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L-ascorbic acid (LT, AsA L EIKT2) ORES IS <, 1928 41T Szent-Gyorgyi HIZ XD,
U ORIERA L VNG Sy EES AL, 1933 F21Z Haworth & Karrer 52 X0, {baEER
PE S 4, B (scurvy) 12 L CHUEE MR /EH  (anti-scorbutic) Z /R T#ME TdH 5 Z &)
5, ascorbic acid & @4, S 7=, 1937 4E1Z, Szent-Gyorgyi 1%/ — VAL 2 Haworth &
Karrer 1Z/ —~ U LEEEZZE L TWD. ZOT AL E VBRSNS R R 5, LR
ED-ERPFAELTEY, B2 I CEMZRT ORI LA L > TS, AsA TFIE T
I CAM SN TV OIMETH LM, b MR EDERMITL, AsA DERRICKLER L-7 1 /)
TR ARTE =B EFo TRV, (FKNTITERTERY. D7), b MIR
W o AsA HHBEET 2 %R 5. Fiz, AsA L, FiRE(LIER, A 7 = EAMGIER, =
T =T VRN, EMREHEN, 81 A OWINB LU EME Ch L= e VT
U DERINHI 2 R AR S TER Y D, EE, A, SRR KUY 2 PRk«
B THH SN TS, Bx X2 E TIC AsA OFIRRLERICER L, MO FiER{biEd
AT % AsA PFEK 3-O-laurylglyceryl-AsA % Bi% LT % 29 (Figure 1). £7=, {LBESY
FIZBWTIEL AsSA DIEIOHR TS, EREHZROTHEHNESND ZL1EL, AT =20
AMEHEERICEH LT AA BEERPIBAELITTICAKRSINLTEY,
2-O-a-D-glucopyranosyl-AsA, magnesium L-ascorbyl-2-phosphate, 3-O-ethyl-AsA 7¢ & D5 E (K
(Figure 1) 23pA%E S h, EHIMAALOFEAIE L THRAI SN TEY, BEx REHMBIMLIZ
FIRESN TV D ASARZDFFERIT, Fo v —BEEEFENEZ26T528 T, A 7=
VEEAZIH L CTE Y, AsA 1T o-quinone % o-diphenol =TT HIEHZ HOD T,
L-DOPAquinone % L-DOPA |28 5 2 & T, AT = EEAZMKEILTWS ), ZoFn
VI —RBIIAE G AT OMAETHY, KERLEEZOBLZIET DA T = OFEAIZEER
BB R LT D Y,
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Figure 1. Structure of L-ascorbic acid derivatives.
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HEFIMAEN LN DO TH o7, TENOEMHRT D7201T, Foxld AsA D= D F—/L A
D2 ODOKEEFEIZ 7Y v U VI A ER LT, AsA F5E (K 2 3-di-glyceryl-AsA (Figure 1) % B
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ZENRLSZEIBATHIENAETH D, LLRRG, ZTiuh AsA FFERSS AsA 12
BOTE, BUKMWE THLT20, RBMEDMES EERIZ A T = EEAMGIEN 2 563 5
2L, BVIRECOBHANLETH D, £z, ZORBMEOKS DD, +5372 AT =5
FERIHERNIIAR B Cn o Tz,



AT=v

VIRFEDNTI, KT E S THUNAD—D2TH Y, Z DI EMRT R 73
FUEBERLASBRTE STV D, 2 D3 FBHES O B ARERN TORSHHBITITER 2,000 &
WX ODETHRELTEBY, 2o bEOFHEOEIDERDH., ZOTIREEINTO
PEAEIZITIA 7 = U BESBFR LTV S,

AT =0, B, W, B L OERE R EICR LD RROBHETH Y, AB—7aR
U7 x /)= VEROBEHEREEDARES T ThD. ZOAT =1, HANOEAET
xRtz 2T 5WETHY 9 X5 =0 O@BILE ORI 72 Lk 2 7RI K
p Wb RARLCHILEOKER L OBEZOGBEREL TS, 2047 =3 HERE
ZCHEASRTEY 19 UV 7 EOWIRIEIFEREN L2175 2 L IC kY, IREEE
ZNHHENLF->TND, LL, UV ~EREEFEINDI LR EICLD AT =00
RIFEAIL, HEE, 2107, BEIEO X O RREEELHESETHEEE > TN5D
V20 25 =%, REOKIERBICAMLTNDEAT )AL WL RWENTEY, A7
J ¥ A ~iE UV, Pro-opiomelanocortin (POMC) 1 3k @ o-melanocyte stimulating hormone
(a-MSH) 3 X UMD~ F R 15 22972 5, 1N theophyline 72 E DR AR VT AT T —
PHERZ B0 RERTFICZ o TR SN ZERHMbN TS, ZALRIBIZED,
a2 N LTAT )Y —AIIBWTAT=UREEAIND. 2O XAT =1,
L-tyrosine, L-3,4-dihydroxyphenylalanine (L-DOPA) % X & & L, ¥ v v F — ¥,
tyrosinase-related protein-1, 2 (TRP-1, TRP-2) % |z L v filit S HupEk 415 20 (Figure 2).
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Figure 2. The melanogenic pathway.
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3-0-(2,3-dihydroxypropyl)-AsA (1) (Scheme 1) ¥ XL ' 2-O-(2,3-dihydroxypropyl)-AsA (2)
(Scheme 2) DA ZEIT 7= %), FISSEMEE LT, NaHCOs % 0.3eq i L TRISAITH 2 &
IZE D, AsA D IAKEEFE~D S HELT L, NaHCO3 % 2.0eq sl L TG %

S =

-

Z&
ERERUSIE, BRPESRAT T TUE, SALKERIE DOMREEIC LR AsA B & DBRDMRIE L 72 0 FUS A

1752 &1
AT L, HEMESRM T T 2 MKBREICEIGHEIT LIz SR snbd. 72, 2O,
WL U CKZMERH L TEREY, HoR#ESHLIR

HEPERAT 7

0, AsA O 2 (IKFERFERINANZ T L X LRSI EIT L, BEULEW % T0%D UL T,
B NMR A7 MU &0 &% 8 L7 (Figure 3).
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Scheme 1. Synthesis of 3-O-(2,3-dihydroxypropyl)-AsA (1).
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Scheme 2. Synthesis of 2-O-(2,3-dihydroxypropyl)-AsA (2).
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Figure 3. HMBC signal of 3-O-(2,3-dihydroxypropyl)-AsA (1) and
2-0-(2,3-dihydroxypropyl)-AsA (2).
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FECBWTHELNT L ZREHE LT, fx DrFEHE O alkyl bromide %5 H L&
1795 Z & T, 13 flid 2-0-alkyl-3-0-(2,3-dihydroxypropyl)-AsA (3—15) D&k &1T - 7= 3
(Scheme 3). #5572 AGA FHERDINHR %, Table 112”7, F7z, 2 25k E LT, AERIC
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Scheme 3. Synthesis of 2-O-alkyl-3-O-(2,3-dihydroxypropyl)-AsA (3-15).

Table 1. Yield of 2-O-alkyl-3-O-(2,3-dihydroxypropyl)-AsA (3-15).

n Compound yield (%) %
1 3-0-(2,3-dihydroxypropyl)-2-O-ethyl-AsA (3) 28
2 3-0-(2,3-dihydroxypropyl)-2-O-propyl-AsA (4) 43
3 2-O-butyl-3-0-(2,3-dihydroxypropyl)- AsA (5) 33
4 3-0-(2,3-dihydroxypropyl)-2-O-pentyl-AsA (6) 45
5 3-0-(2,3-dihydroxypropyl)-2-O-hexyl-AsA (7) 37
6 3-0-(2,3-dihydroxypropyl)-2-O-heptyl-AsA (8) 41
7 3-0-(2,3-dihydroxypropyl)-2-O-octyl-AsA (9) 51
8 3-0-(2,3-dihydroxypropyl)-2-O-nonyl-AsA (10) 42
9 2-O-decyl-3-0O-(2,3-dihydroxypropyl)-AsA (11) 39
10 3-0-(2,3-dihydroxypropyl)-2-O-undecyl-AsA (12) 40
11 3-0-(2,3-dihydroxypropyl)-2-O-dodecyl-AsA (13) 55
12 3-0-(2,3-dihydroxypropyl)-2-O-tridecyl-AsA (14) 35
13 3-0-(2,3-dihydroxypropyl)-2-O-tetradecyl-AsA (15) 45

¥ :Yield is not optimized.
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Scheme 4. Synthesis of 3-O-alkyl-2-O-(2,3-dihydroxypropyl)-AsA (16-28).

Table 2. Yield of 3-O-alkyl-2-O-(2,3-dihydroxypropyl)-AsA (16-28).

OH

n Compound yield (%)
1 2-0-(2,3-dihydroxypropyl)-3-O-ethyl-AsA (16) 31
2 2-0-(2,3-dihydroxypropyl)-3-O-propyl-AsA (17) 50
3 3-O-butyl-2-0O-(2,3-dihydroxypropyl)-AsA (18) 53
4 2-0-(2,3-dihydroxypropyl)-3-O-pentyl-AsA (19) 50
5 2-0-(2,3-dihydroxypropyl)-3-O-hexyl-AsA (20) 38
6 2-0-(2,3-dihydroxypropyl)-3-O-heptyl-AsA (21) 58
7 2-0-(2,3-dihydroxypropyl)-3-O-octyl-AsA (22) 70
8 2-0-(2,3-dihydroxypropyl)-3-O-nonyl-AsA (23) 79
9 3-O-decyl-2-0-(2,3-dihydroxypropyl)-AsA (24) 48
10 2-0-(2,3-dihydroxypropyl)-3-O-undecyl-AsA (25) 6
11 2-0-(2,3-dihydroxypropyl)-3-O-dodecyl-AsA (26) 43
12 2-0-(2,3-dihydroxypropyl)-3-O-tridecyl-AsA (27) 13
13 3-O-tetradecyl-2-0-(2,3-dihydroxypropyl)-AsA (28) 47

¥ :Yield is not optimized.
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Table 3. Inhibitory effects of alkylglyceryl AsA (1-28) and commercially available AsA derivatives
on theophylline-stimulated melanogenesis and viability of B16 melanoma 4A5 cells.

Inhibition (%) 1Cso
Treatment
0 uM 100 pM 300 uM 1000 puM 3000 uM (M)
3-0-(2,3-dihydroxypropyl)- 0041 -11.8+1.9 -10.7+11 -5.0+29 05+25 3000
AsA (1) (100.0+6.4)  (100.0 %+ 1.0) (96.8+2.3)  (1004+04)  (107.9+1.0)
2-0-(2,3-dihydroxypropyl)- 00+4.4 —97+12 —-48+10 2317 —6.1+27 3000
AsA (2) (100.0+85) (101.2+2.2) (1020+36) (101.6+32) (106.7+1.8)
3-0-(2,3-dihydroxypropyl)- 0059  -28.1£32 -2.8+36 -8.9+20 404£867
2-O-ethyl-AsA (3) (100.0+3.3)  (101.3+3.3) (99.7+1.8)  (101.3+15) (103.8+4.1)
3-0-(2,3-dihydroxypropyl)- 0.0+9.2 —2.1%53 8.2+32 25+79 3B9E3A*
2-O-propyl-AsA (4) (100.0+1.3) (101.6+1.9) (98.2+1.7) (94.5 +2.0) (95.0 + 1.5)
2-0-butyl-3-0-(2,3-dihydroxy- 0.0+6.0 -1.2+0.8 208+106  302+51*% 58927
propyl)-AsA (5) (100.0+2.1)  (945+2.3) (97.4 +£0.8) (93.9 +0.8) (88.7 +1.1)
3-0-(2,3-dihydroxypropyl)- 00+114  -14.0+9.7 29.8+8.1 459+12*  81.9+3.3** 931
2-O-pentyl-AsA (6) (100.0+21) (1181%29) (107.3%£23) (1051+1.2) (787+1.1%
2-0-(2,3-dihydroxypropyl)- 0.0+3.0 —42+23 —-54+15 121+£22* 420+14** 3000
3-O-ethyl-AsA (16) (100.0+6.2)  (104.9+1.4) (95.9£1.2) (95.9 +3.1) (84.0+1.1)
2-0-(2,3-dihydroxypropyl)- 00+7.4 -5.9+33 -39+41 1.3+42 232+56*
3-O-propyl-AsA (17) (100.0+4.3)  (98.4+4.7) (95.6 £ 3.5) (92.0 +2.3) (82.9+2.3)
3-0-butyl-2-0-(2,3-dihydroxy- 0.0+27 02+4.4 363+£28*  68.0+21*  841+14%** 473
propyl)-AsA (18) (100.0+1.0)  (99.8+1.1) (89.1£16) (781+05% (706+1.0%
2-0-(2,3-dihydroxypropyl)- 0.0+52 140+44* 530+1.1* 831+14*  971+09** 283
3-O-pentyl-AsA (19) (100.0+0.4)  (86.7+15)  (734+07% (547+08% (225+05%
2-0-(2,3-dihydroxypropyl)- 00+£29  435+26* 77.0£21*  949+15*  80.9+4.1** 17
3-O-hexyl-AsA (20) (100.0+1.0)  (95.3+0.6) (839+04) (60.8+06" (447+1.9%
0.0+1.7 -17.4+4.0 3.8+4.7
ASA (100.0 + 2.2) o - (103.8 + 0.8) (89.2+0.8) >3000
magnesium 0.0£55 B B 2141 U5£13*
L-ascorbyl-2-phosphate (100.0 £ 0.5) (125.6 + 3.6) (92.8 £3.0)
2-0-a-D-glucopyranosyl- 0.0+3.0 o o —-8.9+27 150+35* 3000
AsA (100.0 + 4.3) (106.8+22)  (108.4+5.4)
erythrobic acid 00+6.7  -229+65 -10.6+4.8 758 +4.2%% 926 +153** B
(100.0£5.7)  (98.7+4.3) (948+36)  (445+20% (298+£22%
arbutin 0.0+£100 322+34*  223+43* 630+23*  940+28%* 830
(100.0£37) (922 +0.6) (96.0 + 2.0) (96.2+2.7)  (105.8+2.9)
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Table 3. Cont.

Inhibition (%) 1Csq
Treatment
0uM 3uM 10 uM 30 uM 100 uM (LM)
3-0-(2,3-dihydroxypropyl)- 0.0+57 -1.8+49 56+20 26.2 £6.0 ** 53.1+£3.1** 814
2-O-hexyl-AsA (7) (100.0+6.0) (1021+49%  (96.1+49)  (884+66)  (77.1+58% '
3-0-(2,3-dihydroxypropyl)- 0.0+95 —4.2+63 3.4%52 200£64%  522+50*
2-O-heptyl-AsA (8) (100.0+£0.7)  (100.6 + 3.0) (95.4+3.6)  (91.9x47)  (79.7+29% '
3-0-(2,3-dihydroxypropyl)- 0.0+83 57+6.9 106+46* 224+44*  641£82*
2-O-octyl-AsA (9) (100.0+5.1) (1084+62) (102.8+48)  (92.5%4.6) (80.0 £ 4.4) '
3-0-(2,3-dihydroxypropyl)- 0.0+59 02+44 191+13* 519£46*  9L6x12* o
2-0-nonyl-AsA (10) (100.0+£23)  (99.2 £0.5) (889+42) (776+36"  (584%23% '
2-O-decyl-3-0-(2,3-dihydroxy- 0.0+6.7 3.7+78 39.2£4.1%*  781+48** 98037
propyl)-AsA (11) (100.0+4.3)  (98.6+4.3) (859+23) (735+58"  (27.9+2.87% '
3-0-(2,3-dihydroxypropyl)- 00+29  124+30**  354%28** 893+15** 100347*
2-O-undecyl-AsA (12) (100.0£4.8)  (106.2+2.5) (90.8+7.1) (69.0+19%  (258x1.9% '
3-0-(2,3-dihydroxypropyl)- 00£53  204£102*  500£57** 960+£29**  97.9:42* o
2-O-dodecyl-AsA (13) (1000+£7.3) (112.1+58) (103.8+12) (73.3+21%  (246+3.4%) '
3-0-(2,3-dihydroxypropyl)- 0052 0.1+86 460+79*  O7.1£23* 1078£01*
2-O-tridecyl-AsA (14) (1000+£2.7)  (96.3+3.5) (872+18) (63.7+11%  (235+21% '
3-0-(2,3-dihydroxypropyl)- 0.0+7.1 6.3+26 484£22*% O76+18* 1000£182*
2-O-tetradecyl-AsA (15) (100.0£23) (101.2+1.8) (89.1+45) (56.3%32%  (21.0x24% '
2-0-(2,3-dihydroxypropyl)- 0.0+28 —6.3+27* 09+82  21L0%50**  44662*
3-O-heptyl-AsA (21) (100.0£7.1)  (97.9£0.9) (927+37)  (92.7+4.2) (86.3%2.7)
2-0-(2,3-dihydroxypropyl)- 00+88  -104+6.0 1.0£7.0 2.3%59 s4gx82*
3-0-octyl-AsA (22) (100.0£2.0)  (98.8+3.4) (99.3£52)  (91.6+4.0) (83.0 £4.9)
2-0-(2,3-dihydroxypropyl)- 0.0+14.8 -1.3+94 —2.6+80 14.9+56 TT1x24%
3-0-nonyl-AsA (23) (100.0+2.4)  (96.6 £5.5) (906+£22)  (81.2+47)  (60.7+32% '
3-0O-decyl-2-0-(2,3-dihydroxy- 0.0+5.0 -5.8+6.0 209+54* 643+38** 102.7x24** 235
propyl)-AsA (24) (100.0£32)  (925+£5.7) (87.1+1.6) (685+26"  (343+15% '
2-0-(2,3-dihydroxypropyl)- 0.0%20 51£23*  266+30** 85.0:38** 1008%101** .
3-O-undecyl-AsA (25) (100.0+4.8)  (101.0£2.9) (858+35) (536+27% (240057 '
2-0-(2,3-dihydroxypropyl)- 0.0+7.9 141+85%  460%30** 962+28** 896+244*
3-O-dodecyl-AsA (26) (100.0+7.2)  (99.8+4.2) (873+£28) (455+11% (243+127% '
2-0-(2,3-dihydroxypropyl)- 00£84  201#57**  442+39* 966+30** 11294101*
3-O-tridecyl-AsA (27) (100.0 £ .55)  (104.9 +4.1) (843+28) (402%25% (21.0+15% '
2-0-(2,3-dihydroxypropyl)- 0076  328%72*  757+39* 0950+84*F  952+20.7 ** 50
3-O-tetradecyl-AsA (28) (100.0+1.3)  (85.1+46) (62.6+16% (23.0+21% (181+19% '
hdroai 00+44  374%37*  595+37* 763+21%** 67
ydroguinone (1000+16) (941%17)  (g52+14) (6434087 - '

Each value represents the mean _ S.D. (n = 4); asterisks denote significant differences from the
control group, * p <0.05, ** p < 0.01; # cytotoxic effects were observed, and values in parentheses
indicate cell viability (%). —: not measured.

Table 3 (/R X 5 IZ, EHESM DAY & LTRSS, BRICHSTHEA ST
% magnesium L-ascorbyl-2-phosphate <> 2-O-a-D-glucopyranosyl-AsA (235 T 39,3000 uM @
IREECTHEALIC A T = VAT IIHRIT 2 Z L RSNz, LvL, 210D AsA FHEKILE
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WA T = U REEAIEER 2G5 arbutin X 0 HAKUVEME(Cs, = 830 pM) ¥ B ThH o 7=,
AsA D 2 (KERIEIZ T L VBN FES Lz, —i# o 2-0-alkyl-3-O-glyceryl-AsA 758 (K (3—
15) IZBWTC, RFEHK 6—14 OT VI NAVEHEL AT L558K (7—13) T, MW\ AT =
AHITEMEZ 7R L7z (1Cso = 11.1—89.1 uM). £ 72, AsA D 3N KFRILIZ 7 /L VBN FE S L
7z, 3-O-alkyl-2-O-glyceryl-AsA #FE(A (16—28) 1B W T, REKL4—14 DT LI AEHES
BT 558K 18—28 T, MW\ A 7 = pEAMGNEMEZ R L2 (ICs = 5.0—473 pM). T4
B AT = UPEAMGITEMED ICofEE T VX VHEICOWT T ry N5 L, TILXLEEE
& UCs ICBWTIEOMEZ R Z EMRHEB S, DFVIL, TVFVHEOEME &b
(ZA T = PEAMBTEESEINT 5 Z & s S iz (Figure 4). — 5 T, 7T VEHE
O L, MRFEESEIML TS 2 e bR SN, ChOFEROFTY,
2-0-(2,3-dihydroxypropyl)-3-O-tetradecyl-AsA (28, ICso = 5.0 pM) 1%, AW EfEKIC BT,
BEEE M e A DTS, IRbmW A T = U EAMGNEMEZ R L, 2 oWEMIE, 3
2 A T = U FEARINEE M % 713 hydroquinone (ICsq = 8.7 uM) & RIEEE DIEETH Y,
arbutin (ICso = 830 pM) D#J 170 f5DIEME AR LTz, — 7T, {LBESICHE A2 2 &L 2 & &
TLHLE, EHEOABRLTEVWEEELTALTWVWL I ENEETH Y,
3-0-(2,3-dihydroxypropyl)-2-O-hexyl-AsA (7, ICso = 81.4 M) 0
2-0-(2,3-dihydroxypropyl)-3-O-hexyl-AsA (20, ICsy = 117 uM) DO~F L EE A A3 5 E R
I, MR EMEAME S HEE R E AT 5 2 Enn, (LiEREREM & L TENLD DD TH
% &R I Tz, Figure 512, 2N HFFERD A T = VEADRBIZOWTRT. £z, 1k
PEERJRRIRM & L TEND Z AR I 7 ICBELT, EFAT 744 MIBWTH,
AT = VAN ARGEL L 2A, v br— L LR LT, GRICA T =V EE
PN LTV D Z & AR S 7= (Figure 6).
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o R=0.708 o R=0.872
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- Length of the alkyl chain in Length of the alkyl chain in
2-0-(2,3-dihydroxypropyl)-AsA (7-15) 3-0-(2,3-dihydroxypropyl)-AsA (20-28)

Figure 4. Correlation between melanogenesis inhibitory activity [1/1Cso values (UM)] and length of
the alkyl chain in 2-O-alkyl-3-O-(2,3-dihydroxypropyl)-AsA compounds (7-15) and
3-0O-alkyl-2-0-(2,3-dihydroxypropyl)-AsA compounds (20-28).

nomal control 100 pM 300 pM
200 ym
— arbutin

100 uM 300 pM 100 uM 300 pM
3-0-(2,3-dihydroxypropyl)-2-O-hexyl-AsA (7) 2-0-(2,3-dihydroxypropyl)-3-O-hexyl-AsA (20)

3 uM 10 uM 3 uM 10 uM

3-0-(2,3-dihydroxypropyl)-2-O-tetradecyl-AsA (15) 2-0-(2,3-dihydroxypropyl)-3-O-tetradecyl-AsA (28)

Figure 5. Theophylline-stimulated B16 melanoma 4A5 cells.

72 h after treatment with 7 (100 uM, 300 uM), 20 (100 uM, 300 puM), 15 (3 uM, 10 uM,), or 28 (3
pM, 10 pM). The images are representative of several experiments. normal: theophylline(-),
control: theophylline(+)
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Figure 6. Inhibitory effect of 3-O-(2,3-dihydroxypropyl)-2-O-hexyl-AsA (7) on melanogenesis by
normal melanocytes.

Each value represents the mean + S.D. (n = 3); asterisks denote significant differences from the
control group, ** p <0.01.
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FIUER 77U B Y -~F I IL-AsA OLEM

T AV E VERIIKRIRR TIEARREREEM TH Y, Hix e bhiiIcB AT 5 2 L
NEETH o7z, £ 2T, LD AT = EAMGNEMEIZ B W T, ALBEMEURHEM & L TE
N ENRBRINTALEM T B LN 20 DL EMHITONWTHIEZIT> 7. ERENDbE
¥ 20 mg/mL KIER A L, 125 CTICTHRE LA IOV T, HPLC IZTHIE &
Tole. TORER, 7 A2V B RITRFCERFRMET 325 2 & 3R S, 3 K%
ITIE 9 BDFELFR L 72 o T2, T B LT 20 ICB W TIEFEIFR LI 80 %LL 1 (7; 85 %, 20;
82%) Lm\WEAFREZ R L, BEMEIZENTWD Z &R Sz (Figure 7).

100 -
T
o T
© | 1 T
§ 80 L
[7)]
£~
© 60
Q
&
S 40
©
T
5 201
: Nl
[0
0 1 3 ' 1 3 ' 1 3 (h)
AsA 7 20

Figure 7. Residual ratio of 7, 20, and AsA in aqueous solution (20 mg/mL at 125°C in the dark)
after 1 h (black bars) and 3 h (white bars).
Each value represents the mean + S.D. (n = 3)
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T AGA DA T = L PEAIHIVE

HH T T —BIEME I E SR

BRI Y, AsA X AsA FHIEDL L 13F 1 s F—PIHMEEERA#TF L LT, A5
SUVEAEMEILTWD, 22C, HoHTAKL A 7 = VEAMGERN R SN
AGA R (7—15,20—28) IZBL T, v~ v var—rFurf—EBEHW=zFrnF—
VIR ERBR 21T o 72, TOREHE % Table 4 (R T. £ 72, [b¥ESLFRIZEM & LCTEND
LB S kAW 3-0-(2,3-dihydroxypropyl)-2-O-hexyl-AsA (7) (22T, B16 melanoma
4A5 FEf X D HEEE & LTt L7z r v —EBEHWC, Fr v —BIEM A ERR
1T~ 7= (Figure 8).

EAZHME LTIERICBEHEN TSy U ¥ Oz T, L-Tyrosine 35 L O
L-DOPA W ZHEE L L THWEHAIZEWTH, ARICTFryF—EEEEZILET S
T E TR E N (L-Tyrosine; ICso = 43.6 UM, L-DOPA; ICso = 89.1 pM). — 5, AGA #%iE (K
1%, L-Tyrosine £ & ' L-DOPA W & EIZHW=HAICBWTYH, Fr v —BiEER
IR bR o7, £72, B16 melanoma 4A5 #ifi L 0 fii U 7 MBS &2 O 72 BESE R
FRBIZBWTOIEEZ RS R oTe. ThbDZ Lipb, AGA FHERIT AsA CREFD
AsA FEROIEET Th 5T 1 v —BIGHEIE L 1T R R DEHEFICL Y, AT =2
PEAEZINH LT D 2 L AVRIR S LT,
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Table 4. Effects on activity of tyrosinase from mushroom.

Inhibition (%)

Treatment Substrate: L-Tyrosine Substrate: L-DOPA

0pM 30 M 100 pM 0pM 30 uM 100 M

3-0-(2,3-dihydroxypropyl)-
2-O-hexyl-AsA (7)
3-0-(2,3-dihydroxypropyl)-
2-O-heptyl-AsA (8)
3-0-(2,3-dihydroxypropyl)-
2-O-octyl-AsA (9)
3-0-(2,3-dihydroxypropyl)-
2-O-nonyl-AsA (10)
2-0-(2,3-dihydroxypropyl)-
3-O-hexyl-AsA (20)
2-0-(2,3-dihydroxypropyl)-
3-O-heptyl-AsA (21)
2-0-(2,3-dihydroxypropyl)-
3-O-octyl-AsA (22)
2-0-(2,3-dihydroxypropyl)-
3-0-nonyl-AsA (23)

0.0+04 -15+6.7 09+14 0.0%6.3 -15+15 -1.0+0.7

0.0+04 -1.7+4.0 10+24 0.0%6.3 -0.7+3.1 1.1+438

0.0+04 -03+23 -0.6+43 00+24 24+11 23%27

0.0+04 40+6.1 -12%45 00+24 48+6.6 0.9+6.0

0.0+10.7 14+47 —6.1+06 0.0+8.7 —57+51 —24+42

00+107 -92+21 -98+39 00+87 -10.0+x17 -11.3+x24

00+10.7 -115+16 -144%+18 00+112 -131+33 -45%20

0.0+7.0 -5.0+31 -26%24 00%22 -41+22 1522

0 uM 10 uM 30 M 0 uM 10 uM 30 uM

2-O-decyl-3-0-(2,3-dihydrox
y-propyl)-AsA (11)
3-0-(2,3-dihydroxypropyl)-
2-0O-undecyl-AsA (12)
3-0-(2,3-dihydroxypropyl)-
2-O-dodecyl-AsA (13)
3-0-(2,3-dihydroxypropyl)-
2-O-tridecyl-AsA (14)
3-0-(2,3-dihydroxypropyl)-
2-O-tetradecyl-AsA (15)
3-0-decyl-2-0-(2,3-dihydrox
y-propyl)-AsA (24)
2-0-(2,3-dihydroxypropyl)-
3-0O-undecyl-AsA (25)
2-0-(2,3-dihydroxypropyl)-
3-O-dodecyl-AsA (26)
2-0-(2,3-dihydroxypropyl)-
3-O-tridecyl-AsA (27)
2-0-(2,3-dihydroxypropyl)-
3-O-tetradecyl-AsA (28)

00+04 13+£31 04=+17 00x24 04+11 24%29

00+04 29+39 1.0+25 0.0+3.2 -46+14 5122

0.0+6.7 -07+45 -71x14 00+3.2 -31+33 4622

0.0+6.7 -47+29 7117 00+3.2 —-47+50 —-44+18

0.0+6.7 —70+£6.7 9727 00+138 —-89+35 —-82+43

0.0x7.0 -41+53 -31%41 0.0+42 0.7+38 —-53+42

00+70 -80+06 —-87+15 00+42 -102+23 -10.7+38

00+70 —22+64 —05+43 0.0+3.0 —-64+31 -6.6%87

00+70 -33+81 —54+19 0.0+3.0 —-20+£33 —32z%27

0.0x7.0 —-44+46 -84zx10 0.0£3.0 —-57+95 —81%52

Substrate: L-Tyrosine Inhibition (%)
Treatment 0 uM 10 uM 30 uM 100 uM 300 uM 1Cso (UM)
Kojic acid “47 00+24 122+33 404%26 6521 96809 436
Substrate: L-DOPA Inhibition (%0)
Treatment 0 uM 10 pM 30 UM 100 uM 300 UM 1Csp (LM)
kojic acid *47 0.0+0.9 222.1373c 50.65 0.6 78'2*f 0.7 89'3*f 0.3 29.6

Each value represents the mean + S.D. (n = 4); asterisks denote significant differences from the
control group, ** p <0.01. AsA: L-ascorbic acid.
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Figure 8. Effects of 3-O-(2,3-dihydroxypropyl)-2-O-hexyl-AsA (7) on the activity of mammalian
tyrosinase. Each value represents the mean + S.D. (n = 3); asterisks denote significant differences
from the control group, ** p < 0.01.
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B Fovr—YRIO0TF o —PREE LA~ D

Fr v —EF L O tyrosinase related protein-1,2 (TRP-1, TRP-2) (XA 7 =2 DEFRKIC
BT, FEARBMEA AL L T 5 3. AGA BBEIRD A 5 = L pEAE N O/ SR
7=, B16 melanoma 4A5 fifdIZ 51T 5 Z 3L HEEE D mRNA BEBLUZxI 35, 7, 15, 20 B L O

28 DB OV THREEZ (T > 7= (Table 5).

Table 5. Effects of 7, 15, 20, and 28 on expression of tyrosinase, TRP-1, and TRP-2 mRNA in B16
melanoma 4A5 cells.

Tyrosinase mRNA/B-actin mRNA

Treatment
0 pM 30 pM 100 pM
3-0-(2,3-dihydroxypropyl)-2-O-hexyl-AsA (7) 1.00£0.05 0.60+0.07** 0.42+0.03**
2-0-(2,3-dihydroxypropyl)-3-O-hexyl-AsA (20) 1.00+0.22 0.72+0.10 0.59+0.07 *
Treatment TRP-1 mRNA/B-actin mRNA
0pM 30 uM 100 pM
3-0-(2,3-dihydroxypropyl)-2-O-hexyl-AsA (7) 1.00£0.21 048+0.15* 0.37+£0.05**
2-0-(2,3-dihydroxypropyl)-3-O-hexyl-AsA (20) 1.00+0.21 0.67+0.12 0.50+0.15*
Treatment TRP-2 mRNA/B-actin mRNA
0pM 30 pM 100 pM
3-0-(2,3-dihydroxypropyl)-2-O-hexyl-AsA (7) 1.00+0.32 0.53+0.18 0.70 £ 0.06
2-0-(2,3-dihydroxypropyl)-3-O-hexyl-AsA (20) 1.00+0.10 1.07+0.30 0.88 £ 0.25
Treatment Tyrosinase MRNA/g-actin mMRNA
0 uM 3 uM 10 uM

3-0-(2,3-dihydroxypropyl)-2-O-tetradecyl-L-ascorbic acid (15) 1.00+0.12  0.78 £0.10 0.58 £ 0.09 **
2-0-(2,3-dihydroxypropyl)-3-O-tetradecyl-L-ascorbic acid (28) 1.00+0.12 0.54 £0.03** 0.29 £ 0.08 **

TRP-1 mRNA/g-actin mRNA
0uMm 3uM 10 uM

Treatment

3-0-(2,3-dihydroxypropyl)-2-O-tetradecyl-L-ascorbic acid (15) 1.00 £ 0.24 1.02+0.27 0.92+0.22
2-0-(2,3-dihydroxypropyl)-3-O-tetradecyl-L-ascorbic acid (28) 1.00 £ 0.24 0.88£0.20 0.83+0.27

TRP-2 mRNA/g-actin mRNA
0uM 3uM 10 uM

Treatment

3-0-(2,3-dihydroxypropyl)-2-O-tetradecyl-L-ascorbic acid (15) 1.00+0.11 0.58+£0.06 ** 0.50 + 0.08 **
2-0-(2,3-dihydroxypropyl)-3-O-tetradecyl-L-ascorbic acid (28) 1.00+0.11 0.43+0.11** 0.35+0.05**

Each value represents the mean + S.D. (n = 3); asterisks denote significant differences from the
control group, * p < 0.05, ** p < 0.01. AsA: L-ascorbic acid.
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F7, INBEMICEALT, FuvF—B X o X TBORBITHT HEECHONTH
AEEAT o7 (Figure 9). & B2, BRI TICHT 5 F 1 o —BIFHEIC OV T b IRTEE

1T~ 7= (Figure 10).

=

fyrosinase  IEEG—_:_—_— "r _— —

B-actin = —— — —— — —— —
control 30 uM 100 pM control 30 uyM 100 uM  control 3 uM 10 pM control 3 uM 10 uM
7 20 15 28

Figure 9. Effects of 7, 15, 20 and 28 on the expression of tyrosinase protein in B16 melanoma 4A5
cells.

100

*k
*k
80 -
60 k%
40
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0 T T T 1
0 10 30 100

Conpound 7 conc. (uM)

Tyrosinase activity (% of control)

Figure 10. Effects of 3-O-(2,3-dihydroxypropyl)-2-O-hexyl-AsA (7) on tyrosinase activity in
cultured cells.

Each value represents the mean + S.D (n = 3); asterisks denote significant differences from the
control group, ** p <0.01.
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Table 5 (2R T XL 912, BMBREZITo7ZWTFho AGA FHFERIZEWTHLFrYF—F
MRNA A2 W35 2 & 23R S 4, Figure 9 [ L 912, FuvF—8X 78D
FBEME L TWD Z ERNfERIN. £/, 7 BEW 20 125V TiE 100 pM DEET
TRP-1 DFEBZAZICHHI L, 14 B L2812 OV TIZ TRP-2 DRI Z A ZICHHIT5 Z &
MHER STz, S 612, L& 7 1%, F£E L LT L-DOPA ZfH L7-BEic, B Maizis i)
LFn T —EBiERAIRT ST ZE, BEEMRICB T ST e v —BEER, T
I —BORBOMFNZ L > TIRTFLTWAH Z & ZREEL TN,

LEDOFRER LY, Ziub AGAFFERD A T = U EEAMBIERIZ, AsA CREAED AsA 755
B XS 7eFuFr—BENREICLD LOTIIELS, BEORBEEZMAEI T2 LickD,
AT = DFEADBIIHFI SN TND Z ERREI T,
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F=H VC-HGIZL D AT /Y — AlgikflsE

5 HlZ C, 3-0-(2,3-dihydroxypropyl)-2-O-hexyl-AsA (7) (UL F, VC-HG & H18) 128\,
FrF—EBR TRP IZHET 5 L TAT=VEAZIHI L TWD Z EAfE I, 1t
BESLEBEE LTS 2 EAVRIBENT-. L LARnS, AT = A Z w3t L
TWWRWHEDEEZBND. £ T, A T=UNEASNIEROFEERII OV T HRFT AT
ST2. AT )V — MlEEKFTH D, MyosinVa, Rab27a, Kinesin @ mRNA FEHLIZB L CTHa

AE%4T > 7= (Figure 11).

(a) MyosinVa (b) Rab27a (c) Kinesin
- 1.4 7 [ 14 7 - 1.4 7
o o o
® 1.2 - o 1.2 4 ® 1.2 -
[+}] <] [+}]
g 1.0 5 1.0 A g 1.0 .
x b ®x P
‘Zt 0.8 - # ‘Zt 0.8 ‘Zt 0.8 -
¢ 0.6 o 06 ¢ 0.6
£ £ £
o 0.4 - o 04 1 o 0.4 -
2 2 2
® 0.2 ® 0.2 ® 0.2
@ QD @
e 0.0 X 0.0 e 0.0
0 30 100 0 30 100 0 30 100
VC-HG conc. (pM) VC-HG conc. (uM) VC-HG conc. (uM)

Figure 11. mRNA expression levels of melanogenesis-related genes following treatment with or
without VC-HG.
Bars indicate means _ SD (n =4). *P < 0.05, **P < 0.01 indicates a significant difference against 0
pmol/L VC-HG

FFE Figure 11 IR L7 X 912, VC-HG ZisNT 5 Z LT, AT 7 VY — Akl B4 5
MRNA BHAIGH SN TWD Z ERER SN, ZDZ 06, VC-HGIZA T / V—AK
THEAESNTAT =% AT ) F A FOBIRGEICHET 52 L ZHFELTWD Z &R
e X 7.
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% ZC, EFIZEIL T, B16 melanoma 4A5 ffifd & H T, VC-HG IRINFFIZE T H A T =
VEEAMEIER ORFIZOWTH A LT 7 ATAMEE F COBE LTV, AT ) ) —LbD2
B OWTHBIEAIT o 72 (Figure 12).

After 65 hours

-

control

VC-HG
(100 pM)

L

Figure 12. Melanosome transport inhibishion by VC-HG treatment.
Figure 12 CTRL72 K912, AT/ VY —LADEENHEINTND Z L DNHER S H, —H

BRIRZEEEERICE ST A T ) — LI DN T, WATHEIZ LY XA T 7 %A MZEICE
£5 2 EERR S LTz
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=% VC-HG OA— 7 7 o —iEMHALIEH

B AT V—AEEEEICLDA— T 7 U—IEME

RTEE TR _72 L 512, VC-HG A T 7V — Ak FEERZ T LTV D Z &R S
oo L2 Lehih, A7 Y —LEEHEICEID AT A FAICEBINTZAT ) Y —
LR ED LD REFEEERTINTONTE, ZRETHLNZINTWRN-T2. £ T,
ETHIDIZ, MyosinvVad /) > 7 X0 U ISHRIREIZ ED K D e B e RE T ERRD =012,
MyosinVa % / v 7 % 7 > L7z B16 melanoma 4A5 ffifd (M-KD cells) {ZC, theophylline &5 %

BIOAT=0EFB&OMEEAToTo. AT Y —L0WEEHEST 22 LT, MilaN<T
ATV —LOERBBEZY, MlENA T = EEOMMMBEE 5 Z LN TRINZN,
CAMP > 7 VARTEZ ST LTz A T = DIEMEALIE T & % theophylline #5512 365 1T £ 3B IC
BT, M-KD cells TiZ, MilBND A T = EBPEREICEDT 5 Z L3R S L7z (Figure
13).

110 -

105 -+

100 -

95

85 -

Melanin contents (% of control)

80 -
siControl siMyosinVa

Figure 13. Influence of MyosinVa knockdown on intracellular melanin content.
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FT2, HIENA T 2 Y — KERENAE UBEO T a v —BIck 3 282 kR T 5
72, M-KD cellsiZ 31T 2 F r v —B X U7 BEORBUE L TRIEZITo 72, £ OREE,
MyosinVaz / > 7 X4 7 L72M-KD cellsTix, 71 v —8 X% /7 EORBELOIK T 3
I 47c (Figure 14). Z #vidtheophyllinef£(E T COF 1 2 F —EmRNAZFEBLO 1] D #E F
E—ETDHHLDTH-7= (Figure 15, a). — 45, theophyllineFE777E T THi# L 72M-KD cells T
1%, F v —¥mRNADIREH L~ LB & /R & 727> - 7= (Figure 15, b).

siControl  siMyosinVa

———- - tyrosinase

S S B-actin

Figure 14. Tyrosinase protein expression following knockdown of MyosinVa.

(a) Theophylline-stimulated condition (b) Non-stimulated condition (steady state)
| OsiControl MsiMyosinVa | | OsiControl MsiMyosinVa |
1.5 - % i 1.5 - s
c | c B
.0 =]
; T [ : T
5 | 3 1 I
x 1.0 5 1.0
o o
> >
® ®
£ 05 - S 05 -
< <
2 =4
o o
j H j -
0.0 - 0.0 T
MyosinVa tyrosinase MyosinVa tyrosinase

Figure 15. Influence of MyosinVa knockdown on mRNA expression level of tyrosinase. Bars
indicate means £ S.D. (n = 3). **p < 0.01 indicate a significant difference between groups. n. s.
indicates not significant.
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FRELNEERLY, MIIBANRA T ) Y — AR EIC LT, AT =0 RNEBESNE
AT )= LDGRPFESN TWA AN RSN, £70, A— 77 V—3 AT
BZED, BREL TOWARWAAT R IR IND ZLBREShTHD Y chbo
Z & /b, theophylline THLEE L 72 M-KD cells (28T A T = & BRI DA o
72, A— 7 7 U—BhEK -2k S Myosinva /v 7 X L DB R A— T
7 3 — LA OREREESE T d % Microtubule-associated protein 1 light chain 3 (LC3) —IIPY{z->u»
THEEE T -7 & 25, M-KD cells IZBWTHEO EADPHERIN, F— F7 7V — Dk
ROIEETH D pe2* N OV TITRHEAME T LTV 5D Z & AR S - (Figure 16). £7-,
REREIZBNTY, 22 hr—/b & H LT M-KD cells DJ573, £V 580> LC3 FEH L
NERLIZ, SBIC, ZOMIBNRTEN AT 7 Y — &S 37 Th 25 Pmell? & L RTE
LTCWDZ LR S 47z (Figure 17). ZHUHDFERN S, MyosinVa / v 7 X7 12 XD,
HRRN O ELLTIRICER T 5 AT 2 V=M%, A= h 77 V—ICL o ThHfiisind 2 &
R STz

siControl siMyosinVa

-——-a

LC3-
LC3-II

p62

A -actin

Figure 16. Influence on the expression of autophagy-related proteins in M-KD cells.
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Light field LC3 Pmell7 Merged

siControl

o . - -

Figure 17. Localization of LC3 and Pmell7 proteins in M-KD cells using immunofluorescence
analysis. Bar scales: 25 um.
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B _H VC-HGIZXAA— k7 7 o—I1EMHALIER

A TR/ L 91T, AT =0 DlaEzET LI LT, — M7 7 P—OiEHEEDE
XTWVWDLZEPHREINT-. £ T, A7 =0kl ENHER S NL7ZVC-HGIZ DWW T,
F— R~ 7 7 O —IEMHACIC KT DA MEIC B L TRREEA 1T o 72 theophyllinef#7E 12 C,
VC-HG % #LEE L 7-B16 melanoma 4ASflifE CTiX, JREMKAFHIZ2LC3-ID NI X Op62 D
b AoR LTz (Figure 18). £7-, SR AIZB W TCVC-HG A ALHEE L 7-/Mifnix, => hue—
EHEREWLC3RHL L~ L &2 R L (Figure 19), = OFENRFENPmell7 & HLREL TV 5
Z R ST,

VC-HG conc. (uM)

0 30 100
|.C3-| - - L — —
LC3-lI

LC3-Il/actin : 1.0 1.2 1.7
PEZ | M— - -
p62/actin : 1.0 0.8 0.4
B-aCtin | s —— cm—

Figure 18. Effect of autophagy activation by VC-HG in B16 melanoma 4Ab5 cells.
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Control VC-HG (100 pM)

Light field

LC3

Pmell7

Merged

Figure 19. Localization of LC3 and Pmell7 proteins in B16 melanoma 4A5 cells treated with
VC-HG using immunofluorescence analysis. Bar scales: 50 pum.

=77 = ERT LKV AT = EORDNEZ DG ERRET 5T
b, A— k7 7 V—&EMEAL T Hrapamycinz B16 melanoma 4ASHINIZALEE T 5 Z & THGE
21772 %), rapamycin TRl &2 LB+ 5 2 & T, BEERAFENIC A T = BB
9% Z & DR S vz (Figure 20, a).

VC-HGIZ LD AT =0 EBOWA LA — 7 7 V=G & OBE A FGT 272, F
— h 7 7 U—[E AT & % Hydroxychloroquine Sulfate (HCQ) 7= idpepstain A% VC-HGR
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IEFICIRRRICIRIN L, AT = EABRAZRE L2, VC-HGOHZZIRIN LTZGE, A 7 = P
HEBOEBERBY PR SN, —J5 T, VC-HGEHCQ *7-ipepstain A% [AIRFIZHIN L
7-B16 melanoma 4ASHIIEIZISVN Tl VC-HGIZ L 5 A T = U EEAEOK T 23 If S 7.
INHDOREREY, VC-HGIFA— N7 7 U—Z &ML 5 Z & T, B16 melanoma 4A5#if
28T D AT = PEAZIH LTV 5 rIgetEds /mie S fufz (Figure 20, b, ¢),

ZNHHRERIZEBNT, VC-HGD A T = BT &LrapamycinlZ L5 A 7 = &K T % bl
T 5 &, rapamycinlZ L5 A 7=V BEOAERIETIFEZ 520D, ZDOIEHIZVC-HG L Y
HIENWZ &S, A= b7 7 V= ORPHIEANRA T =B BEOPFEHICEE L TWL DI T
TN ENRIBRIND. 2D DOBIAE, VC-HGD A 7 = L EAMGIREF R, Fr ) —
TRTRP-IDFHUK T, AT/ V=L DEHETH L L LARTLLEEZLND.

LLEDZ & X0, VC-HG X, A— 77 V—&IEML L A T =V EAZIIRIT 2 2 LI
KV, BEOGBRILEZMEIT L0807 e —FThod Litmd 2.
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(a)

110

Iﬁ*
42 - 100 -
£3
§
c 8 90
5 5
i
= 80 -
70
0 10 30
Rapamycin conc. (pmol)
(b) (c)
ok
110 - 10 | | -
100 - 100 -
90 -+ 90
] %] #k
= 80 wk E~—= 80 -
£3
- o -
E %5 60 E s 60
% 50 A =2 50
2 40 | 2 40
30 4 30 4
20 20
VC-HG (100 uM): — - - + + + VC-HG (100 uM): — - - + + +
HCQ(nM): 0O 1 10 0 1 10 Pepstatin A (uM): 0 1 10 0 1 10

Figure 20. Influence of autophagy activation by VC-HG on melanogenesis. Bars indicate
meansS.D. (n = 3). * p<0.05, ** p<0.01 indicate a significant difference between groups.
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O

TAINVE U (ASA) OFHFERTHLT AL T VBT Za/LE B (AGA)
FERDG R X OVEBTEH RN 21TV, LU 0% R 275372

1) AsA & 2,3-epoxy-1-propanol Zz VT, BAMESIE N 7o 3B MR FIC TG ZEITY 2
L1z L Y, 3-0-(2,3-dihydroxypropyl)-AsA (1) ¥ X T 2-0-(2,3-dihydroxypropyl)-AsA (2) %

157,

2) 3-O-(2,3-dihydroxypropyl)-AsA (1) %7213 2-0-(2,3-dihydroxypropyl)-AsA (2) ZJFkE L,
K-HE alkylbromide & i S5 Z & T, 13 fED 2-0-alkyl-3-0-(2,3-dihydroxypropyl)-AsA (3
—15) B L 13 fED 3-O-alkyl-2-0-(2,3-dihydroxypropyl)-AsA (16 —28) % 157-.

3) AGA FHEIRIZONWT, AT =V pEAMGNEMEEZRHME L, 7% L HEDINE & 12 A
7 = v P £ W o# w2 | om T 5 Z & &E oM L
3-0-(2,3-dihydroxypropyl)-2-O-tetradecyl-AsA  (15) ¥ X Y 2-0O-(2,3-dihydroxypropyl)-
3-O-tetradecyl-AsA (28) 78 & W A 7 = V EAMHEIEME 2 H T 5 2
3-0-(2,3-dihydroxypropyl)- 2-O-hexyl-AsA (7; VC-HG) »MbtfhJsEl#EM & L CaARbA
MTHoHrZ xR L.

4) AGA FHEARIZOWNT, AsA D A T =V EEAIFIOEREF CH 5 T 1 v — B IR
2L, WO AGA FBEIRICBW TS T 1 v —RIEMEREERITRS b3, @
D ASARE DFFEIR LN TRR DEFEF CA T =V EAEZIEI L TWA Z L 2R LT,

5) 14, 20, 28 B L OV VC-HG 12D\ T, A 7 = v EAMBIERBFIC W CTREEZTTV, 4 FE
D AGAFERIZONWTT R —BORIEEZMENTHI L TAT =V PEAZIHIL TV

-32-



HZENHERINT. E51Z,20 8 L OVC-HG 122U\ T, TRP-1 OFHIFHE, 14, 28 12O\
TIZTRP-2 OFRBIATHET AL L TA T = EAEMGBII R A RT 2 LRI,

6) VC-HG (2251 T, MyosinVa, Rab27a 5 & OF Kinesin @ mRNA 3B 2 il 42 = 12 kb,
AT ) —=ANTHEESNIZAT =D AT ) A MEHREE~OHEZLEL T D
Tl aER LT

7) AT = OEEE S F— 7 7 VORI OWTHRIEZ TV, Myosinva %/ v 7
&'ty 7= B16 melanoma 4A5 #iEIZ T, LC3-11 O3B EH L, p62 DIFIHNE T LT
HT EaER LT

8) VC-HG (Z>W T, A— b7 7 U—{EMALIEMICE L THGEA1T 72 & 25, VC-HG &AL
L 7= B16 melanoma 4A5 HIIEIZ 35T, LC3-Il OFEH _EFH-35 LT p62 DR HUK T 23
TWD Z EMER S, VC-HG S A T A MZBWTA— 7 7 UV—&iEMH L L T
LT LR LT,
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KRR

E—EDER

fl 503, Yanaco New Science Inc @ Yanagimoto micromelting point apparatus % i\ CiljE L
7z

FEYEEEIE, JASCO Corporation @ specific rotations, JASCO P-2200 digital polarimeter % >
THIE LT,

RN A~ kL (UV)i, Shimadzu @ UV-1600 spectrometer % F VN CHHIE L 7-.

KFER L ORZZEBESIEE (HNMR B L O BC-NMR) 222 ki, JEOL O
JNM-ECA600 (600 MHz), INM-ECA500 (500 MHz), ¥ X1 JNM-ECS400 (400 MHz) % FHW»
THIE L.

Rk v~ ~ 7 7 4 — (HPLC) I, Shimadzu Prominence %, 78> 7’| Shimadzu ™
LC-20AD %, Bixi=~= k (74 »¥) % Shimadzu ® DGU-20A; %, 4 — b ¥ > 77 —i%
Shimadzu @ SIL-20AC %, 71 7 L4 —7 % Shimadzu @ CTO-20A %, & Hi%s1E Shimadzu
@ SPD-M20A %, 77 A3 Imtakt @ Cadenza CD-C18 (2.0 X 15cm, 3um) % fHu 7z,

NI v~ 7T 74 —OYSEMIE, BRSO 50 60N (BRIK, ik, NEF)
ZHW, #Egs o~ ~7 77 44— (TLC) (21X, Merck @ silica gel 60Fs, 2 L, AR > b
ORHIZIE UV (254nm) 3 LT 2% Ha[PM01,040]-nH20-5% H,SO4 /KIAR 2 M 7% L, INENEE
DEAIZE VT T,

AEER L ORRIKIZ OV T, B L7 4 v SRR, Rk T2, 774
T A7 RS A L.
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=D ER

ZUVRIYNANTZAI)VEVBROERK
3-0-(2,3-dihydroxypropyl)-AsA (1) DAk

L-ascorbic acid (30.0 g, 0.17 mol) D /K ¥z 12, sodium hydrogen carbonate (4.29 g, 51.1 mmol)
Z WINFE#RT%, 2,3-epoxy-1-propanol (12.6 g, 0.17 mol) % 9% Z & Thlx, 50°C T 5 HFiH
¥R EAT o 72, £ D%%, methanol Z N T8 L, I8 2 )L FsEE 5 L, MR 45.79
PR BoNTHARYEIEM Y A XAV T A e~ N7 T 7 0 — [1371g,
CHCI3-MeOH-H,0 (65:35: 5, v/v)] CTArBEEHL L, 3-0-(2,3-dihydroxypropyl)-AsA (1, 29.6g,
0.12 mol, 70.6 %) % 157=.

2-0-(2,3-dihydroxypropyl)-AsA (2) D& -

L-ascorbic acid (10.0 g, 56.8 mmol) D /K#i&IZ, sodium hydrogen carbonate (9.54 g, 114
mmol) Z iR 1%, 2,3-epoxy-1-propanol (8.41 g, 114 mmol) % F9 2% Z & THlx, 60CT
5 R 21T o 72, £ D%, methanol Z N %I L, B2 )L FIREE L L, HAERY
1909 &7, BoNnTHERMZIRME TV B SV Z A7 e~ 7T 7 ¢ — [570g,
CHCIl3-MeOH-H,0 (6: 4: 1, viv)] T/rBfEF5EL L, 2-0-(2,3-dihydroxypropyl)-AsA (2, 1.21g, 4.84
mmol, 8.5 %) Z=437-.

LLFIZ, 3-0-(2,3-dihydroxypropyl)-AsA (1) & U 2-O-(2,3-dihydroxypropyl)-AsA (2) D%
YT — 2 2R

3-0-(2,3-dihydroxypropyl)-AsA (1): An amorphous powder; [o]% + 15.4. (c 3.70, MeOH); UV
[MeOH, nm (log &)]: 244 (3.32); IR (TIBr) Vmax cm ': 3275, 1759, 1693, 1335, 1045; *H-NMR (600
MHz, CDsOD): 6 3.59 (2H, m, H-3"), 3.66 (2H, m, H,-6), 3.89 (1H, m, H-5), 3.92 (1H, m, H-2'),
[4.45 (dd, J = 6.5, 11.0 Hz)/4.49 (dd, J = 6.5, 11.0 Hz), 4.59 (dd, J = 3.8, 11.0 Hz)/4.62 (dd, J = 3.8,
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11.0 Hz), H,-17, 4.82 (1H, d, J = 1.7 Hz, H-4); **C-NMR (150 MHz, CD3;0D): dc 63.4 (t, C-6), 63.7
(t, C-3'), 70.56/70.61 (d, C-5), 71.79/71.89 (d, C-2'), 73.4/73.6 (t, C-1"), 76.9 (d, C-4), 121.17/121.24
(s, C-2), 151.84/151.88 (s, C-3), 173.04/173.07 (s, C-1); HRESIMS m/z: 273.0577 [M + Na]" (calcd

for CoH140gNa, 273.0581).

2-0-(2,3-dihydroxypropyl)-AsA (2): Colorless needles, mp.153.0-153.2; [«]& + 55.7 (c 0.31,
MeOH); UV [MeOH, nm (log ¢)]: 238 (3.89); IR (KBr) Vmax cm :3326, 2920, 2849, 1759, 1680,
1466, 1329, 1165, 1115, 1034; *H-NMR (400 MHz, CDs0D): 6 3.61 (2H, m, H-3"), 3.67 (2H, m)
(2H, m, H,-6), 3.90 (1H, m, H-2’), 3.92 (1H, dt-like, J = 1.8, 6.4 Hz, H3-5), [4.07 (1H, dd, J = 4.1,
10.4 Hz)/4.09 (1H, d, J = 3.6, 10.4 Hz), H-11, 4.86 (1H, d, J = 1.8 Hz, H-4): *C-NMR (100 MHz,
CD;0D) ; 6¢ 63.3 (t, C-6), 63.7 (t, C-3"), 70.4 (d, C-5), 72.0 (d, C-2'), 74.6 (t, C-1'), 76.8 (t, C-4"),
122.2 (s, C-2), 161.6 (s, C-3), 172.9 (s, C-1); HRESIMS m/z: 273.0576 [M + Na]* (calcd for

CoH1405Na, 273.0581).
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B _E DR

TNAENTVEBINVT RN EVBROEHKR
2-O-alkyl-3-0-(2,3-dihydroxypropyl)-AsA (3-15) D&% :
2-O-alkyl-3-0-(2,3-dihydroxypropyl)-AsA (3-15) IZLL F O —fix{k L7z HiEIZHE» THFEE
% %17 - 7= ; 3-0-(2,3-dihydroxypropyl)-AsA (1) @ DMSO ¥A#zIZ, 45-F& alkyl bromide Z &N
L 100CC 3 Weffl#i#R & 1T o7z, RS AZKIZH T EtOAc IZ THil 21T > 7. £ D&,
EtOAc % Brine (2 CTHEE 21TV, MgSO4 (2 THEM: S WJE FIABRE L L, HARY & 157-.
BONIHAERD ZNER S U B 7V H 5 57 v~ k25 7 ¢+ — [CHCl;-MeOH-H,0 (30: 3:
0.3, viv. — 20: 3: 0.3, v/v)] THrBErEHL L, 2-0-alkyl-3-O-(2,3-dihydroxypropyl)-AsA (3-15) %

57-.

3-O-alkyl-2-0O-(2,3-dihydroxypropyl)-AsA (16-28) DA% :

3-O-alkyl-2-O-(2,3-dihydroxypropyl)-AsA (16-28) IZLL FO—ffk L 7= HIEICHE» THFA
%% 1T - 7= ; 2-0-(2,3-dihydroxypropyl)-AsA (2) ¢ DMSO {&#ZIZ, 4-FE alkyl bromide % ¥R0
L 100°CT 3 Wi #R 21T o 7o, RUNKRZKIZH T EtOAC IZTHIHI 21T o 72, & D%,
EtOAc % Brine & THEHF ATV, MgSO, (- THEM: SHJRUE Tt = L, MR 21572
BONTZHARM ENEFR S ) B FVvh T 57 v~ N7 57 4— [CHCl-MeOH-H,0 (30: 3:
0.3, viv. — 20: 3: 0.3, vV)] T/rBEEH L, 2-O-alkyl-3-O-(2,3-dihydroxypropyl)-AsA (16-28)
157

LURIE, ERFEICTERK LA AGA FHEKROMMT — &2 Z-T .

3-0-(2,3-dihydroxypropyl)-2-O-ethyl-AsA (3): An amorphous powder; [¢]% + 37.0 (c 0.32,
MeOH); UV [MeOH, nm (log ¢)]: 236 (3.91); IR (ATR) Vmax CM 2 3316, 2934, 2889, 1748, 1667,
1321, 1169, 1111, 1026; *H-NMR (400 MHz, CD3OD): 6 1.31 (3H, t, J = 7.4 Hz, Hs-2"), 3.60 (2H,
brd, J = 5.5 Hz, H,-3'), 3.65 (2H, dd-like, J = 1.8, 5.5 Hz, H,-6), 3.90 (2H, m, H-5, 2'), 4.09 (2H, m,
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Ho-1"), [4.47/4.48 (1H, dd, J = 6.4, 10.5 Hz), 4.59/4.60 (1H, dd, J = 3.6, 10.5 Hz), H,-1], 4.88 (1H,
brs, H-4); **C-NMR (100 MHz, CD;0D): ¢ 15.5 (g, C-2"), 63.2 (t, C-6), 63.5 (t, C-3'), 69.1 (t, C-1"),
70.46/70.50 (d, C-5), 71.49/71.55 (d, C-2'), 73.97/74.05 (t, C-1), 76.7 (d, C-4), 123.87/123.91 (s,
C-2), 159.53/159.58 (s, C-3), 172.3 (s, C-1); HRESIMS m/z: 301.0883 [M + Na]" (calcd for

C11H1505Na, 3010894)

3-0-(2,3-dihydroxypropyl)-2-O-propyl-AsA (4): An amorphous powder; [a]5 + 41.7 (c 0.33,
MeOH); UV [MeOH, nm (log ¢)]: 235 (3.94); IR (ATR) Vmax cm ': 3325, 2940, 2880, 1748, 1669,
1323, 1165, 1113, 1040; *H-NMR (400 MHz, CD;0D): 5 0.99 (3H, t, J = 7.4 Hz, H3-3"), 1.72 (2H, m,
H,-2"), 3.60 (2H, brd, J = 6.0 Hz, H,-3"), 3.65 (2H, dd-like, J = 1.4, 6.4 Hz, H»-6), 3.91 (2H, m, H-5,
2%, 3.99 (2H, m, H-1"), [4.47/4.48 (1H, dd, J = 6.4, 10.5 Hz), 4.58/4.59 (1H, dd, J = 4.1, 11.0 Hz),
H,-1], 4.87 (1H, brs, H-4); 3C-NMR (100 MHz, CD3;0D): ¢ 10.7 (g, C-3"), 24.0 (t, C-2"), 63.2 (t,
C-6), 63.5 (t, C-3"), 69.1 (t, C-1"), 70.49/70.53 (d, C-5), 71.5/71.6 (d, C-2), 74.0/74.1 (t, C-1"),
75.55/75.58 (t, C-1'), 76.7 (d, C-4), 123.24/123.26 (s, C-2), 159.27/159.30 (s, C-3), 172.3 (s, C-1);
HRESIMS m/z: 315.1046 [M + Na]" (calcd for C1,H,005Na, 315.1050).

2-O-butyl-3-0-(2,3-dihydroxypropyl)-AsA (5): An amorphous powder; [¢]% + 47.4 (c 0.34,
MeOH); UV [MeOH, nm (log ¢)]: 236 (3.93); IR (TIBr) Vmax cm :3393, 1749, 1674, 1331, 1167,
1117, 1049; *H-NMR (500 MHz, CDs0D): 6 0.96 (3H, t, J = 7.5 Hz, Hs-4"), 1.45 (2H, m, H,-3"),
1.68 (2H, m, H-2"), 3.60 (2H, brd, J = 5.8 Hz, H»-3"), 3.65 (2H, m, H,-6), 3.90 (1H, m, H-5), 3.91
(1H, m, H-8), 4.03 (1H, m, H-1"), [4.47 (dd, J = 6.0, 10.6 Hz)/4.48 (dd, J = 6.3, 10.7 Hz), 4.57 (dd, J
= 3.8, 10.7 Hz)/4.59 (dd, J = 4.0, 10.6 Hz), H»-11], [4.858 (d, J = 1.5 Hz)/4.859 (d, J = 1.5 Hz), H-4];
BC-NMR (125 MHz, CD;0D): dc 14.1 (g, C-4"), 20.1 (t, C-3"), 32.9 (t, C-2"), 63.2 (t, C-6),
63.56/63.59 (t, C-3"), 70.5/70.6 (d, C-5), 71.5/71.6 (d, C-2), 73.69/73.72 (d, C-1'), 74.0/74.1 (t, C-1"),
76.7 (d, C-4), 123.28/123.30 (s, C-2), 159.23/159.25 (s, C-3), 172.2 (s, C-1); HRESIMS m/z:

329.1203 [M + Na]" (calcd for C13H2,0gNa, 329.1207).
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3-0-(2,3-dihydroxypropyl)-2-O-pentyl-AsA (6): An amorphous powder; [a]® + 40.9 (c 0.32,
MeOH); UV [MeOH, nm (log &)]: 235 (3.98); IR (ATR) Vmax M ': 3304, 2934, 2874, 1750, 1670,
1321, 1165, 1115, 1032; *H-NMR (400 MHz, CD;0D): 6 0.93 (3H, t, J = 6.8 Hz, H3-5"), 1.39 (4H, m,
H,-3", 4"), 1.70 (2H, m, H»-2"), 3.60 (2H, brd, J = 5.5 Hz, H»-3"), 3.65 (2H, dd-like, J = 1.4, 6.4 Hz,
H,-6), 3.91 (2H, m, H-5, 2'), 4.02 (1H, m, H-1"), [4.47/4.48 (1H, dd, J = 6.4, 10.6 Hz, J = 6.0, 10.6
Hz), 4.58/4.59 (1H, dd, J = 4.1, 10.6 Hz), Hy-11], 4.86 (1H, brs, H-4); *C-NMR (100 MHz, CD;0D):
dc 14.4 (g, C-5"), 23.5 (t, C-4"), 29.1 (t, C-3"), 30.5 (t, C-2"), 63.2 (t, C-6), 63.5/63.6 (t, C-3),
70.48/70.52 (d, C-5), 71.5/71.6 (d, C-2'), 74.0/74.1 (t, C-1', 1), 76.7 (d, C-4), 123.2/123.3 (s, C-2),
159.2/159.3 (s, C-3), 172.3 (s, C-1); HRESIMS m/z: 343.1357 [M + Na]" (calcd for C14H,4OgNa,

343.1363).

3-0-(2,3-dihydroxypropyl)-2-O-hexyl-AsA (7): An amorphous powder; [a]® + 42.2 (c 0.32,
MeOH); UV [MeOH, nm (log ¢)]: 236 (3.90); IR (TIBr) Vmax cm ':3379, 2934, 1751, 1674, 1330,
1167, 1117, 1051; *H-NMR (400 MHz, CD;0D): 5 0.91 (3H, t, J = 6.9 Hz, H3-6"), 1.33(4H, m, H,-4",
5", 1.41 (2H, m, Hp-3"), 1.70 (2H, m, H,-2"), 3.60 (2H, brd, J = 5.5 Hz, H»-3"), 3.65 (2H, dd-like,
H.,-6), 3.90 (2H, m, H-5, 2'), 4.03 (2H, m, H-1"), [4.47/4.48 (1H, dd, J = 6.4, 10.6 Hz/ J = 6.0, 10.6
Hz), 4.57/4.59 (1H, dd, J = 4.1, 10.7 Hz), Hy-11], 4.86 (1H, brs, H-4); *C-NMR (100 MHz, CD50D):
dc 14.4 (g, C-6"), 23.7 (t, C-5"), 26.6 (t, C-3"), 30.7 (t, C-2"), 32.7 (t, C-4"), 63.2 (t, C-6), 63.6 (t,
C-3'), 70.5 (d, C-5), 71.5/71.6 (d, C-2"), 74.01/ 74.04/74.09 (t, C-1', 1), 76.7 (d, C-4), 123.2/123.3 (s,
C-2), 159.2/159.3 (s, C-3), 172.3 (s, C-1); HRESIMS m/z: 357.1519 [M + Na]* (calcd for

C1sH2608Na, 357. 1520).

3-0-(2,3-dihydroxypropyl)-2-O-heptyl-AsA (8): An amorphous powder; [¢]® + 29.8 (c 0.35,
MeOH); UV [MeOH, nm (log ¢)]: 236 (3.87); IR (TIBr) Vmax cm :3389, 2932, 2507, 1751, 1674,
1331, 1169, 1119, 1051; *H-NMR (400 MHz, CD;0D): 6 0.90 (3H, t, J = 6.4 Hz, H3-7"), 1.34 (6H, m,
H,-4", 5", 6"), 1.42 (2H, m, H,-3"), 1.70 (2H, m, H,-2"), 3.60 (2H, brd, J = 5.5 Hz, H,-3"), 3.65 (2H,
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dd-like, J = 1.8, 6.4 Hz, Hp-6), 3.90 (1H, m, H-5, 2"), 4.04 (1H, m, H,-1"), [4.47 (1H, dd, J = 6.4, 10.6
Hz), 4.57/4.59 (dd, J = 4.1, 10.6 Hz), H,-17, 4.86 (1H, brd, J = 2.3 Hz), H-4]; **C-NMR (100 MHz,
CD;OD): &¢ 14.4 (q, C-7), 23.7 (t, C-6'), 26.9/ 30.2/ 30.8/33.0 (t, C-2', 3', 4', 5"), 63.2 (t, C-6),
63.5/63.6 (t, C-3'), 70.49/70.52 (d, C-5), 71.52/71.59 (d, C-2"), 74.0/74.1 (t, C-1', 1"), 76.7 (d, C-4),
123.2/123.3 (5, C-2), 159.2/159.3 (s, C-3), 172.3 (s, C-1); HRESIMS m/z: 371.1673 [M + Na]* (calcd

for C1sH2505Na, 3711676)

3-0-(2,3-dihydroxypropyl)-2-O-octyl-AsA (9): An amorphous powder; [¢]% + 32.6 (c 0.32,
MeOH); UV [MeOH, nm (log &)]: 236 (3.91); IR (KBr) Vmax cm ':3368, 2855, 1751, 1676, 1339,
1169, 1115, 1071; *H-NMR (400 MHz, CDs0D): 6 0.90 (3H, t, J = 6.9 Hz, H3-8"), 1.31 (10H, m,
Ho-4", 5", 6", 7"), 1.42 (2H, m, H-3"), 1.70 (2H, m, H,-2"), 3.59 (2H, brd, J = 6.0 Hz, Hx-3'), 3.65
(2H, dd-like, J = 1.8, 6.4 Hz, Hx-6), 3.90 (2H, m, H-5, 2), 4.03 (1H, m, Hz-1"), [4.47/4.48 (1H, dd, J
= 6.4, 10.6 Hz), 4.58/4.59 (1H, dd, J = 4.6, 10.6 Hz/ J = 4.1, 10.6 Hz), H,-17, 4.86 (d, J = 1.8 Hz,
H-4) ; *C-NMR (100 MHz, CD;0D): dc 14.5 (q, C-8"), 23.7 (t, C-7"), 27.0/30.4/30.5/30.8/33.0 (t,
C-2', 3, 4, 5', 6'), 63.2 (t, C-6), 63.51/63.55 (t, C-3"), 70.49/70.52 (d, C-5), 71.52/71.59 (d, C-2'),
74.02/74.09 (t, C-1’, 1"), 76.7 (d, C-4), 123.2/123.3 (s, C-2), 159.26/159.29 (s, C-3), 172.3 (s, C-1);
HRESIMS m/z: 385.1829 [M + Na]" (calcd for C17H300gNa, 385.1833).

3-0-(2,3-dihydroxypropyl)-2-O-nonyl-AsA (10): An amorphous powder; [a]% + 33.3 (c 0.31,
MeOH); UV [MeOH, nm (log ¢)]: 236 (3.93); IR (KBr) Vma cm ™ ':3327, 2924, 2853, 1761, 1684,
1333, 1169, 1117, 1046; *H-NMR (400 MHz, CD3;0D): 6 0.89 (3H, t, J =6.8 Hz, H-9"), 1.30 (10H,
m, Ho-4", 5", 6", 7", 8"), 1.42 (2H, m, H,-3"), 1.70 (2H, m, H-2""), 3.60 (2H, brd, J = 5.5 Hz, H,-3"),
3.65 (2H, dd-like, J = 1.4, 6.4 Hz, H,-6), 3.91 (2H, m, H-5, 2"), 4.03 (1H, m, H,-1"), [4.47/4.48 (1H,
dd, J=6.4,10.6 Hz), 4.58/4.59 (1H, dd, J= 4.6, 10.6 Hz, J = 4.1, 10.6 Hz), H»-1'], 4.86 (d, J = 0.9 Hz,
H-4) ; BC-NMR (100 MHz, CD;OD) ; Jc 14.5 (g, C-9”), 23.7 (t, C-8"), 27.0/30.4/30.5/
30.7/30.8/33.1 (t, C-2", 3", 4", 5", 6", 7"), 63.2 (t, C-6), 63.5/63.6 (t, C-3'), 70.48/70.52 (d, C-5),

- 40 -



71.5/71.6 (d, C-2"), 74.01/74.05/74.09 (t, C-1', 1), 76.7 (d, C-4), 123.2/123.3 (s, C-2), 159.2/159.3 (s,
C-3), 172.3 (s, C-1); HRESIMS m/z: 399.1988 [M + Na]" (calcd for C15H3,0sNa, 399.1989).

2-O-decyl-3-0-(2,3-dihydroxypropyl)-AsA (11): An amorphous powder; [«]%® + 31.4 (c 0.30,
MeOH); UV [MeOH, nm (log &)]: 236 (3.88); IR (KBr) Vmax cm 13317, 2959, 2922, 2924, 2849,
1759, 1682, 1331, 1165, 1113, 1043; 'H-NMR (600 MHz, CD30D): ¢ 0.89 (3H, t, J = 7.2 Hz,
Ha-10"), 1.30 (12H, brs, Hp-4", 5", 6", 7", 8",9"), 1.41 (2H, m, H»-3"), 1.69 (2H, m, H,-2"), 3.60 (2H,
brd, J = 5.6 Hz, H,-3"), 3.65 (2H, m, H»-6), 3.90 (1H, m, H-5), 3.91 (1H, m, H-2’), 4.02 (1H, m, H,-1"),
[4.47 (dd, J = 6.1, 10.7 Hz)/4.48 (dd, J = 6.2, 10.7 Hz), 4.57 (dd, J = 3.8, 10.7 Hz)/4.59 (dd, J = 3.9,
10.7 Hz), H,-17], [4.860 (d, J = 1.1 Hz)/4.862 (d, J = 1.5 Hz), H-4]; **C-NMR (150 MHz, CD;0D) ;
dc 14.4 (g, C-10"), 23.7 (t, C-9"), 26.9 (t, C-3"), 30.48 (t, C-2"), 30.44/30.48/30.7/30.8 (t, C-4", 5",
6", 7"), 33.1 (t, C-8"), 63.2 (t, C-6), 63.5/63.6 (t, C-3'), 70.5/70.6 (d, C-5), 71.5/71.6 (d, C-2'),
74.02/74.05 (t, C-1'), 74.11 (t, C-1"), 76.7 (d, C-4), 123.26/123.29 (s, C-2), 159.24/159.27 (s, C-3),
172.2 (s, C-1); HRESIMS m/z: 413.2145 [M + Na]" (calcd for C1gH340gNa, 413.2146).

3-0-(2,3-dihydroxypropyl)-2-O-undecyl-AsA (12): An amorphous powder; [a]% + 34.7 (c 0.34,
MeOH); UV [MeOH, nm (log &)]: 236 (3.88); IR (KBr) Vmax cm :3300, 2916, 2851, 1761, 1684,
1329, 1171, 1119, 1063, 1030; *H-NMR (600 MHz, CDs0D): 6 0.89 (3H, t, J = 6.9 Hz, H3-11"), 1.29
(14H, brs, Hp-4", 5", 6", 7", 8", 9", 10"), 1.41 (2H, m, H»-3"), 1.70 (2H, m, H,-2"), 3.60 (2H, brd, J =
5.8 Hz, H,-3"), 3.65 (2H, m, H,-6), 3.90 (1H, m, H-5), 3.91 (1H, m, H-2’), 4.02 (1H, m, H,-1"), [4.47
(dd, J = 6.3, 10.6 Hz)/4.48 (dd, J = 6.3, 10.6 Hz), 4.57 (dd, J = 4.0, 10.6 Hz)/4.59 (dd, J = 4.0, 10.6
Hz), Hp-11, [4.860 (d, J = 1.8 Hz)/4.861 (d, J = 1.8 Hz), H-4]: *C-NMR (150 MHz, CD30OD) ; dc
14.4 (g, C-11"), 23.7 (t, C-10"), 26.9 (t, C-3"), 30.70 (t, C-2"), 30.47/30.49/30.70/30.74/30.8 (t, C-4",
56", 7", 8"),33.1(t, C-9), 63.2 (t, C-6), 63.5/63.6 (t, C-3'), 70.5/70.6 (d, C-5), 71.5/71.6 (d, C-2"),
74.02/74.05 (t, C-1"), 74.11 (t, C-1"), 76.7 (d, C-4), 123.27/123.29 (s, C-2), 159.2/159.3 (s, C-3),
172.4 (s, C-1); HRESIMS m/z: 427.2299 [M + Na]" (calcd for C,0Hss0gNa, 427.2302).
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3-0-(2,3-dihydroxypropyl)-2-O-dodecyl-AsA (13): An amorphous powder; [a]& + 38.4 (c 0.31,
MeOH): UV [MeOH, nm (log ¢)]: 236 (3.86); IR (KBr) Vma cm ™ ':3422, 2918, 2851, 1749, 1676,
1319, 1115, 1070; *H-NMR (500 MHz, CD;0D): & 0.89 (3H, t, J = 6.6 Hz, H3-12"), 1.29 (16H, brs,
Ho-4", 57, 6", 7", 8", 9", 10", 11"), 1.41 (2H, m, H-3"), 1.70 (2H, m, Hp-2"), 3.60 (2H, brd, J = 5.7
Hz, Hp-3'), 3.65 (2H, m, H»-6), 3.90 (1H, m, H-5), 3.91 (1H, m, H-2'), 4.02 (1H, m, H»-1"), [4.47 (dd,
J=6.4,10.7 Hz)/4.48 (dd, J = 6.4, 10.7 Hz), 4.57 (dd, J = 4.0, 10.7 Hz)/4.59 (dd, J = 4.0, 10.7 Hz),
H,-7], 4.86 (1H, m, J = 6.6 Hz, H-2'): *C-NMR (125 MHz, CDs;0D) ; dc 14.4 (q, C-12"), 23.7 (t,
C-11"),27.0 (t, C-3"), 30.5 (t, C-4"), 30.76 (t, C-2"), 30.72/30.76/30.79/30.81 (t, C-5", 6", 7", 8", 9",
10"), 33.1 (t, C-10"), 63.2 (t, C-6), 63.56/63.58 (t, C-3"), 70.5/70.6 (d, C-5), 71.5/71.6 (d, C-2"), 74.0
(t, C-7), 74.1 (t, C-1"), 76.7 (d, C-4), 123.27/123.29 (s, C-2), 159.2/159.3 (s, C-3), 172.2 (s, C-1);
HRESIMS m/z: 441.2457 [M + Na]" (calcd for C,;H3s0gNa, 441.2459).

3-0-(2,3-dihydroxypropyl)-2-O-tridecyl-AsA (14): An amorphous powder; [¢]% + 35.8 (c 0.30,
MeOH); UV [MeOH, nm (log ¢)]: 231 (4.02); IR (KBr) Vma cm™':3289, 2916, 2849, 1761, 1684,
1329, 1119, 1171, 1119, 1063, 1030; *H-NMR (500 MHz, CDs;OD): 6 0.89 (3H, t, J = 6.9 Hz,
Hs-13"), 1.28 (18H, brs, Hp-4", 5", 6", 7", 8", 9", 10" 11", 12"), 1.41 (2H, m, H,-3"), 1.70 (2H, m,
H,-2"), 3.60 (2H, brd, J = 5.8 Hz, H,-3"), 3.65 (2H, m, H,-6), 3.90 (1H, m, H-5), 3.91 (1H, m, H-2"),
4.02 (1H, m, Ho-1"), [4.47 (dd, J = 6.3, 10.7 Hz)/4.48 (dd, J = 6.3, 10.7 Hz), 4.57 (dd, J = 4.0, 10.7
Hz)/4.59 (dd, J = 4.0, 10.7 Hz), H»-1'], [4.859 (d, J = 1.8 Hz)/4.861 (d, J = 1.8 Hz), H-4]: **C-NMR
(125 MHz, CDsOD) ; dc 14.4 (q, C-13"), 23.7 (t, C-12"), 27.0 (t, C-3"), 30.81 (t, C-2"),
30.48/30.50/30.71/30.78/30.81 (t, C-4", 5", 6", 7", 8", 9", 10", 11"), 33.1 (t, C-12"), 63.2 (t, C-6),
63.56/63.58 (t, C-3"), 70.5/70.6 (d, C-5), 71.5/71.6 (d, C-2), 74.0 (t, C-1'), 74.1 (t, C-1"), 76.7 (d,
C-4), 123.27/123.29 (s, C-2), 159.2/159.3 (s, C-3), 172.2 (s, C-1); HRESIMS m/z; 455.2612 [M +
Na]" (calcd for CpH400gNa, 455.2615).
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3-0-(2,3-dihydroxypropyl)-2-O-tetradecyl-AsA (15): An amorphous powder; [a]% + 24.4 (c 0.31,
MeOH); UV [MeOH, nm (log &)]: 230 (3.99); IR (KBr) Vmax cM ':3326, 2920, 2849, 1759, 1680,
1466, 1329, 1165, 1115, 1034; *H-NMR (500 MHz, CD;0D): 6 0.89 (3H, t, J = 7.2 Hz, H3-14"), 1.28
(20H, brs, Hp-4", 5", 6", 7", 8", 9", 10" 11", 12", 13"), 1.41 (2H, m, H-3"), 1.70 (2H, m, Hp-2"),
3.60 (2H, brd, J = 5.8 Hz, H,-3"), 3.65 (2H, m, H»-6), 3.90 (1H, m, H-5), 3.91 (1H, m, H-2"), 4.02 (1H,
m, Ho-1"), [4.47 (dd, J = 6.4, 10.7 Hz)/4.48 (dd, J = 6.4, 10.7 Hz), 4.57 (dd, J = 3.8, 10.7 Hz)/4.59 (dd,
J=3.8, 10.7 Hz), H,-11], [4.858 (d, J = 1.5 Hz)/4.860 (d, J = 1.5 Hz), H-4]: *C-NMR (125 MHz,
CDsOD) ; éc 144 (g, C-14"), 23.7 (t, C-13"), 27.0 (t C-3"), 30.80 (t, C-2"),
30.48/30.51/30.72/30.76/30.80 (t, C-4", 5", 6", 7", 8", 9", 10", 11"), 33.1 (t, C-12"), 63.2 (t, C-6),
63.56/63.59 (t, C-3"), 70.5/70.6 (d, C-5), 71.5/71.6 (d, C-2), 74.0 (t, C-1'), 74.1 (t, C-1"), 76.7 (d,
C-4), 123.27/123.30 (s, C-2), 159.23/159.25 (s, C-3), 172.2 (s, C-1); HRESIMS m/z: 469.2769 [M +
Na]" (calcd for Cy3Ha,0gNa, 469.2772).

2-0-(2,3-dihydroxypropyl)-3-O-ethyl-AsA (16): Pale yellow oil; [a]® + 34.3 (c 0.33, MeOH); UV
[MeOH, nm (log &)]: 236 (3.86); IR (ATR) Vmax cm ™ ': 3337, 2938, 2881, 1744, 1665, 1325, 1173,
1109, 1038; *H-NMR (400 MHz, CD;0D): ¢ 1.38 (3H, t, J = 6.8 Hz, H3-2""), 3.58 (2H, m, H,-3") 3.64
(2H, dd-like, J = 1.4, 6.4 Hz, H,-6), 3.87 (2H, m, H-5, 2'), [3.97 (1H, m), 4.13 (1H, m), 4.68 (2H, m,
H,-1"), 4.83(d, J = 0.9 Hz, H-4): *C-NMR (100 MHz, CDs0D) ; dc 15.5 (g, C-2"), 63.3 (t, C-6),
63.98/63.48 (t, C-3"), 69.6 (t, C-1"), 70.6 (d, C-5), 72.0 (d, C-2), 75.19/75.23 (t, C-1"), 76.7 (d, C-4),
122.60/122.62 (s, C-2), 159.7 (s, C-3), 175.6 (s, C-1); HRESIMS m/z: 301.0887 [M + Na]" (calcd for
C11H1505Na, 301.0894).

2-0-(2,3-dihydroxypropyl)-3-O-propyl-AsA (17): Pale yellow oil; [¢]% + 49.8 (c 0.31, MeOH):
UV [MeOH, nm (log &)]: 237 (3.94); IR (ATR) Vimax cm™': 3339, 2938, 2882, 1744, 1665, 1327, 1173,
1040; *H-NMR (400 MHz, CDs0D): 6 1.01 (3H, t, J = 7.3 Hz, H3-3"), 1.78 (2H, m, H»-2"), 3.58 (2H,
m, H,-3"), 3.64 (2H, dd-like, J = 0.9, 6.4 Hz, H,-6), 3.87 (2H, m, H-5, 27), [3.96/3.97 (1H, dd, J = 6.4,
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10.1 Hz), 4.11/4.13 (1H, dd, J = 4.1, 10.1 Hz), H,-1'], 4.50 (2H, m, H»-1"), 4.83(1H, d, J = 1.4 Hz,
H-4): *C-NMR (100 MHz, CD30D) ; dc 10.3 (g, C-3"), 23.9 (t, C-2"), 63.3 (t, C-6), 64.0 (t, C-3),
70.6 (d, C-5), 72.0 (d, C-2'), 75.1 (t, C-1"), 75.19/75.23 (t, C-1'), 76.7 (d, C-4), 122.4 (s, C-2), 159.9

(s, C-3), 172.6 (s, C-1); HRESIMS m/z: 315.1042 [M + Na]* (calcd for C1oH200sNa, 315.1050).

3-0-butyl-2-0-(2,3-dihydroxypropyl)-AsA (18): Pale yellow oil; [¢]% + 46.6 (c 0.31, MeOH); UV
[MeOH, nm (log &)]: 237 (3.89); IR (ATR) Vmax cm ™ ': 3341, 2936, 2876, 1746, 1665, 1329, 1171,
1115, 1036; *H-NMR (400 MHz, CDs0D): 6 0.97 (3H, t, J = 7.3 Hz, Hs-4"), 1.47 (2H, m, H,-3"),
1.74 (2H, m, H»-2"), 3.58 (2H, m, H,-3"), 3.64 (2H, dd-like, J = 0.8, 6.4 Hz, H,-6), 3.86 (2H, m, H-5,
2%, [3.96/3.97 (1H, dd, J = 6.4, 10.1 Hz), 4.11/4.13 (1H, dd, J = 4.1, 10.1 Hz), H,-11], 4.55 (2H, m,
H,-1"), 4.83(1H, d, J = 1.4 Hz, H-4): *C-NMR (100 MHz, CD30D) ; ¢ 14.1 (g, C-4"), 19.9 (t, C-3"),
32.7 (t, C-2"), 63.3 (t, C-6), 63.28/64.01 (t, C-3'), 70.6 (d, C-5), 71.9 (d, C-2"), 73.4 (t, C-1"),
75.2/75.3 (t, C-11), 76.7 (d, C-4), 122.60/122.62 (s, C-2), 159.9 (s, C-3), 172.62/172.63 (s, C-1);
HRESIMS m/z: 329.1200 [M + Na]" (calcd for C13H,,0gNa, 329.1207).

2-0-(2,3-dihydroxypropyl)-3-O-pentyl-AsA (19): Pale yellow oil; [o]% + 44.4 (c 0.30, MeOH); UV
[MeOH, nm (log &)]: 236 (3.93); IR (ATR) Vmax CM ' 3358, 2934, 2872, 1748, 1665, 1331, 1169,
1115, 1040; *H-NMR (400 MHz, CD3;0D): 5 0.94 (3H, t, J = 6.9 Hz, H3-5"), 1.40 (4H, m, H»-3, 4),
1.76 (2H, m, H,-2"), 3.58 (2H, m, H,-3"), 3.64 (2H, dd-like, J = 1.4, 6.4 Hz, H,-6), 3.86 (2H, m, H-5,
2"), [3.96/3.98 (1H, dd, J = 6.4, 10.1 Hz), 4.11/4.13 (1H, dd, J = 4.1, 10.1 Hz), Hp-1'], 4.54 (2H, m,
H,-1"), 4.84(1H, brs, H-4): *C-NMR (100 MHz, CDs0D) ; dc 14.3 (q, C-5"), 23.4 (t, C-4"), 28.9 (t,
C-3"), 30.3 (t, C-2"), 63.3 (t, C-6), 63.97/64.00 (t, C-3'), 70.6 (d, C-5), 72.0 (d, C-2'), 73.7 (t, C-1"),
75.21/75.25 (t, C-1'), 76.7 (d, C-4), 122.57/122.60 (s, C-2), 159.9 (s, C-3), 172.6 (s, C-1); HRESIMS
m/z: 343.1357 [M + Na]" (calcd for C14H,40gNa, 343.1363).
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2-0-(2,3-dihydroxypropyl)-3-O-hexyl-AsA (20): Pale yellow oil; [a]& + 42.5 (c 0.35, MeOH); UV
[MeOH, nm (log €)]: 237 (3.96); IR (ATR) Vmax cm :3367, 2930, 2859, 1748, 1667, 1331, 1167,
1117, 1041; *H-NMR (400 MHz, CD3;0D): 6 0.92 (3H, t-like, J = 6.9 Hz, Hs-6"), 1.34 (4H, m, H,-4",
5", 1.44 (2H, m, Hp-3"), 1.75 (2H, m, Hp-2"), 3.57 (2H, m, H,-3") 3.63 (2H, dd-like, J = 1.4, 6.4 Hz,
H.-6), 3.86 (2H, m, H-5, 2"), [3.95/3.97 (1H, dd, J = 6.4, 10.1 Hz), 4.10/4.12 (1H, dd, J = 4.1, 10.1
Hz), Ho-17, 4.53 (2H, m, Hp-1"), 4.84 (1H, brs, H-4): **C-NMR (100 MHz, CD;0D) ; éc 14.3 (g,
C-6"), 23.6 (t, C-5"), 26.3 (t, C-4"), 30.6 (t, C-3"), 32.6 (t, C-2") 63.3 (t, C-6), 64.00/64.03 (t, C-3"),
70.6 (d, C-5), 72.0 (d, C-2), 73.7 (t, C-1"), 75.2/75.3 (t, C-1"), 76.7 (d, C-4), 122.60/122.63 (s, C-2),
159.9 (s, C-3), 172.6 (s, C-1); HRESIMS m/z: 357.1515 [M + Na]" (calcd for CisHysOsNa,

357.1520).

2-0-(2,3-dihydroxypropyl)-3-O-heptyl-AsA (21): Pale yellow oil; [a]® + 40.4 (c 0.34, MeOH); UV
[MeOH, nm (log &)]: 235 (3.91); IR (ATR) Vmax CM '3 3341, 2926, 2857, 1748, 1669, 1331, 1167,
1115, 1040; *H-NMR (400 MHz, CD3;0D): 6 0.90 (3H, t-like, J = 6.9 Hz, Hs-7"), 1.36 (6H, m, H,-4",
5"6"), 1.44 (2H, m, H-3"), 1.75 (2H, m, H,-2"), 3.57 (2H, m, H,-3") 3.64 (2H, dd-like, J = 1.8, 6.0
Hz, H,-6), 3.86 (2H, m, H-5, 2"), [3.94/3.97 (1H, dd, J = 6.4, 10.1 Hz), 4.11/4.13 (1H, dd, J = 4.1,
10.1 Hz), Hy-1'], 4.54 (2H, m, Ho-1"), 4.83 (1H, d, J = 1.8 Hz, H-4): *C-NMR (100 MHz, CD;0D) ;
dc 14.4 (g, C-7"), 23.7 (t, C-6"), 26.7 (t, C-5"), 30.1/ 30.7 (t, C-3", 4"), 32.9 (t, C-2"), 63.3 (t, C-6),
63.97/64.01 (t, C-3"), 70.6 (d, C-5), 71.9 (d, C-2"), 73.7 (t, C-1"), 75.21/75.25 (t, C-1"), 76.7 (d, C-4),
122.58/122.60 (s, C-2), 159.9 (s, C-3), 172.6 (s, C-1); HRESIMS m/z: 371.1674 [M + Na]" (calcd for

C16H2303Na, 371.1676).

2-0-(2,3-dihydroxypropyl)-3-O-octyl-AsA (22): Pale yellow oil; [a]® + 42.3 (c 0.34, MeOH); UV
[MeOH, nm (log )]: 236 (3.92); IR (ATR) Vmax cM :3364, 2924, 2857, 1748, 1667, 1331, 1165,
1115, 1036; *H-NMR (400 MHz, CD;0D): 6 0.90 (3H, t, J = 6.8 Hz, H3-8"), 1.32 (8H, m, H,-4", 5",
6", 7"), 1.42 (2H, m, H-3"), 1.75 (2H, m, H,-2"), 3.58 (2H, m, H,-3") 3.63 (2H, dd-like, J = 1.4, 6.4
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Hz, Hp-6), 3.87 (2H, m, H-5, 2"), [3.96/3.97 (1H, dd, J = 6.4, 10.1 Hz), 4.11/4.12 (1H, dd, J = 3.9,
10.1 Hz), Hp-11, 4.53 (2H, m, Ho-1"), 4.83 (1H, d, J = 1.4, H-4): *C-NMR (100 MHz, CD;0D) ; d¢
14.4 (g, C-8"), 23.7 (t, C-7"), 26.7 (t, C-6"), 30.33/30.39 (t, C-4", 5"), 30.6 (t, C-3"), 32.9 (t, C-2"),
63.3 (t, C-6), 63.99/64.02 (t, C-3'), 70.6 (d, C-5), 72.0 (d, C-2'), 73.7 (t, C-1"), 75.2/75.3 (t, C-1"),
76.68/76.70 (d, C-4), 122.60/122.64 (s, C-2), 159.9 (s, C-3), 172.63/172.64 (s, C-1); HRESIMS m/z:
385.1827 [M + Na]* (calcd for C17H300sNa, 385.1833).

2-0-(2,3-dihydroxypropyl)-3-O-nonyl-AsA (23): Pale yellow oil; [a]® + 39.1 (c 0.30, MeOH); UV
[MeOH, nm (log &)]: 237 (3.92); IR (ATR) Vmax €M ': 3358, 2924, 2855, 1750, 1669, 1333, 1163,
1115, 1040; *H-NMR (400 MHz, CD30D): § 0.90 (3H, t, J = 7.3 Hz, H3-9"), 1.30 (10H, brs, Hy-4",
576", 7", 8", 1.42 (2H, m, H-3"), 1.75 (2H, m, H,-2"), 3.58 (2H, m, H,-3") 3.64 (2H, dd-like, J =
1.4, 6.4 Hz, H»-6), 3.86 (2H, m, H-5, 2'), [3.96/3.97 (1H, dd, J = 6.4, 10.1 Hz), 4.11/4.13 (1H, dd, J =
4.1,10.1 Hz), Ha-1'], 4.53 (2H, m, H,-1""), 4.83 (1H, d, J = 1.4, H-4): *C-NMR (100 MHz, CD;0D) ;
oc 14.5 (q, C-9"), 23.7 (t, C-8"), 26.7 (t, C-7"), 30.4/ 30.5/ 30.6 (t, C-3", 4", 5", 6"), 30.6 (t, C-3"),
33.1 (t, C-2"), 63.2 (t, C-6), 63.97/64.00 (t, C-3"), 70.6 (d, C-5), 71.9 (d, C-2"), 73.7 (t, C-1"),
75.2/75.3 (t, C-1'), 76.7 (d, C-4), 122.57/122.60 (s, C-2), 159.9 (s, C-3), 172.6 (s, C-1); HRESIMS
m/z: 399.1984 [M + Na]" (calcd for C1gH3,0gNa, 399.1989).

3-O-decyl-2-0-(2,3-dihydroxypropyl)-AsA (24): Pale yellow oil; [a]® + 36.7 (c 0.33, MeOH); UV
[MeOH, nm (log )]: 237 (4.02); IR (ATR) Vmax CM :3364, 2924, 2855, 1749, 1666, 1333, 1165,
1119, 1030; *H-NMR (400 MHz, CD30D): 6 0.89 (3H, t, J = 6.9 Hz, Hs-10"), 1.30 (12H, brs, H,-4",
576", 7", 8",9"), 1.43 (2H, m, Hp-3"), 1.75 (2H, m, H-2"), 3.59 (2H, m, H,-3") 3.66 (2H, dd-like, J
= 1.4, 6.4 Hz, H,-6), 3.86 (2H, m, H-5, 27, [3.96/3.97 (1H, dd, J = 6.4, 10.1 Hz), 4.10/4.12 (1H, dd, J
=4.1,10.1 Hz), H,-1], 4.53 (2H, m, H,-1"), 4.83 (1H, brs, H-4): *C-NMR (100 MHz, CDs0D) ; é¢
14.4 (q, C-10"), 23.7 (t, C-9"), 26.7 (t, C-8"), 30.4/30.7 (t, C-3", 4", 5", 6", 7"), 33.0 (t, C-2"), 63.3 (t,
C-6), 64.0 (t, C-3"), 70.6 (d, C-5), 72.0 (d, C-2"), 73.7 (t, C-1"), 75.2/75.3 (t, C-1"), 76.7 (d, C-4),
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122.61/122.64 (s, C-2), 159.9 (s, C-3), 172.6 (s, C-1); HRESIMS m/z: 413.2146 [M + Na]" (calcd for
C19H3403Na, 413.2146).

2-0-(2,3-dihydroxypropyl)-3-O-undecyl-AsA (25): Pale yellow oil; [o]& + 35.9 (c 0.31, MeOH):
UV [MeOH, nm (log £)]: 237 (3.95); IR (ATR) Vmax cM " 3358, 2922, 2853, 1750, 1669, 1333, 1163,
1115, 1040; *H-NMR (400 MHz, CD30D): 6 0.89 (3H,t,J =6.9 Hz, H3-11"), 1.29 (14H, brs, H,-4",
576", 7", 8", 9" 10"), 1.44 (2H, m, H>-3"), 1.75 (2H, m, H»-2"), 3.58 (2H, m, H,-3") 3.64 (2H,
dd-like, J = 1.4, 6.4 Hz, H,-6), 3.86 (2H, m, H-5, 2"), [3.96/3.97 (1H, dd, J = 6.4, 10.1 Hz), 4.10/4.13
(1H, dd, J = 4.1, 10.1 Hz), Hy-1"], 4.53 (2H, m, H,-1"), 4.83 (1H, d, J = 1.4 Hz, H-4): 3C-NMR (100
MHz, CD;0D) ; éc 14.4 (g, C-11"), 23.8 (t, C-10"), 26.7 (t, C-9"), 30.46/30.48/30.69/30.73/30.77 (t,
C-3",4"/5" 6", 7", 8"), 33.1 (t, C-2"), 63.2 (t, C-6), 64.0 (t, C-3"), 70.6 (d, C-5), 71.9 (d, C-2'), 73.7
(t, C-1"), 75.2/75.3 (t, C-1'), 76.7 (d, C-4), 122.58/122.60 (s, C-2), 159.9 (s, C-3), 172.6 (s, C-1);
HRESIMS m/z: 427.2301 [M + Na]" (calcd for CyoH3s0gNa, 427.2302).

2-0-(2,3-dihydroxypropyl)-3-O-dodecyl-AsA (26): An amorphous powder; [a]5 + 41.7 (c 0.33,
MeOH); UV [MeOH, nm (log &)]: 237 (3.96); IR (ATR) Vmax CM '3 3341, 2922, 2853, 1748, 1668,
1335, 1165, 1115, 1028; *H-NMR (400 MHz, CD3;0D): 6 0.89 (3H,t, J=6.8 Hz, H3-12""), 1.29 (16H,
brs, Hp-4", 5", 6", 7", 8”,9", 10", 11"), 1.44 (2H, m, H2-3"), 1.75 (2H, m, H»-2"), 3.57 (2H, m, H,-3")
3.64 (2H, dd-like, J=1.8, 6.4 Hz, H»-6), 3.86 (2H, m, H-5, 2/), [3.96/ 3.97 (1H, dd, J = 6.4, 10.1 Hz),
4.11/4.13 (1H, dd, J = 4.1, 10.1 Hz), H,-1"], 4.53 (2H, m, H,-1"), 4.83 (1H, d, J = 1.4 Hz, H-4):
3C-NMR (100 MHz, CDsOD) ; dc 14.4 (g, C-12"), 23.7 (t, C-11"), 26.7 (t, C-10"),
30.47/30.67/30.70/30.74/30.78 (t, C-3", 4", 5", 6". 7", 8"9"), 33.1 (t, C-2"), 63.3 (t, C-6),
64.00/64.03 (t, C-3"), 70.6 (d, C-5), 71.9 (d, C-2"), 73.7 (t, C-1"), 75.22/ 75.27 (t, C-1"), 76.7 (d, C-4),
122.61/122.64 (s, C-2), 159.9 (s, C-3), 172.6 (s, C-1); HRESIMS m/z: 441.2458 [M + Na]" (calcd for
C21H3g0gNa, 441.2459).
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2-0-(2,3-dihydroxypropyl)-3-O-tridecyl-AsA (27): An amorphous powder; [«]® + 37.8 (c 0.30,
MeOH); UV [MeOH, nm (log ¢)]: 233 (4.02); IR (ATR) Vmax cm': 3358, 2922, 2853, 1750, 1670,
1333, 1167, 1115, 1042; *H-NMR (400 MHz, CD;0D): 6 0.89 (3H, t, J = 6.4 Hz, H3-13"), 1.29 (18H,
brs, Hp-4", 5", 6", 7", 8", 9", 10", 11", 12"), 1.44 (2H, m, H,-3"), 1.75 (2H, m, H»-2"), 3.58 (2H, m,
H,-3") 3.64 (2H, dd-like, J = 1.8, 6.0 Hz, H»-6), 3.86 (2H, m, H-5, 2"), [3.96/3.97 (1H, dd, J = 6.9,
10.1 Hz/ 6.4, 10.1Hz), 4.11/4.13 (1H, dd, J = 3.7, 10.1 Hz), H,-1'], 4.54 (2H, m, H-1"), 4.83 (1H, d,
J=1.4 Hz, H-4): ®C-NMR (100 MHz, CDs0D) ; 6¢ 14.5 (g, C-13"), 23.7 (t, C-12"), 26.7 (t, C-11"),
30.48/30.69/30.73/30.78/30.81 (t, C-3", 4", 5", 6". 7", 8", 9", 10"), 33.1 (t, C-2"), 63.2 (t, C-6),
63.96/63.99 (t, C-3’), 70.6 (d, C-5), 71.9 (d, C-2"), 73.7 (t, C-1"), 75.19/75.25 (t, C-1"), 76.7 (d, C-4),
122.6 (s, C-2), 159.9 (s, C-3), 172.6 (s, C-1); HRESIMS m/z: 455.2616 [M + Na]* (calcd for

C22H4008Na, 4552615)

2-0-(2,3-dihydroxypropyl)-3-O-tetradecyl-AsA (28): An amorphous powder; [a]% + 31.1 (c 0.30,
MeOH); UV [MeOH, nm (log ¢)]: 237 (3.93); IR (ATR) Vmax cm - 3379, 2922, 2853, 1750, 1669,
1333, 1167, 1117, 1040; *H-NMR (400 MHz, CDsOD): 5 0.89 (3H, t, J = 6.4 Hz, H3-14"), 1.28
(20H, brs, Hp-4", 5, 6", 7", 8", 9", 10", 11", 12", 13"), 1.44 (2H, m, H,-3"), 1.75 (2H, m, H,-2"),
3.58 (2H, m, H,-3") 3.64 (2H, dd-like, J = 1.4, 6.4 Hz, H,-6), 3.86 (2H, m, H-5, 2, [3.96/3.97 (1H,
dd, J=6.9, 10.1 Hz/ 6.4, 10.1Hz), 4.11/4.13 (1H, dd, J = 4.1, 10.1 Hz), Hy-1], 4.54 (2H, m, H,-1"),
4.83 (1H, d, J = 0.9 Hz, H-4): ®*C-NMR (100 MHz, CD30OD) ; dc 14.5 (g, C-14"), 23.7 (t, C-13"),
26.7 (t, C-12"), 30.48/30.69/30.73/30.78/30.81 (t, C-3",4",5",6". 7", 8",9", 10", 11"), 33.1 (t,
C-2"), 63.2 (t, C-6), 63.97/64.00 (t, C-3"), 70.6 (d, C-5), 71.9 (d, C-2"), 73.7 (t, C-1"), 75.20/75.25 (t,
C-1'), 76.7 (d, C-4), 122.6 (s, C-2), 159.9 (s, C-3), 172.6 (s, C-1); HRESIMS m/z: 469.2773 [M +
Na]" (calcd for Cy3Ha,0gNa, 469.2772).
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) ke

B16 melanoma 4A5 #fifad (RCB0557, B b 7AF2EpT) %, 10% ¥ v g g (FBS),
penicillin (100 units/mL), streptomycin (100 pg/mL) &7 Dulbecco’s Modified Eagle Medium
(glucose 4500 mg/mL) £5#1 (DMEM, Sigma Aldrich) TE;# (5% CO,, 37°C) L 7-.

Ede EEATZ 794 & (Black donor, 7 77K 7) %, DermaLife M LifeFactors &H
DermaLife Basal Medium 34t (27 7R V) TH:EE (5% CO,, 37°C) L7-.

B16 melanoma 4A5 FIZ 1T B theophylline % X T = o BEAINHITE

48 well ~ 1 7 v 7 L — hIiZ B16 melanoma 4A5 ffifid %, 10%FBS & DMEM
(sigma-Aldrich) % FVTHERE L (8.0 < 10° cells/well, 200 pL/well) , 24 BefkEsE L 7=, a8,
6 mM theophylline & A 55 (50 pLiwell, #&IRE 1 mM) 36 KL ORERT o 7 L& G EHL (50
uL/well) Z#INU7-. 72 BRfEE %%, 7 A L — % — T A FRZE L, 78847k 105 pL 2 %S
L, HEE R &0 i & i U7z, iidet%, 5 pliwell 37> 96 well v 1 7 o 7' L—
NMZ# L, BCA protein Assay Kit (Thermo) Z FHV T (95 ul/well #is00) % > X7 B &% E&
L, HlAGFERLE Lz, 750 ORI 6 M NaOHaq.\Z TIAfE (20 pul/well, 60 °C, 30
min) L7-. IR E THEITL 72, 96 well ~1 7 a7 L — NIHIRR AR Z 43 B (100
uwel) U, A L7z AT = O eEE2~A 7 a7 L — kU —&— (EnSpire™ 2300
Multilabel Reader, Perkin Elmer )2 CHIE L 7= (HIEPEE : 405 nm, ZRI%E : 655 nm). 73
1, HERYE X DMSO IZHEfiFE L, KHi~UsIN L 72 (DMSO #43 0.1%).

Inhibition(%) = [(A-B)/A]/(C/100) X 100

[A R 7 LREIN (2 b a—/L) OWOLEE, B : #RY > 7 /VIRINOWEEE, C -
MR A7 ]
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EEE MREAT VA MIBIT S AT =V EAMGNEE

6 well ¥/ 27 7L —hIEFKE FERAT /YA FEFHEREL (3.0Xx10° cells/well, 2
mL/well), 24 FEIEEEE U7-. B5a8t%, #BRY o 7 V&AM (50 uLiwell) Z¥RML7-. 6 H
FRE#E%, 7 AL —Z —THHMZREL, 7&K 105 pL 2RI L, &85 RRH#IC L0
HIIE 2 AR U 7=, BRREt%, 5 uliwell 952 96 well ~ 1 7 1 7' L— 2 L, BCA protein Assay
Kit (Thermo) % T (95 puLiwell ishn) % v X7 B EA2EE L, MlaEFERE Lz, 58D
DFMALAL AR IZ 6 M NaOHaq. 12 TAf#E (50 pul/well, 80 °C, 30 min) L7=. iR E THAIL 7=
%, 96 well =1 7 v 7" L — MMIHIRREARIR 2 77 B (100 pliwell) L, R L72 A T =Dk
W~ a7 L— kY —&— (EnSpire™ 2300 Multilabel Reader, Perkin Elmer ) =T
HIE L7z (MIEE : 405 nm, SR : 655 nm). 7eds, #BRMEIL DMSO ICHfE L,
HI~FIN L 7= (DMSO # ¥ FE 0.1%).
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SaLiE i

LR DM G:FIZ T, ot &1T - 7=, % . Shimadzu Prominence, %7 7 4 : Cadenza
CD-C18 (2.0 mml.D. X150 mm, 3um), #fH#s - UV (240 nm), Z#EFH : [AsA ; 0.1% aqueous
formic acid, 7 and 20 ; MeOH/ 0.1% aqueous formic acid, 40/60, v/v] , JiE# : 0.2 mL/min, 7
7 LIRE - 40°C, EAE ;0.1 L.

2 T M AT

AsA, 7, BLT201ZHOWT, TN EIVEE IR L, Bi/KIZ T 20 mg/mL O 7Y
L7k %, 4— 27 L—7 (ADVANTEC) THIE T 125°CI2C 1 FEf & 7213 3 FEfnZA
AT o T2 IMEME KIS 258 LE &N LT b DI oW T, 8K 2N UE &t %
ITolz. /oI BRIREZ A 7 L7 4 —/L % — (0.45um) TAild L, HPLC JIE 1T

7.
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i S
B16 melanoma 4A5 |35 1 FEICEa DO HFIEICHE L TR 1T 7=,

B DR

vy Va—hERT T —BESIEE

96 well v 7 r 7 L— K (EFXX—2 74 M) 12, 3EHA#K (DMSO ##i#k) 5 pL, 100
mM Na, K - U > E&fE@ER (pH 6.5) 90 pL, 3 X OEEE (L-tyrosine 2.5 mM % 721% 3.0 mM
L-DOPA) Z 50 uLi®INL, ¥ v ¥ =2 /b—AfHkF a i —+8 (1380 units/ mL) 5 uL 1%,
%35 S S (L-tyrosine : 25 °C, 30 min, L-DOPA : 25 °C, 5min), ~Af 7 a7 L — k1 —X&
— (EnSpire™ 2300 Multilabel Reader, Perkin Elmer #) Z H\WCHIE L7 (RIEKE : 492

nm).

B16 melanoma 4A5 KifE ISk F v & —BiEHERRLE

bwell v 7 a7 L — kK (FXX—7 74 ) (2 B16 melanoma 4A5 fifil 2 #5FE L (1.0
X 10° cells/well, 2000 pL/well), 24 FEfEE#E L7-. K53, 6 mM theophylline & A 55 (500
puL/well) Z¥shn L 72 IR RS2 L 7=, 0.1%Triton X-100 % AV CHIEESE 2 Hlitt L, BCA protein
Assay Kit W TH VU RV ERELZJE L. Dk, HEEFE % 500 ug/mL (2% L7z,
SRR E KON 50 uL 2 2 mM @ L-DOPA LiEA L7=. =D, 37°C T 30 435 KU
W, v A 77— ) —=F—ZHOCTISEERE L= (ERE 450 nm).
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Fu L F—¥ELU0Fu s —PEERTFFEM

96 wellvf 7 a7 L — bk ({EXX—2 T4 b)) |2, B16 melanoma 4A5#I %4 X< 10°
cellsiwell 2 #5658 L, 24FFRIEGEE L7-1%, #BRME I & Ottheophylline (F&IREE 1 mM) Z U0
L7 (BWERBINEZ 2 br—v b L), T2 &%, PBSTHe L 721%, Power
SYBR Green Cells-to-CT kit (Thermo Fisher Scientific %) % 7, total RNAZ FfifEH> & il
i L, StepOnePlus™ Real-Time PCR system (Life Technologies) Zf#i/H L, Wiz B & (37 °C,
60min — 95 °C, 5min) %179 Z & TcDNAZ &Rk L7z, BB EE 71T, p-actinz H 7=,
F v bR LOREOMMALGIEITIRMG O T 7 b 3 it > 7. FFEAK Y OMRNAIZEL R IR
Fprimerz FV CTHEME S ¥ 721%, AACHEIZ THITEREEIT -T2,

gene forward reverse

tyrosinase CCTCCTGGCAGATCATTTGT GGTTTTGGCTTTGTCATGGT-

TRP-1 CTTTCTCCCTTCCTTACTGG TGGCTTCATTCTTGGTGCTT

TRP-2 TGAGAAGAAACAAAGTAGGCAGAA  CAACCCCAAGAGCAAGACGAAAGC
B-actin GGGAAATCGTGCGTGACAT CAGGAGGAGCAATGATCTC

Westem Blotting

pwell v 7 7L —F (EAX—72 T4 M) |2 B16 melanoma 4A5 Hifi Z+5FE L (1.0
X 10° cells/well, 2000 pL/well), 24 FEfELE#E L7- 5534, 6 mM theophylline & A 5:#t (50
uLiwell) Z¥RINL 72 BeffEssE L=, 20k, v 7 7 —BIEAZ & T RIPA FEEKR % H
WCHIEN D Z > 7 B a4 L=, 10 %SDS-PAGE % W C X L X7 E a3 HEL, RV
TR E=U T Y740 REICERE4, tyrosinase (1 : 1000) 33 X OF B-actin (1 : 2000) (2
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FEEW) 72— IRPUA (B-actin:Abcam %Y, tyrosinase: Santa Cruz Biotechnology, Inc ) &1 >3
=2~_X— K L7z. WesternBreeze Chemiluminescent & > & (Invitrogen,Carlsbad ) % T
fE oD & Ry N R &2 R[4k L, ChemiDoc Touch Imaging System (Bio-Rad,Hercules £k
)y AW THEB AT,
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A T = ik B R 7 A

96 well v 7 27 L—h (ER_—2 7 h) |2, B16 melanoma 4A5 il % 4X10°
cellsiwell Z 578 L, 24 RF[HE5FE L7, #BWE I L U theophylline (fF&IREE 1 mM) A isN
L= (WBWEREGINZ 2 hao—L & L), 72 BpESEE%, PBS Ty L7-1%, Power
SYBR Green Cells-to-CT kit (Thermo Fisher Scientific #%) % FHu> T, total RNA % HifadH> & fil
i L, StepOnePlus™ Real-Time PCR system (Life Technologies) Z% f f L, ifi#is 5 i
(87 °C, 60min — 95 °C, 5min) %179 Z & TcDNA &1k L7-. &8s 11213, B-actin
Wz F v B XUOREOHERITETERMN O T v kWit~ 72 457D mRNA
IZLL IR primer & IV CHIME S8 72%, AACHIEIC THRATEREE 1T 7=,

gene Forward reverse

tyrosinase CCTCCTGGCAGATCATTTGT GGTTTTGGCTTTGTCATGGT
MyosinVa AGTGCAGCAGCTAAGAGCAT ATTCTTGCACGTTTGCTTTC
Rab27b ATGTCGGATGGAGATTACGA CCATAACTGCAGGTGGATTC
Kinesin CCGAGCACAAGAGAAAGTCC TAGCTTTTCCTTTGCCTCCA
[-actin GGGAAATCGTGCGTGACAT CAGGAGGAGCAATGATCTC
B A LTS ABER

FREEE R OV TS 8 = L FERITITV, XA AT T ABIEIZHOWTE, XA A
T 7 APEMEE BZ—X700 (F—x 2 &) W T{To7=.
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i S
B16 melanoma 4A5 FiEILEE — 3 = HilZGiak O T IEICHE L TSR 21T o 7.

AT7=VER

AT = OERT, BFEE R EOTIEICHEL TIT- 72,

RNA F#
B16 melanoma 4A5 Hifiaz 96well 7L — MIHEHE L 24 FFfjE5#E1%, Lipofectamine 2000
(Life Technologies) & 100 nM MyosineVa-small interfering RNA (siMyosin Va) & L <%
non-taegeting SiRNA (siControl) & DIRAWKZEM L, 37 ‘C.5 % CO, S&fF T IZ T 24 IRFfAAL
P& L7z, filfin % theophyline (FXI2EE 1 mM) OFFEE F £ 72ILFIEFAE T T 48 FEfl A v & =
N— | L7z, b 7ciilaz M-KDeells & L7z,

Westem blotting

Mz 85812, Vo7 7 —EHEAEZ ST RIPA fREEEZ W TR Z > 327 B 2 fhi
L7o#, #2380 B% 10 % E 7213 15 %SDS-PAGE Z W T L, IRWTHRY B=1 F
U7 NA Y REEIZERE. L7z, tyrosinase (1 : 1000), LC3 (1 : 1000), p62 (1 : 1000) I3 & U8 B-actin
(1 : 2000) \ZHFEBY 72—k HLIR (Cell Signaling Technology H) & A v F = _X— | L7z,
WesternBreeze Chemiluminescent = bk (Invitrogen,Carlsbad,CA,USA) % W CIE Lo &
XTI N R A4 L, ChemiDoc Touch Imaging System (Bio-Rad,Hercules,CA,USA) %

WTRHEZ T 72,

gL
ML A4 %7 RV LT V7 & BT (PBS () IZWE) (2155 MARR$ 2 2 & Tllla 2 [E7E L,
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0.2% Triton X-100 (PBS (-) |Z¥f#) #1053 MBS 25 2 & THEmLEL 21T > 72. PBS (-) IZ
TUEF1%, 1 % 1gG-free BSA (PBS () IZIafiF) ICIRIESH, | TR 7 2y X 7 %2175
7-. IZ, 2 pg/mL rabbit anti-LC3 polyclonal Hi{4 % 7= X goat anti-Pmel17 polyclonal (Cell
Signaling Technology) ™2 pg/mL (1 % BSAZE APBS (-) (ZIEMF) 2 =i CURFMALE L, 1K
PUARK G Z24T > 72, PBS (<) (2 T4, donkey anti-rabbitlgG H&L (Alexa Fluor 555) (Abcam)
F 721X donkey anti-goatlgG H&L (Alexa Fluor488) (Abcam) (1 % BSAE HPBS (-) I[ZIAfiE) %=
SR CLRFFEE U, 2R PUASS 21T > 72, PBS (-) (2 CTUEH1%, 2 ug/mL DAPI (Dojindo
Laboratories) (PBS (-) (ZIAf#) & SRIRKFPT CoMIALER U, Beta 21T > 7=, A Sl 3,

BZ-X7008 JEBAMER (F—— 2 R) ZHWTHET.

= —E D EER

MyosinVa / v 7 Z 0 2k B AT = BORGE
awell~A7uarL—b ((ERN—27 T4 M) 12, 4X10° cells/well (200 pL/well) o5
% B CHEFE L 72, M-KD cells % 24 IFffi3528 L 721, theophylline ({2 EE 1 mM) RN L,

A I LTz, TOBA T =V BEOTEEEIToT-.

MyosinVa / v 7 #0712 & 544 mRNA RE BRI

48 well~ A 7 1 7 L — K2, 8X10° cells/well (200 pL/well) il CHEFE L 7-M-KD
cells% 24IK¢fiIE 28 L 72 1%, theophylline (#EFE 1 mM) Z RN (or ARIFIN) L7-. 48KFME:
ek, PBSTHEH L 7= 1%, Power SYBR Green Cells-to-CT kit (Thermo Fisher Scientific #) % H
VT, total RNAZ A SHhH L, StepOnePlus™ Real-Time PCR system (Life Technologies)
AL, WG G (37 °C, 60min — 95 °C, 5min) %179 Z & TcDNAZ AR LT, &
BRI, Bacting V2, £ v MBI OREOMEH FIEIZRM O v b avicit- 7z,
KHE ALy OMRNALLL F I~ 3 primer & W CHEME S 8721, AACHEIZ THXTEEZIT

-7z
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gene forward reverse

tyrosinase CCTCCTGGCAGATCATTTGT GGTTTTGGCTTTGTCATGGT-
MyosinVa AGTGCAGCAGCTAAGAGCAT ATTCTTGCACGTTTGCTTTC
B-actin GGGAAATCGTGCGTGACAT CAGGAGGAGCAATGATCTC

MyosinVa / v 7 X N2 X B34 — b7 7 U—IEHRIURREE

6 well v 7 a7 L— 2, 1X10° cells/well (2 mL/well) O#ffa% E CHEFE L7~ M-KD
cells & 24 RF[E352% L 7= 1%, theophylline ({4 1 mM) ZiRAINL, 48 IFfEIEE L 7. £ D%
Western Blotting (24X ¥, LC3 BX O p62 D ¥ > 37 B3 BRI L T, ChemiDoc Touch
Imaging System & Tk 24T - 7=.

MyosinVa / v 7 v 2 & 3 LC3 L /FIEMREE

48 well ~ 4 7 1 7 L— KT, 4x10° cellsiwell (200 pL/well) O#Hfa%EE EE CTHERE L 72~ M-KD
cells % 24 IfEIE2E L 72 1%, theophylline (F&IRE 1 mM) Z RN L, 48 FEfHEE3E L7z, £ D%,
GeEYtall KV LC3 38 KUY Pmell7 & Yuth L, BZ-X700 @ JEBHMEEC L 0 Bl & 1T o 72,

VC-HG Iz L 54— 7 7 V—{EH(LE L O LC3 RTE(LMREE

6 well v 7 17 L — k2, B16 melanoma 4A5 il Z 1 10° cells/well o>l % & CHEFE
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