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Molecular Requirements for Manifestation of
Biological Activities of Lipid A :
Synthesis of the Non-reducing Part Subunit Analogs.

Makoto KISO, Hideharu ISHIDA, Tokunori KITO,
Shinji TANAKA and Akira HASEGAWA.

(Received July 31, 1984)

SUMMARY

In order to clarify the moiety of the structure that is required for manifestation of the biological
activities of lipid A in bacterial lipopolysaccharides, a variety of monosaccharide analogs (I-XIII)
of the non-reducing part subunit have been synthesized.

Benzyl 2-deoxy-2-(3-hydroxydodecanoylamino)-4, 6-O-isopropylidene-a-D-glucopyranoside

(2a), for example, was esterified with dodecanoyl chloride, and then the product underwent mild
hydrolysis to give benzyl 2-deoxy-2-[(3-0O-dodecanoyl) dodecanoylamino]-3-0O-dodecanoyl-a-D
-glucopyranoside (6a). After tritylation of the 6-OH group, quantitative phosphorylation of the 4
-OH group with diphenyl phosphorochloridate was carried out. Removal of the all protective groups
gave compound I. The other analogs (II-XIII) were prepared in the similar manners. Among the
synthetic analogs, 2-deoxy-4-O-phosphoryl-2-((3-O-tetradecanoyl) tetradecanoylamino)-3-0
-tetradecanoyl-D-glucose (III) exhibited the most distinct and strong biological activities.
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M) A SBERS ) €V ADEYERRRBA LA LT S0, ARy 7 2= b
Bk A~XIID eI i, iz Benzyl 2-deoxy-2-(3-hydroxydodecanoylamino)-4, 6-O-iso-
propylidene~a-D-glucopyranoside (2a) o 2 {f o KEE » FFF = Lauroyl {k. L 7%, X isopropylidene
I+ % &R/ 51 benzyl 2-deoxy-2-((3-O-dodecanoyl) dodecanoylamino)-3-O-dodecanoyl-«-D
-glucopyranoside (6a) 28 5n %, Z @ C- 4 fiikBEE % diphenyl phosphorochloridate iz & » EF&1
Y VBRI L 7c, TARNTOREEYGEST S LI HEON S, BLUOFEIZ X Y FooEEE 11
~XII &I hic, —hbHEBED H B, 2-deoxy-4- O-phosphoryl-2-[ (3-O-tetradecanoyl) tetra-
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decanoylamino])-3-O-tetradecanoyl-D-glucose (III) 723 & B3 CodASiErE 2 RE L 72,
&

il

77 st EAREENE AT S ) A48 (LPS) o 'mﬂf o,
HHNS Th 5 ) € F AR, WHEREE DS EEy NN\
BHT 5 © LR & T E 1Y, B, B0 TR B X 2T S g NIEN
OKEIHF &l TE e, ForXEEL, DV EFA Mg g TET

OEH R OESE 7D e 0 BEBIL S 2 B RS RALF R
ALERL, TG EEWEEOLREYBAT LR Y
1T, BRERAFOBEBI /i A X D 198341
)oY ADFRGEA (Fig. D 2L S h, ¥ 7o HE s
LickElma s B X n s s FRBRCET 25K

Fig. 1. Lipid A (R=fatty acyl or H)

R0
Ru),%:g Table 1. Structures of monosaccharide analogs (I—XIII) of the non-reducing
L0 OH part subunit of lipid A

R N
K Substituents
Compounds No.

R! R? R? R*
I C12707C12 CIZ P H
11 Cue Cua p H
I11 Ci-0-Cy, Ci P H
v Cie-0-Cy¢ Cis P H

”””””””” v C0C, G, H H
VI C,-0-Cy, Cia H P
VII C14_O‘C14 C“ p P

””””””” vii  C.OC., H P H
IX CH*O*CH H P CH
X C.-OH Cu P H
XI C“_OH C“ P CM

- XII C.-OH CwOH P H

X1II Cu-0-C,, C.—0-Cy, P H

Ci4, Tetradecanoyl ; C,,.-OH, (R) -3-Hydroxytetradecanoyl ; C,,-O-C,,, (R)
-3-Tetradecanoyloxytetradecanoyl ; P, Phosphoryl

ECHIEL 720 T o dE L o LRSS OB, B-1 6B L2 o0 vy L vER EDOT < 2 EE
eSO C-3, 3 KRBT 3-e K eF o i YV AFVEEAT IV BLIOP=ATAKEEL, EH1CC-1,
460y vEEEARETOIHBEN O = — VG FBECH L, 20073V I VERBIIAECICY T 2
=L FEEEATR L, EEC LD 3-e e ) 2F VRO KEEED o BT vk S e
MIHEXZR L T b, AR T, £WEE LY RET 2R/ &b O M REEEA 2 283 5 -
Bz, Ve N A& eIERTCE 7 = = o EEE I~XIID AL o, HETOEEERERO
ERITOWTLERT S,

BRRUEBE

BERSE DR OB I L AEEE~DEE LTS 2o, kg 1 ~IV 730 — + (A] (Scheme
D it ->THERENT, ThbbToRABINIALEW2~5 (LEH 3,4 DFABBIC OV TITLH6 -
7T HER) OBRFET LT TOKEBERY 7 v {b L 7-1% isopropylidene A K5 L 72, B o7 LE
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0 HO TrO HO
0 -0 0 0
[A] OH 0Bn —3 OR* OBn ——> OR® OBn 3 o { OrR® OBn
I
0 HO HO (PhO), PO
69

NHR NHR! NHR! NHR!?
1 R=H 6-9 10-13 17
g :R=C,,—OH Q_}g_l‘l =Cro— O Ci., R2=C,,
3 :R=C, 7-1-15¢ R'=R*=C,, ll
4 :R=C,,—OH —8\“12_1\6 :R'=C—0-C,, R?=C,,
5 : R=C,—OH 9 —13—17 : R'=C;s—0—Cy, R?=C I-v
RO
(0]
[B] v — 8 L OR, — VL VI
R0 OBn
NHR!

R'=C..—0-C,, R*=C,,
18 : R*=H, R*=(Ph0).PO
19 : R*=R*=(Ph0).PO

SCHEME-1 Synthetic routes to compounds L—Y\I/I

RO
O 0OBn 0 an O_ OBn O_OBn
OBn OBn _ ('? OBn :; VI, IX
(Ph0),PO

Nphth NHR! NHR!
20:R=H 22 23 : R=H 25: R=Tr
ZNl:R:Bn - 24 :R=Tr 26 : R=H
N R'=C,—0—Cy, 27: R=Cy,

TrO
o
(D) la — X@ o or! = x.xuxm

OBn  (PhO).P OBn
HR! NHR!

28 : R*=C,,—OCH,OBn, R*=H 31 : R'=C,,—OCH,0Bn, R*=C,

gg : R'=C,—OCH,0Bn, R*=C, 32 : R'=R?*=C,,—OCH,0Bn

: R'=R*=C,,—OCH,0Bn 33. :R'=R*=C,,—0—C,
0_OAll 0 OAl]
X@ o@ OR OTHP =} @vou — X
(PhO), PO (PhO). PO (PhO). PO
34 R=H 16 37 38 : R'=C,,—OH, R*=C,,
é:s :R=Cu - (3637 : R=C.)

SCHEME-2 Synthetic routes to compounds VIII-XIII
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¥ 6~ 9 DC- 6 fKBEE % EIRM) I trityl (Tr) {bL, ThZhib&Hl0~13~ L#E 7o, iz CH,Cl,
7, pyridine, 4-dimethylaminopyridine (DMAP) #£# T diphenyl phosphorochloridate # fEf X -,
CAfIHERNNCY VLT 5 2 LB LT, Siv TR L v Tr#ks, ¥1o5 09 aRE
BIOBILAGME T TOKRKERINCL Y, v (Bn) kL7 = =1 (Ph) £ F+hnFhkEL, 1t
el ~ IV 258 L 7o,

V VEREOFEHRBICH T HRE S L OMERESE YO T Do, {LEY 88 A KFEHRML T
dephospho 4 V # %4+ 2% —7, {bL&4 88 + diphenyl phosphorochloridate # 0 ‘C TG &€ 5 = &
Lo I8 %, FLERCTRILIEDLZ L ofb&HI9 % T hFhr—+ (B) itfE-<
AL, (bW 18,19 ORERESHEET -2 L1zl v VI & VII AR I,

AR DB G OLE OF I L A TERRB~ 0B B2 oo, kit VI ~ XI 28/
Ihte, F3ILEY 20 o C- 3 frkBEEE A~ NaH 1o TiEMEA L L 70, benzyl bromide # Ef X (k-S4
21 £ L, #¢\ T hydrazine (= C phthaloyl B# A+ 2 SRR ALEW 22 B OW L, FHEIC L N
-7 ol 6-0-trityl b7 & 0N ) v LA ATV, REBICRER AR THEL ke VI el i h
fo (=1 [CJ, Scheme 2), ¥ t-{b&4 26 o C- 6 (7 /KEEH A myristoyl b L -5 FE T 2 S bE
IX G b, —F, L& la o7 3 7 Fio, FHHE X n73-0-benzyloxymethylmyristic acid

(Ci-OCH,0Bn) ##EA L, i\ TEEE#HOC- 3 M KB A myristoyl (b L T{b&H 29 » L 7o, B
WZHEL B isopropylidene fk, trityl {b ks L OV v b & & T{LEH X B EH X futz(L— + (D], Scheme
2), 3,6-di-O-myristoyl (&% XI O &L, +— + (E) K- TER IR, Thbb7 UL s ) 2
R A HREWEE L, 36-(IKEEEAY T o b LB C-4Lic ) vEREAE AL, BT U L4L, tetra-
hydropyranyl (THP) fbic X v {b&4% 37 L L7z, Benzyloxycarbonyl (Z) ##ZChim L, AL
707 2 2 Fic3-hydroxymyristic acid 38 A U B RERABET 2 e XTI B LR 5,

Lehmann’s precursor & L CHIGNTV-5 ) & FAESEPEED Y 7= = o FEEE XI 8L 0% D
g7 otk XIID #E5WT 27000, (L& la o7 ¢ 7 &L KR % R -3~ O-benzyloxymet-
hylmyristoyl b L7, o nicfbE&EH 30 A8t v v VgL, BE#ET 2 L{ey XII 23850
%o F1oibE&% 32 © benzyloxymethyl 4 SR m TR EE L 7o 0 b 4 U 2o K fg &% myristoyl {L L,
REEABH S 2 L {Lay XD 552,

D botric Gl L e —#E0BgEc > TH b 4mRABROFKER?, iy L cid e TEe
O AR OEWESE D DT,

£ 8 o

Benzyl 2-deoxy-2-(3-hydroxydodecanoylamino)-4, 6-O-isopropylidene-a-D-glucopyranoside (2a)
KO benzyl 2-deoxy-2-(3-hydroxyhexadecanoylamino)-4, 6-O-isopropylidene—a-D-glucopyranoside
ba)

FFEB L 7o 3-hydroxylauric acid (0.258) ##/K 1, 4-dioxane (8ml) =M L, N-hydroxys-
uccinimide (HOSu)(0.16 &), dicyclohexylcarbodiimide (D C C)(0.38) #inz, SR THL, I8
Whlk 2 SE e iE ML S o B B B L Tk v 7ok &% 1a (Benzyl 2-amino-2-deoxy-4, 6-0O-isop-
ropylidene-a-D-glucopyranoside) (0.43 8) % jn 2 Sl o C —®#EH L 72, DC-urea & A 511, AW &
B L CE/osyrup &b 5 47 v—< + 75 7 4 — [Wacogel C-200, #FH#w CHClL,-MeOH (100 : 1v/
VI L bE Y 2a (0.568, 80%) %157, (aln+68.5 (C0.8, CHCly) [R#EDIEIEIZL o 3
-hydroxypalmitic acid # la & RS2 2 & lk{bE® S5a (71%) %157, (alp+62.2°(C0.9, CHCly),
IRv ,f;l;‘( cm™ 1 3600-3200 (OH, NH), 1650, 1550 (amide) , 860 (Me,C), 760-700 (Ph).

Benzyl  2-deoxy-2-[(3-0-dodecanoyl) dodecanoylamino)) -3-O-dodecanoyl-a-D-glucopyranoside
(6a) K U8 benzyl 2-deoxy-2-((3-O-hexadecanoyl) hexadecanoylaminol-3-0-hexadecanoyl—a-D
~glucopyranoside (9a)

fb&% 2a (0.568) % #IK pyridine (10mD) BB L, AR DMAP #hnz, 0°CiohH - #4
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L 7¢#3 % Lauroyl chloride (0.768) #*# F L BRICC—REBEH L 7=, #F D MeOH % fnx BEEM L
487 syrup # CHCl; THii L 7=, CHCI; B#% 2N-HCI, 10% Na,CO; K&B#&, KOIECEEEL, K
Na,SO, 1= T B KB EARE L 720 85 hrcEm4 (IRyfimem™ : 3350 (NH), 1740 (ester), 1640, 1540
(amide), 860 (Me,C), 740-700 (Ph)) % CHCl;-MeOH (1 : 1, 20ml) &L, & (1m) RO
fiE B> p-TsOH iz BRI THEBE LI, RUCK TRBIERERMEL THBICsyrup xh 7427w < 775
74 I CHERERL, (L&MW 6a (0.438, 60%) *{87c, (a) p+59° (C0.7, CHCly). RERDBRIFIC L
D {t.&% 5a 1= palmitoyl chloride #* [t & & T{L&% 9a (69%) * 187, (alp+50" (C0.8, CHCly).
IRv{IMem-t : 3600-3200 (OH, NH), 1740 (ester), 1660, 1550 (amide), 740-700 (Ph),

Benzyl 2-deoxy-2-tetradecanoylamino-3-0-tetradecanoyl--D-glucopyranoside (18) R U benzyl 2
—deoxy-2-[(3-O-tetradecanoyl) tetradecanoylaminol-3-O-tetradecanoyl-B-D-glucopyranoside (84)

&4 38 (0.38)%" K0 48 (0.28) *"% 4 & R #(F T myristoyl chloride & RIL2+, HiED
R IBERECT, ILEZEOERMINI T =T 74 —ICTHEBHNLL, Boh
benzyl 2-deoxy-4, 6-O-isopropylidene-2-tetradecanoylamino-3-O-tetradecanoyl-8-D-glucopyran-
oside (m.p. 112°C, (a)p-43"(C0.6, CHCl;), IRv lfn‘f,jilcm“‘'3340(NH) 1740 (ester), 1660, 1530 (amide),
860 (Me,C), 730 (Ph)) R * benzyl 2-deoxy-4,6- O—lsopropyhdene—Z—[(3—O—teteradecanoyl) tetr-
adecanoylamino]) -3-O-tetradecanoyl-g-D-glucopyranoside ([(aJp-30" (C0.8, CHCIy), I rfr‘lg?( 3340

(NH), 1740 (ester), 1660, 1540 (amide), 860 (Me,C), 730-700 (Ph), NMR data (90 MHz, CDCl;)
- 80.75-0.95 (9H, Me), 1.1-1.7, 2.05-2.45 (70H, CH,), 1.32, 1.95 (6H, 2s, Me,C), 7.23 (5H, Ph)] o 1
v T e ) Ty R e B K R L T LAY T8 K O 88((ady-20"(CL7, CHCL), IRy M em!

: 3500-3000 (OH, NH), 1710-1740 (ester), 1640, 1550 (amide), 750-680 (Ph)]) #R@EmMci&E7-,

Benzyl 2-deoxy-2-[(3-0O-dodecanoyl) dodecanoylamino) -3-O-dodecanoyl-6-O-trityl-a-D-gluc-
opyranoside (108) K % benzyl 2-deoxy-2-[(3-O-hexadecanoy!l) hexadecanoylamino) -3-0-hexa
~decanoyl-6-0O-trityl-a-D-glucopyranoside (13a)

1t&% 6a (0.268) * &K pyridine ( 4 ml) Z¥M L 90°C =T trityl chloride (0.138) % hnz &y
I L7, RUGKET A% o MeOH %0z BEEME L T 7 syrup g X h CHCl sl L 72,
Mk H 5 A<t 7 574 — (Wacogel C-200, i CHCL) X » BESRES L&Y 10a (0.27
g, 76%) 1B,

(a)p+41.4° (C0.7, CHCly), IRviMem=:3600-3200 (OH, NH), 1740 (ester), 1650, 1540 (amide),
780-700 (Ph), NMR data (60MHz, CDCl,) : 60.75-2.5 (67H, Me, CH,), 7.1-7.5 (20H, Ph), RI#k7c#%
ETILe&® 9a X 13a, (alo+37 (C0.54, CHCly) #82%DINEKTEL,

Benzyl 2-deoxy-2-tetradecanoylamino-3-O-tetradecanoyl- 6 -O- trityl--D-glucopyranoside (1158) K.

O benzyl 2-deoxy-2-((3-0O- tetradecanoyl) tetradecanoylamino) -3-O-tetradeanoyl-6-O-trityl-5-D
—glucopymnoszde (12p)

Ib&% 18 RO 88 X b L RABRIEFCTLEY 118 (86%), (alp-31.2° (C1.2, CHCly), IR-
vilmem-1: 3600-3200 (OH, NH), 1740 (ester), 1660, 1560 (amide), 780-700 (Ph), NMR data (90
MHz, CDCly) : ¢ 0.8-0.95 (6H, Me), 1.15-2.45 (54H, CH,), 7.1-7.5 (20H, Ph), k. O{t.&% 128 (79%),

(a)p-22.5 (C1.12, CHCly), IRyrf,']g?( ~1:3600-3200 (OH, NH), 1740(ester), 1650, 1560 (amide), 780
-700 (Ph) %187,

Benzyl 2-deoxy-4-O-diphenyl phosphoryl-2-((3-O-dodecanoyl) dodecanoylamino] -3-O-dodec-
anoyl-a-D-glucopyranoside (14a) F % benzyl 2-deoxy-4-O-diphenyl phosphoryl-2-[(3-0O-hexade-
canoyl) -hexadecanoylamino) -3-0-hexadecanoyl-a-D-glucopyranoside (17a)

L& 10a (0.278) %K CH,Cl, (2ml) & %K pyridine ( 1ml) DEEGEHICEK L, DMAP (0.
06 ) A M2 0CITLHEBHL 7on s, Tk CHClL( 1 mD) i f& L 7- diphenyl phosphorochloridate

(0.28) #FEF LI, BERICT—HEBHL, BFE D MeOH Z#Inz BEEMHEL 7=, BE>THE®A Y CHCL
ML TESRICY vER{bH A CHCl, & MeOH oBEESBECEL, BB L KX 245CITHEEL
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oo RULETHRBEEMR L CH LR syrup #h 5427 m=< 2574 — (Wacogel C-200, FHE
CHCL-MeOH (200:1v/v)] =X h¥E8IL, (L& 14a (0.248, 87%) w7, (alp+37.3 (Cl.16,
CHCly), IRvIMem=1 : 3600-3200 (OH, NH), 1740 (ester), 1670,1530 (amide), 960 (P-O-Ph), 800
-680 (Ph), NMR data (90 MHz, CDCl;) : 60.75-1.0 (9H, Me), 1.0-2.45 (58H, CH,), 7.0-7.4 (15H,
Ph). RBOBRIECTLEY 1Ta (89%) #187:, (alp+30° (CL06, CHCL), IRviMem~ : 3600-3200

(OH, NH), 1740, 1720 (ester), 1660, 1550 (amide), 960 (P-O-Ph), 800-680 (Ph), NMR data (90
MHz, CDCl;) :60.75-1.0 (9H, Me), 1.0-2.45 (82H, CH,), 7.0-7.45 (15H, Ph). x££ 54 : CeiHoNOy,
P (14a), #|ip(E C,68.83; H,890: 541 C, 69.23; H, 858 C,;H,sNO,P (17a), B%fE C, 71.13
; H, 965 o C71.45 ; H, 993

Benzyl 2-deoxy-4-O-diphenyl phoshoryl-2-tetradecanoylamino-3-0O-tetradecanoyl-B-D-glucopyra-
noside (158) J 0% benzyl 2-deoxy-4-O-diphenyl phosphoryl-2-[(3-O-tetradecanoyl) tetradecanoy-
lamino) -3-O-tetradecanoyl-B-D-glucopyranoside (164)

fb&% 118 KU 128 oY vz FRE & RO K TER S I, & L 0 benzyl 2-deoxy-4-O
-diphenyl phosphoryl-2-tetradecanoylamino-3-O-tetradecanoyl-6- O-trityl-g-D-glucopyranoside

(La)p-15.5 (C1.2, CHCly), IRu,fTi]l;’)’(cm":3275 (NH), 1750 (ester), 1650,1560 (amide), 960 (P-O
-Ph), 800-680 (Ph), NMR data (60MHz, CDCl;) :60.75-1.0 (6H, Me), 1.0-2.4 (48H,CH,), 6.8-7.6
(30H, Ph)) »vEbh, KV THE b U Fafbic X o {b&¥ 158 #92%DINE TH 7=, (alp—37 (C0.68,
CHCl), 128 I h B onfc ) Vb r BB T 5 2 L B H ) Fa{b & h, BECHVLEY 168
(95%) %87, (a)y-28 (C0.8, CHCl), IRv!Mem-':3480 (OH), 3280 (NH), 1740 (ester), 1650,
1560 (amide), 960 (P-O-Ph), 800-680 (Ph), NMR data (90 MHz, CDCl,) :80.75-1.0 (9H, Me),
1.0-2.45 (70H, CH,), 7.0-7.45 (15H, Ph). tH 547 | CeH10eNOLP, HifE C, 70.06 ; H, 9.30 : 547
fiE C, 70.35; H, 9.07.

a1 — VoRss

(i) {b&% 14a (100mg) > MeOH i iF#EL, H oA UDFHEBELY LT vy aREAINL, K&
DRI 2 PRS0 CI TRFERIMAIT 5o UK TR A AL, AR A FBERSE L TE7- syrup & 7 L
AT T a7 rme g7 4 — (Kieselgel 60Fq) offtL, £ a BEHERL 7o, (ado+ 5° (C0.61,
MeOH), IRviMem1:3600-3200 (OH, NH), 1740 (ester), 1650, 1560 (amide), 960 (P-O-Ph), 800
-680 (Ph), NMR data (90MHz, CDCl;) : 60.75-1.0 (9H, Me), 1.0-2.5 (58H, CH,), 7.0-7.4 (10H,
Ph). &\ 2 x B0 MeOH 12 L, THETLY T ¥ MBILAS 2Nz T40CIC TRKRERMEIT -
tro RUEHET#H CHCl nz THH L m AR > B LR A A5, AHlaEEER L (B REY 1,
4-dioxane BREW L H HETZRT L LLED ] OBEM KA B 7o, m.p.180-185C (dec.), FBE DL
CHCl;-MeOH (2 :1 v/v) «Zals, @RI ibE® 170 #MeOH 1B L, <5 o9 AREMETC-1
fro> v oL A BT L 7o, (a)o+3.3° (C0.54, CHCly), IRwvfMem=:3600-3200 (OH, NH), 1730
(ester), 1650, 1550 (amide), 960 (P-O-Ph), 800-680 (Ph), NMR data (90MHz, CDCl;) :60.75-1.0
(9H, Me), 1.0-2.5 (82H, CH,), 7.0-7.4 (10H, Ph). Lid& miE0#/EIC T Ph 4% L digEw g4
5N o BEHER 2B, mp. 165-170C (dec.), ki@E o CHCl,-MeOH (3 :1 v/v) oo,

(i) k&4 158 K0 168 » EtOH-MeOH BEHEMICHERL, H 50 LD TFMET LI 25 v v AR
T2 BB KBHEMT 5L C- 1Dy o L EPERINCBET 2, ilar AL, AR FTEE
il T O HEEY B EtOH-MeOH B&HILCERL, TOTHRELL CBbAS 2> iz KFEEHm
Th, RIGEH2 71 + ABL, AEEEEBRHEEG LR 1, 4-dioxane & & » HEEE T2 L&
BErciksgd II, m.p. 171-173C (dec.), (al,+20° [C0.3, 0.019 NEt; ©% N,N-dimethylformamide
(DMBF)) Rovra4 III, m.p. 159-162°C (dec.), (alp+13 (C0.3,0.019% NEt; 44 DMF) o @)
Kut§h, 12 OHERICL LG8 D~ v o LT PS5 L EBROCLEY YV #1585, (adnt
6.4° (C0.41, CHCl;-MeOH 4:1v/v). B-~<v o n 7y oo F3BTHRENES THHDOTH) L b BRI
FHETH D,
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Benzyl 2-deoxy-6-O-diphenyl phosphoryl-2-0-[(3-O-teteradecanoyl) tetradecanoylamino] -3-0O
—tetradecanoyl-a-D-glucopyranoside (18) i 1% benzyl 2-deoxy-4,6-di-O-diphenyl phosphoryl-2-0-((3
-O-tetradecanoyl) tetradecanoylamino) -3-O-tetradecanoyl-a-D-glucopyranoside (19)

{t&# 8a (0.18) &K CH,Cl, (0.5mD) =## L, %K pyridine (0.5mD), flE» DMAP % jn
ZTEOCIEE - BEL e b8 CH,CLIE S L - diphenyl phosphorochloridate (0.048) %
Tl 0CIT 8EsRIEMHE MeOH *hn 2 BEEM L 72, Bt syrup #Eik@ h CHCL fit L,
A NS A<t 757 4 — [Wacogel C-200, 4 # CHCl,-MeOH (400:1v/v)] o T BBERS
8L, (LE®W18(0.18, 77%) #B 2%, (alp+36.8°(C0.9, CHCly), IRvflMem:3600-3200(0H, NH),
1740, 1720 (ester), 1660, 1540 (amide), 950 (P-O-Ph), 800-680 (Ph), NMR data (90MHz, CDCl,) :
67.1-7.3 (15H, Ph).

&4 8a (0.28) 4K CHCl, (2ml) & &K pyridine (2mD) %L DMAP %z %, 0C
A ED - B8 L 7cH D diphenyl phosphorochloridate (0.258) ##T L, TR T—REHL 2. RIG
Wa bR L, {LE®W19(0.288) #1855, Lalp+417(C0.9, CHCly), IRvggﬁ’(cm“ :3300(NH),
960 (P-O-Ph), NMR data (90MHz, CDCl;) :67.1-7.3 (25H, Ph).

2-Deoxy-6-0-phosphoryl-2-[(3-0O-tetradecanoyl) tetradecanoylamino) -3-O-tetradecanoy!-D
—glucose (V1) J U 2-deoxy-4,6-di-O-phosphoryl-2-[(3-O-tetradecanoyl) tetradecanoylamino) -3-O
~tetradecanoyl-D-glucose (VID)

{bety 18 (0.18) % MeOH (5ml) CEEE (1ml) &ML, K (0.3mD) »inz, {b&4 I-IV o
FIBUE()IT B - T U LB BB L 7o, AR a)s+9°(C0.25, CHCL), IRvIMem™ : 3600-3200(0H,
NH), 1730 (ester), 1650, 1540 (amide), 960 (P-O-Ph), 800-680 (Ph)]) %* MeOH = %#% L B&{t.E
SR T RRIC T RAKREMET >z £BHE » 7 427 m~< 2757 4 — [(Wacogel C-200, i H#&
CHCI;-MeOH(5: 1 v/V I TR L, HiEFERE, L& VI 0 EEW K %57, m.p. 180-190°C (dec.),
IRvNWolem1 : 3600-2000 (PO (OH),, OH, NHJ, 1730 (ester), 1660, 1550 (amide).

AL TILEY 1Y 0REX LY ETHBEL, REZETLZ Lk vbat VII #87%DINE TH I,

(alp+29° (C0.33, CHCl;-MeOH (2 : 1 v/v)).

Benzyl 2-amino-3-0-benzyl-2-deoxy-4,6-0-isopropylidene—3-D-glucopyranoside (22)

&t 20 % ~v ok L T4k &% 21% (3.268) % EtOH (60ml) L, @% o NH,NH, -
H.O % hnz 5BSRIMBGER L 7o UG A BESRM L, &kt v CHCL i 2T - 70, % » 7
sz m= 27574 — [Wacogel C-200, it CHCL,-MeOH (500 : 1 v/v)) i THEERL, L&Y
22 HEEMICET, (a)p-30" (C0.87, CHCly), IRwflMem : 3400, 3330, 1680-1560 (NH,), 860 (Me,
C), 760-690 (Ph), NMR data (60MHz, CDCl,) : 61.32, 1.39 (6H, 2s, Me,C), 1.73 (2H, s, NH,),
434 (1H, d, J,. 8Hz, H-1), 7.25 (10H, Ph).

Benzyl 3-O-benzyl-2-deoxy-2-(3-O-tetradecanoyl) tetradecanoylamino)-£-D-glucopyranoside (23)

3-Hydroxymyristic acid (1.258) #* #7k1,4-dioxane (3ml) &ML, DCC (1.278), HOSu (0.
78) M ERICTCILHEERL 7o PEOEK 1, 4-dioxane B L oBRIEOLEY 22 2z,
ERCT—EEBHE LY, TERBOMEBL, »F2sm~< 27574 — (Wacogel C-200, piw CHCI-
-~MeOH (300 : 1 v/v)) = X 9 2-(3-hydroxytetradecanoylamido) FHE A% B, (alp-14 (C0.88,
CHCly), IRu,f,i,gr,'(cm“ : 1650, 1560 (amide). = r1%a CH,Cl,-pyridine (1:1 v/v) & myristoyl chloride
LRI Ew, 2-[(3-0-tetradecanoyl) tetradecanoylamido] FEfk - L7, (alo-10° (C0.9, CHCly),
IRvMem-1: 3280 (NH), 1740 (ester), 1650, 1560 (amide), 860 (Me,C), NMR data (90MHz, CDCl,)
:60.8-1.0 (6H, Me) ,1.1-2.45 (46H, CH,), 1.4, 1.48 (6H 2s, Me,C). = L% 95%BERE KB F45CizT
ABRSEME L BEEBHE L, BEY T 27~ 27 F 74 — [Wacogel C-200, i CHCl,-MeOH

(100:1v/v) i TREBEL, {L&% 23 (53%, 3 EH) %870, (alp-17 (C0.96, CHCl), IRvimem™
: 3600-3200 (OH, NH), 1650,1730 (ester), 1650, 1550 (amide), 860 (Me,C) DRIV HEL.
Benzyl 3-O-benzyl-2-deoxy—4-O-diphenyl phosphoryl-2-[(3-O-tetradecanoyl) tetradecanoylamino]



178 B BAF RO ERT 8495 1984

-6-O-trityl-B-D-glucopyranoside (25)

&8 23 (1.18) #—+ [A) TilR~7o e trityl kL, (k&% 24 (1.148, 829%) %15+,

Caly-17° (C0.76, CHCLy). {bA# 24 (0.48) O C-4 A EEC L) vEBbLL, £ %E» 7 47 ®
~ + 27 % 7 4 — [Wacogel C-200, 7 H# CHCl;-MeOH (300: 1 v/v)J 1o TH84 2 &, a4 25(80%)
w87, (aly—0.7 (C0.76, CHCly), IRvflMem-:3300 (NH), 960 (P-O-Ph), NMR data (60MHz,
CDCly) : 66.8-7.6 (35H, Ph).

2-Deoxy-4-0-phosphoryl-2-[ ( 3-O-tetradecanoyl) - tetradecanoylamino)-D-glucose (VIII)

&4 256 (0.38) g Lo trityl {b L, #5427 a~t 27574 — (Wacogel C-200, % H #
CHCl;-MeOH (300 : 1 v/v)] o X o L TIlh&EW 26 #ERMCiEre, Lady+4" (C0.66, CHCly),
IRvMMem ;3440 (OH), 3330 (NH), {t&4 26 (0.092) #EtOH-MeOH (1:1v/v) (4ml) (2
L, TOTFMEITL TG L7 o 4KE (0.058) In240°CI2 T 5 BEIKERMETT - 720 KL
BT, v aRmkFEXHRL, APREYBEERMEL . E8HLY» 72272~ 27774+ — (Wacogel
C-200, #itti#k CHCL-MeOH (50 : 1 v/v)) o T4 | 2-deoxy-4-O-diphenyl phosphoryl-2-{(3-0
~tetradecanoyl) tetradecanoylamino] -D-glucose #» E&HMIcHE 7, (al)y+14.6° (C0.48, CHCly),
IRvMMem=1 2 1740 (ester), 1660, 1550 (amide), 960 (P-O-Ph), NMR data (60MHz, CDCl,) :67.0
-7.3 (10H, Ph). #iv-C Z ofb&a EtOH-MeOH (1 : 1 v/v) HE#H L, BiLEaLid FKZERMmY
Totee WL DML, HEEEERT 22 Lt ofbass VIID 2EERcE -, (aly+24.5 (CO.2,
CHCl;-MeOH (2 :3 v/v)], II{qun“;.glcm‘l :3600-2000 (PO (OH),, OH, NHJ, 1740 (ester), 1650, 1550

(amide).

2-Deoxy—4-0-phosphoryl-2-[(3-O-tetradecanoyl) tetradecanoylamino) -6-0-tetradecanoyl-D
-glucose (IX)

L& 26 o C-6 % EHiC X h myristoyl b L CE SN bEH 27 ((al)p+3.3" (CO.7, CHCL),
IRvgg’;cm"l : 3300 (NH), 1740 (ester), NMR data (90MHz, CDCl;) : 60.75-1.0 (9H, Me), 1.1-2.4

(70H, CH), 7.0-74 (20H,Ph)) oo ~v o n EA R LREORIFTEITHEL, L TBsh ke
Z EtOH-MeOH (1 : 1 v/v) &R L, BILAGRETRERMATT » 7o AR HETER L s
#) IX 2 F R B, Ladp+30° (C0.2, CHCl,-MeOH (3:1v/v)], IRMem:3600-2000 (PO (OH),
, OH, NHJ, 1740 (ester), 1660,1540 (amide).

Benzyl 2-{(3-0-benzyloxymethyl) tetradecanoylamino) -2-deoxy-4, 6-O-isopropylidene—a-D-gluc-
opyranoside (28)

F A% L 72 3-O-benzyloxymethylmyristic acid (0.56 8) # #& K dioxane (10ml) & 1. DCC (0.
68) L HOSu (0.248) #hnz, T|EICTI05MHEH L7, {LEW la (0.58) iz, FRICT—K
BB L7, DC-urea # A5 L, A PHEER L TR/ syrup > h 5 47 v = + 75 7 4 —[Wacogel
C-200, i ¥k CHCl;-MeOH (100 :1v/v)) 1o THEREE L, (L& 28 (0.68, 64%) #1571, (alv+
54.6° (C1, CHCly), IRv,f]iL”;cm": 3500-3200 (OH, NH), 1650, 1550 (amide), 860 (Me,C), 740, 700

(Ph), NMR data (90MHz, CDCly) : 60.75-1.0 (3H,t, Me), 1.15-1.65 (20H,~CH,-), 1.42,1.50 (6H,
2s, Me,C), 2.4-2.5 (2H,-COCH,-), 7.25-7.3 (10H, Ph).

Benzyl 2-((3-0-benzyloxymethyl) tetradecanoylaminol-2-deoxy-4, 6-O-isopropylidene—3-O-tetra-
decanoyl-a—-D-glucopyranoside (29)

1b&4% 28 (0.38) % CHE myristoyl chloride (0.28) & KL X, {L&5% 29 (83%) %181,

Calp+ 53.2° (C0.9, CHCly), IRfrill:,’(cm“: 3350 (NH), 1740 (ester), 1660, 1530 (amide), 850 (Me,
C), NMR data (90MHz, CDCl;) :60.8-1.0 (6H, Me), 1.2-1.6 (42H, -CH,-), 1.38,1.48 (6H, 2s, Me,
C), 2.18-2.43 (4H, -COCH,-).

Benzyl 2-((3-0-benzyloxymethyl) tetradecanoylamino)-3-0-[( 3-0- benzyloxymethyl) tetradecanoyl)
-4,6-0O-1sopropylidene— a-D-glucopyranoside (30)

3-0-Benzyloxymethylmyristic acid (2.88) #THF (25ml) «%f# L, 1-hydroxy benzotriazole
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hydrate (HOBt) (2.18), {t&%la (1 g8), DMAP (1.98), DCC (3.28) #mz, HiR< T—&KE
BTz, TECEVAEL, #5227 m<t+ 27574 — [Wacogel C-200, sii# CHCl,;-MeOH (400 :
1v/V)] e THERESL, L 30 (45%) % EB 7=, (alp+42 (CL2,CHCL), IRviMem':3350 (NH),
1740 (ester), 1670, 1540 (amide), 860 (Me.C), NMR data (90MHz, CDCl,) : §0.75-1.0 (6H, Me),
1.15-1.6 (40H, -CH,-), 1.32, 1.44 (6H, 2s, Me,C), 2.2-2.7 (4H, -COCH,-), 7.25-7.35 (15H, Ph).

Benzyl 2-1(3-0-benzyloxymethyl) tetradecanoylamino) -2-deoxy-4-O-diphenyl phosphoryl-3-O
~tetradecanoyl-6-O-trityl-a-D-glucopyranoside (31) ,

{b&% 29 (0.338) %EeEE (10mD) WML, K (1.8mD) #50CICTH T « BH L1, RIGKTERHE
FEH L TEBontf-syrup#h 547 m<t 7574 — (Wacogel C-200, % CHCl,-MeOH (100 :
1v/V)) CTHEBLL 72, [adp+56.4° (C0.7, CHCly), IRvIMcm:3600-3150 (OH, NH), 850 (Me,C)
DORINMELE, a8 (0.38) %FEIC LY bV Falbl, U THER LAY vEILEZTTS &b 31

(529%, 3ERRE %187, (alp+43 (C0.5 CHCl), IRviMem1:3320 (NH), 1740 (ester), 1670, 1530

(amide), 960 (P-O-Ph), 800-680 (Ph).

Benzyl 2-[(3-0-benzyloxymethyl) tetradecanoylamino)-3-0-[(3-0O-benzyloxymethyl) tetradecanoy!)
-2-deoxy-4-O-diphenyl phosphoryl-6-0-trityl-a-D-glucopyranoside (32)

&30 (0.58) # k& @it isopropylidene {k. L 7, (alp+36° (C1, CHCI), IRu,fri,';,‘(cm‘1 : 3600
-3150 (OH, NH), 860 (Me,C) nWHINF%k, —hEEHEC L h trityl{fb L, HERERL %KY v By
o, ot 32 (48%, 3EBME) %1875, (alp+47.3 (C0.6, CHCl), IRvfMem= 1 3300 (NH), 960

(P-O-Ph), NMR data (90MHz, CDCl,) : 66.7-7.5 (40H, Ph).

Benzyl 2-deoxy-4-O-diphenyl phosphoryl-2-{(3-0-tetradecanoyl) tetradecanoylaminol -3-0-[(3
-O-tetradecanoyl) tetradecanoyl) -6-O-trityl-a-D-glucopyranoside (33) K benzyl 2-deoxy-4-0O
~diphenyl phosphoryl-2-((3-O-tetradecanoyl) tetradecanoyiamino) -3-0-[(3-O-tetradecanoyl) tetr-
adecanoyl)-a-D-glucopyranoside (33"

{b&4 32 (0.58) #EtOH (5ml), MeOH (15ml) &L, TWETLLIC-T7 v v 4kE (0.258)
I 2 40°C i TSR INA AT 2 {80 benzyloxymethylFe & #IRAYICERE L 7o [adp+457 (C1, CHCly),
NMR data (90MHz, CDCl;) : 66.8-7.5 (30H, Ph), & m L 7= 2 ORI KEE & % myristoy] chloride
wE 7oL LA 3BE Lic, L Lo CIREBERSRETH LT, Btrityl {bE» F 4
rm-= 27357 4 — (Wacogel C-200, i CHCl,-MeOH (400 : 1 v/v)) =X v{b&% 33 & L Tk
1o, (alp+24° (CO.76, CHCLy), IRu,f,iIg’,’(cm‘1 13450 (OH), 3330 (NH), 1730 (ester), 1650, 1540

(amide), 960 (P-O-Ph), NMR data (90 MHz, CDCl,) : 60.7-1.0 (12H, Me), 1.1-2.5 (92H, CH,),
7.1-7.4 (15H, Ph).

2-Deoxy-2-(3-hydroxytetradecanoylamino) —4-O-phosphoryl-3-O-tetradecanoyl-D-glucose (X) K U°
2-deoxy-2-(3-hydroxytetradecanoylamino) -3-0-(3-hydroxytetradecanoyl) -4-0-phosphoryl-D-glu-
cose (XII) _

L& 31 (0.28) ROYLEH32 (0.158) #80%EFRE KA F45-50C I TH+ v F bl o, RIGEK
YREEFE L CEBLn-syruprh T A7 r= t 757 4 —[Wacogel C-200, % CHCl,-MeOH (200
clv/v) ROTA00:1v/V)) kv ThFhBEER L, ®Riz£+0.18% MeOH (10mD), & (2
mD) CEBEMRL, FRETLICAT Y AREXM2BCICTKRREML IS, BoNIERYEYH 7 L7 =
<+ 2757 4 — [Wacogel C-200, ik CHCL,-MeOH (50 : 1 v/v) = X b BERERIL 72, k&Y 31
X »  2-deoxy-4-O-diphenyl phosphoryl-2-(3-hydroxytetradecanoylamino) 3-O-tetradecanoyl-D
-glucose, IRurfIilg‘(cm“ :3600-3150 (OH, NH), 1740 (ester), 1650, 1540 (amide), 960 (P-O-Ph), {k
&#32 ¥ v 2-deoxy-4-O-diphenyl phosphoryl-2-(3-hydroxytetradecanoylamino) -3-0O-(3-hydroxy
-tetradecanoyl) -D-glucose, IRvE‘gr,l(cm" 1 3600-2150 (OH, NH), 1740 (ester), 1660, 1540 (amide),
960 (P-O-Ph) »# 7, SV TEEIL LY, 7z =rEeim ket X RO XIT 245~50% (3 B



180 BB RFELMPIEHRE $495 1984

B T87, X; (@lp+17.3 (C0.42, CHCl;-MeOH (2:1v/v)], IRvIMem:3600-2000 (PO (OH),
,OH, NH], 1730 (ester), 1640,1550 (amide). XII; (a)p+15,7 {C0.28, CHCl;-MeOH (3:1v/v)).

2-Deoxy—4-0-phosphoryl-2-((3-O-tetradecanoyl) tetradecanoylamino) -3-0-[(3-O-tetradecanoyl)
tetradecanoyl) -D-glucose (XII)

L& 33 L o AR L 71L& 33 (0.088) HFIR & FHEDOEBIFTH~ v v {bd 5 &, 2-deoxy-4-0
-diphenyl phosphoryl-2-((3-O-tetradecanoyl) tetradecanoylamino) -3-0-[(3-O-tetradecanoyl)
tetradecanoyl] -D-glucose % &7, IRurf,i,‘a“;‘(cm‘l : 3440, 3380 (OH), 3320 (NH), 1730 (ester), 1660,
1550 (amide), 970 (P-O-Ph). &\ TEHEIC I h 7 = = A EPBREL, HEZBRTAZ LI {bEY
XII ##87:, (alp+11° [C0.14, CHCl;-MeOH (3:1 v/v)].

Allyl  2-benzyloxycarbonylamino-2-deoxy-4, 6-O~isopropylidene-3- O-tetradecanoyl-B-D-glucopyr-
anoside (35)

e 34° (1.58) %K CH,Cl, (10mD), #K pyridine (5ml) [“## L Tk » myristoyl {LL
oo I L7 m= 2574 — (Wacogel C-200, it CHCL-MeOH (300:1v/v)) iz 1 » HErEEl
L, L& 35(2.18, 87%) %87, [alp-19.3°(CL1, CHCl), IRyNWolem-1:3320(NH), 1730(ester),
1680, 1520 (amide), 860 (Me,C), 720, 690 (Ph).

Allyl  2-benzyloxycarbonylamino-2-deoxy-4-O-diphenyl phosphoryl- 3, 6-di-O-tetradecanoyl-5-D
—-glucopyroanside (36)

L% 35 (2.08) HT70%FEREKEEH (40mD) 45°C THEFFRIME L Bt isopropylidene b1 72, 454
WHhIasm=t 574 — [Wacogel C-200, itk CHClL,-MeOH (100 : 1 v/v)) 12k b B L7,

(a)p-11.3° (C1.12,CHCL), iz Z @ syrup (1.88) %4k CH,Cl, (10ml), %7K pyridine ( 7ml) i
BEEL, 0CTHRAE «#BH L 7s b myristoyl chloride (1 8) L RIEE+¥ C- 6 frkEE 4 BIRAY - 7
b LT AT A = 2T T 4 = K D FERK, ether-hexane I v #EdLfk L, allyl 2-benzyloxy
-carbonylamino-2-deoxy-3, 6-di- O-tetradecanoyl-g-D-glucopyranoside o &tk fE 5% 187, m.p. 91.5
-92°C, [alp-15" (CLl,CHCL), = ofEdh (0.98) >wEhic L v v vk, L& 36 (1.28, 78%)
#4871, (adp+0.03 (Cl1, CHCly), IRvfiMem— ;3260 (NH), 1740 (ester), 1680, 1540 (amide),
960 (P-O-Ph), 800-680 (Ph), NMR data (60MHz, CDCl;) : 60.75-1.0 (6H, Me), 1.0-2.4 (48H, CH,),
7.0-7.4 (15H, Ph).

2-Benzyloxycarbonylamino-2-deoxy-4-O-diphenyl phosphoryl-3, 6 -di-O-tetradecanoyl-1-O-(tetra-
hydropyran-2-yl) -D-glucopyranose (37)

{t&% 36 (0.18) »#K 1, 4-dioxane (3ml) B, EEE (10ml) & selenium dioxide (13mg)
whnz, 85CI CI2REIBH LI 7 UV M bafT - fo, RIGKRK 7 4 F A8L, ARABERME LB
ErYEERY CHCLiE L7 &M %x > 5 427 »r< + 75 7 4 —[Wacogel C-200, CHCl,-MeOH (300

1 v/v)) iz X o fERL3T ©1-OH FEMAKAT70~80% DK TH 1, (alp+28.4° (C0.67, CHCly),
IszrfIilla?,‘(cm‘l : 3380 (OH), 3300 (NH), 1720 (ester), 1690, 1500 (amide), 950 (P-O-Ph), 780-680

(Ph). Tz syrup (0.168) # %K CH,Cl, (5mlD) &ML, 3,4-dihydro-a-pyran (0.08ml)
L E o p-TsOH % hnx BRI T 1 B L 7c. MeOH % inxz, « o+ vac#igict hdhfiL, »
Farzm= T 74 L ORERLTLEY 37 (0.128, 76%) * 187, (alp+53.3° (Cl, CHCly),
NMR data (90MHz, CDCly) :61.5-1.7 (THP X% 7= + ).

2-Deoxy-4-O-diphenyl  phosphoryl-2-( 3-hydroxytetradecanoylamino) -3,6-di-O-tetradecanoyl-D
-glucopyranose (38)

k&% 37 (0.98) #EtOH (10mD) w#HML, FTHOFMEILL I BE L7 v aKkE (0.058)
Nz BRI T 1RRIARREMZ T > o, TEBO AL ZHE»BEEL b &L EEMCE T, (alo+
55" (C0.77, CHCly), IRwfMem:3700-3200, 1470 (NH,), 1750 (ester), 960 (P-O-Ph), NMR data

max

(90MHz, CDCly) : 67.0-7.4 (10H, Ph). AR L7 3 s FicE#E@Am Y DCC-HOSu #iz T 3-hydro-
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xymyristoyl £ EBA L, £BHr 7 Vv 2754 77 e~ 73574 — (Kieselgel 60F,5) 1t 7-,
Yoy L0 B R R T 5 BB TTH PR BB L R, LAY 38%T2% D INK TH 12, (adp+39°
(C0.8, CHCly), IRu,f,i,g?(cm" : 3600-3200 (OH, NH), 1740 (ester), 1670, 1530 (amide), 960 (P-O
-Ph), NMR data (90MHz, CDCl;) : 60.75-1.0 (9H, Me), 1.0-2.4 (70H, CH,).

2-Deoxy - 2- (3-hydroxytetradecanoylamino) -4-O-phosphoryl-3, 6-di-O-tetradecanoylamino-D
~-glucose (XI)

&% 38 » EtOH ML, FHETLAMILOSMETEERY KERMLC, Ly XI ¥ EE
BB, Lalo+36° (C0.7, CHCL).
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