|

) <

The University of Osaka
Institutional Knowledge Archive

BEKEEFENRZE AW o HHERSEPGP-Me AT T %

Title | =@ i min
Author(s) |lU_E, I1EfE
Citation |KFRKZ, 2019, HIHwX

Version Type

VoR

URL

https://doi.org/10.18910/72660

rights

Note

The University of Osaka Institutional Knowledge Archive

https://ir. library. osaka-u. ac. jp/

The University of Osaka

: OUKA



H/KFE[EAR NMR %2 7=
AR E PGP-Me 233 5 EH RO & RENT

SERY 30 AR JE

AL 3L

ISy

== mg
KPR KR GEE 28 5






E—E o
1-1 i &R -1-
1-2 S EYE Halobacterium salinarum D SRNFNEE DA & HERE -6-
1-3 AT NG Z AT D IREOWMHE X ORERET -11-
1-4  [E{K NMR % F 7= AR O &S T -14-
1-5  AWFFED HHY -20-
23 3Lk

B SRR 7R PGP-Me O A kI L OVE K ET ik PGP-Me 58RO H

2-1  JFATA R 26-
2-2  PGP-Me DO i B faHT 34-
2-3 EOREHMEAS Y L=y hOARK 35
2-4  SIARIEIRAY 72 PGP-Me D424 ik 41-
2-5  E/KFEEFR PGP-Me 58K Ji# 44-
23 3R

o H/KZEEAR NMR 2 54 U= HEEE PGP-Me DS fEAT

3-1  HE/KFEFEAR NMR 2 7= ds i E S B o Wy e ST -57-
3-2  HE/KFEER NMR & FH U T2 A T Vo3I AR 85 O 1 & fRAT -63-
3-3 D FENSIFAMD)EE & T2 A F LAy Is AR 85 o A s AT -66-
344 EOFELD -75-
27 Sk

EE 0 -77-
FEERDES -79-
AR NVT—H -102-
HEE -155-

(REZS -156-



atm
BINAP
Bn

bR

Bu

Bz
CoA
CF
DBU
DCC
DDQ
DHAP
DIBAL-H
DMAP
DMAPP
DMPC
DMF
DMP
DMSO
DPhPC
DPPC
DSC

ee

eq

ESI

Et
GGPP
’H

IPP
LDA
LiAID4

acetyl

aqueous

atmosphere
2,2’-bis(diphenylphosphino)-1,1’-binaphtyl
benzyl

bacteriorhodopsin

buthyl

benzoyl

coenzyme A

carboxyfluorescein
1,8-diazabicyclo[5.4.0]undec-7-ene
dicyclohexyl carbodiimide
2,3-dichloro-5,6-dicyano-1,4-benzoquinone
dihydroxyacetone phosphate
diisobuthylaluminium hydride
N,N-dimethylaminopyridine
dimethylallyldiphosphate
1,2-dimyrystoyl-sn-glycero-3-phosphatidylcholine
N,N-dimethylformamide

Dess-Martin periodinane

dimethyl sulfoxide
1,2-diphytanoyl-sn-glycero-3-phosphatidylcholine
1,2-dipalmitoyl-sn-glycero-3-phosphatidylcholine
differential scanning calorimetry
enantiomeric excess

equivalent

electrospray ionization

ethyl

geranylgeranyldiphosphate

deuterium

isopentenyl diphosphate

lithium diisopropylamide

lithium aluminium deuteride



LiAlD4
LiHMDS
MD

MoaNP
n-
NaHMDS
NBS
NMR

p-

PA

PC

PG

Ph
PGP-Me
PM
PMB
ppm

Pr

PS

Pv

quant.

SM
S/N

TBAF
TBDPS
TBS

Tf
TFA

lithium aluminium hydride
lithium hexamethyldisilazide
molecular dynamics

methyl

multilamellar vesicles

mesyl

mass spectrum
2-methyl-2-(1-naphtyl)propionic
normal

sodium hexamethyldisilazide
N-bromosuccinimide

nuclear magnetic resonance
para

phosphatidic acid
phosphatidylcholine
phosphatidylglycerol

phenyl
phosphatidylglycerophosphate methyl ester
Purple Membrane
p-methoxybenzyl

parts per million

propyl

phosphatidylserine

pivaloyl

pyridine

quantitative

room temperature
sphingomyelin

signal to noise

tertiary
tetrabuthylammonium fluoride
t-buthyldiphenylsilyl
t-buthyldimrthylsilyl
trifluoromethanesulfonyl

trifluoroacetic acid



TMS
THF
Thx
TLC
Tm
Tr
Ts
uv

trimethylsilyl
tetrahydrofuran

thexyl

thin layer chromatography
phase transition temperature
trityl

p-toluenesulfonyl

ultraviolet



1-1-a  dAmEE

I (Archaea) & 1d. W % RN 72 B AR DA ACAEAL R MEE 2 elic K& < %
95 3 FAA VRV T, BEIEME (Bacteria) K A A >, BA4EW)(Eucarya) K A A >
ENATRAEYMREZ =035 THHIE NA A ) 2T 2 REMEMRECH S (X
1-1) 2, IO FITIT, 100°CE 2 2 @RS, fafiREr < ORI 2 &
HIRFEEREE MURREEIER KO L UM OBREE 2 &, M CRES/RBREICER LT
WD BRI 25 AT D D SHITEME LWV D FAL I HDMITsT b,
X7 v o7 — % 4 — ¥ (Crenarchaeota), & 9 — F iz —VU 7 —F% 4 —%
(Euryarchaeota) & FEIXINL TV 5, 7 Lo 7 —F 4 —Z DIREMNRH DX, pH=1~3 &
W9 TRFEMEER BRI AR BT A I B FR R0, 80°CLA_ LD EREEICAE S 3 D I BV S 03 %%
Fohd, —FH, 2= U7 —=FF—FIA X VOB ERE A G £ OREHZ2
HLDIX, DY T T A D HBEI - Halobacterium salinarum 7357 B35,

Bacteria Archaea Eucarya
14
15
6 \ Ewyarchaeola 16
I

19

1-1 Woese HIZ LV #EE I Am-RR X

[1] Thermotogales [2] Flavobacteria [3] Cyanobacteria [4] Puple bacteria [5] Gram-positive
bacteria [6] Green nonsulfer bacteria [7] Pyrodictium [8] Thermoproteus [9] Thermococcales
[10] Methanococcales [11] Methanobacteria [12] Methanomicrobacteria [13] Halophiles [14]
Animals [15] Ciliates [16] Green plants [17] Fungi [ 18] Flagellates [ 19] Microsporidia
Reprinted with permission from Proc. Natl. Acad. Sci. USA 1990, 87, 4576.%

Copyright© (1990) National Academy of Science.
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LRSI A O L D ERE S Ep->TND 40,

X 1212k, REWLEEME - BZAEYOMIARZ KT 2 RS (HIEME -
BEZAEYEIRE) B X O MERIBEOMEZ RL TR, kb RXENE LT
BUKPERIBE OGN 2T B D, EIEME - EZAEMEREE O BUKMEIEE D EEH O 7
B (EMEE) CTh D DTk LT, iR EIIARE A F ARSI LTz T L
XU (T4 Z=V8) ZALTCWD, ZDT 4 X =)LEIE, TOREPICIRFES D
MK UG, ThbbA Y VB EGT HfafnA Y 7L A4 RFEERTH D,
W2, 200 DBKMEREED 7 ) & a — i ~Dfi AN S B> TEY . KR
WWTiIXTwFATiﬁ<i~TWFAT%5 ELFFEDO—DE LTHEITH
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DNARBLE S B2 > TV D, BEEME - EEAEYERED 7 U e — AL RIET
HHM, WHEBEEE CILSIKRE > TR, INOIIHEBEEOBRICH D, 7V
B — VAL O SEARBLE OFE L, BRSO 77U ' 1 — L~ DFE A LB DIE T
R LTRY, BIEME - BEZAEWEIRE CIXBOKPERIEEY sn-1 B8 X O sn-2 ALICHE
A Llzsn-7Vtu—L3-U VERERTH DL DR LT, dMEEEEIL sn-2 BLO
Sn-3 fETHE B LTz sn-7 U g m—b-1-U VBB Z A L TWATeHThdH, Zhbd
WSROI, SRR - B 5T AR OEWICTEKR LT\ 5,
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R R B D A=A AR IS 13O F TSR 708y DA ET D05, £ F ORI 72
NENGIR RSB ERIT, 7T /L CoA HHIREME L LIz A3 a VR CAEASRK I D
EXINTWNDET) (AF—2A1-1), FTIE 20 FDT BTV CoA DHEE T L - T
T R T EF IV CoA DAEKLTEKZIZ, 9 10 1FDT BT/ CoA & DA iz %
T3EBETANN UBREL D, il T, BERICKL DR ) Vb a= 7562 &
IRV BRARARN G VAN EWEIND, TD%, 27T Vva—LD Y b, i
SRR ZEST-WY VEBENEZ D ETA Y T L=y N ThHLA VYU T =
LY UEE (IPP) AR L, BEFRIC K > TIPP ORMAEN D O AF ATV L)
fz (DMAPP) %/Ed 5, /-, HMENOIFA VX0 T =0 U UE%E PP ~ & 8
THERENERINTEY , WWHERA OER A v VRS R OIFENTER S
NTWD, LnL, RARARBUERNDGA X T =0 VR BT DEER TR
RENTELT, KREFLREIT B2,

W T, EEIEE O A FARISHIE, 1Y L=y N ThHDH IPP 1 K
Ui S5 Z & TEAGKRINTWD, £71%. DMAPP 226D Y »fE (OPP) Dl
BEC X0 7 U F A RBERNE T, ZOT VB FATH LT IPP O _EES
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T=NT T =N E 72— L o THUKPERIBE O3~ T O ZHiE & 23 LARIER
NZARF LS T —F A — itk L 70D 2 LT b B iE 2 A9 2 e
BTHLT =X TF VUM ERHREND, ZOT7 —FF U BRIIER I & - THEEE
fii7g a2 52 LT MEBIEE OIS ICSRIEN 5 A b D,
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1-1-d Al R B DA & O e

o L5z, HHEOHITIE 100°CE 2 2 miRERE, SFnE T SRR
B0 & BIEMESCEZAEY CIIAER TEX 2 WBREREE F CIFEIT 25 & OB F1E
T 5, B, HHIEOMEZ R T DIEEIL. AFATAEEZZHAT D ATV
SRS (7 ¢ Z =081 ZBUKMERISICR 270 &, BEIEMESCERAEY & 138 D
FEERRFE A A LTS, D78, ZILH ORI 7S, HHiE S RIRERER T
THAETHBICEEREEZH> TNDHEEX LN TE L, L IXRE CTHIT S

D, mEESEEO—FTH D Halobacterium salinarum OFMRE (G815 EICHEET D
s R ETHHA7 T U Fa R ORERNTII/E 208 LT, B A T 5
R E ORIED N Z X7 OBERFCEERBLUICEE TH DL Z LN LN
HEDNZol, L L, THETEAUICHEMTONTEZIZHE 20 bh 6T, il
BRGSO E B ‘iﬂ%ﬁfﬁﬁfoﬁ% 3% < IR IEIEE OER, Ky vy
BIZHZ D854 5 2 Lk, BIECHEBREWVIIESIT TH S,
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1-2 EESEE Halobacterium salinarum O*EIEIEE DG & HEEE
1-2-a SREAHERCT D HEE OIS

i # Halobacterium salinarum ORI T & 2% 2K (Purple Membrane, PM) 913, BH
DR E LR E & B2 & 72 W IEMMEARE IC L » TR ST s (¥ 1-
3), WMEIEEOHEEEL LTiX, 7V —n ) U/ Vo — L0 Ui, Fi
iz U 2o — RN < ONFENH 5 b OO, BUKPEEIZAIEEIC 2 >~
A X =NVHERT D7V e — B (7T —%4—) TH-ShTnb, %K
T ONEE O 90% B BMEEE TH Y . BITITE O E EHE KK D I
phosphatidylglycerophosphate methyl ester (PGP-Me) T 5 Z E N LN E STV D 1>
200 F= EWBITIZ N7 7 U A v K7 (bacteriorhodopsin, bR)ASME— [ & > /X 7 &
LTHENTEY . TOMKERLIT R 23 75%, IFEDT0325% CTh o &t Sh
TW5 12, b OEBEIEE X, EFEME - EZAEYEIEE ik 2 &, U %
SHEN S L ONBUKME I L IR R 2 E 2 A LTV D 2 2006, bR MR T
ZIRFFL, 70 PR TR R I T DRI 2O ORIEN EE R EE 2 H o T
HEZEZLNTET,

[ E ]
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phosphatidylglycerophosphate methyl ester phosphatidylglycerol
(PGP-Me) (PG)
\_ Major lipid component of PM .
HO__O0._O _0._0_0
eo\P/o/\E/\O\P/Oe \R R \R
R/o/ o O & \0\R HO'" Y "o HO' Y "o
OH OH
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(BPG) O O A AoH O O o
0. oo, 00 HO “on OH HO “on OH
N’ H ~Np” o0 o_ 0
o OH //P\o o’ Na”
© o 0" g g ~0© g’ 0o
phosphatidylglycerosulphate glycolipid sulphate archaeal glycocardiolipin
(PGS) (S-TGA-1) (GlyC)

archaeol
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B 1-3  SEBEEPMICE £ 5 IEE O

1-2-b 7T VA n R7 v OffiE &R

N FUFa 7Y%, 1971 4T Stoeckenius © 2 &V & E S E Halobacterium
salinarum DIEPE DD HBES 7z 7 BIREBR OB X X7 ETHDH 229, bR 1T
48 FRILDT I VOGRS TR Y, KEEER O m R T L UTH#EET S
ZENHMSENTWD P, £, A~V v T A G RICHFEIET D Lys216 121X all-trans LT
TNy TEEEN L THELTEY, 2OVFFT—ABKEZ1T T 13-cis VT
TSR AR T2 & T, OIS A 7 VTS e F AR TR
RENRELL, 7' b BSlaEsMc it s N5, TofE, MlENAMCT e oo
EERALFRT vy VARNAEL D Z L &7 IRWT ATP ARkEERE 20 L7/
ERNA~OT 1 b ORANGIEEZ b 2, ZOREIZ MP@Amﬂﬁbhé &
2B, bR ITEFH L TR =% EFET D - XL F—ZHEETH L &0
2D,

bR OYEREY 7 & b AR T O FHERIIRERICI Sz S TR Y 2D (K 1-4),
F72 5 UV AT MV EFEOFHEEZRBT 2 64 7 VRIGIC L > T7'r |
»DEEZLT - TS 330 (K 1-5), bR @ UV WITFAM TH D LFF—lid
KL THH., ZORIGERITENERROZEL R ZT 5, Z070, WINEROZE
fbi% bR OREEZA L L BEBECER L TR Y . B REOHEEILZ O UV I E O
WCE S TERERINLTWNA, BRET A 7 VOS5 FHE S LT, £9 all-trans L F
— VR 13-cis VTFF— N ~EBRMALETHZ EnbinE D, vy 7K EOT e |
VISR TFAET D Asp 85 ~E XTSI D, £ DES, Helix C OREENENTE(L
THZETTE hOBEIARESETWD, H VT, e horic kb L FF—
IVOREEEACISEE Z D | Helix F 23MANZHrALEh 28 %5 2 & T FF— v sl g mic
L ETbND, ZORE, AspI6 O LFF—n~L 70 hrOBEINEZD,
FF—NABEFEORT R b ALEN D, RIS N FEIEIZEBW T, fIIRERINS 7 e ko



WAL TAsp 96 N7 hAbEns T, Asp 85 D71 N U KRG T2 EATEK
FEER Y MU —7 28 U ClifasMc it s s B30, Iz T, M RN T
}MMC@E’”$LKMg&ﬂﬁmﬁ%@“%ﬁ¢5 EPHEINLTEY, Z0
DTPREBETIC LT b EOBFERFEZM ST, N PRI 2 MR~
O7a hrOBHIZRELSEHFLE LTS,

hv

all trans

all trans 13-cis

13-cis
13-cis |\

Ms12

13-cis

X 1-4 bR 71 N 2R T Dy 1R X 1-5 bR DYEH A 7 Vi
Reprinted with permission from Nature 2000,  Reprinted with permission from Photochemistry
406, 569.%7 and Photobiology, 2009, 85, 590 2®

Copyright© (2000) Nature Publishing Group.  Copyright© (2009) John Wiley and Sons.
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AR



1-6 N7 7 VAu R7Y U (bR)—&EEKD X #ENTH#EE (PDB:1IMOL), (a) AlAufE
SMEIDN S, (b) AMBEEARIEAR 2 & B7- bR =&k, HEAE LR, &, HOURLET L
T/RLTWS, bR OFEIIEE 2k, A7 7 Loiddh, VFrh—nia4 Loy, LFT
— L& vy TR E T D Lys216 1ZF OREETT /L TRLTWD,

1-2-c N7 F VA4 N7 - 5058 AEAEH

N7 TV FAa RV U (bR)YDOHENFIEIX. FIZ X fkE i E T ic L 0 fThiv T
7o BTRREOREE NI B & SND IV, 2O X B dFE iz N T Ry
BREZELIEE OMBESER iz 159323, Z o Z &b | BEEmFERIZEBV T bR
& BRMEEE NI TR R R AAERF/E L, bR OREREFOMERE R BUT B2
oo TWa B2 b TE Tz, o, FEICHmIEHEAZ/EH S THOIICEE
ZBRET H L. bR OEEDRIANCELT 5 2 & BIITHY A 7 VRIS DO ENHEN
oL v bR TR BE 525 Z L bno T g 340 FIZ, bR DJF
WRREBRBE O EENMEIL, bR 24 2 EEAMIRE R ISR S 5982 @ L T
LRI TS Y4 I 5%, FEiEERLERIZ X > THO P BIEE L7- bR
AiEx OBEEAYEERICHEBERSE, L—YF—7F v 275 U 2 ZA(LFP)HIE
IZ& D bR S A ZIVEIRIZET 5 M A FAEH E E B (ko) 2 B V35 2 &
T, JAUEEREDN bR 7’0 N AR ITEHEIC G 2 5 B2 RAEL > T d (X 1-7)
N ZORER. YOG AT S PA. PG BLUPS U UIEERETIZHB W TIE
7a h R TRERENFEBL L0, THEDO Y VIEE TH D PC ET TITHEREN R S
NI oTe, ZD7, bR BSIEEMRT THREZ R BLT 2121, BRMED U i SN



VETHDLZENHLMNE o7, LL 2 E TOMZETIL, IEE OFEFHEE )Y bR
DOIEECIHEREIC 5 2 D B2 BRI L T2 L 0RNIEEAETHY | BRSO BKME
MG EICE B LIRFERlI D72, 2072, JEIIEE OSBRSS bR O
RBEREIC 5 2 DA, ZOMBEEHABEO RN G E 25 TV D EITEWVERN,

FTo  mFEDOF R E X ST RN O RIZ LY | HERRE Y NI EHITE
WT b EREEREIE N D & SN TE Y, ZORMEMEEFIZIX bR & RERIZEIAR
BOEFEELBIIN TS Z LD, FEDIREDRFEDOHAIZES LTS Z
ERHALNE IS TNG B8 2Dl WX 7 ERDOIEERRIL, Y X
7 AR EE S D720 Tle L X VX LR EER 2T 2 E & R RR
DI LT, ZOEHERBIICED I HERKE ZHoTWND LN TS, Lo,
ik 2 X L R RRE B PE RIS & O BRI R Cch 5, TORKE L
T, BEGREISBICR T DS o X7 E-JE AR EAE AAER Z T3 2 7RG D L &
NTWRNWZ ENRFET BIND, EDd, bR ZEHD KL X7 8 & JEDAEERIEE
O EAERBHEZH SN E T2 ETIR, HEROM N EELRIFETH D,

DOPA (wiw) DOPC

AN
Na N ©
o o” "R
(0]
OJJ\/\/\/\/=\/\/\/\/
R= s\ :
o\/\/o\n/\/\/\/\:/\/\/\/\
(0]

X 1-7 AV UEERTICET S M PRGEEHO L —F =TT v a T3 P TR
(LFP)fi#tT, EetEoBiiEEZ A3 5 PA, PG, PS U VIREMEHIZHB W CTHEMIC T 7
bR THERED I S T,

Reprinted with permission from Biochim. Biophys. Acta. 2016, 1858, 2106. 47

Copyright© (2016) Elsevier.
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WA, B N7 B OREEREOEEMENFGER SN TETWD, HEO—fE
Th 5 EE S E Halobacterium salinarum ORI EFERB T 5 & O FEMERAEE X
PGP-Me ThH 5 Z &b, ARIFE DD Z EMEm M I B % E 2 - T
HLFEZHND, BITIFEIIEE L LT, bR OERFCHERERBLCE I D -
TWDLZERABMNE > TN D, EREITIBEDHIZEICIN T, PGP-Me DAFEA bR
DOIERFFICEE THAHZ &, bR O b e BLUTIT IR E O Y g
SAEE N EE CTH DL Z EN A INTIIWD L oo, RE@EERIZISWCREIIRE
TIEEMBIE & L XTI 2 DB OWTCIIRMHTH D, ZDTDREY X7 E -
JEORREA BEAE 2 X 0 S M3 5 ¢, dWIE N A T 5 A F LIRS & D
K OIZ LT, FEAI R IEHESS bR OZEICEHE G L TV DO ZeEMICA G20 &3
HZEITHEERRETH S,

1-3 AF NI % A9 D NEE Ot & ORE AT
1-3-a A F/Vo3IER 2 A9 % N5 E OB AT

AR AR E D &L 9 2R BUKMRITIC A T2 B3 2 IRE X, & ORI 7ot
DB LRI b BRI & 7o du, o (b RO TR IE T8 L OGHR B R FE
D% FHWTHIFEA 72 ST E 7=, Chan H1d, HIEME - EZAMIEE LR L7 U &R
— )VONARELE, T AT VFESTH D 2203 5  BUKMERIEHIC 7 « ¥ = V8 E T 5 1,2-
diphytanoyl-sn-glycero-3-phosphatidylcholine (DPhPC, [¥] 1-8) %t & B L, DPhPC TH
B S AVTEHEE ZE R A D CR A EREE(DSCRIE Z 1T > 72, DSC HIEITNEE =
BED 7 NARD B IR~ DR 2 B 2 5 b — B2 FIETH D . T AN LK
pafH DR OFRIZRIN S 5B E A BRI 25 2 & T, FVMBN KSR~ 5 R
£ CHRERRBIEE « Tm) ZRETDHZENTE D, TORKE, DPhPC HEHEIZB W T
1%, -120~120°C DR EHIFHIZ B TH D B IR b FE A~ O Z = 3 BVE IR 23 L
B E N2> 722 &y E  DPhPC IR AR EEEIR(-120~120°C)IZ B\ TR AR AR RE
ERFFLTCWVWDHZ EHHLMNE LTS,

1-8 Diphytanoyl phosphatidylcholine (DPhPC) D1t 41
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FmELIE, UARY — 2RI OENEAFEDOFRIHERZITV, A TF L3I %
BT HIEE OEMEEZE LT D 9, 4 515, BUKMEMISICESE T VX VHAE BT
% 1,2-dipalmitoyl-sn-glycero-3- phosphatidylcholine (DPPC) & i L o F > ([X] 1-9a) .

A F VoI A 35 DPhPC % HN T, #E 58 Carboxyfluorescein (CF) & N L7z
UVRY =Lz Lz, LT, VUARY—25Mil> NaCl J2E% 0.5~5.0M O#iH T
BAL SH BBt CF OO KE~DiHE % 495nm @ UV W BREH L,
BNEENORKD VR Y — LAOHREMMEZ ARG 72, ZOREE., DPPC & egg-yolk
lec1th1n UARY— L TIE, FMEB NaCl 8 0 _EFIZ - THEE 2 CF it B O e
BENT=Z et (K 19b), ZNHD YR Y —NIEERESM T CrimiE s,
THBEMEZRFFL W RN EXREB I, L L— T, DPhPC UK Y — AT
/M5 NaCl JREE DY 5.0M Tdh > T CF DA DN &k, mi’ﬁzﬁfﬂﬁwf
b HEEEE AR L TRV EIREOEITIRNZ ERHA LN E o T, RRIE
MAWONTNREIZT T, WY CBEEH#HEZ A L TWDH 72, CF i oEN i
BOKMERIBHOREEIZER LT D EHEETE 5, LLEORER G, illE D mE R
FMHETTHEET S ET, AFAGIEEPEEREHEZH > TNWDHZ R LNE RS
7o

(@) ®) 100

8ot

60}

40¢

20r

Leakcge extent (% in 10 min)

Representative lipid of egg-yolk lecithin

o 1 2 3 4 5 6

[NaC:] ot the external medium (M)

H 1-9 (a) DPPC 35 X OMCFEAY 72 IPEE L o F 1 (egg-yolk lecithin) DL 2481, (b) %V
N TRERR & U7= Carboxyfluorescein (CF)PNEL U 7R V) — L h b DR K TERY 72 CF
it 525 DPPC(@),903 L+ F > (M), DPhPC (O), DPPC B L VI L v F o D U R
Y — 5 TIEAME NaCl D EFIZ - T CF it &S BT L7z DITkt LT
DPhPC U R Y — A TldE NaCl IEEEIZ 30T CF iR dho -, KISEDOY

-12 -



BRI IEIIR U CTh D 2 LD, @ NaCl IREESAT T T CF it D7 1Bk
S DOREED R L TV 5,

Reprinted with permission from Biochim, Biophys, Acta 1992, 1110, 171.

Copyright© (1992) Elsevier.

1-3-b  JRE ZEEEPIZRT D A F VI O AT

AF NG BT HIEEIL, BT VX LVEEZAT HIEE & 135872 5 K 7
WtEE BT 252 Enb, Fngﬁ$T®f%w P OREIEIZ & BIBE AR oL T &
oo BHOIX, BRFIZOZY DPhPC & W FE 17t R 217> Tk b, o
C DPhPC IISH D ARE —FEH TOMEEHEE 21T > T D 8, 8 51X MD FHEN 1%
57z DPhPC DJFFJEEEN S A F IV IAEHIZ 35 1T B & ik FERE AR O A %5t
FLTz, TORR, WA FNEEGET HREEZNICHET 5 IRFMOMEEIZB N

TIXBEZE T gauche BLEDEIGDEINT 55— T, ZOMDFEEITIBWTIL anti BlE
ZETEHCH > TWD Z B L7z (K 1-10), 57 A FVIE U C gauche BLED
N3 2 ERE & LT, ol A FOVEPFET 5 2 & Tanti BRHEIZBWTH EHED
SERENAE T, fERE LT anti B & gauche FLEER] D = R /L X —2N 70720 |
B ZPEZ DD Th D, ZOMEND, AT AT, sk A F /L EEE
DBV TR R s TG 2B LT D EHER I, Ll 20 X)
REHREBE TR E D CTE OIS ITH E SRR E RTFT D720, EBRIIC
BFONTAEEE R E OENLERAIRTH D,

(@) (b)

60+ -

L 1 L L I L
10 15
Carbon number

[3,1=

4] 1-10 (a) DPPC 35 X O DPhPC I D IR F- Ik FAE SIS T D gauche BEJHE D E|
4 DPPC (Sn-1;@), DPPC(sn-2;0O), DPhPC(sn-1;A), DPhPC(sn-1, A), (b) MD FHE 15
HEE ST 0 A TV DR, 5308 A TV EE O JE TRERBICH LI 23 > T B,
Reprinted with permission from J. Phys. Chem. B 2003, 107, 14030. 64)

Copyright© (2003) American Chemical Society.
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UEofERZELDDH L, HHBEBEREE O X 5 72 A F VS 2 H T 5 I8E o
LRI IZ BT DRI BE ANTAT DAL TR Y | BUKMERISE EDZE DO AF A F L
DIFFEN EFE ORI 72 B 2 5 & T ERNTH D Z EARBIN TS, D
e, AT NGO FIC I 1T A& I BB R -4, SHER I REE VT
WIS 72 ST VWD, ZDFRER, A FNGIGERITE DAF A FIVESHEICBN T, |
TN NEHEFGT HREE & IT R DR eE (B8 28 L T\WD 2 &R
S, TN EHIEIEEROBEMMEIC R E < EEEZ 5 2 TWD AIREEDN R ST,
LU, 14D XD ATFASIEEHORIEITMD fHRICE > TOHRRINIZHDT
BV FEERWRFEILAN D7 < HERIOAZ HTWh iRy, b b, IFE EEFR To
A F NS OREE I T 2B HRIZZ LWBLRTH Y . ED L 9 7oK 23 Z o
X9 BRI R E A B E 2 L TV DN OW TR TH 5, TDOJFRIFE L
TiE, ZHEBEREY COAEE S 713, BB ORE M & o T2 REER 2R RE 8 2
DI LMD, FOMEE FEROIZEBRIT 5 FENDPRNZ ERFET N5,

1-4  [E{R NMR % B 7= AR O R & AT

1-4-a  [E{K NMR

AR IR %< 72 E R BER BLO S TH U | I 60 FRIOH AAEMIZIEZ < OB
NEFEELNTVDN, RIEZIZRF LV TOMITIIRECH D, TOHMmE LT, fif
BT B 7o AR R BH I FERE Gk - B—AFIRBRE S W o e MEEEZ RS Z &0 n, |
SRR T A DAEART FIE T h D X Bk dn i AT Crsiik NMR 23 IR T o 5
ZENETFOLND, ., EENMRSTOCIE, S b OEBMSM T CHIEN FTEE
DT, ARBEIEATIZB WIS THHZRTIETH VO | 721 R REEE S
SHEEFROBIFICHW O TWS, 2D OFFRE, MiEEREzFIHATL2Z LT, @
RIRFBIZI VT b X A Al S AT OV NMR & [RIRR IR B 0 i S IE TR E S AT BE
Lo TETWVD,
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K 1-1 EEREOHATICHW S 5 R 7

. Natural abundance Magnetgyric ratio Frequency ratio
Isotope  Spin L
X/ % y/107rads1T? El%
H 1/2 99.985 26.752 100
’H 1 0.0115 4.107 15.350
B3¢ 1/2 1.10 6.728 25.145
N 1/2 0.366 —2.713 10.137
¢ 1/2 100 25.181 94.094
slp 1/2 100 10.839 40.481

1-4-b  E/KFE[E{A NMR (*H NMR) % F 7= BL [ i

[E A& NMR O —FE T 5 HEAKFZE K NMR (CH Av
NMR)iZ, /KBGO EECRC A 2 BAE S
LHAREFETH L, HRRELY RY —L %

FAV 7= 2H NMR HI%E Tl Pake doublet & FE{EIL 5
WA Fapngiflsin (K 1-11), Zov—7
O 1 % VAR 7~ 43 Z40E (quadrupolar splitting, 4v) & ___i

U, DOR T4 2 7 B SR T A 2 SO i 111 H NMR BliC

EfED 2 EBATRETH D, LIS 415 Pake doublet DRIZ
—REIIZ DUAR 53208 Av 1ZkUz L - TH

2 b5

Av = dvy § (3coszy—1)’ P <3c0529y—1>
2 2
D Avp TR I 2 WU A 73208, S 1350 F[Else R (Zx3 % C-D i é
DL ERTA—F =T A—F—Thbsd (¥ 1-12), L->T, 2HNMR JIENH
oD AT UG UG 20E Av Z BT 52 LT, A—F— /T A—F—
S BIW, 4FEERf R & C-D #EAHORTMEE y ZRd D Z Entks, T74b
B, WEICHW T ERRERROEEMECELME R IG5 2 LR AlR L e D,
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1-12 A5 H635 Bo, TEVERR n, 451 I0l#sdH R 35O C-D 5 & DER,

HEY TN IR Y — B DOEGE NGNS Bo SIEFERR n D723 fAE X a=90°TH Y |
JEVERRE n & Ay FRlERE R 13 —2T D (B=0°) & H/p T Z LN TE D, yIdHFOERHC
EAEEDLYOEERR SICLVELENAEL 5,

1-4-c  FE/KFE AR NMR (CH NMR) % V72 58 O fiFAT

‘Eﬁ [ /& NMR (XA & & T A 00 1 OREEAT IO A < D B ALTNn S 7279, &

(CHEKBAEBAEE 2 72 PHNMR U, BB Z R L2 RE T U U RE DT L
O JR[PTHEEN MR L O MERE G2 72O 0N FIETH 5 7630, i EDOHE T
T IV B DT R TOKRFENEKFEITERL I L7 NEE (per-deuterated lipid) & T,
7 VB OEEESCEL A RT3 T T & 7, LA L., per-deuterated lipid 2 V7= °H
NMR HIECliX, T XCTOEKIZEO VT FIVRERSTZEHER AT SABRELND
ZEIRDLD, KT ITNANEOEKZHRTHLPHRICIFRET 52 EEL <,
PR N TH D &V O RN B o T2,

TS RE OBUK MRS BRI E K B A B AL, JRE —EEH T
D JRPTHIZRENT 24T FIEDE B 2B VNS 38D RO, A7 TV AHET VL
BTN ERINAIC HAKEE R A B AL AT A3 (SMEA L, L AT 1m—/L
(Cho)fE(E FRLOIEFFLE FIZERITH H NMR HIEZIT-> TS (K 1-13) , TOFEF .,
FIEH & A EE 5RO R B DS B I L CWDZENRHALNE/RD | AL AT —/ L &
AAERL QOB ENRIBENT, 76K D per-duterated lipid % H\ 7= fibT Tl N5 ERIEH
OMEEMEIT, 7V Ba— /U ARE 0 23 b B M MRS ISR Im 12D <I2D
AVCEBMEN EHT2EF 2060 TCWh iz, LNLARTEZ HWT, IRERIEHO /T 72E
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B A R CRAT T AL T ab AT a— L EOF B AE 2 oo Tl A g oo e By
DINZ HNDZEDHBAL =,

60 60
45°C . SM/Chol 45°C SM/Chol
f[:\ .
50 L L] 50 ._Q
5 [ ) L )
T o @
5 40 8 oo o ° 40 ®
a:: [ J [} ®
= 30 ® L) 30 Y e o
7 . P ] L4 °
K SM ° SM .
20 20
M- ° °
[
g1 10 ® 10 —®
¢ s
0 T T T T T T T T T T T T T T T 1 0 T T T T T T T T T T T T T T T T 1
3 56 8 10 12 14 16 18 2?34 & 8§ 100 12 14 16 18
REEBS (ROq0T2U8H) REES (TVILE)

0.0 OH Ho’dgg\’}

Mes"r\/\o:on ------ . j: .
3 5e|810 12 14 16 is RI74 38

HN
O OO DA% |

0“3 - - -

HO'

1-13  (ZESERANC KBk 2 8N U7 BT VX VO EBEMET, X7«
YAV, TUNAHE BT 10 (R TOEBIES R MO TND Z &b,
PP RIZ T L AT B — L OMIER AT oA FEKEMAEEA LTS Z &5
NV AW

Reprinted with permission from Biochemistry, 2012, 51, 8363. 81

Copyright© (2012) American Chemical Society.

1-4-d  FE/KFEE{A NMR (?H NMR) D il i HEE ~ i

HNMR (X2 N E T, BEEMIREOA2 53, WHERE O BUK RIS oS
fENTIC B ST b, FliE B I, ﬁ@%i%ﬁﬁm%%%@ﬁ%%ﬁtkﬁ%%
FEE (X 1-14) OARKE®RE L T 9 BT, G LI EAKRERITE 2 5k 5
M2 ER L, BEKFE B NMR 2 W CHEE ZFE R To 2 F /L5585 0O B [h) 7
MratT-72 8, WEICHWEZHMEREIZEKAZEEZ 4HOFLTWVD I EnD, B
WX 4OX 7 Ly FRBHIESN DT TH D0, EEITIZ S~ Mo Z 7 Ly N
I EHELTND, ZOREND, HTMENEE D A F VAL, TBE _H
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EHIZ W T 2 FFELL EORLA Z B> THEEL TE Y, 280X 7 Ly MBS
- EHEER X LT,

Me3N/\/o //

X 1-14  E/KFESGE M E OS2 S, S RISERmAUIC A 4 SO EKFEE
AT %,

Smith HIXAEBKAIFiEL HWT, @EAREEH. cutirubrum) DFRPEREE (43 A F
NWILITHEET DA TF LV RE) O UAre 2(ICEKRFEEREZEATDHZ LTI L
oo S HIT, HEAKBEHMBIEIRE ORAW LD Y R — b &L, &
mﬁlmNMR%%wf%ﬁﬂﬁu@Mﬁﬁ(Eﬁﬁ)%%%@m#é_tf\f%

YIRS DENRERENT 21T > T D 39, ORGSR, ST O S AEEGINLIZBIT 5 T)
ﬁ%%%ii@é%@@ 8~10°C IZBWTH/NE 22 HRIBROMEM 2R LT Z & D
(4 1-15) . NEEME D —EROHhEIEER) 2 LT\ D EHEES LT,

T 4 (ms)

20 20 20 280 290 300 0 320
Temperature (K)

B4 1-15 FEABCIEEOIR AR Ty AEFRFR OZA b, 40 dh#R I 1AL, 2207 OFERRIA
DB ST AFESA D Pake doublets (ZxH L TWD (7 FUTIRIES LTV,
Reprinted with permission from Chem. Phys. Lipids 1990, 54, 115. %%

Copyright© (1990) Elsevier.
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EROINC, HHBERE DOATF VIS, Z O RHEE e E NS CoREiEIC
HELRN R, D ECH LN, EARBER NMR &AWL CEiz, LLil
EOWFFETIL, AT V3 IAASH O S AT & AR i A I OB EAB PN S EK R E B 5

BENHWSN T2, 5505 2H NMR AT MUBEMELZRD | SRR S5 I AT
JARISH ORGSR D3 K EE T o T, BAKFRREAR NMR & W2 AT L Syl 8 O & T
(2, PR A S O TS O BB B AT IS K B A B AT DL E AR K TH
DN, B AR % LEHR AR 55 | R B wT R 72 A A B A T, i O 14 PIT LS B R A L A 7k
ZEANTDHIENHLL EEEFT PRI CLEI - O S ST BN IR #2725 &
VORBEMN AT S, ZORIEZRIT 5720120, ATEICFRE L7891, BRI AT
BRI B KB A B A LB E 2 WD ZENEZBND, Lo L, BKMERISHIC
AFATFNIEEZ AT 5 HMEREOGRITIER ICREECH S 720, [E1A NMR H
FENAE I RTRE 2B 2 A 5 KR MR E 2 LA a3 5 2 & 13
D THER B TH D LWV 2 D,

Ul bagld sl MBS IRMICE KB 2 AL iR E O G e W) R #E77E
FEZ R DL BN DD DD, AAEE Z V- NMR HIENSES TEHMIHD R
IRRETEIEMMOIL, WEE R THIAF LGSO 1 o &2 R L ~L T
FEMICAENT T2 ZEDFIRETHY . O TIX Ml B AR E O R 7 2 A S 1 70 LR
DFNT CEH M EILD,
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1-5 ARWFgEo HB

AF NS 2 T 5 RN E L, R 2P - Btz A+ 57200 Tk
SV BEE U RVZEOFEUIEEE L THLEETOLZ LD, T E TIZHEE < O
FOXEBEED, GRLFEOTIE, DEFNTIEB X O T8I FetHE 72 Lilc X 55
FALSERIFIEE W8 T T & 72,

EiRo LB, HHERED DR S D BB, MEIAVEEHEFH(-120~120°C)
IZBW TR A REFF T2 FIEB L RS2 WO EAMIEE & I38 R 5
%ﬁm&%%&%ﬁbfmé ERIBMNETSTHRY . BITIX, bR O X #ifEamtE

EIZBWTH X7 BRENHMEREE QBRI BLI S e 2 &0, HZ <D
bR PR SEER A 18 L €. AR IR OE1EDS bR OREEREF-CHRERBUC R INRE &
L CHEREEZHSTVWHZELPALNE RS> TE TS, UL, HHIEEE
E%@E@i5ﬁ%ﬁm%lﬁ*®i5&%@%@%%ﬁ%a%ﬁzbfwé®#\
BIZIE, BEE@EEEIZB VT bR EEUREN EDO X SITHAEEH L TWD DT
WTIERIERMGRA 2 EETH D, TOERFRE LTE, ZHEBEREHFIZBIT 5
HHRE D A F /L5 @@%®ﬁﬁ@%Lﬂﬁ%éMTw@w ERFETHIND, —EY
[ ZHEEERE R CORE S FIX, BIRRMEEOARE ML W o TRk R R AR R 2
EMD ., FOREE Z EENICEINT 2 FEN D7 < NBE DT OFE M7 S fEAT 12 9E

FICNEETH D, WMEICHHERTFR - FREBIFRTFEE AV T A F IS O E
%ﬁ#ﬁbhfiwé%@@ BHEERORKEN/RERICE EF - TEY | FEMAHE
L#%Eﬁ 2725 TN D EIEEWEE, ZO7, dlE AR E RO B s & /X

H - O EE AR 2 5 BT, WHIEIRE O 2 F LI 8 DR R 2 s
ﬁib%Tka%észé

% 2 CARMIIE TR, IEEREE T C o4 OIEE) B A 75 H0s U Al BE 72 B /K SR [EHA
NMR ZHifEd 25 Z & T, ZEHEREPIZBT 2 HMEIEERA O A F Vo3I 8H DRk %
T2 HIE LT, 7205, HMEREE L TR OFEELBE TH S
PGP-Me (25 H L., FDAFADIEEEDJFF L)L TOREEN 24T 5 2 & T, i
HERFA OMEIZ OB HREENERZA NI TH 2 & & Lz, BRI, LTI
RTT T u—F TR EERT D 2 & adtE LT,

(1) PGP-Me Ak % 2Rk L, (7B BRI E/KFIER PGP-Me FH%E 128 H rIRE 72202
WA R & eSS 5

(2) A F VUGS AT &R IN ) K FE i 2 A5 PGP-Me % i L. HEH/KEEK
NMR HIE %17 9
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(3) NMR JlERER & MD FHE 2 LA T A F LI B O SRR & IH 5 0s &
L. iR E R O & OBEZ B S E T 5,

UL EOREZ iR L. ABFEIC L - T BB T T A F SISO E A &
e 7R, BB TTARERRS & R S 70\ A TR B i R B IR SR & B &
WSS, BICIE, bR O X BERHE L MAGDEC Ry F L /v Ial— s
YV EATH T L TR 72 bR & PGP-Me OFH HAEfNT~ L BIF 5 Z L MATREE 72 0 |
OWTIIES 232 8 - DR B AR & BT+ 5 812 7 TR OB~ L BN 5
ZEBERFEND,
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B BRI PGP-Me DA E X OVE/KEEG PGP-Me #5184 5 fil

i

=

il

AR AR 2 O HERL S 2 REE E M, W8 SO R P (-120~120°C)IZ B8 TR Al
FERIEZPRFF L, mIERERIE T b “HEEME LR TE 5LV oTe, EIEME -
BERAMEIRE 372 ORI 2 e 2B LT D, 2D ORI, mERrE

IR R 7 E OMRIREREE TAE T 5 i I iZ%ﬁ%@T%é&%z%ﬂf%
WA IR ORGSR R R & LTk, BUKEIBIC 2O AREZ AT AL EEZBLTE U .
Z DOBKMANEEN 7 ) F o — VEIC T AT VRS Tl = —T LS A ClsE L
TWDENET HND, T OFFRIZFEEN H M EIRE OEMMEIC R E < E%
BZTWHEBZLNTVWDD, ZOMENERIIRZEAI N TE LT, IFE
IEARIC 31T 2 BUKPERIBHOFERI 2 S IE MO BN EEN TV S, EIR NMR IFEE
TEERICB T D EES TOMERITICIA H bR TEY qﬂf%éﬂﬁ%lﬁi
NMR (*H NMR)/ &5 F O JE &4 LB A 15 #R 23 Hifs: T & 298 /1 2 IE FETH D,
NMR % Tl REE OMISHIZ R O 43I A TV I8 0 OREEFRNT %217 5 728 c
IEARFE A F VIR EKFAER 28 LU 72 PGP-Me O INLEAR A K TH Y FHIZ
BRK MR8 42 {ZIS@T%LﬁMﬁ’Enf—{*HJ AT 91, MIBH ORI 1T D 1 oo HfSs:
WEEND, TDTZDITIE, B A F VGRS 3 DML EEIR Y EK SRR S 7172 PGP-
Me %ﬁ%%%%ﬁ%?éb%ﬁ%ét&b\ RAFZECB N TIIW IS L TEN B DE
IKSERERRAR 2 N RN T 2 0 DN EERETH H, L L, T ORER oM S
D7=HH>PGP-Me BH OLAHILZ N E THE SN TE LT, IR G FIEIXHE
NEENTWR o Te, £ Z CARETILIE T PGP-Me DDA ZEMT H Z & T,
K EAE A TR 35 ] T RE 72 PGP-Me DR B TFIEDHESL 24T o712, Z LT
W, #ESL LA PEZEH T 5 2 & T, FARF A TFIVELITALE R KL ONLAREERR
I K FEERR 2 A LT 3 FiE D PGP-Me FE KO 21T - 7= (¥ 1-1),

RT R? R® R* R® RS

PGP-Me (1) : R'=R3=R%=CH;,R2=R*=R®=H
3'-CD;,D-PGP-Me (2) : R'= CD;, R%= D, R3= CH,;, R*= H, R5= CH;, R®=H
7'-CD;,D-PGP-Me (3) : R'= CH;, R?>= H, R3= CD;, R*= D, R%>= CH;, R6= H

11'-CD3,D-PGP-Me (4) : R'= CH3, R?>= H, R3= CH;, R*= H, R%>= CD;, R®=D

1-1 PGP-Me(1)# L N E/KFEZ:#, PGP-Me #58(K(2-4) DL 248 1E
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2-1 AT A RHFSE
2-1-a  HHEREE DA RAFE

A AR B X BRI O I M & R R e EE A L TS 2 E b L OA KL
FHEOEBEED, T ORYMEMATIZ AT T2 G RFIE S ATl TV 12,
FRIZRIE DI X » T, ZhvE Tl ORI T M E IR o A s 03 e S
TWD 3D, #5613 36 BEREHEREOGMRIZEBNTY (AF—22-1), TIROR)-3-
EREXU2-AF -7 a b VBA-DDLHFE LA Y L=y MNA23) R
EMEETTH 7TV o7 &8, i N—FFETOPRANF AUIZ L > TRE 1,5
DAFIVERROBEICHEI L TWD, SHICHEBEOFEEZRVIELERTSZ LT
CoA V7V /A RFBERATDNEEWR LRI, 7V o — BN EDO=—T 11k
LS T23-UTNAFNT U EaBEA-8)EHEE L, Dk, AIERRED T /L a—
N T VT e R~ER{E L, McMurry 7> 7Y 7 i< KFEILRISIZ L - T 36 B
BROMERIZEI L TV D, wIZIT sn-1 fpd ) Rk, e 22U 2 AbZEITV, (R)-3-E
Ra & 2-AF -7 a B4 VR b R REA LR 25 BefE, 2UIE 1.7% 7T 36 BERIR
HHNENEE (A-9) DA & Rk L=,

6 steps I\/\l/\OTBDPS
1) BulLi
MGOZC\l/\OH ] A-2 ) Bno\/\l/\/\l/\()TBDPS
7steps  BnO 2) Li, NH3
A-1 ———» \/\l/\SOZPh — A-4

A-3

2 steps I\/\l/\/\l/\OTBDPS

_ A-5 ‘ 4 steps MSO\/\l/\é/\l/j\/\l/\OTBDPS
4 steps 2
| 4 steps Bno\/YvY\SOzPh A7
A-6

Sn-3 chain J/
O CHO o
3 steps : A 5 steps %—II’—O O
_— Bno\/-\ —_— |— H
A-8 N 0

Sn-2 chain

AF—L52-1 FiEGICL DR EMEIEE DA
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FATHIVE BIE, RAERELE W TEUKMERISIZ R RIER 28 A U 7o FEBRIK A Al A
JEEDOABIZHEINILTND D (R¥—A422), ETITIEPHETHDLAHK 1,5 Y
AFNANVKR(A-OIZK L TR)-2F 7ty hrRra—L(A-10)EH v 7 U o 7 &/ 5
LT CoA YTV /A RFERAI)EEK LT, TD%, Kt L7 4 bk
L7 AF VAT VL% LiAIDs TiEILd 5 2 & CTHEAKFEERROEANIZRHKE) LT
Wb, FOWK, U= —ARELOrZa R b v 7Y v F T L0 IS %A
L. sn-1 20 U Uil % 2V AbE1TH 2 & T, REER TR 30 By, 2=k
1.3% CHE/AKFEFR Y 7 4 ¥ =)L PC(A-14)DE R Z R LT,

1) BulLi
2) Li, NH
Bno\/\l/\/\l/\sozph + I\/\l/\/Y ) 3 MSO\/Y\W
3) MsCl 2
A-6 A-10 A-11

4 steps o CO,Me LiAID, o/\/\/é\/\%?(nk
—_— —_— D D
Ho\J\/chone 4 steps HO\J\/O\/Y\M)Y

2 2
A-12 A-13

L

Sn-2 chain

2 steps M N/\/ N //
= \J\/ D
W/ Sn-3 chain

AX— 22 K BT KD EKEES S EIEE OA R

LL@A&H B2 6 B THEALD L 912, £ OREERNREH S O D flEEE O
UIZ AL, ORI REEmWEIEE 2T, IEEICRETH D Z Enbn
50%Gﬁﬁ&bfm\ﬁmﬁ%ﬁi@%ﬁ@Kﬁf%w%%%%féﬁm\Eé%
TR DERICT X TOARF A TNV SEREIRAIZT — 2T 5 FEITMEL SN T
BOT, EfLAF—LDORRICAFATNLVEEZAT H 2=y M &0 iR LiER S 58
fEZI D S 52 BRN D TH D,
BEK BRI IC B W T, THERE B RO G ONEE X226 | fb5FE AN
FK B AR E SRR S 7 Blix A 72 < 2D RRICREZR I MR AT IZ W ZH T
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& D BKMERIEE DR T A FVIE T AKEER A E A LT GBI E LRV, £
T2 EDOARKIETIE, B UARERE CEEOESEZED 25005 2 L NREETH 57
DIEFNIE = E AR ML LR T E e 69, 37V — LV ERIETH D
ZEMBAREF AT NI DIEFAENKETH D E VWO REEN D D, £ DT DA

FRIZBWTIE, HEARF A TN FEINCERFIER D EAREE R D, AF 1,5 Y
AT IVERAEEIEOMNL b EERREE S XD,

2-1-b  fafnA V7L ) A REDOERMIZE

BfA Y 7 A R (RF 1,5 P AF AT VR VEH) 13 i 2 oo sk PRI gE T
DHIZEHT, X I8 BT e o' 0D YRR 127 E O EmIETHELE
PHIZIRIAS RONDEOEE TH D, T, %< OFKEBLFEHE OB % &
X, INFETIEEZ S OARF 1,5 VAT AT IVFVEO RN E R TIERHE ST
W5,

Hadley © %, Ireland-Claisen 5% "W &L & LToARF 1,5 ¥ A FIVEE OREEE
%%waém(x%—Azwoifm\&kymn&7&uv4ymm&@7w
R—=VBOSIZ RO RFATFNVEEZEA LRI, 4 BETT UL X7 /L (B-4)~ &
WL7z, £ LT, 7 VT AT 1(B-4) % g Bt 2% #Tfﬁv//)wa&~wma
~NEEHTH Z LT Claisen fafBMEZ 0 . RF 1,5 VAT IVERKREHBE LT, ZO
%, KRFBRMOERL T ) = — VR D a2l v 7Y U I ROEERE T, A5 1,5
PAF VT v a— )L (B-TDERKEEK L TV 5D,

Aldol
o X 4 steps /\l)\/OTBS 1) LDA A)\/OTBS

reaction
\)J><0TMS — WOTMS — o o
e OH O N 2)tBscl| 7Y

- o B-4 oTBS B-5
B-1 O B2 B-3 (>96% de)

1) Hydrogenation
Ireland-Claisen 2) Reduction

Rearrangement _ HOMOTBS ) Cross-coupthe st )\/\/l\/\/l\/OH

O B.6(91% de) B-7

AX—22-3 Hadley HIZEDAE 1,5 VAT LT L2 — L(BTDHEK
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Minnaard 5%, MBIZBIE LA LA SR & LI2 AR 1,5 VAT IL
BREATLOER 7 20 OGMERE LTS 19 (RF—L424), ﬁ%iv&m
F BV AN(C-NITK LT, RERARET I XA ML (C2)TFE FIT
U A TFVHERTAIE D SR 72 140G 17 19 % @@Lﬁotﬁé\HBMT
PEHSE T I NNT ) — =T )W(C3)~E B LT, T LT, IV R
THEiEAEYIET 5 Z & T, ﬁ‘ﬁﬂ@ﬁ'ﬁﬁ)'ﬁﬁ%%kéﬂt anti-1,5 ¥ A ?/Vm’%%ﬁﬁﬂé
TV A= R(C-4) & 1FT=, E D%, MAKRMmIZIEBWTIER 7Y =y — il E D7 r X
ﬁyfvyﬁﬁm%ﬁi;&f\K%Ls/x%wﬂ%%ﬁﬁémg7iu%/m@
NDER A R L TV D

1) Cu(OTf)2 Me,Zn

1 hen NaBH4
0@ v 2)Osthen NaBHA _ MOy~~~ om
2) repeated again 2) MeOH, TMSCI o =

3) TMSOTf Cc-3
(>99% ee, >98% de)

CaHo Cross-coupling R/\/\/\/\l/\/\s/cms

n-PrMgBr R/\/\/\MgBr C-6 (R = Me)
C-3 (R = Me or Vinyl) C-7 (R = Vinyl)

c-1 c-4

Cross-coupling

I
‘g
\
\

L
’

A F— L 2-4 Minnaard H5IZ XD EHR T = 1 E2(C-6, T DAL

Piccirilli 1%, ~A a7 7 V7 OMETICFEET WIEE CHLHRARIay
F RARRIZIAT T, Cs- Mycoketide(D-5)D AR Z A LT\ 5 1920 (R — L4 2-5),
W HIFHDS)-3-t RaFv2-AF -7 a4 U BOD-)0biFE LA 7L
2=y FTHDHT LT E RIRD-2) & PT-A /LR U AR(D-2) % Julia-Kocienski 4L 7 ¢
fBiC X D EfE S SR, AU EBEAICYA I RETEZEAT 5 2 & TN
AE NS VAT IVEROBEICHKI LTS, FIZ, [FAERO SR % 0 K LT - TR
FHEMEIEDLZ LT, REATNVEE S DA T 5. Ci-Mycoketide(D-5)D 4 ik &
R LTV D,
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5 steps ]
—_—
HJ\)\,OTBDPS

J\/ D-2 1) LIHMDS /\)\/\/l\/
OH — OTBDPS
MeO,C 2) NH,NH, BnO
- D-4
D-1 10 steps /\)\S‘s”o Ph
BnO \f N
p-3 N-N

1) Julia-Kocienski olefunation

2) diimide reduction
> HO\/\)\/\/L/\/l\/\/l\/\/l\/CeHm

Y

C32- Mycoketide(D-5)

A F— 2 2-5 Piccirilli 512X % Cxn-Mycoketide(D-5) DAk

F72 Cis A7V /A RFBIRTH DGR, TR)-3,7,11- U AF )L RFH ) — /Ui,
X VEOTIBIEE,. HMEIEE VAR T A EEAREKFEETH D70,
ZAVE TIZZE DN G BIENZHHE S TW 5,

Wu B, AV 7L —UE-DDD 2 BETHR LT (B2 LT, TF
VAR A(ThxBH) & W2 Bk B R el U R LIS P a7 e E-3 ~&E# L
T2, RUFDOINVR= D) < MERIR T ) — b V%175 2 & T UL
T )= —T B E BT (AF—2L0 2-6) P, FLT, A/ UNMRIC LY ZHEiE
& Z Y U CRRIR DN B RERAL SN2 syn-1,5 VA FIVEREH T 5 LR ER(E-5)
ELTEBIC, V) =y — R D a2y Y TSI X0 RIS R A B
%52 &T, BR,TR)-3,7,11- 5 U AF )V KT H ) —DEREZERK L T\ D 29,

)\/\ 2 steps ThxBH, 4 steps
—_— y —_—
OH B
E-1 E-2 H‘BHz —— E-3 OTMS E-4

1) Ph;P, NBS
1) O then NaBH4 Meom/\l/\/\l/\OH 2) LAH _ HO
2) p-TsOH, MeOH 0 3)Bng\/\( W

E-5 (*99% ee) (3R, 7R)-3,7,11-trimethyldodecanol

A% —2N52-6 Wu HIZK DGR, TR)-3,7,11-F U AF IV RFH ) —ILDERK
M OIT A THB LT T AT 5 VR T v =7 MUK (ZACA)? )
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WK TAFNEBEAL, EUTA VYT L=y M iR Ul S8 5 6
W2 KV (3R, 7R)-3,7,11- R U AF )V KT ) —VDEREITH>TWND (AF—L42-7),
FFNE TAT U F-LIZH LT, AFMBEFET TR ATFATAI =T LA
HHZETAFNEEALLKZIL, RRINZE->TELDE FaXx v s ddny &
LT, BEFEE2HAOTRFESEILICAP D EIT 9 2 & TRFMEDN 99% ee LI EDA Y
Flra=y hOPFHEICHED L TWDE (RF—L424), D%, HIRODA V2 F v
TV = — LR, i< A VL ra=y RO LI a URKREF-HED T v X
v 7 v T RS E NERATV, BYEFEMEE DGR, TR)-3,7,11- U AF IV RF A ) —L D
AR E R LT D 3,

Cross-coupling

1) ZACA TBSO _
TBSO _~~ —’) \/Y\OH — TBSO\/\l/\/\(

2) LICA

BrMg
F-1 F-2 (29Y% ee) VY F-3

Cross-coupling

> Ho\/\l/\/\l/\/\(

TBSO I
\/\l/\ (3R, 7R)-3,7,11-trimethyldodecanol
F-4 (>99% ee, >98% de)

AX—NL2-7 WEHIZEDEGR,TR)-3,7,11- 8 U AF )V KT ) —VDERK

PLEDRRIZ, fafna Y 7 ) A4 F# (R 1,5 VAT VT FVEH) SRV T,
ZOEKEIKICH HZREDOERE LTI ENTE D, bbb, @EMEDR
FAFNEEAT DAY T v ra=my BB LIRS, 2uRxX 0y 7Y v 7 RS5%
ks v Trra=y Mtz S5 2 L TRE LS VAT VERKREREE L T
W5, Piccirilli DA RTFIEIIARE 1,5 DA F AT ILFIVEEERIIHERE TE 558
NEFETIEH DD, REATNAVEEETHHEMEE AN X T VT — LV ERIET
b5 EMB AFRATF VI & BEARFAE A BN U 7o dr il B iR S R 3 H 23 A
HThHD, —H, WESDARKIED L O ICREIR 72 A FUALIG 2RI T 5 2 &
T, REATF NV L FEARFIER LGN L EKEIERS Y T2 =y RRESIC
FRARE L /e B L B2 B D, HIZ, 4 VT L o=y MEIEARREREN L L TRE
AR ST RKEREIE THILX, FFE#RA Y 7L 2=y hORDVIZEK
FHA Y T Loy hEAEESED 2L CESICEKFEIERNEARETDH D,
ZDT, REKREM IR A V7 ) A REEROHR2 5T, EAREEHRA Y TV
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A FHERICOAHRFIETHL EF XD,

2-1-c  PGP-Me #FE (KD A ISR

WHFFEE D Jin (X, PGP-Me D% 7V U VU EREAGEIAE & O A REZ ML L, Bk ME
MISHIZEEE T L% LA 3 % PGP-Me #5815 L OVE /K FAHEi# PGP-Me i85k DA
FRAZEED LT % 3 (A% — A 2-8), F91F, THRD(R)-solketal 7> & 5 B TR L
7T 3 —RG-DIZR LT, U U EREK G2 Z{EH & H-AR AR % — MG-3)~

EEMLUT-, T LT, IS T CTOM PMB R, i< SAKRET XA FG-4)IZ
X2V Uit AEITH) Z L T, PGP-Me DX T /L U UIREEI A L=, T D%, B
KMEEBOL(G-5, 6) & DT 7V TG « WA D < A & U RSS2 &
T, BUKHEMISHICES T VX L% 7 5 PGP-Me i 8{K % X OVEE /K FEIEi, PGP-Me
FERDG A ER L TV D,

(o}

(0]
| [ & HNEt
-P. 3 OBn
o OSters o 2B ome 071 62 _ © go, 0 X _OPMB
O_A_OH NN then NEt;H,CO; v Yo
(R)-solketal G-1 G-3
1) TFA 1) Coupling
MeO___OBn R_R
2) l|° _ , t-BuOOH o ® HO\J\,O\/\/\)Q/\/\/\/\/
G-4 N(Pr), MeO_ 0/\=/\0 O HNEL G-5 (R=H), G-6 (R= D)
’ = 3
BnO~ ‘o OBn ’/P H 2) Deprotection of Bn gorups
3) lon exchange
diphosphoric head group (>95% ee)
Na@e
0 Ve e e e N -
MeO_ /O/Y\O 0 o Sn-2 chain
_— P OH

Na@eO/ o o’ O\J\/O\/\/\)Q/\/\/\/\/ Sn-3 chain

PGP-Me analogue (R=H)
Deuterated PGP-Me analogue (R=D)

2 ¥ —22-8 Jin HIZ X D PGP-Me #FE(EDA AL
2-2  PGP-Me DO Wi& B fRMT
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PGP-Me(1) D& B fiHT 2 A % — 2 2-9 1277 F, PGP-Me()IX 5 7 /L . U U EREHHES &
I3IE A F VI G D BRI DAERR STV D728, BHFIEE T TITARIEN
N STV U UEREAER(S) & T —F A — (@) DA v 7V U T RKIGIZ L 5T
BRARETHY . T—F A —IL(O)DARF AT NEEGT HHKMEMEHIZ, 7V e —
NAENLT & R K 8 2o —T LIS L » CGEAE S5 Z L TRARNATRETH D
EEZT, FNT RIIVIR S NBAFIA Y T L ) A RFEIRTHDHZ b, mEDOH
A YT A REHAMFIEEZSZBIZ LI, T72bb, A YT Lbra=y 12 DDA
DINCHHITTRER 7 ) =% —LERFR 9 L R R 10 BL A VXU F LT ) = —)L
N | W/ =y )| V&“}iﬁi\é:c]:ofn‘%w W UERE S TRFEL MR ST S
ZETHERMICERAEETH D B 2T, BICREBHIEDOFAE LT, K221TRL
ToRRIC, FEERR A Y v =y N EEAKBERA Y S =y Ol S5 E
%%%Eé@éﬁﬁf@%%ﬁ@wﬁﬁﬁ T%ét@ IAERE S NSV S T e
A L2 PGP-Me B EERNEGITIED 3T AlEL 72D & B 2 1=, — XA DM 13
bf@@?ﬁ—¢’;ofk%<%@%x%é &@ﬂ%ﬂf%ét@ =2yl
L VR U7 IR & O CTHEIMERENT 217 © 721X, IRE ORTFHIE D 95% ee LU
Lf%é;&@%ibw&éﬂfwéo%Lf\ﬁéﬁ&%%wft HIEE DY 95% ee
LLE®D PGP-Me # & RT D72 0OIZ1X, JLFMEEN 99% ee L EDA Y T L=y |
EHWTAMEZEDDZVENSH D, T, WNZLTEEFMEDA Y Lo
=y FEFRT20RARERICBWCEERFELE VLD,

HNEt,

MeO 0 Y "o, oe

00’ 0 OH o’ O\J\/O\/\l/\/\l/\/\l/\/\( BnO’ O OBno “H HO\J\/O\/\l/\/\l/\/\l/\/Y

PGP-Me (1) 5 archaeol (6)

U

_ Csps-Csp;
. cross-coupling

OH , TsO x i
BnO\)\/OH \/\l/\/\l/\/\l/\/\l/

MeO_ o/\/\o O

7 8
Path A
o
HO\/\OH * Br\)l\oH Asymmetric @
13 14 /~ Methylation
BnO\/§|_/_,.\'yo|-| <:| Bno\/\r\MgBr . Bno\/\r\OTs . Bng\/Y
R ﬁ isoprene unit (12) 9 10 1
{?15

>
2999
pathB  \0%ee)

ZF—2I2-9 PGP-Me(1)D i & R fEHT
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®+®+®+®=HO\/\?/\/\I/\/\|/\/Y O O

Il Il
O:Deuteri
Ho w rJ\/\CP/\,H euterium
D+-D-D+@ - W isoprene unit

[X] 2-2  EEKBIEFHIAE BT D ARE RIEDOR| A

2-3 BRI AS Y S L=y OB
23-a A VTV ra=y hOEK (AL—1)

F X, PGP-Me £AKICB W THEL 722 5 B HFAME(=99% ee)f Y L=y
N ORI AT > 7=, Feringa HI1%, RNEBUL T Josiphos ZH 3 D HfEAFE T, ap-~
AT F AT I L TAFNNT Y =% — LildEAE S8 5 2 & T, marffigEit
FNZARFE AT NIEZHANZTHZ LR LTND (AF—242-10) 39,

MeMgBr (1.2 eq) ( )
CuBr-SMe; (1 mol%) @\Pcn
- i 0,
EtstOTBDPs (R, Sge)-Josiphos (1.2 mol%) . EtS\n/\l/\(,TBDPS Fe PPh,
0 ‘BuOMe, -75°C, 17 h 0
16 95%, 98% ee 17 (R, Sge)-Josiphos
. J

AF— A5 2-10  o,B-AEIFNTF A T AT L~ ORI BTN

AIEDERD THDT AT AT NVITIL, BHIIA Y T L ra=y 12 ~E K
ARECH DT, AIEEMINMKSEH#SEE LT, A VT2 =y b 12 OHGE%E
BRI L7- (RA¥—L42-11),

F 913 Minnaard H OHIE NZEN, HiROTF L 7Y a—/L(18)F LU v EHE
AN HLZENEN 2 BEBECTHHM L7-7 4T & K20 & F AT AT /L 21 % Wittig St
(2 &0 s S RAINATERIR CH 5 ap-FHafiF 4= AT L 16 157, Hil T,
Josiphos B - f77E . MeMgBr Z{El S5 Z & THAR=VIED B ir~A F LI
DEANEITH T2, TATZ AT VA% DIBAL (2L > CiEILTAHZ & T /L a—)b
2A~EEW LT, BN T a— St U CHEMES: T To Bn fRi#E AT &
Z A, TBDPS FEEblifri#E SN T L E Wl N e /L Bn frilf S 72L& 23 E
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LT, 2T, BMESIET Bn fRi#EMN FATHEZ TriBOT? % V7= & 2 A, TBDPS #23
B35 2 & 72 < Bn LA EST L7z, #%1%IZ TBAF (2L Y TBDPS A ifti#d 5 =
T, 2T LY a—A8)B LT v EHEE19)) D T BT Y L=y
N 12 OFEIZ AR S) LT,

TBDPSCI (1.0 eq)
1) imidazole (1.1 eq)
o THF, r.t., 20 h o
H -
~N > TBDPSO —
OH 5  DMP(1.5eq) \)]\H
18 CH,Cly, r.t.,, 2.0 h

76% in 2 steps

20

~ E5NNoTBDPS
EtSH (1.3 eq) CH,Cl,, reflux o

) DCC(1.05eq) 20 h, 80% 16
DMAP (0.1 eq)

(0]
o CH,Cl,, rt., 11 h
) Ity Ph,P
Br. _J > 3 VJ\S _
Et
OH 5 PPh;(1.0eq)
19 benzene, r.t., 2days

49% in 2 steps

21

MeMgBr (1.2 eq)
CuBr SMe, (5 mol%)

-Josi 9 DIBAL-H (2.0

(R, Sge)-Josiphos (6 mol%) . Ets\n/\l/\OTBDPS (2.0 eq) . HO\/\l/\OTBDPS
(o)

'BuOMe, -75°C, 16 h, 80% o CH,CI,, -50C, 0.5 h

17 repeat 2 times, 85% 22
1) TriBOT (0.5 eq), TfOH (0.2 eq) Bnol
1,4-dioxane, MS-5A rt, 2.0 h 5 NN
- no\/\l/\oH H\N’)\/OBH
2) TBAF (2.0 eq) OBn

THF, rt, 82% (2 steps) 12 TriBOT

AF—AhL2-11 ATV rva=y FOERE (AL— 1)
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23b A VT L=y FDOIEFHEHER

WA REHT(2-2) DBRICFEHE L7 L 912, AREAIEZ AW TR MERNE 26 H fTRE 7e
WHHEE 2 AT D PGP-Me AT D72 0I121E. BFEME(=99% ee) DA Y T L
=y RBRETHD, I T, GkLlzA Y L ra=y b 12 DNELEFMEE &
ALTWD%Z MoNP = AT )L~ 8425 Z L TR L7c, MaNP = X7 Lkl
'THNMR % W T 7 /b a2 — VORI STARELE SR EFRER FIETH Y ¥, 72 L
VL D FREER TS RIC L - T § BEL W e (LD AARLE 2 & KB4 25 Z &0
TELMNRTHETHD P, A V7= h 122X LT, (R)- MaNP acid % {E
M EETMaNP = 27 /L 23 ~ & ZBHifh (A% —L52-12), 'HNMR #IEZ1T-72 (K
2-3), '"H NMR A7 MUZEBWT, FF T AT —DORFATNVHEHKTHL X
Ty =7 OEMEDN L HFMELZ R L2 25 88% ee LW fER &7
D, BELTAHANFEMEIZIZEL T EXRALNE ST, D2, Bk
BEAATWIEPME 2 BGE S D MERH o T2,

(R)-MANP acid (2.1eq)

(o]
)
DCC (3.1eq), DMAP (3.1eq) O )
BnO
OH > BnO o Ho” 3N
YT CH,Cly, rt., 16 h, 82% V\I/\Meo e O Meo Me
12 MONP ester 23 (88% ee)

(R)-MANP acid

A X— 2 2-12 MoNP = 27 LAV K ies

s N

ﬂ [ E—5 (doublet) pa 5

23 " %O L5297+ (ppm) 0.561 0.505
o 8
° AL SMAERE R (undesired) S (desired)

o AN .
B"O\/ﬁ/\o |r N ﬂl |‘| o BnO\/\_/\o)OLR BnO\/\l/\o)oLR
racemic CH,MeO ‘e O J L A, “ L éH3 CH,
v J

L L L L LR L L L) L R AR L) L LU L LUERY LALRY L LR ALY LN L |
0.68 0.66 0.64 062 06 0.58 056 054 052 0.5 048

2-3  MoNP =25 /L 23 ® 'HNMR A7 L)L
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23-¢c AV F L=y DOk

T, Mkl s FMEDOR EE21{To7, A V7L ra=y F 12 BLUE
%A 22 20 BB E R L 7= Bz 1K 24a, 25a, p-Br-Bz 1A 24b, 25b B L XA L/ X —
MA 26 123 L TR b a2k 7e (K 2-4), Fl2 5 aa S OMFT 21T o 7oy, Tv
NHFFEOT7 LR T NUVRMEEDO IO TS5 Z ENHEETH 72720 fidik
ICE - THAME R ESEDL 2 LIETE R o7,

RO)LO\/Y\OTBDPS \/\|/\ )b\ \/\l/\ )l\ /O

24a (R =H) 25a (R = H)
24b (R = Br) 25b (R = Br)

4 2-4  FERAGIC X DI 2 A T i AR

W THRFE D OHEZESEIC L C3OP BEEREE AW HESENC L - TRFERED
ﬁi%ﬁ&toE%M’ E% IATFARER U N—BEZFIH LT Vv a— D7 &
FIACRISEAT D Z &1 BT T T A — DS E DEFENEZ R L CHE
AL E %ﬁﬂtoi?)ﬂ—?ffFOCuf\4/7V/3%/FlZKﬂL
T%Mt:w%W%é@k&:%\%Ui%mﬁ?%é4YTvyn:yklzﬁ%
ERNZT BTSN D Z ERHI LT (M 2-5a), #eW\ T, KEEEA Y v Lz
THKRDR AT S T2 1412 E U727 v 23—/ % MaNP = 27 )L{kd % Z & T, 'HNMR
HENBNTFRERDA Y TV o=y NONFMERREIT>72 (X 2-5b), D
FEHL99% ee LI ETHDZ ENHBAL, Lo FHMELAL TWDH I ERbhoT,
LN L—FT, XFEDEOBEOIRN 43% TH Y DEROIK S IZFRENE - 72, AKX
JEDUFZ ] E X5~ RISFEEORF (RISRED F5 RIS OIEE) %
AT, WEROM B> THREMENEAD T2 E W) fERICKD Y | e
9% ee LLEDA Y T L ra=y MR THL Z LITRETH -T2,
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(2) (b)

lipase Amano PS
vinyl acetate (5.0 eq)

BnO BnO
OH > OAc
\/\lﬁ CICH,CH,CI, 0°C, 7.0 h \/\l/\

12 (88% ee) 43% 27

1) KOH (2.0eq), MeOH, r.t., 2.0 h o O

> Bno\/\l/\o S ————"
. “, p2 0.6 0.58
2) (R)-MaNP acid, DCC, DMAP MeO Me O

cHzclz, r.t., 16 h

0.54 0.52 0.5 0.48 0.4

0.507 —
0.494 —

0.
|
MONP ester 23 (9% ee) R

4 2-4  (a) BEHE A HWTEF5E
(b) MaNP = 25 /L(23)D 'HNMR 227 ~L (b k8% T o« RHAD)

244 A YT VLra=y FOAERK B/L—F)

REFMBEAEAE TSI T D SRR A F AL B BERG E LT AR (A L— 1)
TiX, A Y7V ra=y b 12 ONFMER RISRENE T, ZOJRKE LT, &
HAFIMUISICBT DERYN T v FA~—REWE D720, BIET 205
WMEEZETHA Y T L=y b 12 ZE57DITIIIEFRIDBNE & 70 D RNz
LD, &2 THTZRA RN e LT, REMBEZHNWT AT UEEITO 22 L
oo (AF—2A 2-13) RFEOFRE LTEL, REATIUULDLERD NS T AT LA
~—IREME DTN T AT aw NI T T 4 —FIL K THBERFREL 72 D728,
RIFMEOR ENTZD EE X T,

F 9" Heathcock B DMEITHEV 40, HEMLMH T T y-7Fr T 7 A5 DB
i< B R %o Lo Bn bz RIIFIC T 9 2 & THIVR R 28 24577, %tV C . Suresh
B DOBEITHEN 4D, B LR 28 IZ Evans AL PafEa S (LAY 30 & L
721212, NaHMDS & 3 Vb A TF LV EEH S ETHONR=IVIRBD o fLIZ AT HE
MATHZETAIN3 257k, THEED, KKISORIERY THDLYT AT VA
v — (AFNVHEDONAREE - R) 1IHTL70~ T T77 4 —ICX o> TR EET
HZEMHRETH T, &E&IZ LiAlHy ZHWTA I REMLOIREITLEITO 2 & TA Y
Tlra=y b 12 ~EEH L, RIS MaNP — 2 7 LiEZ W CORFME 2 RS b
S22 A 99%ee L ETHD Z LR TE (¥2-6), lEEH T, y-7F 1
Z77 RN D 4 BEEDNO T T AR OB THI E T2 FHE (299% ee) &FH
THAY TV ra=y 12 EERT DI TR L, R G RRIEZ ML LT,
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o
o)

BnBr (2.5 eq), KOH (3.5 eq)
toluene, reflux, 3 days

15

B"O\/\)LNJ(Z

LiAlIH, (2.0 eq)

then KOH (2.5 eq), toluene
reflux, 1 day, 75%

0

o

> Bno . _J_

OH
28

NaHMDS (1.5 eq), CH3l (3.0 eq)

PivCl (1.1 eq), Et;N (2.0 eq)
THF, -20°C, 1.0 h

then LiCl (1.1 eq), r.t., 2.0 h
o) 88%
HNA

Bn“'\’o 29 (0.98 eq)

0

0]
30 Bn

BnO

Et,0, -20°C, 4.0 h
71% in 2 steps

’

Y oH

12 (D% ee)

THF, -78°C, 2.0 h

Bno. (S P
> N\\/O

31 Bn

AFxF—AL213 AV L ra=vy M 12DEK B/L—1)

2-6

Bno\/ﬁ*/\o .

racemic CH,MeO Me

REMIETHET-A VT L=y b 12 DI
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2-4  STARIEIRAY 72 PGP-Me D4 A%

EBNFMEZRETLIA Y L ra=y b 12 OBKRIEEHRSL TE 220, AL VT
Lya=y 12 ZEEARMERENL & U CRFHE MR SE 5 ARSI S X, PGP-
Me()DERKMMIBE TH D 7 4 Z ) — L BDAIZE D o7z (AF—24 2-14),

FTNEA YT L=y 12O R U EITVD B IOV 10 ~ & B LU 7212102, i
fIETEE FICBWTHIIRD 2-7a® A Y XU XN LA Yo F T ) =
Y AR 1N EDra Ry TV TR BN Z T, RFEEDBEINE
Cio XU PNVTva—)b 33 & 85%DINZE Tz, £ LT, BCh #HWB~> U1
b, #t< b b & TH Z & Th IR 35 ~E AW L=, BISLEY 10 5 2
BRI L= ) = —LRHE 9 LD 2 EHDZ u Ak v ) U RIS EIT 5T,
7Y = — Lk 9 |[IARF A T NI A RO EHEMEEE A A L WA T ARG
N T HEFT LW ATREME MRS S 7228, ROGIERIE 2 <HEFT L Cis XU AT v
a—/)L 36 & 82%DINE T D Z LIk Lz, L&Y 36 12k L CRIEED FNE (i~
YUNMRERB IO N Ub) BV Z LT RIVIR 37T ~EEH LRI, B
TV =y — ViR 9 LDIERO I a Al v 7Y U T RIG, Fi< By P ALRIERIZ
T2 TT42 7 —NVBEDEREER LT, FONTT 4 Z ) —/V32)DlENE
ERELTEZA, BEOREPDEIEFFICEN—FHERLIZZ LG, REKIZED
TA4H =BV EWVEFRMETHE LN L AR LT, L EORERNS, A Y
L=y b 12 BEAEREA E U CORFBEHEME S ARG RN X, fafi1
VTV A RERICBWTARREGHRFIETH D LHEVT 52 &N TE T,
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15t Csp3-Csp3 coupling

TsCl (1.2 eq) BrMg
Et;N (2.5 eq) \/\( 11 (2.0eq)
BnO DMAP (0.3 eq) BnO CuCl, (0.02 eq), —=—Ph(0.2eq) BnO
CHxCly, r-t.,, 5.0 h THF, 0°C to r.t.,
12 95% 10 1.5 h, 85% 33

1) LiBr (1.5 eq), DMF, 60°C, 1.0 h, 90%
2) Mg (1.5 eq), THF, reflux

l 274 Csp3-Csp3 coupling

TsClI (1.2 eq) BnO MgBr g (2.0
Et;N (2.5 eq) \/\l/\ (2.0 eq)
BCl; (2.0eq) HO DMAP (0.3 eq) TsO CuCl; (0.02 eq), —==—Ph (0.2 eq)
o > \/\I/\/\( >
CH,CI, W CH,Cly, r.t., 2.0 h THF, 0°C to r.t.,, 1.0 h, 82%
-78°C, 2.0 h 34 75% in 2 steps 35
BnO 1) BCl, (2.0eq), CH,Cl,, -78°C,1.0 h N TsO\/\lAW
\W 2) TsCl (1.2 eq), Et3N (2.5 eq), DMAP (0.3 eq)
36 CH,ClI,, r.t., 4.0 h, 75% in 2steps 37
3 Csp3-Csp3 coupling
1) 9 (2.0 eq),CuCl, (0.02 eq)—==—Ph (0.2 eq)

THF, 0°Ctor.t.,, 1.0 h _ HOW
2) BCl; (2.0eq), CH,CI,, -78°C, 2.0 h

86% in 2 steps »s Phytanol (32)
[9]p Reported : +2.4; Found : +2.3

AXx—Ah2-14 T 45 ) —I32)DHERK
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EEFERE T ¢ 2 ) — VOARMNTET LT2D T, RIZ PGP-Me(1)D A RIZHL Y H#
Molz (AX—252-15), TTIET7 4%/ —MIH LT R EITWD R LK 8 &
L7k, BIEAB L7=7 ) v a— i 7PV O —T bs, fe< S PR
EEITH) Z LT —F A —(6)% %7, RIZ., PGP-Me OFFEII72 ¥ T /L U L FREA
AR T 572010, BHFFEE TT CICHEM. SN TWA HENEEH Lz, 37 bb,
TR D (R)-solketal 75 8 B CTHIRFAH L 7= B AR AR R — FB) %, ke \m A v
A E LTHWTT =% 4 — (o) EE & 409 EUTFRAT7=— 2Ty
FCERLT D Z & TILEW 38 ~E B LT-, TOH%RIIITHIFRICHE, T & L A filifi
(PtO2) % AW T MK BRI 2 & TR OO B #ER ST, Lol
ZDOBRT, NV UBRPKFEILINTZRIERD DN 10%FESE D E VIR E 7o
oo ZD72, POy L0 LI 725 CIEREN AIRE/R /X T U0 A — R FE(PA/C)R°
IN— )L o ARE(PA(OH)2) TOMLARGE 2 fR 5 L7223 il Pkl 9 £ < AT L 7Ze e
ST, WBZIC, WA UEBRET N U LKEREHANT RN ZF AT =T AEOHE
E@%ﬁ5;kf PGP-Me(1)%F R U 7 A DIREE TR S Z LI LT, HEACH:
DOFETIE, 'HNMR (2825 M ZF T I UHKRDOE—7 O R & FEITHER LT,
UEORERLIY, il THD y-7F 177 b A5 b AR ER TR 20 B, 421%
2 3.9% T PGP-Me()DHIDEE A EKT D & & bIT, EHKFAF# PGP-Me i 8K

F L S AN ) ﬁ%ﬁ%ﬁﬁ%@%iuﬁﬁbko

OH
Bno\)\,OH 7 (0.5eq)
TsCl (1.2 eq), Et;N (2.5 eq) 1)
Ho\/\(\/\(\/\(\/\( DMAP (0.3 eq) _ TSOW NaH (1.0eq) ,DMSO, r,t, 22 h
CH,Cly, r.t., 6.0 h, 95% 2) BCl; (2.0eq), CH,Cl,, -78°C, 1.0 h
Phytanol (32) 8 50% in 2 steps

HNEt;
MeO_ 0/\/\ ©

@
BnO” O OBHOPH 5(0.7 eq) HNEt,
PivCI (1.7 eq), pyridine, 0°C tort, 20 h  MeO, 0 Y o, eo

o H H H = z H
p{
HO\J\/OV\I/\/Y\/\I/\/\( then I (0.7 eq), r.t., 1.0 h, 76% BnO” ‘O OBno O\J\/O\/Y\W

(o}

archaeol (6) 38
Na@ = H =
1) PtO, (1.0 eq), Hp, MeOH/THF, r.t., 8.0 h MeO_ 0" Y o, e0
OH
2) 4M NaClO, aq ©0" o o’ O\J\/o\/\l/\/\l/\/\l/\/\r
72% in 2 steps Na®
PGP-Me (1)

A F— L 2-15 PGP-Me(1)DEH

2-5 H/KFZEIEHE PGP-Me i5E (R o 3 i
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2-5-a  HKFEIE PGP-Me #F 8K DK

WL L= B pkiiE & L2 U CEKFEER, PGP-Me i 8K DRI 21T 5 1cH =0 . £
IFEARFBIERAORG 21T -T2, B 1 E TR, HAEE R NMR HJIED 51X
H K AR O B MBI B D H A S 2 Z L AR TH 0 | w72
BICEKBIER A EAT D Z ENEEL 25, AL MERE IR 220k A T
NWIFEDIZBT 5, QEUKMERBE O ERIT, @37 7 U A4 nr R (bR)DIEE#
fEIK & DM AAERNTZ BRI E L TWD T, AF ATV L OZFOFITFIRD A F
VIKF A EAKFE~LEH LT CD;, D-PGP-Me % BHE/KFEERA L L& Lz (X 2-
7)o AEEFRRIX. *HNMR JED S C-D #5536 L C-CDs it & OB B4 - Bl [n) F #H o3
AR BN D T & D A TFIVHFIGALE O SR T et 1E 2 FERE 7D 20 R I it v]
RCThDEERT, LI, BRI ORERIFREERIT 21T O 72D, 30, 7
MB L IUALZEINZILD A F VAP IGAL E AL E BRI B KBS 28 A L7z 3
FHOFEKFE, PGP-Me FH 8- 2T 22 L & LT,

R" RZ R’ R* RS R®

3'-CD;,D-PGP-Me (2) : R'= CD;, R?= D, R3= CHj3, R*= H, R%= CH,;, R®= H
7'-CD;,D-PGP-Me (3) : R'= CH;3, R?= H, R3= CD;, R*= D, R%= CH,;, R®= H
11'-CD3,D-PGP-Me (4) : R'= CH;, R?= H, R3= CH;, R*=H, R%= CD;, R®=D

] 2-7  H/KFEFE# PGP-Me #8K(2-4) D7k 7

2-5-b  HIKFELEK PGP-Me 538K D& Rl

FHK T PGP-Me 5B (KO M G RARNT 2 A X — A 2-16 (23T, FEE#H PGP-Me(1)
ERIBRIC (A% —12-9), FE/KFLE PGP-Me i 8KQ2-4)1%, BE/AFER T — %4 —
NBIANCK L TCHXF TN VEREER Z D v ) T XL E TAKRAREETH D |
FRKFER T —F 4 — L (39-41)1%. 7V o —/LENE 42 L EKFEEHRA Y L A
REBEEIK 43-45 2 = —T WLSIC K » CHEAESE 5 Z L THRIEAARETH D, Fil
T b UAK 43-45 DA RIE, X 22 (R L7RRIS, FEERA Y L ra=y F9-11 B
FOEKBERA Y L=y 848,497 0 A0 v 7 ) U 7 RIGIZ L » TR I
LEAE S5 2 & TOHRMICARAETH D, FTAEMRAEHHR 2 X0 @bd 5729
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2. FEEHR T 4 X = AE AT A ) T a— LHER 42 1oV, AARRY A
BEICERTH L Lz, 7725, phytold@?)DA L 7 4 L& RFKZBRINEOG
IZED BPLDOARF AT NILEHEES D L CIHER T « ¥ 7 —VEHREL, FEL T h
VIVIR 8 ~EFHEL, T a— Kk 46 L O —T NWALKISIZ L > T Y B u—
7 42 ZfEICERTE D LB T,

Sn-2 chain

(. 6H P 7
20 M o J o g L HO\J\/O&\/J/\/M
Na® W RT R2 RS R* RS RS

Sn-3 chain
3'-CD;,D-PGP-Me (2, R'= CD;, R?= D, R3= CHj3, R*= H, R%= CHj, R%= H) 3'-CD;,D-archaeol (39, R'= CD;, R?= D, R®= CHj3, R*= H, R%= CHj3, R%= H)
7'-CD;,D-PGP-Me (3, R'= CH;, R%= H, R3= CD;, R*= D, R5= CH;, R®= H) 7'-CD;,D-archaeol (40, R'= CH;, R%= H, R3= CD;, R*= D, R5= CH;, R®= H)

11'-CD;,D-PGP-Me (4, R'= CH3, R?= H, R3= CH3, R*= H, R%= CD;, R%= D) 11'-CD;,D-archaeol (41, R'= CH3, R?= H, R3= CH3, R*= H, R%= CD;, R%= D)
Sn-3 selective insertion of
2H-labelled phytanyl chain

11

+
@
o
w
~

? 2 R" RZR? R* R® R®
PMBO\J\/OH
42 43 (R'= CD3, R?= D, R®= CH3, R*= H, R%= CH3, R®= H)
44 (R'= CH3, R?= H, R®= CD3, R*= D, R%= CH;, R°= H)
Sn-2 selective insertion c?f 45 (R'= CHj, R2%= H, R3= CHj, R*= H, R%= CD,, R®= D)
non-labeled phytanyl chain

@ Csp3-Csp; cross-coupling

OH
pmo_Jl_omr + TsO/\/\’é\/\’>\/k

2
46 8 BnO. BnO.

\/\l/\MgBr \/\l/\o.l.s
n . 9 10
Asymmetric hydrogenation @ + + BngW

H BnO. BnO. 1
N X . MgBr 7, OTs
oA A PR AT PR A
phytol (47) 48 49

A — A 2-16 FE/KFZIEZ PGP-Me FHE(K 2-4 OWiA AR FEAT
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2-5-c EAFEHRA VT ra=y FOARK

FPIE. BEAKREEF, PGP-Me #F B8 AL I\ CTHEE & 70 2 @R AME(=99% ee)D
BHKEES A VT L=y PO EZIT o7 (AF— L4 2-17), PGP-Me(1)A & 1]
KCTHDONRNE28 2T T AF NV EZHNTAF LT AT IR S0 ~ & WL 7=
IZ. CH30D H CDBU Z{EHEHD Z & THONR= VIO a fLICEKFEZEAL, 1k
AW S & LTz, K7 v N UORERG % 2 B T-> 7212, 'TH NMR 2B 5 a iK%

DOEMMEOWEES N O EKBE#MELZRELIZE A 93%THHZ ENHA LT,
WIZ, AT IVERAT NI OMKE, F5i< £ CTm DIV R U & ARFRBEOHNEA G
EATWVMEEW 53 & L7k, BEAFER T LA TF L DEHNTAFEITH Z
ETA I RS54 ~EEH LT, H&#%IC, LAIHETIC L » TRFMBI A ZRET S 2
& T CDs.D 1Ei BT D EARFBIE#A VT 2=y b 55 AL, FEIE#A
V7 L=y b 12 ERERIZ MaNP T A 7 WUALTE 38 % BV OB O 21T -
7o, BKFBAEF#A V7 L= k 55 Z%F L TES)-3 L (R)-MaNP acid = 1EH =&
THPT AT UA~—%28 L, HNMR [ZBIJ5AFL 7 a b H)DE—7 %
e U= (X 2-8), = DfER. RIRKIZHEWTEMN S 7= 1.30 ppm T D B — 27 23 S K
L%%Ti KB SN DT Z D BEAFEMA Y 7 L=y k 55 O
FREEIL 99%ee LLETHD ERE LI, UEE b 5T, WVREE28 05 6 BN
DN T LREMORHRTHIE T HHEME (=299%ee) & H T HHEAFRERA VL
2=y NEARRTHZ LI LT,

CH3l (2.0 eq)

(0]
Bno _~_J

K,CO; (1.7eq)

78%

OH DMF,rt,20h

o DBU (2.0 eq)

o}
nO : > BnO\/>%l\
\/\)j\ocHs CH30D, reflux, 19~22 h D DOCH3

repeated 2 times, 77 %

25 50 51 (93 %D)
PivCl (1.1eq)
Et;N (2.0eq) lo) NaHMDS (1.5eq)

(o)

KOH (2.0 eq) BnO\/>gl\
THF,rt,20h OH

o
20 © BnO
THF, -20°C, 1.0 h > MNJ(

THF, -78°C, 0.5 h

o’ b then 29 (0.98 eq) 0D Le CD,l (3.0eq)
quant LiCI (1.1 eq) Bn .78°C, 2.0 h, 70 %
52 r.t. 6.0 h, 91% 53
0O o
BnO LiAlH4 (2.5eq BnO
\/%J\NJ(O 4 ) - \/>{\OH
Ds€¢ D L/ Et,0,-20°C,2.0h DsC” D
Bn 91%
54 55 (D9 %ee)

AF— I 2-13

FEARBESRA Y L=y NOERK
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Hp

v fe
BnO. &
\DjC}{D\OMe _—OMe

(S)-MaNP ester

H

b
1 Jel)
BnO (R)
D:C° D MeO Me

(R)-MaNP ester

1L.50 145 140 135 130 125 120 115 110 105 1.00
ppm

2-7 MoNP =X 7T /WAKIEIC K D EKFEA VL= N DOIEFEHME DORERR
(E) (S)-MaNP =27 /L, (F) (R)-MoNP = A7 /LD 'HNMR A7 kL
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2-5-d  3’-CD3,D-PGP-Me(2) D&%

EONEARIE 2 A4 S EAKEERRA Y L=y MESDERNE T LD T, &
(2 3°-CD3,D-PGP-Me(2) D& I A 1), 3-CDs,D-phytanol (56) D& %2 HL Y #hr - 7= (A
F—LA2-18), TFUL, T — L 55 5 2 B A G u K 58 Z ML L 71412, reflux
T T Mg ZEH S 5 2 & THE/AKHEEM Grignard 3B~ E LW L2, LWV TAF
— 5 2-14 THELL/ZCis hIUR3T DI 20 v 7 ) VT RIGEITH) 2 & T3AL
\Z CD3,D K& A4 2 Copo X0 VT a—L59 & L, £ %IZBCL &2 AWy
U IALOGZ AT Z & C 3-CDs,D-phytanol (56) % Ak L 72,

TsCl (1.2 eq), Et;N (2.5 eq)

BnO. DMAP (0.3 e BnO LiBr (1.5 eq BnO
\/X\OH ( q) - \/>{\OTS ( ) - \/>{\Br
D;C" D CH,Cly, rt., 5.0 h D;C D DMF, 60 °C, 5.0 h DsC D
55 (>99 %ee) 57 82 % in 2 steps 58

1) Mg (1.5 eq), THF, reflux

B D.¢” CH,Cl,, -78°C, 2.0 h
\/\r\/\'/\/\'/ , CuCl, (0.02 eq) 3 D 5 2Ll2

37 (0.5 eq)
——Ph (0.2 eq), THF, 0°C tor.t., 1.0 h

2)TsO
75% in 2 steps

HO.
D:C D

3-CD3,D-phytanol (56)

A F—U 2-14 3-CD3,D-phytanol (56)D 4 ik

3NEARFIER T 4 Z# /= VOB ETET LTcO T, IRICHEKFEIEXT —F 4 —b
BRDT o ) v THIEKTH D 7 B a—LVE 42 OB AT -T2 WA AT
(R F—12-16) (TR LIZREIC, (LB 42 D7 ¢ Z = /L8413 Phytol(d47) D7 K ETR
BT L VG2 2 & & LTe, Plaltz HIIARF Ir filllit A N 2 7 7 LR Y —/1(66)
DEERFRKFBIRIMBIEZIT > THEY | @IRRREI 99% ee)?p A FILEEDE A
R LTS (RAF—2A42-19) ¥, & Z TARKIG% phytold)~E#HAL, 7 4 &%/ —
NBDERE AT (AF—22-20), Ir BEFTE T, 50atm O/KEE FIZHNT 6
RIS S B 728 2 A 84%IUUER T phytanol(32) #1525 Z L IZkHh L7z, B b=
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phytanol(32) D )t F#fi AL 2 MaNP zx%M i3 AW THEEE L7 & 25 93.7% ee T
otz (M2-9), Lk L7z K 51z, (bFER LI IEE OREMERENT 21T 5 1213060
£ 95% ee LLETHD Z & mw) HNDDT, GHERIEDERE b, AKFBHIBE D
FIRMEIL 98%ee LI ETH DL Z ENEE LV, 2D, KGN B 1572 phyatnol(32)
D IEEFE 1 K FEE R PGP-Me 55K A RICIT R+ Th o7,

WIZ Sita DG ZBZIZL 0, REBNLF L L T(s)-T-BINAP Z 4% % Ru filt
W=7 VT v 32— L OKBIRINEG % ik 72 5D, MeOH AL 50 atm D /KFEE
TIZRBWT 24 KIS S ET2 & 2 A 92%IEE T phytanol(34) =135 Z L IZEE LT,
FeWN T MaNP = 2 7 /UKL a2 TR FMEZ R L7 L 25 (1¥2-9) 98.5% ee
THY ., ERAARICHERMEEZF L CND Z E 2R Lz, U EDORENS, Ru
flih 2 F N T2 K BAG SIS £ 0 A L 7= phytanol(32) % 7' U & 1 — )L EIL 42 DA AU

T L& LT,
—1®
0'% BAr(F9
oTol,R N~

/\)\/\/k/\/k M e
"~ HO

H, (50 atm), CH,Cl,, r.t.,, 6.0 h
farnesol (66) 91% hexahydrofarnesol (67, >99% ee)

é

A= 2-15  ARK Ir il % F V7= farnesol(66) D /K 32 NS bt

Catalyst
/\)\/\/5\/\/5\/\)\ H, (50 2tm)
Z > ~
HO
r.t. HO (R)
(E)-phytol (47) phytanol (32)
Table 1 : Reaction condition for hydrogenation aYa)
Catalyst eq solvent time/h yield/% ee % @( {4 )
Na. H;C: P R 3
[iIr{(s)-L}(cod)]BArg  1mol% CH,CIl, 5.5 84 937 \© @ Q
(s)-Ru(OAc),(T-BINAP) 2mol% MeOH 24 92 985 o " o ramar

A X — 1 2-16  phytol(47)DRFE KB IRMBE
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B
(S)-isomer (R)-isomer
E ( N\
Ircat. 3 ! E—% (doublet) b i
Aty - E%Y 7+ (ppm) 0.635 0.537
Rucat. & IHRE S (undesired) R (desired)
I - S g
Jl M oAy plon Ay
\ J
VL
1037 lllllllll
I
52

2-8 MoaNP = 27 JUALIEIZ K 2 i OfiliR

RH KBRS & 0 1572 phytanol(32)% b /LK 8 ~L A L=tk Tl
(R)-solketal 76> 3 EXPETREATHRLL 727 /L2 —/L 4630 L D —F LRSI AT =
ETbEm 68 L Lz (A% —242-21), HRfklo, BEMESMETIZHB VT MU FAREOR
BEATNH v 7V v TR 42 % 3 BBEIER 79% AR LT,

OH
TsCl (1.2 eq) PMBO_L_OTr (1.2 eq)
Et;N (2.5 eq) 46
/\V/\V(\V/\V%\\/L\ PVAP @3 ca) . /\V/\V(\\/“\Q“\/L\ Nafi{lZeq)
HO ) CH,Cl,, rt.,6.0h TSO ) DMSO, r.t., 22 h
22 95% 8 90%

p-TsOH (0.2 eq)

MeOH/CH,Cl,, rt, 3.5h
92%

é

o A o
PMBO\J\/OTr PMBO\)\/OH

68

42

AX—NA2-17 7 Uta—)LEL 42 DERR
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3-CDj3,D-phytanol (56)3 L N7V o — LI 42 WA K==, 3°-CDs,D-
PGPMe(2) DA RKICEL W #h2r o 72 (A% —24 2-22), £91F 3-CDs,D-phytanol (56)%
AL LU TEARFIERA VY 7V ) A RFHEKR 43 ~ AW L7212, NaH f77E FIZH
WCZ Ve —E42 EDO—TFT Wb EITH) LT 23-V 74 4= 1T U kuqF
A REEE LTz, VT, DDQ 2LV Sn-1 f2D PMB A% FRETH Z & T 3 BEREIR
78% T 3’-CDj3,D-archaeol (39)D AT LT-, F%IZ 3°-CDs,D-archaeol (39)(Z%F L
T, PGP-Me()DERL (AF—L 2-15) LRIFROZEHICT LY ¥ 70U U ERIRTIE &
DIEFAEITH 2 & T, 3°-CD3,D-PGPMe 2)D AR LTz, U VEREAFR OB~ ¥
JARGESUSZ B W T, PA/IC £V $587)72 Pd Black Z W5 Z & T, Pt il DERIC
MEE 2o le XU B UVBROKFEMNED Z &< BRDONARERICNAIRETH D Z
EHRRH LT, DLEOFERI D PGP-Me(1)EARDBIHET L= AR TEN, BHK
FHEER PGP-Me A IC b RIS @A TH L Z L 2W LN E L,

TsCl (1.2 eq), Et;N (2.5 eq)

HOW DMAP (0.3 eq) _ TSOW
D¢ D o D¢ D

CH,Cl,, r.t., 16 h
56 94%

43

1) 42 (1.5 eq), NaH (1.5 eq), DMF, r,t, 18 h

(o)
2) DDQ (1.1 eq), CH,Cl,:H,0=20:1, r.t., 2.0 h - H0Jv°x/>(\/\|/\/\|/\/\(
. D,¢” D

83% in 2 steps 3

3'-CDj3,D-archaeol (39)
MeO, 0" "o, oe ) 0.
BnoRo  0BngPy HNEt, 5 (07 €q)
1) PivCl (1.7 eq), pyridine, r.t., 2.0 h Na@
then I, (0.7 eq)/Py H,0O, r.t., 1.0 h MeO_ O/\/\

. H
2) Pd Black (1.0 eq), H, @0 \0 O\J\/OW
MeOH/THF, r.t., 12 h ®Na 0,¢” D

3) 4M NaClO, aq
56% in 3 steps 3'-CD3;,D-PGP-Me (2)

QOm

’

AF— 1222 3°-CD3,D-PGPMe (2) D4

-51 -



2-5-¢ 7’-CD3,D-PGPMe (3)#5 L O 11°-CD3,D-PGPMe (4) D4 h

A F VG IANSE DEE I BT D HEHE RO BT 21T 9 720 RO G TFIEZE ]
VT 7°-CD3,D-PGPMe (3)% X OY 11’-CD3,D-PGPMe (4) DAL E 4T - 77,

%9 7°-CD;,D-PGPMe 3) &I BN TIE (AF—A42-23), 7uER58 NHFREL
TmHEAKFAE 7Y = — kIR L Cro IR 35 LRl v Y v T RGEAT
WEE 61 & L7112, BCl Z Wi~ Pk, fi< b3k z4Tu 3 BeFEI
4% T Cis HAKEEM b AR 62 ~L B LT-, D%, RE7 Y =v—/Lald9
EDI ATy T TG Z L T Co IRFBEHA~EHE L, KEBICHA DL
BRI A3 Z & C 7-CDs,D-phytanol (60)% &k L7, #i\ T, 454172 7-CD;3,D-
phytanol(60){Z %} L T, 3’-CD3,D-PGPMe (2)D &k (A — L4 2-22) L [RBEDEHELT
9 & T, 6 BFEILER 22% T 7°-CD3,D-PGPMe (3)D Ak & EERk L 7=,

1) BCl; (2.0 eq)

BnO 1) Mg (1.5 eq), THF, reflux BnO CH,Cl,, -78°C, 2.0 h
2 “Br > \/>/\/\|/\/\( .
D,¢” D 2) TsO 35(0.5¢ D,c” D 2) TsCI (1.2 eq), Et;N (2.5 eq)
TYTTY 38056 DMAP (0.3 eq), CH,Cly, r.t., 5.0 h
58 CuCl, (0.01 eq), —=-Ph (0.1 eq) 61

74% in 3 steps
THF, 0°C tor.t, 1.0 h

BnO
1) ~"Y "MgBr g (2.0 eq), CuCl, (0.02 eq) .

Tsovy\/\r\/\l/ ——Ph (0.2 eq), THF, 0°Ctort., 1.0 h HOW/\(\/\(
D,C° D > 0.¢” "o

2) BCl; (2.0 eq), CH,Cl,, -78°C, 2.0 h
62 80% in 2 steps 7-CD5,D-phytanol (60)

Na@e
MeO_ /o/\é/\o\ 0 0

P 1
22% in 6 steps @0/ Yo OH o’ \O\J\/OW
® Na o.c’ b

3
7'-CD;,D-PGP-Me (3)

AF—UA2-13 7°-CD3,D-PGPMe (3)D Lk
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I, 11’-CD3,D-PGPMe () DE R EAT o Te (AF—2A02-24), FTILHEAKRZE
R NARST LA YR TFN T ) =y — L3Nl E DT a R T Y T RIRIZ
Lo THIBHERI A EA L, %< BCl & AW~y PRI AT 2 & CHEKE
PR Cro 7 /b3 —) L 64 % 2 BeBEIE 82% T 7=, £ D%, [AEEO#E (1] hov
b, [2] SREAFAE FIZBITA2ARAF 7V =y —Aik3i9 b rn Xl v 7Y I
i, [3] B Bn fR7E ) & 2 AR IR LATWRBHZIARME SE T Z & T, 11-
CD;,D-phytanol(63)% &% L 7=, % D% 3°-CD3,D-PGPMe Q)D A% (A F— 24 2-
22) ERRRDE#ZEAT H T & T, 6 BEFEINE 16% T 11’-CD3,D-PGPMe(4) DA il % 12

L7z,

BrM
1) r 9\/j/ 11 (2.0 eq), CuCl, (0.02 eq)
—=——Ph (0.2 eq), THF, 0°Ctor.t., 1.0 h

BnO HOW
)7 oTs > ¢’

D¢ D 2) BCl; (2.0 eq), CH,Cl,, -78°C, 2.0 h 64
57 82% in 2 steps

1) TsCI (1.2 eq), EtsN (2.5 eq), DMAP (0.3 eq)
CH2C|2, r.t., 5.0h - HO\/\l/\/Y\/\r
BnO - Ds¢” D

2) ~"Y MgBr g (2.0 eq), CuCl, (0.02 eq) 65

=Ph (0.2 eq) , THF, 0°C to r.t., 1.0 h
3) BCI; (2.0eq), CH,Cly, -78°C, 2.0 h , 70% in 3 steps

1) TsCl (1.2 eq), EtsN (2.5 eq), DMAP (0.3 eq) 1
CH,CI,, r.t., 5.0 h o HO\/\l/\/\l/\/Y\/Y
2) 9 (2.0 eq), CuCl, (0.02 eq), —=—Ph (0.2 eq) DsC” D
THF, 0°C to r.t., 1.0 h 11-G.D,,D-phytanol (63)

3) BCl; (2.0eq), CH,Cl,, -78°C, 2.0 h, 72% in 3 steps

Na ®@
/\/\0\ /0 [o)

MeO\ _O
> /P\\
16% in 6 steps 009 ©

11

P
H o’ \O\J\/O\/YVY\/Y\/Y
®Na D;,¢” D

11'-C D;,D-PGP-Me (4)

Omn

AF—N 220 11°-CD3,D-PGPMe (4) DA%
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PLED X 91z, K22 1R L2 ARERIEE YD . FEER A Y v 2=y F L HAKFR
Tk Y L=y hOEEIELIEFELEZLIE LT T, 3L, B LU
NZENEND A FIVGFIEAEZ CDs,D kA8 AN L7z 3 O HEKFELEF, PGP-Me
HUEARQ2-4)E RN D Z LICkP Lz, U EORRN S, A VT L=y
b A S TRBHA MR S 5 ARG FIEILEKFEERR 28 A Lz s
BORBIZBW T AHREGRTFIETH L ENHI LT,
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= E/AKFEER NMR 2582 L U HFEIEE PGP-Me DRSS fEAT
3-1 F/KRFZFEE NMR % 7= 5 # 0 E ASE  o Yy it 2R

AF NS E BT HIREIL. £ ORI 725 ED DB RO I S BRN § 72
. TNETIZE L OFFEMMERNTIFTE N 22 ST E T2, TORER, BRI EKIC
BWTHEES 2R ST, o, BEREMMEEZE T2 “ERZEKT 5 2 &R 50
ESINTWD, L LINDOMETIE, IBERERE L TomMZ2 b L2 ici@
I A F VIO FE 72 AT 21T 9 F TIZIZE - TWRV, 235 ORI 722 5
PEICHEIR S A REE R A2 L &35 ETld. A F DO BT E R 21525 2
ENKRD BN D, BEAFEAE NMR HEIED D 13 KB ABAL O J& AT 72 s S i )
EAHTENTE, T ERICHEOHKEL RFEG L Z AR THhs, £2T
AE T, &2 Bi CAMZER LA E R L ONLIRER Y B /K B PGP-Me 5 5(K
T, oyl A TV HLE D O Jeypn i 722 s s MG 0> O ) O 21T - 7=,

3-1-a M AR E — EE B 0> B i M A

—AREINZ, I R FOVIEDEYINEIC G- 2 DB L U IR, IEOWENE OB KA
S 1, FEERZ, DSC, X #EB L UNNMR % W ZiBEOHFZEICB VT, BRI
ST oI A F VA A HHEE CHEAk S v BB T, ESHOAFIAEEE S S LTz
HEE o Z K & el U CHERRBIRE MK, 7 0 X = V82 A3 5 IR IEE I
-120~120°C IZB W THRARARIRRE (Laftl) Z2IRFFLTWL Z &AL E SR TVND
610 IRE BB OIRERFH MR DI, TRE /1 OB D % %
YT OEMIZ Lo TR e D, —RESHIEVIBGES Y S IEEOSA L, fIgHO
BEE & U T anti BLFEEN TR VX—HICHF] T 5728, FHEEBIRE (Tm)EL T2\ T
(FBHF 728 2 2 TNTERL S AL, TREMEDER W LFIRRE L 70 %, LaaL, R
FED _EFITAEN gauche BLHEDEIG HEEAN L TV AT O TRIBER O 728y o 7
MKDIL, ZOREFRE L TRBHA~OEBSNES &SN TWD, —F ., AT oIl
BHTIX, anti BAEIZBWNTS EH &I A FIOVEORIISIRKKERNE LD Z &b,
anti 3 X O gauche FLEE O = R )V X — 22N KIBIZHD 5, EOREE. KO ITHER
N X 5 Z & TR OE R Ny 2 0 FRAE S L, BEOFREMEOHE R 5] X =
END, T T, HHIEICEA OO A FIVEEH O & JF A L~ B TR fif
Hrd 272912, PGP-Me IS OIR EEAK A 70 i B PR 28 b A B/K B [E R NMR JIEIZ X
S>THM L, EEEMEIEE CTH 5 1,2-dimyrystoyl-sn-glycero-3-phosphatidylcholine

- 57 -



(DMPC) & Dl 17 - 72, [RFHFE PGP-Me L [7] UEHT L L EH (RFEL 16)
%4 9 % 1,2-dipalmitoyl-sn-glycero-3-phosphatidylcholine(DPPC) | & #H #x F% I £ 25 15 <
(Tm=41°), —HEBDRIEIZ IS 1T 2 B8 2 hE A VIR G IC B W THIET 5 2 & 05N #
Thole, ZOT, HIEBIRE DKW RFEE 14 O DMPC (Tm=24°) % AT, PGP-
Me O PUFGA-53 MR (AV) & DR 21T o 72, BT, FAF A FIVIEITAIE R LN
R EK AR, 2 B A L 72 PGP-Me #581K(36-38) % V5 Z & T, 43l X F /LN
TOGERAF RN 1T - 72,

F£9°. 3’-CD;,D-PGP-Me(2)B L ' 4°,4°-D,-DMPC % i\ C £ HEEXT 7 /L (MLV,
multilamellar vesicles) & 1FERk L, £k % 72 IR TIZHB W T 2HNMR A7~ L% JGE
L7 (¥ 3-1a,b), DMPC DE#kALE 1%, 2H NMR I E 58 % 3°-CD3,D-PGP-Me(2) & H.
B cE D Ko, Z U v e— VEKE DO B BEIES AR RS S5 Z i < D B )
TANETIR LTz, X 3-1a 2R L72ERIZ, 3°-CD3,D-PGP-Me(2)? 2HNMR A7 k)b
L2 HOXT Ly LRI TEY, MO T v — R E D0 A F U EKFE(D)
HEDZ7 1Ly hTHY ., NAIO L DN A TFIVIL(CD)HEEKTH D, £72. 0ppm (ZH
WINDEFN e — 713, o7V OER SN I B VvERTH D LIRE L
7o 3’-CD;3,D-PGP-Me(2) & 4’ 4-D>-DMPC OJITERE R 2 e 5 & | (KiEfERIC s W
THEREVDBIA &7z, PGP-Me _HEMREIZIVTIX 0~60°C IZI VT 7 LR
BRI S 7-0lzxt LT, DMPC —EETiX 10°C L FIZBWCE—27 28\ HEL L7, HR
B HEEAZ O ZHNMR IZEB W TIE, IFERIHOEEMEIMK T L, Helg g msht: o
BWT A E & S TEBRICIZ Y 7 T ARBHI E NN EnmbinTns D, F72b b
AR EREFIL, DPPC _EEIX 10°C LA FIZBW T VA~ EHEE L TN D DT L
T, PGP-Me _HfI5E 0°C D L 5 RKIRFEEIZ B W THIKMSREZ REFF L Tnb 2
EHR LTS, HHIEOFITIRIRERESE (0°C £1) 1T W T HAF rIRER A MF
FELTED, BEATFAHEHITENLOHHEIZ L > TIHNHEOHEETH D LWV 2 D,

WIZ, 3’-CD;3,D-PGP-Me(2)F & 1} 4°,4°-D,-DMPC DR 31T 2 DUHGRA-4y ZmE o
ED 24T > 7= (K 3-1d) , 3°-CD3,D-PGP-Me(2)D ZHNMR A 27 kLB TIEL,
EDOVTFNVOIRNLIERFMEEF T 5 EDRBRENTZ20, BEORE 225
ICLTAXT MVT 4T 4 TERATWD, BEWEANT A= EZE L THbF 7
ME(Oxx, Oyys Ozz)EH T 5 Z & CHAMEZFIE LT (4 3-1c) 2P, ZDfER, 3-
CD;,D-PGP-Me(2)D /3 ZiE 1%, A F 2 HEAKFE(D)E L O A F/LH(CD;)3EIZ 0~60°C 1235
WTIZEAEZE L TNRNZ &0 D, 7 ¢ & =)V 3 (L OFRENME S A E 1 AR
IZBWTIHIZEAEEIL LW ERB b7 o7, —J5, DMPC ETlE, IRED
AT o TR 53 B OEA B (TR L7e 2 &0 6 IEOEEMED A (I
OEEED EFH) AR I T, D ORIERENS, ol A TV RS — ERE
PSIE SV OMEEE RIS W T M (AR FEIRTE) 2 fRRsd 5 ECEHERER 2 - T
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WD I EDPTRIRENT,

Na@ o
MeO, 0" No_ 0 O

00’ P\\O OH qu\o\J\/OW
®Na D,¢" D
3'-CD;,D-PGP-Me (2)

[ T &l el

6.4 kHz
19.4 kHz

5.8 kHz
18.1 kHz

5.9 kHz
17.9 kHz

6.4 kHz

10°C 19.5 kHz

6.6 kHz
20.0 kHz

6.0 kHz
18.4 kHz

N4
/N®\/\o

(o]

RN NN NN
W0 5 D_ D
o ‘0\/'\/Om/\><l/\/\/\/\/

o 4

4'4'-D,-DMPC

26.4 kHz

30.1 kHz 21.0 kHz

-
©
(=]
x
u
R

22.5 kHz

24.0 kHz

30 20 10 O -10 -20 -30 30 20 10 O -10
kHz kHz

(c) (d)

N W
[S) I =]
I I

Quadrupolar splitting/ kHz
—
o

=30 =20 =10 0 10 20 30 10
kHz
el CcD; D
5XX 6yy 6ZZ 6XX 6yy BZZ

]

%

=

-20 -30 30 20 10 O -10 -20 -30 30 20 10 O -10 -20 -30
z

—— 4',4’-D,-DMPC
—e— 3'-CDs,D-PGP-Me (D)
—O- 3'-CD3,D-PGP-Me (CDs)

f

?

0.05 59 65 124 178 19.7 37.6

a] Asymmetric parameter

Temperature /°C

3-1(a) 3’-CD3,D-PGP-Me(2)® 2HNMR A~X7 ~b, AMAIDO X 7 L ME D, NAID
X7 Ly MEICDsHE, 0ppm OE—27 1 II BNV HKTH D &IfJE LT, (b)4,4-D;-
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DMPC @ 2HNMR A-X7 KL, (¢) NMR #I7E (30°C, Hf) BILRvIalb—va
GRER) ICE VB 2HNMR A7 hb, I alb—3i g UnbRGHERT XA —F —
MB L, BT 7 ME(dxx, Sy, 0 &R L. BRIEREIZI T 2 0 28 2 5HE
L72(3 1 =(6xxsToyy)2)e () DU 153 ZUAV) DIR AR AT, *DMPC OFEERFE IR (Tm) i
24°C TH D720, 20°C TORE TILIKEAH & 7 /VARBIAF L TO D TR B D,

3-1-b R B B IEE 0D s M i 2 T P AT

HHE O —FE Td 2 mEAFERE I, fafiREr < OREZ SO EERERE L VW o
-, BEEMESCEEAY CIIERTERWRIBRE T AT TLHZ ENARETH 5,
T AR B N OAR 7R MRIRER BT CAR BT 5 B ClE. B R Doyl A F L gEE
DEHEREHEZH > TWWL EEZILNL, EERICBEOHEITE W T,
Carboxyfluorescein (CF)Z N L7V KR Y —L&E HW @ AR OMHER» S, &
NaCl JBESLMTFIZBWTU R Y — AN " EFEEEERFFT 5 ETHll 2 T VN E
FCTHDHIEWREINTND W, 22 TARIFETIE, ZHNMR % W Torlig A F1 3
DIEE " EEOHERIEMIEIC 5 2 2 BB 2B+ L L L,

B E Y B Halobacterium salinarium 1%, 18 NaCl J2ERE FTICBWTAEF L, £0
RN AN X NaClL B E AL 2 A5 Z AT g 9, ik o Bz e
B-1-a)Z W2 o 77 vid, MLV B OERIZ 0.1M NaCl Z FHW K Z17T-> T
D . BENAMCEBIT D NaCl BEARITIE S A SFEELTWARY, 2T, EROREE
R LT FCHRIE 24T 9 729, 5.0M NaCl % W CHEKFI 21T VWRN A NaCl 2
FEARLAE A3 5 MLV 238 L 2H NMR #IEIZHEH L7z, 0.1 M, 5.0 M NaCl &4 Tz
BT 3°-CD;,D-PGP-Me(2)+ L N 4°,4’-D>-DMPC DIEFE R A 3-4 (TF L DT=,
PGP-Me IR Gl 5.0M NaCl 5 FiZEB W TH 0.1M NaCl &4 F ERIEREED A7 |k
NFGIRTH - T=DIZx LT (X 3-4a) . 5.0M NaCl S+ T2 5 DMPC & Cl3EEE
Iz Z—E—7 ORENEL 72572 (X 3-4b), *H NMR IZ51F5 0 ppm O& %
— B =7 I I B NVEOEFHRESICH KT 5725, DMPC Tl 5.0M NaCl §:44 T
BOW TR _EEBEENER SN TN ERMER SN, T7hbb, AHIE R
P26 o3I A F AN EE B O SRR EMEICRESHFELTNWD Z LA G
D& o7z, 5.0M NaCl S22 80 T PGP-Me 3 L Y DMPC — H {5 C 0 DU A543 2415
25 0.IMNaCl & F L0 I L TWDREENILL T ORI S D, —RKBIICIEE
CHERICB T U UREIE MO T 7y T VT =V AN LD EE D T L,
Bl & w2 Y UEREEEM O 7 — v v I X A ERENR O FNEL TS, L
2> L NaCl EEESRE F i, U U BREEER OB NatB LN Clic L » THIZ S 5
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ZET, VURIHABEOZ —a UK DRBEBNINEL 12D, D=8, BUKHEMIEHE
MBI X495 PRI 20, VU EERIEN LV By X T EnN5 L
2705, ZORERE U THISHOEERNMENINZ HAv, RT3 28 OIS > T
5&%&3&50

N©o  : %
Meo, 0 Y o, o SNo~p O
® / H D D
000 OH 4 O\J\/O o”P“O\/=\/071/\><,/\/\/\/\/
®Na [:C>/D\/\|/\/\|/\/\( I ’
3'-CD3,D-PGP-Me (2) 4',4'-D,-DMPC
(a) 0.IM NaCl 5.0M NaCl (b) 0.1M NaCl 5.0M NaCl
5.9 kHz 6.1 kHz
17.9 kHz 19.5 kHz 22.5 kHz 23.4 kHz
6.0 kHz 6.1 kHz
a0°c 18.4 kHz 19.7 kHz 24.0 kHz 25.2 kHz
6.3 kHz
20.5 kHz 26.4 kHz 28.0 kHz

] 3-4 0.1 M BL 5.0 M NaCl § T2 25 *H NMR A7 kL (a) 3’-CDs,D-
PGP-Me, (b) 4°,4’-D>-DMPC  (_[E%: 50°C, H1B%: 40°C, FEk:30°C) 5.0M NaCl S R i
BiT5H DMPC R Tix, I BNVEDOEFRESICHKT D& —— 7 OMEN
BRI < B S A, J?ﬁ EIREAER L TN Z LR ST,

KIZ. 5.0M NaCl §: Fic 1T 5 PGP-Me - HEE DB M 2 R4~ < . 0~60°C
IZBWTHIEZTT > 72 (¥ 3-5), ZDfER, 60°C ITHB W T & — B — 27 DML HIE
K7eh, 7223 kHz ODRREEHT L7 Ly NBRBHISh-, ZD7D),
5.0M NaCl 7>2 60°C CIX _HK (7 A7) #E & 1 TR R 2MMRENEELTNDHZ &
MR STz, EIC Tz X #/ N BGEL(LAXS, Low Angle X-ray Scattering) % H
WIZAFFRIZ L B & 19 EE MY R Halobacterium Halobium OFMRRIE > & HhH L 72 fpdk:
HEEIRAY (K9 80%20% PGP-Me) 7> O iR 45 —HEETIE, 4.0M NaCl §:44: FHvo
60°C LA EIC72 D & T H T T IVHDHEB LT 22—y ZHBERIND Z L0
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HEINTWD, T72bb, AHIEIZEIT S 60°C TD 2H NMR A7 kIR OZEAL
HIFEEIC, ~F VT LVHDHB LT 2 -y ZHNER SN THD EE 2
b, Lo T, RKRPER LS, PGP-Me #ifiiL, 5.0M NaCl 54 FIZ3Tik 50°C
FCEHMK (TAA7) WEERFTEZLZERHALNE ST,

@  eeeemeeoaooo-- (b)

! 2.3 kHz |
6.6 kHz ! :
21.6kHz ! !

30°C

30 20 10 0 10 -20 -30
kHz

cD, D

6)()( Byy 621 5)()( ny 6zz

0.05 6.3 6.9 132 205 227 432

a] Asymmetric parameter

3|0 2|0 1I0 kélz -1IO -ZIO -:;0 3|0 2|0 1I0 klélz -1IO -ZIO -?I,O
3-5 (a) 5.0M NaCl &1 F T 3°-CD;,D-PGP-Me(2) D ZHNMR A-X7 k /L, (b) NMR
HE (30°C, BHR) DAXT b7 4w T 4 THER RfR), ¥ Ialb—Tarnn
FHPERT A —F—m)B L, BLFS 7 ME(Ow, Oy, 0u)EHH L. BHIEEREIC
BT D53 2R 2 FHR L 72(0 1 (O, Toyy)/2)o

AREITIX, MEF X ONLERERIRE K E R PGP-Me % H V72 HE/KSE[E A NMR (2
K0 157253 R MED B 43I A TV LR O EENERRAT 21T\, O 21T > 72,
ZORER, HHEIREIZEA O A F A IAAEE I, IEE B 0~60°C (272 DI
JRVNEFEFEFIZ 3B W) TR AR TIRREZ RFF L. £ 70/ NaCl §F Mo\ T H S
BT D L CEHEERHE ZH - TWD Z & &, R B OB D ded TH
BT Uz, sl O P ICIZIRIREREE CAB /e b O, \EHIER ORIZEFIC
FAFIPREEIT < @O NaCl BE A2 M L3570 EOAx RERFET 5720, dHE» =
UH OIRIAWERBEIZIE ST 5 7212, AR ik A FOIE A B35 U IR T
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BENTWAHDOTIH RV EHEERIND,
3-2 H/KFEEE NMR & H N2 A F LA IRARIEE O Hs g b

AITENCIZ 2HNMR Z VT 23l A F VR EE — Bk o 2022 7 M <o e e T TR

252 2B A U R AR D E A\ O R R B S B W) IR R AR BE 2 R FF L,
F 72 NaCl §:F T2 W T ZEEEE PR T D E Tl A F VRN EE R % H %
HoTWDHZ EEHALMNE Lo, £ 2 TAREITIR, 2O OFE eI % 5| &k
iT%?%%ﬁ%%?V&wTﬁﬁV%%W&Ték@ iﬂ%@ﬁP@m@%ﬁ%
Z 2 2H NMR JlE OfE R 2 Hiz, I8 —EREEHICE T 5 PGP-Me 43Ik A T /L84
(7 4 & =)VEH) OBLAENT 21T > 72, X 3-6a-c | i%ﬁﬂ&%@ﬁa PGP-Me #%E(KD
30°C (28155 2H NMR A~ kL Z/;RLTCWb, 7’-CD;,D-PGP-Me (3) & 11°-CD;,D-
KWM&M:ﬂLT%XmﬁFW74/74/7%ﬁ5;&TAW%%%mL(l}
6d,e). 1S OHNTMEE AW THE A FVDIGALETO C-D fEEE LN C-CDs & DA —
9‘*/\7 A —%—Scpm), Scoepy B LTE (58 3-1),

Na®
Oo/\/\oo

Neo®
0 L0 Mo, O

Na@
Me o 0 "o, o

1

0o O oP°\/L/°v”§”\/\r““ATA””7/ 0z Mo o\/L“o‘”ﬁ/\/ﬁ“““ATAV”W/ T M °\/L/°V’1/\/\r““ffo”W”
®Na D,C' D D;C' D D;C D
3'-CD;,D-PGP-Me(2) 7'-CD;,D-PGP-Me(3) 11°-C D5, D-PGP-Me (4)
6.2 kHz 5.4 kHz 3.0 kHz
18.8 kHz 20.8 kHz 14.8 kHz
30 20 10 -10 20 -3030 20 10 40 -20 3030 20 10 40 -20 -30
Z Z
(d) (e)

30 20 10 0 -10 -20 -30 30 20 10 0 -10 -20 -30
kHz kHz
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Carbon nal CD3 D
Number ) o) 3 ) o) [

XX yy zz XX yy zz
7 0.04 5.2 56 10.8 19.9 216 41.6
11 0 3.0 3.0 6.0 14.8 14.8 29.6

a] Asymmetric parameter

4 3-6 (a) 3°-CD;,D-PGP-Me, (b) 7°-CD3,D-PGP-Me, (c) 11°-CD;,D-PGP-Me ® 30°C (235
I7% 2HNMR 227 kb, (d) 7°-CD3,D-PGP-Me 3 LT} (e) 11°-CD3,D-PGP-Me D A2
J MNVT 4T 4 v TRER R, BIGERT A—Z—mB IO, HbFr 7 MA
(Oxxs Oyy, Oz) & I U, FREIRFE I 5 5038 2 FHH L 72(0 L=(OxxTyy)/2)

7% 3-1 C-D, C-CDs B D A —H—/3F A — 4 —(Scp))

Splitting value

S:::;,:r (Box#,)12 kHz Order Parameter (Scp)"
cb; D cD, D
3 6.2 18.8 0.049 0.147
7 54 20.8 0.042 0.163
11" 3.0 14.8 0.024 0.116

1) Scp = Av/ Avy (Av,=127.5 kHz)

i Thk 7= X 912, ZHE TIZ PGP-Me D A F 43I AISHIZ B4 2 26 7 1 i
FLEAEHBLN TV RV, £ 2T, PGP-Me & [A] URFEER(C20)D 43k A F L8 % H L
THY ., ZNFE TITHER & OBEMMICE T 2 15W =25 L OSHERFFiEL
FAWTELE BTV 1,2-diphytanoyl-sn-glycero-3- phosphatidylcholine (DPhPC)IZ %5
HUZ %7 FFiREo X #REPTHERICE S &, DPhPC {RaaFH OEE(Dun @ U >
FREETI R O BERE)L 364 A TH D EHEINTEY 9, Ziud PGP-Me X° DPhPC &
W UREHEE (REH16) OESET L X ILEEEZ AT 5 DPPC DOIEE 37.8 A2 L v  f&
DN EWVETH D Z LR TS, F72 EH GO MD FHEMBRICL - TH 19,
DPhPC DfEE  (Dpp= 38.2A, Dpp: MD FHRIZEIT 25 VU VT HHEEE) 1< DPPC DFEE
(Dpp=39.6 A) LIZIFFREDE S (DPhPC 5723 DPPC L 0 & 3.5%F2H) Th
HZENEMITENTNWD, D=, PGP-Me & DPPC & [RFEEDEE A A4 25 Z
EINTRENTZ, LA L. PGP-Me IE Tl Z U E TICEBRAITIEE N HIE S -6l
TFAE LW il B ICAF R FE ALY VIR O EEH T L L EHIC B TN S
M7=, 2HNMR HE D BTN D A — F —r3T A —H —(Scp) b JIEE —EED
BOKPEREIR DR S 2 E M5 T35 2% H LT, PGP-Me 1 £ U DPPC DJRE % 35
L2 2 & & L7z, PGP-Me D% A F /L4 I TO 30°C (2B 5 C-D fEd o
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A= —NT A =B —(Scpp)ITFR 3-1 1ZF & DT 3L TiX0.147, 742 TlX 0.163,
1AL TIX0.116 &2 o 7e, —J7, WRMAIRIED DPPC IZBIT A A4 —H — /T XA —H —
(Sco)lE. Seelig DAL 2P EBEBICTH L, 3L TIX 020, 702 TiX0.20, 11 7Tl
0,16 RETHD LHIHTX 5, 2D D% ILIZEHE L7z PGP-Me 35 L U DPPC O
TR IRIE & Lol 92 & LA TIEK 13%., AL TR 9%, 11ALAHE T
) 21%% PGP-Me _HflE2% DPPC —HRK LV b WO FER & 720 | PGP-Me 1
DPPC & bl U CBHE W —HEIRA TR T 2 Z E RSz, ZOTRIZKT S
FERND B T EFETIZEIT D PGP-Me D A F /LAy oA (Bl if]) 1. DPPC
DOER BTN FEAE ALY B DES T LR ASHICB W TR E STV 5 [HEH
Mgl (X1 3-7a, BEERRICRET 5 C-D #5G OBLAIA 90° L 72 5) L1752 L2 HE
BEhiz, £Z T, IBE _EERICEIT D A TF AR OH - e & LT [ih
#2230 #EE] (X 3-7b) 28B4 L7=, EH S5O MD #REIZE D, ol 2 F A8z
TUESIE A TV ILJE CREE S gauche BLEOEIENHINT 5 Z E AR I TND
25 (1% 1-10a) ', KIEE TIZEHOBED C-C fANHIER L AT R D20, K
ERRICXTT 5 C-D 38 L C-CDs #& & OELMAN, anti BLE F 7213 gauche BLE DT
ICBWTHE L LW EHEER SN D, TDI=8, 3°-CD;,D-PGP-Me(36)7> 2H NMR
ETHHl SN, F—F =T XA—=F— (HRE) NEEICELLFIRE—EL o
ToAER (K 3-1d) & EFRL<SHEAT 2 LN TE, WEBELEFE LRV,

(a) (b)
Y REEEE YERBAED

o o 4R o o

3-7 AFIVGIEEHIZIIT 5 (a)E#IEIERS O ()Irivihds 0 i oA,
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3-3 4B IZAMD) R & U2 A T LA AR B O R i AT
3-3-a 5 A FIVIGLE N 3 1 2 Bl FE AT

3-2 HiTIE 2H NMR JlED BG4 —F — 38T A —H —Z SRR 2175 Z &
T, AFNASIGE (7 ¢ # =V8) PIEE _EEPICBW T, BEHET7 LS I8 —
iy 7e MEgiREE] (X 3-7a) TiE7ze <, [ v &l (K 3-76) 2/ LTV 5
ARk Z R Lo, £ 2 CAREITIL, AF ARG (7 4 # =8 OfEEZ L0 FEH
(R S D72 DIT, SFEN)F(MD)EH R 2 W o s T 217 - 72, 723, MD #t&E
X, 4R KRFERKFERE TR TER O BRI 24T > TIHW -,

FFIE. MD FHERERIZIIT D PGP-Me JiFHEEEN D | & A FIVSIGLETO C-D
fEAaB LN C-CDs fa L IIEMO 3T AELZHE T HZ L TAH—F—RTA—F—
Scom), Scoepz) B EONZIN S D Scpeps)/ScpmyZ FH L, 2HNMR HIEHRE R & 0 il
iTolz (F 3-2), MD HENOELEF—FX— T A —Z—BLOZENL DI,
HNMR HIERER & LW —F AR LIZZ &b, AW FE S 3 ERSR (F
B PGP-Me —HHERE) ZR<HELTVWD Z &R TE T,

# 3-2 MD #5H B LV 2H NMR HIED 54572 C-D, C-CDs f A DA — X — /3T A —H
—(Scp)FB L REN D DL Sepens)/Scn)

MDET & i 2H NMRAITE
Carbon  Order Parameter (Scp) SCD I Order Parameter (S¢p) s s
Number CcD; D (CD3)'~CD(D) § CD, D CD(CD3)'2CD(D)
3 0.048 0.140 0.34 0.049 0.147 0.33
7 0.044 0.170 0.26 0.042 0.163 0.26
1’ 0.022 0.115 0.19 0.024 0.116 0.20

WIZ. B A F NV IENCEZ I T D B R 21T > 72, TREMEHDO A —F —/3F A —
Z—(Sco)lFBHERIT KT D REANC K & <EAF L TRV | EHHT /LS /LI TR
SNDIRE EFATPE D A — & — (W53 &08) O L (K 3-1d) | anti 3 X O gauche
FUBEREIORZHIZ LD b D L ZTn g 12429 — 2 X F L3I RICE T D gauche”
BOPEIE, SAARREE O (X 3-8a) 128V anti BLER X O gauche™ BLE X U & =1
X—HUIAR R DT, EDOFEMERIID 2V IENE SN TS, £Z T, BEZ
HEHIC T D A F VA3 I O BLE 2 FEMN BT 5 72D 45 A F VAL E JH D T
DA DGAAEEFRE L, Ak R R ER O R R EZ R M L, (X 3-8b,0),
ZORER, TRIZK L TTRXTO A FAGIEAEIZIN T gauche BLESFE L TH
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V. FRZ 3T gauche” BE XV S Z S FELTNWD Z ERHA LN E RS T, 3
(28T gauche BLEDSHTING 2 B 22 BRI E 2> Tl 7Ze s, JEEMISERI 02N > &
VT OEBETIIR VN EHRIND, T, gauche BLEEZE B - T-BRIZIZ A F L
STIARIBRIR] LD Xy o TN L. FORER, IBE _HEHEKE L COREI RN
LB, gauche BLIEEA A Z L THEULDZRNVX—RRAEMI ZENTEDHD
TRV EE R T,

(a)

sn-2 chain
;‘\ 60 o/\/\/\/\/\/\/\)\ 3(; 4 CH

// oJ\/O o H
sn-3 chain
antl gauche (9" gauche (9)
(b) (©
002, —C1-C2-C3-C4

P / arbitrary unit

— o delcrick carb:n conformation (%)

e CO.CA0-C1 112 number ti + -
0.015 4 C9-C10'-C17-C12 anti g g

3 55 20 25
0.01 7 55 30 15
] 17’ 55 30 15
0.005 - A
0 anti : -180°< 0 <-120°,120°< 0 < 180°

-180-150-120 90 -60 -30 O 30 60 90 120 150 180
0/ degree

gauche + : 0°<0<120°
gauche — : -120°< 0 < (0°

3-8 (2) <=7 S —CS i) Newman #2F/3K. (b) S1-3 $10>45 A F el

WTOZmASA OF 360, F 0 AL #k 0 1100, (c) MD BHAE D Hﬂbﬁlﬁl%
BMEAROLER, AT, =X —BIIAFITH D gauche— BLFEEDS gauche™ Bl L
DHLIFELTND
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3-3-b A—H =T A —F—DLt (Scoeps/Scom) % T BLIR fEHT

%ﬁb‘f C-D 5 & C-CDs fA DA —H—/XF A—F—Dlt SCD(CD3)/SCD(D)7£’)EH1/\

JEE —HERF TOHIE A TF G (7 ¢ & =/VEH) OFERIZ2 B M fEdT 2 52 7,
E%ﬁbtﬁ~7~ﬂ7% &~&mi\OD%Qk%&ﬁ&@@#%E@@#&%
T FEERE O] 5 E (D FRIEROA—H — /T A —F —: S0) ITHIEFT D, L
L\%ﬁA’ﬂLT%%% ELNDHHEET T OTHLD, 038KV Spa DT
ERETDHILNBTERY, TIT, CDHBEE C-CO MR DA —F—/3T A —F —
D Sepcpsy/ScpmyZ & B T LT Sep 1K D Spot DTG HRET H 2 L TE | kL
ML DIRTHIE O OIEIFT HEE LTIV D Z L3 FREE 78D, 728, C-Df
BB LV CCO:s AT ENZENF LIRFE (C3°, CT°, C11°) ITHEELTWVD Z &b,
B AFNVGYIGALE I F1T D WFEE D Spot (2R CTH D LAEL TV D,

FP. MEgEE] B [l #EE] To, KB (anti, gauche”, gauche-)
(BT % C-D, C-CD; fif & DIIERITH T DBLM ZFHHR L, TOBRIC TS D A4 —
K —IXT A —H—Scpm), Scoepy T FHH L7z (K 3-9a,b), [Hrivdh2s v ] <id, B
JERZAL L TH C-D #EdE « C-CDs fis & & HITHIERITKT T DA ZE D B 722,
T =T A=F—DEHZE L7, £ LT, X 3-8¢ (TR L7 BIHRRLHE D b=
BEORATFNVERAE D ScoepyD A7 — 1V > 7305 (Scps, X 3-9c)&HE L, AT N5
REEH 7Y [ESEE] J6 KO [Pravihis 0 i) Mo 72BRIT, & A F VS IEALE(C3,
C7’, C1I) T T I & 41D Sepens)/Scomy% ENENHE M LT (. 3-9d), —HIIZ, CDs
FiT C-C fEAHHE » O R WEHEE)C L > TEE{bE N5 72 C-D fEA L A% TH
HERBTZENTEDIN, BRI DA —F—/3T A —H —Scpcpsld Z O[]z
WZE DA —1 T R(Sco)Z L - THI 31% (C-C-D FES AN 111° DFE) 1[ZHE
95, KTPHNC L > THT= Scpeps)/Scom & *HNMR JIE R L OVMD #HE O 15728 &
el U755, CTAL COEBRIE (Scpeps)/Scomy=0.26) 25 THrav#hns v &) OREIC
THSNDOMHEEIFFICRN—EEZ /R LIz, [E#EMEE] TTPHINL0.17) & 1T 5
NZHEIe D Z Lot CTALSH T 2 FHE AL TESE] <ide < THrivehn v k&
El THDHZENRBEINT, — )T CINTDIEBRM (Scoeps)/Scom=0.33) 1. [
A D HEE] CiiZe < [ESEE] TOTHIEW0.36)ICIE< . — /AL T [EgiEE]
ThoOEHIclbni, 22T, CINEL D &0 FEM 7SR 2 37 72,
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(2) (b)

| UEEEAER U EEEEER
o BER o o
antl gauche gauche” antl gauche gauche
&
D/ 4__/ 145 DJCJ[T: 144° 1° 108&1 - D111 108°
D3C | D 3C
Scorepy -0.50 +0.51 -0.50 Scnrcm) -0.30
Scppy)  -0.50 —-0.50 +0.48 Scop)  -0.36
(c) (d)
11° p
Scp(cp3)/Sco(p)
> REES - ;
c CQ'HD = c%c—n 24NMR MDEE | E#HE Fn@s0EE
D 3 0.33 034 | 036 0.26
1 dtanon ar 0.26 026 | 0417 0.26
Scpz =~ (3cos™(1117)-1) =0.31 11’ 0.20 019 | 047 0.26

X 3-9 KB (anti, gauche”, gauche )\ ZI31T HIEIEM & O T AENL TR L4 —
H—NT A —H—8cp DI (a) HEHHFEE; (b) Privilind v ffid, (c) C-C ARz X
% Scoepy DA — U ¥ TR (Scps)o (d) [BIEREMERDFIEL & 2 — 1 o 75 R
(Scp3) % %8 L CHRHI U TNE g E ] L OTHr v 23 0 #5152 310 D Sepens)/Scom)
TAEZ 2H NMR #II7E3 L OVMD FHEER & g Lz,

F9°MD FHEFE RS, PGP-Me I$H (sn-2 BEL Wsn-3 8H) D O-Cl Fic~<7 b
DIEVERRIZ X #ﬁ%ﬁaf;{ﬁz\%ﬁ (¥ 3-10a) . X% 0-C1-C2-C3 #EA BT D A4y
i (K 3-10b) ZBH L7=, Sn-2 4 TlE. O-Cl f5A~_7 ML DOMAEESAITL 0=180° (cos
0= —1.0; PBEIERREW1T) THRHZ <720 23D O-C1-C2-C3 #E Tl anti BLEHMEAL
ThDZ LD, CINJEAHDOELEE T Bk o TirhthRs v #E] T o 2 LR
iz, —J., sn-3 $HICEIT D O-CURE ST MV OFEIERIC KT 2 AESAA L, 0=
180° 7217 CT72< #=120°(Cos 8= —O05)fFITICBNTH MR EL 7D 2 A:z’»Eﬁ 57
Elpotz, THEHEE] 2B o720 O-CUMANY bV ERIERO T AEIL 6 =
145°(Cos 0= —0.82) TH D Z L, sn-3 ${0 C3INLTlE MNEFHEE] B O [Trn
Hi23 0 fE ] CidZevy, B REAIOFIEN R ST, £ 2T, O-CIUFEE~X2 hL
DEERRI T HEANTINZ T, O-CI’-C2>-C3FEE D —HAICBWT Y anti BLJEN
B ChHDHI EEHBE L. ZOHREMIE, REA TN Y CBRIRE TR 2 A
7= T hEmEdrimn v gl (X 3-10¢) Tlkewnwne &z 7=, AfEdEd i, o-Cr’
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FEERT MV EBIERO R TAEIL 0= 111°(Cos = —036) L 725728, [X10-3a D
sn-3 BHUZIBUVNT 0 =120° (Cos O = —0.5fHEDHFANEM L7 MD FHREAERE L < —
B35, 20O, CIMLTHIESID Scoepsy/Scom) \AIAIED T 52 Z 8T H b
ENdHDH, £ T, CO-CYREAHDMEIERIZ K - TH U % K BIHREL A (anti, gauche”,
gauche )T TD, C-D BLV C-CD: fti & EWEIEM & DR T LN F—H—/3T XA —
5 —Scp % THI LTz, C3INLCTOFEEIE N E D < | Seoeps/Scom) ~DEF 513 H K
TWNWEBZOND anti Bl (X 3-8¢) Tl Scpps) > Scopy TH Y . ARBLHE T OfE % H
[ZA—H =T A= —DERMNT 5 & Scpepy/Scomy=0.36 & 705, T OFEIX, [
AL S 0 HEE DA TOTRE T o D Scpepsy/Scopy =026 £ 0 &R E  [HEHHEE]
DHTOTRYETEH S 036 LRI L THD, T7DH, C3NHLTD Scpeps)/Scom) P FEhR
A TESMEE] & [t v &) ORI ZRME0.33) > 7-DiX, 2o [ kW
PN VEE] DREL TWAZ ENFERTH D EHELE ST,

W T CIPALIZBI L TEEE{T 7=, CIPALO H NMR JIERE R HHH Li=4
—H =T A=K —DLt (Scpeps)/Scomy=0.20) (X, [Hrivdhin v #iE] oA TOTH
E0.260) &V /h& < TEHSEHE] OATOTFREO0.17) LD REWEW I FERER LT,
FD7D CIVALTIE, T2y v #§iE] o [E#EMEE] ~E 2L TEBY, 21
S5OFMMRERZE L TWVWDLDOTIHRWNEEXT, A—F— T A= —Dlt
(Scpeps)/Scom)) & NI A F VI IZ B I DR AT O R EF LD L CT
ALCUE THravah 2y 0 &l 2 F8Rdm & L TH L TWAD DOIIZk L, C3IALTIE [Hraveh
MO REE] A, T EmEravdhi2y 0 &) DRERAICFEL TV D Z LRI
7oo BT, CIVAL T THrivdi N v ] 26 [E#EMEE] ~oB bl E s &
RN/ Z D IBE EREPIC BT A TV I KRR TR Bl ) & 22
EEHTWAHZ EBRHALNE R ST,

Z DA F G 31T DR 2B O IL, 4T - 72 MD &R SR
O LRI TV D, X 3-11 1X, PGP-Mesn-3 $HD & A F /L3I CTD C-D &
} LU C-CDs & DIEIERIT KT 2 A4 GR#k « C-D #6e. Fk : C-CDs i &)
R L TEY | FFIC C-CDs /A Is BT DREM AL A F VA EIZ BV TR
2L TW%, —J, DPPC OF C-H #ie OIERIT T HBLmsrAmid (K 3-12)
FHST DERBALBEIZBNTIZE AV EBER RN &b, BT VX VSIS
RCRERDIELMZ A L TWD Z EDRRBIND, U, 4RI S 7 R R 72
Bl D 22K PGP-Me O X F A GIGEHICH A DBIE THDH LW R D, FTo, HIERE
DT HNLHEME LTz cos DIEICEEHT 5 &, C-CDs#s A D6, 3L TlX cos O 23
EDfE (0>90°) L7225 04NRENHDOD, 1ALIZHEN D IZONTHRAICADME (6
<90°) LARBSANEML TS, ZoFEE, T Rmsdnhn oi#E]l (and,
gauche—FL)#: Cos 0 = 0.36, gauche FLJ#: cos 0= —1.0) 226, [Hrivehs v #Ei&E] (Cos
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=-0.36) BLO [EH#EMEE] (anti, gauche T E: Cos 0 = 0, gauche Bl JE: Cos 0 = —
0.82) ~DOREEZEIZIHE L TWD EEZ NS, FIT C-DREE TOREE L THD
EVIVALTIE 7L & Bei LT cos @ WEREDEZ & D04 DMERTHNZIE I L TWAB 728,
IPAZIZ A2 D25 T MESEFEE] ~OREZ P EE T0L &) ZE EFFELR

Y, BT, 26O MD BHEREFIE. Sepcns)/Scom) 1 DHEE LT A F LA E T
@Ilzi@ﬁﬂﬁ DZEAL BEOEWEFTTIEL [Hrivth s v &) 2 &0 | JIEERmIZES<
2O TR ZIZ [EEE] ~Lir5<) ZRABICSEFTT /R ENVR D,

(a) (b)
— sn-2 (02-C1)
- 3 (03-C1’ -‘é —02-C1-C2-C3
= — sn-3(03-C1) 5 —03-c1-C2'C3
Py
E © - sn-2 chain
b= =[] & 25
._6 'E \ 0 o/\/\/\r,.r
= s S PRI
o sn-3 chain
0 T T T 0 = T T A ¥
1.0 05 0.0 0.5 1.0 -180 -120 -60 0 60 120 180
Cos 6 0 / degree
() Rk
111° | 3
Yy mER
anti gauche* gauche’ |>
72°! § 69° :
D;C-& %
69°: d, D
Scocps  +0.36 -1.0 +0.36
Sepmp)  +0.31 +0.31 -1.0

4] 3-10 (a) PGP-Me {HISH(FRHR: Sn-2 $H. FRHR: Sn-3 ) D4 O-Ci FE & DIEIERRIT T
DAFESA, (b) & O-Ci-Co-Cs f & D i 040 (BAR: sn-2 $H. JRFR: sn-3 8H) . (o)
A E HravEh A 0 S ORI O BLEE (anti, gauche™, gauche N 35 1T 5 VLR
EDRTAENL TRILT: C-DREAB L C-CDs B OA—F —/3F7 A —%—Scp
DAH,
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(a) (b) (©)
- C3’ —C-D—C-CD3 - CcTr —C-D—C-CD3 - Cc11’ —C-D—C-CD3
o [ [
s g g
5 5 5
(-] - -
o o o
0 . . . 0 . . . 0 : . :
1.0 -0.5 0.0 0.5 1.0 -1.0 -0.5 0.0 0.5 1.0 1.0 -0.5 0.0 0.5 1.0
Cos 6 Cos @ Cos 0

4] 3-11 PGP-Me sn-3 ${D & A F L3 IEALIEIC 1T 5 C-D #sE (Rt B XL C-CDs
fie (Hf) OBIERICRT 2 M54, (a) 3L, (b) 7L, (c) 11°/f

(@) (b) (©)
—Ha —Hb —Ha —Hb —Ha —Hb xR

£| C3 . < | C7 : < | cn :

= = = ‘11"
> > >

£ s £ Hy., g
a o o a g

0 0 T 0 rr"

-1.0 -0.5 0.0 0.5 10 -1.0 -0.5 0.0 0.5 1.0 -1.0 0.5 0.0 0.5 1.0

Cos 8 Cos 6 Cos 6

[X] 3-12 DPPC sn-3 $5I281F 545 C-H fE A DEERIC T 5 A E 540, (a) 3L, (b) 7
{7, (c) 11 {if

KIZ, *HNMR JIiER LMD FHEOFER D B & 6 I iiERF RIS X | PGP-
Me —HEBEMEAVIREHFICBWTREHEZRFTL, £/, RERERE T Ch-
T _HEEEEZRFFCTEX AWz, BEHET AL EZAT DY VIEEITIZRWER
W72 I % 3 DGR R 2 B2 LT,

[ 3-13 i%, PGP-Me ¥ J O DPPC 7> B R S AL/ HEE —HEE D, MD R FIZET
HAFwTay haERLTWD, DPPC _EEIZBWTIE (X 3-13a), BT LF
D [ESREE] 20> Tk v, AR E U CTBEER E T R bRmZ A LT
WD ZENRTERND, —F PGP-Me _HRIZIBWTIE (4 3-13b) . 7 1 & = /L8
TR D . A UNTEZ A L TV D Z DR SNz, Zh b DOREH)
IRFIEE T, SHEE EERICB T AAIHO C1ALE CIS L EfEST =— X7 b
Ve EER E OAESTOE N EZIT o7 (¥ 3-13¢), ZFDOFER., EHHT XA X
W7 4 Z =V & HITBEERR E AT (cos = —1.0)ERD DA ERLZNHLOD, 7
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S Z=NVBUTEST VRV L i LTI T n— R e s Lic, Zhid, 7
4 Z = VBHORHANC R U (vt - 72) #EEIC k- TIRERIBDO#E 2 8y *
YD ONDZ EICERLTEY, ZFORER, PGP-Me H—43 - OIEAMH] (sn-2
L sn-3 B ICTBWTIRMAAE TR W E R I, ERRIZ, X 3-13b D
JERBUZR LT2ERIC, MD BHRO A F v Foa y bbb 7 0 # = VBRI BRIF 234
CTWa Z Bl s, BiTiE, ZORMEED 5 T-DITEFICFEET 57 4 4 =
JHPMEICEEE 2 2 & T, HIHE TORAFTWREZ > TnD Z BRIz, Z
ORI DFE AT, 7 4 X = VEHOEEMEZ N2 5 Z L IZER Y | ZOREE, &
BARETICEBOCHEMENR S F 0 B3, BELRRIE26T2ERNTHDL LE
2obNDb, Fio, ZOMBEBOKEHEEWIZE Y, 7 4 X = VOB 2w X 7R
EIND Z & THAMASOEEAIH S, PGP-Me —EBEMEIEIZHB W T HEE)
P72 AR E 2 PR FF T X 5 L TX 5,

FIZ, H NMR #I7ERB L O MD RO FIZHBWT, CTALTOA—H — 3T 2 —
2 —(Scom) NI REL 2 DfER L7eoTz (£3-2), ZOMEEBETDHE, 744
=V ORIV T, BRI OFEAE WA Z 0 09 W2 &R S iz,
OB WL T 4 X = VORI HTICB N THR I D Z EREEI NS, Al
PRI E W EEME 2 L TR, AEWIEBENT I EIND 2D, 4—F—
IXT A= —(Scp) DHENNZEMN L7220 D T EB 2 7=, — 5T, {AIEHD I iR
THREAEGWDNAECTEAIEL, Bk X 9 ITIBEOEEMMER I 5415 Z & T Sep 23
mTsb0ELEZT-,
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(©)

= —PGP-Me | B |
c (o] (o]
5 —DPPC )’ 0(
a
o
=
[
[1+]
Q 15 15
o T T T
-1.0 -0.5 0.0 0.5 1.0

Cos 6

3-13 (a) DPPC 3 L O} (b) PGP-Me 7 H AR S AV HEE —HEE T MD R AT >
Tva vy b, IREOBUKMEMEEZ R, =—T7 G E2 58T Y VIRIEHIL VDW Bk
ETERR R BBRF, 7 RFBRA, o VR, (o) BIEHRET =
— X7 ML EDHELSAT (GRER : PGP-Me. B4 : DPPC), & BAKMAMIEED C1 {ir
L CISfLzfE ST ML ETF =— T MLEEFR LT,
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3-4 EDOFE LW

AZETITET. 3°-CD;,D-PGP-Me(2)% V7= 2HNMR JHIE #1T7\ >, DMPC & Dt
BAAT 5 FC, AR E R OBEMMEZ RN LT, = OfER. PGP-Me BEiE 0°C
WTH T NSO N Z 57, IBAVIRERBICBW TRBMREZ R TE 5
TR Lz, BIZIX, 5.0M NaCl &4 FIZB W THHEZITYY, PGP-Me 23 R
JERMET T " HEFEEABR TEDL 2L EHLMNE Lz, DLEDORERNS | IFIAW
FRIRER B 2S5 721, B OIS 3l A FAIEEE= B T 5 U VR T
RSN TWNDDTIE W EHEER LT,

VT, 2HNMR HIERB LOYMD #HE NS | & A T ADIGALEICS T 5 C-D e R
F O C-CDs fEB DA —H— /3T A —HF —(Sep)ZHH L, FIZEILDL DI Sepens)/Sien)
ZHWTAF SIS OB RN 21T > 7o, ORGSR, MIEH LTI TPriviins v %
W] 2l E LA L TW A0, BRI S IZ o T THESEME] ~& %
fELTWD Z LAV L, A F I8 CIERERFNCE RN E T 5 2 L 25
e Lz,

BZIZ, "HNMR #IER X OMD GHEORE R B8 O TG RIC RS & A
FNGEE (7 4 Z = 8) MOMAEEHEZHE LTz, ZOEE., IFE _HEEICB W
TAFNGIGBEFE LR E B > TWDZERHLNERY | 2 OMIEER OREAE A
AR I E A O EZ S S T HRTHLZ L ZHLNE LT,
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ﬁﬁ TiX, BEAREBEARNMR 02 OE8 LN AHEEERE EEE L, o r8E i E

L DHERFENFEEMAEDOES Z LT, WMERE IR O X TV EHO R
’%-TQEH%EP BT DR e i E R A AT o T,

FPIL, HAEEE NMR JIEICHE & 7p D EKFEIEH PGP-Me i E5(K DA HIC
7T, 4m%mmﬁmwww@é m%ﬁotoﬁﬁiﬁr4/7V/iﬁ/F%ﬁ
DR s S CRBHEMRESES Z LT, Eﬁnﬂ%ﬁﬁ@f%w IR AR 85 % %)
RJIHER S5 Z LITRED L. #5V)T PGP-Me DA AR LTz, BT H/AKEEH
PGP-Me #HE(REGRIZBWTIE, FEE#SRA Y L 2=y |k %:iﬂ@ﬁ%ﬁ%fl’ VI
2=y b OERESEBHIEFE ZEE IH 5721 T, PGP-Me @ Sn-3 85D 307, 7HrE &
I NLZ N END A F VA IENLE (2 CD3,D ik A4 N U 7= 3 FlfE o Bk F 15k PGP-
Me FHERQ2-4)ZNFEHNTTHST 2 Z LTk Le, Lo T, ARV THENL L
A YT ra=y FEEiESETAFANIEEEZ SRS 5 FiEiL, BKEESRZE
AL HEBEOGRICB W COEARTIEThOLIELZHOLNE L,

RIZ, 3°-CD3,D-PGP-Me Z# W /2B /KFEEIA NMR HIEEA1TH Z & T, AF N30
IS D SR TR 72 BB A BUfS L. PGP-Me —EEOWMEIN 21T > 72, & DHEH,
B RS 00 KRN BB R AV R EEEL P S 3V TR A AR RE 4 PR 47 L L & 72151 NaCl
S TFICBWTC EREE 2 T 5 BT, A F LIRS A B B A 5 2 > T
5 Z & w R 7 E M OBLE D D RER LT,

e T AL KOV 1P AZAERRIA T b /K FEBEAR NMR JIEZ1TV, JIERSF D A~
I RNVT 4T 4 T INBETESREEEIKIT, & ATFVGIEAEIZE TS C-D fa
BLOC-CDsfEAA—H —/3T A — &~wwﬁfﬁﬂ,1ﬂMMVk$WMMm%%
ETDHI LIk THEEMBIT 21T 72, TOREE, IFE _HEFEFIZBIT 5 PGP-Me O
A F VA OREE L, BRAEIEERE A ) R E OB T ¥ L8 B\V THITE
EEINTWD [HEEMEE] EI13Re>TWND I ENRBIN, Brio/afEs LT [
mmi@%iﬂ EEBTDHICE ST,

. BB RFRFRE L EER O HEEdR & OILFEIFTRIC L - T, BHAKHE
IMK NMR 7> 545 b EEEHR 2 I, 0 FEV )RR RIC L DS 217> 72,
Z DR f%wﬂ@ﬂﬁiJﬁ@&w% Tiﬁﬁﬂ%ﬁ@%kﬂ%ﬁbf%éﬁ
KU D <ATHONTHR % IZ TESEEE] ~Lao5< EnoTo, RERIFRIZREL R O
BAEMEZ o TWD Z ENHER I Nz, AT 3BV T, K%% FNFENY

FRBR s I & iz [ B & Praviis 0 S ] DNRFRAICHFEL TV D Z LRI S
iz, £ LT, ZORRRITIVEMN > T EE 267 5 A F LIS X BRI 2342 U
T <, ZORMZHD 25 L O NTEFHITHFET 2MEPFHASND 2 & TAF S

-77 -



MG TO HEARGW] DRI 5> TWD Z LRI N, B2, BEAREAE NMR
WENOBIMREZET D L. ZOBAPEVHEEPNETP R TR VST NI L
ML S NTo, £ LT, ZOMEHA VG bl 35 B R Ot 2 5| & i 2
TG ER T 5 &I 7,

UL EDRRIZANIFE T, EARFEEIR NMR 2 b5 5N 2 EE R & o F8 )75 5A
AHAHEDOED Z LT NRE ZEHETIZEB T D A F /Loy IBARIEH D - 1 2 SEERIF) I
KO THEES 2 Z L IZREh Lc, ABFE TIINEE MR T T OREHT IR £ > 7228,
s 2Ry B AAE TR D IREMEHOHERES T ~DOEH b TE 5, TDOTOR
WFFEClE, AR T CORE RS 37 E— RN EHAEH 2 T3 5728
DT TR AWML T D LN TEREBFRD,
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EBR DD

I. General information

Unless otherwise indicated, all reactions were carried out with magnetic stirring in oven-dried
glassware under argon atmosphere. Commercially available reagents were purchased from
Nacalai Tesque, Sigma-Aldrich, TCI, and were used without further purification. The
dehydrated solvents dichloromethane (CH2Cly) and tetrahydrofuran (THF) were purchased
from Kanto Chemical Co. Inc. and were used without further dehydration. Analytical thin-layer
chromatography (TLC) were carried out on Merck pre-coated silica gel 60 F-254 plates and
revealed with UV irradiation (254 nm) and stained with phosphomolybdic acid. Flash
chromatographies were performed with Biotage prepacked columns using a Biotage Isolera
One purification system. 'H and *C NMR spectra were recorded on a JEOL ECS 400 (400
MHz) or JEOL ECA 500 (500 MHz) spectrometer. Chemical shifts () are given in parts per
million (ppm) relative to the solvent residual peak of CDCls (7.26 ppm for 'H, 77.0 ppm for
13C) or CD;0D (4.78 ppm for 'H, 49.0 ppm for 13C). Splitting patterns are indicated as followed:
s, singlet; d, doublet; t, triplet; q, quartet; oct, octet; m, multiplet; b, broad and combinations
thereof. Coupling constants (J) are reported in hertz (Hz). 3P NMR chemical shifts are reported
using ammonium phosphate as external standard, referenced at 1.0 ppm. IR spectra were
realized on JASCO FT/IR-6100. High resolution mass spectra (HRMS) and optical rotation
were recorded on a LTQ-Orbitrap XL instrument and JASCO P-1010 polarimeter respectively.

I1. Experimental procedures for the synthesis of PGP-Me and >H-labelled derivatives
1) General procedures
i) Preparation of Grignard reagents

To a suspension of magnesium turnings (1.5 eq) in THF (0.5 mL/mmol of substrate) containing
a small iodine crystal and 1,2-dibromoethane were added few drops of the appropriate
brominated compound (1.0 eq) in THF (0.5 mL/mmol of substrate). The mixture was heated
until the reaction started, then the brominated compound was added dropwise to maintain a
non-assisted gentle reflux. After complete addition of the starting material, the mixture was
heated under reflux for 2 h. The solution of Grignard reagent was cooled down and titrated prior

to use.
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ii) Cu-catalyzed cross-coupling

To a 0.1 M solution of appropriate tosylates (1.0 eq) in THF at 0 °C under argon atmosphere,
were added CuCl (0.05 eq), 1-phenyl-1-propyne (0.2 eq) and the appropriate Grignard reagent
(2.0 eq). After stirring for 2 h at room temperature, the reaction mixture was quenched by sat
NH4Cl aq, then water layer was extracted with EtOAc (x3). Combined organic layer was
washed with brine and dried over anhydrous MgSQs, then filtered. Filtrate was concentrated,
and the residue was purified with flush column chromatography on silica gel (gradient
EtOAc/Hexane = 0/1 to 1/10) to afford the corresponding Bn-protected alcohols.

iii) Removal of benzyl group

To a 0.1 M solution of the appropriate Bn-protected alcohols (1.0 eq) in CH2Cl, were added
boron trichloride (2.0 eq, 1.0M in heptane) at -78 °C. After stirring for 1.5 h at room temperature,
the reaction mixture was quenched with MeOH and diluted with water. then water layer was
extracted with CH>Cl, (%3). Combined organic layer was washed with brine and dried over
anhydrous MgSOy, then filtered. Filtrate was concentrated, and the residue was purified with
flush column chromatography on silica gel (gradient EtOAc/Hexane = 1/10 to 1/5) to afford
corresponding alcohols.

iv) Tosylation

To a 0.1 M solution of appropriate alcohols (1.0 eq) in CH2Cl> were added TsCl (1.2 eq), EtsN
(2.5 eq) and DMAP (0.3 eq) sequentially. After stirring for 4.5~6 h at room temperature, the
reaction mixture was quenched with sat NH4Cl aq, then water layer was extracted with CH>Cl,
(x3). Combined organic layer was washed with brine and dried over anhydrous MgSQOas, then
filtered. Filtrate was concentrated, and the residue was purified with flush column
chromatography on silica gel (gradient EtOAc/Hexane = 0/1 to 1/5) to afford corresponding
tosylates.

v) MaNP esterification

To a solution of primary alcohol (1.0 eq) in CH2Cl> was added (R) or (S)-2-methoxyl-2-(1-
phenyl) propionic acid (MaNP acid, 2.1 eq), N,N'-Dicyclohexylcarbodiimide (DCC, 3.0 eq) and
DMAP (3.0 eq) sequentially. After stirring for 12 h at room temperature, the reaction mixture
was quenched with sat. NH4Cl aq, then water layer was extracted with CH>Cl» (x3). Combined

organic layer was washed with brine and dried over anhydrous MgSOs, then filtered. Filtrate
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was concentrated, and the residue was purified with flash column chromatography
(EtOAc/Hexane = 1/20) to afford MaNP esters.

Bno\/\|/\0H

12

(S)-4-(benzyloxy)-2-methylbutan-1-o0l 12: To a solution of imide 31 (17.1 g, 46.5 mmol) in
dry Et:O (300 mL) was added sodium lithium aluminum hydride (1.9 g, 51.1 mmol) at -20°C.
The reaction mixture was stirred for 2 h at the same temperature, then sat. Rochelle salt aq. was
added. After stirring for 30 min, the mixture was extracted with EtoO (x3). The combined
organic layer was washed with brine and dried over anhydrous MgSQOs, then filtered. Filtrate
was concentrated, and the residue was purified with flush column chromatography on silica gel
(gradient EtOAc/Hexane = 1/10 to 1/5) to afford alcohol 12 (7.7 g, 85%) as a pale yellow oil.
[0]*p =-5.73 (c = 1.25, CHCl3); 'H NMR (400 MHz, CDCl;) § 7.37-727 (m, SH), 4.52 (s, 2H),
3.62-3.41 (m, 4H), 1.89-1.76 (m, 1H), 1.74-1.66 (m, 1H), 1.62-1.54 (m, 1H), 0.93 (d, /= 6.4
Hz, 3H); *C NMR (100 MHz, CDCl3) § 138.1, 128.5, 127.8, 127.8, 73.2, 68.8, 68.2, 34.2, 34.2,
17.3; IR (thin film): v = 3374, 2925, 2866, 1454, 1364, 1092, 1077, 1039, 1026, 735, 696 cm
'; HRMS (ESI+) m/z calcd for C12H1802Na [M+Na]*: 217.1204, found: 217.1200.

Bno\/\l/\OTs

10

(8)-4-(benzyloxy)-2-methylbutyl 4-methylbenzenesulfonate 10: Following the tosylation
procedure with alcohol 12 (5.1 g, 26.3 mmol), the desired tosylate 10 was obtained as a colorless
0il (8.7 g, 95%). [a]*p =+11.1 (c = 1.28, CHCl3); "H NMR (400 MHz, CDCl3) § 7.77-7.75 (m,
2H), 7.35-7.25 (m, 7H), 4.43 (s, 2H), 3.93 (dd, /= 5.2, 9.6 Hz, 1H), 3.85 (dd, /= 6.4, 9.6 Hz,
1H), 3.48-3.40 (m, 2H), 2.43 (s, 3H), 2.00 (oct, J= 6.4 Hz, 1H) , 1.70-1.62 (m, 1H), 1.47-1.39
(m, 1H), 0.91 (d, J = 6.8 Hz, 3H); *C NMR (100 MHz, CDCls) §144.7, 138.4, 133.2, 129.9,
128.5,128.0, 127.7,75.1,73.0,67.7,32.8 30.3, 21.7, 16.6; IR (thin film): v=2963, 2926, 2859,
1356, 1187, 1096, 1027, 961, 939, 831, 737, 698, 665, 554 cm™'; HRMS (ESI+) m/z calcd for
C19H2404SNa [M+Na]™: 371.1293, found: 371.1289.
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BnO\/\l/\/\(

33

(R)-(((3, 7-dimethyloctyl)oxy)methyl)benzene 33: Following the preparation procedure of
Grignard reagent with commercially available 1-bromo-3-methylbutane (4.0 g, 26.5 mmol) and
the Cu-catalyzed cross-coupling procedure with tosylate 10 (1.0 g, 2.9 mmol), the desired
compound 33 was obtained as a colorless oil (0.61 g, 85%). [a]*°p = +1.59 (c = 0.89, CHCl3);
"H NMR (400 MHz, CDCl3) § 7.35-7.25 (m, 5H), 4.51 (s, 2H), 3.55-3.46 (m, 2H) , 1.71-1.07
(m, 10H), 0.88-0.86 (m, 9H); 1*C NMR (100 MHz, CDCls) & 138.8, 128.4, 127.7, 127.5, 73.0,
68.9, 39.4, 37.4, 36.9, 30.0, 28.1, 24.8, 22.8, 22.7, 19.8; IR (thin film): v = 2953, 2925, 2866,
1465, 1378, 1203, 1100, 1027, 732, 696 cm™'; HRMS (ESI+) m/z calcd for Ci7H2sONa
[M+Na]*: 271.2038, found: 271.2033.

Y

34

(R)-3, 7-dimethyloctan-1-ol 34: Following the Bn removal procedure with compound 33 (0.60
g, 2.41 mmol), the desired alcohol 34 was obtained as a pale yellow oil (0.31 g, 82%). [a]*°p =
+2.93 (¢ = 0.95, CHCl3); 'TH NMR (500 MHz, CDCl3) § 3.72-3.63 (m, 2H), 1.63-1.48 (m, 3H),
1.39-1.25 (m, 5H), 1.18-1.10 (m, 2H), 0.90-0.85 (m, 9H); '*C NMR (125 MHz, CDCl3)  61.3,
40.1, 39.3, 37.5, 29.6, 28.0, 24.8, 22.8, 227, 19.2; IR (thin film): v = 3356, 2954, 2925, 2869,
1464, 1366, 1334, 1053, 1009 cm™'; HRMS (ESI+) m/z calcd for CioH22ONa [M+Na]*:
181.1568, found: 181.1560.

TSO\/\l/\/\r

35

(R)-3,7-dimethyloctyl 4-methylbenzenesulfonate 35: Following the tosylation procedure
with alcohol 34 (0.38 g, 2.40 mmol), the desired tosylate 35 was obtained as a pale yellow oil
(0.73 g, 92%). [0]*p = +1.90 (c = 2.40, CHCI3); '"H NMR (400 MHz, CDCls) § 7.81-7.78 (m,
2H), 7.35-7.33 (m, 2H), 4.11-4.02 (m, 2H), 2.49 (S, 3H), 1.70-1.62 (m, 1H), 1.56-1.41 (m, 3H),
1.20-1.05 (m, 6H), 0.86-0.80 (m, 9H); '3C NMR (100 MHz, CDCls) § 144.7, 133.4, 129.9,
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128.0, 69.2, 39.1, 36.9, 35.8, 29.3, 28.0, 24.6, 22.7, 22.6, 21.7, 19.2; IR (thin film): v = 2954,
2926, 2868, 1359, 1187, 1097, 942, 888, 813, 760, 663, 554 cm™'; HRMS (ESI+) m/z calcd for
Ci17H2803SNa [M+Na]™: 335.1657, found: 335.1651.

BnO\/\I/\Br

$1

(8)-((4-bromo-3-methylbutoxy)methyl)benzene S1: To a solution of tosylate 10 (7.0 g, 20.1
mmol) in DMF (140 mL) was added LiBr (2.6 g, 30.1 mmol). After stirring for 20 h under
reflux, the reaction mixture was allowed to cool to room temperature and quenched with iced
water. Then water layer was extracted with CH2Cl> (x3). Combined organic layer was washed
with brine and dried over anhydrous MgSQOs, then filtered. Filtrate was concentrated, and the
residue was purified with flush column chromatography on silica gel (EtOAc/Hexane = 1/15)
to afford bromide S1 (4.0 g, 90%) as a colorless oil. [a]*’p =+4.28 (c = 1.93, CHCl3); 'H NMR
(500 MHz, CDCl3) & 7.38-7.28 (m, 5H), 4.51 (s, 2H), 4.94 (bt, J = 6.0 Hz, 1H), 3.57-3.50 (m,
2H), 3.44 (dd, J=4.5,10.0 Hz, 1H), 3.37 (dd, J = 4.0, 10.0 Hz, 1H), 2.04 (oct, /= 6.0 Hz 1H) ,
1.84-1.77 (m, 1H), 1.56-1.53 (m, 1H), 1.04 (d, J = 7.0 Hz, 3H); *C NMR (125 MHz, CDCl3)
0 138.5, 128.5, 127.7, 127.7, 73.1, 67.9, 41.6, 34.7, 32.2, 18.8; IR (thin film): v =2961, 2930,
2857, 1454, 1364, 1246, 1097, 1026, 734, 696, 651, 618 cm™'; HRMS (ESI+) m/z calcd for
C12H17BrOsNa [M+Na]*: 279.0360, found: 279.0355, 281.0334.

BnO

e e e

36

((((BR, 7R)-3,7,11-trimethyldodecyl)oxy)methyl)benzene 36: Following the preparation
procedure of Grignard reagent with bromide S1 (1.0 g, 3.9 mmol) and Cu-catalyzed cross-
coupling procedure with tosylate 35 (200 mg, 0.64 mmol), the desired compound 36 was
obtained as a pale yellow oil (167 mg, 82%). [a]*>p = +1.26 (c = 2.20, CHCl3); '"H NMR (500
MHz, CDCl3) 6 7.37-7.28 (m, 5H), 4.53 (s, 2H), 3.56-3.51 (m, 2H) , 1.81-1.08 (m, 17H), 0.94-
0.87 (m, 12H); 3*C NMR (125 MHz, CDCl3) § 138.8, 128.4, 127.7, 127.5, 73.0, 68.9, 39.5, 38.7,
37.6, 37.5, 37.4, 36.9, 32.9, 30.0, 28.1, 24.9, 24.5, 22.7, 19.9, 19.8; IR (thin film): v = 2954,
2924, 2854, 1455, 1365, 1100, 733, 697, 404 cm™'; HRMS (ESI+) m/z calcd for C17H2s0Na
[M+Na]*: 271.2038, found: 271.2032.
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HO

YT

S2

(3R,7R)-3,7,11-trimethyldodecan-1-0l S2: Following the Bn removal procedure with
compound 36 (160 mg, 0.50 mmol), the desired alcohol S2 was obtained as a pale yellow oil
(99 mg, 86%). [a]*p = +2.35 (c = 0.48, CHCl3); 'H NMR (500 MHz, CDCl;3) 3.72-3.63 (m,
2H), 1.64-1.49 (m, 3H), 1.38-1.05 (m, 14H), 0.90-0.83 (m, 12H); '*C NMR (125 MHz, CDCl3)
0 61.3,40.0,39.4,37.6,37.4,37.3,32.9, 29.6, 28.1, 24.9, 24.4, 22.8, 22.7, 19.8, 19.8; IR (thin
film): v = 3361, 2953, 2924, 2868, 1462, 1377, 1056, 1008 cm™'; HRMS (ESI+) m/z calcd for
CisH32ONa [M+Na]*: 251.2351, found: 251.2344.

TsO

YT

37

(3R,7R)-3,7,11-trimethyldodecyl 4-methylbenzenesulfonate 37: Following the tosylation
procedure with alcohol S2 (115 mg, 0.50 mmol), the desired tosylate 37 was obtained as a pale
yellow oil (173 mg, 90%). [a]*’p = +1.34 (c = 0.75, CHCI3); '"H NMR (500 MHz, CDCls) §
7.81-7.78 (m, 2H), 7.36-7.33 (m, 2H), 4.10-4.03 (m, 2H), 2.45 (S, 3H), 1.69-1.64 (m, 1H), 1.55-
1.02 (m, 16H), 0.87 (d, J = 7.0 Hz, 6H), 0.82 (d, J = 6.5 Hz, 3H), 0.80 (d, J = 6.5 Hz, 3H); °C
NMR (125 MHz, CDCl3) 6 144.7, 133.4, 129.9, 128.0, 69.2, 39.4, 37.3, 37.1, 35.8, 32.8, 29.3,
280, 24.9,24.3,22.8,22.7,21.7,19.8, 19.3; IR (thin film): v = 2953, 2925, 2867, 1463, 1364,
1188, 1176, 1097, 943, 889, 813, 762, 664, 554 cm™'; HRMS (ESI+) m/z calcd for C22H3s03SNa
[M+Na]*: 405.2439, found: 405.433.

B"O\/\I/\/\l/\/\l/\/Y

S3

(((BR,7R,11R)-3,7,11,15-tetramethylhexadecyl)oxy)methyl)benzene S3: Following the
preparation procedure of Grignard reagent with bromide S1 (0.50 g, 1.9 mmol) and the Cu-
catalyzed cross-coupling procedure with tosylate 37 (70 mg, 0.18 mmol), the desired compound
S3 was obtained as a pale yellow oil (65 mg, 92%). [0]*’p = +1.46 (c = 2.15, CHCl3); '"H NMR
(500 MHz, CDCl3) 6 7.35-7.27 (m, 5H), 4.51 (s, 2H), 3.55-3.47 (m, 2H) , 1.71-1.64 (m, 1H),
1.61-1.50 (m, 2H), 1.46-1.04 (m, 21H) 0.89-0.84 (m, 15H); *C NMR (125 MHz, CDCls) &
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138.8,128.4,127.7, 127.5, 73.0, 68.9, 39.5, 37.6, 37.6, 37.5, 37.4, 36.9, 32.9, 30.0, 28.1, 24.9,
24.6,24.5,22.8,22.7,19.9, 19.9, 19.8; IR (thin film): v =2953, 2925, 2866, 2857, 1461, 1376,
1100, 733, 696 cm'; HRMS (ESI+) m/z calcd for C27HasONa [M+Na]*: 411.3603, found:
411.3597.

HO\/\l/\/\l/\/\l/\/\(
phytanol (32)

phytanol (32): Following the Bn removal procedure with compound S3 (65 mg, 0.17 mmol),
phytanol (32) was obtained as a pale yellow oil (46 mg, 92%). [a]*’p =+2.16 (c = 1.80, CHCl5);
'H NMR (500 MHz, CDCl3) 3.72-3.63 (m, 2H), 1.63-1.49 (m, 3H), 1.38-1.05 (m, 21H), 0.89
(d, J= 6.5 Hz, 3H), 0.90-0.83 (m, 12H); *C NMR (125 MHz, CDCls) 6 61.3, 40.1, 39.5, 37.6,
37.5,37.5,37.4, 374,329, 29.6, 28.1, 24.9, 24.5, 24.5, 22.8, 22.7, 19.9, 19.8, 19.8; IR (thin
film): v=3566, 3030, 2932, 2858, 1731, 1454, 1362, 1286, 1087 cm™'; HRMS (ESI+) m/z calcd
for Co0H420ONa [M+Na]*: 321.3133, found: 321.3129.

TSO\/\l/\/\l/\/\l/\/\r

8

(BR,7R,11R)-3,7,11,15-tetramethylhexadecyl 4-methylbenzenesulfonate 8: Following the
tosylation procedure with alcohol 34 (46 mg, 0.15 mmol), the desired tosylate 8 was obtained
as a pale yellow oil (66 mg, 95%). [0]*p = +1.64 (c = 1.25, CHCl3); 'H NMR (500 MHz,
CDCl3) 6 7.80-7.78 (m, 2H), 7.35-7.33 (m, 2H), 4.10-4.02 (m, 2H), 2.45 (S, 3H), 1.68-1.65 (m,
1H), 1.60-1.03 (m, 23H), 0.87-0.80 (m, 15H); '3C NMR (125 MHz, CDCls) § 144.7, 133.4,
130.0, 128.0, 69.2, 39.5, 37.5, 37.5, 37.4, 37.3, 37.1, 35.8, 32.9, 32.8, 29.3, 28.1, 24.9, 24.5,
24.3,22.8,22.7,21.7,19.8, 19.8, 19.3; IR (thin film): v=2953, 2924, 2867, 1460, 1364, 1187,
1097, 944, 888, 813, 761, 663, 583, 571, 554 cm™'; HRMS (ESI+) m/z calcd for C27Hs03SNa
[M+Na]": 475.3222, found: 475.3216.
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(o)

BnOJ\/OW
S4

((($)-2,3-bis(((3R,7R,11R)-3,7,11,15-tetramethylhexadecyl)oxy)propoxy)methyl)benzene
S4: To a solution of separately prepared alcohol 7 (12 mg, 66 pmol) in DMSO (0.75 mL) was
added sodium hydride (5.3 mg, 133 pumol, 60% in oil) at 0 °C. After stirring for 30 min at 0 °C,
tosylate 8 (60 mg, 133 pmol) as a 0.75 mL of DMSO solution was added in the mixture. After
stirring for 22 h at room temperature, the mixture was quenched with water and extracted with
EtOAc (x3). The combined organic layer was washed with brine and dried over anhydrous
MgSOys, then filtered. The filtrate was concentrated under reduced pressure and the residue was
purified by flush column chromatography on silica gel (EtOAc/Hexane = 1/15) to afford
compound S4 (27 mg, 56%) as a pale yellow oil. [a]*’p = +1.76 (c = 1.43, CHCl5); '"H NMR
(400 MHz, CDCl3) & 7.34-7.26 (m, 5H), 4.56 (s, 2H), 3.66-3.41 (m, 9H),1.65-1.49 (m, 8H),
1.41-1.02 (m, 40H), 20.88-0.84 (m, 30H); '*C NMR (100 MHz, CDCl3) § 138.5, 128.4, 127.7,
127.6,78.1,73.5,70.9, 70.5,70.1, 69.0, 39.5, 37.6, 37.6,37.5,37.4,37.2,36.8, 32.9, 32.9, 30.0,
29.9, 29.8, 28.1, 24.9, 24.6, 24.5, 22.8, 22.7, 19.9, 19.8, 19,8, 19.8; IR (thin film): v = 2951,
2923, 2857, 1513, 1642, 1376, 1301, 1247, 1171, 1110, 1040, 820 cm™!; HRMS (ESI+) m/z
calcd for CsoHg2sO3Na [M+Na]*: 765.7101, found: 765.1110.

o
HOJ\/O\/\I/\/\l/\/\I/\/\r
archeaol (6)

Archaeol (6): Following the Bn removal procedure with compound S4 (25 mg, 34 pumol),
archaeol (6) was obtained as a pale yellow oil (20 mg, 90%). [a]*’p = +4.88 (c = 0.53, CHCl:);
"H NMR (400 MHz, CDCl3) & 7.34-7.26 (m, 5H), 4.56 (s, 2H), 3.66-3.41 (m, 9H) , 1.71-1.64
(m, 1H), 1.65-1.49 (m, 8H), 1.42-1.02 (m, 40H) 0.88-0.84 (m, 30H); '*C NMR (100 MHz,
CDCl3) 6 78.4,71.1, 70.3, 68.7, 63.2, 39.5, 37.6, 37.5, 37.5, 37.4, 37.4, 37.2, 36.7, 32.9, 30.0,
29.9, 28.1, 24.9, 24.6, 24.4, 22.8, 22.7, 19.8, 19.8, 19.8; IR (thin film): v = 3456, 2953, 2925,
2867, 1462, 1376, 1114, 1050, 799 cm™'; HRMS (ESI+) m/z calcd for CasHssOsNa [M+Na]*:
675.6631, found: 675.6625.
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Phosphate 38: To a solution of archaeol (6) (20 mg, 31 umol) and separately prepared
bisphosphate 6 (8.1 mg, 15 umol) in dry pyridine (1.0 mL) at 0 °C was added pivaloyl
chloride (5.7 pL, 46 umol). After stirring for 1.5 h at room temperature, iodine (3.9 mg, 15
pmol) in pyridine/H20 (0.50 mL/25 pL) was added. The reaction mixture was stirred at the
same temperature for 1 h, then 0.5 mL of Na;SO; (2.0 M) was added. After stirring for 10 min,
the mixture was diluted with water and extracted with CHCI; (x3). The organic layer was
combined, dried over MgSOQy, filtrated and concentrated under reduced pressure. The residue
was purified by flush column chromatography on silica gel (CHCI;/MeOH/EtsN = 100:5:1) to
afford phosphate 38 (13.7 mg, 76%) as a pale yellow oil. [a]*’p = +1.03 (c = 0.88, CHCl3); 'H
NMR (400 MHz, CDCl3) 6 7.36-7.27 (m, 10H), 5.06-5.00 (m, 2H), 4.65 (ABq, dAas = 0.04, J
=12.0 Hz, 1H), 4.29-4.24 (m, 1H), 4.16-4.11 (m, 1H), 403-4.00 (m, 2H), 3.92-3.90 (m, 2H),
3.86-3.81 (m, 1H), 3.69 (d, J=10.8 Hz, 1.5H), 3.68 (d, /= 10.8 Hz, 1.5H), 3.63-3.51 (m, 4H),
3.36-3.41 (m, 3H), 3.06-3.00 (m, 6H, HNEt3), 1.61-1.47 (m, 6H), 1.38-0.99 (m, 51H), 0.87-
0.82 (m, 30H); *C NMR (100 MHz, CDCls) & 138.2, 136.0, 136.0, 128.6, 128.6, 128.6, 128.4,
128.0, 127.8, 127.7, 78.1, 78.0, 77.3, 72.2, 71.1, 70.1, 69.4, 69.3, 69.0, 67.1, 67.1, 65.4, 65.4,
63.8,63.8,54.4,54.4,46.5,45.6,39.5,37.7,37.7,37.6,37.5,37.4,37.4,37.3,36.8, 32.9, 32.9,
30.1,29.9, 28.1, 24.9, 24.6, 24.5, 22.8,22.7, 19.8, 19.8, 19.8, 19.2, 8.6; 3P NMR (100 MHz,
CDCl3): 6 1.01, 0.74 ; IR (thin film): v =2952, 2924, 2866, 2857, 1457, 1377, 1236, 1038, 859,
735, 697 cm™'; HRMS (ESI+) m/z caled for CeiHi0901:P2 [M-HNEts]: 1079.7451, found:
1079.7435.

PGP-Me (1)

phosphatidylglycerophosphate methyl ester (PGP-Me, 1): To a solution of phosphate 38
(12 mg, 10 umol) in MeOH (0.5 mL) was added platinum oxide (2.3 mg, 10 pmol). The
mixture was hydrogenated for 12 h under 1.0 atm of hydrogen gas then platinum black was
filtered. After concentration, the residue was purified by flush column chromatography on
silica gel (CHCI3/MeOH/H,0 = 20:10:1) to afford corresponding deprotected product as a
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triethylamine salt form.

The deprotected product was mixed with 0.2 mL of NaClO4 solution (4 M). The mixture was
stirred with a vortex mixer. After centrifugation the supernatant solution was removed, the
precipitate was washed with distilled water, and dissolved in CHCl3/MeOH (1:1). The organic
solvent was concentrated to afford PGP-Me (1) (6.9 mg, 72% in two steps) as a white solid.
[0]*°p = +2.34 (c = 0.73, CHCl3); '"H NMR (500 MHz, CD30D/CDCl3(4/3 v/v), using CD3;0D
as the lock) 6 4.00-3.84 (m, 7H), 3.62-3.50 (m, 7H), 3.45-342 (m, 3H), 3.41-3.35 (m, 4H), 1.62-
143 (m, 6H), 1.36-0.97 (m, 42H), 0.85-0.80 (m, 30H); '3C NMR (125 MHz,
CD3;0D/CDCIl3(4/3 v/v)) & 78.1, 78.0, 77.8, 70.9, 70.1, 70.0, 70.0, 69.9, 68.7, 66.2, 66.2, 64.8,
64.7,52.3,52.2,39.3,37.4,37.3,37.3,37.2,37.0, 36.6, 32.7,32.7,32.7, 29.8, 29.7, 27.9, 24.7,
24.3,24.3,22.2,22.2,19.4,19.3,19.3; 3P NMR (125 MHz, CD30D/CDCI3 (4/3 v/v)): & 3.00,
1.74; IR (thin film): v = 3402, 3278, 2953, 2924, 2868, 1652, 1461, 1377, 1212, 1088, 1053,
834 cm™'; HRMS (ESI+) m/z caled for Ca7Hg7011P2 [M-2Na+H]": 899.6512, found: 899.6497.

o

BnOMOCHg,

D D

51
[2,2-d>]-methyl-4-(benzyloxy)butanoate 51: To a solution of butanoate 50 (10.0 g, 48.0 mmol)
in CH30D (100 mL) was added DBU (14.4 mL, 96.0 mmol). After stirring for 16 h under reflux,
the mixture was concentrated under reduced pressure and the residue was purified by flush
column chromatography on silica gel (gradient EtOAc/Hexane = 1/10 to 1/5). This procedure
was repeated again to afford deutarated butanoate 51 (7.8 g, 77%, 93%D) as a colorless oil. 'H
NMR (500 MHz, CDCI3) & 7.35-7.25 (m, 5H), 4.49 (s, 2H), 3.64 (s, 3H), 3.50 (t, J = 6.0 Hz,
2H), 2.44-2.40 (m, 0.15H) 1.93 (t,J= 6.0 Hz, 2H); 3C NMR (125 MHz, CDCls) § 174.0, 138.5,
128.4, 127.7, 127.6, 73.0, 69.2, 51.6, 31.0-30.1 (m) 25.1; HRMS (ESI+) m/z calcd for
C12H14D203Na [M+Na]*: 233.1123, found: 233.1109.

(o)

D D
52

[2,2-D2]-4-(benzyloxy)butanoic acid 52: To a solution of deuterated butanoate 51 (6.9 g, 32.8
mmol) in THF (140 mL) and D>O (10 mL) was added KOH (3.7 g, 65.6 mmol). After stirring

for 12 h at room temperature, the reaction mixture was allowed to cool to 0°C and acidified
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with 6N HCI, then extracted with EtOAc (x3). The combined organic layer was washed with
brine and dried over anhydrous MgSOQOs, then filtered. The filtrate was concentrated under
reduced pressure to afford deuterated carboxylic acid 52 (6.4 g, quant) as a colorless oil. This
compound was used for next reaction without further purification. "H NMR (500 MHz, CDCls)
0 7.37-7.29 (m, SH), 4.52 (s, 2H), 3.54 (t, /= 6.0 Hz, 2H), 2.50-2.46 (m, 0.15H) 1.95 (t, /= 6.0
Hz, 2H); 3C NMR (125 MHz, CDCl3) § 179.9, 138.3, 128.5, 127.7, 73.0, 69.1, 30.9-30.2 (m),
24.7; HRMS (ESI+) m/z calcd for C11H11D203 [M-H]™: 195.0990, found: 195.0982.

svo~ S\ 4

DD\\/
53

[2,2-D;]-(S)-4-benzyl-3-(4-(benzyloxy)-butanoyl)oxazolidin-2-one 53: To a solution of
carboxylic acid 52 (6.3 g, 32.4 mmol) in THF (150 mL) was added EtN3 (9.0 mL, 64.9 mmol)
and pivaloyl chloride (4.4 mL, 35.7 mmol) at -20°C. After stirring for 45 min at same
temperature, LiCl (1.5 g, 35.7 mmol) and (S)-4-benzyl-oxazolidin-2-one (26) (5.6 g, 31.8
mmol) in THF (50 mL) were added sequentially. The reaction mixture was stirred for 16 h at
room temperature before quenching with 0.2 N HCl aq (150 mL) at 0°C, then extracted with
EtOAc (x3). The combined organic layer was washed with sat. NaHCO3 aq, brine and dried
over anhydrous MgSQOq, then filtered. Filtrate was concentrated, and the residue was purified
with flush column chromatography on silica gel (gradient EtOAc/Hexane = 1/10 to 2/5) to
afford deuterated imide 53 (10.4 g, 91%) as a pale yellow oil. 'H NMR (500 MHz, CDCls) &
7.36-7.31 (m, 6H), 7.28-7.25 (m, 2H), 7.20-7.18 (m, 2H), 4.63-4.58 (m, 1H), 4.51 (s, 2H), 4.15-
4.07 (m, 2H), 3.58 (t, J = 6.0 Hz, 2H), 3.27 (dd, J = 3.5, 8.0 Hz, 1H), 3.07-3.02 (m, 0.15H),
2.70 (dd, J=10.0, 13.5 Hz, 1H), 2.03 (t, /= 6.0 Hz, 2H); '*C NMR (125 MHz, CDCl3) 6 173.2,
153.6, 138.5, 135.5, 129.5, 129.0, 128.5, 1278, 127.7, 127.4, 73.0, 69.3, 66.2, 55.2, 38.0, 32.3-
31.6 (m), 24.5; HRMS (ESI+) m/z calcd for C21H21D2NOsNa [M+Na]*: 378.1650, found:
378.1642.
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[2,2-CD3,D]-(S)-4-benzyl-3-((S)-4-(benzyloxy)-butanoyl)oxazolidin-2-one 54: To a solution
of deuterated imide 53 (9.6 g, 27.0 mmol) in THF (150 mL) was added sodium
bis(trimethylsilyl)amide (41 mL, 41 mmol, 1.0M in THF) over 10 min at -78°C. After stirring
for 30 min at same temperature, iodomethane-ds (5.2 mL, 81.0 mmol) was added. The reaction
mixture was stirred for 6 h at -78°C before quenching with sat NH4Cl aq, then extracted with
Et,0 (%3). The combined organic layer was washed with brine and dried over anhydrous
MgSOs4, then filtered. Filtrate was concentrated, and the residue was purified with flush column
chromatography on silica gel (gradient EtOAc/Hexane = 1/10 to 1/1) to afford CD3,D-labeled
imide 54 (7.0 g, 70%) as a pale yellow oil. '"H NMR (500 MHz, CDCl3) § 7.32-7.21 (m, 8H),
7.17-7.15 (m, 2H), 4.43-4.34 (m, 3H), 3.97 (dd, J = 3.0, 9.0 Hz, 1H), 3.73 (t, /= 9.0 Hz, 1H),
3.60-3.52 (m, 2H), 3.20 (dd, J = 3.5, 13.5 Hz, 1H), 2.71 (dd, J = 9.5, 13.5 Hz, 1H), 2.20-2.15
(m, 1H), 1.74 (dt, J = 5.0, 14.0 Hz, 1H); 3C NMR (125 MHz, CDCls) & 177.2, 153.4, 138.6,
135.5,129.5, 128.9, 128.4, 127.7, 127.6, 127.3, 72.9, 68.6, 65.9, 55.3, 38.1, 34.7 (t, Jc-p =20.0
Hz), 33.6; HRMS (ESI+) m/z calcd for C22H21D4NOsNa [M+Na]*: 394.1932, found: 394.1932.

Bno\/Y\OH

p,¢’ D
55

[2,2-CD3,D]-(S)-4-(benzyloxy)-2-methylbutan-1-ol 55: To a solution of CD3,D-labeled imide
54 (7.0 g, 18.8 mmol) in dry Et,0 (150 mL) was added sodium lithium aluminum hydride (1.4
g, 37.7 mmol) at -20°C. The reaction mixture was stirred for 2 h at the same temperature, then
sat. Rochelle salt aq. was added. After stirring for 30 min, the mixture was extracted with Et2O
(x3). The combined organic layer was washed with brine and dried over anhydrous MgSOu,
then filtered. Filtrate was concentrated and the residue was purified with flush column
chromatography on silica gel (gradient EtOAc/Hexane = 1/10 to 1/5) to afford CD3,D-labeled
alcohol 55 (3.4 g, 91%) as a pale yellow oil. 'H NMR (400 MHz, CDCls) § 7.37-727 (m, 5H),
4.52 (s, 2H), 3.62-3.41 (m, 4H), 1.73-1.66 (m, 1H), 1.56 (dt, J= 5.2, 10.4 Hz, 1H); '*C NMR
(100 MHz, CDCl3) 6.138.1, 128.5, 127.8, 127.8, 73.2, 68.5, 68.0, 33.9, 33.5 (t, Jc.o =19.1 Hz);
HRMS (ESI+) m/z calcd for C12H14D4O2Na [M+Na]™: 221.1456, found: 221.1451.
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D,C° D
57

[2,2-CD3,D]-(S)-4-(benzyloxy)-2-methylbutyl 4-methylbenzenesulfonate 57: Following the
tosylation procedure with CD3,D-labeled alcohol 55 (3.2 g, 16.1 mmol), CD3,D-labeled tosylate
57 was obtained as a colorless oil (5.3 g, 94%). 'H NMR (400 MHz, CDCls) § 7.78-7.75 (m,
2H), 7.35-7.25 (m, 7H), 4.43 (s, 2H), 3.93 (d, /= 9.6 Hz, 1H), 3.84 (d, J= 9.6 Hz, 1H), 3.46-
3.42 (m, 2H), 2.42 (s, 3H), 2.02-1.95 (m, 0.14H) , 1.69-1.62 (m, 1H), 1.46-1.39 (m, 1H); '3C
NMR (100 MHz, CDCls) 6 144.7, 138.5, 133.2, 129.9, 128.5, 128.0, 127.7, 75.0, 73.0, 67.7,
32.6, 29.7 (t, Jco =19.1 Hz), 21.7, HRMS (ESI+) m/z calcd for C19H20D40sSNa [M+Na]™:
375.1544, found: 375.1537.

Bno\/y\Br

p,¢’ D
58
[3,3-CD3,D]-(S)-((4-bromo-3-methylbutoxy)methyl)benzene 58: Following the same
procedure as described for bromide S1 with CDj;,D-labeled tosylate 57 (3.0 g, 8.5 mmol),
CD3,D-labeled bromide 58 was obtained as a colorless oil (1.9 g, 87%). 'H NMR (400 MHz,
CDCI3) 6 7.38-7.29 (m, 5H), 4.52 (s, 2H), 3.56-3.51 (m, 2H), 3.44 (d, J=9.6 Hz, 1H), 3.34 (d,
J=19.6 Hz, 1H), 2.07-2.01 (m, 0.15H), 1.85-1.77 (m, 1H), 1.60-1.53 (m, 1H); 3C NMR (100
MHz, CDCls) 6 138.5, 128.5, 127.7, 127.6, 73.1, 67.9, 41.5, 34.6, 31.6 (t, Jc.p =19.9 Hz),
HRMS (ESI+) m/z calcd for C12H13D4BrONa [M+Na]*: 283.0612, found: 283.0607, 285.0586.

BnO

59

[3,3-CD;3,D]-((((3R,7R,11R)-3,7,11,15-tetramethylhexadecyl)oxy)methyl)benzene 59:
Following the preparation procedure of Grignard reagent with bromide 58 (1.0 g, 3.8 mmol)
and the Cu-catalyzed cross-coupling procedure with tosylate 37 (140 mg, 0.37 mmol), the
desired compound 59 was obtained as a pale yellow oil. The pure coupling products couldn’t
be obtained due to contamination of the Wurtz coupling products of the Grignard reagent. Thus,

compound 59 was only partially purified and used in next step.
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3
3-CD;,D-phytanol (56)

3-CD;s,D-phytanol (56): Following the Bn removal procedure with compound 59, 3-CD3,D-
labeled phytanol (56) was obtained as a pale yellow oil (83 mg, 75% in 2 steps). 'H NMR (400
MHz, CDCl3) & 3.72-3.63 (m, 2H), 1.64-1.47 (m, 3H), 1.40-1.01 (m, 20H), 0.87-0.84 (m, 12H);
3C NMR (100 MHz, CDCl5) § 61.3, 39.9, 39.5, 37.5, 37.5, 37.4, 37.4, 32.9, 28.9 (t, Jc.0 =19.3
Hz), 28.1, 24.9, 24.5, 24.4, 22.8, 22.7, 19.9, 19.3; HRMS (ESI+) m/z calcd for C2oH3sD4sONa
[M+Na]*: 325.3384, found: 325.3378.

phytanol (32)

Phytanol (32): To a solution of phyatol (1.0 g, 3.4 mmol) in MeOH (15 mL) was added (s)-
Ru(OAc)(T-BINAP)? (61 mg, 0.067 mmol). The mixture was hydrogenated for 24 h under 50
atm of hydrogen gas. After concentration, the residue was purified by flush column
chromatography on silica gel (gradient EtOAc/Hexane = 1/10 to 1/5) to afford phytanol (32) as
a pale yellow oil (0.95 g, 94%).

(((®)-3-((4-methoxybenzyl)oxy)-2-(((3R,7R,11R)-3,7,11,15-tetramethylhexadecyl)oxy)

propoxy)methane trityl)tribenzene 68: To a solution of separately prepared alcohol 46 (1.0 g,
2.2 mmol) in DMF (15 mL) was added sodium hydride (88 mg, 2.2 mmol, 60% in oil) at 0 °C.
After stirring for 30 min at same temperature, tosylate 8 (0.83 g, 1.8 mmol) in 5 mL of DMF
solution was added in the mixture. After stirring for 17 h at room temperature, the mixture was
quenched with water and extracted with EtOAc (%3). The combined organic layer was washed
with brine and dried over anhydrous MgSQOs, then filtered. The filtrate was concentrated under
reduced pressure and the residue was purified by flush column chromatography on silica gel
(gradient EtOAc/Hexane = 0/1 to 1/5) to afford compound 68 (1.2 g, 90%) as a pale yellow oil.
[0]*p = +4.35 (¢ = 1.40, CHCl3); 'TH NMR (500 MHz, CDCls) § 7.46-7.44 (m, 6H), 7.29-7.18
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(m, 11H), 6.85-6.82 (m, 2H), 4.45 (dd, J = 11.5, 17.5 Hz, 2H), 3.78 (s, 3H), 3.61-3.52 (m, SH),
3.20 (d, J=4.5 Hz, 2H), 1.67-1.45 (m, 3H), 1.41-1.03 (m, 21H), 0.88-0.83 (m, 15H); *C NMR
(125 MHz, CDCl3) § 159.2, 144.2, 130.6, 129.2, 128.9, 127.8, 127.0, 113.8, 86.6, 78.5, 73.0,
70.3, 69.1, 63.7, 55.3, 39.5, 37.7, 37.6, 37.5, 37.4, 37.3, 32.9, 32.9, 30.0, 28.1, 24.9, 24.6, 24.5,
22.8,22.7,19.9, 19.8; ; IR (thin film): v = 2951, 2924, 2865, 1512, 1462, 1246, 1089, 1035,
762, 745, 703, 632 cm'; HRMS (ESI+) m/z calcd for CsoHzO4Na [M+Na]*: 757.5172, found:
757.5164.

(o]

PMBO\J\/OH

(S)-3-((4-methoxybenzyl)oxy)-2-(((3R,7R,11R)-3,7,11,15-tetramethylhexadecyl)oxy)
propan-1-ol 42: To a solution of glycerol derivative 68 (1.1 g, 1.5 mmol) in MeOH (9 mL) and
CH>Cl> (3 mL) was added p-toluenesulfonic acid monohydrate (57 mg, 0.30 mmol). After

42

stirring for 3.5 h at room temperature, the reaction mixture was quenched with sat. NH4Cl aq,
then water layer was extracted with Et;O (x3). The combined organic layer was washed with
brine and dried over anhydrous MgSOs, then filtered. The filtrate was concentrated under
reduced pressure and the residue was purified by flush column chromatography on silica gel
(gradient EtOAc/Hexane = 1/10 to 2/5) to afford alcohol 42 (0.68 g, 92%) as a pale yellow oil.
[0]*p = -6.67 (c = 2.20, CHCl3); '"H NMR (500 MHz, CDCl;3) & 7.25-7.23 (m, 2H), 6.89-6.86
(m, 2H), 4.47 (dd, J=11.5, 14.0 Hz, 2H), 3.80 (m, 3H), 3.73-3.69 (m, 1H), 3.64-3.59 (m, 2H),
3.57-3.49 (m, 4H), 2.09 (bt, J= 6.0 Hz, 1H), 1.64-1.59 (m, 3H), 1.18-1.04 (m, 20H), 0.87-0.83
(m, 15H); *C NMR (125 MHz, CDCls) § 159.4, 130.2, 129.4, 113.9, 78.5, 73.3, 69.8, 38.7,
63.1,55.4,39.5,37.6,37.5,37.5,374,37.4,37.2,32.9,29.9, 28.1, 24.9, 24.6, 24.4, 22 .8, 22.7,
19.8, 19.8; ; IR (thin film): v = 3457, 2951, 2924, 2866, 1512, 1461, 1246, 1090, 1038, 820 cm"
! HRMS (ESI+) m/z calcd for C31Hs¢O4Na [M+Na]*: 515.4076, found: 515.4070.

TsO

43

[3,3-CD;3,D]-(3R,7R,11R)-3,7,11,15-tetramethylhexadecyl 4-methylbenzenesulfonate 43:
Following the tosylation procedure with alcohol 3-CDj3,D-labeled phytanol (56) (83 mg, 0.27
mmol), 3-CD3,D-labeled tosylate 43 was obtained as a pale yellow oil (119 mg, 95%). 'H NMR
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(500 MHz, CDCls) & 7.79-7.78 (m, 2H), 77.34-7.32 (m, 2H), 4.09-4.02 (m, 2H), 2.44 (s, 3H),
1.68-1.62 (m, 1H), 1.56-0.96 (m, 22H), 0.86-0.81 (m, 12H); '3C NMR (125 MHz, CDCls) &
144.7, 133.4, 129.9, 128.0, 69.2, 39.5, 37.5, 37.5, 37.4, 37.3, 36.9, 35.6, 32.9, 32.8, 28.6 (t, Jc.
b =19.3 Hz), 28.1, 24.9, 24.5, 24.2, 22.8,22.7, 21.7, 19.8, 19.8; HRMS (ESI+) m/z calcd for
C27H4aD403SNa [M+Na]*: 479.3473, found: 479.3464.

[3°,3’-CD3,D]-1-(((S)-2,3-bis(((3R,7R,11R)-3,7,11,15-tetramethylhexadecyl)oxy)propoxy)
methyl)-4-methoxybenzene S5: To a solution of alcohol 42 (130 mg, 0.26 mmol) in DMF (2.0
mL) was added sodium hydride (10.6 mg, 0.26 mmol, 60% in oil) at 0 °C. After stirring for 30
min at 0 °C, tosylate 43 (100 mg, 0.22 mmol) in 0.5 mL of DMF was added in the mixture.
After stirring for 16 h at room temperature, the mixture was quenched with water and extracted
with EtOAc (%3). The combined organic layer was washed with brine and dried over anhydrous
MgSOy, then filtered. The filtrate was concentrated under reduced pressure and the residue was
purified by flush column chromatography on silica gel (EtOAc/Hexane = 1/15) to afford
compound S5 (155 mg, 91%) as a pale yellow oil. '"H NMR (500 MHz, CDCls) § 7.27-7.25 (m,
2H), 6.88-6.86 (m, 2H), 4.48 (s, 2H), 3.80 (s, 3H), 3.63-3.44 (m, 9H), 1.65-1.49 (m, 5H), 1.41-
1.06 (m, 42H), 0.88-0.84 (m, 27H); '*C NMR (125 MHz, CDCls) § 159.2, 130.6, 129.3, 113.8,
78.1,73.1, 71.0, 70.1, 70.0, 68.9, 56.3, 39.5, 37.6, 37.6, 37.5, 37.4, 37.4, 372, 36.6, 2.9, 32.9,
29.9, 29.3 (t, Jc.o =18.3 Hz), 28.1, 24.9, 24.6, 24.5, 24.4, 22.8, 22.7, 19.9, 19.8, 19.8; HRMS
(ESI+) m/z calcd for Cs1Hg2D4OsNa [M+Na]*: 799.7457, found: 799.7452.

o
HO\J\/OW
D,C “D

3'-CD;,D-archaeol (39)

3’-CDj3,D-archaeol (39): To a solution of compound S5 (135 mg, 0.17 mmol) in CH>Cl, (4.0
mL) and H>O (0.2 mL) was added dichlorodicyanoquinone (43 mg, 0.19 mmol). After stirring

for 2 h at room temperature, the reaction mixture was diluted with CH>Cl, and quenched with

-94 -



sat. NH4Cl aq, then water layer was extracted with CH>Cl (%3). The combined organic layer
was washed with brine and dried over anhydrous MgSOs, then filtered. The filtrate was
concentrated under reduced pressure and the residue was purified by flush column
chromatography on silica gel (gradient EtOAc/Hexane = 1/10 to 2/5) to afford 3’-CD3,D-
archaeol (39) (104 mg, 91%) as a pale yellow oil. "H NMR (500 MHz, CDCls) § 3.75-3.46 (m,
9H), 1.65-1.48 (m, 5H), 1.47-1.03 (m, 42H), 0.89-0.84 (m, 27H); *C NMR (125 MHz, CDCI;)
78.4,71.1,70.2, 68.7,63.2,39.5,37.6,37.5,37.5,37.4,37.4,37.2,36.5,32.9,29.9,29.3 (t, Jc-
p =19.1 Hz), 28.1, 24.9, 24.6, 24.4, 24.4,22.8, 22.7, 19.9, 19.8, 19.8; HRMS (ESI+) m/z calcd
for CasHssD4O3Na [M+Na]*: 679.6882, found: 679.6873.

3’-CD;3,D-phophate S6: Following the same procedure as described for compound 38 with
3’-CD3,D-archaeol (39) (80 mg, 0.12 mmol), 3’-CD3,D-labeled phosphate S6 was obtained as
a pale yellow oil (54 mg, 75%). '"H NMR (500 MHz, CD;0D/CDCl3(4/3 v/v), using CD30D
as the lock) & 7.32-7.23 (m, 10H), 5.03-5.00 (m, 2H), 4.66-4.58 (m, 2H), 4.24-4.20 (m, 1H),
4.13-4.07 (m, 1H), 3.96 (bt, J= 5.0 Hz, 2H), 3.85 (bt, J= 5.0 Hz, 2H), 3.80-3.77 (m, 1H),
3.67 (d,J=9.0 Hz, 1.5H), 3.65 (d, J=9.0 Hz, 1.5H),3.58-3.56 (m, 3H), 3.49 (ddd, J = 2.0,
4.0, 5.5 Hz, 1H), 3.43-3.40 (m, 3H), 3.09 (q, /= 7.5 Hz, 6H, HNEt3), 1.57-1.43 (m, 7H), 1.38-
1.03 (49H), 0.84-0.80 (27H); *CNMR (125 MHz, CDCl3) & 138.0, 135.6, 135.6, 128.6,
128.6, 128.5, 128.2, 127.9, 1279, 127.,127.7, 127.6, 79.7, 79.4, 79.2, 78.0, 77.8, 76.6, 72.0,
72.0, 70.8, 69.9, 69.7, 69.7, 68.7, 66.9, 66.9, 65.1, 65.1, 63.5, 63.4, 54.4, 54.3, 54.3, 54.3,
46.3,39.3,37.4,37.3,37.3,37.3,37.2,37.1, 36.5, 32.8, 32.7,32.7,29.7, 27.9, 24.7, 24 4,
24.3,22.3,22.2,19.4,19.4, 194, 8.3; HRMS (ESI+) m/z calcd for Ce1H10sD4011P2Na [M-
HNEts]: 1083.7702, found: 1083.7686.

3'-CD;,D-PGP-Me (2)
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3’-CD;,D-phosphatidylglycerophosphate methyl ester (3°-CD3,D-PGP-Me, 2): Following
the same procedure as described for PGP-Me (1) with 3°-CD3,D-labeled phosphate S6 (20 mg,
17 umol), desired 3’-CD3,D-PGP-Me (2) was obtained as a white solid (10 mg, 65% in 2 steps).
'"H NMR (400 MHz, CD;0D/CDCl3(4/3 v/v)), using CD30D as the lock) § 4.01-3.96 (m, 7H),
3.73-3.66 (m, 7H), 3.60-3.55 (m, 3H), 1.76-1.56 (m, 6H), 1.50-1.08 (m, 41H), 0.98-0.92 (m,
27H); 3C NMR (100 MHz, CDsOD/CDCl3(4/3 v/v)) & 78.1, 77.8, 70.9, 70.1, 70.1, 70.0, 69.9,
68.7, 66.2, 66.2, 64.7, 64.7,52.3, 52.2,39.3, 37.5,37.3,37.3,37.2,37.0, 36.6, 32.7, 32.7, 29.8,
29.7, 27.9, 24.7, 243, 243, 22.3, 22.2, 19.4, 19.4, 19.3; HRMS (ESI+) m/z calcd for
C47H93D4011P> [M-2Na+H]: 903.6768, found: 903.6744.

TSO\/Y\/Y\/Y
D;C° D

62
Tosylate 62: Pale yellow oil (52 mg).'H NMR (400 MHz, CDCls) & 7.80-7.78 (m, 2H), 7.35-
7.33 (m, 2H), 4.10-4.02 (m, 2H), 2.45 (S, 3H), 1.69-1.63 (m, 1H), 1.56-1.48 (m, 1H), 1.44-1.00
(m, 14H), 0.87 (d, J = 6.5 Hz, 6H), 0.82 (d, J = 6.5 Hz, 3H); *C NMR (100 MHz, CDCls) &
144.7,133.4,129.9, 128.0, 69.2, 39.4, 37.3, 36.9, 35.6, 32.8, 28.6 (t, Jc.o =19.1 Hz), 28.1, 24.9,
24.2,22.8,22.7,21.7,19.8; HRMS (ESI+) m/z calcd for C22H31D40O3SNa [M+Na]*: 386.2793,
found: 386.2785.

HO\/\lAW
D¢ D

7-CD3;,D-phytanol (60)

7-CD;,D-phytanol (60): Pale yellow oil (28 mg). 'H NMR (500 MHz, CDCls) § 3.71-3.63 (m,
2H), 1.64-1.48 (m, 3H), 1.36-1.05 (m, 20H), 0.90-0.84 (m, 12H); '*C NMR (125 MHz, CDCl3)
§ 61.3, 40.1, 39.5, 37.6, 37.5, 37.4, 37.3, 37.2, 32.9, 32.1 (t, Jc.0 =18.1 Hz), 29.6, 28.1, 24.9,
24.5, 244, 22.8, 22.7, 19.8, 19.8; HRMS (ESI+) m/z calcd for CzoH3sDsONa [M+Na]:
325.3384, found: 325.3373.

(0]
HO\J\/O\/\l/\/>/\/\|/\/Y
D¢’ D

7'-CD;,D-archaeol (40)
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7°-CD3,D-archaeol (40): Pale yellow oil (35 mg). 'H NMR (500 MHz, CDCls) § 3.74-3.60 (m,
3H), 3.56-3.45 (m, 6H), 1.66-1.88 (m, 2H), 1.56-1.47 (m, 4H), 1.47-1.03 (m, 41H), 0.89-0.84
(m, 27H); 3C NMR (125 MHz, CDCl3) 78.4,71.1,70.2, 68.7, 63.2, 39.5, 37.6, 37.5, 37.5, 37.4,
37.4,37.2,36.7,32.9, 32.3 (t, Jc.p =18.3 Hz), 30.0, 29.9, 28.1, 24.9, 24.8, 24.6, 24.5, 24.4,
22.8, 22.7, 19.9, 19.8, 19.8, 19.8; HRMS (ESI+) m/z calcd for Ca3zHssDsO3Na [M+Na]™:
679.6882, found: 679.6872.

7'-CD;,D-PGP-Me (3)

7’-CD;3,D-phosphatidylglycerophosphate methyl ester (7°-CD;3;,D-PGP-Me, 3): white solid
(7.2 mg). 'H NMR (500 MHz, CD30D/CDCl3(4/3 v/v)), using CD30D as the lock) & 4.01-3.90
(m, 7H), 3.72-3.64 (m, 7H), 3.57-3.53 (m, 3H), 1.71-1.54 (m, 6H), 1.47-1.08 (m, 41H), 0.95-
0.90 (m, 27H); '*C NMR (125 MHz, CD;OD/CDCl3(4/3 v/v)) & 78.1, 78.0, 77.8, 70.9, 70.1,
70.0, 70.0, 69.9, 68.7, 66.2, 66.2, 64.8, 64.7, 52.3,52.2, 39.3, 37.5, 37.3, 37.3,37.2, 37.0, 36.6,
32.7,32.7,32.7,29.8, 29.7, 27.9, 24.7, 24.3, 24.3, 22.2, 22.2, 19.4, 19.3, 19.3; HRMS (ESI+)
m/z calcd for C47He3D4011P2 [M-2Na+H]: 903.6768, found: 903.6750.

Ho\/>/\/\(
D¢’ D

64

Alcohol 64: Pale yellow oil (550 mg). 'H NMR (400 MHz, CDCl3) § 7.80-7.77 (m, 2H), 7.35-
7.33 (m, 2H), 4.10-4.01 (m, 2H), 2.44 (S, 3H), 1.67-1.61 (m, 1H), 1.53-1.37 (m, 2H), 1.29-0.99
(m, 6H), 0.84 (d, J = 6.8 Hz ,6H); 1*C NMR (100 MHz, CDCl;) & 144.6, 123.2, 129.8, 127.8,
69.1, 39.1, 36.6, 35.5, 28.4 (t, Jc.po =19.1 Hz), 27.9, 24.4, 22.6, 22.5, 21.6; HRMS (ESI+) m/z
calcd for C17H24D403SNa [M+Na]*: 339.1908, found: 339.1905.

HOW
D,¢’ D

65

Aleohol 65: Pale yellow oil (211 mg). "H NMR (500 MHz, CDCls) & 7.80-7.78 (m, 2H), 7.35-

-97 -



7.33 (m, 2H), 4.10-4.02 (m, 2H), 2.44 (S, 3H), 1.70-1.63 (m, 1H), 1.56-1.38 (m, 3H), 1.30-0.98
(m, 12H), 0.86 (d, J = 7.0 Hz , 6H), 0.80 (d, J = 6.5 Hz , 3H); 3C NMR (125 MHz, CDCls) &
144.7, 133.4, 129.9, 128.0, 69.2, 39.4, 37.1, 37.1, 35.8, 32.0 (t, Je.o =19.1 Hz), 29.3, 28.0,
24.8, 242, 22.8, 22.7, 21.7, 19.3; HRMS (ESI+) m/z calcd for C22H3sD403SNa [M+Na]*:
386.2793, found: 386.2785.

HOW
D,¢’ D

11-CD3,D-phytanol (63)

11-CD;3,D-phytanol (63): Pale yellow oil (140 mg). 'H NMR (400 MHz, CDCls) § 3.72-3.63
(m, 2H), 1.64-1.48 (m, 3H), 1.40-1.00 (m, 20H), 0.90-0.84 (m, 12H); '*C NMR (125 MHz,
CDCl3) 06 61.3,40.1, 39.5, 37.6, 37.5,37.4,37.3,37.2,32.9, 32.1 (t, Jc.p =18.3 Hz), 29.6, 28.1,
24.8,24.5,24.5,22.8,22.7, 19.9, 19.8; HRMS (ESI+) m/z calcd for CooH3sD4ONa [M+Na]*:
325.3384, found: 325.3380.

(o)
HO\J\/O\/\l/\/\l/\/>/\/\r
p,c” D

11'-C D3;,D-archaeol (41)

11’-CD;3,D-archaeol (41): Pale yellow oil (92 mg). 'H NMR (500 MHz, CDCls) § 3.75-3.46
(m, 9H), 1.65-1.48 (m, 5H), 1.47-1.03 (m, 42H), 0.89-0.84 (m, 27H); '*C NMR (125 MHz,
CDCl) 78.4, 71.1, 70.2, 68.7, 63.2, 39.5, 37.6, 37.5, 37.5, 37.4, 37.4, 37.2, 36.5, 32.9, 29.9,
29.3 (t, Jcp=19.1 Hz), 28.1, 24.9, 24.6, 24.4, 24 .4, 22 .8, 22.7, 19.9, 19.8, 19.8; HRMS (ESI+)

m/z calcd for Ca3HgaD4O3Na [M+Na]*: 679.6882, found: 679.6873.
Na ®

11'-C D5, D-PGP-Me (4)

11’-CD3,D-phosphatidylglycerophosphate methyl ester (11’-CD3;,D-PGP-Me, 4): white
solid (7.0 mg). "H NMR (400 MHz, CD;0D/CDCI3(4/3 v/v)), using CD30D as the lock) § 4.01-
3.96 (m, 7H), 3.73-3.66 (m, 7H), 3.60-3.55 (m, 3H), 1.76-1.56 (m, 6H), 1.50-1.08 (m, 41H),
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0.98-0.92 (m, 27H); '*C NMR (100 MHz, CD;OD/CDCl3(4/3 v/v)) & 78.1, 77.8, 70.9, 70.1,
70.1, 70.0, 69.9, 68.7, 66.2, 66.2, 64.7, 64.7, 52.3,52.2, 39.3, 37.5, 37.3, 37.3, 37.2, 37.0, 36.6,
32.7,32.7,29.8, 29.7, 27.9, 24.7, 24.3, 24.3, 22.3, 22.2, 19.4, 19.4, 19.3; HRMS (ESI+) m/z
calcd for C47H93D4011P> [M-2Na+H]: 903.6768, found: 903.6755.
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III. Solid-state NMR measurements
1) Sample preparation for solid-state NMR measurements

CD3,D-PGP-Me derivatives (2.0 mg) was dissolved in MeOH/CHCI3 (1:1 v/v). After removing
the solvent in vacuo for 20 h, the dried membrane film was added with 3.0 uL of 0.1M NaCl
ag. and 0.5 mL of distilled water, and then vigorously vortexed to make multilamellar vesicles.
The resultant lipid dispersion was freeze—thawed six times, lyophilized, and rehydrated with
0.1M or 5.0M NaCl in deuterium-depleted water to make 60% water (w/w). Then the mixture
was again freeze—thawed and packed into disposable high-resolution MAS insert (Bruker,
Germany) sealed with Araldite epoxy glue (NICHIBAN CO. LTD, Japan).

2) Solid-state 2ZH NMR measurement

2H NMR spectra were collected on a JEOL (JEOL, Japan) ECA 400 spectrometer equipped
with a 5 mm 2H static probe (Doty Scientific, USA) using a quadrupolar echo sequence.! The
90° pulse width was 3.9 pus. Relaxation delay and the sweep width were 1.0 s and 140 kHz
respectively.

IV. General procedure for Molecular dynamics (MD) simulations

MD simulations of DPPC and PGP-Me lipid bilayer systems have been conducted for 1us,
respectively. A DPPC bilayer system was composed of 128 DPPC, 4017 water molecules, and
a PGP-Me bilayer system was composed of 128 PGP-Me, 9472 water, and 276 Na+ and 20 CI-
ions. The latter system was constructed to simulate the membrane in 0.1M NaCl aqueous
solution as in the given experimental condition. The CHARMM 36 force field? was employed.
The missing parameters for PGP-Me were adopted from the CHARMM General force field.?
All MD simulations have been carried out using the NAMD software version 2.12.* Periodic
boundary condition was applied. Pressure was controlled at 1 atm using the Langevin-piston
method® with the semi-isotropic coupling. Temperatures were set to 323 K and 303 K for DPPC
and PGP-Me systems, respectively, using the Langevin thermostat. The cutoff of the nonbonded
Lennard-Jones interaction was 1.2 nm with the LJ force switching function applied from 1.0 to
1.2 nm. The Coulomb interaction was calculated using particle mesh Ewald (PME) method.®
All bond lengths including hydrogen atoms are constrained using the SHAKE algorithm.” Time
step size was 2 fs. Initial configurations were prepared using the CHARMM-GUL?® After
equilibrium MD simulation for 10 ns, 1us production MD runs were carried out. Trajectory data

were saved every 10 ps for analyses.
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