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Part 1. w|EZEg o} X34 Hsp9O0 inhibitor T4

H A= Hsp90 (Heat Shock Protein) inhibitor &HAdef 3s}o]
Agolth Hsp90 & Udxd L= Alsdd @S client & 3k Heat
Shock Protein &% 3otz Xgo Exz 5y 9drt. E3] Hsp90 9]
AAAERT HAEL] mEZEe ot Wol EAiste oz dEA qlof
v EFZEgo} XA FEx212} Hsp90 inhibitorE &7 AZAste] Htl A iAo
=2 235 7IdEg & Ao ¥ AFelA= Hsp90 inhibitor, biaryl
tetrazoley} N EZEg o} A eA EAS 7+7F dA &1L linkerE A3 T

B zgs@Eel Hsp90st WYMo ol wHHe] 9

rr

b A| 32

EZE ool dElAor #ge Jlo® Y|ttt

Part II. Ionic liquid9] cationF 59l W& aniond] ¥F-gAJ o &3t A+

Ionic liquids© Y2 S71¢), =2 4 A S ztow, w3ldo] ¢lal,

il

7] el B A et EmiE TS abr] Wit ell 71373 318t Fokel A
solvent, reagent, catalyst 2% thstAl AFE¥ 1 2t} Ionic liquidi
cation¥} anion®] 1:1% A3 salt e & t}Fet cation?} anion?] Ao =
TR Bs B9 oty et AREE Ao wpet s WEE x Qlrh thaA <l

ionic  liquids=  [bmim] [X] ([1-butyl=3—methyl—1H—imidazol—3—



ium] [X]) o]t} dutA S 2 jonic liquid®] cation< imidazolium<s %

A3 QA 7hA o] HlThe WS 74 1 gl

HAA:NA] 28 Hk-E 9 demethylation BF-&o A-ga)] Bkl 18] 3 lonic
liquid®] cationg 7}A°] A ¥k th& cation®o & thal|ste] 1 Aol d &

otz STk 1 A3 7Aool AHIE cation — pyridinium,

o

ammonium, phosphonium — & ©] &3} S W imidazolium< AFE3
Ay =2 AYE HAFY. 53|, ammonium<s imidazolium¥}

g ARl e ARE 2 gtk Ammonium®] AAH <)

4R 540 Aol wel9) b7k Golsith: 4R o] uak
imidazolium®] oA Aleko 2 AL o} A 4= Qvpa Fde ),
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H A+ Hsp90 (Heat Shock Protein) inhibitor $HAd ol

#ate] AAtolth. Hsp90: oF, d=35lo|w, w71& 5 oe] AH oA
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Hsp90< EMISZ ¢ inhibitor % geldanamycin(GA),
allylamino—17—demethoxygeldanamycin(17—AAG) 7} 7V zZ+
2 A Hsp90 inhibitore] ™ (Figure 1), I 2]9l% Quinone, Purine,
Pyrazole, Triazole, Resorcinol & &2 S 2 3}+ hetero cycle 3+3H&
5 9¢A Advt (Figure 2).2°* tF% Hsp90 inhibitor A5
Hsp90 ¢ N-terminal *]¢ ATP-binding domain®] Z 3% 3s}q

Hsp90 75 oA st A2 484



Figure 1. Geldanamycin(GA) # allylamino—17—

demethoxygeldanamycin (17—AAG)

MeO OMe

radicicol PU24
a) Quinone b) Purine

Ry R
Et o Re \Q
HO R1 Rx_-/ Re
® J
\

TN Y
OH N-NH OH N-N
CCT018159 MERCK PATENT GMBH
c) Pyrazole d) Triazole e) Resocinol

Figure 2. Hsp90 ¢ inhibitor &) ©}%¥3t +ZE. a) Quinone, b) Purine,

c)Pyrazole, d) Triazole, e) Resorcinol.



B Ao A o]u] biaryltriazolone T+FE zZtE Hsp90
inhibitor & §Ad3k1 0™, & AF-ollA = tetrazole T-3F 2t Hsp90
inhibitor & 34 sk3lth.

1,5—disubstituted tetrazoles== NAD(P)H AF&}A] inhibitor,
glucokinase activator % UthFst Ay oFgstd gaE zl= F Q3
pharmacopore®A] 1 3/ W o #st @ AGso] 4 A Uk 1
% amide® A Z3t= WY OS2+ 1) phosphorus pentachloride B+
triflic anhydride®} hydrogen azide ¥+ sodium azide® * 8 3d}+=
o] 913, ii) Lawesson's reagent® A E|3t9] thioamideE A,
trimethylsilyl azide® ©]&3t= WHol itk (Scheme 1).° #

PollM= 1) 2> WHORE tetrazoles F/d38H3A T

O 1. PCl5 or Tf,0
R1 NHR2 2. HN3 or NaN3
R
Lawesson's R4 N
reagent | N
N~N
S TMS-N3
_—
R NHR,

Scheme 1. amide ¥ 1,5— disubstituted tetrazoles 34344,
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T+ A=A (transporters) 2= A
delocalized lipophilic cations (DLCs), mitochondrial targeting
sequences (MTSs), synthetic peptide, amino—based mitochondrial
transporters, ¥+ vesicle—based mitochondrial transporters”} 31Tt
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Tetraphenylphosphnium (TPP), 5,5'.6,6'—tetrachloro—
1,1',3,3'—tetraethylbenzimidazolcarbocyanine iodide (JC—1)7}

nEZEgol fAMEAR AREEA glow, ofE

AR

Gere s ddstel FYAR BrE S A A 5 dvky B Hn

(Figure 3).
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. 1,1,3,3-
tetraphenylphosphnium tetraethylbenzimidazolca
rbocyanine iodide

Figure 3. F|EZEg o} XA B4



Synthetic mitochondrial transporters®+= arginine, guanidinium=
moiety® 7}# synthetic mitochondrial localizersE°] 7§¥ ZH<SIt}. o]

T A= guanidinium= X333 1ew DLCs A ¥ wEZEg ol FapAo]

o
Flo
i
S
iy
ftlo
N

A1 it} (Figure 4).°
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bicyclic polymer
Figure 4. arginine , gunidinium & moiety & 2+ mitochondrial

transporters.
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1. Hsp90 inhibitor, tetrazole?] 343
Tetrazole?] 342 scheme 2 ¢} 2t} Tetrazole (8)< amide
(M ZHE A3, amide (7)< benzoic acid (3)¥ aniline (6)<

HE-2- A A amide (7) 2 4319l benzoic acid (3) 3} aniline (6) 2 Al o)A

—

T4 & F e 2 AFEsklth

Methyl 2,4—dihydroxybenzoate (1)< benzyl bromide® hydroxyl
group< K33 S A7) ZAS A ester 7F5Ea] 3ol benzoic acid
(3)& A s9dtt.  2— (4—nitrophenyl) ethanol (4)E  silyl ethers =
hydroxyl groups R 33t thso AAHE 3tEdE 59 AFEHI P2 tert—
butylchlorodiphenylsilane column®. % &2]7}F ¥ %] ko), thg d@Ad
PdE o] &3 & WkS-o)A tert—butylchlorodiphenylsilane o} HH-&-&
ahA] k7] wiimell Al A kAl AFE S ¢ AT iAol ARRE I HS e
AA 7] YA AFEHS 1.5 equiv. oA 1.2—-1.3 equiv. & 39
AL-8-31 5t A=l sat. sodium bicarbonate & tert—

butylchlorodiphenylsilane S A% A A 8Fo] tha WHS-of] AL}t



OH

HO.
; COOMe

OH NO,
1 4
BnBr TBDPSCI
K,CO3 imidazole
CH3CN CH5CN
reflux, 1day r.t, 3hr
BnO OTBDPS
; COOMe
OBn NO,
2 5
20% KOH H,10% Pd/C
MeOH MeOH
reflux, 3hr r.t, overnight

1.0Oxalylchloride
OTBDPS /DMF ,.DMC

B”OQ 0°C ,1hr
cooH 2.TEA

OBn
NH, DMC
r.t, 2hr
3 6
BnO
H 1.PClg
m dry.toluene
reflux, 5hr
OBnO OTBDPS
2.NaN,
7 dry.DMF
reflux , 1 hr
OTBDPS OH
BnO TBAF  Bno
N THF
\ N \' N
OBnN-N OBNnN-N
8 9

Scheme 2. Tetrazole 4.



3t s 33 FE 62 F amide (7)E A Ft =HE] A&

dichloromethane®l 3}3+E 35 Folal F7]& Al A3t of

il
IR
ol
oy
rUlo
<
il

oxalylchoirode= ®rgAdol 74 Huld F7]el A= shA &Al vFa
W] ®yste] ARESESlth. Ice bathelAl oxalylchloride® Y3 DMFE
S 7habd 7kA7F A7 ol

o] Rb-g-< DMFell &84 iminium <747} wbEo] A 1 71 3H7g oA CO,
COz 71417} A E k. Iminium F3HAl= benzoic acid (3) ¢ HH-&-3lA4

acylchloride”7} ¥F=o] A A A DMF7} thA] A = 2o}

N

ol&l A AA ¥ acylchloridex benzoic acid (3)X.t} HE$AJo] o}

o

aniline (6) 3} XA X7} vk-5-

tlo

A A amide (7)< A A}

7
Tetrazole (8)2 A2 F =Alel Al WA phosphorous 7}
carbonyl group & AFAZFE HAE w1 O carbonyl carbon & U< 73t
AAAA 7L Hol chloride HE 245 %ol iminiyl chlorided F7HAZ

FAAH A 18] 31 sodium azideE 7}l azide anion C.ZHFE FZnro}

tetrazole (8)& F/d3sAt}t (Figure 5).
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Figure 5. Amide 24 ¥ tetrazole ¥4 =

Amide (7) /33 tetrazole (8) &4 Aol A in situ® acyl

o= TAZE B4 doh oA Aok ¥l Aol SuiE AlA S

E3] tetrazoles &4 o W, sodium azideE Yo &= Fo F

A E ol Az

X Ek o 2 gilyl ethers® A4 W= HF—based A]eFo] wo]
AHEEl=H, TBAEZF 7B Wol &efx glow B AFeAx
AFEE QY TBAFE THE £mo] 1M 2 Ho94 Q& S A3}

Wz g2 AHEE Be glo] #7 2E7]E AT
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2. Guanidinium& g4

0O s~

LiAIH,
i ﬁ"“"z /COH dry. THF /q/OH
00C” R, HoN

-

S

H,N reflux, overnight o
L-Asparagin 12 L-Methionin
1.TsCl, 1N NaOH TBDPSCI, imidazole
40- 50°C, 2hr
CH;CN.
2.10% HCI r.t overnight
(0] s
ﬁNHz
HOOC NH OTBDPS
Tos HoN
10 13
1. LiBH4 ,
TMSC thiophosgene
dry THF 20%Na,CO3,
0°C, 30min
r.t, 1hr DCM
reflux, 3hr rt, 3hr
2. 5M NaOH
-~ S/

NH
Tos

S HO
NH CH4CN Y
HO 2, 35°C oot NH NH
S:C:N OTBDPS

35°C, overnight Tos L

TBDMSCI,
imidazole

DCM
r.t 3hr

Al-Hg,

THF-H,O
r.t. 4hr

o NHJiOTBDPs

1" 14 15

1.F3CSO,3CH;,

Towo 5 OERoH N
Toy NH Ji : TBDMSO. .-\ Ay~ OTBDPS
H ° Tos

Tos PN TBDPS 2. excess DIEA

S™N reflux. overnight
16 17
fTI 1.5M HBr KT/I/
TBDMSO_. NH NH OTBDPS CHy0H OH\\\\. N+H/ NH OTBDPS
r.t. 1hr
18 19

Scheme 4. Guanidinium $H4.
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Guanidinium 42 L—Asparagine ¥ L—Methionine<
=4 E sto] gk

NaOHe¢ll <1 L—Asparagine©] acetone°] =9 p—toluene
sulfonic chloride® A% 3] H7} s+l p—toluene sulfonic
chloride®} L—Asparagine®] ¥F-g 3tAA A E HClI & A4 pH7}
ol gtk pHI-102.2 FA8k7] 98 wkg- F3tol pHE ZeletdA
1M NaOHE #H7}sle] =%} Z18]31 p—toluene sulfonic chloride

EF A7 | o E wkgo] ME HWA pH7F WolX B E 1M NaOHE

ftlo

H7¥ste] pH 9-100% FAAZTE 1 o] 1AZF A% w35 %19
AlZ1H A pH7F StobA] %] ¢k 0™ REg-o] F4 ¥ 3ith.

Aol 3}eE 102 lithium borohydride® &Y Al7]=
B4 THF o lithium borohydrideE =9th o] w 7]A7}
WIS R jce bathellA] &t 7 thSo] trimethylsilyl
chloride® 7} W& 7|A7F AAPEHERE ice batholA 4%
A7 Ak shebE 10> WEEEuiQl THFEO| 5% @kokar Hgh A%
A7Fsll 31t} Ice bathollA Wastr) Rbg 225 vlE &2)#] &
Ao T 70°Col| A g5 A AT

L—Methionine< lithium aluminium hydride 8¢ AlA = o
% , ice bathelA LAH¥E THFe] *o]i L—Methionines %7}g

W ZRavh AgEe] Am Wole T LAH $9 wg ol

-13-



Fieser work—up< 3 v}, 289 3 F7|HAAE0] A7+ o]AL&

celiteZ o] &3} filter & A AA7} 7Vs3H th

ol
rir

335 12 9 hydroxyl group= silyl ethers & H.33F= 7 o A
3tetE 12 9 hydroxyl group ¥ oFY2} amine group %3k HF-g3slo] A&
13—19] "t=9] A} (Figure 6). WA 1M NaOH/Hexane . & 50 T4 vk
=3E 1 AN E 139 B E 13-15 F=FTh 183 hexane T2 mixture

solution (CH3CN/H20/CH3COOH = 40/60/2)°.2 33E&E 132 t}A]

F=3t}. 3FsrE 13 9 hexane 594 mixture solution ©.& o]F& Fo|ga

oZ
N
)
32
N

d
4

&, 3} E RS mixture solution®] ZoF o] o]AS thA]
hexane 22 AAE 13—-15 oUW mixture layerol= 33h&E 13 w0
Z A8 t}F. mixture solution®] Sodium bicarbonate® 2] 3+ t}2 ether &

Ul FEEA0 B 139 A FHS 3F 0% columno® 4

~
- - S

S . S
TBDPSCI, imidazole /i
N
ﬁOH CH3CN. JiOTBDPs TBDPSN OoH
|

NH> r.t overnight NH>
H

12 13 13-1

Figure 6. 3}3H& 13 A ANA FBAHE
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Isothiocyanate (14)% thiophosgenes ©|&3}% amine
(13) o =58 gAdskalth. Thiophosgenes HAl FILH™ |7}
=322 hood WA ZFAo] tF#Slth Thiophosgenes Uthokst
functional tolerance”’} Y7] W&ol thiophosgenes A3l Y
9]¢ carbon disulfide® ©]€3}o] dithiocarbamate® A< Tl lead
tirtate i+ TsClE A @3} isocyanateE A3 AIET HI

F ot B A3 o] A= Thiophosgenes o]-&3ato] F w2 glo] 7§33tk

Thiophosgenes A% d 713514t

Isothiourea (15)% 4= acetonitriled] =<1 3}gHE 1409
TAstE 11e H7bste] AReold wheAZt stehE 149 @3
amine group®©| isothiocyanate® ZAAE 324 3} thiourea (15)7}
THEo R e F Rk ok ekt

1A EE 11 acetonitrile o A LA wk Al 7ho] 7 93]

A

FE SA AR Slo] B w9k oleld 574

S
=

ol g3l stFgE14H Y X = 33E 118 &% ¢ H7) 8t

(=
olo
(o3

]

3] ¢4 | filterg F3l g AAS sdE 158 AU
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3} E 155 =/ % dichloromethane ©] =< %, imidazole ¥} tert—
butylchlorodimethylsilane ©.% 3}3H&E 165 3743t}

Thiourea (16)E Alkylation 3}%3 isothiouronium (17)S /3 3} o).
methylation A|2F© 3= methyl trifluoromethanesulfonate & AFE3}3it}. o]
AlekS electrophilic methylS WEOWHA Sy2 HEE O 2 methylation ©]

U o]

w

t}.

3}3t= 16 2 methyl trifluoromethanesulfonateel] 2J3l] sulfur 7}
methylation ¥t} DIEAE #¥ ¥ S methylation®] &5 Htvh 1831
intramolcular N—alkylation®l] 2JajA 12]3}7} 218 =1 A dimethyl sulfide

7} 33 €t (Figure 7).

N F3CSO4CHg, s g
A . o
NH Ji - NH . NH
s N~ \-OTBDPS \S)LN OTBDPS \S)L OTBDPS
H H
16-a
< g
TBDMSO ™ ST TBDMSO% °s”
s NH C ﬁ TostHiNHﬁ/
~gN~~\-OTBDPS ~g&N~~\-OTBDPS
H H
16-b 16-c
\ /
TBDMSO N fN
YﬁH Ji — . TBDMSO.. N/K\/vaTBDPS
~&b N~ ~-OTBDPS tos
H
16-c 17

Figure 7. Guanidinium @473 =
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HES- % hexane °2 AAAS T4 AASHI FATE

2
o

A5t EtOAc/hexane S92 FAME A As Fof colunm
TEA & #H7Fsto] &2 FA sto] At
sFehE 1790 Tosyl group= AA 3t 3g&E 185 T3

aluminium foil& 2% mercury (II) chloride €Meof Y & W %7}

2% aluminium foilo] °FFF F2 = ZAAHYH Holu FEPId

*

mercury (II) chloride &< 4 HHdZo] AH

Z#H]3F aluminium foil& THF/H20 ©f 3¢ 33tE 17 o] Y

= ol WA HAY AL o)Al v WA el Al A7 ether/THF 2

HA 2E&9T. §7] & UA NaOH = RolF3th nixvtesw

o

ammonium iodide A o|F 1 ether =& Xol 7+t

ol &-viE A A8l

(¢

toluene ©.% A sHkA 7HF sHehE 182 AUt

s}3HE 189 silyl ethersE AASH7] 9138l acidE AHE-3sESith
silane 2] A &7|7F 245 <G AAZE ofHFA ©rh. TBAFE
AbgstH = u AA7E 2+ vk acidE ol &EllA tert—
butylchlorodimethylsilane %  AAT 4 St sodium
bicarbonate® H7tste] REgS FHEUTE FET W= sodium

bromide €90 2 M o]Fo] guanidinium (19) ¥ &S o] F = jodideE

17 -



bromide = &3ttt Toluenel® AZAAL st FAW A sHo]

dichloromethane ¥} methanols ©]€-3 colunm ©.& A A| 2] 3}t

3. tetrazole ¥} guanidnium® 4

(0]
OH
adipic acid o OH
BnO TsOH 0
BnO
N dry.toluene
TN reflux, 1day N
OBn N-N \
OBn N-N
9 20
X i
H” OH OWOH
H,10% Pd/C (\N
HO 0 + Ho_.\ @ OTBDPS
MeOH NN
r.t, overnight N
Y
OH N-N
21 19
O
EDCI.HCI o CN/L
DMAP @
RN o N//kN OTBDPS
HO (e} H H
dry. DCM
r.t, overnight N
I N
OH N-y
22

Scheme 5. Tetrazole ¥} guanidinium 924.
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3}elE 99} adipic acidZ esterifacatione ZalA] A3t}
esterification °lli= AF Fwl & |71F5ulE AFEE 4+ Qlth o]
GA o= p—toluenesulfonic acidS AFE3FATE GAF T 3ALS
A ¥ 2Adk-8-9l ester hydrolysis & 4o = o} {714 Fuj &

olgatt olefF o WS FHI 5 92 Wk ope wAANFOE

adipic acid”} &% A 4ol A AA H ATt

39E 208 Pd/C ¢} formic acidE ©]$38lA hydroxyl
group< X339 benzyl groups AAESETE  FeE 212
column® @ A & wli= acetic acidE 78t AR =dl 7 bl
AAZE E A &kt columns & $of oA 3FF A% FH acetic
acid 7} AAH7IE= spARE AlZto] U e Aee Wilo] ith
columne® A Feo TA]  EtOAc/H20E  acetic  acid&
A AN TFAA R A 8HA] A A A = Z R

315tE 219 398 195 97] ZACA esterification WS
W&kt WA 83E 217 EDCL DIEA, DMAPS ®H8 Al#A F9th,

71 Bell gt

E?L'

—

%198 H7Hs) FAch
WS Fol LOMSIAAE UVAA €48 8g8e s,

NMRA#F}E F3¥S w], HFHoz A4d IJFES 42 7oz
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1. 2 &

°F Hge Aoz AT Hol& Hsp90 inhibitored detE =
A AR5 e >

FeAAE vEZEC AP LAY 4 Ao et ATrE FAs AT
O ©
AAEZHE fFeish 17-AAGS 2o, & A HolA FA e 2+ 74
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Iv. 4 3

1. AE77] % A<k

(1) A&717

"H NMR#} C NMR 23 E#2 Varian—500 (500 MHz 'H, 125 MHz '*C)
wHARYE dojxlth,. NMR $WlZ+ CDCl;, DMSOE Arg3halom,
chemical shiftx X FE2Z<  tetramethylsilane© . Z5FE ppmTY=
712313 9 do]E]+= chemical shift multiplicity (s=singlet, d=doublet,
t=triplet, g=quartet, bs=broad singlet, m=multiplet, dd=doublet of
doublet), coupling constant (Hz), integration®] o2 7|3} t}. High
Performers liquid chromatography (HPLC)+ Hewlett Packard Series
1100 222, columne ZORBAX ECLIPS Cis (3 x 50 mm)-& AH&-3F3ith.
A7) (MS)E  Electrospray ionization (ESI) "9  Agilent
Technologies 6130 EHS  ARgstol  38k3itt. Thin  layer
chromatography (TLC)+ MerckAFe] silica gel 60 Fys40] Y33 glass
plate® ARgsiion, TLCHC wde =49 &= #8 UV lamp
(254nm) & AHE8HAY PMA £9 T KMnO, $o] g F 7tds}e]

s+elsFith. Flash column chromatography+ Merck #3% 9] Silica gel 70—

230 mesh& AHE-3to] sttt AA &S] 5% 'H NMR¥% HPLC #4&
T3 95%°1d = AL AL Felsen RE SFES 'H, PC NMR,
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2o AFE3E o] AlekS Aldrich—Sigma, Junsei, TCI oA 93}

AA glo] A}&3sFTE. THFE, DMF Toluened AFg Zde] Glass Count

(1) tetrazole ¢+743

methyl 2,4—bis (benzyloxy) benzoate

HO BnBr BnO
K,CO4
COOMe COOMe

OH CH3CN OBn
reflux, 1day

1 2

methyl 2,4—dihydroxybenzoate (1) (1.8 g, 10 mmol) = CH3CN¢j

Ao HdH3] Assrt whgo] FAHW A27HA 48|, FA=S filter
EME Ay skl AARH. FRFE 7] HO/EtOAcE
FEAT 771 & SR brinel® Wil 5 MgSO.E AXAIZ

7k stllA g5 A AT Y. Hexanel® A4 sl50] 3¢E 2
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(A, 100%) = D= = AU

"H NMR (500 MHz, cdcl3) & 7.88 (dd, /= 8.6, 1.5 Hz, 1H), 7.51 - 7.13
(m, 11H), 6.61 — 6.55 (m, 2H), 5.13 (s, 2H), 5.05 (s, 2H), 3.86 (d, J =
1.6 Hz, 3H). C NMR (125 MHz, cdcly) & 161.67, 158.70, 155.71,
132.12, 131.65, 129.41, 124.19, 124.04, 123.76, 123.25, 123.05, 122.46,
122.26, 108.63, 101.51, 96.93, 72.80, 72.55, 72.30, 66.02, 65.71, 47.22.

MS (ESD) m/z = 349.0 M+H)"

2,4—bis (benzyloxy) benzoic acid

BnO BnO
Q 20% KOH @
COOMe ™\, o, CHOOH,

OBn reflux, 3hr OBn

2 3

3} 2 (2.7 g, 7.7 mmol) = MeOHel %2l ¥ aq. NaOH (11
ml, 20%) 5 YolFal 3AI3t &3t &FHkS A AT v A E
ek stell 8l E AAM FAS SR 2S5 %, IN HCl &

AFst AlA th DichloromethaneE 3 7}sle] H,O/DMCZ WHEE&

shaE 3 (214 1A, 86%) 2 A 4 9%k

'"H NMR (500 MHz, cdcl3) ¢ 10.56 (s, 1H), 8.15 (d, J = 8.8 Hz, 1H),

-23-



7.47 - 7.28 (m, 10H), 6.78 — 6.65 (m, 2H), 5.23 (s, 2H), 5.11 (s, 2H).
I3C NMR (125 MHz, cdcly) & 164.95, 164.06, 158.66, 135.70, 135.66,
134.12, 129.24, 129.18, 128.79, 128.46, 127.96, 127.55, 111.01, 107.82,

100.71, 72.23, 70.52. MS (ESD) m/z = 335.0 (M+H)"

tert—butyl (4 —nitrophenethoxy) diphenylsilane

OH T1BDPSCI OTBDPS
imidazole
CH3CN
NO, rt, 3hr NO,
4 5

2— (4—nitrophenyl)ethanol (4) (1.7 g, 10 mmoDE 0°CelA
CH3CNell =<l ¥ imidazole (2 g, 30 mmol) = 0°CellA o] tf %S o
7hA] wRE 3fFE AT tert—butylchlorodiphenylsilane s ¥l Ao A 3A|7F
Qb wyk sl RbkE FEE FH S Stel &wiE AlA FAH
H20/EtOAc®  WH&Es F% ot ¥ & 93 tert—

butylchlorodiphenylsilanes sat. NaHCOs3©S. & AAs] Fth 7]

ofji
tlo

FlA s

ol

T8 brineC® Tl F MgSO4= AxAZ F, A4

AASA gteh= 5 (kA A, 100%) & 42 F U3

o

'H NMR (500 MHz, cdcl3) & 8.09 (d, J = 8.6 Hz, 2H), 7.82 — 7.68 (m,

2H), 7.61 = 7.51 (m, 2H), 7.51 = 7.25 (m, 8H), 3.89 (t, /= 6.3 Hz, 2H),
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2.91 (t, /= 6.3 Hz, 2H), 1.07 (s, 3H), 1.01 (s, 9H). *C NMR (125 MHz,
cdels) 6 147.39, 135.49, 134.78, 133.31, 130.06, 129.72, 129.65, 127.71,
127.66, 123.35, 77.26, 77.01, 76.76, 64.04, 38.99, 26.77, 26.55, 19.13.

MS (ESD) m/z = 406.0 M+H)*

4—(2— ((tert—butyldiphenylsilyl) oxy) ethyl) aniline

OTBDPS OTBDPS
H,10% Pd/C

MeOH

NO, r.t, overnight NH,
5 6
33t e 5 (1 equiv.) S MeOHe| wHF Al#HTh Pd/C (10%

w/w)E Bal 3715 AASHAL Hys 410l A ske] 12413 i-3-A13

®

HE-go] kA% 3 silicaollA filter 350 Pd/CE A A& = T gA

o

et skl Al AT Y. Flash column chromatography (10% Ethyl
acetate/n—hexane) W o2 g AASte] sgE 5 (A4 A,
91%)= D= AN

'"H NMR (500 MHz, cdcl3) & 7.72 (m, 4H), 8.57 - 7.26 (m, 6H), 6.92 (d,
J = 6.9 Hz, 2H), 6.58 (d, J = 6.9 Hz, 2H), 3.78 (dd, / = 10.0, 4.1 Hz,
2H), 3.52 (s, 2H), 2.75 (t, J = 6.7 Hz, 2H), 1.03 (s, 9H). "°C NMR (125

MHz, cdcl;) 8 144.69, 135.83, 135.03, 134.16, 130.23, 129.72, 129.33,
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127.96, 127.80, 115.35, 65.80, 38.70, 27.09, 26.80, 19.41. MS (ESD m/z

=376.0 M+H)*

2,4—bis (benzyloxy) —N—(4—(2— ((tert—
butyldiphenylsilyl) oxy) ethyl) phenyl) benzamide

1.0Oxalylchloride

BnO OTBDPS pmF pmc  BnO H
Q . 0°C ,1hr N
COOH . m
OBn NH, > TEA ©OBnO OTBDPS
5 . DMC ;
r.t, 2hr

3 3% 0°ColA T/€ CH.CL (0.2 M) E 3715 wWlF1 of=2LS
go]F thS oxalylchloride (1. 2 equiv.) S ¥olF & <4 DMFZE 4-54-%
ol 7hallE oh 1A ik sl 3lok. 73SE shell oxalylchloride & #1 A $E
e DCME 7lef+1 0°CE A&+ s triethyl amine (3 equiv.)

SE DCMel =<l 3= 6 (1 equiv)s ztel2 HolE F 247 &<t

Ao wEgA AT, REgo] FAEW deEs H7Fete] HyO/EtOAc®

acetate in n—hexane)WH oz 2 AA st 3gE 7 (A 1A, 67%)=
A At

'H NMR (500 MHz, cdcl3) 6 9.80 (s, 2H), 8.29 (dd, J = 8.8, 3.7 Hz, 2H),
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7.64 — 7.23 (m, 20H), 7.13 (d, J = 4.7 Hz, 1H), 7.05 - 6.93 (m, 1H),
6.84 — 6.69 (m, 1H), 5.15 (dd, J = 8.7, 3.4 Hz, 4H), 3.79 (d, /= 3.7 Hz,
2H), 2.77 (d, J = 3.4 Hz, 2H), 1.03 (d, / = 3.7 Hz, 9H). "*C NMR (125
MHz, cdcls) & 162.92, 137.08, 136.40, 135.80, 135.29, 134.47, 134.03,
129.75, 129.73, 129.38, 128.98, 128.91, 128.56, 127.84, 127.82, 119.67,
107.06, 104.99, 100.71, 72.01, 70.60, 65.37, 38.89, 27.08, 19.39. MS

(ESI) m/z = 692.0 (M+H)*

5—(2,4—bis (benzyloxy)phenyl) —1— (4— (2— ((tert—

butyldiphenylsilyl) oxy) ethyl) phenyl) —1H—tetrazole

BnO 1.PCl; OTBDPS
H dry.toluene
\Q\WN\Q\/\ reflux, 5hr ~ BnO
OBnO OTBDPS  2.NaNj Q\WNN
dry.DMF OBnN-N
reflux , 1 hr

~
(o]

3HE 7 (1 equiv) & 3715 AASIL of22E A H FF
toluene®] WHF AJZ T} phosphorus pentachloride (1.5 equiv.) &
93 105 °CelA SAIZE F<F SRRkg AZlv e skl W=
A AT o2 AeolA F DMF ¢ sodium azide (3 equiv.) =

e 2 @l 105°Col A 1A 7F F<F sRuk-s- AJFt} Hkgo] 4w &



Z9} brinel & @1 ¥4 MgSO,2 AXA7 F,

"
HHT‘
2
=
Jo
N
ofj
o
o\
=

A
2
ol

FolA £l E A A3}t Flash column chromatography (10% Ethyl
acetate in n—hexane)}H o x 2] At 5= 8 (214 1A, 32%) &
A At

1H NMR (5600 MHz, cdcl3) 6 7.73 —7.03 (m, 24H), 6.83 (d, /= 6.8 Hz,
1H), 6.70 (dd, J = 8.5, 2.3 Hz, 1H), 6.48 (d, / = 2.2 Hz, 1H), 5.04 (s,
3H), 4.59 (s, 2H), 3.84 (t, / = 6.6 Hz, 2H), 2.85 (t, J = 6.7 Hz, 2H),
1.01 (s, 9H). '*C NMR (125 MHz, d-0) 6 162.63, 157.24, 151.80, 140.59,
136.06, 135.561, 133.62, 133.49, 132.60, 129.94, 129.71, 128.71, 128.34,
128.01, 127.70, 127.62, 127.04, 126.89, 122.86, 106.63, 106.60, 101.02
70.33, 70.26, 64.55, 38.79, 26.83, 19.16, —0.01. MS (ESD) m/z = 717.0

(M+H) "
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2—(4—(5—(2,4—bis(benzyloxy) phenyl) —1H—tetrazol—1—

yD) phenyl) ethanol
OTBDPS OH
BnO TBAF BnO
N THF N
\ N \ N
OBnN-N OBnN-N
8 9

3155 8 (1 equiv.) S 37|15 A|AS of 23 AEfol A tetra—
butyl ammonium floride (5 equiv. 1M in THF)& Y1 347t &<t

Aedx @R Stk ek sl &dE AAST H0/MDCMO R

N

FET 7 T TR brineC®E Hia F4 MgSO,E
AzxA 5, A% steld EmiE AASIH. Flash  column
chromatography (1% methanol in dichloromethane) W o2 g
JAste] a9 (314 1A, 94%) & DAL

'"H NMR (500 MHz, cdcl3) & 7.58 (dd, J = 8.5, 2.1 Hz, 1H), 7.40 (dd, J
= 12.8, 10.1 Hz, 6H), 7.25 (s, 2H), 7.16 (d, /= 1.8 Hz, 4H), 6.87 (d, J
= 7.2 Hz, 2H), 6.73 (d, / = 8.6 Hz, 1H), 6.51 (s, 1H), 5.07 (d, /= 1.5
Hz, 2H), 4.62 (s, 2H), 3.87 (d, /= 5.3 Hz, 2H), 2.89 (d, /= 1.9 Hz, 2H).
¥C NMR (125 MHz, cdcly) § 162.71, 157.20, 151.79, 140.00, 136.04,
135.53, 133.93, 132.66, 129.74, 128.72, 128.38, 128.34, 128.08, 127.62,

127.02, 123.09, 106.70, 106.54, 101.01, 70.37, 70.30, 63.28, 38.70. MS
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(ESD) m/z = 279.0 M+H)*

(2) Guanidinium &4

4—amino—2— (4—methylphenylsulfonamido) —4 —oxobutanoic acid

O O
NH, 1.TsCl, 1N NaOH ﬁNHz
- + 40- 50°C, 2hr
OOC” "NH,4 HOOC  NH
Tos
. 2.10% HCI
L-Asparagin 10

L—Asparagine (1 equiv.)S 1M NaOH o ¥9] 40-50°CeollA wwk
3o =t} Acetone ©f #¢! Tosylchloride (1.3 equiv.) S dropping funnel<-
ol g3sto] AH FHrbshdA pH 9-1022 FA gt} wkgo] Zubd 7het
stoll Al &ulE A|ASEIL 0°CeollA con. HClS 7bstrt. A€ shekd 1A=
rerol 7] 2 Rol 80—-90°ColA 45% ethanols ¥ith A7} BF How
AR 5 4°Cold AZAA ko] 3= 10 (I 14, 60%) = LUt
'H NMR (500 MHz, CDCly) & = 12.59 (s, 1H), 7.93 (d, /=8.7, 1H), 7.67
(d, /=8.2, 2H), 7.35 (d, /=8.1, 2H), 6.88 (s, 1H), 4.10 - 4.04 (m, 1H),
3.35 (s, 4H), 2.50 (dd, /=3.4, 1.7, 1H), 2.46 (dd, /=15.4, 7.2, 1H), 2.37
(s, 3H), 2.25 (dd, /=15.4, 6.0, 1H). '*C NMR (500 MHz, CDCls) & 172.65,
171.19, 143.12, 139.14, 130.05, 127.23, 53.06, 40.69, 40.52, 40.36,

40.19, 40.02, 39.86, 39.69, 38.62, 21.68. MS (ESD m/z = 287.0
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(M+H) "

N— (4—amino—1—hydroxybutan—2—yl) —4—ethylbenzenesulfonamide

1. LiBH, ,
O TMSCI
dry THF \/fNHz
NH
J\)k 2 0°C, 30min HO_~~NH
HOOC $H r.t, 1hr Tos
0s reflux, 3hr
10 11
2. 5M NaOH

53t= 10 (1 equiv.) S 3715 AASIAL of =T AFHl oA
THF o 9y 0°CellA chlorotrimethylsilane (6.5 equiv.) < A%
H7bstAA wRk skl ok 30 F, A2olA 1A1ZF 5<F Wil 33l 66

°CollA 3AIZF mwwE grf. vhA] 0°CollA] methanols 3718t

2
2
Ef

T

sto] o AAZE BF ow st stelld &wiE B AA ek

\1

FR5 %ol vl 2 sl FR4E 4% AAWL 5M NaOHE
A7kshEA] stebsl AL AMEE 4 0CelN AAR k. ser
TAE AT BE F 105°CAA 87 SEA FREE AR,

A TE B s 4°Coll A Adgato] shehE 11 (14 LA, 55%) =

"H NMR (500 MHz, dmso) & = 7.70 — 7.66 (m, 2H), 7.37 (d, J=5.9, 2H),

3.27 - 3.20 (m, 2H), 3.13 - 3.04 (m, 2H), 2.50 (s, 1H), 2.38 (s, 7TH),
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1.57 — 1.48 (m, 1H), 1.29 (d, /=5.9, 1H). *C NMR (125 MHz, dmso) &
142.96, 139.68, 130.15, 127.12, 64.33, 54.29, 38.53, 35.48, 21.67. MS

(ESD m/z = 259.0 M+H)"*

(S) —2—amino—4— (methylthio) butan—1—ol

-

S -
LiAIH,4 S
H,N NP dry THF N N-OH
o) reflux, overnight "'2
L-Methionin 12

K3
[
rR

Lithium aluminium hydride (2 equiv.)E &7]1& AAstx

Aejo A F< THF o =9 0°CellA L—Methionine (1 equiv.) S 24

ot
1x

A7bsbd A wRk st Foh 16A13F Tt 70°CellA g7 whg Azt wkgo

v}

BY F, 85 48 Fol $HE, 15% NeOH, FR4E £ANZ 234
A7HATE celited o] §-3ko] 7St ol ksl MAE Aol Sl AHT] Ak

atell Al A}, 3FE 12 (34 314, 82%) & AU

'"H NMR (500 MHz, cdcly) & = 3.57 (dd, /=10.7, 3.9, 1H), 3.32 (dd,
J=10.7, 7.4, 1H), 3.00 - 2.93 (m, 1H), 2.65 — 2.52 (m, 4H), 2.11 (s, 3H),
1.77 = 1.66 (m, 2H), 1.56 (dtd, /=14.0, 8.1, 6.1, 2H). '"C NMR (500
MHz, cdcls) & 66.60, 52.14, 33.50, 31.22, 15.75. MS (ESD) m/z = 136.0

(M+H) "
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(S) —1—((tert—butyldiphenylsilyl) oxy) —4 — (methylthio) butan—2—amine

- -

S
/i/ TBDPSCI, imidazole i
H,N OH CH3CN. H,N OTBDPS

r.t overnight

12 13

Acetonitrile ©] =¢1 3}gE 12 (1 equiv.) S ¥7]1= AAS
ol=2 2% ejof| A imidazole (2 equiv.)S F7}stHAl wRE 3] Fu}.
0°CellA]  tert—butylchlorodiphenylsilane (1.3 equiv.) S Y1
A 2o 16A)1%F F<F vk AJFH T 1M NaOH/hexane o2 F% 38},
o 7] =

s

o

R4 % brine o2 F1 ¥4 MgS0,2 A2 F, 79

stol A gl & Al ek 3Heta 13 (B4 A, 55%) & D3

'H NMR (500 MHz, cdcly) 8 = 7.65 (dt, /=31.1, 14.8, 4H), 7.46 — 7.27
(m, 6H), 3.60 (dd, /=9.9, 4.3, 1H), 3.44 (dt, /=26.5, 13.2, 1H), 3.02 -
2.87 (m, 1H), 2.54 (dddd, /=15.6, 12.7, 8.8, 6.3, 2H), 2.10 - 1.96 (m,
3H), 1.76 - 1.58 (m, 1H), 1.58 = 1.41 (m, 1H), 1.38 (s, 2H), 1.12 - 0.93
(m, 9H). "*C NMR (125 MHz, cdcly) § 135.81, 133.68, 129.97, 127.96,
69.21, 52.36, 33.39, 31.31, 27.13, 15.73. MS (ESD m/z = 374.0

(M+H) "
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(S) —tert—butyl (2—isothiocyanato—4— (methylthio) butoxy) diphenylsilane

S/ S/

thiophosgene,
/i/ 20%N82CO3, s ﬁ/
OTBDPS C. OTBDPS
HoN DCM N
r.t, 3hr

13 14
3% 13 (1 equiv.) = dichloromathane ©f o], Z=&Fef =91
sodium bicarbonate (5.2 equiv)E Yil "§ ZstAl wHk stk FUE

A AT o} =L AFefoll A DCM ©l =<2l thiophosgene (1.1 equiv.) S &%

1%

RS 7k & Ad2olA 2412 FF wnt sttt 7] & SR % brinel®
i F MgSO4E XA %, 7S stellA & #1783tk Flash
column chromatography (20% Ethyl acetate in n—hexane) ¥ oz Fg
AAste] 385 14 (ZA A, 90%) & LA

'H NMR (500 MHz, cdcly) 8 = 7.70 — 7.65 (m, 4H), 7.49 — 7.39 (m, 6H),
3.94 (dt, /=9.1, 4.4, 1H), 3.76 — 3.67 (m, 2H), 2.66 — 2.52 (m, 2H), 2.09
(dd, /=5.6, 2.9, 3H), 1.99 - 1.85 (m, 2H), 1.13 - 1.06 (m, 9H). '°C NMR
(125 MHz, cdcls) 8 135.85, 132.95, 130.22, 128.13, 104.98, 77.53, 77.28,
77.02, 65.94, 58.83, 31.56, 30.72, 27.02, 23.45, 19.43, 15.79. MS (ESI)

m/z = 416.0 M+H)*
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N—((6S) —13—hydroxy—2,2—dimethyl—6— (2— (methylthio) ethyl) —3,3—
diphenyl—8—thioxo—4—o0xa—7,9—diaza—3—silatridecan—12—yl) —4—

methylbenzenesulfonamide

-

- s
NH S HO
HOH C/(NH s TOMH /i
2 fos S:C. A OTBDPS _ CHCN. s N~ ~\-OTBDPS
N 35°C, overnight H
11 14 15

335 14 (1 equiv.)E acetonitrile o =<1 = 3ts+E 11 (1
equiv.) & 7hsto] o= AFejelA 35°Cel Al 18A1%F &<t Rl ght},
7} shell s Al ATk 3FEE 15 (A4 94, 100%) < AU
'"H NMR (500 MHz, cdcly) 8 = 7.66 (dd, /=10.0, 4.0, 4H), 7.51 — 7.32 (m,
6H), 7.26 (s, 2H), 6.62 (s, 1H), 6.05 (s, 1H), 4.99 (s, 1H), 3.98 (d,
J=14.4, 1H), 3.81 (dd, /=10.4, 3.6, 1H), 3.73 (d, /=8.1, 1H), 3.48 (dd,
J=14.0, 7.0, 1), 3.20 (d, /=9.9, 1H), 3.14 (s, 1), 2.99 (d, /=6.5, 11,
2.52 (td, J/=13.3, 6.3, 2H), 2.41 (s, 3H), 2.09 (s, 3H), 1.95 (d, J=6.2,
2H), 1.88 (s, 1H), 1.74 — 1.63 (m, 1H), 1.07 (s, 9H), 0.81 (s, 9H). °C
NMR (125 MHz, cdcls) & 143.95, 137.73, 135.83, 133.08, 130.19, 130.10,
130.07, 128.16, 128.15, 127.02, 104.99, 66.10, 65.23, 64.01, 52.48,
31.57, 31.08, 30.81, 27.15, 26.02, 25.89, 21.76, 19.53, 18.46, 15.71,

15.53, 0.24. MS (ESI) m/z = 674.0 M+H)*
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N—((6S)—2,2,15,15,16,16—hexamethyl—6— (2— (methylthio) ethyl) —3,3—
diphenyl—8—thioxo—4,14—dioxa—"7,9—diaza—3,15—disilaheptadecan—12—

yl) —4—methylbenzenesulfonamide

-

s~ S
HO% TBDMSCI, imidaz-cI)—I%DMSO%
OTBDPS

Tos’NH NH Tos’NH NH
SJ\N OTBDPS DCM S4KN

H r.t 3hr H

15 16

AA kA & 3FstE 15 (1 equiv.) & ¥4 dichloromathane °f =¢I1
% imidazole (2.1 equiv.) 2} tert—butylchlorodimethylsilane (1.3 equiv.) &
2HE| =2 W@ Ao A 3AI7F 2 wHk A7t} pH 4.5 HOAc/NaOAc=E 7]

Foll A

Ol

= AolulaL 759 brine ®aL 5 MgSO,= A7 &, 2
L& A ARl Flash column chromatography (10% Ethyl acetate in
n—hexane) WH O = F2] Aste] 38= 16 (&N AA, 72%) = AT

'"H NMR (500 MHz, cdcls) & = 7.66 (dd, /=10.0, 4.0, 4H), 7.51 — 7.32 (m,
6H), 7.26 (s, 2H), 6.62 (s, 1H), 6.05 (s, 1H), 4.99 (s, 1H), 3.98 (d,
J=14.4, 1H), 3.81 (dd, /=10.4, 3.6, 1H), 3.73 (d, /=8.1, 1H), 3.48 (dd,
J=14.0, 7.0, 1H), 3.20 (d, /=9.9, 1H), 3.14 (s, 1H), 2.99 (d, /=6.5, 1H),
2.52 (td, /=13.3, 6.3, 2H), 2.41 (s, 3H), 2.09 (s, 3H), 1.95 (d, J/=6.2,
2H), 1.88 (s, 1H), 1.74 — 1.63 (m, 1H), 1.07 (s, 9H), 0.81 (s, 9H), —

0.07 (s, 3H), —0.10 (s, 3H). **C NMR (125 MHz, cdcls) & 143.95, 137.73,
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135.83, 133.08, 130.19, 130.10, 130.07, 128.16, 128.15, 127.02, 104.99,
66.10, 65.23, 64.01, 52.48, 31.57, 31.08, 30.81, 27.15, 26.02, 25.89,

21.76,19.53, 18.46, 15.71, 15.53, 0.24, MS (ESD) m/z = 789.0 M+H) "

(2S,8S) —2— (((tert—butyldimethylsilyl) oxy) methyl) —8 — ((tert—
butyldiphenylsilyl) methyl) —1—tosyl—2,3,4,6,7,8 —hexahydro—1H—

pyrimido[1,2—al pyrimidine

- 1.F3CSO4CHj,
TBOMS™™  § DIEA, DCM. (\N
Tos N NH rt2 hr TBDMSO._.. NJ\\N TBDPS
<P\~ ~\-OTBDPS ¥
H 2. excess DIEA oS
reflux. overnight
16 17

s}hE 16 (1 equiv.)E < dichloromathane °| Q1 %
A% diisopropylethylamine® methyl trifluoromethanesulfonate
(2.5 equiv.) & AdE Q@ A4 2A17F & wwk A7it}, DIEA
(10 equiv.)E ©stal 37 °CollA 18AI1%F FF $7Rkg A|ZIth 7Het

atell gl & A4 3tal ether/1M NaOH % F%& ¢t

ui
Jo
~
OINI
ftlo
ofN
)
BN
1o

brine Wil ¥ MgSO,= A7 F 74} stellA &l & Al A8 T
Flash column chromatography (50% Ethyl acetate in n—hexane,
1%TEA) WO Z 28 AAlste] 3E 17 (= AA|, 45%) &

A3t
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"H NMR (500 MHz, cdclz) 8§ = 7.60 (d, /=7.8, 4H), 7.40 (dt, J/=14.5, 7.3,
8H), 6.89 (d, /=7.9, 2H), 4.66 (s, 1H), 3.81 (dd, /=9.9, 4.7, 1H), 3.64 -
3.47 (m, 4H), 3.19 - 3.13 (m, 2H), 2.94 (d, /=11.5, 2H), 2.64 (d, /=9.9,
1H), 2.18 - 2.03 (m, 6H), 1.35 (s, 1H), 1.01 (s, 9H), 0.88 (s, 9H), 0.07
(s, 3H), 0.05 (s, 3H). '"C NMR (125 MHz, cdcly) & 135.49, 135.46,
129.52, 129.48, 128.42, 128.15, 127.54, 127.52, 67.65, 63.31, 54.66,
46.82, 44.94, 26.79, 25.79, 25.43, 23.84, 21.28, 19.19, 18.12, -0.05, —

5.43, =5.54. MS (ESD m/z = 707.0 (M+H)*

(2S,8S) —8— (((tert—butyldimethylsilyl) oxy) methyl) —2— (((tert—
butyldiphenylsilyl) oxy) methyl) —2,3,4,6,7,8 —hexahydro—1H—

pyrimido[1,2—alpyrimidin—9—ium iodide

N
Al-Hg, (\
TBDMSO._ (\)\/LTBDPS ————  TBDMSO_.. N/éK/NjVOTBDPS
H® H

THF-H,O
r.t. 4hr

17 18

3}t E 17 (1 equiv.) & SF/THF o] =<lt}. aluminium foilS 2%
mercury (II) chloride o 30%3%F G t7F HE-g&Eof Wil A-2oA 4A]7F &<t

=]

-

-

gt Celite® o8-8 At ojatst 5, 74t stoll SviE AlAT T Hob

K

rir

x2

& =% ether/THF® FZ31 §7] =< thA] 4M NaOH, 1M NaOH ,

o\

T SAHE A 17 S5 TRFTFe brine Hal - MgSO,2



AZAZ =, 3 st &wlE AASIAT. F toluene o=
ANA7ste] sheE 18 (34 114, 30%) & AU

'"H NMR (500 MHz, cdcly) & = 8.14 (s, 1H), 8.00 (s, 1H), 7.64 (ddd,
J=10.2, 5.7, 1.6, 4H), 7.48 — 7.33 (m, 6H), 3.81 (ddd, J=14.3, 9.8, 3.6,
2H), 3.58 (tt, /=40.6, 20.3, 4H), 3.37 (ddd, /=12.3, 7.5, 4.8, 1H), 3.27 -
3.08 (m, 3H), 2.10 — 1.84 (m, 4H), 1.07 (s, 9H), 0.88 (s, 9H), 0.09 (s,
6H). »C NMR (125 MHz, cdsod) & 147.13, 131.78, 131.74, 129.08,
128.96, 126.38, 126.34, 124.29, 124.26, 73.58, 73.33, 73.07, 62.22,
60.98, 49.75, 46.56, 46.26, 41.79, 41.61, 23.16, 23.08, 18.78, 18.61,

15.52, —0.05, —5.43, —=5.54. MS (ESI) m/z = 553.0 M+H)"*

(2S,8S) —2— (((tert—butyldiphenylsilyl) oxy) methyl) —8 —
(hydroxymethyl) —2,3,4,6,7,8 —hexahydro—1H—pyrimido[1,2—

a] pyrimidin—9—ium bromide

N N
TBDMSO\\\‘-f/)\ oTBpPs _oMHBr HO \.f/)\ OTBDPS
Na N ~u N

H™ H

CH3OH Ne N

r.t. 1hr
18 19

3}3+E 18 (1 equiv.) S methanol © =<1 % 1.5M HBr (1.1

o

equiv.) Yol 1AZF Fob Ao wHbE st} B4 sodium

bucarbonate® Y1l 7 slell &ujE #|AstY H,O/DMC= F& %
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5%} brine TaL 75 MgSO, 2 AZAIZ 5, 79 shellA] vl &

o
ofj
ftlo

o

oAttt <= toluene 0.2 AAATIY] dto] A2 A 7AE ether =

ol

A A
Aol 5 g13hE 19 (34 314, 30%) = AU

"H NMR (500 MHz, cdcly) 8 = 7.63 (d, /=6.3, 4H), 7.60 - 7.36 (m, 6H),
6.53 (s, 1H), 6.20 (s, 1H), 3.67 (t, /=5.5, 2H), 3.58 — 3.43 (m, 4H), 3.46
~3.23 (m, 4H), 1.97 — 1.89 (m, 1H), 1.89 - 1.82 (m, 2H), 1.76 — 1.64 (m,
1H), 1.06 (s, 9H). *C NMR (125 MHz, cdsod) & 147.13, 131.78, 131.74,
129.08, 128.96, 126.38, 126.34, 124.29, 124.26, 73.58, 73.33, 73.07,

62.22, 60.98, 49.75, 46.56, 46.26, 41.79, 41.61, 23.16, 23.08, 18.78,

18.61, 15.52. MS (ESD m/z = 439.0 (M+)"
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(3) tetrazole ¥} guanidinium ¢ 14
6—(4—(5—(2,4—bis(benzyloxy) phenyl) —1H—tetrazol—1—

yl) phenethoxy) —6—oxohexanoic acid

(@)
adipic acid

BnO TsOH BnO o
\©\(N‘ dry.toluene N
\ N reflux, 1day \ N
OBn N‘N OBn N‘[\’l’
9 20

35 9 (1 equiv.) = toluene © ¢ & adipic acid (5
equiv.) ¢t p—toluene sulfonic acid (10% mol)= TAH=E ¥
110°CollA 2443F &<k &7 WEg AJZth REg-o] v 2431 59
st stell A gl E AAS H.O/DMCE % & 7] T2 759
brine il = MgSO,= AXAIZ 5, 45t stelM & AAsHI T
Flash column chromatography (1% Methanol in dichloromethane)
o e gAlste] shekE 20 (A4 1A, 15%) = D AT
"H NMR (500 MHz, cdcly) 8 = 7.58 (d, /=8.5, 1H), 7.36 (m, 4H), 7.25 -
7.13 (m, 9H), 6.86 (d, /=6.4, 1H), 6.74 - 6.72 (m, 1H), 6.51 (d, J=2.2,
1H), 5.07 (s, 2H), 4.61 (s, 3H), 4.29 (t, /=6.9, 2H), 2.95 (t, /=6.9, 3H)
2.45 - 2.23 (m, 4H), 1.71 — 1.55 (m, 4H). *C NMR (125 MHz, cdcls) &
207.31, 173.52, 163.13, 158.19, 136.33, 135.23, 134.57, 129.78, 129.46,

129.40, 128.98, 128.91, 128.80, 128.58, 128.46, 127.83, 127.78, 127.31,
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120.40, 114.92, 107.13, 100.71, 72.04, 70.61, 70.38, 64.94, 34.77,
34.66, 34.36, 34.19, 34.11, 33.77, 31.18, 29.94, 24.67, 24.52, 24.35.MS

(ESD m/z = 608.0 M+H)"*

6—(4—(5—(2,4—dihydroxyphenyl) —1H—tetrazol—1—yl) phenethoxy) —6—

oxohexanoic acid

]
OH j\ OH
0 H” "OH (o)
o) H,10% Pd/C 0]
MeOH
BnO r.t, overnight HO

N. N.
L Nl
N-N OH

OB
" 20 21

3atE 20 (1 equiv.) S methanol ©] ¢ 3 Pd/C (10% w/w)$}

Az Yeth 3718 AASD HE Bl ddstol

o

formic acid &

)

Ao A 12412 HE3 A ZTh Jhgo] Eud ZSH A= filter 359 Pd/CE
AAN = & NS 7t sholl Al A2t} Flash column chromatography
(5% Methanol in dichloromethane, 1% HoAC)®WH o= &g AA|sho]
SHE 21 (B 1A, 67%) & 4 5 AT

'"H NMR (500 MHz, cdels) 8 = 7.47 — 7.41 (m, 4H), 6.75 (d, /=8.8, 1H),
6.60 (d, /=1.6, 1H), 6.21 (d, /=6.6, 1H), 4.42 (q, /=6.7, 2H), 3.10 (dd,

J=13.1, 6.6, 2H), 2.36 (dd, J=17.4, 6.9, 4H), 1.65 (d, /=3.6, 4H). *C
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NMR (125 MHz, cdcls) 8 178.21, 173.47, 161.00, 160.76, 160.13, 159.93,
151.98, 141.66, 133.36, 130.72, 128.62, 128.46, 126.36, 126.29, 108.01,
107.82, 104.45, 100.25, 64.24, 52.06, 34.91, 33.83, 33.76, 33.59, 33.33,

24.15, 24.02, 23.95. MS (ESD m/z = 428.0 (M+H) "

Hsp 90 inhibitor

OWOH
HO\Q\( + HO_ . N//@N OTBDPS
H H
N\
| N

OH N-N

21 19

EDCI.HCI
DMAP
DIEA

dryMC
overnight at r.t.

O
®
0 H H
N\

Y
OH N‘N/

HO

22

3}etE 21 (1 equiv.) & dichloromathane ° =<1 ¥ EDCI.HCI
(1.5 equiv.) 2} DMAP (0.1 equiv.) 183 DIEA (5 equiv.)<

AR Y=tk 1A BoF A2oA wHk 3 DCM of ¢ 33E
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192 23 ALoA 24A7F E<¢F wyk stk 712 Al AS H,S EF A9

r o
(ih)
ol
ol
2
i
ro
=2
>
—
I\
>,
=
2
olo
>,
)
)
2
olo

o}

| Eubd A= filter 35-0]
Pd/CE AAN = F &9 e stell AAMFUH. Flash column
chromatography (5% Methanol in dichloromethane, 1% HoAC)®¥'{ o &
g gAsto] stk 22 (24 1A, 67%) = A= T UM

"H NMR (500 MHz, cdcly) 8 = 7.63 (d, /=7.3, 5H), 7.47 — 7.33 (m, 20H),
6.47 (s, 1H), 6.20 (s, 1H), 4.47 — 4.38 (m, 2H), 3.71 — 3.64 (m, 6H),
3.54 (dd, /=20.9, 13.2, 6H), 3.33 (tdd, /=12.4, 10.8, 4.4, 8H), 3.13 -
3.01 (m, 2H), 2.35 — 2.30 (m, 2H), 1.98 - 1.77 (m, 9H), 1.58 (s, 10H),
1.07 (s, 11H). '*C NMR (125 MHz, cdcls) & 173.52, 170.23, 160.89,
152.38, 151.35, 150.96, 150.77, 148.81, 140.58, 136.08, 135.84, 135.62,
135.58, 135.35, 133.99, 133.43, 133.16, 132.98, 132.88, 130.69, 130.48,
130.15, 129.85, 128.62, 128.36, 128.04, 127.76, 122.87, 122.64, 122.18,
114.97, 114.35, 111.45, 110.96, 110.78, 108.01, 107.98, 66.07, 65.77,
65.05, 64.89, 64.69, 64.47, 50.66, 50.56, 50.28, 50.17, 46.29, 46.01,
45.71, 45.58, 45.43, 45.14, 44.84, 34.80, 34.74, 34.63, 34.02, 28.01,
27.05, 27.02, 26.05, 24.79, 24.45, 22.84, 22.71, 22.58, 22.52, 22.38,

19.41, 19.38. MS (ESI) m/z = 848.0 M+H)"
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Part 1I

Ionic liquid®] cation F3°l ©&

o

anion?] WA o] A3 AT



LI

1.4 &

lonic liquid + cation ¥ anion ©] 1:1 & ZA%3t salt =
A3)& 1 solvent, catalyst234, reagent SO %E AMgEo] ko
I gk

873 ARl shetnkgof 2ol = BH R

ol

rlr

ofN

Ionic liquid += U©eFsH F7F Qo™ cation O 2+
imidazolium, pyridinium, pyrrolidinium, quinolinium, morpholinium

o] glom, cation & A thst anion o] Agstal vk tfE A<l

ionic liquid € Figure 1 o YEFH AT}

XO X© X©
R1\C§)/R2 R1\C;\'j):R2 R1\g>:R2

i | "Ry 1 R,
R3 R4 R4

/ |
N// N N X6
@) X© | @ | @

N\ XO _

X= Cl_, Br',l', PF4_, ZnCI3', N(SO3CF3)2-, C(SO3CF3)2-, C020H3-,
CO,CF4, NOs', HSO,, SCN', OTs", OMs", SO5CFs’, etc.

Figure 1. ¥ 23] 9l ionic liquid.



Ionic liquid & Diels—Alder ¥F$, heck WHE, 43} ks 5 t}oksh
71 WrgoAl AEEe] ¢th7.8 Jonic liquid & F2 &9 =& A olF

|2 A AFEE H9E Wk o jonic liquid S 2 AFA] Aleko 2 E3] anion

S S EAE AFEE o= SR
B A4 o A= jonic liquid @) anion & A A ZE AFE & 5 =
AGE HEFT ionic liquid ¢ anion = ©]&3F A A3 1k}

dealkylation HF-&& H 3139t} (Scheme 1).

R5(H) [bmim][X] (1.0 equiv) Ry(H)
Ry OR 50-60°C R X
OH
[bmim][Br] (3.0 equiv)
TN 7N
R MW (15-30 W) R
= 40-60 min %

Scheme 1. Ionic liquid €] anion & ©] &3 ¥l-&



o] yhelx

F 2

ketoester ¢ y —bromination HF% 9, epoxide 1%

B3 ¥ (Scheme 2).

ionic liquid & anion

o~ [BDMS]X
R OH COOR,
or —— R{™ S
P PhsP=CHCOOR?, Et3N X
R ™0 DCM, -78°C-rt.
0 [AcMIm]X (1.5 equiv) OH
)%R1 . )\/R1
R
R 60-65°C, 1.4-2.0 h N
X=Cl,Br,|
Scheme 2. ionic liquid ¢ anion & ©]&3F ¥l-%

A7) 85t

viscosity, conductivity

[e)
£3] viscosity 7}

“3]'93\14',11‘12’13

ol =

=5 cation

@ #A;=E2t ionic liquid 2] density,
=24 Aol #alA A7 Hoght.

ki

¥} anion ¢ Ag=o] sttt

olg]3t Agg 9] x}o]7} ionic liquid anion & XA o Fake
v & cation ©] T ionic liquid & AFEPS W O HHS @

Zogkar A ZhE 3l



w3l AubAd 0 F jonic liquid & cation € imidazolium O AF-& %]

2k O v} imidazolium = 7}4 HolA AA| Aol A] gt} 8B R o] E thAal &

= T =

b

9]+ ionic liquid &] cation & 2o} = ¢ AJo] Qt},

B Aol A thekdt cation = 74 ionic liquid & o] &3Fe] A 23t

)

J

g3 mhol Lz o] f7184 A

il

0] €3 demethylation W&ol

a2

&

f

fr

1 W84 0 F AL 5= imidazolium ¥ vl wd7) 2 S,



(1)cation 9] A7

WA anion & halide & Z+ ionic liquid ¢ cation =4
Ga]eto], Ao AFEE RIS Al

tf 22 imidazolium bromide/chloride (a) ® 3}il, $H -2
2+#1 72 ionic liquid & 7FE E#AZAQ ZFZ<¢l pyridinium (b),
ammonium (c), phosphonium (d), sulfonium (e) & AFE3}7] 2 ).
Cation ¥} anion AFole] F&S =7 2 S 2 alkyl chain & Zol=
25 butyl 712 o]&3¥ Y. 18] sulfonium (e)+ tributyl
sulfonium ©] #uj¥#] Qrotr 71 fAFSE trimethyl sulfonium &
Aeekaint

Pyridinium (b)¥ imidazolium (a)9} #¢] sp” N & ZH=
aromatic hetero ring 33+ °]™, ammonium (c), phosphonium (d),
sulfonium (e) & sp® A E Zt= tetra alkyl 3&Eo|th. ammonium
(¢) & sp’N o 52 07 cationic A2 o] 244 ¥ 11, phosphonium
(@ sp’P £ N Bt} & A4 & 2= 5455 e 18a 44
== 78 /70 C, 104/132 C, 103/70 T, 100/62C, 223TC ©|t}

(Figure 2).



| a) imidazolium I

AL

\:/Br

1-butyl-3-methyl-1H-imidazol-3-ium bromide

AP

\=/ ¢

1-butyl-3-methyl-1H-imidazol-3-ium chloride

| €) ammonium I

tetrabutylammonium bromide

NSNS

tetrabutylammonium chloride

| b) pyridinium |

@N}/\

Br

1-butylpyridinium bromide

1-butylpyridinium chloride

| d) phosphonium I

/\/\Pg\/\
r

tetrabutylphosphonium bromide

N\

NN
A~ e

tetrabutylphosphonium chloride

| e) sulfonium I

N

trimethylsulfonium bromide



Figure 2. ©}%3t cation & Zt+ ionic liquid R T &
2 AFAYe A AT AFEE ionic liquid FRTES
Agst7] Y8l 71Ee] AdgE xS X3 AP wpo]mZgo]H

T2 EAE ]

ofo

5t demethylation A3 A L ZAs] t&

ionic liquid &= o] Wt A5 Ho|=x] 7+ekslA #2slA Tt

o

Al zg Ao A pyridinium (b), ammonium (c),
phosphonium (d) & W=+ imidazolium (a) 2} H]<=3t A5 H T}
A% sulfonium (e)9] A 60T oA =2 3 FAFEHR
EASFHA conversion ©] 12% el ¥ #] ¢Sk},

sulfonium (e) & EF Fo17] 98 55 &8 1~12 Azt

E<F HFS-3H conversion & Al 8 ¢ Qo AITHE 59 A+

npo] AR o] BE o] &35k Aol 20W oA 200-220T

Aolo| & HESe =2 ALYt o E ionic liquid & AFE3S w9l
9] sulfonium (e)& 170W & 4L ZeHA % ¥1e %7}

140Co HEROH WA ZFS 599 % conversion ©] 0% = Hb

olo

o]
s x3 = A ekt

g8 P2, sulfonium (e)& # AdoA AAS A Gerial
Azt o] Fw oA g2kA 7] 3l Y] imidazolium (a), pyridinium

(b), ammonium (c), phosphonium (d) 4 7}A ionic liquid &
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o] &3to] bromide %%+ WH-S 9 chloride %3 Wk WH-S-3} njo] 3 2 ¢o]H
B-718 A= E o] £3F demethylation 28-S 233} o}

4 7}A] ionic liquid &) z2Fo] & E7] $13 ionic liquid 2o =& =1

3 A skgth 283 BAES NMR ¥ GC—-MS & &£%7F 95% o)A+l
& &l 33t}

N
oo

OEEEEERY

RO Z MEE imidazolium (a), pyridinium (b), ammonium (c),
phosphonium (d) 4 7}A] ionic liquid & ©]&3te] I ;A g 23S 7Y
3FSlth. 1 A} alcohol 3F3hE2 50CelA 1 Al HEg-31%1 a1, 2 =} alcohol
sheE2 60Tl A 8 AI%F REG-3F AT

Bromide % ¥E3 oA= EF 90% o3 &S 4& F AUk
Cation &5l Wa}A] ionic liquid 2] anion & 3o x}o]7} 1S Aoleta
AN FAAIRE ol9} & (a) E A weof AR AF AdE A HAH

(Table 1).

rlr

Halogen anion & A E= [ >Bro >Cl ¢]t}. Chloride 7}
bromide Rt} cation ¥ t] Z3t A3 stvb= AT A#7F ATk Anion ¢

8 o] ykal cation ¥} anion & g Agrgo] b cation o wWE

;AP E O] zpol7F o] & AHolgkal AZtE o] chloride #|3F WHE& 2183}t



Bromide #|%F Wkg- ¥} o] 1 %} alcohol 3}3h&E 50TelA 1 AlZE
RE-8-831aL, 2 A} alcohol 3FHE2 60Tl A 8 A7 W 3F AT

(© % (= AHE = Wl (@) & A& chloride X+ WH5- 3} 7F FALSH
AHRE A HAAT vhdel] (b) & AHE e wl, 7P 4] o> AR E

H Gt} Conversion & 209 entry 3 oA+ A E<! prophenyl

benzene ©] A=t} (Table 2).



Table 1. ©+¥3t ionic liquid & ©]£-3%F bromide X & ¥

R, Me(H) [cation][bromide] (1.0 equiv.) R, Me(H)
- hd
o ANO, -
OMs 50°C~60°C , 1h~8h Br
A B
entry substrate lonic Liquid

a=[bmim]Br b=[Py,]Br C=[Cy4441Br  d=[Py444]Br

94 92 96 98

92 93 100 93

93 100 95 94

©/vOMS
3 99 92 93 100
©/\)\0MS

-10-



Table 2. ©}%3t ionic liquid € ©] €3 chloride X3 ¥H-&

R1\‘/Me(H) [cation][Chloride] (1.0 equiv.) R1YMe(H)
OMs 50°C~60°C, 1h ~ 8h cl
A c
entry substrate lonic Liquid
a=[bmim]Cl b=[Py,ICI 0=[C4444IC1  d=[P4444ICI
1 ©/\/\OMS 92 72 99 98
OMs
2 @A/ 100 79 96 90
3 86 71 90 86
OMs
4 ©/\/LOMS 91 64 97 100

-11-



alcohol & Tosyl 7] =+ Mesyl 7]} o] £ o|&7|Z H}E 3o

Y

BYHE WSS S glo] AN, B AFHAA (@F o §to]

alcohol & #4}Z chloride ] 3

rﬁ
=
oo
flo
e
o
x2
rlr
o2
i3
flo
e
9,
=
32
u)

2 AT (b)), (o), (DE HELMNRIZ 3, (@) ojust
zFol o] Q=A] Lolr 7] 9k AFAS ] 3 ATk 1 % alcohol = ionic

liquid & 0.5 equiv. AFESF 11, 100TC oA 5 AlZF E<F APsAT}. 2 A

Table 3 9 A¥%= B Table 2 Bt} £& F£82 JdAA X

BeEe de 7 A 2dal (o), (dE o1& chloride A% W

m
olo

HESo A £& AYEL HoFt 1 2 alcohol 2 (b) E o] £-3}9] chloride

&
-z
oZ
oX,
(bl
kit

28 Jhg- gl A= (a), (o), (d) 2 FAFSHAl conversion = 3=
A7) A kkth. SFAYF  1-phenylpropan—2—ol 2 (bh)E o]&FS w,
B A E2l prophenyl benzene ©| & ionic liquid & o] & IS v Xt} ¢
A E 2t} (Table 3, entry 3). 4—phenylbutan—2—o0l &} (b) & AFE3S

o= BAAES A HTIE conversion ©] Yol =8&0] vtolxltl (Table 3,

-12-



Table 3. T3t ionic liquid & ©]8-3F directed chloride X & &

[cation][chloride] (0.5~1.0 equiv.)

R _Me(H) TsCI (1.0eq) , Ry, _Me(H)
Y K2CO3 (1 .0 eqUiV.) \(
OH > cl
100°C, 5h ~ 10h
alcohol D
entry substrate lonic Liquid
a=[bmim|Cl b=[Py,Cl  C=[C4s44ICl  d=[P4444ICI
1 WOH 100 95 98 96
OH
2 @N 100 97 % 92
OH
3 m 95 80 97 88
4 WOH 99 80 93 94
OH
5 /©/\/ 100 100 100 99
O,N
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nfo]AZ9olH fF71 A AAE o]&F demethylation WHS-oA %=
Z39] ionic liquid & o] &3] ®gkr}.

nfo] 2 9ol 8B 7] X+ power control =9} temperature
EE F 7FA ¥ power control EEE AFE3tY power & 20W & A0 2
FA8FL 255 cooling 3tAA] 200—220T Afo] = 2433t

Ionic liquid 2+ &7 vlt} vlo]aZ ol F7184d A S AL o
oFxte] Zpol o] QUATE AR O (a)= 9ol H 4 Bar A E WE3kth
(b) £ 4-10 Bar ()& 10-12 Bar, (d)+ ¢+¥°] 0 Bar & A3tk 1832
(a) & cooling & d}7] Al &etd REg AJZF ] A3 =5 A 3o v,
(b)E cooling & HU=E 3T %7} 220Co|Ho =
Wel7l 918 power 7F A W7l HAAH (v 2E7F Fol 2EA+
&AW cooling & Za W ZahAl st E=7F GA 200 FAHE "ol (d) 9]

L= Al 7bo] Aol wrat A% Z7Fal A cooling FEE AxF AlA afoF &1,

|

°F 20-30 & ANt Felli= wbg 2E7F HolA A 200-210TC ZAH A wEEe]

O

e H.
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folAZolH FUIF¥A  AAE ©]&3t  demethylation
HgollA = (0 F ol &8s W, () 7HE vl A3E RT3l

nto]AZ ol B {71 FAE ©] &35 demethylation ©llA]
(b)+= substrate o we} S &g 33T 4 —methoxybiphenyl
(entry 2)2} 4—methoxybenzonitril (entry 4)+ (b)E ©]£3}9]
demethylation 3}31<S W= (a), (c)& ©]€3t demethylation ¥}
fAFeE A=S A gict WHH 1 -methoxynaphthalene (entry 1) 3 1-—
(4—methoxyphenyl) ethanone (entry 3)+= (b)& ©]&3}9]
demethylation & W o= T84 =o] Wol A= AT

(D E vholaZ ol B K718 AR oA AFERES wole e
entries 1—4 °llA conversion ©] 50% 7} FA Fokth. WS AJ7HS

1~2 A2+ 74A] 59 B9A 5 conversion ©] 74 HUgte A4 Eo)

of\
tlo

Fheto] g& ol x| EHT (Table 4).
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Table 4. T}t ionic liquid & ©] &3t

demethylation.

OMe  [cation][bromide] (3.0 equiv.) OH
{ X ’ f X
R 20W, R—_
200°C~220°C
E 40min F
entry substrate lonic Liquid

a=[bmim]Br  b=[Py,Br  C=[Css44Br  d=[P,444IBr

OMe

1 100 38 91 37
OMe
2 94 88 99 24

OMe
OMe

99 21 87 43

(0]
99 99 94 51
NC
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1. 4 &

Imidazolium (a) ©]%]¢] vt cation © & pyridinium (b),
ammonium (c), phosphonium (d), sulfonium (e) & ©]&3}o] Hkt}.
u)u] gk x}o] 7} QA 9t imidazolium (a) & FAFSE 4 31S A Qi)

F&Es gksl Je A Xg WES-oA] ammonium (¢) &

)
ofo
o)
o
o
=)
(@R
O

N

o,
=
=

k)
R
o
_O‘L
X,
ki
rlo
N
I
sl
o
a2
o
X
¥2
2

Ammonium (c)+= imidazolium (a)ell W3] 7}2wHef A
AHstE® thAlste] AREAl A AIARl Mol o] d 4 Qlrh. B
ionic liquid & 579 FF48C=E J& & w +9 sfojof st
ammonium (¢) & imidazolium (a)Rt 37159 FES S8
3ol A7) wjol ek gold oyt vV &= Aokt

ol AFE E§A cation TFo| W ionic liquids 2

Aol wusl ¥+ AL, Hrk A& oA Akg Uy
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V. A ¢

LA#77) 0 Ak

(1) 2717

"H NMR # "C NMR A~#E &L Varian—500 (500 MHz 'H, 125 MHz "°C)
wHARYE dojglth. NMR £vl2% CDCl;, DMSO & Ahgshalon,
chemical shift & XFE2 9l tetramethylsilane ©ZHE ppm W=
712313 9 do]E]+= chemical shift multiplicity (s=singlet, d=doublet,
t=triplet, g=quartet, bs=broad singlet, m=multiplet, dd=doublet of
doublet), coupling constant (Hz), integration ¢ <92 7]Z3}9 ). Gas
Chromatography (GC)+ Hewlett Packard Series 6890 Ed= HP-1
capillary column & AR&-3tith AZFEA17] (MS)+ Electrospray ionization
(ESID) =219 Agilent Technologies 6130 R4S A}gE3to] F=33 T}
nlo] Z 23} 3+ 7|5+ CEM A9 Discover® S—class & ©]-83}%lt}h. Thin
layer chromatography (TLC)+ Merck AF9] silica gel 60 Fasy ©] &%
glass plate & AFE-3F31om, TLC el w8d =29 g1 fste] UV lamp
(254nm) & AHE8HAY PMA £9 T KMnO, $o] g 5 7hds}e]
3}+913F3i Tt Flash column chromatography + Merck A3 2] Silica gel 70—

230 mesh & AFg3lo] a3ttt A E S %= '"H NMR ¥} HPLC ¥4 &
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23 95%0)4 £EHe AL Faggon mE 3eEe 'H C NMR,

(2) }\] ok
HE-Sof] AF&-% o) 29 A|ek& Aldrich—Sigma, TCI oA F-¢ste] A A glo]
A3t

(1) bromination ¥ chlorination

Ri_R2 P;\//ll’isd(i:rlle Ri~_Ro2 IL Ri-_Ry
e Pidng, Reypfe T, Ry
OH rt overnight OMs 50°C~g0°C X

h~8h  x=pr, cl

alcohol A B/C

General procedure 1.
alcohol (1.0 mmol, 1 equiv.)= 0ColA pyridine (5 ml) ¥& & 15 & &,

Methanesulfonyl chloride (1.5 equiv.)< i 18 A|7F Fob 224

R
(T
rot
ks

. HES T4 % 0Tl 1IN HClI 2 F3AIZ v, H,O/EtOAc =

]_

tlo

#7152 SR brine 02 wol T4 MgS0, & A%A Lk 71

!
o
R

&lol| Al €S A A3}, Flash column chromatography (10% Ethyl acetate

in n—hexane) Wy o 2 R A3}
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General procedure 2.
Starting material (1 mmol, lequiv.) & Schlenk flask ¢ B2 ionic liquid (1
mmol, 1 equiv.)E ¥t 715 AASIL of=3 7]A] AEjelA 1-8 AJ7E

&t 93 AA Foh BEg ¥, H,O/EtOAc & FE3HiL 7]

ofj
o

EA
brine &% o} 4 MgSO, & AT 4 stolA s A7,

Flash column chromatography (100% n—hexane) ¥ o &2 Eg] A A slc},

3—phenylpropyl methanesulfonate (1A)

General procedure 1. ¥ #& Wyo=z 313tE 1A (3 HAA, 2.06 g,
96%) = L3t

'H NMR (500 MHz, cdcly) 6 = 7.32-7.27 (m, 2H), 7.24 - 7.16 (m, 2H),
4.23 (t, /=6.3, 2H), 3.02 - 2.94 (m, 3H), 2.82 — 2.68 (m, 2H), 2.26 -
2.04 (m, 2H). »C NMR (125 MHz, cdcly) ¢ 140.26, 128.58, 128.44,
126.30, 69.11, 37.36, 31.54, 30.63. FT—IR 3066, 6032, 3002, 2962,
2938, 2836, 2050, 1979, 1890, 1734, 1604, 0582, 1521, 1483, 1464,
1451, 1438, 1407, 1345, 1284, 1270, 1247, 1199, 1170, 1119, 1033,
1013, 1002, 970, 924, 832, 804, 757, 715, 699, 686, 640, 615. MS (ED

m/z = 214.0 \MY)

-20-



phenethyl methanesulfonate (2A)

©/\/OMS

General procedure 1. ¥ #2 Wyo=z 313tE 2A (53 HAA, 1.96 g,
98%) & AUt

'"H NMR (500 MHz, cdcls) 6 = 7.35 - 7.20 (m, 5H), 4.42 (t, /=6.9, 2H),
3.06 (t, /=6.9, 2H), 2.83 (s, 3H). ""C NMR (125 MHz, cdcls) 8 136.32,
129.00, 128.73, 127.09, 70.33, 37.31, 35.64. FT—IR 3030, 2939, 1733,
1604, 1521, 1454, 0438, 1346, 1287, 1248, 1168, 1086, 1042, 951, 916,

892, 859, 833, 800, 752, 698. MS (ED) m/z = 200.0 (M")

1—phenylpropan—2—yl methanesulfonate (3A)

General procedure 1. ¥ #2 Wyo =z 313tE 3A (53 N4, 1.88 g,
88%) = A3t

'H NMR (500 MHz, cdcly) 6 = 7.35 - 7.21 (m, 5H), 4.95 - 4.82 (m,
1H), 3.02 = 2.87 (m, 2H), 2.50 (s, 3H), 1.48 (d, /=6.2, 3H). '"C NMR

(125 MHz, cdcls) 6 136.82, 129.59, 128.65, 127.10, 81.49, 43.02, 37.64,
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21.59. FT=IR 3029, 2983, 2937, 2286, 1604, 1497, 1453, 1412, 1344,
1213, 1170, 1126, 1082, 1029, 970, 913, 892, 792, 748, 700, 633. MS

(ED) m/z = 214.0 (M")

4 —phenylbutan—2—yl methanesulfonate (4A)

OMs

General procedure 1. ¥ #& Wyo =z 313tE 4A (£33 HAA, 2.16 g,
95%) = A3lth.

'"H NMR (500 MHz, cdcly) 6 = 7.48 — 7.16 (m, 5H), 4.84 (dd, /=12.4,
6.2, 1H), 2.99 (, /=10.7, 3H), 2.96 - 2.63 (m, 2H), 2.06 (dddd, /=15.7,
9.9, 6.8, 3.7, 1H), 1.98 = 1.88 (m, 1H), 1.50 = 1.43 (m, 3H). "’C NMR
(125 MHz, cdcly) 6 140.70, 128.54, 128.33, 126.18, 79.49, 38.71, 38.28,
31.43, 21.26. FT—IR 3027, 2937, 1603, 1495, 1454, 1328, 1170, 1126,

1045, 969, 904, 808, 771, 749, 699. MS (EI) m/z = 228.0 (M")

(3—bromopropyl) benzene (1B)

©/\/\Br

-22-



General procedure 2. ¥} 72 WHo 2 1A (0.21 g, 1.0 mmol) 2} 1—butyl—
3—methyl—1H—imidazol—3—ium bromide (a) (0.22 g, 1.0 mmol) S ¥
50T ©ll#l 1 AIZF BEg3te] 314E 1B—a (FW3 HA], 187 mg, 94%) =
A At

General procedure 2. ¥ 2 HHHo=Z 1A (0.21 g, 1.0 mmol) ¢ 1-
butylpyridinium bromide (b) (0.22 g, 1.0 mmol) < ¥ 3. 50T oA 1 A7+
Hh-&-sto] 83 1B—b (st A, 183 mg, 92%) & ATt

General procedure 2. ¥ #2 €WHHO=Z 1A (0.21 g, 1.0 mmol) 2}
tetrabutylammonium bromide (¢) (0.32 g, 1.0 mmol)S Y3 50T oA
1 A Rbg-ate] 3hgh= 1B—c (F & A, 191 mg, 96%) & A0

General procedure 2. ¥ #2 HWHHO=Z 1A (0.21 g, 1.0 mmol) 2}
tetrabutylphosphonium bromide (d) (0.34 g, 1.0 mmol) S ¥ 3. 50T A
1 A1ZE Hhg-3te] 3hghe 1B—d (Fd 3 94, 195 mg, 98%) & A3t

'H NMR (500 MHz, cdcly) 8 = 7.30 (dd, J=8.1, 7.3, 2H), 7.21 (t, J=7.3,
2H), 3.40 (td, /=6.6, 0.8, 2H), 2.78 (t, /=7.4, 2H), 2.22 — 2.13 (m, 2H)
¥C NMR (125 MHz, cdcl;) 6 141.07, 128.54, 128.53, 128.52, 128.50,
128.45, 128.44, 128.43, 126.03, 126.02, 57.92, 41.91, 32.87, 29.71,
25.42. FT—IR 3062, 3025, 2937, 2856, 1602, 1495, 1452, 1434, 1270
1241, 1206, 1076, 1029, 961, 908, 857, 805, 742, 697, 649. MS (ED

m/z =199.0 (M™")
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(2—bromoethyl) benzene (2B)

o

General procedure 2. ¥} 72 WH o 2 2A (0.20 g, 1.0 mmol) 2} 1—butyl—
3—methyl—1H—imidazol—3—ium bromide (a) (0.22 g, 1.0 mmol)< Y1
50T ©llAl 1 AIZF ®Eg3te] 31eE 2B—a (FW3 HAl, 170 mg, 92%) =
At

General procedure 2. ¥ #2 #HHo=Z 2A (0.20 g, 1.0 mmol) ¢ 1-
butylpyridinium bromide (b) (0.22 g, 1.0 mmol) < ¥ 3. 50T oA 1 A7+
Hh-&-sto] 83 2B—b (st HA, 172 mg, 93%) & AT

General procedure 2. ¥ #2 HWHHOZ 2A (0.20 g, 1.0 mmol) 2}
tetrabutylammonium bromide (c) (0.32 g, 1.0 mmol) & ¥3. 50T oA
1 A1ZF wkg-ake] 3h3he 2B—c (FH e A4, 187 mg, 100%) = 3t
General procedure 2. ¥ #2 HWHHOZE 2A (0.20 g, 1.0 mmol) 2}
tetrabutylphosphonium bromide (d) (0.34 g, 1.0 mmol) S ¥ 3. 50T A
1 A1ZE dhg-3te] 3hghe 2B—d (Fd s 94, 172 mg, 93%) & A3t

'H NMR (500 MHz, cdcly) 6 = 7.36 —7.19 (m, 5H), 3.57 (t, /=7.7, 2H),
3.17 (t, J/=7.7, 2H). C NMR (125 MHz, cdcly) & 138.87, 128.64,

128.60, 126.91, 39.42, 32.93. FT—IR 3062, 3027, 2963, 1602, 1495,
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1452, 1430, 1313, 1261, 1214, 1195, 1123, 1071, 1030, 916, 871, 818,

747,696, 647. MS (ED) m/z =185.0 (M")

(2—bromopropyl) benzene (3B)

T

General procedure 2. ¥ &2 W o 2 3A (0.21 g, 1.0 mmol) 2} 1—butyl—
3—methyl—1H—imidazol—3—ium bromide (a) (0.22 g, 1.0 mmol) & ¥ I
60T oA 8 AIZF wEg-3to] sh§tE 3B—a (e A, 200 mg, 100%) =
dAtt

General procedure 2. ¥ 72 #H o2 3A (0.21 g, 1.0 mmol) ¢ 1-
butylpyridinium bromide (b) (0.22 g, 1.0 mmol) S 23 60T oA 8 AJ7t
HE-g-3to] 313 3B—b (st MA|, 183 mg, 92%) & L Ath

General procedure 2. ¥ & WHo=z 3A (0.21 g, 1.0 mmol) <}
tetrabutylammonium bromide (c) (0.32 g, 1.0 mmol) & Y1 60T A
8 A1Zk RE-g-sho] 3tek& 3B (RS Al 185 mg, 93%) & 3l

General procedure 2. ¥ #2 WHo=w 3A (0.21 g, 1.0 mmol <}
tetrabutylphosphonium bromide (d) (0.34 g, 1.0 mmol) & 23 60T °fA

8 A|ZF WES-31o] 313HE 3B—d (3 A, 199 mg, 100%) & LAt
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"H NMR (500 MHz, cdcly) 6 = 7.34 —7.17 (m, 5H), 4.37 — 4.25 (m, 1H),
3.23 (dd, /=14.0, 7.0, 1H), 3.07 (dd, /=14.0, 7.3, 1H), 1.70 (d, J=6.6,
3H). C NMR (125 MHz, cdcls) ¢ 138.75, 129.45, 128.69, 127.09,
77.53, 77.28, 77.02, 50.79, 47.77, 25.93. FT-IR 3062, 3027, 2969,
2922, 1601, 1495, 1452, 1376, 1301, 1243, 1225, 1174, 1117, 1084,
1048, 1029, 999, 917, 863, 802, 744, 697, 634. MS (ED) m/z =199.0

(M)

(3—bromobutyl) benzene (4B)

Br

General procedure 2. 3} 22 HH O 2 4A (0.21 g, 1.0 mmol) & 1—butyl—
3—methyl—1H—imidazol—3—ium bromide (a) (0.22 g, 1.0 mmol) & ¥
60T ©llAl 8 AlIZF ®Eg3to] 31eE 4B—a (FW3 HAl, 191 mg, 93%) =
At

General procedure 2. ¥} 2 WHo=® 4A (0.23 g, 1.0 mmol) $} 1-
butylpyridinium bromide (b) (0.22 g, 1.0 mmol) < ¥ 1. 60T oA 8 AJ7t

ik-g-ato] 3H5tE 4B—b (& A, 213 mg, 100%) € A3t
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General procedure 2. ¥ & WHo=z 4A (0.23 g, 1.0 mmol) &
tetrabutylammonium bromide (c) (0.32 g, 1.0 mmol) & Y1 60T A
8 A7t Rkg-sto] 3HtE 4B—c (7838t A4, 202 mg, 95%) = L AT

General procedure 2. ¥ & WHo=z 4A (0.23 g, 1.0 mmol) &
tetrabutylphosphonium bromide (d) (0.34 g, 1.0 mmol) = 21 60T oA
8 Azt RE-g-8ko] 31 ek 4B—d (FEE A, 200 mg, 94%) = LAt

'H NMR (500 MHz, cdcly) 8 = 7.29 (dd, /=7.9, 6.9, 2H), 7.20 (dd,
J=10.1, 4.1, 2H), 4.08 (dad, /=8.8, 6.7, 4.5, 1H), 2.93 - 2.84 (m, 1H),
2.74 (ddd, /=13.8, 8.8, 7.2, 1H), 2.15 - 2.01 (m, 2H), 1.73 (d, J/=6.7,
3H). "’C NMR (125 MHz, cdcly) 8 141.15, 128.77, 128.72, 126.33, 51.14,
42.92, 34.21, 26.78. FT—IR 3061, 3026, 2921, 2860, 1602, 1495, 1453,
1377, 1255, 1226, 1208, 1157, 1115, 1069, 1030, 997, 974, 913, 815,

745, 697, 626. MS (ED) m/z =213.0 (M")

(3—chloropropyl) benzene (1C)

Wq

General procedure 2. ¥ 2 HH O ZE 1A (0.21 g, 1.0 mmol) £ 1—butyl—

3—methyl—1H—imidazol—3—ium chloride (a) (0.22 g, 1.0 mmol) & ¥
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50C oA 1 AIZF whgste] &1gE 1C—a (FHe A, 141 mg, 92%) &
DAt

General procedure 2. ¥ #Z2 #HHo=Z 1A (0.21 g, 1.0 mmol) ¢ 1-
butylpyridinium chloride (b) (0.22 g, 1.0 mmol) < ¥ 3 50T oA 1 A7+
Hh-g-atol 3eE 1C—b (7788 A, 110 mg, 72%) & LUt

General procedure 2. ¥ #2 wHo=Z 1A (0.21 g, 1.0 mmol) <}
tetrabutylammonium chloride (c) (0.32 g, 1.0 mmol)= ¥ 1 50T oA
1 A1 ZF HE&-31e] 318 1C—c (F 3 4], 152 mg, 99%) & LSt}

General procedure 2. ¥ #2 wHo=Z 1A (0.21 g, 1.0 mmol) <}
tetrabutylphosphonium chloride (d) (0.34 g, 1.0 mmol) S ¥ 3. 50T A
1 A13E wkg-8ke] shghe 1C—d (Frd s A, 150 mg, 98%) & & 3ltt.

'"H NMR (500 MHz, cdcly) 6 = 7.36 — 7.14 (m, 5H), 3.53 (t, /=6.6, 2H),
2.78 (t, J/=7.7, 2H), 2.13 - 2.01 (m, 2H). *C NMR (125 MHz, cdcls) 6
140.93, 128.78, 128.72, 126.36, 65.24, 44.48, 34.27, 33.01. FT—-IR
3062, 3026, 2930, 2859, 1602, 1496, 1453, 1289, 1261, 1078, 1029,

970, 909, 862, 818, 743, 722, 698, 651. MS (ED m/z = 154.0 (M")
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(2—chloroethyl) benzene (2C)

©/\/CI
General procedure 2. 3 22 W o 2 2A (0.20 g, 1.0 mmol) 2} 1—butyl—
3—methyl—1H—imidazol—3—ium chloride (a) (0.22 g, 1.0 mmol) & ¥
50C ©ll4] 1 AIZF vbgate] 3HgtE 2C—a (73 44, 140 mg, 100%) &
At

General procedure 2. ¥ #2 #HH o2 2A (0.20 g, 1.0 mmol) ¢} 1-
butylpyridinium chloride (b) (0.22 g, 1.0 mmol) S 21 50T oA 1 A7+
RE-g-8ho] 3hekE 2C—b (F¥ e AA|, 110 mg, 79%) 5 LU

General procedure 2. ¥ #Z2 whHo=Z 2A (0.20 g, 1.0 mmol) <}
tetrabutylammonium chloride (c) (0.32 g, 1.0 mmol) & Y1 50T oA
1 A3t Rbg-ate] 3heh= 2C—c (FF8 & N A, 134 mg, 96%) & A0
General procedure 2. ¥ #2 HWHHO=Z 2A (0.20 g, 1.0 mmol) 2}
tetrabutylphosphonium chloride (d) (0.34 g, 1.0 mmol)& ¥ 3L 50C °]A]
1 A ZF Hhg-sto] 815E 2C—d (7783 9A, 125 mg, 90%) & LAt

"H NMR (500 MHz, cdcly) & = 7.36 — 7.14 (m, 5H), 3.53 (t, /=6.6, 2H),
2.78 (t, /=7.7, 2H). C NMR (125 MHz, cdcly) & 140.93, 128.78,

128.72, 126.36, 65.24, 44.48. FT—IR 3063, 3028, 2956, 1604, 1496,
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1453, 1324, 1291, 1246, 1075, 1031, 941, 920, 885, 824, 748, 715, 695,

655. MS (ED) m/z =140.0 (M")

(2—chloropropyl) benzene (3C)

v

General procedure 2. ¥ &2 W o 2 3A (0.21 g, 1.0 mmol) 2} 1—butyl—
3—methyl—1H—imidazol—3—ium chloride (a) (0.22 g, 1.0 mmol) & ¥
60T ©ll4] 8 AIZF REg3to] 34g&E 3C—a (FWE HA|, 132 mg, 86%) =
dAtt

General procedure 2. ¥ #& #HOo = 3A (0.21 g, 1.0 mmol) £ 1-—
butylpyridinium chloride (b) (0.22 g, 1.0 mmol) 2 ¥ 3. 60T oA 8 A7+
Rb-g-sko] 34ekE 3C—b (F¥ e AA|, 109 mg, 71%) 5 LU

General procedure 2. ¥ & WHo=z 3A (0.21 g, 1.0 mmol) <}
tetrabutylammonium chloride (c) (0.32 g, 1.0 mmol)S Y1 60T
o 1 8 AI7F ¥E-g-3to] g3tE 3C—c (7t A, 138 mg, 90%) & AU
General procedure 2. ¥ #2 WHo=w 3A (0.21 g, 1.0 mmol <}
tetrabutylphosphonium chloride (d) (0.34 g, 1.0 mmol) <& %3 60T

o A 8 AIZF REg-3ke] 3HekE 3C—d (FH e Al 132 mg, 86%) 5 F AUt
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"H NMR (500 MHz, cdcly) 6 = 7.43 - 7.07 (m, 5H), 4.31 — 4.16 (m, 1H),
3.09 (dd, /=13.8, 7.0, 1H), 2.96 (dd, /=13.8, 6.9, 1H), 1.62 — 1.44 (m,
3H). »C NMR (125 MHz, cdcls) ¢ 137.95, 129.33, 128.40, 126.78,
58.52, 46.68, 24.66. FT—IR 3063, 3028, 2973, 2927, 1604, 1496, 1452,
1377, 1267, 1242, 1194, 1117, 1083, 1068, 1048, 1029, 1012, 910, 866,

804, 745, 698, 672, 615. MS (ED) m/z = 154.0 (M")

(3—chlorobutyl) benzene (4C)

Cl

General procedure 2. ¥} £ ¥ o= 4A (0.23 g, 1.0 mmol) £} 1—butyl—
3—methyl—1H—imidazol—3—ium chloride (a) (0.22 g, 1.0 mmol) & ¥
60T oAl 8 Azt Hbg-3to] 33tE 4C—a (7S HA), 152 mg, 91%) &
At

General procedure 2. ¥} 2 WHo=® 4A (0.23 g, 1.0 mmol) ¢} 1-
butylpyridinium chloride (b) (0.22 g, 1.0 mmol) S Y3 60°C A 8 A]7F
Rb-g-8ko] 3kekE 4C—b (FE & 4A|, 107 mg, 64%) 5 L3t

General procedure 2. ¥ 2 WHo=z 4A (0.23 g, 1.0 mmol) <}
tetrabutylammonium chloride (c) (0.32 g, 1.0 mmoD)<= ¥ il 60T °lA

8 A7k REg-5ko] 3hetE 4C—c (FE % A, 162 mg, 97%) S AU
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General procedure 2. ¥ & WHo=z 4A (0.23 g, 1.0 mmol) &
tetrabutylphosphonium chloride (d) (0.34 g, 1.0 mmol) S Y1 60T oA
8 A7t REg-sto] 3Hgt= 4C—d (783 AA), 168 mg, 100%)E LA .

'"H NMR (500 MHz, cdcly) 6 = 7.40 - 7.07 (m, 5H), 3.99 (d, /=6.3, 1H),
2.80 (ddt, /=29.6, 13.8, 8.1, 2H), 2.17 — 1.79 (m, 2H), 1.53 (d, /=6.4,
3H). 3C NMR (125 MHz, cdcly) & 141.32, 128.75, 128.70, 126.28,
58.17, 42.16, 33.12, 25.67. FT—IR 3062, 3026, 2970, 2926, 2862, 1603,
1495, 1453, 1378, 1274, 1250, 1181, 1116, 1030, 980, 912, 819, 746,

697, 611. MS (ED m/z = 168.0 (M)

(3) directed chlorination

L
Ri_Ry K>CO3,TsCl Ri_Ry
Y — T
OH 4p0°c, 5h~10n  C!

alcohol D

General procedure 3.
Alcohol (1 mmol)E Schlenk flask ©31 p—toluenesulfonyl chloride (1
mmol) 2} potassium bicarbonate (Immol)E =}dZ Y +t}. Ionic liquid

(0.5 ~ 1 equiv) & ¥ & 37|15 AAS o2 714 slel4] 100T oA

ol
o

5—-10 AZF &-t ¥k stojErt. Rbg §, HyO/EtOAc 2 FE38F1L 7]
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779 brine && ol F4 MgSO, & AZXA It 7sh stellA &
A A3al, Flash column chromatography (100% n—hexane)#H o % E¢

A B

(3—chloropropyl) benzene (1D)

©/\/\CI

General procedure 3 ¥} #o] 3—phenylpropan—1—ol (0.14 g, 1.0 mmol) &}
1—-butyl=3—methyl—1H—-imidazol—3—ium chloride (a) (0.11g, 0.5
mmol) & Y1 5 AlZF &t ¥HE 3] $5E 1D—a (S A4, 154 mg,
100%)= 23l

General procedure 3 ¥} #o] 3—phenylpropan—1—ol (0.14 g, 1.0 mmol) &}
1—butylpyridinium chloride (b) (0.11 g, 0.5 mmol) & Y1 5 A|7F 31 ¥k-$
sto] 33tE 1D—b (F 3 A4, 138 mg, 90%) & LAt}

General procedure 3 ¥ o] 3—phenylpropan—1—ol (0.14 g, 1.0 mmol)
9} tetrabutylammonium chloride (¢) (0.16 g, 0.5 mmol) S @1 5 A 7} =<k
RES- sko] 319k 1D—c (F9E A, 150 mg, 98%) = L3t

General procedure 3 ¥ #o] 3—phenylpropan—1-ol (0.14 g, 1.0 mmol)
9} tetrabutylphosphonium chloride (d) (0.17 g, 0.5 mmol) & Y1 5 A%t

Eol ukS &lo] 33HE 1D-d (s 94, 140 mg, 100%) S Atk
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'"H NMR (500 MHz, cdcly) 6 = 7.36 — 7.14 (m, 5H), 3.53 (t, /=6.6, 2H),
2.78 (t, J/=7.7, 2H), 2.13 - 2.01 (m, 2H). *C NMR (125 MHz, cdcls) 6
140.93, 128.78, 128.72, 126.36, 77.51, 77.26, 77.01, 65.24, 44.48,
34.27, 33.01. FT—IR 3062, 3026, 2930, 2859, 1602, 1496, 1453, 1289,
1261, 1078, 1029, 970, 909, 862, 818, 743, 722, 698, 651. MS (EI) m/z

=154.0 (M)

(2—chloroethyl) benzene (2D)

©/\/CI

General procedure 3 ¥} #©°| 2—phenylethanol (0.12 g, 1.0 mmol) ¢} 1—
butyl—3—methyl—1H—imidazol—3—ium chloride (a) (0.11g, 0.5 mmol) &
Yil 5 AIZF F<F HES Sto] §3tE 2D—a (et Al 135 mg, 97%) &
At

General procedure 3 ¥ o] 2—phenylethanol (0.12 g, 1.0 mmol 2} 1-
butylpyridinium chloride (b) (0.11 g, 0.5 mmol) S Y1 5 A7+ =< ¥1-&
stof 3tekE 2D—b (FH e A, 134 mg, 96%) = LAt

General procedure 3 ¥ #o| 2-phenylethanol (0.12 g, 1.0 mmol 2}

r

tetrabutylammonium chloride (¢) (0.16 g, 0.5 mmol) S Y1 5 A7t &

Hkg oto] 3tekE 2D—c (8 4Al, 187 mg, 94%) = & At
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General procedure 3 ¥ 7] 2-phenylethanol (0.12 g, 1.0 mmol) <}
tetrabutylphosphonium chloride (d) (0.17 g, 0.5 mmol) 2 Y31 5 A+ =<t
g3 st 3}ekE 2D—d (79 sk A, 128 mg, 92%) & LUt

'"H NMR (500 MHz, cdely) 6 = 7.36 — 7.14 (m, 5H), 3.53 (t, /=6.6, 2H),
2.78 (t, J/=7.7, 2H). 3C NMR (125 MHz, cdcly) & 140.93, 128.78,
128.72, 126.36, 65.24, 44.48. FT—IR 3063, 3028, 2956, 1604, 1496,
1453, 1324, 1291, 1246, 1075, 1031, 941, 920, 885, 824, 748, 715, 695,

655. 3MS (ED) m/z =140.0 (M")

(2—chloropropyl) benzene (3D)

O

General procedure 3 ¥ #©°] 1—-phenylpropan—2-ol (1.36 g, 1.0 mmol)
¢} 1-butyl—3—methyl—1H—imidazol—3—ium chloride (a) (0.22 g, 1.0
mmol) & F3 10 A|ZF &<t §kg sto] $43t= 3D—a (783 HA, 146 mg,
95%) & AAUTH

General procedure 3 ¥ #o] 1—phenylpropan—2-ol (1.36 g, 1.0 mmol)
9} 1—butylpyridinium chloride (b) (0.22 g, 1.0 mmol) & ¥ 10 A3+ &<t

"S- 3lo] 3}eE 3D—b (e AAl, 123 mg, 80%) S I}
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General procedure 3 ¥ 7] 1—-phenylpropan—2—ol (1.36 g, 1.0 mmol)
9} tetrabutylammonium chloride (¢) (0.32 g, 1.0 mmol) = ¥l 10 A%t
&Rt ¥-g sto] &5E 3D—c (7 e AA, 143 mg, 93%) & LAt

General procedure 3 ¥ 7] 1—-phenylpropan—2—ol (1.36 g, 1.0 mmol)
9} tetrabutylphosphonium chloride (d) (0.34 g, 1.0 mmol) < ¥ 3 10 A3t
&k NkE ato] 3h§HE 3D—d (FHE A, 135 mg, 88%) 5 AU

'H NMR (500 MHz, cdcly) 6 = 7.43 - 7.07 (m, 5H), 4.31 —4.16 (m, 1H),
3.09 (dd, /=13.8, 7.0, 1H), 2.96 (dd, /=13.8, 6.9, 1H), 1.62 — 1.44 (m,
3H). C NMR (125 MHz, cdcly) & 137.95, 129.33, 128.40, 126.78,
58.52, 46.68, 24.66. FT—IR 3063, 3028, 2973, 2927, 1604, 1496, 1452,
1377, 1267, 1242, 1194, 1117, 1083, 1068, 1048, 1029, 1012, 910, 866,

804, 745, 698, 672, 615. MS (ED m/z =154.0 (M")

(3—chlorobutyl) benzene (4D)

Cl

General procedure 3 ¥} #¢] 4—phenylbutan—2-o0l (0.15 g, 1.0 mmol) 2}
1-butyl-3—methyl-1H—imidazol—3—ium chloride (a) (0.22 g, 1.0
mmol) & ¥l 10 AlZF &<t Jbg &to] 313tE 4D—a (£33 9], 166 mg,

99%) = AUt

-36-



General procedure 3 ¥} #©] 4—phenylbutan—2-o0l (0.15 g, 1.0 mmol) 2}

2

1—butylpyridinium chloride (b) (0.22 g, 1.0 mmol)= ¥ 10 A7t =&
HF-E- 5he] 8HgHE 4D—b (F e 9 A, 134 mg, 80%) 5 Lt

General procedure 3 ¥} #©] 4—phenylbutan—2-o0l (0.15 g, 1.0 mmol) 2}

r

tetrabutylammonium chloride (c) (0.32 g, 1.0 mmol) < ¥ 1 10 Al &
Rh-g ate] 319kE 4D—c (FHE HA, 156 mg, 89%) & L ATt

General procedure 3 ¥} 79| 4—phenylbutan—2-o0l (0.15 g, 1.0 mmol) 2}
tetrabutylphosphonium chloride (d) (0.34 g, 1.0 mmol) = ¥ 10 A%+
&}k HkE &to] 33HE 4D—d (FHE A, 157 mg, 94%) 5 AU

'"H NMR (500 MHz, cdcl;) 6 = 7.33 - 7.26 (m, 2H), 7.23 - 7.18 (m, 2H),
4.05 - 3.94 (m, 1H), 2.85 (ddd, /=14.2, 8.5, 6.0, 1H), 2.79 — 2.69 (m,
1H), 2.08 -~ 1.94 (m, 2H), 1.53 (d, /=6.6, 3H). "C NMR (125 MHz, cdcls)
6 141.07, 128.54, 128.53, 128.52, 128.50, 128.45, 128.44, 128.43,
126.03, 126.02, 57.92, 41.91, 32.87, 29.71, 25.42. FT—IR 3062, 3026,
2970, 2926, 2862, 1603, 1495, 1453, 1378, 1274, 1250, 1181, 1116,

1030, 980, 912, 819, 746, 697, 611. MS (EI) m/z =168.0 (M")
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(4) demethylation

OH OMe |, OH

K2003,Me| :
I Xy, ——>» I AN E— I AN
R—r— Acetone R—Ff— 20W R——
= = ’ =

200°C~220°C
Phenol E 40min F

General procedure 4.

Acetone ¢ starting material (10 mmol) & <2 %, potassuim carbonate
(50 mmol) & ¥t} 1 AZF &, methyl iodide (15 mmol) S ¥ 24 A7+
ek B Wb AlA Frh HO/EtOAc 2 FEFIA 7] & THRTS
brine ©% Go} F5 MgSO, 2 AXAIZY. At stelld gvlE AlA sk,
Flash column chromatography (10% Ethyl acetate/n—hexane)® 5 S 2

] A g

General procedure 5.

starting material (1 mmol) ¥ ionic liquid (3 mmol)S wvlo]aZ Y o]H

e

AR G wrHe W] ol ¥7|E AAStL o= VA G el

=

T
olo

¢k5 % IN HCl 2 pH 2 W&

N

20W oA 40 & ZoF vr$ A|A

<8 brine &% wo} F4 MgSO, =

o

H,0/EtOAc & F&3t). /7] <
ZA 70}, 7St shell Al & & A A skar, Flash column chromatography (25%
Ethyl acetate in n—hexane) ¥ S 2 F2] & A st}
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1—methoxynaphthalene (1E)

OMe

General procedure 4 ¢} & WH o 7 313HE 1E (53 A ) S A9}

'H NMR (500 MHz, cdcly) & = 8.25 (dd, /=6.7, 2.3, 1H), 7.79 (dd, J=6.8,
2.4, 1H), 7.45 (dddd, /=34.9, 26.7, 11.3, 4.9, 4H), 6.81 (d, J=7.4, 1H),
4.00 (s, 3H). C NMR (125 MHz, cdcl;) & 155.66, 134.69, 127.68,
126.62, 126.09, 125.82, 125.41, 122.20, 120.45, 103.99, 55.74. FT—IR
3052, 2936, 1626, 1580, 1509, 1463, 1393, 1266, 1238, 1155, 1101,
1068, 1018, 991, 854, 790, 768, 713, 668, 636, 602. MS (E) m/z

=158.0 (M)

4 —methoxybiphenyl (2E)
[ OMe

General procedure 4 ¢} -2 HH o 7 3}3tE 2E (M 114, ) S At}
'H NMR (500 MHz, cdcly) 8 = 7.54 (ddd, /=8.5, 7.5, 1.5, 4H), 7.42 (4,
J=7.7, 2H), 7.31 (d, /=7.3, 1H), 7.01 — 6.95 (m, 2H), 3.85 (s, 3H). *C

NMR (125 MHz, cdcl;) & 159.36, 141.05, 134.01, 128.94, 128.38,
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126.97, 126.88, 114.42, 55.59. FT—IR 3067, 3034, 3002, 2963, 2937,
2836, 2050, 1890, 1604, 1581, 1524, 1482, 1463, 1449, 1438, 1407,
1344, 1316, 1286, 1270, 1248, 1199, 1183, 1131, 1119, 1033, 1013,
1001, 909, 832, 804, 757, 715, 685, 640, 614. MS (ED m/z =184.0

M)

1— (4—methoxyphenyl) ethanone (3E)

\[(©/OMG

o

General procedure 4 ¢} 72 WHHo 7 3135 3E (M 1.4, ) S At}

'"H NMR (500 MHz, cdely) 6 = 7.39 — 7.16 (m, 5H), 4.30 (dd, /=13.8,
7.1, 1H), 3.23 (dd, /=14.0, 7.0, 1H), 3.07 (dd, /=14.0, 7.3, 1H), 1.73 -
1.67 (m, 3H). ®*C NMR (125 MHz, cdcly) & 138.75, 129.45, 128.69,
127.09, 50.79, 47.77, 25.93. FT—IR 2999, 2964, 2842, 2031, 1663,
1595, 1573, 1506, 1464, 1444, 1416, 1356, 1309, 1275, 1245, 1185,
1175, 1110, 1074, 1018, 954, 830, 818, 805, 630. MS (ED) m/z =150.0

(M™)
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4—methoxybenzonitrile (4E)

/©/OMG
NC

General procedure 4 ¢} 22 WO 2 3}8tE 4E (=& 114, )

i

ATt

'"H NMR (500 MHz, cdcls) 6 = 7.64 — 7.54 (m, 2H), 7.00 - 6.90 (m,
2H), 3.86 (d, /=0.7, 3H). ?C NMR (125 MHz, cdcly) & 163.06, 134.23,
119.47, 114.97, 104.22, 55.78. FT—IR 3102, 3025, 2977, 2942, 2843,
2562, 2216, 1903, 1603, 1575, 1507, 1458, 1444, 1437, 1420, 1304,
1255, 1175, 1115, 1021, 958, 826, 808, 715, 682, 645. MS (ED) m/z

=133.0 (M")

naphthalen—1—ol (1IF—a)

OH

General procedure 5 ¢ #Z2 WHo = 33E 1E (1.44 g, 1 mmol) ¢ 1—
butyl—3—methyl—1H-imidazol—3—ium bromide (a) (0.66 g, 3.0 mmol) &
Rhg ske] 31t E 1F—a (44 14, 144mg, 100%) & A 3lth.

General procedure 5 ¢ &2 WHo# 33E 1E (1.44 g, 1 mmol) ¢ 1—
butylpyridinium chloride (b) (0.66 g, 3.0 mmol) 2 ®k-& slo] 3}stE 1F—b

(42 314, 55 mg, 38%) & ATt
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General procedure 5 9} #2 HWHHow 33E 1E (0.16 g, 1 mmol) &
tetrabutylammonium bromide (c) (0.96 g, 3.0 mmol) = WS- 3} 3}3H&E
1F—c (ZA 114, 131 mg, 91%) & VATt

General procedure 5 &} #& wH oz 33E 1E (0.16 g, 1 mmol) &}
tetrabutylphosphonium chloride (d) (1.02 g, 3.0 mmol) = Y+-§ 3} 3}5=
1F—d (&2 3.4, 53 mg, 37%) S AAT}.

"H NMR (500 MHz, cdcl3) & = 8.23 - 8.05 (m, 1H), 7.84 - 7.61 (m, 1H),
7.54 - 7.38 (m, 2H), 7.30 (t, /=7.8, 1H), 6.82 (d, /=7.4, 1H), 4.89 (s,
1H). “C NMR (125 MHz, cdcly) & 151.62, 139.97, 134.99, 127.90,
126.66, 126.06, 125.47, 121.78, 120.88, 108.81. FT—-IR 3275, 3048,
1908, 1834, 1633, 1596, 1578, 1516, 1456, 1384, 1360, 1303, 1267,
1238, 1208, 1146, 1080, 1042, 1014, 958, 948, 875, 9860, 787, 762,

709, 628. MS (ED m/z =144.0 (M")
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biphenyl—4—ol (2F)

O OH
C
General procedure 5 ¢} & W o2 3}etE 2E (0.18 g, 1 mmol) ¥} 1—
butyl—3—methyl—1H—imidazol—3—ium bromide (a) (0.66 g, 3.0 mmol) =
Rh-g- sko] 813t E 2F—a (34 114, 159 mg, 94%) & A th
General procedure 5 ¢} & W o2 3}3tE 2E (0.18 g, 1 mmol) ¥} 1—
butylpyridinium bromide (b) (0.66 g, 3.0 mmol) = ¥ &}o] 33+&E 2F—b
(B2 14, 149 mg, 88%) & LAUTH.
General procedure 5 9 &2 W o= 33tE 2E (0.18 g, 1 mmol) ¥}
tetrabutylammonium bromide (c) (0.96 g, 3.0 mmol) & W& 3} 3}3H=
2F—c (34 114, 168 mg, 99% )& I Arh.
General procedure 5 ¢ #2 o= 33t&E 2E (0.18 g, 1 mmol) %
tetrabutylphosphonium bromide (d) (1.02 g, 3.0 mmol) & ®F-§-3}o] 3}3H&E
2F—d (A 3.4, 40 mg, 24% )& AU},
'"H NMR (500 MHz, cdcly) 6 = 7.54 (d, /=7.9, 1H), 7.51 - 7.44 (m, 2H),
741 (t, J=7.7, 2H), 7.29 (dd, /=19.9, 12.6, 1H), 6.93 - 6.82 (m, 2H),

4.82 (s, 1H). 'C NMR (125 MHz, cdcly) & 155.10, 140.75, 133.97,

128.71, 128.38, 126.71, 126.68, 115.62. FT—IR 3387, 3037, 1891, 1608,
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1596, 1522, 1485, 1460, 1422, 1374, 1336, 1296, 1275, 1256, 1239,
1199, 169, 1113, 1040, 1003, 906, 831, 755, 710, 685. MS (EI) m/z

=170.0 (M)

1—(4—hydroxyphenyl) ethanone (3F)

o

(0]
General procedure 5 9} & "W o7 33E 3E (0.15 g, 1 mmol) ¥ 1—
butyl—3—methyl—1H—imidazol—3—ium bromide (a) (0.66 g, 3.0 mmol) =
Rb-g- sho] 3H9hE 3F—a (314 124, 134 mg, 99%) 5 L3t
General procedure 5 9} 7S "W o7 33E 3E (0.15 g, 1 mmol) ¥ 1—
butylpyridinium bromide (b) (0.66 g, 3.0 mmol) & HF-$ 3} 3}3tE 3F-b
(A 14, 28 mg, 21%)5 AUt
General procedure 5 ¢ #2 ®WHo= 33t&E 3E (0.15 g, 1 mmol) %
tetrabutylammonium bromide (¢) (0.96 g, 3.0 mmol) & ®§ 3} 3}5t&E
3F—c (24 314, 118 mg, 87%) 5 AUrt.
General procedure 5 9F &2 W o= 33tE 3E (0.15 g, 1 mmol) ¥
tetrabutylphosphonium bromide (d) (1.02 g, 3.0 mmol) & ®Fg3to] &3+

SF_d(:G:]_}lH :ﬂ_iﬂ, 58 me, 43%) = ‘I:/\}\Tq-
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"H NMR (500 MHz, cdcly) & = 7.90 (dd, /=20.0, 8.7, 2H), 7.03 (s, 1H),
6.96 — 6.87 (m, 2H), 2.70 — 2.46 (m, 3H). "C NMR (125 MHz, cdcly) &
198.16, 161.02, 131.27, 130.03, 115.59, 104.89, 26.48. FT—IR 3294,
2995, 1657, 1601, 1574, 1511, 1425, 1355, 1301, 1276, 1214, 1163,
1106, 1073, 1021, 961, 846, 814, 726, 659, 636. MS (ED) m/z =136.0

(M)

4—hydroxybenzonitrile (4F)

jon
NC

General procedure 5 ¢} & W o2 3}3+E 4E (0.13 g, 1 mmol) ¥} 1—
butyl—3—methyl—1H—imidazol—3—ium bromide (a) (0.66 g, 3.0 mmol) <
RE-g-8to] 318k 4F—a (=& A 14, 127 mg, 99%) & AUt

General procedure 5 ¢ #Z2 WO R 3}s+E 4E (0.13 g, 1 mmol) ¥ 1—
butylpyridinium bromide (b) (0.66 g, 3.0 mmol) & WH$ 3}o] 3}5HE 4F—b
General procedure 5 ¢ 72 WHo=z 3= 4E (0.13 g, 1 mmol) ¥
tetrabutylammonium bromide (¢) (0.96 g, 3.0 mmol) & WH33to] 343t=

4AF—c (=& 14, 121 mg, 94%) & 4T},
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General procedure 5 & #2 Wy o=z 33E 4E (0.13 g, 1 mmol) ¥}
tetrabutylphosphonium bromide (d) (1.02 g, 3.0 mmol) & ¥F-&3lo] 3}3H&
AF—d (=% 14, 66 mg, 51%) 5 I3}

'"H NMR (500 MHz, cdcly) 6 = 7.65 - 7.49 (m, 2H), 6.94 — 6.85 (m, 2H),
5.97 (br, 1H). '3C NMR (125 MHz, cdcly) 6 160.57, 134.42, 119.49,
116.58, 103.07, 66.23, 61.10. FT—IR 3265, 2446, 2231, 2180, 1904,
1660, 1611, 1601, 1585, 1507, 1438, 1363, 1326, 1280, 1248, 1220
1192, 1165, 1123, 1105, 965, 947, 833, 818, 700, 667. MS (ED) m/z

=129.0 (M)
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Abstract

Hee Sun Seo
Department of Chemistry
The Graduate School of

Sungshin Women's University

Part I. Mitochondiral targeting Hsp90 inhibitor synthesis

Heat Shock Protein 90 has been emerged as an important target for the
treatment of cancer because of its various client proteins including
oncogenic regulatory and signaling proteins of great importance and
various kinds. It is a promising way to develop highly selective
anticancer medicine after revealing that Hsp90 especially more exist in
mitochondria of cancer cell than that of normal cell. We synthesized
Hsp90 inhibitor, biaryl tetrazole and mitochondria targeting molecule
respectively and then combined each product through a linker. We
anticipate the combined compound would selectively absorbed into the

mitochondria and have function selectively in cancer cell
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Part II. Reactivity of ionic liquid considering various cations

Ionic liquids have been used in a broad range of ways such as solvent,
reagent and catalyst because they have unique features such as low
vapor, high thermal stability, non—flammable, and suitable solvent for
both organic and inorganic compounds. lonic liquid is a salt comprising of
cation and anion and thus the kind is of great variety as we can change
the anion or cation respectively for certain purpose. Representative of
ionic ligiuids is 3—butyl—1—methyl—imidazolium, [bmim] [X] (X=Cl, Br, I,
OAc, SCN), which has been frequently used eventhough [bmim] [X] has
drawback of being non—economical. In this study, Ionic liquid with
various cations including imidazolium, pyridinium, ammonium
phosphonium are used for Nucleophilic Substitution Reactions and
demethylation reactions. The later 3 kinds ionic liquids are much more
economical that ionic liquid [bmim] [X]. The reaction activity of all 4 kind
of ionic liquids was evaluated. Especially ionic liquid with ammonium as
cations showed comparable reactivity on these kinds of conversions, and
exhibited higher efficiency than other tested ionic liquids. On the other
hands, it is easy to handle and store in the air because it is less sensitive

to humidity than the ionic liquid with imidazolium as cation. Considering
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these benefits of ionic liquid with ammonium as cation, it is a suitable

replacement for other ionic liquids.
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Part I.

BnO

COOMe
OBn

I N

Figure 8. 'H NMR spectrum of 3-3& 2

Figure 9. 3C NMR spectrum of 3}3& 2
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BnO
; COOH

OBn

Figure 10. 'H NMR spectrum of 33& 3

Figure 11. '3C NMR spectrum of 3}3H& 3
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Figure 12. 'H NMR spectrum of 3}&E 5

Figure 13. '3C NMR spectrum of 3}3H& 5
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Figure 14. 'H NMR spectrum of 3}&E 6

Figure 15. 3C NMR spectrum of 3}3E 6
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Figure 15. 'H NMR spectrum of 3}&& 7

Figure 16. '3C NMR spectrum of 3}3+H& 7
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Figure 17. 'H NMR spectrum of 33& 8

Figure 18. '3C NMR spectrum of 3}3HE 8
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Figure 19 'H NMR spectrum of 3-&& 9

Figure 20. 3C NMR spectrum of 3}3& 9
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Figure 21 'H NMR spectrum of 3-3& 10

Figure 22. *C NMR spectrum of 3+3& 10
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Figure 23. 'H NMR spectrum of 33& 11

Figure 24. 3C NMR spectrum of 3+3+& 11
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Figure 25. 'H NMR spectrum of 3}&H& 12

Figure 26. 3C NMR spectrum of 3}3+& 12
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Figure 27. 'H NMR spectrum of 3-3& 13

Figure 28. *C NMR spectrum of 3+3+& 13
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Figure 29. 'H NMR spectrum of 3}&& 14

Figure 30. *C NMR spectrum of 3}-3+& 14
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Figure 31. 'H NMR spectrum of 3}&& 16

Figure 32. *C NMR spectrum of 3}3& 16
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Figure 33. 'H NMR spectrum of 33& 17

Figure 34. *C NMR spectrum of 3+3+& 17
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Figure 35. 'H NMR spectrum of 3}3& 18

Figure 36. 3C NMR spectrum of 3-3+& 18
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Figure 37. 'H NMR spectrum of 33& 19

Figure 38. 3C NMR spectrum of 33+ 19
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Figure 39. 'H NMR spectrum of 33+ 20

Figure 40. *3C NMR spectrum of 33+ 20
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Figure 41. 'H NMR spectrum of 33& 21

Figure 42. 3C NMR spectrum of 3+3H& 21
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Figure 43. 'H NMR spectrum of 33+ 22

Figure 44. 3C NMR spectrum of 3}3+& 22
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Part II.
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Figure 3. 'H NMR spectrum of 3}3& 1A

Figure 4. 3C NMR spectrum of 3}3& 1A
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Figure 5. 'H NMR spectrum of 3}3HE& 2A

Figure 6. 3C NMR spectrum of 3}3HE 2A
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Figure 6. 'H NMR spectrum of 3}3& 3A

Figure 7. 3C NMR spectrum of 3}3& 3A
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Figure 8. 'H NMR spectrum of 338 4A

Figure 9. 3C NMR spectrum of 3}3HE 4A
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Figure 10. 'H NMR spectrum of }3& 1B

Figure 11. ¥C NMR spectrum of 3+3+& 1B
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Figure 12. 'H NMR spectrum of 33+ 2B

Figure 13. '3C NMR spectrum of 3}3+E 2B
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Figure 14. 'H NMR spectrum of 3}3& 3B

Figure 15. ¥C NMR spectrum of 3}3& 3B

-76-



Br

A n J

Figure 14. 'H NMR spectrum of 33+ 4B

Figure 15. '3C NMR spectrum of 3}3+& 4B
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Figure 16. 'H NMR spectrum of 3}3% 1C and 1D

Figure 17. C NMR spectrum of 3+3+& 1C and 1D
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Figure 18. 'H NMR spectrum of 3}3% 2C and 2D

Figure 19. '3C NMR spectrum of 33+% 2C and 2D
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Figure 20. 'H NMR spectrum of 3}&% 3C and 3D

Figure 21. '3C NMR spectrum of 33+ 3C and 3D
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Figure 22. 'H NMR spectrum of 3}3% 4C and 4D

Figure 23. '3C NMR spectrum of 33+ 4C and 4D
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Figure 24. 'H NMR spectrum of 3}&& 5D

Figure 25. 3C NMR spectrum of 3}3HE 5D
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Figure 26. 'H NMR spectrum of 33+ 1E

Figure 27. 3C NMR spectrum of 3+3+& 1E
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Figure 28. 'H NMR spectrum of 3}3E& 2E

Figure 29. 3C NMR spectrum of 3}3+& 2E

-84 -



(@]
J J l i 4 A j
Figure 30. 'H NMR spectrum of 8}3%& 3E
» Lo R vy ooy Mnﬂr‘ *“l !

Figure 31. '3C NMR spectrum of 3}3+% 3E
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Figure 32. 'H NMR spectrum of 33+ 4E

Figure 33. '3C NMR spectrum of 3}3+& 4E
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Figure 34. 'H NMR spectrum of 33+& 1F

Figure 35. 3C NMR spectrum of 3}3& 1F
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Figure 36. 'H NMR spectrum of 3}&E 2F

Figure 37. 3C NMR spectrum of 3}3E 2F
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Figure 38. 'H NMR spectrum of 3}&% 3F

Figure 39. 3C NMR spectrum of 3}3& 3F
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Figure 40. 'H NMR spectrum of 33+ 3F

Figure 41. '3C NMR spectrum of 3}3+& 3F
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