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Synthesis of novel bioconjugates of a.-tocopherol with lupane triterpenoids
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The first representatives of a-tocopherol bioconjugates with lupane triterpenoids were
synthesized using amino acid residues and dipeptides as linkers between the antioxidant mole-
cule and the terpenoid C(28) atom. The synthetic combination of natural compounds was
carried out by the reaction of lupane acid chlorides (betulonic and betulinic acid chlorides) with
amino acid and dipeptide derivatives of a-tocopherol.
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Currently, bioconjugates of natural compounds or hy-
brid molecules combined from pharmacophores of native
and synthetic biologically active compounds are used most
often in the development of new polyfunctional pharma-
ceutical agents in combinatorial and medical chemistry.!
Interesting results along this line were obtained by involv-
ing the lipophilic antioxiodant o-tocopherol (Vitamin E)
and related chromanols in combinations with other mole-
cules. Thus by modification of known camptotecin- and
taxol-based antitumor agents by a-tocopherol, the prob-
lems related to poor solubility of these agents in fats were
solved, their lipophilicity and retention in membranes in-
creased and, as a consequence, a higher therapeutic effi-
ciency was attained.23 The previously prepared* a-toco-
pherol conjugates with 5-aminolevulinic acid are of inter-
est for the photodynamic therapy. Heterodimers based on
available water-soluble chromanol, the Trolox acid, be-
haved as multifunctional agents exhibiting high anti-
oxiodant,3 antitumor,® antiinflammatory,” and antiar-
rhythmic activities.8

No data on bioconjugates of a-tocopherol with lu-
pane triterpenoids can be found in the literature, al-
though a combination of the potent lipophilic antioxiodant
with lupane terpenoids having diverse biological acti-
vities®10 could lead to mutual synergistic influence of
the combined molecules or new valuable biological acti-
vity of the hybrid compound. In the preliminary com-
munication,!! we reported the synthesis of o-tocopherol
conjugate with betulonic acid with glycine residue as
the spacer. Here we synthesized a number of structurally
related hybrids of a-tocopherol and lupane acids conju-
gated by L-amino acids and dipeptides through amide
and ester bonds.

Results and Discussion

The target conjugates were synthesized by acylation of
a-tocopherol (1) with N-benzyloxycarbonyl derivative of
glycine (2a), rL-valine (2b), L-phenylalanine (2c¢), or
L-lysine (2d) in the presence of DCC and DMAP. The
amino group in the synthesized O-acyl derivatives 3a—d
was deprotected by hydrogenolysis in the presence of
a palladium catalyst. The obtained conjugates 4a—d with
free amino group were converted into oxalates 5a—d sta-
ble on storage by adding a specified amount of oxalic acid
to the reaction medium during the removal of the benzyl-
oxycarbonyl (Cbz) protecting group (Scheme 1). In the
'H NMR spectra of salts 5a—d, the signals of protons at
the carbon atoms connected to nitrogen are shifted down-
field (A8 = 0.6—0.9), whereas the 13C NMR spectra of
oxalates show upfield (A8 = 5) shifts for the signals of
carbonyl C atoms with respect to the corresponding sig-
nals in the spectra of amines 4a—d (Table 1).

Amino acid derivatives 4a,b were converted into dipep-
tide conjugates 6a,b, under conditions used in the synthe-
sis of 3a—d. After amino group deprotection, compounds
6a,b were transformed into dipeptide derivatives 7a,b with
free amino group.

Coupling of betulonic (8a), betulinic (8b), and O-ace-
tylbetulinic (8c¢) acid chlorides, obtained immediately pri-
or to the reaction by treatment of the acids with oxalyl
chloride by a known procedure,!3 with conjugates 4a—c
resulted in hybrids of ai-tocopherol with betulonic (9a—c),
betulinic (9d), and O-acetylbetulinic (9e) acids with
o-amino acid 2a—c residues as spacers. The reactions pro-
ceeded on short-term refluxing (0.5—1 h) in benzene. The
yields of hybrids isolated by column chromatography on
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Reagents and conditions: a. CbzZNHCHRCO,H (2a—d), DCC, DMAP (10 mol.%), CH,Cl,, ~20 °C; b. H,, 10% Pd/C, EtOH;
¢. H,C,0,, EtOH; d. 4a—c, PhH, refluxing for 0.5—1 h; e. 7a,b, EDC, CH,Cl,, 20 °C; £. 1) HCI-NH,CH,CO,Me, Et;N, CHCI;,
20°C; 2) 4 M NaOH, MeOH, THF, 20 °C (see Ref. 12); g. 1, DCC, DMAP (10 mol.%), CH,Cl,, 20 °C.

R =H (2a—7a, 9a,d—f), Me,CH (2b—7b, 9b,g), PhCH, (2c—5¢, 9¢), CbzHN(CH,), (2d, 3d), HoN(CH,), (4d), HyC,0, + H,N(CH,), (5d);
R'R2=0 (8a, 9a—c,f,g); R' = OH, R2=H (8b, 9d); R' = OAc, R2=H (8¢, 9e); n = 0 (9a—e), 1 (9f,g)
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Table 1. 13C NMR spectra of compounds 3b—d and 4b—d

Atom or group )
3b 3c 3d 4b 4c 4d
C(2) 75.11 75.14 74.94 75.06 75.10 75.00
C(3)H, 30.91 31.08 31.65 31.07 31.05 31.04
C(4)H, 20.63, 20.63, 20.46, 20.62, 20.62, 20.59,
21.04 21.07 20.91 21.02 21.05 21.01
C(4a) 126.56 126.61 126.50 126.58 126.58 126.48
C(5) 117.48 117.50 117.33 117.42 117.46 117.43
C(6) 149.59 149.65 149.41 149.48 149.54 149.47
C(7) 123.18 123.18 122.97 123.10 123.15 123.11
C(8) 124.86 124.91 124.50 124.84 124.83 124.72
C(8a) 140.35 140.32 140.12 140.40 140.27 140.26
0—C(9)=0 170.89 170.69 171.20 173.40 173.51 174.55
NC(10)H(R) 58.00 55.02 53.89 59.82 56.11 54.49
C(1)H, 40.42 40.25 40.00 40.32 40.10 40.00
C(2")H, 24.46 24.85 24.32 24.44 24.47 24.42
C(3)H, 37.30 37.33 37.16 37.29 37.32 37.27
C(4")H 32.71 32.73 32.55 32.69 32.71 32.67
C(5)H, 37.41 37.44 37.27 37.40 37.42 37.37
C(6")H, 24.71 24.48 24.70 24.81 24.83 24.79
C(7)H, 37.54 37.49 37.33 37.45 37.42 37.39
C(8")H 32.79 32.82 32.65 32.78 32.80 32.75
C(9)H, 37.54 37.57 37.43 37.53 37.55 37.44
C(10")H, 24.71 24.85 24.70 24.81 24.83 24.80
C(117)H, 39.38 39.41 39.25 39.37 39.39 39.36
C(12")H 27.99 28.02 27.85 27.97 28.00 27.96
BnO—C=0 156.45 155.89 156.20, — — —
156.52
(CH,)4NH, — — 29.17, — — 34.44,
29.59, 23.17,
30.92, 32.28,
40.27 41.46
CH(Pr) 31.05 — — 31.37 — —
Me(Ar) 11.85, 11.86, 11.71, 11.80, 11.85, 11.81,
12.25, 12.16, 11.97, 12.13, 12.10, 12.12,
13.10 13.01 12.82 13.00 12.95 12.97
Me(Pri) 17.09 — — 16.75 — —
C(4")Me 19.71 19.74 19.61 19.69 19.72 19.68
C(8)Me 19.77 19.81 19.68 19.88 19.78 19.75
C(12)Me 22.65, 22.68, 22.55, 22.63, 22.66, 22.62,
22.74 22.78 22.64 22.72 22.75 22.71
C(2)Me 23.91 23.94 24.00 23.91 23.94 24.00
PhCH,0 68.00 67.04 66.42, — — —
66.83
Ph 128.11, 127.23, 127.86, — 128.68, —
128.20, 128.07, 127.92, 129.46,
128.56, 128.17, 128.31, 137.47
136.25 128.53, 128.34,
128.76, 136.17,
129.42, 136.52
135.86
CH,Ph — 38.13 — — 41.24 —

Note. Here and Table 2, the signals of C(4) are doubled, because we used racemic o-tocopherol. The numbering
of C(17)—C(12") atoms of the aliphatic chain at C(2) is given in Scheme 1 (compound 9).
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SiO, were 61—82%. Conjugates 9f,g were prepared by imide (EDC) (the presence of N-hydroxybenzotriazole
coupling of acid chloride 8a with a-tocopherol dipeptide (HOBT)!4 is not necessary).

derivatives 7a,b. As the coupling agent, it is neces- The attempts to couple free betulonic acid with amino
sary to use N-ethyl- N'-(3-dimethylaminopropyl)carbodi- acid derivatives of tocopherol 4a or 4b upon activation of

Table 2. 13C NMR spectra of compounds 5a—d, 6a,b, and 7a,b

Atom or group S
5a 5b 5¢ 5d 6a 6b 7a 7b
CQ2) 75.37 75.03 75.03 75.33 75.17 75.11 75.14 75.06
C(3)H, 30.94 31.10 30.91 29.98 31.00 31.02 31.00 30.86
C(4)H, 20.33, 20.55, 20.46, 20.35, 20.58, 20.61, 20.57, 20.61,
20.82 21.04 22.02 20.84 21.04 21.03 21.02 21.01
C(4a) 126.70 127.27 127.44 126.60 126.51 126.49 126.55 126.59
C(5) 117.99 116.93 117.35 117.99 117.55 117.48 117.30 117.44
C(6) 149.44 149.61 149.67 149.49 149.68 149.63 149.62 149.50
C(7) 122.49 123.39 123.03 122.53 123.21 123.20 123.17 123.09
C(8) 125.39 125.33 124.85 125.30 124.83 124.77 124.86 124.80
C(8a) 140.06 140.33 140.16 140.09 140.12 140.32 140.16 140.40
0—C(9)=0 167.21 168.32 168.31 168.71 169.64 171.55 172.99 174.64
NC(10)H(R) 43.32 58.39 54.29 52.09 41.03 61.22 40.73 60.33
C(11)ONH — — — — 168.67 170.58 168.84 170.81
NC(12)H(R) — — — — 44.39 57.07 44.39 56.77
C(1)H, 40.00 40.00 40.00 40.00 40.00 40.00 40.00 40.00
C(2")H, 24.14 24.47 24.46 24.18 24.45 24.44 24.44 24.43
C(3")H, 37.14 37.29 37.18 37.05 37.30 37.29 37.28 37.28
C(4")H 32.45 32.79 32.74 32.47 32.71 32.70 32.69 32.68
C(5)H, 37.15 37.40 37.29 37.16 37.40 37.39 37.38 37.30
C(6")H, 24.59 24.80 24.80 24.60 24.82 24.81 24.80 24.79
C(7)H, 37.16 37.43 37.44 37.21 37.46 37.40 37.44 37.35
C(8")H 32.47 32.79 32.79 32.51 32.80 32.78 32.77 32.77
C(9)H, 37.16 37.64 37.44 37.23 37.56 37.45 37.54 37.39
C(10")H, 24.59 24.80 24.80 24.60 24.82 24.81 24.95 24.79
C(117)H, 39.37 39.37 39.37 39.37 39.38 39.38 39.37 39.37
C(12")H 27.82 27.97 27.97 27.82 27.99 27.98 27.97 27.97
BnO—C=0 — — — — 156.72 156.41 — —
(CH,)4NH, — — — 22.03 — — — —
CH(Pr) — 29.77 — — — 30.82, — 30.74,
31.20 31.06
Me(Ar) 12.00, 11.72, 11.70, 11.98, 11.82, 11.83, 11.80, 11.81,
12.37, 12.21, 12.00, 12.34, 12.11, 12.23, 12.10, 12.24,
13.22 13.11 12.80 13.19 12.96 13.08 12.92 13.09
Me(Pri) — 17.35, — — — 17.25, — 17.25,
17.93 17.51, 17.51,
17.93, 17.93,
19.13 19.13
C(4")Me 19.98 19.68 19.59 19.87 19.71 19.72 19.68 19.68
C(8")Me 19.99 19.74 19.68 19.97 19.77 19.69 19.74 19.94
C(12")Me 22.89, 22.62, 22.62, 22.86, 22.65, 22.63, 22.62, 22.63,
22.98 22.72 22.71 22.95 22.74 22.72 22.72 22.72
C(2)Me 23.80 23.79 23.50 23.50 24.10 23.87 23.78 2391
PhCH,0 — — — — 67.24 67.03 — —
Ph — — 128.73, — 128.10, 127.99, — —
129.52, 128.23, 128.12,
133.99 128.54, 128.50,
136.11 136.27
CH,Ph 39.38 — — — — —

C=0(H,C,0y) 163.04 163.93 162.71 163.36 — — — —
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Table 3. 13C NMR spectra of compounds 9b—g, 10, and 11

Atom or group

9b 9¢ 9d 9e of 9g 10 11
C(2) 75.12 75.12 75.12 75.09 75.12 75.12 — —
C(3)H, 30.81 31.02 30.97 30.80 30.80 30.80 — —
C4)H, 20.61 20.59 20.58 20.60 20.57 20.61 — —
C(4a) 126.46 126.46 126.43 126.55 126.48 126.50 — —
C(5) 117.49 117.50 117.58 117.45 117.46 117.48 — —
C(6) 149.59 149.54 149.77 150.75 149.63 149.63 — —
C(7) 123.18 123.20 123.29 123.14 123.14 123.22 — —
C(8) 124.74 124.70 124.75 123.84 124.78 124.72 — —
C(8a) 140.34 140.27 140.05 149.61 140.13 140.28 — —
0—C(9)=0 176.30 175.92 181.99 176.79 177.58 176.29 — —
NC(10)H(R) — — — — 41.10 57.00 — —
C(11)ONH — — — — 168.36 170.45 — —
NC(12)H(R) 56.33 52.61 41.32 40.78 43.32 58.29 — 41.27
C(1")H, 40.00 40.00 40.68 40.72 40.00 39.66 — —
C(2")H, 24.43 24.44 24.44 24.43 24.42 24.43 — —
C(3")H, 37.28 37.29 37.39 37.39 37.27 37.29 — —
C@4")H 32.69 32.70 32.68 32.69 32.67 32.71 — —
C(5)H, 37.32 37.39 37.39 37.39 37.32 37.43 — —
C(6")H, 24.80 24.80 24.81 24.80 24.79 24.80 — —
C(7")H, 37.38 37.54 37.39 37.39 37.37 37.39 — —
C(8")H 32.78 32.77 32.77 32.77 32.76 32.77 — —
CH)H, 37.40 37.66 37.41 37.45 37.54 37.43 — —
C(10")H, 24.80 24.80 23.81 23.72 24.79 24.80 — —
C(11)H, 39.37 39.37 39.37 39.37 39.37 39.37 — —
C(12")H 27.97 27.97 27.98 27.96 27.96 27.97 — —
C(1"H, 39.67 39.61 37.10 37.13 39.61 39.66 39.63 39.61
C(2")H, 34.14 34.16 27.98 27.96 34.12 34.13 34.10 34.12
C(37) 218.23 218.10 84.93 80.96 218.13 218.10 217.86 218.89
C4”) 47.32 47.35 37.39 37.79 47.29 47.31 47.33 47.95
C(5")H 55.01 55.05 55.37 55.49 54.93 54.98 54.99 54.97
C(6")H, 19.30 19.40 18.12 18.17 19.46 19.38 19.40 19.64
C(7")H, 33.76 33.51 34.20 34.24 33.58 33.73 33.66 33.64
C(8”) 40.74 40.54 40.69 40.72 40.67 40.73 40.73 40.67
COHY"H 49.94 49.90 49.23 50.09 49.94 50.01 49.90 49.95
C(107) 36.93 36.88 37.29 37.29 36.89 36.93 36.91 36.89
C(11"H, 21.50 21.29 21.02 21.28 21.45 21.51 21.33 21.43
C(12")H, 25.68 25.52 23.73 23.72 25.62 25.66 25.42 25.60
C(13")H 37.90 37.81 38.32 38.43 37.73 37.94 36.74 37.78
C(147) 42.58 42.39 42.43 42.49 42.50 42.54 42.52 42.54
C(15")H, 29.54 29.08 29.67 29.70 29.46 29.49 29.68 29.34
C(16”")H, 33.82 33.51 32.14 33.62 33.41 33.73 30.08 33.52
C(177) 56.16 55.78 55.37 55.81 55.74 55.98 56.98 55.74
C(18"H 50.04 49.90 50.39 50.57 50.00 50.01 49.90 49.95
C(19MH 46.66 46.59 46.92 46.68 46.61 46.76 46.55 46.60
C(20”) 150.83 150.83 150.36 150.75 150.65 150.75 149.12 150.62
C(21")H, 30.96 29.70 30.56 30.80 31.02 31.05 31.34 30.71
C(22")H, 37.99 37.92 38.11 38.24 38.29 38.08 38.56 38.26
C(23")H; 26.64 26.57 25.42 25.60 26.64 26.65 26.60 26.61
C(24")H; 21.00 21.03 16.52 16.50 21.01 21.00 21.03 21.01
C(25")H; 15.98 15.82 16.14 16.19 15.94 15.98 15.94 15.94
C(26”)H; 15.98 15.85 16.00 15.98 15.81 15.98 15.89 15.80
C(27")H; 14.61 14.49 14.65 14.60 14.53 14.61 14.75 14.30
C(28") 171.45 171.32 167.71 169.46 170.33 171.68 171.83 171.40
C(29"H, 109.43 109.39 109.76 109.48 109.50 109.48 107.89 109.53

(to be continued)
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Table 3 (continued)

Atom or group

9b 9¢ 9d 9e of 9g 10 11
C(30")H; 19.46 19.64 19.35 19.46 19.64 19.38 19.60 19.43
COOH — — — — — — — 173.93
Me(Ar) 11.83, 11.84, 11.83, 11.83, 11.82, 11.83, — —
12.28, 12.18, 12.17, 12.17, 12.12, 12.24,
13.13 13.02 13.01 13.01 12.96 13.08
Me(Pri) 17.46 — — — — 17.25, — —
18.39
C(12")Me 22.62, 22.64, 22.64, 22.64, 22.64, 22.62, — —
22.71 22.73 22.73 22.74 22.73 22.71
C(2)Me 23.91 23.91 23.46 23.72 23.91 23.88 — —
CH(Pr') 29.69 — — — — 29.69 — —
C(4")Me 19.67 19.69 19.69 19.70 19.68 19.69 — —
C(8")Me 19.74 19.76 19.76 19.77 19.76 19.72 — —
CH,Ph — 37.39 — — — — — —
Ph — 126.58, — - - — 110.45, -
126.89, 120.67,
128.68, 124.70,
129.46, 128.68
137.47
MeCOO — — — 170.93 — — — —
MeCOO — — — 20.93 — — — —

the carboxylic acid by N,N’-carbonyldiimidazole (CDI)13,
N-hydroxysuccinimide (HOSu), or DCC! failed and the
use of EDC/HOBT! resulted in N-benzotriazole ester of
betulonic acid 10 stable under column chromatography
(SiO,) and unable to form the amide bond.

The synthesis of hybrid 9a using the carbodiimide cou-
pling of a-tocopherol (1) with amide 11 (the latter was
obtained in two steps!? from acid chloride 8a) was of low
efficiency. This reaction gave a mixture of products from
which target compound 9a was isolated by repeated col-
umn chromatography (Si0,) in a yield of less than 30%.

The 'H and 13C NMR spectra of the obtained amino acid
and peptide derivatives of a-tocopherol 3b—d, 4b—d, 5a—d,
6a.b, and 7a,b and bioconjugates 9b—g fully correspond
to their structures (Tables 1—3). The 13C NMR spectra of
bioconjugates 9b—g exhibit signals for all carbon atoms
corresponding to triterpenoid and a-tocopherol residues
and the amino acid linkers (see Table 3) (the assignment
was done using data of HH COSY, 3C—!H HSQC and
HMBC, ’N—!H HSQC and HMBC 2D experiments).

Thus, we obtained new amino acid and peptide deriva-
tives of a-tocopherol and its bioconjugates with lupane
triterpenoids, which are promising for the development
of drugs.

Experimental

IR spectra were measured on a Specord IR-75 spectrometer
in thin film or in CHClI; solution, UV spectra were measured on

a Specord M-40 spectrometer. 'H and 1*C NMR spectra were
recorded on a Bruker AVANCE-400 instrument (operating at
400.13 ("H) and 100.62 MHz ('3C)) using Me,Si as the internal
standard, CDCIl; or CD;0D as solvents, and (CD3),SO as the
solvent for compounds 5a,d. Optical rotation was determined on
a Perkin—Elmer-141 polarimeter. The specific rotation was ex-
pressed in deg mL g~! dm~! and the solution concentration is
ing (100 mL)~!. TLC was carried out on Sorbfil plates (Sorbpoly-
mer, Krasnodar, Russia) in chloroform (A); chloroform—meth-
anol, 20 : 1 (B); and chloroform—methanol, 10 : 1 (C) systems;
the spots were visualized by phosphomolybdic acid and anisal-
dehyde. Column chromatography was carried out on KSKG
silica gel L (50—160 um). Commercial racemic a-tocopherol
(a mixture of eight diastereomers), DCC, DMAP, EDC, HOBT,
Cbz-L-Val, Cbz-L-Phe, Cbz-Gly, N,,N.-(Cbz),-L-Lys, 10% Pd
on activated carbon, and oxalyl chloride (Fluka) were used. Bet-
ulin was isolated by a known procedure,!” betulonic, betulinic,
and 3-0O-acetylbetulinic acids and their chlorides were prepared
by reported procedures.13:16:18,19  The IR, UV, and 'H and
13C NMR spectra of compounds 3a, 4a, and 9a were reported in
our earlier study.!! The 13C NMR spectra of compounds 3b—d,
4b—d, 5a—d, 6a,b, and 7a,b are summarized in Tables 1 and 2
and the 13C NMR spectra of 9b—g, 10, and 11 are in Table 3.

(RS)-o-Tocopheryl a-(/N-benzyloxycarbonylamino)carboxy-
lates 3a—d (general procedure). DMAP (0.13 mmol), N-Cbz-
amino acid 2a—d (1.1 mmol), and DCC (1.1 mmol) were added
with stirring to a solution of a-tocopherol (1) (1 mmol) in dry
CH,Cl, (20 mL). The mixture was vigorously stirred for 2—3 h
(20 °C, TLC monitoring in system A). The precipitated dicyclo-
hexylurea was filtered off, and the filtrate was concentrated. The
residue was chromatographed on a column with SiO, (elution
with n-hexane—AcOEt, 3 : 1) to give compounds 3a—d.
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2,5,7,8-Tetramethyl-2-(4,8,12-trimethyltridecyl)-3,4-di-
hydro-2 H-chromen-6-yl 2.5- (benzyloxycarbonylamino)-3-methyl-
butanoate (3b). Yield 91%, [o]] 52 —11.9 (¢ 1.6, CHCl5). Found (%):
C, 76.11; H, 9.56; N, 2.10. C4HgNOs. Calculated (%):
C,75.97;H,9.87; N, 2.11. IR, v/cm~': 1650 (CONH); 1715 (C=0);
1755 (0—C=0); 3400 (NH). UV (CHCly), Ay /nm (g): 287
(4600). 'TH NMR, &: 0.87 (m, 12 H, 4 Me); 1.05, 1.15 (both d,
3 H each, 2 Me(Pr), J= 6.8 Hz); 1.10—1.90 (m, 26 H, C(2)Me,
CH,, CH); 1.99,2.03, 2.11 (all s, 3 H each, Me(Ar)); 2.51 (m, 1 H,
Pri); 2.61 (t, 2 H, H,C(4), J= 6.5 Hz); 4.67 (dd, 1 H, CHNH,
J=9.2Hz, J=3.6 Hz); 5.17 (s, 2 H, PhCH,0); 5.37 (d, 1 H,
NH, J=9.2 Hz); 7.38 (m, 5 H, Ph).
2,5,7,8-Tetramethyl-2-(4,8,12-trimethyltridecyl)-3,4-di-
hydro-2 H-chromen-6-yl 2.5-(benzyloxycarbonylamino)-3-phenyl-
propanoate (3c). Yield 90%, [a]p2® —10.1 (¢ 0.9, CHCI5).
Found (%): C, 77.49; H, 9.23; N, 2.01. C44H4sNOs. Calculat-
ed (%): C, 77.60; H, 9.20; N, 1.97. IR, v/cm~!: 1640 (CONH);
1705 (C=0); 1760 (0O—C=0); 3450 (NH). UV (CHCly),
Amax/NM (g): 288 (3000). 'H NMR, &: 0.91 (m, 12 H, 4 Me);
1.00—1.90 (m, 26 H, C(2)Me, CH,, CH); 1.94, 1.98, 2.13 (all s,
3 Heach, Me(Ar)); 2.62 (t,2 H, H,C(4), /J=6.4 Hz); 3.19 (dd, | H,
CH,Ph,J=14.0 Hz, /= 8.4 Hz); 3.46 (dd, 1 H, CH,Ph, /= 14.0
Hz,J=5.2Hz);5.01 (m, 1 H, CHNH); 5.10 (s, 2 H, PhCH,0);
5.36 (m, 1 H, NH); 7.33 (m, 10 H, 2 Ph).
2,5,7,8-Tetramethyl-2-(4,8,12-trimethyltridecyl)-3,4-di-
hydro-2 H-chromen-6-yl 2.5,6-bis(benzyloxycarbonylamino)hexa-
noate (3d). Yield 71%, [a]p2* —9.5 (¢ 2.7, CH,Cl,). Found (%):
C, 73.98; H, 9.06; N, 3.41. C5;H;4N,0,. Calculated (%):
C,74.06; H,9.02; N, 3.39. IR, v/cm~': 1650 (CONH); 1700 (C=0);
1740 (0—C=0); 3390 (NH). UV (CHCl3), Ay /nm (g): 286
(2115). '"H NMR, &: 0.87 (m, 12 H, 4 Me); 1.00—1.90 (m, 32 H,
C(2)Me, CH,, CH); 1.93, 1.99, 2.10 (all s, 3 H each, Me(Ar));
2.58 (t, 2 H, H,C(4), /= 6.5 Hz); 3.25 (m, 2 H, CH,NH); 4.70
(m, 1 H, CHNH); 4.85 (m, 1 H, NH); 5.10, 5.15 (both s, 2 H
each, PhCH,0); 5.50 (m, 1 H, NH); 7.40 (m, 10 H, 2 Ph).
(RS)-a-Tocopheryl a-aminocarboxylates 4a—d (general pro-
cedure). The 10% Pd/C catalyst (20% w/w with respect to 3a—d)
was added to a solution of compound 3a—d (1 mmol) in ethanol
(15 mL), and the mixture was stirred for 2—4 h at room temper-
ature under hydrogen. After completion of the reaction (TLC
monitoring in system A), the catalyst was filtered off and washed
with ethanol, and the filtrate was concentrated. The compounds
4a—d thus obtained were unstable on storage; therefore, they
were used in the subsequent reactions without chromatographic
purification.
2,5,7,8-Tetramethyl-2-(4,8,12-trimethyltridecyl)-3,4-di-
hydro-2 H-chromen-6-yl 2.5-amino-3-methylbutanoate (4b). Yield
85%, [a]p®® —8.1 (¢ 2.9, CHCly). IR, v/cm~!: 1750 (C=0);
3400 (NH,). UV (CHCI3), Apay/nm (€): 287 (3024). 'H NMR, 8:
0.87 (m, 12 H, 4 Me); 1.06, 1.15 (both d, 3 H each, 2 Me(Pr),
J= 6.8 Hz); 1.10—1.90 (m, 26 H, C(2)Me, CH,, CH); 1.99,
2.03, 2.10 (all s, 3 H each, Me(Ar)); 2.41 (m, 1 H, Pr); 2.60
(t,2 H, H,C(4), /= 6.4 Hz); 2.74 (m, 2 H, NH,); 3.69 (m, 1 H,
CHNH,).
2,5,7,8-Tetramethyl-2-(4,8,12-trimethyltridecyl)-3,4-di-
hydro-2 H-chromen-6-yl 2S-amino-3-phenylpropanoate (4c).
Yield 92%, [o] 20 +0.3 (¢ 1.7, CHCl5). IR, v/em~': 1730 (C=0);
3400 (NH,). UV (CHCI,), Ayp/nm (e): 287 (2716). 'H NMR, 8:
0.80 (m, 12 H, 4 Me); 0.98—1.80 (m, 26 H, C(2)Me, CH,, CH);
1.88, 1.90, 2.10 (all s, 3 H each, Me(Ar)); 2.52 (t, 2 H, H,C(4),
J=6.5Hz);2.70 (m, 2 H, NH,); 2.88 (dd, 1 H, CH,Ph,J=13.4 Hz,

J=9.0 Hz); 3.35 (dd, 1 H, CH,Ph, /= 13.4 Hz, /= 5.0 Hz);
4.00 (dd, 1 H, CHNH,, J=9.0 Hz, /= 5.0 Hz); 7.30 (m, 5 H, Ph).

2,5,7,8-Tetramethyl-2-(4,8,12-trimethyltridecyl)-3,4-di-
hydro-2 H-chromen-6-yl 25,6-diaminohexanoate (4d). Yield 87%,
[a]p?® +9.2 (¢ 5.8, CH,Cly). IR, v/cm~!: 1740 (C=0); 3300
(NH,). UV (CHCls), Apay/nm (): 287 (2674). 'H NMR, &: 0.83
(m, 12 H, 4 Me); 1.00—1.90 (m, 32 H, C(2)Me, CH,, CH);
1.95,1.99, 2.15 (all s, 3 H each, Me(Ar)); 2.58 (t, 2 H, H,C(4),
J=6.4 Hz); 2.63 (m, 4 H, NH,); 2.79 (m, 2 H, CH,NH,); 3.74
(m, 1 H, CHNH,).

(RS)-o-Tocopheryl a-aminocarboxylate oxalates S5a—d (gen-
eral procedure). The 10% Pd/C catalyst (20% w/w with respect
to 3a—d) and oxalic acid (1 mmol for 3a—c and 2 mmol for 3d)
were added to a solution of the corresponding compound 3a—d
(I mmol) in ethanol (15—20 mL). The mixture was vigorously
stirred for 2—4 h at room temperature in a hydrogen atmo-
sphere. After completion of the reaction (TLC monitoring in
system A), the catalyst was filtered off and washed with ethanol,
and the filtrate was concentrated in vacuo. The amorphous pow-
ders of oxalates thus formed were dried in a vacuum dessicator
over P,Ojs for several days.

2,5,7,8-Tetramethyl-2-(4,8,12-trimethyltridecyl)-3,4-di-
hydro-2 H-chromen-6-yl 2-ammonioethanoate oxalate (5a). Yield
67%. Found (%): C, 68.71; H, 9.52; N, 2.39. C5;H53NO; - H,C,0,.
Calculated (%): C, 68.60; H, 9.59; N, 2.42. IR, v/cm~!: 1770
(C=0). UV (CHCl3), Apay/nm (): 287 (1755). 'H NMR, 8: 0.82
(m, 12 H, 4 Me); 1.00—1.85 (m, 26 H, C(2)Me, CH,, CH);
1.92, 1.94, 2.00 (all s, 3 H each, Me(Ar)); 4.22 (m, 2 H,
CH,NH,).

2,5,7,8-Tetramethyl-2-(4,8,12-trimethyltridecyl)-3,4-di-
hydro-2 H-chromen-6-yl 2.5-ammonio-3-methylbutanoate oxalate
(5b). Yield 83%, [a]p2® +1.7 (¢ 1.34, CHCI;). Found (%):
C,69.67; H,9.89; N, 2.21. C34H59NO;3 - H,C,0,. Calculated (%):
C, 69.75; H, 9.92; N, 2.26. IR, v/em~! 1750 (C=0). UV
(CHCI3), Ay/nm (g): 287 (1792). 'H NMR, §: 0.87 (m, 12 H,
4 Me); 1.00—1.90 (m, 32 H, C(2)Me, 2 Me(Pr'), CH,, CH);
1.90, 1.95, 2.10 (all s, 3 H each, Me(Ar)); 2.50 (m, 3 H, 2 H,
H,C(4), 1 H, Pri); 4.49 (m, 1 H, CHNH,).

2,5,7,8-Tetramethyl-2-(4,8,12-trimethyltridecyl)-3,4-di-
hydro-2 H-chromen-6-yl 2S-ammonio-3-phenylpropanoate ox-
alate (5c¢). Yield 92%, [a]p2° —80.0 (¢ 0.01, CHCI,). Found (%):
C, 72.02; H, 9.14; N, 2.08. C33H5(NO;-H,C,0,. Calculat-
ed (%): C,71.93; H,9.21; N, 2.10. IR, v/cm~!: 1750 (C=0). UV
(CHCl3), Ayq/nm (€): 287 (1737). '"H NMR, &: 0.87 (m, 12 H,
4 Me); 1.00—1.80 (m, 26 H, C(2)Me, CH,, CH); 1.80—2.00
(m, 9 H, Me(Ar)); 2.40 (m, 2 H, H,C(4)); 3.33—3.39 (m, 2 H,
CH,Ph); 4.90 (m, 1 H, CHNH,); 7.11 (m, 5 H, Ph).

2,5,7,8-Tetramethyl-2-(4,8,12-trimethyltridecyl)-3,4-di-
hydro-2H-chromen-6-yl 2S,6-diammoniohexanoate dioxalate
(5d). Yield 68%. Found (%): C, 63.45; H, 8.97; N, 3.75.
C;5H¢,N,05+2H,C,0,. Calculated (%): C, 63.39; H, 9.00;
N, 3.79. IR, v/em~!: 1760 (C=0). UV (CHCI;), Ay, /nm (g):
287 (1768). 'TH NMR, &: 0.85 (m, 12 H, 4 Me); 1.00—1.85 (m, 32 H,
C(2)Me, CH,, CH); 1.91, 1.93, 2.00 (all s, 3 H each, Me(Ar));
2.54 (m, 2 H, H,C(4)); 2.80 (m, 2 H, CH,NH,); 4.40 (m, 1 H,
CHNH,); 8.03 (m, 4 H, NH,).

(RS)-o-Tocopheryl a-(/N-benzyloxycarbonylamino)carboxy-
lates 6a,b (general procedure). DMAP (0.13 mmol), the corre-
sponding N-Cbz-amino acid 2a or 2b (1.1 mmol), and DCC
(1.1 mmol) were added to a solution of compound 4a or 4b
(1 mmol) in dry CH,Cl, (20 mL), and the mixture was worked-
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up as described above for the synthesis of compounds 3a—d.
Column chromatography (SiO,, elution with hexane—AcOEt,
3: 1) gave compound 6a or 6b, respectively.
2,5,7,8-Tetramethyl-2-(4,8,12-trimethyltridecyl)-3,4-di-
hydro-2 H-chromen-6-yl 2-[ N-(N-benzyloxycarbonylaminoacetyl)-
amino]ethanoate (6a). Yield 79%. Found (%): C, 72.51; H, 9.23;
N, 4.10. C4;HgN,Oq. Calculated (%): C, 72.53; H, 9.20;
N, 4.13.1R, v/em™!: 1650 (CONH); 1700 (C=0), 1750 (O—C=0);
3400 (NH). UV (CHCl;), Apae/nm (g): 287 (2300). 'H NMR, &:
0.88 (m, 12 H, 4 Me); 1.00—1.90 (m, 26 H, C(2)Me, CH,, CH);
1.97, 2.00, 2.10 (all s, 3 H each, Me(Ar)); 2.59 (t, 2 H, H,C(4));
3.93 (brs, 2 H, CH,NH); 4.31 (br.s, 2 H, CH,NH); 5.12
(s, 2 H, PhCH,0); 5.72 (br.s, 1 H, NH); 6.93 (br.s, 1 H, NH);
7.33 (m, 5 H, Ph).
2,5,7,8-Tetramethyl-2-(4,8,12-trimethyltridecyl)-3,4-di-
hydro-2 H-chromen-6-yl 2S-{N-[2S-(/N-benzyloxycarbonylami-
no)-3-methylbutanoyl]amino}-3-methylbutanoate (6b). Yield
79%, [a]p?® —15.5 (¢ 1.9, CHCl;). Found (%): C, 73.89;
H,9.74; N, 3.71. C47H74N,O¢. Calculated (%): C, 73.97; H, 9.77,
N, 3.67. IR, v/em~!: 1640 (CONH); 1700 (C=0); 1730
(0—C=0); 3450 (NH). UV (CHCly), Ay, /nm (g): 286 (1900).
'THNMR, 8:0.87 (m, 12 H, 4 Me); 0.90—1.88 (m, 26 H, C(2)Me,
CH,, CH); 1.03, 1.09 (both d, 12 H, 4 Me(Pr'), /= 6.4 Hz);
1.97, 2.01, 2.09 (all s, 3 H each, Me(Ar)); 2.15, 2.50 (both m,
1 H each, Pr); 2.59 (t, 2 H, H,C(4), J= 6.5 Hz); 4.20 (t, 1 H,
CHNH, J=7.6Hz);4.91(dd, 1 H,CHNH, /J=8.0Hz,/J=3.6 Hz);
5.12 (s, 2 H, PhCH,0); 5.45 (d, 1 H, NH, J= 8.0 Hz); 6.43
(d, 1 H,NH, J=17.6 Hz); 7.35 (m, 5 H, Ph).
(RS)-a-Tocopheryl a-aminocarboxylates 7a,b (general pro-
cedure). The 10% Pd/C catalyst (20% w/w with respect to 6a or
6b) was added to a solution of compound 6a or 6b (1 mmol) in
ethanol (15 mL), and the mixture was stirred for 4 h at room
temperature under hydrogen. After completion of the reaction
(TLC monitoring in system C), the catalyst was filtered off
and washed with ethanol, and the filtrate was concentrated.
Compounds 7a,b were unstable on storage; therefore, they were
used in the subsequent reactions without chromatographic pu-
rification.
2,5,7,8-Tetramethyl-2-(4,8,12-trimethyltridecyl)-3,4-di-
hydro-2 H-chromen-6-yl (aminoacetylamino)ethanoate (7a). Yield
82%. 1R, v/cm~1: 1700 (CONH); 1760 (C=0); 3350 (NH,). UV
(CHCl3), Aa/nm (€): 289 (2384). 'H NMR, &: 0.87 (m, 12 H,
4 Me); 1.00—1.90 (m, 26 H, C(2)Me, CH,, CH); 1.98, 2.02,
2.09 (alls, 3 H each, Me(Ar)); 2.59 (t, 2 H, H,C(4), /= 6.4 Hz);
3.46 (s, 2 H, CH,NH); 4.37 (s, 2 H, CH,NH); 7.89 (1 H, NH).
2,5,7,8-Tetramethyl-2-(4,8,12-trimethyltridecyl)-3,4-di-
hydro-2 H-chromen-6-yl 2S-[N-(2S-amino-3-methylbutanoyl)-
amino]-3-methylbutanoate (7b). Yield 93%, [o]p2° —38.4 (¢ 3.2,
CHCI,). IR, v/cm~!: 1700 (CONH); 1740 (C=0); 3400 (NH,).
UV (CHCl3), Ayay/nm (g): 287 (2090). 'H NMR, &: 0.87 (m, 12 H,
4 Me); 1.03, 1.06 (both d, 6 H each, 4 Me(Pr)), J= 6.8 Hz);
1.10—1.90 (m, 26 H, C(2)Me, CH,, CH); 1.98, 2.02, 2.12 (all s,
3 H each, Me(Ar)); 2.36, 2.53 (both m, 1 H each, Pri); 2.56
(t,2 H, H,C(4), /= 6.3 Hz); 3.33 (d, | H, CHNH, J=4.0 Hz);
4.89 (dd, 1 H, CHNH, J= 4.0 Hz, J= 9.2 Hz); 7.94 (d, 1 H,
NH, J=9.2 Hz).
N-[3-Oxolup-20(29)-en-28-0yl]-1-benzotriazole (10). EDC
(0.12 g, 0.75 mmol), HOBT (0.1 g, 0.75 mmol), and betulonic
acid (0.18 g, 0.4 mmol) were added with stirring to a solution of
amine 4b (0.26 g, 0.5 mmol) in dry CH,Cl, (3 mL). The reaction
mixture was vigorously stirred for 6 h at room temperature, left

for ~14 h, diluted with CH,Cl, (20 mL), washed with water
(3x50 mL), dried with MgSOy, and concentrated in vacuo. The
residue was chromatographed on a column with SiO, (elution
with chloroform). Yield 78%. Found (%): C, 75.68; H, 8.59;
N, 7.31. C34H49N30;. Calculated (%): C, 75.62; H, 8.64;
N, 7.35. IR, v/em~1: 1700 (C=0); 1740 (0O—C=0). 'H NMR,
8:0.89,0.94, 1.04, 1.07, 1.09 (all s, 3 H each, C(4)Me, C(8)Me,
C(10)Me, C(14)Me); 1.20—2.20 (m, 21 H, CH,, CH); 1.69 (s, 3 H,
C(20)Me); 2.30—2.70 (m, 3 H, C(13)H, C(16)H,); 3.02 (m, 1 H,
C(19)H); 4.65, 4.74 (both s, 1 H each, C(29)H,); 7.39 (d, 1 H,
H arom., /= 8.0 Hz); 7.44, 7.57 (both t, 1 H each, H arom.,
J=28.0 Hz); 8.10 (d, 1 H, H arom., /= 8.0 Hz).

N-[3-Oxolup-20(29)-en-28-oyl]aminoacetic acid (11) was
prepared by a known procedure.!? Yield 85%. Found (%): C,
75.15; H, 9.62; N, 2.70. C5,H49NO,. Calculated (%): C, 75.11;
H,9.65; N, 2.74. IR, v/cm~!: 1640 (CONH); 1700 (C=0); 3450
(NH). 'TH NMR, &: 0.91, 0.95, 0.97, 1.01, 1.06 (all s, 3 H each,
C(4)Me, C(8)Me, C(10)Me, C(14)Me); 1.18—2.10 (m, 21 H,
CH,, CH); 1.67 (s, 3 H, C(20)Me); 2.30—2.55 (m, 3 H, C(13)H,
C(16)H,); 3.07 (m, 1 H, C(19)H); 4.03 (m, 2 H, CH,NH); 4.59,
4.72 (both s, 1 H each, C(29)H,); 6.32 (1 H, NH).

(RS)-o-Tocopheryl a-{/N-[3-oxolup-20(29)-en-28-oyl]ami-
no}carboxylates 9a—e (general procedure). 4. A solution of the
corresponding acid chloride 8a—c (1 mmol) and amine 4a—c
(1.1 mmol) in dry benzene (10—12 mL) was refluxed for 0.5—1 h
(TLC monitoring in system C). The mixture was cooled to room
temperature, washed with a 10% solution of NaHCO; and wa-
ter, dried with MgSOy, and concentrated in vacuo. The residue
was chromatographed on a column with SiO, (elution with
CHCl,) to give the corresponding conjugate 9a—e.

B. DMAP (0.004 g, 0.03 mmol), betulonic acid amide 11
(0.16 g, 0.31 mmol) (prepared by a described procedure!?), and
DCC (0.06 g, 0.28 mmol) were added with stirring to a solution
of a-tocopherol (1) (0.11 g, 0.25 mmol) in dry CH,Cl, (5 mL).
The reaction mixture was vigorously stirred for 4 h at room tem-
perature. The precipitated dicyclohexylurea was filtered off, and
the filtrate was concentrated. The residue was chromatographed
on a column with SiO, (elution with CHCI;) to give 0.19 g of a
product mixture. Repeated column chromatography (SiO,, elu-
tion with CHCl5) gave 0.07 g (29%) of compound 9a the 'H and
13C NMR spectra of which were identical to the spectra of the
product obtained by procedure 4.

2,5,7,8-Tetramethyl-2-(4,8,12-trimethyltridecyl)-3,4-di-
hydro-2 H-chromen-6-yl 25-{/N-[ 3-oxolup-20(29)-en-28-oyl]ami-
no}-3-methylbutanoate (9b). Yield 72%, [o]p2° —4.1 (¢ 1.6,
CHClI;). Found (%): C, 79.49; H, 10.78; N, 1.43. C¢,H(3NO:s.
Calculated (%): C, 79.53; H, 10.74; N, 1.45. IR, v/cm™!:
1640 (CONH); 1700 (C=0); 1730 (O—C=0); 3390 (NH). UV
(CHCls), Apq/nm (€): 287 (1785). 'H NMR, &: 0.87 (m, 12 H,
C(4")Me, C(8")Me, C(12")Me); 0.90, 0.92, 0.93, 1.00, 1.08 (all s,
3 Heach, C(4”)Me, C(8”)Me, C(10")Me, C(14”)Me); 1.14(d,6 H,
2 Me(Pri), J = 5.6 Hz); 1.20—1.92 (m, 21 H, CH,, CH in the
betulonic acid residue, 1 H, Pri and 26 H, C(2)Me, CH,, CHin
o-tocopherol residue); 1.69 (s, 3 H, C(20”)Me); 1.97, 2.01, 2.09
(all s, 3 H each, Me(Ar)); 2.35—2.55 (m, 3 H, C(13”)H,
C(16")H,); 2.70 (t, 2 H, C(4)H,, J= 6.2 Hz); 3.14 (m, 1 H,
C(19")H); 4.60, 4.75 (both s, 1 H each, C(29”)H,); 4.59 (dd, 1 H,
CHNH),/=9.2Hz,J=3.6 Hz);6.10 (d, 1 H,NH,J=9.2 Hz).

2,5,7,8-Tetramethyl-2-(4,8,12-trimethyltridecyl)-3,4-di-
hydro-2 H-chromen-6-yl 25-{N-[3-oxolup-20(29)-en-28-oyl]ami-
no}-3-phenylpropanoate (9c). Yield 70%, [a]p?® —1.3 (c 6.1,
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CHCI3). Found (%): C, 80.43; H, 10.16; N, 1.34. CcgHo3NO:s.
Calculated (%): C, 80.50; H, 10.23; N, 1.38. IR, v/cm™ L
1660 (CONH); 1700 (C=0); 1740 (O—C=0); 3400 (NH). UV
(CHCl), Aya/nm (g): 286 (2688). 'H NMR, &: 0.87 (m, 12 H,
C(4")Me, C(8")Me, C(12")Me); 0.89,0.91, 0.95, 1.04, 1.08 (all s,
3 Heach, C(4”)Me, C(8”)Me, C(10”")Me, C(14”")Me); 1.20—1.90
(m, 21 H, CH,, CH in the betulonic acid residue and 26 H,
C(2)Me, CH,, CH in a-tocopherol residue); 1.65 (s, 3 H,
C(20")Me); 1.96, 2.00, 2.10 (all s, 3 H each, Me(Ar)); 2.30—2.55
(m, 3 H, C(13”)H, C(16”")H,); 2.60 (t, 2 H, C(4)H,, /= 6.2 Hz);
3.10 (m, 2 H, C(19”)H, H (CH,Ph)); 3.52 (dd, 1 H, CH,Ph,
J=14.0 Hz,J=4.5Hz);4.58,4.71 (bothss, 1 H each, C(29")H,);
5.20 (m, 1 H, CHNH); 5.96 (d, 1 H, NH, J= 8.0 Hz); 7.33
(m, 5 H, Ph).
2,5,7,8-Tetramethyl-2-(4,8,12-trimethyltridecyl)-3,4-di-
hydro-2 H-chromen-6-yl { N-[3B-hydroxylup-20(29)-en-28-oyl]-
amino}ethanoate (9d). Yield 61%, [a]p2® +12.5 (¢ 0.52, CHCl5).
Found (%): C, 79.03; H, 10.81; N, 1.50. C4;HggNOjs. Calculat-
ed (%): C, 79.08; H, 10.77; N, 1.51. IR, v/cm~': 1700 (CONH);
1770 (O—C=0); 3450 (NH, OH). UV (CHCl;), A, /nm (g):
286 (1776). 'H NMR, &: 0.84—0.89 (m, 21 H, Me); 0.95, 0.99
(both s, 3 H each, Me); 1.00—1.90 (m, 23 H, CH,, CH in the
betulinic acid residue and 26 H, C(2)Me, CH,, CH in a-toco-
pherol residue); 1.70 (s, 3 H, C(20”)Me); 1.98, 2.02, 2.10 (all s,
3 H each, Me(Ar)); 2.21—2.30 (m, 1 H, C(13”)H); 2.60 (t, 2 H,
C(4)H,, J= 6.4 Hz); 3.02 (m, 1 H, C(19”)H); 4.43 (br.s, 2 H,
CH,NH); 4.67 (m, 2 H, C(3”)H, C(29”)H); 4.75 (s, 1 H,
C(297)H); 7.64 (br.s, 1 H, NH).
2,5,7,8-Tetramethyl-2-(4,8,12-trimethyltridecyl)-3,4-di-
hydro-2 H-chromen-6-yl {N-[3B-acetoxylup-20(29)-en-28-oyl]-
amino}etanoate (9¢). Yield 82%, [a]p2’ +6.5 (¢ 0.7, CHCl5).
Found (%): C, 78.08; H, 10.54; N, 1.42. C43H;;NOg. Calculat-
ed (%): C, 78.13; H, 10.51; N, 1.45. IR, v/em~!: 1650 (CONH);
1700 (C=0); 1750 (O—C=0); 3400 (NH). UV (CHCly),
Amax/NM (€): 287 (1608). 'H NMR, §: 0.84—0.88 (m, 21 H, Me);
0.92, 0.97 (both s, 3 H each, Me); 1.00—1.93 (m, 23 H, CH,,
CH in the betulinic acid residue and 26 H, C(2)Me, CH,, CH
in o-tocopherol residue); 1.69 (s, 3 H, C(20”)Me); 1.99, 2.03,
2.10 (all s, 3 H each, Me(Ar)); 2.04 (s, 3 H, OAc); 2.50 (m, 1 H,
C(137)H); 2.59 (t, 2 H, C(4)H,, J= 6.4 Hz); 3.11 (m, 1 H,
C(19”)H); 4.27 (dd, 1 H, CHNH, J=18.0 Hz, /= 4.4 Hz); 4.36
(dd, 1 H, CHNH, J= 18.0 Hz, J= 5.2 Hz); 447 (dd, 1 H,
C(3”)H, J= 8.8 Hz, /= 4.4 Hz); 4.60, 4.75 (both s, 1 H each,
C(29")H); 6.23 (dd, 1 H, NH, J=5.2 Hz, /= 4.4 Hz).
(RS)-o-Tocopheryl-a-{ N-[3-oxolup-20(29)-en-28-oyl]ami-
no}carboxylates 9f,g (general procedure). EDC (0.7 mmol) and
freshly prepared chloride 8a (0.4 mmol) were added dropwise to
a stirred solution of compound 7a or 7b (0.5 mmol) in dry CH,Cl,
(10 mL). The reaction mixture was kept for 18 h at room temper-
ature, washed with water, dried with MgSO,, and concentrated
in vacuo. The residue was chromatographed on a column with
SiO, (elution with CHCI,) to give conjugates 9f,g, respectively.
2,5,7,8-Tetramethyl-2-(4,8,12-trimethyltridecyl)-3,4-di-
hydro-2 H-chromen-6-yl [ (3-oxolup-20(29)-en-28-oyl)aminoace-
tylamino]etanoate (91). Yield 79%, [o]p2® +9.7 (c 0.3, CHCl;).
Found (%): C, 77.14; H, 10.23; N, 2.87. C¢3H;((N,04. Calcu-
lated (%): C, 77.10; H, 10.27; N, 2.85. IR, v/cm~!: 1660
(CONH); 1700 (C=0); 1760 (O—C=0); 3350 (NH). UV
(CHCly), Apa/nm (g): 287 (2361). 'H NMR, &: 0.87 (m, 12 H,
C(4")Me, C(8")Me, C(12")Me); 0.90, 0.93, 0.96, 1.01, 1.06 (all s,
3 Heach, C(4”)Me, C(8”)Me, C(10”")Me, C(14")Me); 1.10—1.90

(m, 21 H, CH,, CH in the betulonic acid and 26 H, C(2)Me,
CH,, CH in o-tocopherol residue); 1.67 (s, 3 H, C(20”)Me);
1.95, 1.99, 2.07 (all s, 3 H each, Me(Ar)); 2.35—2.55 (m, 3 H,
C(13")H, C(16")H,); 2.60 (t, 2 H, C(4)H,, /= 6.4 Hz); 3.07
(m, 1 H, C(19”)H); 3.98 (br.s, 2 H, CH,NH); 4.28 (br.s,
2 H, CH,NH); 4.59, 4.71 (both s, 1 H each, C(29”)H); 6.87
(m, 2 H, NH).

2,5,7,8-Tetramethyl-2-(4,8,12-trimethyltridecyl)-3,4-di-
hydro-2 H-chromen-6-yl 3-methyl-25-[2.5-(3-oxolup-20(29)-en-
28-oyl)amino-3-methylbutanoylamino]butanoate (9g). Yield 44%,
[a]p?® —16.4 (c 2.25, CHCl3). Found (%): C, 77.81; H, 10.53;
N, 2.65. CgoH;;3N,0q. Calculated (%): C, 77.77; H, 10.59;
N, 2.63. IR, v/cm~!: 1650 (CONH); 1700 (C=0); 1740
(0—C=0); 3380 (NH). UV (CHCl3), Apa/nm (g): 286 (2800).
'H NMR, &: 0.88 (m, 12 H, C(4")Me, C(8")Me, C(12")Me);
0.92, 0.97, 0.99, 1.01, 1.04, 1.07, 1.09, 1.11 (all s, 3 H each,
C(4”)Me, C(8")Me, C(10”)Me, C(14")Me, 12 H, 4 Me(Pr'));
1.20—1.95 (m, 21 H, CH,, CH in the betulonic acid residue,
2 H, Priand 26 H, C(2)Me, CH,, CH in o-tocopherol residue);
1.68 (s, 3 H, C(20”")Me); 1.97, 2.04, 2.10 (all s, 3 H each,
Me(Ar)); 2.40—2.55 (m, 3 H, C(13”)H, C(16")H,); 2.62 (t,2 H,
C(4)H,, /= 6.0 Hz); 3.13 (m, 1 H, C(19")H); 4.31 (t, 1 H,
CHNH, J = 8.0 Hz); 4.60, 4.75 (both s, 1 H each, C(29”)H,);
4.93 (dd, 1 H, CHNH, J= 8.4, J= 4.4 Hz); 6.30 (t, 1 H, NH,
J=8.4 Hz); 6.90 (m, 1 H, NH).
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for Basic Research (Project No. 07-03-00438).

References

1. L. F. Tietze, H. P. Bell, S. Chandrasekhar, Angew. Chem.,
Int. Ed. Engl., 2003, 42, 3996.

2. K. Nakagawa-Goto, K. Yamada, S. Nakamura, T.-H. Chen,
P.-C. Chiang, K. F. Bastow, S.-C. Wang, B. Spohn, M.-C.
Hung, F.-Yu. Lee, F.-C. Lee, K.-H. Lee, Bioorg. Med. Chem.
Lett., 2007, 17, 5204.

3. EP 1682552; Chem. Abstrs, 2008, 148, 262770.

4. R. Vallinayagam, J. Weber, R. Neier, Org. Lett., 2008,
10, 4453.

5. S. Manfredini, S. Vertuani, B. Manfredi, G. Rossoni, G. Cal-
viello, P. Palozza, Bioorg. Med. Chem., 2000, 8, 2791.

6. P. Arya, N. Alibhai, H. Qin, G. W. Burton, Bioorg. Med.
Chem. Lett., 1998, 8, 2433.

7. M. Tobe, Y. Isobe, Y. Goto, F. Obara, M. Tsuchiya, J. Mat-
sui, K. Hirota, H. Hayashi, Bioorg. Med. Chem., 2000,
8, 2037.

8. M. Koufaki, T. Calogeropoulou, E. Rekka, M. Chryselis,
P. Papazafiri, C. Gaitanaki, A. Makriyannis, Bioorg. Med.
Chem., 2003, 11, 5209.

9.T. G. Tolstikova, 1. V. Sorokina, G. A. Tolstikov, A. G.
Tolstikov, O. B. Flekhter, Bioorgan. Khim., 2006, 32, 42
[Russ. J. Bioorg. Chem. (Engl. Transl.), 2006, 32].

10. G. A. Tolstikov, O. B. Flekhter, E. E. Shul‘ts, L. A. Baltina,
A. G. Tolstikov, Khimiya v Interesakh Ustoichivogo Raz-
vitiya |Chemistry for Sustainable Development], 2005, 13, 1
(in Russian).

11. A. Yu. Spivak, O. V. Khabibrakhmanova, R. R. Mufazzalo-
va, V. N. Odinokov, U. M. Dzhemilev, Dokl. Akad. Nauk,
2008, 423, 627 [ Dokl. Chem. (Engl. Transl.), 2008, 423].



250 Russ.Chem.Bull., Int.Ed., Vol. 59, No. 1, January, 2010

Spivak et al.

12. A. N. Antimonova, N. V. Uzenkova, N. I. Petrenko, M. M.
Shakirov, E. E. Shul’ts, G. A. Tolstikov, Khim. Prirodn. So-
edinen., 2008, 259 [Chem. Nat. Compd. (Engl. Transl.), 2008,
44, 327].

13. O. B. Flekhter, E. I. Boreko, L. R. Nigmatullina, E. V.
Tret 'yakova, N. 1. Pavlova, L. A. Baltina, S. N. Nikolaeva,
O. V. Savinova, V. F. Eremin, F. Z. Galin, G. A. Tolsti-
kov, Bioorgan. Khim., 2004, 30, 89 [Russ. J. Bioorg. Chem.
(Engl. Transl.), 2004, 30].

14. Chen Sun, Chin-Ho Chen, Y. Kashiwada, J.-H. Wu, H.-K.
Wang, K.-H. Lee, J. Med. Chem., 2002, 45, 4271.

15. G. V. Lopez, F. Blanco, P. Hernandez, A. Ferreira, O. E.
Piro, C. Batthyany, M. Gonzalez, H. Rubbo, H. Cerecetto,
Bioorg. Med. Chem., 2007, 15, 6262.

16. R. M. Kondratenko, L. A. Baltina, E. V. Vasil’eva, L. A.
Baltina, Jr., A. F. Ismagilova, Kh. M. Nasyrov, N. Zh.
Baschenko, R. M. Kireeva, S. M. Fridman, G. A. Tolsti-

kov, Bioorgan. Khim., 2004, 30, 61 [Russ. J. Bioorg. Chem.
(Engl. Transl.), 2004, 30].

17. G. A. Tolstikov, M. I. Goryaev, Kh. O. Kim, R. A. Khegai,
Zh. Prikl. Khim., 1967, 40, 920 [J. Appl. Chem. USSR
(Engl. Transl.), 1967, 40].

18. Le Bang Shon, A. P. Kaplun, A. A. Shpilevskii, Yu. E.
Andiya-Pravdivyi, S. G. Alekseeva, V. B. Grigor’ev, V. I.
Shvets, Bioorgan. Khim., 1998, 24, 787 | Russ. J. Bioorg. Chem.
(Engl. Transl.), 1998, 24].

19. K. Hiroya, T. Takahashi, N. Miura, A. Naganuma, T. Saka-
moto, Bioorg. Med. Chem., 2002, 10, 3229.

Received April 13, 2009;
in revised form September 10, 2009




