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We have reported that a glycosylceramide (GlcCer) showed improvement in skin barrier function in mice. Only the
GlcCer from pineapple (P-GlcCer) showed the activity among other plant-derived GlcCers. We supposed the specific
activity would be originated from the chemical structure of P-GlcCer, especially the moiety of sphingadienine (SD) would
have the responsibility for the specificity. Here, we reported the investigation of the structure-activity relationships between
the cis/trans geometries of sphingadienines (SD-1~4) and their biological activities. The challenge was initiated to establish
the stereoselective synthesis of sphingadienines (SD-1~4). The stereoselective hydrogenolysis of ene—yne was employed
to construct the diene moiety. The ene—yne units were prepared by stereoselective addition of acetylide ions of ene—yne
units to Garner’s aldehyde. Wittig reaction and Johnson—Claisen reaction afforded the required starting ene—ynes. Lindlar
catalyst reduced alkyne to afford cis olefin, on the other hand, Red-Al reduction afforded trans olefin. By combination of
Wittig/Johonson—Claisen reactions and Lindlar/Red-Al reductions, stereoselective syntheses of SD-1~4 were achieved.
Cytotoxicity of SD-1~4 was checked by MTT assay. These compounds showed no cytotoxicity against RBL-2H3 cells
at the concentration of 4.71 nug/ml. To confirm the anti-allergic activity of SD-1~4, RBL-2H3 cells were preincubated
with each geometric SDs before sensitization of anti-DNP IgE and challenge of DNP-albumin. 3-Hexosaminidase released
into supernatant was measured as an index of its degradation. It was demonstrated that 4 cis, 8 cis-SD possessed the highest

activity compared with the other three ones.
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I ALFEWT 5 72O PO % GG &2 L5 L7z,
—MRICT IV F BT HEE OKRFEMTVI=T A
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frpesE & 8-9 {7 e AS cis/trnas TIE Y i Bz 4 FiD
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4,8 -sphingadienine # =M Zi % SD-1~4 & -5 (Figure
1)o

SD-1~4ix, KA, 2)12BIF D 4-5kKTH DT
VxR cis b L < trans IR PR IC (7)1/#
VERTNVTVICEIE) TAILETRRTESL LEZ T,
LT, A1, 2) i Garner's 7 V7 K (3) ’\@*ﬁnﬁ’
VEY 4,5 DT EF) FAF DI T AT LAERN %
AMBISIZE D FOND EFEZTe KImTVF > (4,5) 13,
HWZBWT8-9 M RFEITHE LT 5 HHE S cis b L
hdtrans & U TERIIZH L STV 5 (Scheme 1) o
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Figure 1 P-GlcCer & 4 838D 4,8-sphingadienine D &4k (SD-1~4)
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2. 2. ERMEEROHBRESY
4FEDSD DML, MTT 7 v 2412 X DL

720 RBL-2H3 Mg % 2.0 X 10°cells/well T24 X7 L —
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L7zo ¥4 2707 L—FY—%—7T570nm OWGEE % il
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2.3. FrLLE—EEAE"

RBL-2H3 M % 2.0 x 10°cells/well T24 X 7L — b
(ZHEAE L. RPMI 1640 By 2 C— B AR 28 L7z WBR
AR GOREBEZRIMLTI7TCT2HMA Y Fax=1
L7zs #&30E 200ng/mL OPLTNP IgEfufkZ @i L. 4
BERIREAE L7z, T XCOBME 77 =7 V%M (SB;
119 mM NaCl, 5mM KCI, 0.4 mM MgCl,, 1 mM CacCl,,
40mM NaOH, 25mM PIPES, 5.6 mM glucose, 0.1%
BSA, pH7.2) IZi& ¥ 2 7215, #3% 20 ng/mL @ TNP-
BSAZ@HML, 37CTIMIG S 724, L—1%
K 112 10 43 R e i L B8 JB0RE BSOS & 452 1k S 872, 13 50
uL 2 96 X7 L— MZB L, FEOLE(0.2M 7 T Rik
f& W ¥ 12 p-nitrophenyl-N-acetyl-B-D-glucosaminide %
B 1mM T, pH4.5) LA L T37CTI1RHIX
o Ee7z, 1R (0.2 M glycine-NaOH ¥, pH13.0) %
100 ul/well THIIL. Kbz KT 8872, ~f7urL
— M) =& —T405nm OPOLEEMWET S Z & T, FEE
SUSAE M) T % p-nitrophenol # EfR L. T % p-~F
VHIZ Sy —ElERROBELE L7ze REHROR-~FV
I =y — B, BRGEER oMM I T 5 H
mEE LTHIB L.
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3. 1. Garner’s aldehyde D&

WE XN TWB FEICHE W T Garner's aldehyde (3)
DAY FA Y N-Boe-L-& Y ¥ A F VTR
7 (6) (Boc: t-Butoxycarbonyl) Z HIZsEHR & L, ¥ X
My Tuny, Z7obRTEI TV —TIOVEEK
(BF;-OEt,) & JUt &8, BiR7 I F— (D& IEE 98 % T
Bz BONLBIRT I F— )V (7) ZAFELT VI =T 4
) F 7 4 (LiIAIH,) TRICT A Z ETTIVa—)b (8) Z UK
89% Ta72c ZOT NI — ) (8) i 4 DM T TPCC(E
VyyowazunzuX—b) LRSS, BIKIEA
EETLIW, BHEE2T-o COMBLEND2EL 2 L1
WLDo7e £2T, SwernBL TOBALZAATE A,
FOLASBIFIZHEAT L, I 93 % T Garner's aldehyde (3)
% 1%72 (Scheme 2) o

3. 2. Garner’s aldehyde A\DIr{F#iRAVETIL
F DK% IMRIG
55072 Garner's aldehyde (3) 2L T, 1-RV %5
U9 BEFNTNMFELTHOT, VARERIRE 2K
KA BSOSt #it 2 47 5 72 (Scheme 3) ¥0 7 D 5F,
Lam & Mendez 5235 LCWA&E” ThHHT Y ) —
4 Tid RWVIBRFWEDE 57z (Table 1o
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~~">Cco,Me > : >
2 acetone, r.t., 2.5 h "Nco,Me  THF, it, 2h
6 98% 7 89%
DMSO, (COCI),
QLNBOC i-ProNEt ?LNBOC
B 2 B H
OH
N CH,Cl, \/\g/
-78 °C t0 -45°C, 4 h
8 93% 3

Scheme 2 Garner’s aldehyde D&%
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DHEIT L o lz b E 272 2 THAREDORICEILE A
Hlze TTTIVFA0) % p-F V¥ 2V E YR (TsOH)
TUHL., 20H% M) 7 VA o CUE T2 2 TT IV
X (13) % 2 B BEIEE 34 % Tie/zo o727 v % » (13)
ZRed-Al & Ut &85 &, W45 % THMD trans 7 Vv
v (14) 2545 5 172 (Scheme 4) o

Wixcis TV YOI Y MAZ, 7TvRy (10) =
KEFHEAT. VY FI—MfEET " 2% ) — i
BT L. EERNICHND s TV v (15) %1%
720 BN Tltrans TV ¥ % G L 72K & AR E %

EFIWVKTH LT VT v (16) % 2 BEBEIER 25 % C
FOBATHI B 0 J5 i

??b\\
%72 (Scheme 5)o Ll EIZX D 447
DHESL. T E 72,

4. (5E)-5-Pentadecen-1-yne (4) D&
WA, 8L K D cis/trans FAHIH O F % WL 3 5
WF2EICHLY LA 75, KO decanal (17) Z Hi3sE R & L.
Yo s Ay a7u FERIBESE, 7ha—(18)
ZINH 96 % TRz, oMz 7 Vv a— (18) z=#E o+
Vo RNEERR b ) ZFOVh, T a ¥t VB T T 5

//\M/
%NBOC z 9 11, n-BuLi %NBOC

o = H
\/\ﬂ/ THF, temp. tlme

O
3

Scheme 3 Garner’s aldehyde "D 7= F 1) K4 7+ > DN

Table 1 ILHEIREY 4 KL IR IS D SRAFIEET .

Entry Reagent (eq) Temp. (C) Yield % anti (6) : syn (13)
1 1.2 -78 61 71:29
2 1.5 -78 73 5:95
3 1.0 ~78 46 87:13
4 1.0 —40 48 93:7
5 1.0 —78 to rt 59 56 :44
C?L';IBOC 12 Red-Al (1.2 eq) 7L":‘ tmns
- é ? O
THF, 20 h
OH 0 °C to reflux
10
1) cat. TSOH
MeOH, rt, 3 h HO N2 PN Red-Al 2 trans .
- = - HOW
2) cat. TFA, THF, rt, 5h
CH,Cl,, 1t, 24 h OH 45% OH
34% (2 steps) 13 14
Scheme 4 4-5 17L& L ERIZH T B trans B#IRER AR5
H, \>L\ 1) cat. TsOH
;7L\§B°C4 2 Lindlars Cat. NBoc MeOH, t, 3 h NH
- 3 é : 3 - = HO : 3 4_
MeOH, rt, cis 12 2)cat. TFA, cis 12
OH 24 h, quant. OH CH,Cly, rt, 3 h OH
25% (2 steps
10 15 o (2 steps) 16
Scheme 5 4-5 U7 )L% “EBICH 1+ B cis BIRBR%4 =TT
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Z & T, Johnson-Claisen =i S #51EBZ L. 7TV 7
v (19) % trans BRI 84 % TlR7z. HOENIZE-T
Wiy (19) %#LiAIH, E RIS &84T, WEI6% TT v
= (20) %87z, FLTRONZTVI—LEPCCEK
s, PEEIBTT LT R (21) 21872 ZOT VT
ek @21 L M) TV T x AT 4 v, HiSR, MEALG
FEORIBIZEDPEEI3% TY T uET VT v (22) 214
720 SHIZZDOTVTOET N v (22) % n-Buli TP
% Corey-Fuchs 7 )V F Y LFUEIZ & D L= 56 % T (BE)
-5-pentadecen-1-yne (4) % 1%72 (Scheme 6),

3.5. (62Z)-5-Pentadecen-1-yne (5) DA

KIZ cisRDOERICI Y RA T, 7TIva—u (23) 25
PCCRLICE D 7V T K (24) 2K 72 % THH7zo KIC
TUETH(25) % T b VHEHEP TNl B S DS
ETIEIB%TI— KT~ (26) 2870, Hohia—
FFEAY (26) Z M) 722V RA T4 V& MV VT
By RIS T CT2ARBIIESIES LT, "AK=Y
L=V F 27) ZPWHEII% TRz RAR=T LI =D

F(27) # NaHTHLBELL, 7Tk F (24) & Wittig ft &
g7 2n W WEAT%TE LT 4 v (5) %1272 (Scheme
7o VLI X D 8KIRFED cis/trans 3ATHIE 2 5Z % L 72,

3.6. RTA4UHPIZVD 4 BEMEAF(SD-1~4)

DEK

FTRTOEMHALO EIRWG 2 GG AE . TE 72D T,
SD-1~4 OEKIZH ) M A 72,

3.6.1. (E)-4,8-AT7«4>HTT=>(SD-1,2) DEHK

Garnaer's 7 VTFE K@) ICHLT, 7TVFr @ OTE
F) FAF M ES €T, LAY 28 21572, BifriEL
TILEW 29 NELFHEL7-DH, Red-AlTRILT A & T,
trans/trans DA 7T 4 ¥ Y =V (SD-1) OEKEERK L
7z (Scheme 8) .

WIS, TVvxF > @A) o7+ F Y KA+~ % Garner's 7
Ve R @) Ifmse, ka2 zal Lz, Thz
Lindlar ST, IMAKRFESFIZ LD 30 Z AW L 720 W&
Bifki#$ 5 Z & T, cis/trans A7 4 Y YT = (SD-2)
DEM % ZEK L7z (Scheme 9) o

OFEt
OEt 8
H 8 8 )<0Et (2.4 eq), cat. ~~COOH Z
Ih\ ZMgBr (1.2 eq) /Eh\ I
> —
THF, 0 °C, 96% H 140 °C, 5 h, 84%
17 18 Et
EtO % ¢ LAH(12eq) HO \/\/8\/(\)5 PCC (1.2 eq) H SR
—_—
THF, 0 °C to rt CH,Cl,, 1t, 3h M
19 96% 20 80% 21
trans only
PPh; (2 eq), Zn (2 eq)
CBr, (2 €q) Br . n-BuLi (2.5 eq) SR
s 8 = M
CH,Cl,, 0°C to rt BFW THF, -78 °Cto 0 °C Z trans
Scheme 6 (5E)-5-Pentadecen-1-yne (4) D&
PCC 0
OH /\)J\H
W CH,Cl,, 1t Z
23 overnight 24
72%
Nal PPh, NaH l g
©) —
Br — | IPhop =TT Ok
/\(\/)g Acetone /\(\/)g Toluene 3 /\(\/)g THF 0°C, 4h é
25 reflux, 18h 26 reflux, 24 h 27 0°C,2h 46% 5
95% 99% cis only

Scheme 7 1-Bromodecane »*5DEILT « >4 70y 7 (8) DERK
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3.6.2. (2)-4,8-AT14>HIT=>(SD-3,4) DEMK
Garnaer's 7 V7 F Q) IR LT, 7UF v (B) D7+
FU) A F v 2fmsSe <. AbaEW 31 #1572, Bifki#EL
TALEW 32 NEFHEL7-DH, Red-AlTRILT A2 & T,
trans/cis DA T 4 Y HY L= (SD-3) DA% ER L7
(Scheme 10),
RBIZ, TVFR Y B) DT XFY N4+ % Garner's 7

N 12

Z, ,
NBOC n-BuLi
o I 4
\/\g/ THF, -40°C,4h

%NBOC N g
O - 3 44

2) cat. TFA,
CH,Cly, rt, 24 h

VFE R (3) IHmEE, ALEw3l 2akLlz. Thz
Lindlar T, IMAKFESIZL D 33 2B L7z, &I
ifki#E$ 52 & Ty cis/cis A7 4 VY T= (SD-4) O
B % R L 72 (Scheme 11) 6

PLE. 4-5f0 % & 8-9 (i jik &S cis/trans THE Y 40T
57z 4D 4,8-sphingadienine (SD-1~4) D54 b4y
B R ER L7,

1) cat. TsOH
MeOH, rt, 3 h

OH 34% (2 steps)
3 28
NF PR Red-Al NH
HO P HO\/-\:)’(\/\/W
THF, 0°Ctort,5h trans
OH 45% OH
29 SD-1
Scheme 8 SD-1 D&M
e 12
Z H,
}LNBOC 4 n-Bulj %NBOC Lindlar's Cat.
=z > = 4
° © 3 é

THF, -40°C,4h

\/\WH

N8 >
MeOH, rt,
24 h, quant.

3 © OH
28
1) cat. TSOH
#NBOC cis MeOH, rt, 3 h ’;lH2 4
0 = 4 > HO N3 — =
\/\3(:\/\/\(\/)? 2) cat. TFA, M
OH CH,Cl,, rt, 3 h OH

25% (2 steps)

30

Scheme 9 SD-2 D&

/Wz 1) cat. TsOH
NBoc 5 n-Bull NBoc MeOH, rt, 3 h
- z 4__ -
\/\g/'" THF, -40 °C, 4 h W 2) cat. TFA.
CH,Cl,, 1t, 24 h
3 2v12: 1L
OH 34% (2 steps)
31
EIHZ 4 — Red-Al ’;‘HZ 4 trans
HO 3 é 8 » HO ET N —
MR oCosh T Y T ok
OH 45% OH
SD-3

Scheme 10 SD-3 D&/
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Mz H,
;LNBOC > n-Buli NBoc Lindlar's Cat.
B H : 3 4& — 5
\/”\y: THF, -40 °C, 4 h MeOH, t,
24 h, quant.
3 OH a
31
1) cat. TsOH
;FL\NBOC cis MeOH, rt, 3 h NH
R 4 8 HO 3 o 8
2 — 2) cat. TFA,
H CH5Cly' rt, 3 h OH
33 25% (2 steps) SD-4

Scheme 11 SD-4 M&RKK

3.7. EANEOR 7 LILF—%R

P-GlcCer DAL E D MAEIZFH G L T2 DT
ERWPRLWIRFEEZ VT, I I FHhOR 71 T4
IR S48~ A7 4 VDT =y O ZEREEH
cisicis, cisitrans, transicis, transitrans O WFE YLK % & B

v R RGBT 7OV 2 AV TIL-23mRNA J8 3
RIS, ARG THEL VATV ET I FDIBLED
X0 B VAREEEE L CONRRELERY 25T 00
EWPHLPCT A EZHME Lze LA LRDATS, FERSL
B R % v CEPEM A S 5B 2 70 L 7285, Caco-2 #
iz X o TR NS 720, IL-23mRNA S % F5EEIC
HIENRTERNT LD h o7z &2 THE L 72 BER
PUAE D LB YE 2 B & 22T A 720, AR S 72 I i
RBL-2H3 I3 28K L7z 4 DA 7 1+ v T4 FHisko
7 LV IVF—RIRE G L7,

ZH 5 Y O TIE. P-GleCer % Caco-2 ML IZ M
L72BE, 54.8% s NAHEHEL TWwbH, L7zdio
T, AEBRTIZ, ZVvay vt 53 F80ug/mLDHERET
Caco-2 Mg IR L 7235612, M §XCT4,8- A
T4 YHTE=Y (SD) BB ENTZEREL T, TOiR
B (4.71ug/mL) 2B % RBL-2H3 Mg o Bk 125 2.
5558 % FEli L 720 4,8-SD @ RBL-2H 3 Al i i PE AL #iil
RO AT 1CH 2D FFIENASD 2%4.71 ug/mL
THINHE 2 R D E D 2R L7z Z k%, Figure
21" & B Y PTERE TR IR SNk o7z,
WIS, DYFESD O VAR AR IC & 5 RBL-2H3 Al e o p-
ANF VY I = F— EREEZ G L 7z PURTURR I
(Positive control) TR-~NFVH I =¥ —PHERIIEE
I L. 4eis, 8trans-SD. 4cis, 8cis-SD Z ML 72 &
CAHB-ANF VY Iy — MR E TR S, fE
12 4cis, 8cis—SDIZB VT b I T LA 10% TH -
7z (Figure 3)o

120

100

80

60

Cell viability (%)

40

20

Control 4t, 8t 4t, 8¢ 4c, 8t

Figue 2 X744 AT I & BBaEM
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Figure 3 X7« AT I =& 2BEMIDEEALINEIRIR
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4. &

ARWFFETIZ, PR 2GR E 2 AT 4 T4 PR
o BYARIIAE (SD-1~4) DALFEA M O % Hig
L7ce 4-5007 V¥ VG O@ITTIE. EFMEEWZE M
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X BBICDVIEENTH o 720 T OB MW E ORHEIL
T RTHAEL TBL I EPRVETH -2 T,
RBEEIC X % Red-AlOFEEZ YT 5N EPHEETH -
TelEZ 5N, ¥ A®ICTIE, Lindlar Al X 2 KFE
LB DERI TH o720 TIVA ¥ F TOME 2RI E %
FiEoD, ¥ ABIRMISEITT HZ LA TE 72, SD-1~
4 OHTERIA X, Garner 7 V7 k& KD ene-yne ® 7 & F
U R A 2 ORISR AR HET L7z USRS
WA LR —40CHOKRTRIEZ4T) & Bk
ATIMBUE AT U HiEMEZ /5 Z &5 T&72, Tk
F) R A F Y DEH & 7% B ene-yne DEIL TIE. Johnson
Claisen )it # FI -4 5 & trans @ ene-yne 2SRRI 12 A
T & 720 Wittig Ut 2 FJHH L 72 cis D ene-yne &2 ik b
HEL VB BETDH o 720 FiA DORUSSM: & MW E 2 A§
% Z LT, cis®ene-yne B FEDMEV. TE 72 29 LT,
cis/trans @ 4 FEE L ARRMARTH 5 SD-1 ~ 4 D E ALK
BWENLT B I EDTE, F 72, MUEHHIIG R o R #=0
RBL-2H3 % 7z 4 FEE AR MAAROPL T LV F —iHk
ZHE L7z H deis, 8cis—SD I D B WA R Sz,

(51 FASZHR)
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