6, 28-Hb),
4.54 (m, 1H, 3a-H), 8 (s, 1H, 3b-COH). *C NMR(100.63 MHz, CDCls, &, ppm): 13.52 (C27), 15.39 (C24),
15.72 (C26), 16.50 (C25), 18.26 (C6), 21.00 (C11), 23.81, 24.56 (C29 or C30), 26.25(CH,), 26.42(CH,),
27.86 (C23), 28.82 (C29 or C30), 32.69 (C21), 33.81 (C7), 34.12 (C13), 36.28 (C17), 36.72 (C16), 37.15
(C10), 37.76 (C4), 38.56 (C1), 40.62 (C), 40.72 (C), 41.48 (C), 46.80 (C18), 50.98.(C9),.55.48 (C5), 71.26
(C28), 81.07 (C3), 87.96 (C19), 161.24 (HCOH).

Results and Discussion

The combination of solvents and long reaction time, costly chemicals makes this method environmen-
tally hazardous. This provided the stimulus to synthesize allobetulin 1a and its derivatives 1b, 2a and 3 using
a grinding technique. In grindstone technique, reaction occurs-through generation of heat by grinding of sub-
strate and reagent by a mortar and a pestle.

HCOOH

rt, 30 min

CF,COOH

1R=H rt, 30-40 min

2R=Ac

laR=H
2aR=Ac

Scheme 1. Synthesis of compounds 1a, 1b and 2a

CF,COOH

_ =

,2h

la 3

Scheme 2. Synthesis of compound 3
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More recently, a new process for the isomerisation of betulin 1 to allobetulin 1a using trifluoroacetic ac-
id has been reported by Medvedeva and co-workers [30] by stirring compound 1 with TFA at room tempera-
ture for 8 minutes. Whereas, the mechanochemical method required a simple grinding of compound 1 and
TFA for 40 min to give allobetulin 1a in 98 % (Scheme 1). The products obtained by both methods were
found to be identical by mp.

The transformation of 1 to 1b was reported as early as in 1922 by Schulze and Pieroh [32] in which 1
was isomerised by formic acid under reflux during 2 hours to give 1b in moderate yield. While, the treatment
of betulin 1 with formic acid under grinding at 20 °C for 1h provided 1b in 82 % isolated yield (Scheme 1).

It should be noted that compound 3 was previously being synthesized starting with betulin using a two-
stage method including the stage of 3-monoacetate betulin synthesis that directly reacted with TFA and
trifluoroacetic anhydride at 0 °C for 1.5 hour to afford of allobetulin 3-O-trifluoroacetate. The total'yield of
allobetulin 3-O-trifluoroacetate 3 was 40 % calculated with reference to betulin [24]. While; in our study the
starting compound was allobetulin 1a which was ground with TFA at room temperature for 2 hours to give
allobetulin 3-O-trifluoroacetate 3 in 95 % (Scheme 2).

Compound 2a was also previously being synthesized from betulin diacetate 2 and formic acid under re-
flux according to the reported method in trichloromethane at reflux during 1.5 hour [33]. Replacing formic
acid by trifluoroacetic acid using a grinding method the compound 2 was converted to allobetulin 3-O-ace-
tate 2a after 30 min in 92 % (Scheme 1).

Chemical structure of compound 1a is confirmed using IR spectroscopy, 'H and °C NMR, and their
properties have been compared with literary data [31]. In its IR spectrum we observed the presence of hy-
droxyl group at 3423.4 cm™ and also the appearance of intense bands at 1039.cm™, which could be attributed
to C—O groups. 'H NMR spectrum of the allobetulin 1a showed that the signals at 4.59 and 4.69 ppm of the
olefinic region were missing, along with the formation of tetrahydrofuran ring which appeared as doublets of
protons of C,sH, group (4B system) at & 3.45 and 3.78 ppm, and a singlet of CH group at 3.54 ppm. The "*C
NMR spectrum confirmed the absence of two olefinic carbons at 110 and 150 ppm and the presence of new
signal at 87.94 ppm corresponding to C-19.

The structures of the synthesized compounds 1by2a and 3 were established by 'H and C NMR spec-
troscopy in comparison with the analogous data published for related triterpenoids [24, 31, 32]. The '"H NMR
spectra of allobetulin esters synthesized 1b, 2a-and 3 contain characteristic signals of tetrahydrofuran ring,
which appears as doublets of protons of CH, group (4B system), 6 3.45-3.78 ppm, and a singlet of CH group
at 3.53-3.57 ppm. Comparison of the 'H NMR spectra of 1b, 2a, 3 and allobetulin revealed an appreciable
downfield shift of the C-3 proton signals as a result of introduction of an acyl group (the very characteristic
resonance signal from an unsubstituted derivatives is usually at around 3.22 ppm, while substitution of car-
bon C-3 shifts this signal downfield by 1.16—1.41 ppm).

The allobetulin esters 1b, 2a and 3 have been characterized by IR spectra, which display the disappear-
ance of OH band of allobetulin and appearance of new bands such as the C=0 group at 1720-1770 cm™" and
of the C—O ester group at 1000-1275 cm™'.

Conclusion

We reported simple; faster method for the synthesis of allobetulin and its acyl derivatives by a
mechanochemical method. This procedure offers several advantages including time saving, very easy work-
up, and it is'free from usage of organic solvents. The generality of this method has been demonstrated by the
successful convetsion with 82-98 % yields in 30—120 minute reaction completion.
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C. Appoyc, A. bonne, 1. bynedy, M.B. JIamynoBa, A.A. bakubaes

ANJ100eTyJINH K9He OHBIH Keilip KypaeJi 3pupiepinin cuHTe3ine
«epiTKIlICi3» MeXaHOXUMUSIIBIK TICiJIaemMe

Amno0eTynuH JXKOHE OHBIH TYBIHABLIAPHI YIIH COHFBI Ke3#e OHONOTHSIIBIK OelCeHIimiK TaOburraH, Oy
OJIapAbIH TOMEH YJIBUIBIFBIMEH OipIiKKEH/IE FaIbIMIAp/blH Ha3apblH ©3iHe TapTajibl. Makanaga amio0eTynnH
JKOHE OHBIH KeiOip arerua ToObl 6ap TYBIHABUIAPHI, MEXaHOXHMUSUIBIK O€leHIipyre Heri3fenreH, apTypii
o/licTepMeH CHHTe3[esAi. bapiblk peakiusuiap OGenMernik Temmeparypana Kyprizingi. AmtoberyauH (1a)
xoHe amoberymuH 3-O-dopmuar (1b) GerymunHiH TpudTopcipke KpimkbsuibiMeH (TFA) sxone HCOOH
OPEKETTECY PEaKLHsCHl apKbLIbI albIH/bL. PeakUsHbIH XYPY YakbIThl 30—40 MUH Kyp/bl, )KoHE OHIMICPIiH
IIBIFBIMBI colikeciHmie 82 xone 98 % TeH Oonmel. AmtoberynuH 3-O-tpudropanerar (4) 95 % ubFbIMMEH
amtobetynuHHIH (1a) TFA 2 caraTThIK peaknuschl HOTHKECIHIE albIHABL Al aiobeTyanHHIH 3-O-alerats
(2a) GerynuH nMaNETAaTHIHBIH TPUQTOPCipKe KBIMKbUIBIMEH 30 MuH imiHge eHuenyi HotmkeciHge 92 %
IIBIFBIMMEH anbiHabl. OHiMaepain Tys3uryi XKKX omicimen, smoent peringe Cg¢Hg:CH,Cl,:CH;0H (5:5:1)
KOJIIaHbLITybIMEH aHbIKTaspl, fakrap XKKX mmacrunanapsin pearentiet (1 % dochomonnbdaeH KbIIKbIIBL —
cy) Oypkim, cOHbIHAaH KeK TycTi Oosy maiiga Oonranima 110°C temmeparypaiga 5 MuH KbI3ObIpFaHIa
aHpIKTanAbl. byn mpouenypa KapamaibIM, THIMII JKOHE SKOJOTHSUIBIK Kayimncis. BapiblK . eHiMaepaiy
xypsutsiMaapsl 'H SIMP, C SMP xome WK-®ypbe-ClIeKTPOCKONHS OiCTepiHiE " MOTIMETTEpiMeH
JOIETICH L.

Kinm  co30epi: OerynuH, amno0eTynuH, TpUGTOPCIpKE KBIMIKBII, MEXAaHOXHMHUS, MEXaHOXUMUSIIBIK
OencenHnipy, KyMbIpCKa KbIIIKBUIB, AIUTOOETYIMHHIH (POpMHUATHI, OCTYINHHIH ANAIETaTHI.

C. Appoyc, A. bonne, U. bBynedy, M.B. JlanyuoBa, A.A. bakubaes

MexaHOXUMHYECKH I moaxoa «0e3 PaCTBOPUTETIHA»
K CUHTE3yY a.]'l.]'l06eTy.]'II/lHa H HEKOTOPBIX €0 CJI0KHbIX 3(l)l/lp0B

s annobeTynuHa U €ro MPOU3BOAHBIX HE TaK JaBHO OblIa OOHApyeHa OHooruyeckas akTUBHOCTb, 4TO, B
COYETaHHU C MX HU3KOH TOKCHYHOCTHIO, IPUBJICKAET BHIMAHUE y4eHBIX. B maHHON paboTe amumo0eTynuH u
HEKOTOpHBIE eT0 MPOM3BOIHEIE, COJepIKallue AleTHIBHYIO TPYIITy, CHHTE3HPYIOTCSI Pa3InYHBIMA METO/aMHU,
OCHOBAaHHBIMH Ha MEXaHOXHMHYECKOH aKTHBalMH. Bce peakimy npoBeleHs! IpH KOMHATHOH TeMIeparype.
AmnoberynuH (1a) u amnoberynun 3-O-hopmuar (1b) ObuIH MOTy4eHB! peaknuel B3anMOISHCTBUS OeTyH-
Ha c TtpudropykcycHoit kucnoroil (TFA). u -HCOOH. Bpems mnpoBeaeHHs peakIMud COCTABIIIO
30-40 MuH, BBIXOJ MPOAYKTOB cocTaBUiL 82 n 98 % coorBercTBeHHO. Amnoberynun 3-O-tpudroparerar (4)
¢ BBIXOJIOM 95 % momyuaercsa peaxuueit amtoberynuna (1a) ¢ TFA B Teuenne 2 uwacoB. B To Bpems kak
3-O-anerat ajuto0etynuHa (2a) moiyyaeTcs 00paboTKON AuareTaTadeTyanHa TPUPTOPYKCYCHOM KUCIOTOH B
Teuenue 30 MUHYT ¢ BeIX0J0M 92 %. OGpa3oBanue mpogykToB onpenemsin merogom TCX ¢ ucmnonabp30BaHu-
eM C¢Hg:CH,Cl:CH30H«(5:5:1) B KauecTBe IIIOCHTA, TISITHA OBUTH OOHAPY>KEHBI TIOCIIC ONPBHICKUBAHUS TIIa-
cruar TCX pearenroM (1 % docdomonnbaenoBas Kucinora — Boja) ¢ MOCIEIYIOIMM HarpeBaHUEM IIPH
110 °C B TeueHue 5 MUHYT 10 HOSBJICHUS XapaKTEPHOIO CUHEro OKpamuBaHud. JlaHHas mpoueaypa mpocra,
a¢dekTHBHA U SKOIOTHIECKH Oe3omacHa. CTPYKTypHI BceX MPOAYKTOB OBUIM ITONTBEPXKICHBI JaHHBIMH H
SAMP, C SIMP i UK-®ypbe-CrieKTpoCKOIHH.

Kniouesvie crosa: 6erynuH, annobeTyluH, TPUGTOPYKCYCHass KUCIOTa, MEXaHOXUMHUS, MEXaHOXMMHYECKas
AKTHBALUs, MypaBbUHAs KUCIIOTA, (popMHUaT ayuto0eTyInHa, TualeTaToeTyIuHa.
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