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Ac

Bn
Boc

Bu
Chbz
DCE
DCM
DIBAL
DMAP
DMF
DTBP
Et

quant

TBS
TIPS
TFA
THF
TMG

acetyl

Benzyl
tertiary—butoxycarbonyl
buthyl

benzyloxycarbonyl
1,2—dichloroethane
dichloromethane
diisobutylaluminium hydride

N, Ndimethyl-4-aminopyridine
N, Mdimethyl formamide
2,6-di~tertiary—butylpyridine
ethyl

iso

50% inhibitory concentration
lithium bis(trimethylsilyl)amide
mrchloroperoxybenzoic acid,
MNBromosuccinimide
methyl

methanesulfonyl

normal

nano molar concentration

phenyl

propyl

quantitative yield

room temperature
tertiary—butyl dimethylsilyl
triisopropylsilyl

trifluoroacetic acid
tetrahydrofuran

tetramethyl guanidine
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1. Palau’amine

palau‘amine (1)
(. J

Palaw’amine (1){% 1993 #E|Z Scheuer HIZ X > CH I v U 38 BICERT 2B
Stylotella agminata XV BEfShi-va—L « A/ I XY —LT ) huaAf RTHY, DT
B R SR ENHNEE A2 R 2 & N STV D0, Z ORISR, 1 O
BRA R & MEETEPEABAC & - TIEMREE M ZFE L., 7 e —71b2{T o LENH D,
LNALRN6 1IERbARPREE R RO —2L LTRLHALNTALAEYM TH V2 A
AR K D ERMFE SE BRI~ D K & IpffdE & 72 o> T e, G RN EE et S r Ry
BelT, HERETARDN TV ACHEELLZEALL DE &, MW N FHrafa %

(CIN=~2/1), mEICFR b 7 axr 208k (ER), G55 4 BEfRSE
Zate 8 HAFT LR ERNHIT oD, EO2=—7 RIEERRHED O ARG MITZE <
DEFEFENPDORVBEILEZED, TORMAMZEFITT TIC 60 HaABLTWDHE, Zhb
%2 < OAEMEFNICKT L, A ROERIT 2010 40 Baran 50 1 FlUDOIHRTH 7253,
2015 4, HAFIE=EIZEB VT palaw’amine DA AN ERK S LT 561

2. BREER

2012 4£1Z Tepe 1% 1 @ in vitro sRERZ 1TV, 1 OEL RIS EIZREZE T v T 7
—LDOXE N TV URMEREZET S Z LICL o TH SR SN D AEEMENH 5 L@t
L7z (Figure D6, X512, 1 O B0 OfEEASELEL L7z dibromophakellin (2) 6 112134
5 b DORBRDLFEIEZRT Z & AHEShi,

Br,

7\
B ' O
Y
B
HN C
HZN’,=N D
(t)-palau’amine (1) (+)-dibromophakellin (2)
IC50=4.0 uM ICs0 = 18.7 UM

Figure 1. S8Z 7077V — LT 5% ) 7V VKR IEABREENE



—J. BFEEIT, REK L7Z®-1 OREIMHENEEE ~ U 2 O FlAE U CRIE Lz &
A, RIRMOHBES I BB RMEATH D ()1 DIEMEL IR T, Al THL 7
SR@E) -1 OIEPED 2500 K 925 2 & 2 A L7=(Figure DB, K& L D& RIERT
b5 F)1 BEPEMENEHEZ RE RN LR TR I OBRREFP T RN &b, FH

T (D1 ITIERIEEINTRE L KT RIOIEN R H 5 D TlEZpnind & 2 /- (Figure 2),
9'%5%3 @)1 OFRHFEEO I TRE A RE ST 2 ONR N DA S A Tn 5
(H-1 OEH & LT, DREREER. 2 iEbIEMN. 3)%E R L IR OERBF S
ROBTZIAEH D 3 1Y OFREMENEZ DDA, ZiblL, &5 LD TRIFES AT
Y OGPFEEIE L U TOR®H 2 WITRE IO 28 LWERBETFORANEIFRFTE 5,

KK (-)1 ICso= 18 nM
> 25005 M EHE T
AR (-1 ICs0 = 45000 nM

Figure 2.

Tepe O 2V L7oHEIETEMHARRE NG 1 07 X 7 AF VAL 7 v VEITIEMER BLZ 283

\—‘?’/E.

RN EBZ . ERH OO 0EMMGEAZ BIEL 1 ONTHERAK 8 - IicefmT 52
& & L7z (Figure 3),

palau'amine (1)

ATERH (3)
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Figure 3.

3. EREIEHEIZRIT S RER

BAFFEE D @)1 OBE KON Z LI FICRT (Scheme 1), T72bbH, ¥ /a7 )/
>4 IR E L 25 TR CHETHEIA S 2152, 5 2% L LHMDS & Fifg 2 IEREH S &
%L, 10 ABDE BRIZHYS T 5 BRI E 2 — B CHEEE CX 5 (5—6), Z DEMNASL
BRDBF)ETH D, VT 13 LRTCRE FRAMEL (67 . ERD5HREALHIC
EV@1~EEHLL LI BOTHD, AAERIT, FLITHEATH THH ABCDEF B 4 4L
LTS, EAEKICE SO IZFEARA KRN ATRETH D,



LHMDS (3.05 eq)
THF
—78 10 0 °C;

AcOH (1.0 eq)
-78°Cto0°C

74%

! total 45 steps:
i 0.05% overall

N— i
o-NO.Br HO ©

Scheme 1

LU G, KEAHITHRE 45 TREZ OTREEZLEL T L0, Kikz v
EOMISIIIRAR S 572, ZHUTEPEIK 5 O C16 ALY T 5 & 2RI E H R R O
. F7- ABDE BRIEEZL O CRIBELS L6 DA L7 4 OBZICH KT D FERIEZEIZS
KOIEEBZET L EIRRBH -7, F—HROGHIEL BT 5 & ATERKREK 3
DERBZL OTREZETHZ N TPRIN, &2 CRIE/RE TRE BI85
REBICI YT Z & &L, Bl 2 DO EEE LT,

4. Fl2@RL

—OHOEKIGE LT, CEROIELRDIAVTFAU LT & FREEDOZHNY L5 =
FUNETOEANLTCRLATEMA 8 1Tk L, SeomiR{bs (5—6) ZHMT 52 & T
CDE B% 2RI THEETE 5 L MFF L7- (Scheme 2), i, HEIZEL->T8 D oDk
PHE7m & Cl0fi 7w h o5&k EIH S N-N G ORANETETT 5, DV T,
HECTeA R ) AT VT I K7 =F B HINT 528 TD BRI ND, TORAED
TeAVYTFFTLTOT =AVINT AT MIAINT 52 LT CEBEBERSNDEND DT
H5,
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Scheme 2

TOHOEKSIE, KEEOZ LW F I RO T ) 11T A A Ly b — K
I L > CTEHBBINEMIRELHEET DLV LD THD (Scheme 3), Z D% FEH X
LI ENTENL, B IRERTLREAE L 7o 5 =R E LR FEOREE L KIRIZE)
FTEDEMFELT,

@ @
HN HN 0
o Strecker reaction NH
EO,Q y #NH oo NN
CbzN z = s CN CbzN =
>_N\/:E> >_N\N :
MeS N MeS N &N
1" 12

Scheme 3
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Palav’amine O A\ THE&HEDEERK

1. BERMOEHREOBE L RILATRE DO SRR

FPERALATEA 8 DA AT L7=(Scheme 3), > 27 u<rF /v 4 #HFEFEE L,
Baylis—Hillman S Z#Hi< = b A % > D Michael fAISGE £V ZpsmdfEis 14 215
7zo DNT=haEOBRTTEEr— LT I MUKV T I MK 17 ~EEH L2, VT,
9K EOT v F kI E1ICh B LV =/ K18 L L7zDb, B KTV Uk
CbzNCS %t L TIEHS®HA Z & T, IO TV U v 19~z oz 1912
KLUTARMU Y D=L EIToT2E 2 A, BONVART= MY ADNEAI NG ER I ELLR
FEEST L Z LIRS L7z (RS—T D Table 1 T4 %), Zhid, EHEESHLTWY
oW F I YT ) TkET D Strecker S DD I TH B,

BBRIZ, TA VLT BATFNT A HAZBL L0, N 7t a 7 vF b zitoT-,
ZORE, Br—ERL N vt u T FubENnT 22 NERM E L TE LD,
WREIDO N U 7oA w7 TS A RIRAICERE LUBRIERTER AR 8 ~& 8o DL ED L9 IT,
HHRD 4 726079721 0 TR T 8 /0 AiEZML L, H LTIy I vr
BRSO KiE 7258 TR AT L=,



CO,Et

(CHOCO,Et), CO,Et CO.Et _NO, PAIC, H, NH, ‘TFA
n
£> BuP, rt o TMG (10 mol%) |, TFA HO
o CHCl,-EtOH MeNO, rt MeOH, rt

o) 89% o o)
4
83% 13 14 15
H — _
cl;C N 4 ) J )
| / ACQO PI’QNEt HN 0| HaNNH,-H,0 HN o
K2CO3 DMAP EtOH, 100 °C;
COEt __NH —— = |[COEt _NH , EOC 4 NH
HO DCM rt A CbzNCS, 1t | o : o
50% (2 steps) }—N
o o) S N
17 - 18 - 19
7 ) J
HN HN |
TFA (10 eq) 0 o .
NaCN (15 e
(15e9) EOq y N | Mol KOs EO,C 1y N DTBP
PrOH-CHCI3 | CbzHN ~E A THF, rt CbzN : D § o
- N\/I> 51% (4 steps) >—N/I> ’
s N MesS NI
L H CN J H ¢N
20 21
7 1 )
N ) ¢ ]
FsC
3 S 0 HN o
EtOZC H :/NH BnNH, E0,G _NH
: F _— 2 H §
CbzN = CbzN z =z §
>—N/I> THF, 40 °C >_N/I>
MeS N7 60% MeS  N—%
04 CN (2 steps) o= CN
¥ - CF
8 3
22 L )

Scheme 3

IEH L SN TWRWTrF I e T Y U Zxbd 5 Strecker UG DR OFEAIZ DU T
P95 (Table 1), ET/WIE 19% H\ T, Strecker KGR EITo72, £F
CN Ji%Z TMSCN (C[EE L, ZnCla & 5 WX TFA ZER SE-E 24, RUSITE< #ITL
720ro 72, IRIZ TFA (10 eq), NaCN (10 eq) % FV Tl £ HCN 2564 S THAIZD,
BRI ROSITHEIT Lo 7z, MLEORER L0 | BRI Cidr F I v BRI H 5 0
[THCN IZ L > TF'r hufbahnd b oD, 7 F AU K D IEHEbE T2 F I 0%
REKES 20T AW A A DIEFEEN DIV RIEHEIT LianwE FHELE, £
Z CTFA (10 eq), NaCN (15 e) DFIFIZEHL T 52 LT, 7'u b O HCN (10 eq) 233
A L7 BRI SREEHID NaCN (5 e M frT 5 L ol L, EEICR L Tl ZA, Y 7
Fa T FIVERN -HBREINTZ DD, HINE T Strecker SSAET L7,



Et0,C g Et0,C EO,C

FaC z :Z Strecker i F3C
NI “ponn m A/Q
N IPrOH, rt

o)
19 20 20"
reagents results

ZnCl,, TMSCN No reaction
TFA, TMSCN No reaction

TFA : NaCN (10: 10) No reaction

TFA : NaCN (10 : 15) 19% 78%

Table 1

2. CDE R—ZEEOBRFNO

BRAVATEEIR 8 Z 2 BRI ERKT D Z &N TE DT, il T CDE BB —ZFHEEOMRFHII
D#LATZ (Scheme 4), B LAIEEA 8 2 LHMDS TULFLL7-& ZAHMID 10 X557,
R DRI I T DA VT HULVLT 24 Tholz, LLERNL, KIGERYZ
PRI LT & 2 A BHMERIRAM O TITEN & CDE BRIK 28 DMFET 5 2 & Zfifgid
L7, 28 1XHAI 10 © C10 i =B~ —{KThH o722y, %O TR TELeTRELE~ & Bk
{bCcEdLEEL, FTIIRIAK 28 OINFEEZ R ESHD Z EICEYEATR,

74
@ O ]
p o N 0 HN o
\ 0
Chz~p-\
N Cbz~N NN NHCb:
C N z
= os—=17 rl)_i Mes—=N"\H /D
H  Mes” SNH
HN— 24
og\ = o=( NC o=(nC :
o ] CF, CFy 23 Major
8 10 (desired) 0%-~trace
Scheme 4

IR EOFNRNY 255701, EFTETEERDE LTEONEZA Y FATLT 24D
AR A B 52 L 7= (Scheme 5), AL Tik, DE BRIK 25 ETCIIEH I N b DD, fi<
CERIEMIZIZLEALEETLTELT, RIGOBRUIIZ L -T2 71 hvfbEziTict®
ZHND, DNT, 26041 VY FAT LT NEDOEFOUH LICK > TOT A D BN
L, i< 27T DIKGRRIC LY 24 2 H 27 LHEESnD, T7hbb, CERETHEEIN
- CERMAL AW 23 IXREICHBETE 5 DICH L, RISOBAFLIZ L > T DE D *%Tﬂ
B 25 IXIRSBICRHAA L CTLE ) ZEWRBINTZ, £, WERLZHET H72OI121EC
%%Wﬁﬁ@&ﬂ@%%%if@ﬁéﬁé_&ﬂ*@%ﬂko%_T\ﬁ%\@%\ME@
EHlia R RET L2, WINoOLA I bkt CRIBAUITMRIE ST, Z ORISR



EFIIARTHL Z EPEE o T,

— Major —
=z
oN {
0] Low
Cbz@N@C N conversion
8 — >=N"\H )P | ——— pes—=N
MeS@ H 0%~trace
N=%
o=(NC
L CFs 25 |
unstable
¢ work up

=z
Hn—Y ]
NCbz HN
0 0
.. EtO,G MeS—/< CO,Et
CszN\’j <Y o Ny ~NH | — 24 (major)
MeS —(—H N H
HN—
$ 0=(NC

Scheme 5

C BRIZEB AR ZRER L, 25 25D CBRIZMIC L > TEL L= h2 F23RIEIC 28 O
A I FEBAL 2 BT 2 W RSB Ye LT 7o L HEE L72(Scheme 6), £ 2T, = F% ¥ R
DREBEOMFN LR 2LV . CDE B —FMEEUE O B 72 5 a0 #lA 72,

3. F—REHROIMA (MR —FBHEERL)

[EAR DB L —HARA OIS T 5B —ZEHEESUNIZ BN THRE L o> T
7= (Scheme 7) B, AK&iX, 5 O LHMDS ALERZ L D N-N #5E0HEG—=5A) L7-D 5,
7 RT=Fr e —nT =4 BNIERMINGA—5B—5C)T % Z & T, HIY® ABDE £
e B3 GFHND, LLRD S YOS TEH S Method A Tid, BERIEEFHZALT D A b
FURNBC D BERY I REHBEST L2 L CTHRISHEITL, RIEER-TLES Z &
NHETH-T2, TOEDIZEBOER— LT =4V 2R LIEEE, ALDA RSV RO
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BT HIERRD LN, £2C, 3YEOHEILAIEKIZ 1 Y EOFEEZ RN
4% Method B O HI-ICRHT Z & CRIBZMIRT 5 LN TET, T4bb,
LHMDS B K-> T 5 1% 5B ~& A s b, 5B D4R A: TLC 53HTic k- TR L7z
%, BOGRTIZ 1 YEOFRZ BT 5 &, &bEEEDE N BB DIV ANA— T =4
N7 hAbEN D, DWVWT, BD O — /LT =4 VN AT IVAINT S Z LT BERA
Bk &5 (BD—5E), ZORALZA MR Rk 5BE OF7 2 RN A2KET D Z L72<
AH )=V X OBHEDEWBE DNV ANA— 7 hrZ2g| &< 2T, A MY RIX
I T I, EIETHIME6 2525 05D Th D,

) / A\
HN o0  Method A 0
LHMDS (3.05 eq), THF, —78 °C to 0 °C;
Hy NH 27%~50% 0
MeO,C, Hy
[ S >
Boc—N Method B
(N-t~/ oTBs LHMDS (3.05eq), THF, 78 'C100°C; g
=L\ . AcOH (1.0 eq), —78 °C to rt, 74%
o
CF3
5
LHMDS
(3.05 eq)
B 7 . #&EDpKa (DMSO)_

] /
oN [3\%0
(0] (~23) o)
§ N

MeO
MeO,C N\ MeO,Cu,, l»
Boc. /4) § —> | (~24)Boc]
R o |
Ot (0] SN\ )
EE \\ H MeO
F.c— \ OTBS CF; \ OTBS
L o _ 58
5A AcOH (1.0 eq) o f
_78°Ctort MeO | '\:'fzg;
Qo
MeO,C N
BocHN
©)]
o N
L CF3\

Scheme 7

4. CDE E—ZEE 0RO (1 YEOEFEREI)

DEoFE—tMRomzkEz 2L, SEIOFHE _HROGEL IV ARA— T =4
(scheme 6, 25) AR FFL7=FF, EULDT FX U ROAEZBRIRIZZ 0 FTHMLERD D
EBEZT, 2T, B EABRICERRE 1 Y BRINT 52 & & L72(Scheme 8), §72
bH, 8D LHMDS MHEC L » T D Bk 25 DA AR L%, FOSZRTIC 1 Y &Rt
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M2, kbEEtEosWwWEn— L7 =Frn 7o hAfbEn b, DT, CED
TERQ29—=30)IZ LV FF RBELDZN, 2O X RiL 30D CBA I NEN 2 S E
THZ L, =X —VEVEBEEOGWEr— O FEGIEHS LT MR
VREERIC ) 2 FTEDH /LT,

 #BEOD pKa (DMSO)_

” ) ” ) i
N
s =23 o || AcoH pN ol o
B Et0,C (10eq)| o EO,C 1 Cbz—
Ob2No o NG | - [coon— NN = - TN
‘N\\ H >_‘N\‘ H MeS N
MeS MeS
(~17@N < ON
0=(NC o=<NC

Scheme 8

LU 6, B L0612 1 YS0OFEEEZ N2 TH B 23 13557, R0
D 3 fREY) 24 & 52 D DI T - 7-(Scheme 9),

7
HN /
0
LHMDS (3.05 eq), THF
Et0,C y M ~78°C100°C; NHCbz
CbzN, ~EA
M S>_N\/I> AcOH (1.0 eq) MeS NH
e &N -78°Ctort, 24
o=
CFs

8

Scheme 9

AR T 24 2 5 2 2R IA &2 RO X9 IZHEE L 72(Scheme 10), T 725, D BRIK 25
DEBR—LVT =FUPRIZE>TT e hfbEnd 2L T290Er—LT I ROEFRKS]
PEDSA) 3%, ZHUCE 2T 29 DANANRA— T =4 NG FNOT AT AT REKET
HEVBRLAYVFAU LT LB FEMLUIET Z LT D BRIFBAEL(Q9—-31)., Hi< ik

12



IR K-> TR 24 DG ONT- LHIATE 5, LEDORERN G ARG L FERD
FUENFE _MROIE 8 ITITHEHTERWI LR bhoTe, £ THBROBFOF ML
o~ CRIPMORISHEEZBUORHES 52 & & L,

BFRIIMEAL
% 7 B N
Y N { 5 //
LHMDS ) o| AcoH H - NCbz HN o
(3.05 eq) O EO,G (1.0 eq) O E10,G, Mes—4 . co,Et NHCbz
8§ — | CbzN___ p | —— [CbzNI_ — Ny ~NO | —
>=N"\\H D=NJi\H J
Mes” g MeS oy H MeS” SNH
N— N— E 24
o=< N O=< NC 0=<NC
L CF3 25 | L CF3 99 _ L CF3 31 h

Scheme 10

5. CDE Bf& 23 DINRBZMEWER

C BRIERLO SOCHME 2 S B2 Lo R, BRALBUSTHIIE L LTT F I~ R T L1k 32
DEETDHZEICEZEY, CERNVTERVEBZKO L HICEZLLT-(Scheme 11), 7 b
TR IR B2ITALERT FF T FONBEZ > THM 28 ~LEIND IV b,
FORERINANA—=RNT =F A ~NERDHIEDBEINDEEZONS, LT 5T,
T KT ~RIAR 32020 HAOY) 28 ~DINTI R EITL T 57, 25, 32 MOt
PUREETEY., ELICZOEFIZIANA— T =AY 25 fll~ KX fFoTW5,
Z ONHHRA (25, 32) DELFE T, RUGDHBLIAZITH &, v b Afbx%ZF7- 26 & 88 7
Bohd, ZIRMEEAEY 26 1IFBRFRIC K VB ORI 208, 7 M7~ K F /U1K 83 14,
T harE—WERIC=Y ) — V) BiBET % Z & © CDE BRIk 28 ~EABHaxns, Lian
27T, 28 DILRMNEHE TH > TZHOJRKIL, FIERFTDOT M T~ KT K 32 DA
KslZhdre&ExT,
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Z
/ & O]
oN ON _ HN 16}
LHMDS le) EtO (e (e} EtO 0
. (3.05 eq) Cb%&O}C N CbZ\NJ (o) N Cbz~p R N
— ZN 7 -— 2D —4%» 151 D
THE >=N"\H - Mes—=N""\H Mes——N 9
MeS H H
—-78to 0°C @N y eN HN <
o= NG o=NC O=‘<C’\I‘=C 23
L CFs 25 CFy 32 | 3
o 10/~
Major * work up trace 0%-~trace
& EtOH
HN o
o] EtOQ¢_oH
+ CbZ\N N
Mes—=N"|H y
HN—Z
0=(NC
CF; 33

Scheme 11

6. 772 RS E

INETOELE S LI, RO L D IR SRR 2 F721237.%8 L 72 (Scheme 12), T 725,
DE 8K 25 7257 b T~ KT /UK 82 ~DEH 2 RNl ICHEIT SET 0 b | SOS D#ALEIT
FoT8amb= s )=y ba E—ARICHEET 5 2 & T, CDE Bk 23 2R R
BoNDEEZT-, A EZFEBRT L0100, BERI—NA— T =4 25 153k
FANIARLERT NV aX T R 32 ~ERIGEMRICETSE 2 LENH Y . TIVE TRV
T2l B ka7 OB NKRD b,

~ Z
N—? I
S HN o
o EtO
oS EOZ N A Cozn SN
z S=N"\H D > es—=N"H
MeS H H
On— HN—
o=(NC o=(NC
CF3 CF3
25 34
Scheme 12

PLbD X o 7plF N e SN DG EEITSEH72DIC, RO XD RRISHREMBICE
Z L7=(Scheme 13), I 72b b, WHEMHIZ L > CHIGSRT THERT A REZERT T ~K
TNRB2 DT Naxy ROLZEIRICT o hAbT 52 N TENUL, PV T =400
R G256, 82035 T K T~ K7 UK 32 PRI SN D 1o O RAKIINCIT Y T =4 3412
WKL TV S L7z, L2 L7235 Scheme 10 OFEHR LV . 25, 32 MO FAG ST/
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BNCKRE Lo TNDTeD, BEEO X 5 e — k77 v F U RZMNZTH DE BRIK 25 O E
O—/VT =F N7 e N ALSNDEDIHRTA Y F AT LT 241 22THfELTLE S, L
BoT, 3207 =AYy (HEMEAL) ZA79 % DE BIK 25 BISRHFICKEITHFET D
RINT, T OTOULIFELRZWT FINRINMEZ2D3OOT =4 DH b, f=oic
VEODTNAXY ROT =F L DHZERINZT 1 N AT D 0ERH D,

— #7&E# D pKa (DMSO) — - N
=
7
(285 N4 23 8 |
o ON O\=0
(15) EtO ~32
© EOL N obzE S0 [
CbzN " - D
>=N"\H > A=\ H
MeS 8
MeS H H
RSN . (1710 Nt
0=<NC O=<N6
CF3 25 CF; 32
= _ T =
Major trace
H® (pKa = 23 ~ 32)
Y
]
EtOeN ©
bz OH/
Mes—=N""\ H y
ON—
O=<Né
CF; 34
OT=F2 33
Scheme 13

— 5 RGO 6 DT =7 O M (DMSO F1) ZH#T 5L 32D 7 /v aXx
VROEEMERR L EL, 26 O — LT =AU QAR T HFBICE W E WD Z ED
2% (scheme 13), £ 2T, 32D7 /hafxy ROAEBRIZT 1 b AbT 572912, pKa
N 2375 32 D07 e hURERFSELZEE LT, TR, AL 320 7 raF
TRIET e P AR TEDLDOD, 25 DO —)LT =F L E 7 b AETE ARV E FE AR R
ExA32578 NARZRNT 2L L L,

7. CDE H—ZBEDOKHNOG (PhaNLi OEAN)

UL EoBZIHESE | HEIZ PhoNLi & V2 5% 2 L7=(Scheme 14), T72b%5,
PheNLi (2K > T 8 D2 oD{EMETm b C10 it 7 v b5 &#HEivd Z & T DE
BRIK 25 DR Z > T 3 48D PhoNH 23EIET 5, DWWTHNANA—= FT =F PR R
FTINIMINT 5 2 L TT b T ~RI R B2 WO FNERT S, 2D L ERPITHEET D
PheNH @ pKa(25)1% 82 O 7 /L 2% ¥ ROM&LED pKa(~32) L0 K<, 256 DEE—/L

15



T =4 OIEEED pKa(~23) L HEW e, T axy ROZANRINIZ T 7 h oAb
Nb, ZTORR, T FT~RFTUIEK 32 13V T7 =4 34 ~ L &S EHRAE (25, 32)
MBBRAA STV, 2L PENRAWITRAEIIINC 34 ~LIURT 5, DO TRISD#
WMPRZ L W=k ) — =y b E—AFNCHEET 2 2 &, B 28 B3 6id &

IHDTHDH, FERRIC 3.2 ¥ &ED PhoNLi TR L& Z A, 72% DI THLie CDE D
IR LTz,

ABISOEBIZ LY | @E ARG (25—23) A AT S 2 Z LN FREE oo 7,
TRbb, TRIANRIARBEOT LV axy FERIRIC T o b oAbt 5 &) Y
BRERAEREANT 2N TER, £, HOEEROILEBREELE L THEH &
5. D TREBRKEREWET L2 L TE T,

O
HN
o (0]
Ph,NLi (3.2 eq) Cozn-\_N
- O b
THF Mes—=N"AH /1
~78°Ct0 0°C HN—
o=(NC
72% =
3 23
(25) EtOH
» PhoN-H (3.0 eq) work up
— (PKa in DMSO) — _
]
(~23) ©N o
(15é EtO. (0] b EtO_ OH
. Z~
coN ST Ny o N s T hGh
Y <«— MeS— N’ —>| Mes—N
MeS o H Ie) H
a7 N < N
o $ o=(nC
CF; 25 CF, L . CF; 34
- P EES - STty
Scheme 14

8. 71 b IE®D pKa DEEMRREE

WIHE 2 DHFFERNLD) Z AV T, 2P TAEL D71 b TERNH) O pKa 28 FEER ISR
DEATIZEHBETHLINE I DERIET 22 Lz, ET1E 83207 /v axy R XM
2 EW EtoeNLi & LDA Z 5t L7-(Schemel5), Z O%HA. ZRHTEL D71 kRO pKa
(Et2NH: 40, ProeNH: 36) 1% 82 O 7 /L2 ROERED pKa(~32) & N KIEIZE < 7
HeH, ZoTNaxy NE7a hAbEShT, B 28 136l o 7,
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(36 or 40)

— #{3FAD pKa (DMSO) RoN-H (3.0 eq)
%
(36) 2N 7
LDA o
(15)
(3.05 eq) © EtOC cbrE
8(SM) ———» Csz\:g\“\ ) -— 2NN — > 23(TW)
or JENTL Mes—=N"\ .
(~40) MeS 0%
Et,NLi (17)© N—t
(3.05 eq) o=(né
CF3 o5
Scheme 15

W, 73y KEEFEVENR TV LHMDS % W28 W T4 5 (Scheme 16),
ZogAE, AU D7 a b JRHMDS)D pKa(B0)L 7 /L2 RoHERE D pKa(~32) & 1E
FERIHFETHL7D.82DT7 /v axy RiE—7a M AbInT T =4 34 ~L BRI b,
—HTAELET 2 7 =4 (LHMDS)Z 34 D/KERIE 710 b B &k Z 2N TE 5,
Z D7 3 ODOHHIR(25, 32, BA)DHNT MM LT, KIKE L TROLERILANA— |
T = 25 DEREAENZ Enb . BRI 28 XD T LG DALV EHERIL 72,

(30)
— #BEO pKa (DMSO) (TMS)aN-H (3.0 eq)

~ 7
4 J
30 2N / (~23) I S
mds | . eqzo @@O N
(3.05 eq) Mo E0,G EtO

~32
N Coz—O N L Cbe~y N

8(SM) — > | CbzNI" 1O — 23(TM)
N\ H > A= ~N~  Mes—=N"\H
MeS>_ H Mes— —N" \H " ° e o H 0%~trace
(17)eN ! (17)@N N=—<
? ¥ (TMS) N E
o=(né o=(né o=(N¢
CF CF; 34
3 25 CF; 32
(b=t FUT=FY STy
Major

Scheme 16

EFtoo LHMDS IRIMEAFIZBT 2 UG O 42T~ 272012, TOiER &
HMDS # #7585 Z & & L7=(Scheme 17), Z DA, ZRHEO 7 v kU JFEHMDS)ITKIE
IR D72, 82 & 34 ODMIOVHNIAMNMEE o7 =F > 34 DAL M BT 5 2 &
5. BHAYY 23 DULEM LA TE 5, EEICR L TAL &, THED 23 DILEDR 36%
FTMETHZEEMRTE,
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#1&F pKa (DMSO)

(30)

(TMS),N-H (13.0 eq)

Z
/ 7 C
(30) 28N Bo\ ON o
LHMDS o Eto. OH
8 (M) %Y gz)(?u@c N P S S O — 23(T™
Z R O
(S - . M s>:N\\ S H > Mes—=N""{ H > Mes—=N"|H H 36% m
e
HMDS (17)@N ~ (170 N—d H @N o
(10 eq) o=< NG o=(né o=(n¢G
CF3 o CF, 32 CF; 34
c)T=F> cYT=F> CT=FY
Scheme 17

BB, 7axy R =40 K0 RIBICHEEEAERV (prBrPh)oaNLL & f5T L 72
(Scheme 18), Z DA, EL 571 b U((pBrPh):NH)® pKa(<24)lZ 12 —/L® pKa
CIRERRREIC2 5720, T<OTMAELTE32D0T7T vaxy R =40, K&l
595 256 DR — LT =AU NEICTm hAvAbEnbd, EO/E, 7 =4 29 12X
RU, BERICL > TETHMELT, b L<IE, (pBrPh)2NLi O PhoNLi & X
TERWZD, MU T =42 25 Z2REEFICOT =42 29 AR L, BIEICHM L2 &
NHEZEIND,

(<24)

RoN-H (3.00) 458 0> pka (DMSO)

(<24)
RoN-H (3.0 eq)
»

\ =z |
/ aE
(<24) 2)gN (23 L
(BrPh),NLi 15) o oO8\=0
(3.05 eq) © E0Q bz B\ O NG
8(SM) —» | CbzNI—" e NN —>> 23 (TM)
JENT\H Mes—=N"\H h
MeS H Hl 0%
(17O Nt (170 Nt
O=< NC O=<NC:
CF3 25 CF; 32
— c)7=H>
Major
l EFR5IMERLE
2 W B y 7
N J
H NCbz HN o
O.E10:G ¢ MeS-{ CO,Et NHCbz
CbzNJ __ H —_— N H No e
MeS: N o —y MeS” “NH
O N—< N—% 24
o={ NG 0= NC
CF; 29 L CF3 31 _
CT=F

Scheme 18

PLEX, ZPcAELSD 7 b ERNH) O pKa B GSDOEITICRE L BboTnd 2

LEROMMNITDHIENTE,
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9. C10 i R ¥ v B F D KK i

WL, AvaFAONIKNEEZ S L7-(Scheme 19), DFT #H A2{1-72L 24, 23 &
FERT 10 DSBS ZNCRE TH D Z EDNRS N2, IRINFNZ L - T 28 2005 10 ~
ERMAETE D L TR LI, FaRETOMER, BRI L > TE Y ZEREHOIRRLE
10 ~E BMALSH D Z EICkB Lz, T7bbEd 28 O TFA LI LY | ebIERAHED
BWA Y TFAYLTERNT 0 b AbEZITH & T, CERNZ(E5—-36)T 5, 2\ TC
BROIA(86—38T7) L il 7 v k2 ALBT—10)023 1 T3 2% Z & T, C10 iz A & v i1 DO fR1k
PENEGRSEDLZ LN TE,

7 B 7 7] 7
HN / ¢ / HN / ¢ / HN /
HN HN -
0 ° 0 o Q ° 0 0| Ficco, Q ©
Cbz—NN\ 10 N TFA Cbz~y N Cbz—p N, _, Cbzy N Cbz—y ;\%10 N
= —_— W |—
Mes—=N"|H 1 CPME MeS/LI%D ") -~ Mes’&/' ®\H H‘_MeS’L% H Mes—=N"AH /|
HN— 40°C HN: F3CCO,H HN—
O=< NC O# NC O# NC O# NC O# NC
CF, 23 CF, 35 CFs 36 CFy 37 | CFs 10
0 kcal/mol —7.8 kcal/mol
Scheme 19
10. AB ROIELE

HI)O =BG ONT-D T, RIZABEROEELZRF Lz, £7 10 DA I RELL
DIETCIZ DV TH T % (Scheme 20), 4 ETRMFERFTLIZE 2 A, A4 I KOV
A= FEiTE s d, Cbz HALO B NVR=VIENELINTAELD 39, £2IT Y 70
Fa T FENBELINTELD 0 BRERERME LTHONDLDRTE STz, ZORER
ﬁ?;lO@So@ﬁwTﬁw%@oE A X REBAEA e B BOGTEMR N Z &R ST,
L LR o, REGHICITISHED i ARV A I R LR = VK ORIRAY R E LA AT
RToHD, £ T, ﬁ@i?ﬁ%%%i L7,

- NaBH,
4 | - NaBH3;CN ¢ | J
(0] oHN o - BHz*SMe, HOHN 0 HN / //
BnO/[( Q - BHa*NHj o]

N, N Cbz~p N & o]

wes—=nT > es—=n"TH HN‘\,,,, N BnoJ( o,
H DIBAL H Mes— —N"\H e

. H MeS N

HN=Z - Redal HN=Y HN H
O%CI\’I:C - IrCO(PPhg), O=<CI\::C O=< NC‘ HoN T

3 (Me,HSi),0) 3 CcF, 39 NG "

10 38 (desired)
Scheme 20

HZW 10 D =RoeksErx B Ch L E, M ZrFar7wF ke 4 3 REMAZERIIC
Wz &3 h 5 (Scheme 21), £Z2 T, MU 7rA4nm 7??/v%@ﬁ/vrﬁ:/vﬁﬁ$i:3§ﬁ:
FIM-H) 2 B AEN S8 5 Z N TENTA0—41)., BFREEIRIRAIZ A I REL &2 & T
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TOHIENTEDHEBRT,

7
O HN o CF, SMe CFy i"e
Q g N\ M
B"OJ(NA\,,, N HN"No N’ NCbz BEI (M-H) HN"07 I\NL\K‘C”Z
Mes—=N"H = \cult m\\\(k) o e > newhdl Bl o
HN=—< H f /
3 Y 7
o=(N¢ 10 41
CF,
10
Scheme 21

FREOBAIN R AT LTS 2B E 2. RO K ) G CEBBASRIRMZ A I FiEx
Z#iE L72(Scheme 22), 97205 10 @ sBuli LFIC LV . bEBMEEOES WY 704
07 b7 2 ROE®RT T FoNFIEEINT I RBEICY F YLD F AN LEZT
Pr )T — k428 EKTH, DV TBH3-SMe: Z1EHSHEHZ LT, RL— |k 43 /&
LCA I FEZBIRMICIEICT D2 N TELETHELL, LaLaens, FEEICHL
THDEHMY 88 1355 T, Y 74 a7 BT VR BRICRE ST 40 35D
NDORIEST=, Zhud, Bulillk->T, L7 Hx /) T7— 1 42 TiEed 7 I REHRIC
UFTLHTFA NN LT ERT =4 44 DR L TER L Z ERFRRKRTH D & 55
L7, FFE, DFT HEZ1TO & 42 12T 44 OB LEE ThH o1, ZOHERKIX, 44 O
Li-N L SN TSNS, DWW T, BHs SMee WERIZHNLTHZ E TLER VAR L —
Nas BERRL, MU 7t a T BT ARNRESNIE LB X, TOD, T I REEEDR
HEMICHBEBLLEL TV 7 — 42 2B L TAERI T BRI BHEITo 7,
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7
0 HN /
J( 0] "BuLi, THF, 0 °C
,\.\

H BH3-SMe;

CFs % SMe CFs
J -k ,k then J\

BH3-SMe
> | NCusl H m‘\o o 3 ...... 2 NC H H ’\

[z
42 (O-Li)
0 kcal/mol
!
CFs SMe CF3 |, SMe
s [+ then |
07 M Mcee BHySMe, | &"%—BH: /Ny,
— NC i H ) o) —_—> NCi H -\“\& 0
0 “ o)
< N N < N N
" ! 7 " !
44 (N-Li) 45
—3.06 kcal/mol

Scheme 22

i 2 it L7z . HMPA RN REAERIC & b2V R T 5 2 & 2 R L 72(Scheme
23), 7205 10 D PrOLi WFIZ K> T, BRICV F VLA TF AU PRNLLIZERT =F
V44 HT-t%, HMPA Z{EH &®7-, ZOfER, HMPA XU FU A B F 4 BT 5
Z & T Li-N ol EI3fEHE IS, EH T 77— 46 f\ﬁﬁﬂﬂ“éo 2T BHa-
SMez #/EH S/ 5 Z & THEE AR L— b 43 BAER L, BREHEERIRICA I R ZETLT
HTENTET,

MezN NMez
Me,N— P
/(IZFg SMe oFs + SMe CF3 )S\Me
ProLi 2 HMPA then k -5\

7%~ [ Lis_ )t N““0 N’ NCbz
N N’ NCbz MS 4A IN!
(1 eq) w0 N I — | newl B IS 5 | — 38
10 —| NCw N o ° 0 % (TM)
(SM) THF LN N ' NK; o NN | e
0°C BHj;-SMe, H (2 steps)

46 43
44 (N-Li)

Scheme 23

HNT, Bo=~IT7 I —/L 38 % MsCl TULHT 52 L TA I =L hF 4 47
DOERRIZE S Ea—iLn b ORI X - T AB B OS2 AT L7~ (Scheme 24),
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Scheme 24

11. AL 3 DB R L IEHEEHE

Lo HBRMEEEZHET 52 LN TELOT, &5 FEROBEIZTY FLA 72 (Scheme 25),
FFTNTA8 D NV T F u T BT NEOREZKET L7253, DIBAL X° NaBH4 &\ o 72 BEfF
DOFETITEHEMIIG N Te, I TEOA I RETLOMAEZIEH LT, HMPA %
W3 sBuli OATUHET 52 LT, VFULDT AU NERICRNL LIZERT =4
49 Z#E STz, DWW T BHs*SMe: ZEHSESZ2 & C, AL—h B0 B LTHY 7
AT BTFNAEERELE VT T I/ = I ABLIZT T =V 25 A LB
HRTTT IV B3 DMK EZATH Z & TF ROMEITHI) LT,

CF;3 SMe CF; H SMe
+ ~—|-
_ U BH;-SMe O
"BuLi (1.0 eq) O)\N/ I“N}I\NCbz —783°C tozo °C O)\N/BH2 N’ NCbz
> NCm H .\\\‘AN B _— NG H O\ N—X —_—
H THF, -78°C NP No HMPA N )=
H H
49 50
r & 7 52 S
N 9 0-NO,BnHN”" ~NHCbz
EDCI
THF, 40 °C

Scheme 25

%X, 54 OBXFEEREELH AR L, B N TERE 8 ~&H 1 7=(Scheme 26).
FPFIIUDIC 541K L TDIBAL Z2{EH & E 5 Z L T~ 71—/ 55 & Lz, DT,
55 DA VF A LT L LI=DOL, BiRT T AMETUHT L TCCBRIT =V
JHEEAN LT, %2 BT D oNO2Bn Jk L Cbz JeafrEd 52 & CALEKK3 DA
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RAEEMR LT, TTIROY 7 aX0T7 ) o anbbT 2l TRTERTHIZENTE, F—
HACE R D 45 THE & bhig U CKE 72 TREEEIRIZ R Eh L7,

7\
/N\ o . 0
CbZ\ N CbZ\N N
N mCPBA N |—
o DIBAL " S g
MeS H C o M H
DCM DCE, 0
CbzHN \</N . CozHN CbzHN—¢
N 72% o N0
O-NOan (0] NOan o-N an _]
54 55 56
7\ I\ o
Cbz, N LED (365 nm) N
NH3+AcOH N=, N MeOH, rt; HN NG i
——» HoN N7\ H H _ HZN/L H y
MeCN, 80 °C N H Pd OA a H
CbzHN—z 2 C)2 :
\<N TFA—H o He N\( :
o 17 :
o-No,Bi ~ OH 58% (3 steps) o .
L _ N ;
57 ATEBHGE) L
Scheme 26

Ak Uiz NTER%IR 8 OIEMEFMEi 21T 728 24, 83 @ 100uM Kk L O DMSO &
WRIE, SIS DFREE & 72 5 TL-2 D4y W a K432 £ T 2., palavw’amine (1) & [A#RIZ 6
RIS 2G5 2 E0NH B E 7o 7= (Figure 4), AfER LV ZOEREEE S FE
PHREEE SN TN 1 D77 —~aT7xT L3 10HD T L2 MFUTEKT TR L, &
b, 10 C17ALE C18 (L DBEHILIT I IMHNEMIC KR E S HEEZ 52 RN\ L 241D
THLNZTHZENTE,

IL-2 (ng/ml)
PMA -+ o+ o+ 4
Lectin - + + + +
AL (100 uM, water) - - + - _
AT $E#&{F (100 pM, DMSO) e
1% DMSO - - - - -

Figure 4.
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1. EBALOFE

R E W OVE RSP AEINT — M0, TEER SR O, B bR M N 26
TEEF, AR N7 OFREICL > TEMRSND, EFICLD ZNE TOMREIZEL T,
B LT NTHERRIR 813 1 & A mEiEtEZ <4 2 L 2B b TE 2, EIT
R DT DFE—EMTH D 1 OIEWFEROFEE 7 ) 7 TEXI20T, RIiL 3 Ok
WY AHTrZ & & LT, Teb b, IEMEICREL 5 2 720 C18 (LIZ s AR 0 e FiFn
TS A E A LT B8 X° 59 A AT D Z & & HEE L72(Scheme 27),

/\
NN
HN—_N
HN—=N7\ H )
H2N\</N J
oH
AT (3)

( 1£ AR REMFIEE }

Scheme 27

MR ETIE, FFRLONBEEELALL 102 2K FBEIELEAEYMTH D
1,3a,6a-triazapantalene (60: LA T, TAP &4MK) 728, = /X7 "y %A XTHV 7
N OEN TSR & U THRET 5 Z & & WL L T2 (Figure 3) 17,

5 6
! \@ [ ;
/N\ /N\ — /N\
NN Oy = 4 NN 1
\—/ 7 \\—//
S) 3 2

TAP: 1, 3a, 6a-Triazapentalene (60)

Figure 3

TAP (FRITRT HIEIZ L > CTREICARRT 5 2 L3 A[BETH H(Scheme 28), T72b 5,
2ODMBERA AT ATV R 61 L7 AF K LT THF f, iR Nk U =F L7 2
VEERESED L cick JSIZED T Y=L 62 AR LB, HFROEHRND DB
BEOGEIT L, B3 7 m ik 63 23 ERT 5, it T, AFHEEIC X D HBEAUS & HF&F

24



AL R L TR 2V, 2 (7 E#: TAPB5) ) —BEETARTE 2L W) D TH D,

Cul (5 mol%)
(MezNCHQCHz)QO
oTf (5 mol%) [G\,N\
N orf * =R AOh

3 TEA (5 equiv)
61 THF, rt 65 R
l Click reaction T

— Et3N H =

TfO, OTf TfO H
A OoTf — ©oTf
NG C) - > @
N, NS n NG
N N NN NN
\=( \=( :NEt =(
R R

R
L 62 63 64 _

Scheme 28

FROARRIEZIEEIX, Scheme 29 127 F & 9 IC N THERIR 3 108 AT BURD
PARRRIEZ HAT 5L TED e ERT, Thbb, T C18 (il F = /LI & L
7266 X LT = NEEGT LTV R6T #EHIES 2 &C, dbiEii L 72 5 TAP
WEAIND, DNT, ZTOTAP BPETHZF =V EZEH#HNVICTHZ LT, @R
DELRREMDOSEN TSNS TAP L&k 69 . HBAMEEHRL L LTSRS
NV T2 ) UPRBEANSNE T 2 REILKBLTENTE D EHRF L,
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Scheme 29

2. TFNVEERTLT VR 67T DERR

IXUDIZ, =F=NVEEHTDHT VR 67T D& E M L72(Scheme 30), o7 v L
AT Na—LT12%23d7FRICE->TT78 L LIzoblE, TBS 7EF L2 DMWY v
Vo7ickv=r A 74 L LI VT, NBS ZHWCT7rEE KU UALET Y RMEZE
TV, 76 2157, wBIC, KBEEO N 77— MEIZXY BHOT Y R 6T #am LT,
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TBS——= , Et3N

Nal, TMSCI Pd(Ph3P)4, Cul
/\ OH —— | OH ————> P OH ——»
72 H20, MeCN 73 THF Z CH,Cl/MeOH
it it TBS 0°C
74
52% 91% 50%
TBS NaN TBS, 60 lutidi TBS
alNg 50, lutidine
\\ OMe —— \\‘~ OMe —_— \\ OMe
N OH N OTf
Br OH DMSO 3 CHZC|2 3
120 °C —78 °C
75 76 67

52%

Scheme 30

3. TAP EFEEDET VAR

TAP A D720 DJFENI S HN=D T, KX 66 (Scheme 29)DET MALEW & LT
2T 1T FAWT, TAP A O FEB A e A MRGE L 72 (Scheme 31), 77 & 67 & @ click
G &aAT>12E A, NI TY =78 % 5%, DT B0CIZINRET 2 2 & T Y7 mHifH]
K 79 B HhT-, KW T-78CT KHMDS #{EH &5 2 L CoF =2 H7T 25 TAP

B80)& 1G5 Z LIThE LTz,

TBS 67

\\ OMe
N OTf -
TBS
Cul (5 mol%), Et;N AN
(MezNCHchz)zo
e THF, 1t
77
'd ~\
TBS
KHMDS
—_— + N\
THF, -78 °C N° ~N
52%
12
80
(. J
Scheme 31

78

92%
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TAP B AN ITZAAZ EDRbho =D T, IRIX TAP LA N EEICE A FTREN &
3 DaEkREE L7-(Scheme 32), 2228 L7- TAP (80)» TBS #&E L7=0b, =F = Lk
ETRUT Y —)L 82 4537, DUNTHIEGERIC

L= A >

PHTAHTYRET7 EDclick KinxiT9 2
Ko ruediiiike Li-ob, HEZEHIESZ LT TAP &K 83 2155 Z L I1Thk
L7z, DWVWT, 8D TBS KERELI-DL, JeLEfkd TAP AEICE+T2 2 & T

TAP —8{K 85 2 AT 2 Z LiC bk L7z,

TBS 67

\\ OMe
N3 oTf
TBS,
\\ Cul, Et;N
\\ (MezNCHchz)zo
TBAF ~ THF, 0°Cto rt;
G,\ B — NG >
N’N\N THF, 0°C NON washed with
. 68% 5% NH3 aqg.
12 81 12 86%
80
'd ~\
TBS TBS
X Me o N\
NG
N N i) THF, reflux ('?\N)N TBAF
— —_— - R
\_25\ ii) LiINEt,, —78 °C THF, 0 °C
N
N\K—DE(\_)_ 62% (;1,5 " 69%
12 \_%,
82 L 83 121
'd N\
67 TBS
1) TBS \\
\\ OMe
N3 OTf QN
N’ N
\\ Cul (1.2 eq), EtsN \.)
(MezNCHQCHz)zo
Q N. THF, 0°C o\
NN > NN
2) THF, reflux
QI then Li-N ], —78°C QI
"\ NN
13% (2 steps) \_%_)7
84 12 85 12
\N J
Scheme 32

3. TAP EfEE DWIR « #EART bAVEIE
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ARk L7z TAP E(K 80 ° TAP —&{A 83, TAP =&k 85 OWLINE L e A~ kv
ZRE L, BEROMEI > CTHICEENZET 522704 L7z(Table 2), 7Bt &
FUHEIL, DPA(P=0.9D)ZFHEME & L TR L7z, R E LT, TAP 272 5 IZ-D4LH;
HEITFHFENP DR~ B L, EATURE LML T DR R 6N, —FTaol
BEFICRITIIHE Y ETHA DN o7,

TBS 'NL

80 2 83 12 85 12
Aabs (NM) 322 343 350
Aem (NM) 460 503 505
EILIRIEFHRE 5926 7414
12317
(dm’mo1~'em™)
D 0.012 0.002 0.007

excited at 350 nm (85: 370 nm) in DCM

Table 2
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G

—E T, EHDHL LT-AR T IERERET 52 L T, MO CTHRAREEE Shd
palau amine O N THZKRZ R EKRT A Z LI LTz, Thbb, KIGEDZ L
rFIURE T ) O Strecker SUGIZ Lo T, BERNEBBRREEZHET HZ LN TE
7o F1o. ﬁ%kLfﬁmtﬁi@mmm@i&&ﬂ&kLT%@<%&@&E+%%4
$5Z L TCDE 8% 285 5 2 LI Lo, Zhud, @ AR B b & 1T S
RENAY ) }iFEEF'F'WZISTZ%JéT ENIZ~NRIMEROT IV axy R, pKa BE&ZEFET 5
zk “GL?REI"J I7a MALTHE WS EHRTFIETH Y . BHERRMORERA~DIEH

PSS ID,
// //
HN
5 steps HN O TFA NaCN O 3steps

£> — EtO,C y ¢ NH ——— Et0,¢ y M —
o /Ig PrOH-CHCI; CszN}_ s U g
=

CbzHN
N
S

AN O  PhyNH
(3eq) EtO O PhyNH
EtOZC H & NH Cbz— N
CbzN EE 4—’ CbZN>_ MeS’LN
>—N\ Ph,NLi H
MeS N7z (3eq) i

H PhoNLi
04 CN 0=< NC (1eq)
CFs CF3 CFy _
Major trace

7 / /,\ \ 0
O o cbz, N\
Cb 6 steps N 4 steps
Z~N 0 N — MeS I=\ —_—
Mes—=N"\H 0 ——= W ey T
H
) CszN\(l:
0=(NG 0-NO,Br{ "o
CF3 2 Palau'amine (R' = CH,NH,, R = Cl)

AT$HERE (R =H,R?=H)

BRIz T, AR L= N TIEZAIRDY, palaw’amine (1) & [REIREDO S MflETE 2 73 2
EaRRH L, 2k b, palawamine @ C17 iz & C18 [\ D & H I X0 MmTE I K
EHEEGI RN LR THOLMNICT LI ENTE,

HOETIE, = F=VRAT 5 TAP GREDRZEICKRS LT, T7bb, =F = k%

HITHT7YRETIFD click Bt « MNEL « HHALERIC > T TAP BEKREZ ARk LT,
FRARPEEEEYIKTZ & CTTAP &K, TAP —&KE25KkT562 & TXT,
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- _ N= — —
=R TBS%{@E&R = TBSf(@Nﬁ)}zR =, 78BS +

- Click R I
- gk
CIRENE
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Experimental section

General Procedures and Methods

All the reactions were carried out under an argon atmosphere. Triethylamine (NEt3) was distilled
from CaH; under argon atmosphere and stored over NaOH. Anhydrous solvents and reagents were
commercial grade and used as supplied. NMR spectra were recorded on a Bruker AVANCE III 500
(500 MHz) or Bruker AVANCE III 400 (400 MHz). Chemical shifts were reported in parts per
million (ppm). For 'H NMR spectra (CDCl3), the residual solvent peak was used as the internal
reference (7.26 ppm), whereas the central solvent peak was used as the reference (77.0 ppm) for *C
NMR spectra. Mass spectra were recorded on a Waters/Micromass LCT PREMIER. Infrared (IR)
spectra were recorded on a JASCO FT/IR-4200 spectrometer using KBr plate. Analytical thin layer
chromatography (TLC) was performed with E. Merck pre-coated TLC plates, silica gel 60F-254,
layer thickness 0.25 mm. Reaction components were visualized by ninhydrin in 3% acetic acid in
"BuOH, p-anisaldehyde in 10% sulfuric acid in EtOH or phosphomolybdic acid in EtOH. Flash
column chromatography was performed on Kanto Chemical Silica Gel 60 N (spherical, neutral,
0.063-0.210 mm), Merch Aluminium oxide 90 active basic (0.063-0.200 mm) or Wako Wakogel
50C18 (0.038-0.063 mm).

Experimental Detail

Compound (13)
(CHOCO,Et), CO,Et
"BugP, rt
tet HO
O CHCI3-EtOH
(@]
4 83%

13

To a solution of cyclopentenone (4) (10.0 mL, 123 mmol) and 47% toluene solution glyoxylate (32.0
mL, 307 mmol) in CHCI3 (300 mL) and MeOH (100 mL) was added dropwise "BusP (3.0 mL, 12
mmol) at 0 °C, and the mixture was stirred for 0.5 hour. To the mixture was added "BusP (3.0 mL,
12 mmol) at 0 °C, and the mixture was stirred for 0.5 hour. The mixture was concentrated under
reduced pressure. The residue was purified by silica gel column chromatography (Hexane/AcOEt =
2/3 to 1/2) to give 13 (18.8 g, 102 mmol, 83%) as a colorless oil. 'H NMR (400 MHz, CDCl3): &
7.65 (dt, J=0.76, 2.7 Hz, 1H), 4.93 (d, J = 5.0 Hz, 1H), 4.31-4.19 (m, 2H), 3.54 (d, / = 5.6 Hz, 1H),
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2.68-2.66 (m, 2H), 2.48-2.45 (m, 2H), 1.26 (t, J = 7.0 Hz, 3H); *C NMR (125 MHz, CDCl3): §
172.2,161.5, 143.1, 65.9, 62.1, 34.7, 26.9, 14.0; IR (KBr): 3438, 2983, 2930, 1746, 1694, 1632 cm’!

Compound (14)
CO,Et COEt __NO,
O TMG (10 mol%)
MeNO,, rt
o] 89% o]
13 14

To a solution of 13 (37.6 g, 204 mmol) in Nitromethan (1.0 L) was added tetramethyl guanidine (2.6
mL, 20 mmol) at room temperature, and the mixture was stirred for 10 minutes. The reaction was
quenched with saturated aqueous solution of NH4Cl at O °C, and the mixture was extracted with
AcOEt (x3). The combined organic layers were dried over anhydrous MgSO,, filtered, and
concentrated under reduced pressure. The residue was purified by silica gel column chromatography
(Hexane/AcOEt = 1/1 to 1/2) to give 14 (45.0 g, 182 mmol, 89%) as a colorless oil. 'H NMR (500
MHz, CDCl3): 6 4.74 (dd, J = 5.3, 12.6 Hz, 1H), 4.51 (dd, J = 8.1, 12.5 Hz, 1H), 4.34 (d, / = 2.8 Hz,
1H), 4.33 (q, J =7.2 Hz, 1H), 4.28 (q, J = 7.1 Hz, 1H), 3.18 (brs, 1H), 3.07-2.99 (m, 1H), 2.56 (dd, J
=1.8, 11.4 Hz, 1H), 2.42 (dd, J = 8.2, 18.4 Hz, 1H), 2.35-2.20 (m, 2H), 1.74-1.63 (m, 1H), 1.30 (t, J
= 7.1 Hz, 3H); ®C NMR (125 MHz, CDCls): § 213.4, 172.8, 78.5, 68.3, 62.6, 37.6, 37.0, 25.2, 14.1;
IR (KBr): 3421, 2984, 1748, 11645, 1558, 1385 cm’!

Compound (17)

16

(@]
AN LUZT

7

ClsC ¢ |
COEt __NO, PAIC, H, COzEt __NH,-TFA K,COs (o)
TFA COoEt _NH

HO ———  » |HO _ =
MeOH, rt Jj;g
(0]
17

THF HO
(o] o] 50% (2 steps)
14 15

To a solution of 14 (2.1 g, 8.4 mmol) in MeOH (42 mL) were added 10% Pd/C (1.0 g) and TFA
(1.90 mL, 25.4 mmol) at room temperature, and the mixture was heated to 40 °C under hydrogen
atmosphere for 1 days. The mixture was filtered with Celite, and concentrated under reduced
pressure to give crude 15. The crude 15 was used for the next reaction without further purification.
To a solution of the crude 15 in THF (42 mL) were added K>,CO» (36.2mL, 260 mmol) and 16 (33.0
g, 173 mmol) at 0 °C, and the mixture was stirred at room temperature for 24 hours. The reaction
was quenched with saturated aqueous solution of NH4Cl at 0 °C, and the mixture was extracted with
AcOEt (x3). The combined organic layers were washed with brine, dried over anhydrous MgSOs,

filtered, and concentrated under reduced pressure. The residue was purified by silica gel column
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chromatography (Hexane/AcOEt = 1/1 to 0/1) to give 17 (1.3 g, 4.2 mmol, 50%) as a pale yellow
amorphous material. "H NMR (500 MHz, CDCl3): § 9.75 (brs, 1H), 6.92-6.91 (m, 1H), 6.77 (brt, J =
5.2 Hz, 1H), 6.63-6.61 (m, 1H), 6.21 (dt, J = 2.6, 3.6 Hz, 1H), 4.63 (s, 1H), 4.28 (dq, J = 7.2, 10.7
Hz, 1H), 4.19 (dq, J = 7.2, 10.7 Hz, 1H), 3.88 (brs, 1H), 3.85-3.80 (m, 1H), 3.41-3.36 (m, 1H), 2.49
(dd, J = 2.2, 13.3 Hz, 1H), 2.44-2.35 (m, 2H), 2.32-2.15 (m, 2H), 1.65-1.55 (m, 1H), 1.25 (t, J=7.2
Hz, 3H); '*C NMR (125 MHz, CDCl3): § 173.2, 161.6, 125.8, 121.8, 110.0, 109.4, 69.3, 62.4, 56.8,
42.8,39.9,37.9, 25.4, 14.2; IR (KBr): 3379, 1739, 1621, 1566 cm™’;

Compound (21)
7 4 i Z ]
) i HN / |
HN o Ac20, ProNEt o HQNNHz'Hzoo HN
CoEt Ny 2MAP  |coet Ny | EtOH100°C EoC |, NH TFA, NaCN
HO DEM. 1t N CONCS 1t | opahN 32 IPrOH-CHCl,
>_N\ —
o lo) L S N B
17 T s 19
B ] %
// |
MeI,K2003 NH
Et0,¢ 4 —NH THE BOG y ¢
A ’ CbzN.  ~ZE X
CbzHN : ,
N\/I> 51% (4 steps) y s>_N\N [
S N—= e H
B H &N i H CN
20 21

To a solution of 17 (11.6 g, 37.6 mmol) in DCM (10.3 mL) were added ‘ProNEt (10.3 mL, 113
mmol), Ac20 (4.3 mL, 45 mmol) and DMAP (459 mg, 3.80 mmol) at room temperature, and the
mixture was stirred for 4 hours. The reaction was quenched with saturated aqueous solution of
NH4CI at 0 °C, and the mixture was extracted with DCM (x3). The combined organic layers were
dried over anhydrous MgSOy, filtered, and concentrated under reduced pressure. The residue was
passed through a short pad of silica gel to give the crude 18. The crude 18 was used for the next
reaction without further purification. To a solution of the crude 18 in EtOH (752 mL) was added
H>NNH>-H,0 (2.70 mL, 56.4 mmol) at room temperature, and the mixture was stirred at 100 °C for
1 hour. To the mixture was added CbzNCS(14.5 g, 75.2 mmol) at room temperature, and the mixture
was stirred at this temperature for 5 minutes. The mixture was filtered with Celite, and concentrated
under reduced pressure. The residue was passed through a short pad of silica gel to give the crude 19.
The crude 19 was used for the next reaction without further purification. To a solution of the crude
19 in CHCI; (79 mL) and ‘PrOH (79 mL) were added NaCN (23.2 g, 474 mmol) and TFA (24.2 mL,

316 mmol) at 0 °C, and the mixture was stirred at room temperature for 2 hours. The reaction was
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quenched with saturated aqueous solution of NaHCOs at 0 °C, and the mixture was extracted with
AcOEt (x3). The combined organic layers were dried over anhydrous MgSO,, filtered, and
concentrated under reduced pressure. A solution of the residue in AcOEt was washed with H,O, and
the aqueous layer was extracted with AcOEt (x3). The combined organic layers were dried over
anhydrous MgSQOs, filtered, and concentrated under reduced pressure. The residue was passed
through a short pad of silica gel to give the crude 20. The crude 20 was used for the next reaction
without further purification. To a solution of grinded K>COs3 (3.50 g, 25.1 mmol) and the crude 20 in
THF (100 mL) was added Mel (1.60 mL, 25.1 mmol) at room temperature. The mixture was stirred
at room temperature for 3.5 hours, and the reaction was quenched with saturated aqueous solution of
NH4CI, and the mixture was extracted with AcOEt (x3). The combined organic layers were dried
over anhydrous MgSOQsy, filtered, and concentrated under reduced pressure. The residue was purified
by silica gel column chromatography (Hexane/AcOEt = 1/2 to 1/9) to give 21 (10.2 g, 19.0 mmol,
51%) as a pale yellow amorphous material. 'H NMR (500 MHz, CDCl5): § 9.27 (brs, 1H), 7.38-7.31
(m, 5H), 6.91-6.80 (m, 1H), 6.65-6.34 (m, 1H), 6.24 (dt, J = 2.6, 3.8 Hz, 1H), 6.13 (t, J/ = 6.3 Hz,
1H), 5.15 (brs, 1H), 5.06 (s, 2H), 4.63 (s, 1H), 4.22 (dq, J = 7.2, 10.7 Hz, 1H), 4.14 (dq, J = 7.2, 10.7
Hz, 1H), 3.67-3.61 (m, 1H), 3.46-3.41 (m, 1H), 3.03 (dd, / = 1.2, 7.8 Hz, 1H), 2.48-2.08 (m, 1H),
1.59-1.48 (m, 1H), 1.21 (t, J = 7.1 Hz, 3H); '*C NMR (125 MHz, CDCl;): § 169.0x2, 161.3x2, 163.3,
128.6, 128.5, 128.3, 125.6, 121.9, 119.5, 110.1, 109.5, 68.3, 68.0, 65.9, 62.7, 62.6, 47.5, 42.3, 38.3,
30.5, 15.2, 14.0; IR (KBr): 3350, 3249, 2977, 2936, 2246, 1738, 1630, 1563, 1529 cm™!

Compound (8)
7
) 7 %
HN o Fo N |
TFAA 3 o HN o
—NH DTBP
BIOC ¢ — E10,G 0 —NH | BNH, _NH
CbzN ~ i : H ¢ . EtO.C H =«
T THF, rt CbzN ~E CbzN T oz §
BN, >_N/I> THF, 40 °C z :
MeS N7 s, N N
H N e 4 EN 60% MeS N7z
21 L o oF | (2steps) O’( CN
3 8 CF,

22

To a solution of 21 (10.2 g, 19.0 mmol) in THF (100 mL) were added DTBP (25.0 mL, 114 mmol)
and TFAA (13.4 mL, 95.1 mmol) at 0 °C, and the mixture was stirred at room temperarure for 25
minutes. The reaction was quenched with saturated aqueous solution of NaHCO; at 0 °C, and the
mixture was extracted with AcOEt (x3). The combined organic layers were dried over anhydrous
MgSOQs, filtered, and concentrated under reduced pressure. The residue was passed through a short
pad of silica gel to give the crude 22. The crude 22 was used for the next reaction without further
purification. To a solution of the crude 22 in THF (281 mL) was added BnNH; (1.50 mL, 14.1

mmol) at room temperature, and the mixture was stirred at 40 °C for 24 hours. Additional BnNH>
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(0.42 mL, 3.9 mmol) was added to the mixture, and the mixture was stirred for 14 hours. Further
BnNH; (0.10 mL, 0.94 mmol) was added to the mixture, and the mixture was concentrated under
reduced pressure. The residue was purified by silica gel column chromatography (Hexane/AcOEt =
3/2 to 1/1 to 1/2) to give 8 (7.20 g, 11.4 mmol, 60%) as a colorless oil.; 'H NMR (500 MHz,
CDCls): 6 9.48 (brs, 1H), 7.37-7.32 (m, 5H), 6.94-6.93 (m, 1H), 6.62 (brs, 1H), 6.36 (t, / = 5.9 Hz,
1H), 6.24 (dt, J = 2.5, 3.7 Hz, 1H), 5.16 (s, 2H), 5.01 (s, 1H), 4.30-4.16 (m, 2H), 3.64-3.60 (m, 1H),
3.53-3.43 (m, 1H), 3.50 (d, J = 10.3 Hz, 1H), 2.80 (dd, J = 7.1, 14.3 Hz, 1H), 2.68 (dt, J = 6.7, 13.0
Hz, 1H), 2.28 (s, 3H), 2.21-2.09 (m, 2H), 1.72-1.63 (m, 1H); *C NMR (125 MHz, CDCl;): § 167.1,
166.3, 161.7, 158.5, 135.3, 128.7, 128.6, 128.5, 125.3, 122.2, 117.1, 115.3 (q, J = 286.4 Hz), 110.2,
109.6, 68.9, 68.7, 67.0, 63.1, 61.1, 45.0, 41.8, 38.7, 31.2, 15.2, 13.9; IR (KBr): 3388, 3259, 2960,
2250, 1738, 1711, 1631, 1562, 1524 cm™

Compound (23)
74
HN )
(0]
Et0,C  NH Ph,NLi (3.2 eq)
CbzN A -
>_N\ | —78°Ct00°C
Me$ 5( CN 72%
o (o]
CF, 8

To a solution of 8 (800 mg, 1.26 mmol) in THF (42 mL) was slowly added 0.3 M THF solution of
Ph,NLi (13 mL, 3.9 mmol) at =78 °C while immersing the tip of the syringe needle in the solution,
and the mixture was stirred for 10 minutes. The mixture was warmed up to 0 °C and the resulting
orange solution was further stirred at this temperature for 15 minutes. After the mixture was cooled
to =78 °C, the reaction was quenched with 0.5 M THF solution of AcOH (7.8 mL, 3.9 mmol). The
mixture was warmed up to room temperature and stirred for 12 hours. After brine was added to the
mixture, the mixture was extracted with AcOEt (x3). The combined organic layers were dried over
anhydrous MgSQOy, filtered, and concentrated under reduced pressure. The residue was purified by
silica gel column chromatography (Hexane/AcOEt = 2/1 to 1/1, previously treated with N,
N-dimethylaniline) to give 23 (536 mg, 0.911 mmol, 72%) as a pale yellow amorphous. 'H NMR
(400 MHz, CDCl3): & 9.82 (brs, 1H), 7.56 (s, 1H), 7.42 (dd, J = 1.9, 8.2 Hz, 2H), 7.38-7.34 (m, 3H),
6.96-6.95 (m, 1H), 6.64-6.63 (m, 1H), 6.24 (dt, J = 2.5, 6.3 Hz, 1H), 5.36 (d, J = 12.2 Hz, 1H), 5.30
(d, J=12.2 Hz, 1H), 4.29 (dd, J = 6.3, 9.1 Hz, 1H), 3.69 (t, J = 9.2 Hz, 1H), 3.14-3.05 (m, 1H), 3.13
(d, J = 14.8 Hz, 1H), 2.93 (ddd, J = 3.4, 11.5, 15.2 Hz, 1H), 2.80 (ddd, J = 6.5, 8.8, 15.5 Hz, 1H),
2.47 (s, 3H), 2.00-1.93 (m, 1H), 1.74-1.65 (m, 1H); *C NMR (125 MHz, CDCls): § 176.0, 164.9,
160.8, 156.7 (q, J = 38.8 Hz), 148.6, 133.9, 128.8, 128.7, 128.4, 123.4, 123.3, 116.5, 115.0 (q, J =
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286.6 Hz), 114.2, 110.5, 81.9, 70.0, 63.9, 51.5, 49.4, 45.0, 43.4, 22.0, 14.7; IR (KBr): 3432, 3268,
2253, 1787, 1738, 1593, 1547 cm™!

Compound (38)

H | MS4A;
BH3'8M82

46% (2 steps)

To a solution of 23 (492 mg, 0.836 mmol) in CPME (28 mL) was added TFA (6.3 mg, 84 mmol) at
room temperature, and the reaction was stirred at 60 °C for 1.5 hours. The reaction was quenched
with saturated aqueous solution of NaHCO3, and the mixture was extracted with AcOEt (x3). The
combined organic layers were dried over anhydrous MgSO,, filtered, and concentrated under
reduced pressure. A solution of the residue in AcOEt was washed with H>O, and the aqueous layer
was extracted with AcOEt (x3). The combined organic layers were dried over anhydrous MgSOy,
filtered, and concentrated under reduced pressure. The crude 10 was used for the next reaction
without purification. To a solution of the crude 10 in THF (17 mL) were added 0.2 M THF solution
of LiO'Pr (3.9 mL, 0.79 mmol) and HMPA (0.43 mL, 2.5 mmol) at 0 °C, and the mixture was stirred
for 2 hours. To the mixture was added MS 4A, and the mixture was stirred for 10 minutes. To the
mixture was added 0.5 M THF solution of BH3*SMe: (0.50 mL, 0.99 mmol), and the mixture was
stirred for 10 minutes. The reaction was quenched with saturated aqueous solution of NH4Cl, and the
mixture was extracted with AcOEt (x3). The combined organic layers were dried over anhydrous
MgSOQs, filtered, and concentrated under reduced pressure. The residue was purified by silica gel
column chromatography (Hexane/AcOEt = 0/1) to give 38 (230 mg, 0.389 mmol, 46%) as an
off-white amolphous materials. "H NMR (500 MHz, CDCl3): § 9.39 (s, 1H), 7.39-7.31 (m, 5H), 7.13
(t, J=1.7 Hz, 1H), 6.90 (dd, J = 1.5, 3.8 Hz, 1H), 6.24 (dd, J = 2.8, 3.6 Hz, 1H), 5.79 (d, J = 13 Hz,
1H), 5.69 (d, J = 13 Hz, 1H), 5.12 (s, 1H), 3.83 (dd, J = 7.6, 10.9 Hz, 1H), 3.23 (t, / = 10.5 Hz, 1H),
3.12 (dd, J =10.1, 15.5 Hz, 1H), 2.81 (dt, J = 8.9, 15.8 Hz, 1H), 2.61 (d, J = 14.0 Hz, 1H), 2.53-2.45
(m, 1H), 2.28 (s, 3H), 2.07-2.00 (m, 1H), 1.68-1.59 (m, 1H); *C NMR (125 MHz, CDCl): § 158.0,
156.7 (q, J = 37.9 Hz), 153.4, 134.2, 129.3, 129.1, 129.0, 123.3, 122.3, 118.7, 115.4 (q, J = 284.2
Hz), 115.1, 111.0, 83.9, 80.0, 69.0, 64.3, 50.2, 46.2, 45.7, 42.0, 24.9, 15.0; IR (KBr): 3330, 3210,
2247, 1726, 1620 cm™
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Compound (48)

To a solution of 38 (419 g, 0.709 mmol) in DCM (14.2 mL) were simultaneously added MsCl (0.38
mL, 5.0 mmol) and Et;N (0.99 mL, 7.1 mmol) at 0 °C, and the mixture was stirred for 10 minutes.
The reaction was quenched with saturated aqueous solution of NaHCOj3 at 0 °C, and the mixture was
extracted with AcOEt (x3). The combined organic layers were dried over anhydrous MgSOy, filtered,
and concentrated under reduced pressure. The residue was purified by silica gel column
chromatography (Hexane/AcOEt = 0/1) to give 48 (369 g, 0.645 mmol, 91%) as an off-white
amolphous materials.; 'H NMR (500 MHz, CD3CN): § 7.54 (brs, 1H), 7.45 (d, J = 6.3 Hz, 2H),
7.40-7.34 (m, 3H), 6.98 (s, 1H), 6.75 (dd, J = 1.1, 3.7 Hz, 1H), 6.49 (s, 1H), 6.25 (t, / = 3.2 Hz, 1H),
5.38 (d, /=119 Hz, 1H), 5.23 (d, J = 11.9 Hz, 1H), 3.97 (dd, J = 7.5, 10.2 Hz, 1H), 3.19-3.09 (m,
1H), 2.99 (d, J = 13.9 Hz, 1H), 2.86-2.74 (m, 2H), 2.34 (s, 3H), 2.00-1.94 (m, 1H), 1.68-1.59 (m,
1H); 3C NMR (125 MHz, CDCl;): § 165.4, 157.1 (q, J = 38.1 Hz), 156.9, 150.7, 135.6, 129.7,
129.6x2, 125.2, 123.7, 118.7, 116.1 (q, J = 285.3 Hz), 113.8, 113.0, 87.5, 72.8, 70.5, 64.7, 64.6, 51.2,
47.1,44.9, 41.0,23.2, 15.5; IR (KBr): 3341, 2246, 1730, 1643, 1553, 1511, 1502 cm!

Compound (54)
B a 1 s SMe
"BuLi (1.0 eq) N O | 0-NO,BnN” “NCbz
THF, -78 °C; EDCI
Tty .
BH3-SMe, THF, 40 °C
-78°Cto 0 °C
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To a solution of 48 (102 mg, 0.177 mmol) in THF (3.6 mL) was added 2.51 M hexane solution of
"BuLi at =78 °C, and the mixture was stirred for 15 minutes. To the mixture was added 2M THF
solution of BH3-SMe, (0.160 mL, 0.319 mmol) , and the mixture was stirred for 15 minutes. The
mixture was warmed up to 0 °C and further stirred at this temperature for 5 minutes. The reaction
was quenched with AcOH (0.20 mL, 3.6 mmol). The mixture was warmed up to room temperature,
and to the mixture was added MeOH (1.0 mL, 18 mmol). After the mixture was stirred for 1.5 hours,
to the mixture was added H>O (0.32 mL, 18 mmol) , and the mixture was stirred for 1.5 hours. The
reaction was quenched with saturated aqueous solution of NaHCO3 at 0 °C, and the mixture was
extracted with AcOEt (x3). The combined organic layers were dried over anhydrous MgSOy, filtered,
and concentrated under reduced pressure. The crude 51 was used for the next reaction without
purification. To a solution of the crude 51 in THF (0.32 mL) were added thiourea 52 (220 mg, 0.637
mmol) and EDCI (122 mg, 0.637 mmol) at room temperature, and the mixture was stirred at 40 °C
for 12 hours. After saturated aqueous solution of NaHCO3; was added to the mixture at 0 °C, the
mixture was extracted with AcOEt (x3). The combined organic layers were dried over anhydrous
MgSOQs, filtered, and concentrated under reduced pressure. The crude 53 was used for the next
reaction without purification. To a solution of the crude 53 in THF (12.7 mL) was added TFAA
(0.21 mL, 1.5 mmol) at O °C, and the mixture was warmed up to room temperature mixture. After
the mixture was stirred for 10 minutes, to the mixture was added H,O (3.2 mL), and the mixture was
stirred for 2 days. The reaction was quenched with saturated aqueous solution of NaHCOs3 at 0 °C,
and the mixture was extracted with AcOEt (x3). The combined organic layers were dried over
anhydrous MgSOQy, filtered, and concentrated under reduced pressure. The residue was purified by
silica gel column chromatography (Hexane/AcOEt = 1/2 to 1/4 to 0/1, previously treated with
N,N-dimethylaniline) to give 54 (38 mg, 0.048 mmol, 27%) as a yellow oil; 'H NMR (500 MHz,
CDCls): 6 8.62 (s, 1H), 8.15 (dd, J = 1.1, 8.1 Hz, 1H), 7.59 (t, J = 7.6 Hz, 1H), 7.52 (d, J = 6.6 Hz,
2H), 7.47 (t, J = 8.4 Hz, 1H), 7.42-7.35 (m, 5H), 7.32-7.27 (m, 3H), 7.05 (d, J = 7.8 Hz, 1H), 6.86
(dd, J =1.7,4.0 Hz, 1H), 6.68 (brs, 1H), 6.16 (brs, 1H), 6.05 (s, 1H), 5.56 (brs, 1H), 5.49 (brs, 1H),
5.29 (d,J =17 Hz, 1H), 5,19 (d, J/ = 17 Hz, 1H), 5.14 (d, J = 12.6 Hz, 1H), 5.07 (d, J = 12.6 Hz, 1H),
4.16 (dd,J=79,11.0 Hz, 1H), 3.32 (t, J =10.3 Hz, 1H), 3.13-3.03 (m, 1H), 2.90 (ddd, J = 2.7, 11.1,
14.3 Hz, 1H), 2.65 (d, J = 14.4 Hz, 1H), 2.41 (dt, J = 8.2, 14.0 Hz, 1H), 2.21-2.14 (m, 1H), 1.98 (s,
3H), 1.69-1.58 (m, 1H); 3C NMR (125 MHz, CD3CN): § 175.2, 164.0, 159.0, 156.4, 148.0x2, 136.8,
134.1x2, 131.0, 129.2x2, 129.0, 128.8, 128.6x2, 128.2, 128.0, 127.3, 125.8, 124.3, 113.8, 112.3,
77.7, 71.6, 70.1, 67.7, 64.0, 46.2, 45.2, 42.6, 40.5, 24.5, 15.3; IR (KBr): 3366, 2937, 1737, 1725,
1651, 1616, 1563, 1529 cm’!
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Compound (55)

'\ o S
N N
Cbz, CbZ\N
N
= DIBAL I—
Mes—=N — > Mes—™N H
N HobeM cpan— N
CbzHN~—¢ 78 °C ~
N—".
N 72% / "OH
O-NOQBH/ O O-NOQBH
54 55

To a solution of 54 (6.8 mg, 8.6 pmol) in DCM (0.3 mL) was added 1M hexane solution of DIBAL
(13 pL, 13 pmol) at =78 °C, and the mixture was stirred for 5 minutes. To the mixture was added
IM hexane solution of DIBAL (39 uL, 38.8 pmol), and the mixture was stirred for 10 minutes. To
the mixture was added saturated aqueous solution of NH4Cl, and the temperature was warmed to
room temperature. After the mixture was diluted with Et;O, the mixture was stirred for 30 minutes.
To the mixture was added MgSQOys, and the mixture was stirred at room temperature for 30 minutes,
filtered, and concentrated under reduced pressure. The residue was purified by silica gel column
chromatography (AcOEt/MeOH = 10/1) to give 55 (4.9 mg, 6.2 umol, 72%) as a yellow oil. *C
NMR (125 MHz, CDCls): & 164.6, 160.4, 157.0, 149.0x2, 137.9, 134.6, 134.0, 132.7, 129.1x2,
129.0x2, 128.9x2, 128.6, 128.4, 127.7, 127.6, 125.0, 123.5, 113.1, 112.2, 86.9, 77.7, 72.4, 69.3, 66.9,
66.7, 60.1, 48.0, 46.1, 42.2, 40.6, 24.1, 15.3, 134.8, 133.8, 133.3, 131.5, 130.8, 124.2, 117.4, 46.2,
43.2, 39.1, 32.5, 26.9; IR (KBr): 3372, 3237, 2928, 1727, 1650, 1593, 1566, 1525 cm™!

Compound (3)

/\ o /\ o 7R o
Cbz, Cbz, ooz N
N N mCPBA Q N N NHa+AcOH N
MeS”’zN H H B ——— M /\S/,=N H H ® > HZN/,=N
ot DCE, 0°C  |oporin_ N MeCN, 80 °C N H
ZHN—7 Z 7 ’ CbzHN—¢
/N “, /N “, N—,
o-NoBri O | oNoBf  OH | o-NO,Bf  OH
55 56 - 57 -
7\ o
LED (365 nm) N
MeOH, rt; HN N
—> H,N—N H H
H,, Pd(OAc), N J
TFA-H,0 HN—¢
HN—, 17
58% (3 steps) OH
ATI$EBIKX (3)

To a solution of 55 (5.8 mg, 7.3 umol) in DCE (0.3 mL) was added 0.1 M DCM solution of
mCPBA (0.10 mL, 11 pmol) at 0 °C, and the mixture was stirred for 1 hour. To the

mixture was added 1M aqueous solution of Na2SOs (59 pL), and the mixture was stirred
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for 10 minutes. To the mixture was added saturated aqueous solution of NaHCOs. The
mixture was extracted with AcOEt (x3). The combined organic layers were dried over
anhydrous MgSOQ,, filtered, and concentrated under reduced pressure. The residue was
passed through aluminum oxide to give the crude 56. The crude 56 was used for the next reaction
without purification. To a solution of the crude 56 in MeCN (0.15 mL) was added NHs-
AcOH (5.7 mg, 73 pmol) at room temperature, and the mixture was stirred at 60 °C for
13 hours. The mixture was concentrated under reduced pressure. The mixtured residue was filterd
through a Cosmonice Filter (pore size: 0.45 mm, filter diameter 13 mm) in AcOEt. The filtrate
was concentrated under reduced pressure. The crude 57 was used for the next reaction
without purification. A solution of the crude 57 in MeOH (1.0 mL) was irradiated by
LED-lamp (365 nm) at room temperature. After being stirred under for 30 minutes, to
the reaction mixture were added H20 (0.5 mL), TFA (0.5 mL), and Pd(OAc)2 (10 mg, 45
pmol). The hydrogen gas was bubbled through the mixture for 2 minutes. After being
stirred under hydrogen atmosphere (balloon) at room temperature for 2 hours, the
mixture was filtered through a cotton. The filtrate was concentrated under reduced pressure.
The residue was purified by preparative HPLC (Hydrosphere C18, 12 mm, 250 X 10 mm,
H20 (with 0.1% TFA)/MeOH) linear gradient 99:1 to 60:40 in 30 min, flow rate 20
mL/min, tr = 23.5 min) to afford 3-2TFA (2.3 mg, 4.2 umol, 58%) as an off-white
amolphous material.; 'H NMR (500 MHz, CDs0OD): 6 7.05 (dd, J = 1.6, 2.7 Hz, 1H), 6.91 (dd, J =
1.5, 3.8 Hz, 1H), 6.40 (dd, J = 2.9, 3.8 Hz, 1H), 6.32 (s, 1H), 5.40 (s, 1H), 3.95 (dd, J = 7.0, 10.5 Hz,
1H), 3.19 (t, J = 10.5 Hz, 1H), 2.86-2.77 (m, 1H), 2.72 (d, J = 14.6 Hz, 1H), 2.66 (dd, J = 8.9, 14.8
Hz, 1H), 2.37-2.30 (m, 1H), 2.10 -2.05 (m, 1H), 1.52 (quin, J = 9.9 Hz, 1H); >*C NMR (125 MHz,
CD3OD): & 159.0, 158.6, 158.4, 123.8, 123.6, 114.8, 113.5, 87.9, 81.3, 70.0, 69.4, 60.2, 47.4, 46.9,
42.9,25.2; IR (KBr): 3361, 2956, 2921, 2851, 1690, 1679, 1599, 1427, 1382 cm’!

Compound (74)
TBS— , Eth
Pd(PhsP)s, Cul
| J\/OH —_— P OH
THF 7
73 o TBS
74

91%

A 50-mL, one-necked, round-bottomed flask fitted with a rubber septum and argon inlet
needle was charged with (PhsP)4Pd (980 mg, 0.848 mmol), Cul (484 mg, 2.54 mmol), and
10 mL of THF. To the mixture was added a solution of the vinyl iodide 73 (5.20 g, 28.2
mmol) in 3 mL of THF via cannula (the flask was rinsed with 2 mL of THF) and

triethylamine (5.10 mL, 36.7 mmol), successively. The resulting yellow mixture was
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stirred at room temperature for 3 minutes, and to the mixture was added
[(tert-Butyl)dimethylsilyllacetylene (6.90 mL, 36.7 mmol) via syringe. The reaction
mixture was stirred at room temperature for 16 hours. The reaction mixture was
filtered through silica gel with Et20. Concentration of the filtrate afforded 7.85 g of a
brown oil. The residue was purified by silica gel flash column chromatography
(hexane/AcOEt = 200/1) to give 74 (5.05 g, 25.7 mmol, 91%) as an orange oil; 1H NMR
(400 MHz, CDCls): § 5.54 (s, 1H), 5.52 (s, 1H), 4.14 (d, J= 6.6Hz, 2H), 1.64 (t, J= 6.6Hz,
1H), 0.95 (s, 9H), 0.13 (s, 6H); 13C NMR (100 MHz, CDCls): § 131.3, 121.0, 103.3, 94.7,
65.2, 26.1, 16.6, -4.7; IR (neat): 3338, 2954, 2930, 2858, 2360, 1618, 863 cm'!, HRMS (EI)
m/z: [M+Nal* calcd for [C11H2108i]* 197.1362, found 197.1360.

Compound (75)
|I3r
O~_N_O
X7 TBS
% o CH,Cly/MeOH we
TBS 20%09 Br. OH
74

50% 75

To a solution of allyl alcohol (74) (10 g, 65 mmol) in anhydrous CH2Cl: (78 mL) and
anhydrous MeOH (52 mL) was added NBS (14 g, 78 mmol) at 0 °C. The mixture was
stirred at room temperature for 2 hours, and the reaction was quenched with saturated
aqueous NH4Cl. The mixture was extracted with CH2Clz (x 3). The combined organic
layers were washed with brine, dried over MgSOQy, filtered, and concentrated in vacuum.
The residue was purified by silica gel column chromatography (CHCls/AcOEt = 200/1) to
give 75 (10.8 g, 35.1 mmol, 54%) as a red oil; tH NMR (500 MHz, CDCls): § 3.77 (s, 2H),
3.62 (d, J=10.7 Hz, 1H), 3.58 (d, J= 10.7 Hz, 1H), 3.44 (s, 3H), 0.95 (s, 9H), 0.13 (s,
6H); 13C NMR (100 MHz, CDCls): § 100.6, 93.7, 76.5, 65.3, 52.4, 33.5, 26.0, 16.5, -4.8; IR
(neat): 3446, 2378, 1390, 1250, 1089, 685 cm; HRMS (ED m/z: [M*] caled for
[C12H230BrO2Sil+ 306.0651, found 306.0651.

Compound (76)
TBS TBS
NaN;
N e
Br OH VSO N3 OH
120 °C
75 76

52%
75 (12 g, 40 mmol) was dissolved in sodium azide solution (120 ml, 0.5M) at room

temperature. After the mixture was heated to 120 °C for 48 hours, H20 was added at
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0 °C. The mixture was extracted with AcOEt (x 3). The combined organic layers were
washed with brine, dried over MgSQ,, filtered, and concentrated in vacuum. The
residue was purified by silica gel column chromatography (CHCIls/AcOEt = 200/1) to
give 76 (5.1 g, 19 mmol, 48%) as a yellow oil; 1TH NMR (400 MHz, CDCls): § 3.75 (dd, J/=
11.5, 6.3 Hz, 1H), 3.66 (dd, J = 11.5, 6.3 Hz, 1H), 3.49 (d, J= 12.6 Hz, 1H), 3.46 (s, 3H),
3.42(d, J=12.6 Hz, 1H), 1.86 (t, J= 6.3 Hz, 1H), 0.95 (s, 9H), 0.14 (s, 6H); 13C NMR (100
MHz, CDCls): § 100.9, 94.1, 77.2, 64.5, 53.9, 52.5, 26.0, 16.4, -4.9; IR (neat): 3434, 2104,
1063 cm''; HRMS (ED m/z: [M+H]* calcd for [C12H24N302Si]+ 270.1638, found 270.1632.

Compound (67)
TBS o lutd TBS
,0, lutidine
\\o OMe \\o OMe
Ns OH Ns oTf
” —78°C 67

92%

To a solution of 76 (41.3 mg, 0.153 mmol) in anhydrous CH2Clz (0.7 mL) were added
2,6-lutidine (547 © L, 0.383 mmol) and Tf20 (28 u mL, 0.17 mmol) in this order at
—78 °C. The mixture was stirred for 5 minutes, quenched with saturated aqueous NH4Cl,
and extracted with hexane (x 2). The combined organic layers were washed with brine,
dried over MgSQ, filtered and concentrated in vacuum. The residue was purified by
silica gel column chromatography (hexane/AcOEt = 40/1 to 30/1) to give 67 (56.6 mg,
0.141 mmol, 92%) as a pale yellow oil; 1TH NMR (500 MHz, CDCls): § 4.56 (d, J=10.4 Hz,
1H), 4.49 (d, J=10.4 Hz, 1H), 3.51 (d, J=12.9 Hz, 1H), 3.47 (s, 3H), 3.43 (d, J= 12.9 Hz,
1H), 0.95 (s, 9H), 0.15 (s, 6H); 13C NMR (100 MHz, CDCls): § 118.5 (q, /= 318 Hz), 97.7,
96.4, 75.0, 74.0, 53.6, 52.9, 26.0, 16.4, -5.0; IR (neat): 2109, 1219, 1213, 1146 cm'’; HRMS
(ED) m/z: [M*] caled for [C13H22F3N304SSi]+ 401.1052, found 401.1054.

Compound (79)
TBS 67
\\ OMe
N, oTf - 1
TBS OMe
Cul (5 mol%), Et;N XM o TBS—
(MezNCHchz)zo @
=4, = NN T eoc NN Cort
THF, 1t B 50 °C B
77 \—%_)7 83% \—<(\_)_
12 12
- - 79

78
To a solution of 67 (1.0 g, 2.5 mmol) in anhydrous THF (25 mL) were added
1-Pentadecyne (77) (0.81 mL, 3.0 mmol), triethylamine (1.70 mL, 12.5 mmol) and Cul
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(23.7 mg, 5 mol%) in this order at room temperature. The mixture was stirred at room
temperature for 48 hours, heated to 50 °C for 8 hours, and concentrated in vacuum. The
residue was purified by silica gel column chromatography (hexane/AcOEt = 30/1, 4/1 to
AcOEt only) to give 79 (1.32 g, 2.16 mmol, 87%) as a pale yellow amorphous; 'H NMR
(400 MHz, CDCl»): § 8.75 (s, 1H), 5.30 (d, J= 13.8 Hz, 1H), 5.10 (d, /= 13.8 Hz, 1H), 4.94
(d, /= 12.8 Hz, 1H), 4.86 (d, /= 12.8 Hz, 1H), 3.50 (s, 3H), 2.83 (t, J= 7.5 Hz, 2H), 1.73
(quint, = 7.5 Hz, 2H), 1.45-1.21 (m, 20H), 0.96 (s, 9H), 0.88 (t, /= 7.0 Hz, 3H), 0.18 (s,
6H); 13C NMR (100 MHz, CDCls): § 155.2, 126.6, 120.2 (q, /= 318 Hz), 96.5, 94.4, 79.1,
61.2, 58.7, 52.8, 31.6, 29.4 (x4), 29.2, 29.1, 28.9, 28.7, 27.9, 26.0, 25.6, 22.4, 16.0, 13.8,
-5.4; IR (neat): 3135, 2926, 2855, 2360, 1469, 1412, 1363, 1261, 1226, 1160, 1104 cm™%;
HRMS (ED m/z: [M+HI* caled for [C2sH51N3504SSiFs]+ 610.3322, found 610.3315.

Compound (80)
TBS
OMe
TBS—s A\
=S ® o KHMDS
B —
Neo TOHTE G\,N\
N °N THF, -78 °C N\‘)N
\_%_)_ 52% \—%_);
12 12
79 80

To a solution of 79 (2.15 g, 3.53 mmol) in THF (35 mL) was added dropwise KHMDS (28
mL of 0.5 M solution in toluene, 14.1 mmol) at —78 °C. The mixture was stirred for 5
minutes, and the reaction was quenched with acetic acid at =78 °C. The mixture was
diluted with Et20 and washed with H20. The aqueous layer was extracted with Et20 (x
3). The combined organic layers were washed with brine, dried over MgSQys, filtered,
and concentrated in vacuum. The residue was purified by silica gel column
chromatography (hexane/AcOEt = 60/1) to give 80 (792 mg, 3.53 mmol, 52%) as a
reddish brown oil; tH NMR (400 MHz, CDCly): § 7.43 (s, 1H), 7.13 (s, 1H), 6.84 (s, 1H),
2.62 (t, J = 7.5 Hz, 2H), 1.67 (quint, J = 7.5 Hz, 2H), 1.39-1.15 (m, 20H), 0.98 (s, 9H),
0.88 (t, /= 6.6 Hz, 3H), 0.18 (s, 6H); 13C NMR (125 MHz, CDCl3): § 150.6, 105.3, 104.5,
102.7, 96.5, 94.5, 94.0, 31.9, 29.6 (x4), 29.5, 29.4, 29.3(x2), 29.1, 26.7, 26.1, 22.7, 16.7,
14.1, -4.6; IR (neat): 3160, 2925, 2854, 1469, 1250 cm'l; HRMS (ED m/z: [M*] calcd for
[C26H45N3Sil* 427.3383, found 427.3378.
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Compound (81)
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To a solution of 80 (792 mg, 1.85 mmol) in THF (9 mL) was added TBAF (2.2 ml of 1 M
solution in THF, 2.22 mmol) at 0 °C. The mixture was stirred at 0 °C for 5 minutes,
diluted with H20, and extracted with EtzO (x 3). The combined organic layers were
washed with brine, dried over MgSQ,, filtered, and concentrated in vacuum. The
residue was purified by silica gel column chromatography (hexane/AcOEt = 40/1 to 20/1)
to give 81 (392 mg, 1.24 mmol, 68% as a yellow solid; mp 55-56 °C; 'H NMR (400 MHz,
CDCls): § 7.47 (s, 1H), 7.16 (s, 1H), 6.87 (s, 1H), 3.03 (s, 1H), 2.62 (t, J= 7.8 Hz, 2H),
1.67 (quint, J = 7.8 Hz, 2H), 1.43-1.15 (m, 20H), 0.87 (t, /= 6.0 Hz, 3H); 13C NMR (125
MHz, CDCls): § 150.7, 104.6, 104.0, 102.7, 94.6, 78.4, 75.1, 31.9, 29.6 (x3), 29.5 (x2), 29.3
(x3), 29.1, 26.7, 22.6, 14.1; IR (neat): 3147, 2917, 2849, 1471 cm';; HRMS (ED) m/z:
[M+H]* caled for [C20H23Ns]* 314.2596, found 314.2603.

Compound (82)

TBS 67

\\~‘ OMe
N OTf TBS
8 OMe
AN Cul, Et:N
(MezNCHchz)zo N
@ THF, 0°C to rt; N” SN
INL - _
NON washed with
\—%_)_ 5% NH5 aq. QN

81 12 86% %

82

To a solution of 67 (154 mg, 0.383 mmol) in anhydrous THF (0.3 mL) were added 81 (100
mg, 0.32 mmol), triethylamine (0.22 mL, 1.6 mmol) and Cul (3.0 mg, 5 mol%) in this
order at 0 °C. The mixture was stirred at room temperature for 7 hours, quenched with
5% NHs aqueous, and extracted with AcOEt (x 3). The combined organic layers were
washed with brine, dried over MgSOQy, filtered and concentrated in vacuum. The residue
was purified by silica gel column chromatography (hexane/AcOEt = 10/1 to 8/1 to 6/1 to
4/1 to 2/1) to give 82 (204 mg, 0.28 mmol, 86%) as an orange solid; mp 47-48 °C; 'TH NMR
(400 MHz, CDCls): § 7.74 (s, 1H), 7.63 (s, 1H), 7.42 (s, 1H), 6.93 (s, 1H), 4.74 (d, J=14.3
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Hz, 1H), 4.61 (d, J= 14.3 Hz, 1H), 4.56 (d, /= 11.8 Hz, 1H), 4.42 (d, /= 11.0 Hz, 1H),
3.50 (s, 3H), 2.64 (t, J= 7.5 Hz, 2H), 1.69 (quint, J = 7.52 Hz, 2H), 1.42-1.13 (m, 20H),
0.93-0.77 (m, 12H), 0.10 (s, 6H); 13C NMR (125 MHz, CDCls): §149.6, 140.7, 120.9, 118.4
(q, J= 319 Hz), 114.7, 99.2, 98.0, 97.5, 96.1, 94.9, 74.6, 73.4, 53.7, 53.2, 31.9, 29.6 (x4),
29.5, 29.4, 29.3 (x2), 29.2, 26.7, 25.8, 22.6, 16.2, 14.1, -5.1; IR (neat): 3135, 2953, 2926,
2855, 1419, 1249, 1213, 1146 cm'’; HRMS (EI) m/z: [M+H]* calcd for [C20H54N6O4F5SiS]+
715.3649, found 715.3655.

Compound (83)

8BS 8BS
e Me ot \

N’N\\N i) THF, reflux @ N

— . NON
ii) LINEt,, —78 °C
=
N 62% QIR

N\QZI(\-)_ N\QZH_

12 12
82 83

To a solution of 82 (68 mg, 0.091 mmol) in anhydrous THF (5 mL) were heated to reflux
for 6 hours, and the mixture was cooled to =78 °C. To the mixture was added dropwise
LiNEtz (0.530 mL of 0.69 M solution in THF, 0.364 mmol) at —-78 °C. The mixture was
stirred for 5 minutes, and the reaction was quenched with acetic acid at -78 °C. The
mixture was extracted with Hexane (x 3). The combined organic layers were washed
with brine, dried over MgSOQy, filtered, and concentrated in vacuum. The residue was
purified by silica gel flash column chromatography (hexane/AcOEt = 12/1 to 10/1 to 9/1
to 5/1 to 3/1) to give 83 (30 mg, 0.056 mmol, 62%) as a pale yellow solid; mp 120-121 °C;
'H NMR (400 MHz, CDCl3): § 7.63 (s, 1H), 7.52 (s, 1H), 7.35 (s, 1H), 7.23 (s, 1H), 7.21 (s,
1H), 6.93 (s, 1H), 2.64 (t, J= 7.5 Hz, 2H), 1.70 (quint, J= 7.5 Hz, 2H), 1.44-1.14 (m, 20H),
0.99 (s, 9H), 0.88 (t, /= 7.0 Hz, 3H), 0.19 (s, 6H); 13C NMR (100 MHz, CDCl3): § 149.8,
141.9, 115.4, 106.1, 105.2, 103.6, 99.5, 97.5, 96.0, 94.9, 94.6, 93.3, 31.9, 29.6 (x3), 29.5,
29.4 (x3), 29.3, 29.2, 26.7, 26.1, 22.7, 16.7, 14.1, -4.7; IR (neat): 3147, 3104, 2953, 2923,
2852, 2360, 2337, 2161, 1456 cm'; HRMS (EI) m/z: [M+Nal* caled for [Cs1H4sNeNaaSil*+
555.3607, found 555.3611.

48



Compound (84)
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To a solution of 83 (30 mg, 0.056 mmol) in THF (3 mL) was added TBAF (67 ul, 1 M

solution in THF, 0.067 mmol) at 0 °C. The mixture was stirred for 5 minutes and diluted
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with H20, and extracted with AcOEt (x 3). The combined organic layers were washed
with brine, dried over MgSOQy, filtered, and concentrated in vacuum. The residue was
purified by silica gel column chromatography (hexane/AcOEt = 10/1 to 8/1 to 6/1 to 3/1)
to give 84 (16 mg, 0.039 mmol, 69%) as an ocher solid; dec. 155 °C; 'H NMR (400 MHz,
CDCls): § 7.64 (s, 1H), 7.56 (s, 1H), 7.35 (s, 1H), 7.26 (s, 1H), 7.23 (s, 1H), 6.93 (s, 1H),
3.07 (s, 1H), 2.65 (t, J = 7.8 Hz, 2H), 1.70 (quint, & = 7.8 Hz, 2H), 1.44-1.08 (m, 20H),
0.88 (t, J= 7.0 Hz, 3H); 13C NMR (100 MHz, CDCls): § 149.8, 142.0, 115.3, 105.3, 104.8,
103.7, 99.6, 97.6, 94.9, 93.4, 78.9, 74.7, 31.9, 29.6(x4), 29.5, 29.4, 29.3 (x2), 29.2, 26.7,
22.7, 14.1; IR (neat): 3143, 3116, 3090, 2922, 2851 cm''; HRMS (EI) m/z: [M+Nal* calcd
for [CasH34NsNal*+ 441.2743, found 441.2738.

Compound (84a)
tBs. 67 TBS
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To a solution of bis[2-(N,N-dimethylaminoethyl)lether (19 uL, 0.10 mmol) in THF (10
mL) was added copper(I) iodide (19 mg, 0.10 mmol) at room temperature. The mixture
was stirred until homogeneous, and 12.3 pL (0.123 pmol of ligand *copper complex) of
resulting mixture was added to a mixture of 67 (165 mg, 0.411 mmol), triethylamine
(0.71 mL, 0.51 mmol) and 84 (43 mg, 0.10 mmol) in THF (1 mL) at 0 °C. The mixture
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was stirred for 17 hours, and the reaction was quenched with 5% NHs aqueous solution.
The mixture was extracted with AcOEt (x 3). The combined organic layers were washed
with brine, dried over MgSOQy, filtered and concentrated in vacuum. The residue was
purified by silica gel column chromatography (hexane/AcOEt = 10/1 to 4/1 to 3/1 to 2/1)
to give 84a (27 mg, 0.033 mmol, 32%) as a pale yellow amorphous. '"H NMR (400 MHz,
CDCls): § 7.78 (s, 1H), 7.73 (s, 1H), 7.66 (s, 1H), 7.53 (s, 1H), 7.37 (s, 1H), 7.30 (s, 1H),
6.94 (s, 1H), 4.76 (d, J=14.3 Hz, 1H), 4.63 (d, J= 14.3 Hz, 1H), 4.58 (d, /= 10.8 Hz, 1H),
4.43 (d, J=10.8 Hz, 1H), 3.52 (s, 3H), 2.65 (t, /= 8.04 Hz, 2H), 1.71 (quint, J= 8.0 Hz,
2H), 1.44-1.12 (m, 20H), 0.94-0.75 (m, 12H), 0.10 (s, 6H); 13C NMR (125 MHz, CDCl3): §
149.8, 141.0, 140.4, 121.1, 118.7 (q, J= 319 Hz), 115.6, 100.0, 99.6, 98.4, 98.2, 97.6, 96.2,
94.9, 93.8, 53.9, 53.3, 31.9, 29.7 (x2), 29.6 (x2), 29.4 (x2), 29.3, 29.2, 26.8, 26.0, 25.9, 22.7,
16.3, 14.1, -5.0; IR (neat): 3145, 2926, 2855, 1418, 1248, 1213, 1146 cm'’; HRMS (EI)
m/z: [M+Nal* calcd for [CssHs6NoO4FsNaSiS]+ 842.3795, found 842.3787.

Compound (85)
8BS 8BS
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N" N N
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\_%’ 12

84a 12 85

To a solution of 84 (33 mg, 0.040 mmol) in anhydrous THF (4 mL) were heated to reflux
for 5 hours, and the mixture was cooled to —78 °C. To the mixture was added dropwise
LiNEtz2 (0.23 mL of 0.69 M solution in THF, 0.16 mmol) at —78 °C. The mixture was
stirred for 5 minutes, and the reaction was quenched with acetic acid at -78 °C. The
mixture was extracted with AcOEt (x 3). The combined organic layers were washed with
brine, dried over MgSQ4, filtered, and concentrated under reduced pressure until
precipitate is generated. The precipitate was washed with hexane to give 85 (10.6 mg,
0.0166 mmol, 42%) as a pale yellow solid; dec. 194 °C; 1H NMR (500 MHz, CD2Cl2): §
7.72 (s, 1H), 7.63 (s, 1H), 7.53 (s, 1H), 7.48 (s, 1H), 7.38 (s, 1H), 7.33 (s, 1H), 7.31 (s, 1H),
7.29 (s, 1H), 6.97 (s, 1H), 2.62 (t, J= 7.6 Hz, 2H), 1.67 (quint, J= 7.6 Hz, 2H), 1.43-1.10
(m, 20H), 1.00 (s, 1H), 0.88 (t, J= 6.9 Hz, 3H), 0.19 (s, 1H); 13C NMR (125 MHz, CDCls):
6 149.8, 141.5, 141.1, 116.3, 115.6, 106.3, 105.3, 103.8, 100.3, 99.6, 98.5, 97.6, 96.0, 94.9,
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94.8, 93.7, 93.5, 31.9, 29.7 (x2), 29.6 (x2), 29.4 (x2), 29.3, 29.2, 26.8, 26.1 (x2), 22.7, 16.7,
14.1, -4.6; IR (neat): 3150, 3113, 2953, 2925, 2853, 2162 cm'l; HRMS (ED) m/z: [M+Nal+
caled for [C3sHs1N9NaSil+ 660.3934, found 660.3936.
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