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Fig.1-2. Molecular arrangement of smectic and nematic phases
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Nematic Phase Chiral nematic Phase

Fig.1-4. Chiral nematic phase

Table 1-1. Example of Chiral Materials

HTP (=1/PC) 7 ( 10* ¢St )
Compound (nm™y
25°C 0C

'(Igg\,\r 4.6 6.1 48.5
n-Can—COO

Cholesteryl nonanoate

F
n-C3Hy IIO-(IT=(|:‘@‘COOJ\"‘C6HI3 10.8 33 167

B -cyclohexyl - o, B —difluorostylene

P :Herical Pitch 7 : Kinematic viscosity HTP : Herical Twisting Power
Base Material : Merck ZLI-1565 (1 wt % HTP; 5 wt % n)
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p TNLCRA v F <

= JE B e
(b)

Fig. 1-5. Operation principle of twisted nematic display mode
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Ry
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F

Z : CnHZn+1 ,Oan2n+1 s CN N F

Lateral group

Fig. 1-6. Molecular structure of liquid crystal compounds
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Fig. 1-7. Schiff base, Azoxy benzene liquid crystal compounds
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Fig. 1-8. Biaryl liquid crystal compounds
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Fluorobiphenylcyclohexane
Fig. 1-9. Fluoro substituted liquid crystal compounds
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\) ’ Higher Birefringence ( A n)I

Fig. 1-10. Relationship of LC properties (1)
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Higher Dielectric Anisotropy ( A ¢ )I

| Lower elastic constant (K ) I

Fig. 1-11. Relationship of LC properties (2)

Lower Operating Voltage ( Vﬂ,—)l <

Ae BIEIC R & RIREBILEH O FREHTOWTIIEEIC S S OFER L S h T
V5o BRI, Maier-Meier D ' (Fig. 1-12) 725055 L350 | kX AW
TAYDE (W ERATLBREEZZOTBTFE— AL NOFABS FE@#IC 2
LHTICZR D LD ICEB#BT D (RBFE—AV b p LYTFREMEDORTH B %
MNELT D) TERBRVHRNTHE RTINS,
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Maier-Meier Equation

A a ; Polarizability anisotropy
S ; Order parameter

Large Dipole Moment ( 4 ) I
‘ Small Angle ( 8) I

Fig. 1-12. Relationship of LC properties (3)

Higher Dielectric Anisotropy ( A ) I <

Tabb, R-FEFOMERLIZRD N SBREMEOHMEL LT, #HaHE
DREGHEANIES T2DE N—1 (RvF v 7 —SHHKRE) BBEENEL.
HHEAS/NE L BITRRHHEROBERRFESRE VD, L0 ) BE oM
LB DOBEERRD LN TVD, ZhbORtkiX, HRLAYEM ClIw-
9. HI0EEOLEMERES L TERFELHIZ LTV 5,

1—6 MAEREZATIEMLED

ZHET, W10 FEELDRELEYNRERIN TS, Zhbndh, =
NETICERORTHEF L LTHERA IR TWBLEWIZEEIZ 1000 48 2 T
WL EEDLRLTWS, ZHHLDIEYDIZEALIZ]1 —3EiTRREL ST,
ATH/EL LT, NUBVRR YV und U BMAOEBRENS 2~4 BB
BmEEHELTVS,

L L2d b, ITFEDOBEDRTIFROERIITHED, ThERORRFR
CHOTEEPRDOOND LT, ZhIZXVBEEDORVELrEPY 71
~XYURICRDIFH 2 a THEEDAIB SR b B,

ATHEL LT, AL R F 74 LoR7 v Sk Fatb 72 L RO

13



FLrOLDREERBELE T O5REEM LB O TR Y . —EITH
FEERSECRF BB R OBARS & L TR T TS, Zhvbd
R, RUEBUVRRV I aAFYF UROR LB L, TINTEREFEEL R
T BN TND,

BlzIE. TRV D7) o 00 2z FAR, 6V T ) T =
=NVEERT LAY (a,1b) X, T4 — X0 FLr—4—2 T /7=
=N PR V4L [T R—4 = F Ay ranFi ] -y =Y
LAV HARB L N= [ (R~ TF v 7 —SHERE) BRERERER L, K
il (R~=F v 7)) OBREGEANENDZ ENMLN TS (Table 1-2),

Y, EBMEHEABRBERELEHLRES L TNE, 1,3 - VFFFTHI
BRERTD 1ML, THY B ERETS 0L~ 5E, N—1 (I—N)
EHIREN 4 0 EEV, 1,3 —VAX U BEREET R4 1£9L 5
&, 35ERWVWEWVD RN H D (Table 1-2),

Table 1-2. Physical properties of liquid crystal compounds having fused ring systems

Compound Phase Transition (°C) ref.

1a ”'CSH’ICN C 8 N 109 I 19)
H

n-C5H1
1b r%—@-m C 73 N 125 1 20)
1c n—C5H11CN C 23 N 35 I 13)

1d n-C5H11—<:>"'@—CN C 31 N 55 1 14a,14b)

H
le n-CsH, 0, C 8 (N 8) 1 21)
- CN
H -0
0
1f n-C5H11—<:0)‘"“©"CN C 55 (N 48) 1 16)

C, N, and I indicate crystal, nematic, and isotropic phase, respectively.
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7, Bof. WA (REARA U3 (EFEIHE) bickb, TFT 2RI d
AM-LCD (Active Matrix - Liquid Crystal Display) (Z{f I AI8E/2{LEWZILKRT D
Wiz, ThHe ReF 7 VR, T VUORK, TR RanF XL
VEROEABIEA SN RRLAYRERShTWS 29, fiTh, 77
FUVEHO L, 30, TR E FRTT7ELURREDS, TAOT v REAL,

FEREFHEOEMRKICED THAZ L2 RH LTS, (Table 1-3)

Table 1-3. Physical properties of decahydronapthalene, napthalene, and tetrahydronapthalene
containing fluorine atom

Compound Phase Transition (°C)” Tni(*C)" A&’ An"
decahydronapthalene
1o n-CsHp{ P 4
g nlj3 7'~_._‘ C 94 N 176 1 126 4.6 0.102
Lo
napthalene

1h  pcy< ) @Q FF C 95 N 154 I 121 54 0113
F

_ F F

i n-CH ) QQ Cop CBN19 1 11 66 0.112
F

tetrahydronapthalene
i n-CsHy .@ F g C 32 1 8.9 53 0092
F
1k F E C 47 1 757 71 0.088
Il-C3H7 .@ O F . . .
F F
F F
1 pcH ) .@ 5 C 76 N 136 1 119 6.4  0.100
F
host F
F
7 g 1:1 — 117 48  0.090
A~ O-O-)F

a; C, N, and I indicate crystal, nematic, and isotropic phase, respectively.
b; 20% in host LC
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1—7 SBBEMEZRAY T /) RV ECITURREaT LT HRRIEEMD
RET R UAHFZED HHY

1—6FITHRAELDIZ, EBRBEHERBELET LWL, REHEDE
EMEE LT, BRA (N— | BBESRE) ¥ LRSI b, =7H
BELTHEICEDITHLIEEZLNS,

FIT, FHREREEYOaTHEEL LT, 120X VEVERE2ODOE S
VBNLRDEMBERE BRI RV T UBRICERLE, ZOES
)RV T R RIEL Fig -3 IR X 918, BE, BRbehoaTHEE L
LTAWLRTWS Zz=Adrunddy WIRLFE L2 -T2 =1—
1—FFH T r7a~Fhre2dF U AF U UETEBGLEEREORWEEY
FELTWDZENDLBEREMEIE LTERTHDEEZ DD, £To. ZOFK
I VAT u—VBFEEAD D BERELEBETHY, a VAT o —LRIEE

bOHRREEEZ bOFRKEEEHME LTH, HFEICHEKRNEETH D,

ool

Pyrancbenzopyran

Cholesterol derivertives

Fig.1-13. Application of Pyranobenzopyrans to liquid crystal components

16




¥/, ZOET IRV ET UKL, B BEREMY AT bk, B’
I X BT X —NVOBT Vv a— VRISEFIA LT, BT v ak Bl
Lied NV bh% ) U AF REREIRLIFEEREL, FIFATATE FER
BT N A=A DEA N PXBATFALBLY p- MV UV ANVERCBIFET., N
vPUH, BIRTIZT, A b AF REER L724FW Diels-Alder K
CE. 1ERETEINE, EIERROICB, CREAN TV REORLY
REET D HERHEYLTHAE? |, (Scheme 1-1)

OM H
CHO HO CH(OMe)s, p-TsOH ¢ M.y
+ - OMe —>
OH | benzene, rt, 1h A ]
Y. 86% OH
O
Z H 0 C
o Bl H

orthoquinonemethide J

Scheme 1-1.

ORI BT DI EBREDOFKHIL, AV b U AF FOBBIRE
WZRBWT, 1 OLDOKREBRTF LRI LD 2L DOKFERTF & ERFEIZ X > Tendo
BN L 0IZKKRY | exo BEREZREH TS LIER LTS &EX
bRTW5B M, (Fig 1-14)

H
0 = Hio
i .'. : e N\
H B b o._H
o o NN o
Hy
minor - endo exo - major

Fig. 1-14. Transition State




TIT, FFRTIHE, 2 00BRELETHET ) XUV U5 ALEHDEIR
BIE ERIE DRESL & FURIERME & LTOFERIC W TREEZITY> 222 BIY
ELTARICEBHEEX, CRIZTAXVELZETAET )RV T Uiz
THRETL. RS EITo 7,

X; H, Non polar group or polar group
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woE BREBWMAYLS /RIS UVDABRBROECAFIVES

B4 5Lt Otk

2—1 BRIEVAFNEEZRTIHIET /XU ET Ok

INET, BRIZUVATFNVESE
BT BIEEY 2a-g [ITDOWT, L
(BIRESKRF) bizk b, Fi#l
WAL L TORETNITi T
X7 2, KETIE, 2 bORKE ;
[N 5,

O
=3 2¢; X=H,m=7
=4 2f;X=CHz,m=S5
=5 2e; X=CN,m=5
6

2—1—1 BRIZVAFNEEETIHEVT IRUIETUVDOERK

TRAFNEEHT B{LEY 2a-g IX, Scheme 2-1 IR /— M X VAR LT,
CRIZTNVFNVELZEATDHD, BT VoA EHBEFREE L, vr B
FNEDH YTV T, TAFVEZEAL, FERE ., LAHETICLY
FEROREMT v a—LEER LTz, BonEREMTAra—LEd ) FAT
VTE REDHT, ANV FFBAFNL (1. 2%8) ROp— MLz XK
VB (0. 2¥E) FET. XUEUF, ZRTIZT, BIEREEZITV, BB
WKOATFNVEEFTDHET )XV VT 2a-g % 60~81%DEINR T AEIR
BICE R LTz,
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Oy OEt 1) n-CsH;;Br, Na, EtOH, 50C

A~ CHy(COOEY); Y. 93 % -
\(\/ Na, EtOSH;/SO"C 2 o 2) LiCl, DMSO, H,0, reflux
Y. 86
° OKt Y. 79 %
n-CsHyy n-CsHyy

LiAlH
Y\)Y T650, 1t Y\)\/
OEt Y. 90%
CH(OMe);3, p-TsOH
OH . ( )3, P

P

benzene, rt
Y. 75%

Scheme 2-1.

2—1—2 BRIZVCAFAEZETHIET )R ET 09t

Bohi 2a-giInThy, B CTREHEZBHET. 2a KO 2f-g 1TRE AL
&M, 2b-e lTHRILEW TH o7, LEW 2a-g & — RWA: (Merck; ZLI-1565,
KR, Fig. 2-1 28R) 12 10wt %L, WA (To). EERE () ZHEIE LT,
Table 2-1 ({ZAb&H) 2a-g DR | Fig. 2-2 1IZ{LEY 2a-e DB AR L O BEIERRS
HERBHEICR L, ry N LTERETRT, Fig.2-2 X0, ZFARKETFEOL &
CER L, R 5 REOL X CRRMICETT A L2 RHILE, LALA
Po, ARICEBRELZEALLEE. BRSSO TMNTEML, KHEbEnS
BfEFR & 72 o7z, (Table2-1)

n-C3Hs 0CHs ]

> 50 wt% n-C5H11n-C2H5 10 wt%

o2

n-C3H~ 0OC4Hy

]
> 30 wt% n-C5H"n—C3H7 10 wt%

Fig. 2-1. Composition of ZLI-1565

n-C3H7 CN

n—C5H11 CN

23
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Table 2-1. Physical properties of compounds 2a-g
n-Cp H
m2m+1 2, X=H,m=3 2¢; X=H,m=7
2b; X=H,m=4 2f; X=CH3,m=5
2¢; X=H,m=5 2g; X=CN,m=35
2d; X=H,m=6

Compd. Phase Transition(C)" Te(C) Ny (mPa s)b

2a C 42 1 52.2 22.6

2b Colorless oil 50.8 223

2¢ Colorless oil 54.4 21.0

2d Colorless oil 52.5 22.2

2e Colorless oil 53.0 21.6

2f C 45 I 58.8 233

2g C 67 1 65.1 23.9
Z1.1-1565 86.0 15.4

Base Materials; ZLI-1565, Merck (10 wt %)
a; C and I indicate crystal and isotropic phase, respectively.

b; Measured at 25°C.

Te 56
(C) 54
T,
52 G/Q Nr
(mPa s)
50
— 23
U}
s § Y
— 21

T ] I | |
3 4 5 6 7

Carbon number (1) of alkyl group of 2a-e

Fig. 2-2. Plots of clearing points T¢ (Q) and 7, (1)
againist the carbon number of alkyl group of 2a-e
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2—2 BEREBWMACELT IRUVES OB

AEiCIR~TZBY . BRICVAFNVEEZF T 5{LEW 2a-eid. CROTNAF
JVEEDS B IRFBORE, BRATHEMET Lz b 00, BE TREREERE T,
R—ATREBIZIM U7 BROFRARIMET U, ES ER/ L, 22T, AW
TiX. BROBZEEBEBRER GBI Th D VA FNEIEEMER ORI
%@%&HLTw%@?@&vw%ﬂ%LBﬁ%@@wﬁﬁ/&ny§VMé
B 3OV TIRET 1T o 7,

EEERE, AFEREORE

2—2—1 BREBHALZ /X7 OARKEHE

AN X U AF RIZWETFERELD Diels-Alder KIS ZEZ$TZ LB bh
TWd, 2T, F/NbF ) AF RIENLUMO BRELE S, Y=/ 74
VLRV HOMO PEsRE 5, BERF (BREEMKRF) 5k, B REEHRA LS
IR ET U EERT DD, RBICBERELZ B LRV RAETRT La—L L
VI FAT NV a—L O TRIERISEZITo7ed, &<EITLAahoT, £Z
T, V=) 74O HOMO L~k m EXEED, BFHEEOT o= 1F
FEZEALEREMTAI—VERNTHIFAT LT E REOET, Bk
RiGE{Tolce A, RIGBEITL, 0%, FX—=v /7 (W—4) IZ&
57z = VFAEOKRBISEZELY . BREBHALS /) RNy EI 026
AT B FIEEREL LTV B 27, (Scheme 2-2)

FIT, ZOFEEZBNT, BULHIZ, AREBRALYS /)Ry es ik
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y

CH

: :OH
( reflux, 2d, no reaction

CH

@ CH(OMe) 3 p-TsOH
.-
OH | benzene, reflux
SPh

Y.74%

O HO CH(OMe) 3 p-TsOH
yavi
+ 7z 7
I benzene
rt, 5d, ne reaction )
(8] HO
+

(EIZ=1:1)

Raney Ni (W-4)

EtOH, rt
Y.8 %

Scheme 2-2.

EMIEER L. PATFNVEEETHILEY 2¢ &£ DYMHEREZITO Z LI2 LT,
2—2—2 BREFERBRECLT ) XUIJEITUOE/K

ABRBEWREIY T ) RV VT AW 3 1%, Scheme 2-3 IR HELV— b
CEVER LT, BILRIGOERD 7 = = VF A2 F T HREMT va—v
i, TAFAATHTHEFET T2 ) —VDTF VAN E > TERTE S, £
T N-TRERE e a VBTN E Ny T TR O T AN EERE
ALT, Z0%. BRI a LA T A a—AD T —h %2R EH,
TAXLEEFTHEMS ZBH LT, ZOVTATIVERRE™, 47 =
J—=NEAIBN # FANWC 7 ==V F A HEZEAL Y, LAHEBTEITH2&T
E/Z=1:1BEHOREMTNLa—NL8EAK L, TD®%, Y IVFATALT
B NEDBILRIGEITV., Bt 9 287, 7=V FAEELKELIN) TF
V85, AIBN % AWV TETANCIEREL O, AREBHRAEI 2 5M LT
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Oy, -OEt
COOEt 1) n-CsHyyBr, Na, EtOHS0C, Y. 56% S LiCl, H,0
>R )
n-CsHy; DMSO, reflux

COOEt ) \\\/OTs, Na, EtOH,50°C Y. 85% Y. 83 %
4 Et0O" "0 : °
5
O OEt 0 Col
\\\I PhSH, AIBN . EtO LB Al 4 HO n-CsHyj
______...__..—.—»
n-CsHyy  benzene, reflux | ether, 0 °C
Y. 60 % Y. quant. |
SPh SPh
(EIZ=1:1)
6 7 8
@[CHO n-CsHyy
OH Bu3SnH, AIBN
.
CH(OMe)3, p-TsOH benzene, reflux
benzene, rt ""SPh
Y. 61 % Y. 68 %
Scheme 2-3.

BLEIS T, B, BRORBERT7T Vv a—/ 81X, TLC L THEL, E
AR 9 DSMC, DBEEDVT AT LAY —LBbhd b0 6 oRShiz
B, ZHHDREWIE. YIAFNET AT T T 4 —BLUHERKREIC
LV, FNENESBET DI LIIRTEEThH o728, EERY 9 2HEBET DT
LINTE I, B, EERY 9 OIMEFIT OV TITRD X HITRE LTz,
CBITAXNEEERR2NEBILEY (9) © 'HNMRIBWT, 2L, 5
M. 10 bEDS T FARADDIT AT VA< — (9a-d) DENENT I IV
VT MNBRRARBEDICHETHI LN TED, iz, BEERICLIVEVED
KEREF & _EABHERIFTTRETH U IELFELHEETE 5, (Table2-2) BT
NAE U FESER Ju TR VAR LT a b S LY e b OMEELE

ERLTND,
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Karplus-Conroy D=
Juu=acos’®—028 ( ®<90° ,a=8.5; $>90° ,a=9.5)
IZ&E, ZoD CHREEDRT ZEBIZL > TRES L S T3 (B3R
EpER L2BE I DEITNE L2 D),
ERICHEBES N ZERD 913 Pa IR BIEVWVEE R LIZZ L0 b, Z0HE
KX 9 TH D LFEMmOT Tz, (Table 2-2)

Table 2-2. Chemical Shift and dihelical angle of 9'a-d

TN - TR TG TR
10!; l,}l 'IH H H
o kseh o VH o VH o ¥seh

SPh SPh
9'a 9'b 9'¢ 9'd
Compound § (ppm),.J (Hz) dihedral angle (deg)
0 Job-n Sy sy J sy < bt L shan
9'a 4.26 9.9 5.30 10.9 176.5 179.9
9'b 4.50 10.9 5.67 4.0 177.5 55.9
9'¢c 4.87 4.3 5.68 5.9 50.6 178.8
9'd 4.98 5.9 5.50 2.3 50.2 66.3
9 4.19 10.2 5.30 10.9 176.6 177.3

Tz, RIS D EEFY DOSLEBFIEIZOWTUTO L DIEBELE LT, (Fig.
2-3) FEROFREFT NI — 81X, E/Z= 1:1 ORAEMTHY, E/ZDEME
CEEHBFET B, & 51T, BILRISTIL. exo & endo DBBIREEDFET 5,
— R [4+2]BRAL UG Tl exo BEM D 58 endo BRIA] &V HELLE Shvd Z Lz
2. EfEOT7TVa— L0 B{L LTz E-exo DECEIX, S HFDKE R HOMO %
AN ) U AFROIAR=LDOLUMO LHEERAE2THZLiICLvE
Bl SN BREREL L VLT 25720 ) major EFMEEZ D2 EZ BN
Do
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CHO 0

HO n-CsHjy @OH G . H o
—_— s - n-CsHyy
| =0.4

o< &
SPh S SPh
L Ph' —
VA Z - exo0 minor

HO™ Ny "-CsHi1 @C“O @-;l
OH K
I — | Xz0y —

PhS 4

E E - exo

Fig. 2-3. Transition State

2—2—3 BREBBRANCrS /RS0

BoNTALEWI L BRIV ATFNVELZR T HEW 2e L YWEHEZIT 72,
(Table 2-3) BER Y A F AR 2¢ i3, HRILEDITKT U, EEHA 3 (X, @R 65.1
~66.9°C DHEBRKETH o, T2 313 2¢ LB L TR—RIEEITEM L7
O, TR, BITREFEN R U KEMET Lz, Zhid, BEBEHRE (axial)
EORISE#E (equatorial) D73 FHINIC K DRRMEDIET. A FALEDILE
MER, 7, AFBRECAFNEICLIDIHSTROERKIZEIZLOTHB L
EZbND, 55 FEIEFE (MOPAC Ver. 6, AM1) 12X V.3 k1 2e DHFE (L)
RUO%FiE (D) #5ELERR. 47K L) 3174 A LEL00icboh
b3, HFIE (D) i, 31d. 8.36A. 2¢1X104 A LH20 A DEBR LN

zo (Fig.2-4)
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Table 2-3. Physical properties of compounds 2¢ and 3

b
Compd. Phase Transition(°C ). Te(°C) Nr (mPa s)
2c Colorless Oil 54.4 21.2
3 C 67 1 69.9 18.6
ZLI-1565 86.0 154

Base material ; Merck ZLI-1565 ( 10wt% )
a; C and I indicate crystal and isotropic phase, respectively.
b; Measured at 25 °C,

D=836 A

L; 53F& D; 9148

(Caluculated by MOPAC Ver. 6 AM1)

Fig. 2-4. Molecular Structure for compounds 2¢ and 3

27



BIE TNLNaXVEEETALT )RUIETLVOARE W

AIETHEA~ &BY, BREBRLEWIT, N —RIREITHRN L BOBH
RO EF L BEMETLEZ 200, BRA2BOFEESM ELZESEXD
nd, Wi, MEEHERLENL LT, ARICEREZEA LR,

3—1 THNaxvEEFTIET )RV E50ORE

ABROBEEL LT, IUHIZ, THVaxvEOEALZRN Lz, Kb
LT, TAaxvErET5REEEDIISHBE SR TREY . —RYRED
ELT, ThaxvEeFBTHEMI. TLILVEEETHLADLIVLE
WN— TEBRELZTRTI LML TNS, flxiX. TAraxyy 7 /7
== VEULEIE, TAFIAYT ) ET7 2= AVRBIEEM I Y, 33°C N— 1R

EENEVY (68°Cvs35°C), (Scheme 3-1)

C53NG681 C24N 351
Scheme 3-1.

R, TAaxEREALLEES. KEHOBEWSAIXRSHEORE LA
RO, REHOMBRIZHEV, SFREBFRIOS TR LR EEAF RO
TUVARZEY, ReTF v/ HERBRT D, IDITAFVEEREIRS &,
DFREEEAFRAORDFRABRKEN LY, ARATF v JANERL, X
TFYIHERFTHLOICRY, SORDBRICLVARAIF v 7HORL
ROEMRH D, o, TAXRNVEOHE LRI, N— [ EBIEEICBEEIE
BROEND, TVFRNEDRE, BET VXNV EILEMBFET LM ELE

28




MED S, EBON— IEBEELZRTR, TLaXTEOBEE. BROFISE
WN— TERBREZRT, Bl LT, 7Lhaxy 7 ) 7 == VRAKEOHRE
BEEZRT P, (Table 3-1)

Table 3-1. Transition temperatures (°C)
for alkoxy cyanobiphenyl derivatives

n Phase transition (°C)

3 C 75 (N 64) I
4 C 178 (N 76) I
5 C 53 N 68 I
6 C 57 N 76 1I
7 C 54 N 75 1
8 C 55 SmA 67 N 8 I
9 C 64 SmA 78 N 80 I
10 C 64 SmA 84 I
11 C 70 SmA 90 I

C, SmA, N, and I indicate crystal, smectic A phase, nematic
phase, and isotropic phase, respectively.

Parenthesis indicate a monotropic transition.

FILT ABICTNLNaxVEFZEA LY T )XV ET 1LEY 10a-d &
BL. a{bdme LToRRE2ITo T,

o Il-C5H11
H 10a ; R=n-C4Hq
"[H 10b ; R =n-CsHyy
10c; R=n-CgHy3
RO 0 10d ; R = n-C;Hjs
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3—1—1 THaxTEEREFTHIVLT )RV ES U OEREE

ARIETN AR VEEFT IV )RS ET0E, 4—TFlaksy ) F
NTNATE RERBERMTVa— L EOBERKBICE VAR TE 5 LHE L,

(Scheme 3-2)

H-C5H11

Cycloaddition n-CsHyy

\ cho HO
I) /@ +
RO OH |

Scheme 3-2.

SPh
3—1—2 THraxvEEREETIET ) RVIIEIFTUOERK

EE&% 10a-d DEFIE%E Scheme 3-3 I2RY, ABEHBETIERD4 -7
AFYVFATATE R 12ad #2,4—Vk FrERIRUXTAFE R 11
D, WEFET., AKBEOEBRNT LI MUZL VB P, ZORISIE.
WV IVERD, BEEMLOKBRE L OMVKRRARICEI Y., 2 KBET T
MESFUT KW EFRLU TR, EEE 2 AIABRER 7 VX AL S s R
LR AN, FREOINEL ok, COBLAEY Y FLTAFL FamL
CARO 7 = =NV FAEEHTHREMT L a—1L t OBERRIZE Y 13a-d
2R, TDOR, T=o AT AEOBITHREIZLY, ZLORFTYERELH
HH, FREDINET 10a-d 257,
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HO n-CsHyy
¢
CHO n-CpHjp41Br CHO ?;Ph
/@ K2CO5 K1 /@ TsOH, CH(OMe)s
HO OH n-CyHzp410 ’ 3

pu
v ?gmé (;' f) y OH benzene, reflux
11 - I8~ 00 Yo 12a-d(n=4-7) Y.44~73 %
o n-CsHyy o n-CsHyq
H
H BusSuH, AIBN
" benzene, reflux "
n-CpyHzp410 0~ sph V' ¥~T5%  n-CyHzO o
13a-d(n=4-7) 10a-d(n=4-17)
Scheme 3-3.

3—1—3 ThraxiEERHETAIELT )RV 08E

Bohie 10a-d 1T, BUEKR EOTHMMPER ST, BMHEOBERKRETDH
572, 10a-d 122V T, REBEMEBRER CWREEETHAERE (DSCO I LY .| B
BRERVEBEBBRONELTo, £OFERE Table 3-1 1277, £z, fHE
BREZRJBHIZ L., a2y b L7ZE% Fig. 3-1 127795,

Table 3-1. Transition Temperature (°C) and Latent Heats (kJ/mol) of compounds 10a-d

H O
n-CpHjp 410 n-CsHyy

%

o H
. Latent Heats (kJ/mol)

Compd. n Phase transition (°C)
m.p. SmA-N N-I
10a 4 C 74 (N 64) I 234 — (0.52)
10b 5 C 60 SmA 68 N 72 1 288 055 032
10c 6 C 63 SmA 73 N 77 1 28.7 0.80 0.62
10d 7 C 68 SmA 71 N 75 1 289 065 0.72

C, SmA, N, and I indicate crystal, smectic A phase, nematic phase, and isotropic
phase, respectively.

Parenthesis indicate a2 monotropic transition.
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WIhOEEM L EMTREEEFHEB L, 7 M VEEZETS 10a X, &7
BETIE, WEEEZREBEYT, BREFOAR (£ ety ) X<vF v i
FH LTz, REFEEZMRELE 10b-d TiX, AAIFy 7HEOR~F v 7%
EHRLIZ Db, TOHREL—RKOTNVax v ELETIRELED L Rk
IefERLIRole, F72. SmA—NKUON-— I EBIREX. 6 RE (B ©
10c 35, 5RERUTRE (FH) 0 10b RV 10d LV bBNZ b, BEHE
BEELTWVWELOEEXLND, ZORBAOEBIT, REFEOMNBET S HMH
CEELTRY, TAraxvE0Re, TEERORBRFIZ. REHDOLZER
FERaT7T ORI LAEL E 7D, BEOEFIRETOSTFORED L
RTIIEDPELD D TH 5,

Transition Temperature (°C )

Carbon number ()

Fig. 3-1. Plots of transition temperature for 10a-d against the carbon numer (n);
(A\) N-1, (Q) SmA-N, ([]) melting point; the N-I transition below the melting
point is a monotropic process.

7o, (bEW 10a-d ZEEFOBKEMEY. 2—T7==1—1,3—VFFH
(M4a-d) > | TJxz=A v ro~FH(A5ad)>? | 2-Tx=1—1,3—-UFF

YU 2 (16a, b) 2D LWtk A 1T 572, (Table 3-2)
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Table 3-2. Transition Temperature (°C) of previously studied materials.

O
n—CnHz,.ﬂO-@“"(o}n—CsH" n“CnH2n+lO'@"On‘C5H11

14a-d (n=4-7) 15a-d (n=4-7)
n- 2n+1
. Ob“'"-can
H
16a-b (n=4-5)

Compound n Phase transition (°C)
14a 4 C 40 N S3 I
14b 5 C 38 (SmA 29)N 51 I
14c 6 C 4 (SmA 22)N 56 I
14d 7 C 45 (SmA 34)N 55 I
15a 4 C 46 (N 45) 1
15b 5 C 3 N 38 1
15¢ 6 Cc 37 N 44 I
15d 7 C 45 (SmA 44) I
16a 4 C 77 (N 74) 1

16b 5 C 61 N 70

C, SmA, N, and I indicate crystal, smectic A phase, nematic phase, and
isotropic phase, respectively.

Parenthesis indicate a monotropic transition.

{bE% 10b-d O N— I EBIREIL, 2—T7==/—1,3 -4 %% 14b-d
EHARBE 20°CIFEEL, T2y 7 uaF L 15b, 15¢ & B L 30°C
B, 2—=T7x2=A—1,3=UFXHT AV 16b &EHAB LIZIFRED N-I
BREELR L, £/, 10b-d (X, AATF v 7 HEREBETIN, 2—T7 ==
NV—1,3—=TFF%H 15b-d DAA I F v 7FBITE/) bat vy ThY, 2-7
2=N-1,3 —=UAFHTAHY 2 16a,16b 13, F~F v 7HOLKETE, =0
Temb, BT RV ET Y 10b-d DRARAZF v 7EEHOER L. SFE
BAROSFRANXEMN THE-OTHDEELLNS,
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L& 10a-d % |, ~~— R & (Merck; ZLI-1565) 12 10 wt % B0 LB A (To).
B (n,) ROVEITRESHE (An). FEERREFME (Ae) ZHIE L7z, (Table
3-3)

Table 3-3. Clearing point (T.), rotational viscosity ( n,), birefringence
(An), and dielectric anisotoropy ( A £) of 10a-d

T o) b a a
Compd. n e ( C)a 7r (mPa S)a An A
(Teex) (Nrex)
82.2 22.7
10a 4 (48.0) (743) 0.070 1.5
81.9 23.0
10b 5 45.4) (816) 0.074 1.5
82.9 22.6
10¢ 6 (55.0) (717 0.074 1.2
71.5 22.6
10d 7 (1.0) (717) 0.073 2.8
ZLI-1565 86.0 15.4 0.124 6.4

a Base material ; Merck ZLI-1565 ( 10wt% )
N Teex, 7 yrex, A n, and A ¢ are extrapolated values.
Measured at25°C.

BHR (T 3. AREEBROLAWI L~ L, LR L, (77.5~82.9°C
v569.9°C) F7z, SRFEKOTRED 10b, 10d 1%, 4 RKFEK V6 RFED 10a, 10c
FVBETLTHWEZ LD, BEESFELTWDLOLEEZLND, [Eik
HEMEIX 22.6~23.0mPas T. (LA 3 (18.6 mPas) &E~3 L. HIMLT-, —F.
JEYTERE ML 0.070~0.074, FEERFMEIL 1.5~28 Tho Tz,
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mAE BIRIERZETAET IRUOVES DR E O

ARICT Vvax B2 BT LWL, B TT7~14°C OEERDOZ A 7 F
vy JHRORF v ZHERBR L, N—XERICHEM L7ZBEOFRAS (T &
VEHRRFE 13, ARBBR(LAML LD L, EALE, LHLARD,
DFPNCRE DB EZ TRV OFEREFME (Ae) 13, 1.5-2.8 LEVY
DTH-oTe, I T, ARICEBHEEXZFTI2ETRIIZOEAZRE LT,

4—1 VT IEEFETHET )RV ETUDERE B

LT, EBFREIEL LT, T/ EOEBAZRE L, V7 i, —
BiC, ITEEMEL, PEEYEELT A BRENCHE, LT RS
RIBFE—A Y M ERHD, STEPTFCWTERD, AT Fv I EE
FRELL. X~F v 7 MERRT 5, £, o7 ) EOMLBIBHEICAE <
BB, BMFRICHEET DL, X~F v/ MeREll. BBREL LR S
5, —F., WEHACEETS L, AA2Fv o ARPRELT 2. BB
REZETSED, 22T 3vF v ZHORRARTE bR 3HERRFH (Ag
DEEEEE L., SFEMFRICST ) EE2ET BLAM 17 ORMEF- 1,
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4—1—1 YT I7EEZRFHTAET )RV OEKEH

o7 ) EOBALL, Scheme 4-1 1ZRT L H 2. 2FEIHDFENEZOND,
1) 7 U AbSRE W R B R L 0 AT B 1L
2) INRUBMHOHEE =BT I FOBMARMZ LD EAT S 5ED

1) R—@-Br
W
DMF, reflux
R CN

SOCl,
2) R COOH'——?EF—“”R. CONH,
3

Scheme 4-1.

1) OBMFEEE., ZBAYLEWICER L, X3 6) s TEREIT-Z
N, 'H-NMR T, B,.CRIZH¥XTAI—7238H T, _UEUrE (AR)
WCHET B E— 7 OREB &7z, (Scheme 4-2) £, ZDOFETIE, KO T =
SAFFELFHEETAIEIC, V7 EV BT END TSRS 5,

R

CuCN, DMF

reflux, OVN
NC

oy
Br 0~ “Sph
R =n-CsHy, Not detected
Scheme 4-2.
FIT, 2) OFEEZRAVWTY T JEOBEBARRE Lz, TORER., §iEED
ABICHINARIINVELZEFETAET )RV ET0E, A MU hAR=VE
EETAFYFATATE RERERMTLVa—L e OBIERINICE VST

5 LEE L7z, (Scheme 4-3)
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Scheme 4-3.

4—1—2 VT IEBEBETAHET IRV ETUVOERK

ABRIZYT 2 EE2ETHI0EW 17 DERIEL . Scheme 4-4 (2 ¥, BRALRS
DERDA—RXA N HANR=NF Y FATATE K230, 2,5 =V AFALT
=V—/L 18 HHEERE L, B~ T UBI Y 7 ABME Y, 3 vi{bkEBRE
VA R EOBEAF AL BNz L o, FEE2 - FeFvFLraL
BR20 25, A&/ —d, BREIOELFA=AERANTS) DxF1—2—
ERax 77 & L— 21 2B, £0%. BRIOETHITH KR FY
KT YT LERANT, 20KBEDAF LT AT AELBRRFICETL 2,
BB b~ T UBE k0, U FAT AT N 23 2757,

/o723 LRAKRD T ==V TFFEEZFTHREMT Va—/L 8 L OBR{LK
B, 7= VTFAEOBTEHUBREICLY, A MV IVLR=VEERZETHES
IRUSET 25 BRI, 0%, KGR, Bl FEBRELEZT IR
£, BARR LD, 17 2E&/ LTz,
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Me COOH COOH
/@ KMnO, ( I conc. HI [: I
O mmemmees———
Me OMe H,0 HOOC OMe AcOH HOOC OH

18 reflux, Sh 19 reflux, OVN 20
Y. 46 % Y. 77T %
H,OH
socl, @COOMe NaBH, @:C 20 active MnO,
. —i SE———
MeOH  m.00C OH MeOH  MeOOC OH AcOEt
rt, OVN 21 rt, 1h 2 rt, 2h
Y. 2% - Y. 82% Y. 47% |
Ph Sf'\/Y\OH o n-CsHyq *
CHO n-CsHy; CH(OMe); p-TsOH H |
8 ’ ! > 'IH
MeOOC OH benzene, reflux, 2h MeOOC O~ YSPh
n-CsHyy n-CsHy,
Bu3SnH, AIBN 3N NaOH aq
benzene MeOH
reflux, OVN MeOOC reflux, 3h HOOC
Y.53% Y. 90%
1) SOClz, 70 DC n-C5H11 n-C<H
benzene, 1h SOCl, H o) S5
2) NH3, THF DMF 7
rt, 1h H,;NOC rt,2h H
Y. 70% v.71% NC o
27 17
Scheme 4-4.

4—1—3 VTI)EEBFETBET IR ET O

VT BHUE 17 Otk %E Table 4-1 12T, (LAY 1713, BRIRRF O AR SFE
ERHBA L, BERORIEEMEFTE L. Fig.4-1 127 ¥, 1°C/min THAEAILTZ
BE.54.2~478°C TREAIZAA T F v 7 AMOIERBPBRI SNz (@) 7.
5°C /min TABIZHREILT=BA ., 45°C T—HRX~F v Z7HEEHEHEL, (b) D
BEZRBFELTVNDERARAIF 7 AMERE L, () E=. L& 17 13,
N=RRERICIRIM U T-BR D, FEREGMEN, RERMEZRLEZ (15.9)
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Table 4-1. Physical properties of compound 17

HO
NC n-CsHy,
-
0 H
17
8 Te(°C)® nr(mPas) B¢ | b
Compd. Phase transition (°C) (Teer) (n ) An Acs
rex
17 C 92 (SmA 54) 1 343 o 0102 159

(52.1) (826)

Base materials; ZLI-1565, Merck (5 wt %)
25 C, SmA, and 1 indicate crystal, smectic A phase, and isotropic phase, respectively.
Parenthesis indicate a monotropic transition.
b;Teox, Mrex, An,and A ¢ are extrapolated values.
¢; Measured at 25°C.

(a) Smectic A Phase
(On cooling at 48.0 °C) (1 °C /min)

(b) Nematic Phase (c) Smectic A phase
(On cooling at 45.0 °C) (5 °C /min) (On cooling at 45.0 °C) (5 °C /min)

Fig. 4-1. Micrographs of mesophases for compound 17
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oM 17 2 HEORSLEY. 2 — 7 ==1— 1,3 —UFF¥ 28, 7
co v raagdr 29, 2 -T2 —1,3-UFFHF Y (30) 2
LB A 1T o 7=, (Table 4-2)

Table 4-2. Physical properties of previously studied materials.

O
28 o~ H 29
<O
0 S 'ln-C5H1 1

H
30
Compd. Phase transition("C)a An "’ A ¢ b
28 C 56 (N 49) 1 0124° 174 °
29 C 3 N 5 I 0.141° 130°
30 c 8 (N 8) I —_ —_

a; C, N, and I indicate crystal, nematic phase, and isotropic phase, respectively.
Parenthesis indicate a monotropic transition.

b; An and A ¢ are extrapolated values.

¢; Extrapolated from 15 wt % solution in ZLI-1132.

{tE% 28~30 13, X~F v 78 (L& 28, 30 IXIEERFDA) LT 525,
FURENZ LT, kA 1713, BERBROARR A7 F v 7 AHEREF LE, Z0
e, HFEBMFRAOSFREIANIVXENTHD EEXDND, £,
17 DFEBREFM (15.9) 13, 7=/ L7 a~FH 29 (13.0) &HAB LK
X, Tx=—1,3-UAFV 28 (174) LB L/EN, 0D EEN
HB,

bEaW 17 P RELRFBEREFME (159) 2T LIZ2OWT, 1 —5HTRR
7z Maier-Meier DFUZHEVY, 7 FHLEFHHE (MOPAC Ver. 6 AM1) (Z& Y| 43FD

PREFE—A Vb () BLOgFREGME 294 (B) 2F5E Lz (Fig. 4-2),
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29
p=3.97 debye, p =13.9 deg
(Calculated by MOPAC Ver. 6 AM1)
Fig. 4-2. Dipole Moment (p) and Angle (B) for compound 17 and 29

V7RV ET 1T, RFREIEDRTAP I, 168° L7 x=
~FH29(13.9°) LEARKREIWTHLID LT, FEERRFERE VDI, L
B 17 OBBFE—AY PRRENZ LICBEATHEEZ NS (597 debye

vs 3.97 debye) .

4—2 T79oREBRII==NVEFHETHIES IRV ETUOERE W

RIC, BREL LT, FEESEL . BERSTFHHEES7 v REBBR 7 -
SNEEBATLHI LR L, 7o REBHRT = SV EICHOBBLEWIEL,
ZEBESNTBY, BUE, 72547~ v 7 AWRT 4 A7 LA kS
LEBTISHENTVS, 7y RROERILAWIL, X b TELEMETHHOH
BEREGENNSVEICIT, BHEELZ BT S 3B o ET5, &
Te. VYT BRERTHEMEV b, BRI LR REREE T HLEMTH
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58, Thbb, V7 EDL D BRBEORWEEZE T IMEHI. RIS A
VHED M EEN LT B SR T W, BERBOATHERS D
B, 7 v BRMBHI., BERSRCEN, TOEXERIRDIEEHEETHD
B Y, (Fig. 43) Fh, BIKICKL T, BRETHD I &30

%M (Fig. 4-4)

100

80 |—

Voltage Holding Ratio (%)
o
S

20 40 60 80 100
Temperature (°C)

Fig. 4-3. Voltage holding ratio of temperature dependence

S 100 S o ~

S \ hd
<

o n-Csty X O—)-F

ﬁ r—

g 90 O % H—5
=

gf n-CsHy < O—~)-CN

= 80|

> | I | | | |

1 20 40 60 80 100
UV irradiation time (hr)

Fig. 4-4. Voltage holding ratio of UV irradiation time dependence
FIT, ZOBBEZES ) RNV ETUBROARICEATDHZ LITED,
RAVIREFFAOKBEHEOFERLVOERDMEDET ZHFRHFTE 2O TR
WeEZ, T yRBRT = VEEFBEA LT 31a-d AR L. WHEORNETTo
e
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Jia; X=F,Y=H
31b; X=F,Y=F
3lc; X=0CF3, Y=H
31d; X=CF3, Y=H

4—2—1 T7oRBRTI==NEEFETHET )RV ET - OAREHE

—RIZ, 7=, HBVEEF — T = = NVEMLE R T ARG EI DO SRR
X, BREREXKEZAW /0y Y VIRKIERAVLND, M TYH,
EHRTRY AR A BLED® 2RVB 7Ry v 7Y SRS, BB
DAF - ERBESHTHY, REGROLWRETHD Z b, RERRAME
ZIXLD & LIS BOSRICBEZ<FAISA TS, 22T, ARIZY
RBHR T 2o VEREATHD, ToEBEY U FAT AT FERER
Tha—LeDBRLRISCE Y, 7otk ¥A Lz B BEBRAGES =BR
LEMmEARL. ZO®, 7vRBRLEZT VAR BEOHNET
Suzuki-Miyaura 7 @ X4 v 7Y IRIE P 2T, €T VA EREBH L

3 E L7, (Scheme 4-5)

43



n-CsHyy Suzuki
Cross
Coupling

U Cycloaddtion

n-CsHyy

CHO HO
JQ G
Br OH |

SPh
Scheme 4-5.

4—2—2 T7oRBERIz2oNVEERETAELT )RV ETUOERKR

BILFIGSOERICTHD 4 -7 a8 U FNATNAT E K331, Scheme 4-6 IZ7R

T LI 3—T eET =/ —/ 32 D Riemer-Tiemann i ¥ 12 X 0 &5 L7z,

NaOH, CHCl; CHO
T +
70°C
Br OH Br OH Br OH

32 33 CHO
Y. 18% Y.32%

Scheme 4-6.
AR 33 DINEIL., 18% L IEFITIENL D ThoT-, BlIERME LT, (I

BEED6 —7 a0 UFATNATE FB, UK NEFERMEI L L
L7,

FEVVT. Scheme4-7 (IZRT X512, BbN/=33 L, FEEfM7T L= —1L8 LD
MG RABEOBRILEEITW.ARICT e A2 B T35 =8LEW 34 2157,
MNT, ZyRBBR 7= AR aVBERAWT, k7 aX by 7 ) IRk
Dizky, FEREONETY yREBR Y c = VELEA LAY 35a-d 24
R L7z,
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n-CsHyg

CHO HO
/@ . CH(OMe)s, p-TsOH
Yo
Br OH | benzene, reflux

Y. 54%
SPh
(EIZ=1:1)
33 8 34
Y, H O
x—@—B(OH),, Pd(PPhs)s, Na,CO3aq O O n-CsHyy
benzene, reflux > Y o—/ "H '
Y. 53-70% %Ph
. 35a-d
H O
Bu3SnH, AIBN
» X n-CsHyj
benzene, reflux .
Y. 66-71% Y 0 ’IH
3la-d a;X=F,Y=H
b; X=F,Y=F
¢; X=0CF3, Y=H
Scheme 4-7. d; X=CF3 Y=

IORBDOEE, NI VTR ZRBRIENB IO vy RBR LAY
BB ZNZN N T ABTRM LZ#, ZRACEWOILENERIZEY . ¥
ABIADEEIIMREVIZL K BRoTNAI L, FERVEBEVRICZ yENERL
TWBZeizky, UBVROBFEENMETL, FREONEL 2T,
(Scheme 4-8)

FOH, 7o VFFEOBITHREIZLY ., 3la-d ZET7,
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L Q 4

|
Ph-Pd—Ph ——>

| [ Pd — prd
L o o
o o

trans

Scheme 4-8. Suzuki coupling reaction

4—2—3 TJoRBRI=oNEERETIHIET ) XTI 08

Bohiz 3la-d 13, RABEBRSEBRROTEEERERE (DSC) #AWVT,
FREERBIR BE R QMR BB ORI E 21T o7z, (Table 4-3)

VTN b ISR T v ax VEERF T 5{LAY 10a-d ROV T
ExHFTHHEM1T LHARB L 26~69 °C DIRIEVIEERFHARAA 7 F v 7O
EENBR N, FICAFBHBRELED 31b 13, X~F vy 7HLREHELE, b
E¥31b D 105°C IZBIF D AR T F v 7 ADT 7 AR 115°CIZRIT DR
*F v IHDY 2 ) — LR E Figd-5 1277, 2. WTholtEd% L. DSC
BIECBNT, BROBMAICHE ) RERRAY—7 REAN S, RER~EE
LTWAZ & RNHESR S, L& 31b D FiEEFD DSC thi# % Fig. 4-6 (2R 7,
¥ 72, 130 °C FHENDRBIZEADMEASEZ Y, 140°C ZBE DL N—RT A
DBIEBANCER L T2 0B8RI &Nz, L2 L7223 5, 31d T 160 °C ik,
31c TiX 190 °C FHEIZA A 7 F v 7 —FEFHEIREERI L 5 BB — 7 D3EH
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Table 4-3. Transition temperature (°C) and Latent Heats (kJ/mol) of 31a-d

) Latent Heats (kJ/mol)
Compd. X Y Phase transition(°C)

m.p. Sm-Sm Sm-I Sm-N N-1
31a F H C 99SmA 139 I 629 — X = -
31b F F C 9SmA 110 N 1251 60.8 — - * 1.13
3lc OCF3; H (C 122 SmA 191 I 84 — 121 — —

3d CF; H C110 Sml 128Sm21581 587 115 107 — —

C, SmA, Sm, N, and I indicate crystal, smectic A phase, smectic phase, nematic phase, and isotropic
% phase, respectively.

Latent Heats was not observed by DSC.

Smectic A Phase (105 °C) Nematic Phase (115 °C)

Fig.4-5. Micrographs of mesophases for compound 31b

INBZEND, WTRLHEE S ZOREREE CIHMEAMRREICHEELT
WEHDTHS EEDNIhD, 28, 31a T, RARAVF v 7 A—SHMEEERIC
SR — 7 BBAI SR P oD%, BRI LBE—0 LBER-T-7DT
HHEZEZTND, £72,3lb TRAZF v 7 A—R~vF v 7 HERITHE S BB
E—2 b, BRITE R,
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DsC

W ]
\“

0.00- /ﬂf j - B e \
=104
-200;

!

i A
~3,00— : ' o000 | 20600

Temp [(C]
Fig. 4-6. DSC Thermogram for compound 31b (On Heating)

e 31a-d &, ~X— ZAE (Merck; ZLI-1565) 12 10wt%EHI L BB A (To).
KER () RGBT RESM (An), FEREGME (As) ZRIE LTz, (Table 4-4)

WS, N—RESEITEIN L7 OER S8 EF L(86.2~90.0 °C),
BB EREFME 8.0~17.7) LT, BEBEREN LI, MY T7rte AT
7= NVEEHETD3AITFEFICRELRFTEREGYE 177 2R LI b,
HEEBENO/NSVWEFEFER EORFAEBERT~DISAPEFEIND, Fik.
BAFRRFE L EERD » HBIC LV BREOEET L, (0.114~0.137)

UL, [EEEEMEIX, 21.7~25.6 (mPas) & EAMNRMMNSEZ B LHEFIZK
EREE ST, ZhiX, FERES O THRAROBIE F RO FH 08
ROBKAEDWINIEEEZRIETLTWADOTRZNNEEZOND,
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Table 4-4. Physical properties of compounds 31a-d

b
Compd. X Y Te(°C) M r (mPas) A na A Ea
(Teex)® (Mrex) '

86.2 21.7

31a F H (88.9) (815) 0.114 8.0
88.2 23.6

31b F F (109) (1095) 0.136 13.7
92.0 23.9

31c OCF; H (149) (1247) 0.137 10.0
90.0 25.6

ZLI-15658 —m—— 86.0 15.4 0.124 6.4

Base material ; Merck ZLI-1565 ( 10wt% )
2 Teex,™ rex, An, and A& are extrapolated value.
b; Measured at 25°C,

(1 BEFEOIEY T ==V VF X 36 RONT = =/b vy aa~d L 37a-d
& DWMELLB 21T 572, (Table 4-5) ©° 7 /XY F7 v 3lad EXIGTH T ==
V7 anFY s 3Ta-d ZHBT S L 3la-d TIIARA 7 F v 7 F (31b Tk~
Fy 7 HLREB) ZRERT DM, 37ad TRRYF v 7 GTeiZAA7F 97 B
MHRHR) 2RETDH, 7. 3a b 720 VF Y036 2HBT 5L, 3la
TERF Yy 7HEPHEERL, R A7 F v 7 HOBESEIERTS, Ukoz
D, TYRBRT = NVEEFETHEDL. RIS TFEBEROSF
FABEL VX E 2570, AAZF v 7BE2RERTIERRD B,
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AR 2R UTZBE D | 31a-d OFBREF X, V7 7 EOHE & Rk,
HmT A7z a~dt i 37ad LB L KERMEERLE, (8.0vs

4.6,13.7vs6.3,10.0 vs 8.9, 17.7 vs 12.9)

Table 4-5. Physical properties of previously studied materials.

37a-d

Compd. X Y Phase transition(°(j)a An® A ¢ °
36 C 97 Sm 125 N 162 I — 10.4 ©
37a F H C 102 N 153 1 0098°  46°
3 F F C 55 N 108 I 0144° 63
37%c OCF; H C 43SmB128 N 147 I 0140°  89°
37 CFs H C 123 N 124 T 0159°¢ 129°

a;C, Sm, N, and I indicate crystal, smectic phase, nematic phase, and isotropic phase, respectively.
Parenthesis indicate a monotropic transition.

b; An and A ¢ are extrapolated values.

¢; Extrapolated from 10 wt % solution in Cyanophenylcyciohexane derivertives.

d; Extrapolated from 15 wt % solution in ZILI-1132.
e; Extrapolated from 15 wt % solution in ZLI-4792.

K& RMEETR LIZEAY 31d [225WT, U7/ EORE L KIS, WEFE
—AY Mpw) ROGTFREEDORTA B) OFRELEITok (Fig.4-7).

VT EROEE LRk LEY 31d e 37d TIE HTREMEDRT AP
B, 13.6° L 8.82° LET /) ARUVETUIABKREVICEIIDLT, BER
BEMNE DI, RiF0 ., LAY 31d OIBTE— AL PBRKRENWT &I
W4 5LEZBNS (626 debye vs 4.33 debye)
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31d

37d

p=4.33 debye, p = 8.82 deg
(Calculated by MOPAC Ver. 6 AM1)

Fig. 4-7. Dipole Moment (p) and Angle (§) for compound 31d and 37d

4—3 ~NINFaTANaxTREEETHIET IRV ETUOERE BT

ARIZTNVaxvE 7 7 ERVC7 yREBBRT = =VESHTHILEHIT
DTN OEBBEERBE LN, S—RRBIZEMLEZED, BERER L,
ZIZ T, BEELERSEZDIC, ABIZATZAFa T L ax AP EATS
e BRI LI,

—HRIZ, Ty REFIEL KBIZRWT/NS T 7 U FAT— A RERE, +
NTORFOFTHRORERBEIRBEELZ > TWVWD, £, 7y RETOK
AZEFEELEZD L EOREERF VYD, 7 vy ERFORFEIIET
EHI ST HICRY, MEOSEEL/NEL 2D, HlC, ZoBERLVT
NABEEMZB O THEEIZRY S THEBEERRELLIBHLNG, Z0
MR, AW I7AA e bEHOBRCRE RN ZIET S8, BABME, KB

=1



B, EREEEZETS, OV TNFR TR VER ISR ORELEY
bHESHTEY, BVBREHEETIAA7Fy 7HERBRL Y. BFR
ROMEFETIED PRI TS, £Z T, ARV TIVART
NaxIVERET D38 EARL, TAaXVEEETHIEY L OYMHELE

T o7,

4—3—1 ~na7rtduariraxiBEBrEHETdaYs ) RO 5
DA R E

ABON NV ZVAaTAasyER, TAaxsvEEADEES ERK. 44L
KBEOREBHEZICIVEATEILE L, BUEHD 4 —X v T
= ) —NAEANT, REBEFIEOBRINE21To7-°9 . (Table 4-6)

Table 4-6. Nucleophilic substitution reaction

reagent (2.0 eq), TBABr (0.05 eq)
Rel + HO-@-OMe > R0 OMe
DMF, 110°C, 24h

(1.2 eq) Rf : F(CF,);CH,CH,
Entry reagent yield (%)
1 K,CO3 NR?
2 NaH ND"

a; No reaction b; Not detected
TBABYr : Tetra-n-butylammonium Bromide
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EHMZEH NaH D X D BRIEFIZHRWERE Y AW TH B RTETE T, R
DI — RENENTLEIRBRLELEST LE-Tr, SHEMIZHENR VB LINE

BThHo . BLADICES LSS BImIc b BB 52 AAHEER D S
. RERIE D&z LD LT Fda T v ax Al i Rat Uiz, (Table

4-7),
Table 4-7. Mitsunobu reaction
F(CF,)4CH,CH,0H + HO—@—OMe
(1.0 eq) (1.3 eq)

Ph;P (1.3 eq), DEAD (1.3 eq)
> F(CF,),CH,CH,0 ——@-OMe
Solvent, 24h, 50 C

Entry Solvent yield (%)
1 THF 6
2 Toluene 28

DEAD : Diethylazodicarboxylate

WIS Tix, B{bAMBB LR bOD, FEFIENRTH-T, Th
. BB O~V TIAFa T a— L EEEO LD ThDHEEZLND,
NEmEXZBEL. Mo BEEES (Entry 2) CTRIGERITo2BE. o0ULR
MERRONZD, ZOFREEZBNT, ARV LF o7 LS AL E

AT B & &FHE L (Scheme 4-9),
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n-CsHy,

Bn 0~ ""SPh

CHO H n—CSHll
— Q-
BnO OH | ,
SPh
Scheme 4-9.

4—3—2 NI AuTANaxTEEETAIET )RV ETUDOERK

fb-&% 38 DA RLIE% Scheme 4-10 [Z7RT, ~V 7V A 7L /L EOE AT
DONT, P0G TCEAZITZIZL VDB E2fToz, ThAaxTEOBEEL
Ffg. 2,4 -V X XUXTFE RO 4GMKBREICRIRIC, SLIER

&, _uvoaFdarTraFxifbEiTe, 38 2B Lo LEZEN, 200D

HO Ny -CsHin
1 o n-CsHyy

CHO SPh H
8 <, Bu3SnH, AIBN
BnO OH p-TsOH, CH(OMe) > H beniene reflux
n = ) 3 gy t]
39 benzene, reflux BnO ft)() SPh Y. 69 %
Y.63%
0 Il—CsHll n~C5H11
H Raney Ni (W-4)
% THF, rt
5 Y.88 %
BnO (0
41
n-CsHjy
F(CF;)4CH,CH,OH, PPh3, DEAD
B
toluene, 50 °C
i F(CF,)4CH,CH,0
Y. 21 % (CF)4CH,CH, o
38
Scheme 4-10.
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KBEEZH L TWDIOERICNEPETTDILBFRENDS, £Z T,
NINFaT NFNVEEANEGROFAEEIETITO Z &I L, £DIZ0ITiX,
ARIKBELZF T2 3R EMEHBILERDH D, ILH, 2, 4—VE
REX I N ATAT e R AWTRILEIGB L CETHREICLVFL D &
RATeh ., BICBUEBEIT LR o7, BELL KBREOEFHERICLD
bOLER . AHICBRBTIERNL VL RBES T L 2% UL E L R
AL, BILRIGEITo T & ZARISHEIT LTz, & b2, BEMERE, 7X—
=i (W-4) ZRWERCOLVEOREHRICIY, ARICKBEZETLIE
BLEY 42 2B, FO%, T FrT AL ORERIRIZLD |
BINRTIIH BB, N TAFaT LX) VELEAL, i 38 2/,

4—3—3 ~u7rtuarraxvERETIAIET R0t

/Bonic 38 &, TAaxINVEZHTHLEY 10c &L OYHELREEZIToT
(Table 4-8), 7233, 381X, ~N—REd & OFMBHERHEEICEL, ThETLER
C. 10Wt%EIM T, WHERCRERE L, N—RXRBITBET DI LB TER
holz, FZT, WNEZEOL L., 1wt%IZTHI & T, R—RKHERBRAT
HBLENTER, ILEW38IE. BRTRAAIF v 7HOLERE L, KM
BEESL, 7TAaXVERET D 10c L HARB L 60°CIEER, X—REHD
FRAMERE W=D, RMERER D720, BMIZHBIITERVWESIEH 5 b
DO, SMEETHET S . FEEFEIT 72 ETER L, 2, Wi b
THRPBET L, (658-716 mPas)
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Table 4-8. Physical properties of compound 38 and 10¢

° c
Compd. Phase transition (‘C)?* Te( C)b Nr (mPa bs) An® AP
(Teex) (Mrex)
85.7 16.4
123 4
38 C SmA 139 I (56.0) (658) 0.11 7.2
T B X S 26
10c¢ C 63 SmA 73 N 77 1 (55.0) (716) 0.074 1.2

Base material; ZILI-1565, Merck (38; 1 wt %, 10c; 10 wt %)-
a; C, SmA, N, and I indicate crystal, smectic A, nematic, and isotropic phase, respectively.
b;Tcexs nrexs Ans and A ¢ are extrapolated values.
¢; Measured at 25 °C.

—fRIZ, T NFa T AR AEEROLEWIE. 7 vy RRFREORT v
PRV, BT v EHR Y AL CREEERR SICHRA SN, (LAY 38
T, BALLLIANZTaT A NVEOR T vy RBHRIZLY, BREEDORE R X
7Fv 7 AMZHERLEZLEZOND, £, N—XRda & OEBEIMET L
DX, LB 38 L X—REFE L DFDBR 7 v RHRIZL D HOTHD EE X

T35,
Alkoxy chain “ Allyl chain Fluoroalkoxy chain wAlkyl chain
Alkyl chain ____ Alkoxy chain Alkyl chain __ Fluorophilic effect
Y ,
— e

10c¢ 38

Fig. 4-3. Molecular arrangement Models for alkoxy and perfluorealkoxy
compound 10c and 38
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BHE Ein

HHRBREEMOaTHEE LT, AEZBALYT ) RV T U ERICER
L. AR (RUVBUER) ICEBREE, CER (KT V8 WTAXLVERZETS, ¢
FIRUITET A EER L. BRbEWw L LTomERS 21T o7z,

F2ETIE, ARRUBREBHRLYT /Ny 7 b EEKRL. VA
FNEEFT DHIEY & O EIT o 72,

FBIHTIE, ZNETITONTERLEBRIZVAFILVELET H{LEHDOBR
WOWTRELE, AREEBWET CBOTNLVFLEOHE~DEBELBRE LT
EZAHNFEAERIRILEYM TH o T2D, N—RAESBIZEM LU, TA¥
VED B RFBORE, RN RAIET L, ZERAAREM T2 Z L2 RE L,
LAL2A b, ABRICEMEEZEAL TS, BETH, KEMEERERETT, <
—ABRICIBESEZHRETH, ZARKOLFIZTOTNTHY, HiEZEHEME
¥HERER ST,

F2/TIEZ. BROBEBREROAIFBEBRETHD VA FVER, KA
DEES L UMIICEE LTV BOTRAND L E 2, ABEBRERML
BMEER L. PAFNVEEFTH{LED L OMELRERHFN Lz, BRER
Bleamid., v v B FAEHBERE LT, 5BEE T, B, CERE2HEETS
T VFAEEETHIRERNT A —LEE, FUFATALTE REDR{L
i, i 7 2=V FAEOBTHREIZELD, G L, Bohz=8b
BE. BICREAR M T VA, TAXLVERT I NI TARLTHY | MR
BItAR L BN AEEBELZA LTSI Llbholz, £, BRERENH
ATV AFNVEER BT HLAEHE BT I L R—ARRICBESER
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BEDFERRD EFA L. #ELED T L2 RH L,

FEIETIT, MEMERREZEN L LT, ARKKRELLEDORE L LTHW
BTN AE TN ax v E2 BT 5 ="RAIEMEEHR L. R EITo T
ThaxEE, 2,4 -V RaxI_RUXTIT e RO 4MKEERE L EBRH
CTAEMET B2 LICE VAL, BILRR, 7 == A F A EORTHRE
kY, BRDLEBEER LT, BonlTrax v EExET5/bawit.
WTNHELTRBHEEZREERA L., 7LraxEN4REBTIEE, BERERBICX<F
v, B~TRFETIE, 7~14 °C DREHH TARAZF v 7HERTER<
FyIMERBATHILERE L, £/, XN—RARBIZHEM L ZEOFEHR
B, AREBBRIEY LB L ER LT,

FAETIE, BEVIEEGHEOBBHEOREE, ROT 2 A7 VA OIKEEEE
FECERSNWOIFERRSFEORMEZENE LT, ARZEBEETHDIET
REIZEDHEAZBE LT,

BIEHTIX, KERTBFE—AL MefFov T ) E2HT52BRILEY
ZERL. MRS EZIToT, VT 2 EEFTLHEWI, 2,6 —VAFAT
=V —)EHBEEREEE L, TEETA MU ILVR=VEERET S ZHBALE
MEF, DLVRUVB~LFHESR, BIn) FERBETET I M, ARSI
X0, AU, BBEREWZ &2, 7/ EEHET AW, BEEO &L
B (T o= ruanthy, TxoATUFHY )T, XvF v 7B
BT, BERICAAZF v 7 AMERER L, £, X—RAREIZHEML
FEROFERREFENERL, BEO7 =y sandPh Ly, k&R
BE L7,

FE2HITIX, BEOTF TRAEIZEZAVDLI, FEENPEL . BIAVVEE

58




HHORBHEET OV v RBR 7 2= VEEZETHLAEWE SR L. Witk
MEfTol, 7y RBBMT7 ==V EX, TusEbFETEZRBUEHE T v
FBEW T VR BEOBARIaR Dy PV IIRBICEVEALE, &

LT ALEMIE. 26 ~6 9 °C DIRIAVVREREADA X 7 F v 7 HERETS
ZEERAM UL, Flo. NIRRT L BB RS, N—RERLY
bOTHRNE ER L, HEERFIEIT, 8.0~177 LRERERRL, K
FITZNFBRAFNT 2= VEZHTHEWIE, EFICRELFEREFE
R LT,

BIETIL, MMEETZENE LT, BERSTHAZESONAVTIALFET
NaxvEZEAL, THraxvEEET LAY E OMEREEIT =, 2
NIAFaTraxvER, RERSICEY ., EBRRTHDN, BATEHZ L
BHEXTZ, BONZbEWiX,. BRI TARA I F vy Z7HEZRBE L, Z0/ks
MiE, N— R L OBERIEEICELS, Iwt%HNTL 5 BT LT,
AMBETHET DL, TAaxvEEETIEMLVFEREFEOEMEK
Vo2 EDETRR 5Nz,

DEDRERIY, ARICBHRE, CRITAFIAVELZETI—EOLT )Ry
SETAMEEWIE. 6 0~1 90 °C OROBEY REEGEICKREEERTI L
ERELE, BEAEDYT ) RUVES AEWiE. BEEO ZB{LESY (7
=TT ANty T VUSSP UR) LB e ST EETSE O
DFRABKEA LR, FvF v I/BIV L LARA T F v 7 HERBT
LM S D Z L RbhoTz,

e, T4 AT VA OBRER LICERSNWLZPETH D, ~N— & (Merck;
ZLI-1SOSHZERAN L7zBROFRA R, FHERRGME. BITREFEIZ, B &
DRI CERZ LD, BT /RS OFRKREME L LTCOR AL
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KBTI, ZB/NET )RV T T AV EEBEEEZBR S W7
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General. 'H NMR (270 MHz) and *C NMR (68 MHz) were recorded using a
JEOL-EX270 spectrometer with tetramethylsilane as internal standard in CDCl;. IR
spectra were recorded using a Perkin-Elmer Paragon 1000 Fourier transform IR
spectrometer. Column chromatography was carried out with Fuji Silysia silical gel
BW-127ZH (Fuji Silysia Chemical Industries) or Cica-Merck silica gel 60 (Kanto
Chemical Industries). Thin-layer chromatography (TLC) was carried out with Merck
TLC plates with silica gel 60 Fyss. The phase transition temperatures of the target
compounds were determined by polarizing optical microscopy using Olympus BH-2
polarizing microscope fitted with a Mettler thermo-control system (FP90 Central
Processor), and by differential scanning calorimetry (Shimadzu DSC 50). The DSC
thermogram was operated at heating or cooling rate of 10 °C / min. The clearing point
(T;), the birefringence (An), the dielectric anisotropy (Aeg), and the rotational viscosity
(mr) were measured using a mixture of 10 wt % of each compounds and 90 wt % of base
LC mixture (ZLI-1565, Merck). The Ae was measured at 0.85 T, using Hewlett
Packard 4294 A inpedance analyzer. The An was measured at 25 °C using Atago Abbe

refractometer. The 1, was measured at 25 °C using TOKI RE80 Viscoboy viscometer.

Chapter 2.

trans-3-Penthyl-5,5-dimethyl-3,4,4a,10b-tetrahydro-2H,5H-pyrano[3,2-¢c][1]benzop
yran (2¢): In 500 ml round bottomed flask, diethyl malonate (34.6 g, 216 mmol) was
added to a solution of sodium ethoxide (prepared from sodium (4.60 g, 196 mmol) in

ethanol (200 ml)), and the whole mixture was warmed up to 50 °C and stirred for 1 h.
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To this warmed mixture 1-chorolo-3-methyl-2-butene (18.9 g, 180 mmol) was added
slowly, and the reaction mixture was refluxed for 1 h. After being cooled to room
temperature, it was poured to cold sat. NH4Cl and H,O (1 : 1) solution (150 ml). The
whole solution was neutralized, and extracted with ethyl acetate (150 ml x 3). The
combined organic layer was dried over MgSQy, filtered, concentrated, and distilled at
105-110 °C / 3 Torr. Yield 39.4 g (96%) of diethyl 3—methyl-2—butenylmaloliate,
colorless oil; IR (neat) 2982, 1735, 1448, 1370, 1334, 1154, 1041, 861 cm’; 'H NMR
6 1.26 (t,J=6.6 Hz, 6H), 1.63 (s, 3H), 1.68 (s, 3H), 2.59 (t, J="7.4 Hz, 2H), 3.32 (t,J

= 7.8 Hz, 1H), 4.19 (q, J = 6.9 Hz, 4H), 5.07 (t, J= 7.4 Hz, 1H).

In 300 ml round bottomed flask, diethyl 3-methyl-2-butenylmalonate (29.1 g, 127
mmol) was added to a solution of sodium ethoxide (prepared from sodium (2.69 g, 116
mmol) in ethanol (100 ml)), and the whole mixture was warmed up 50 °C and stirred for
1 h. To this warmed mixture pentyl bromide (16.0 g, 106 mmol) was added slowly,
and the reaction mixture was refluxed for 1 h. After bring cooled to room temperature,
it was poured to cold sat. NH4Cl and H,O (1 : 1) solution (100 ml). The whole
solution was neutralized, and extracted with ethyl acetate (100 ml x 3). The combined
organic layer was dried over MgSOy, filtered, concentrated, and distilled at 149-153 °C
/'3 Torr. Yield 29.4 g (93%) of diethyl 2-(3-methyl-2-butenyl)-2-pentylpropane-1,
3-dioate, colorless oil; IR (neat) 2960, 2931, 2872, 1735, 1449, 1378, 1367, 1234, 1195,
1127, 860 cm™; '"H NMR & 0.86 (t, J = 6.9 Hz, 3H), 1.14-1.29 (m, 6H), 1.23 (t, J =
6.9 Hz, 6H), 1.61 (s, 3H), 1.68 (s, 3H), 1.80-1.86 (m, 2H), 2.59 (d, /= 7.6 Hz, 2H), 4.17

(g, J= 6.9 Hz, 4H), 4.94 (m, 1H).
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In 300 ml round bottomed flask, a solution of diethyl-2-(3-methyl-2-butenyl)-2-
pentylpropane-1,3-dioate (21.7 g, 72.7 mmol) and lithium chloride (6.10 g, 145 mmol)
in dimethyl sulfoxide (130 ml) containing water (1.3 ml) was heated at 185 °C for 12 h.
The cooled reaction mixture was diluted with water (130 ml) and the organic layer was
separated. The aqueous phase was extracted with ether (100 ml x 4). The organic
layer and extracts were combined, washed with water (400 ml) and brine (400 ml); and
dried over MgSO,, filtered, and concentrated. The residue was purified by
chromatography using hexane / ethyl acetate (95 : 5) as an eluent.  Yield 13.0 g (79%)
of ethyl 2-pentyl-5-methyl-4-hexenoate, colorless oil; IR (neat) 2927, 2857, 1734,
1455, 1377, 1346, 1156, 1045, 857 cm™; '"H NMR & 0.87 (t, J = 6.9 Hz, 3H),
1.21-1.47 (m, 8H), 1.60 (s, 3H), 1.69 (s, 3H), 2.11-2.25 (m, 1H), 2.28-2.35 (m, 2H),

4.12 (q, J="7.3 Hz, 2H), 5.08 (m, 1H).

In 500 ml round bottomed flask, a solution of ethyl 2-pentyl-5-methyl-4-hexenoate
(7.13 g, 31.5 mmol) in dry ether (150 ml) was added dropwise to a mixture of lithium
aluminium hydride (2.39 g, 63.0 mmol) in dry ether (100 ml) with vigorous stirring at
0 °C and the mixture was stirred at room temperature for 2 h.  After cooling to 0 °C,
it was quenched by 4N NaOH solution (25 ml), and the mixture was stirred until the
solution color turned to white. Then it was filtered in vacuo and washed with ether
(120 ml). The filtrate was concentrated, and distilled at 91-95 °C/ 3 Torr. Yield 5.18
g (90%) of S-methyl-2-pentyl-4-hexen-1-ol, colorless oil; IR (neat) 3374, 2969, 2925,
2872, 1455, 1378, 1120, 1039 cm™; "THNMR § 0.88 (t,J = 6.9 Hz, 3H), 1.28-1.31 (m,
8H), 1.48-1.60 (m, 1H), 1.62 (s, 3H), 1.71 (s, 3H), 2.02 (t, /= 6.6 Hz, 2H), 3.52 (d, J =

4.6 Hz, 2H), 5.16 (m, 1H).
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A 100 ml round bottomed flask was charged in succession with 5-methyl-2-pentyl-4-

hexen-1-ol (2.00 g, 10.8 mmol), salicylaldehyde (1.59 g, 13.0 mmol), trimethyl
orthoformate (1.38 g, 13.0 mmol), and p-toluenesulfonic acid (0.41 g, 2.16 mmol) in
benzene (50 ml). The mixture was then stirred at room temperature for 1 h and
monitored by TLC. The reaction mixture was treated under stirring with 10% NaOH
solution (20 ml) and organic layer was separated. The aqueous layer was extfacted
with ether (30 ml x 3) and the combined organic layer was washed with brine. The
organic layer was dried over MgSOy, and filtered. The solvent was evaporated and the
residue was purified by column chromatography on silica gel using hexane / ethyl
acetate (98 : 2) as an eluent. Yield 2.34 g (75%), colorless oil; IR (neat) 2955, 2926,
2872, 2854, 1612, 1584, 1486, 1458, 1370, 1305, 1261, 1215, 1187, 1137, 1096, 1073,
930, 753 cm™; "TH NMR § 0.89 (t, J = 6.3 Hz, 3H), 1.27-1.29 (m, 8H), 1.19 (s, 3H),
1.40 (s, 3H), 1.70-1.93 (m, 3H), 3.20 (t, J = 11.2 Hz, 1H), 4.08 (m, 1H), 4.13 (d, J =
10.6 Hz, 1H), 6.77 (d, J = 8.2 Hz, 1H), 6.89 (dd, J=7.3, 7.6 Hz, 1H), 7.15 (dd, J = 7.3,
7.6 Hz, 1H), 7.41(d, J = 7.6 Hz, 1H); ®C NMR § 14.0, 20.3, 22.5, 26.2, 27.5, 31.5,

-31.9,32.0,32.4,36.2,44.9,73.4, 78.3, 116.5, 119.8, 122.3, 126.0, 128.7, 152.6.

Propargyl tosylate (4): In 1000 ml round bottomed flask, propargyl alcohol (8.12 g,
145 mmol) and tosyl chloride (33.5 g, 174 mmol) were dissolved in 300 ml of ether.
The solution was stirred at room temperature until all solids had dissolved, and then
cooled between -5 to -10 °C. Finely powdered potassium hydroxide (81.0 g, 1.45
mol) was added slowly, while maintaining the temperature between -5 to 0 °C.  After
stirring for 8 h, the reaction mixture was poured into cold water (300 ml). The layers
were separated, and the aqueous layer was extracted twice with 300 ml portions of ether.

The combined ether extract was dried over MgSQy, filtered, and the solvent removed in

64




vacuo. Yield 29.8 g (98%), brown oil; IR (neat) 3290, 2133, 1590, 1490, 1369, 1177
1096, 981, 930, 816, 762, 666 cm™; 'THNMR § 2.47 (s, 3H), 2.48 (t, J= 2.6 Hz, 1H),

471 (d, J=2.6 Hz, 2H), 7.35 (d, J = 8.6Hz, 2H), 7.83 (d, J = 8.3 Hz, 2H).

Diethyl 2-pentyl-2-propynylmalonate (5): In 1000 ml round bottomed flask, diethyl
malonate (88.9 g, 555 mmol) was added to a solution of sodium ethoxide (prépared
from sodium (11.8 g, 513 mmol) in ethanol (450 ml)), and the whole mixture was
warmed up 50 °C and stirred for 1 h. To this warmed mixture pentyl bromide (69.9 g,
463 mmol) was added slowly, and the reaction mixture was refluxed for 1 h. After
bring cooled to room temperature, it was poured to cold sat. NH4Cl and H,O (1 : 1)
solution (300 ml). The whole solution was neutralized, and it was extracted by ethyl
acetate (300 ml x 3). The combined organic layer was dried over MgSOy, filtered,
concentrated, and distilled at 110-114 °C / 4-5 Torr. Yield 59.7 g (56%) of diethyl
2-pentyl-malonate, colorless oil; IR (neat) 2960, 2934, 2862, 1736, 1406, 1370, 1036,
864 cm™; '"H-NMR § 0.89 (t,J=7.3 Hz, 3H), 1.24 (t, J = 7.3 Hz, 6H), 1.06-1.36 (m,

6H), 1.83-1.89 (m, 2H), 3.31 (m, 1H), 4.17 (g, J = 7.3 Hz, 4H).

In 300 ml round bottomed flask, diethyl 2-pentyl-malonate (10.0 g, 43.0 mmol) was
added to a solution of sodium ethoxide (prepared from sodium (1.09 g, 47.0 mmol) in
ethanol (70 ml)), and the whole mixture was warmed up 50 °C and stirred for 1 h. To
this warmed mixture 4 (13.5 g, 64.0 mmol) was added slowly, and the reaction mixture
was refluxed for 1 h. After cooling to room temperature, it was poured to cold sat.
NH4Cl and HyO (1 : 1) solution (50 ml). The whole solution was neutralized, and it
was extracted with ethyl acetate (50 ml x 3). The combined organic layer was dried

over MgSQ,, filtered, concentrated, and distilled at 146-147 °C / 4-5 Torr.  Yield 9.90
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g (85%), colorless oil; IR (neat) 3285, 2960, 2933, 2868, 1736, 1464, 1371, 1194, 860
em; 'TH NMR  § 0.88 (t, 3H, J = 6.9 Hz), 1.25 (t, 6H, J = 6.9 Hz), 1.14-1.34 (m, 6H),
1.99 (t, 1H, J = 2.6 Hz), 1.97-2.06 (m, 2H), 2.82 (d, 2H, J = 2.6 Hz), 4.20 (q, 4H, J =

6.9 Hz).

Ethyl 2-pentyl-4-pentynoate (6): In 300 ml round bottomed flask, a solution of 5 (9.00
g, 33.5 mmol) in dimethyl sulfoxide (60 ml) containing water (0.6 ml) and lithium
chloride (2.84 g, 67.0 mmol) were heated at 185 °C for 12 h. The cooled reaction
mixture was diluted with water and the organic layer was separated. The aqueous
phase was extracted with ether (50 ml % 4). The organic layer and extracts were
combined, washed with water (200 ml) and brine (200 ml), dried over MgSOsy, filtered,
and concentrated. The residue was distilled at 82-85 °C / 2-3 Torr. Yield 4.60 g
(70%), colorless oil; IR (neat) 3312, 2957, 2933, 2861, 1736, 1465, 1377, 1177, 1039,
859,639 cm™; 'THNMR § 0.88 (t,J=6.6 Hz, 3H), 1.27 (t, J = 6.9 Hz, 3H), 1.22-1.34
(m, 6H), 1.58-1.67 (m, 2H), 1.97 (t, J= 2.3 Hz, 1H), 2.35-2.58 (m, 3H), 4.17 (q, J= 6.9

Hz, 2H).

Ethyl 2-pentyl-5-(phenylthio)-4-pentenoate (7): AIBN (2, 2’-azobisisobutyro-
nitrile) (1.05 g, 6.51 mmol) was added to a stirred solution of 6 (4.25 g, 21.7 mmol) and
thiophenol (2.35 g, 21.7 mmol) in benzene (50 ml) under nitrogen at room temperature.
The reaction mixture was refluxed for 1 h, and quenched with 10 % NaOH solution (30
ml). The organic layer was separated and the aqueous layer was extracted with ether.
The combined organic layer were washed with water (150 ml), dried over MgSOQ,,
filtered, concentrated, and purified by silica gel column chromatography with hexane /

ethyl acetate (9 : 1) as an eluent. Yield 3.98 g (60%), a mixture of two stereoisomers
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(E/Z=1:1)by 'H NMR (yellow oil). The isomer could not be separated at all by
silica gel column chromatography; IR (neat) 3059, 2956, 2931, 2859, 1733, 1584, 1479,
1440, 1377, 1160, 1026, 951, 858, 740, 691 cm™; "TH NMR § 0.87 (m, 3H), 1.25 (, J
=6.9 Hz, 3H),1.18-1.32 (m, 6H), 1.42-1.63 (m, 2H), 2.25-2.51 (m, 3H), 4.15 (q, /= 6.9
Hz, 2H), 5.76 (dt, J=9.2, 7.3 Hz) and 5.84 (dt, J= 14.8, 6.9 Hz) for (Z) and (E) isomer,
respectively, total 1H, 6.18 (dt, J= 14.8, 1.3 Hz) and 6.26 (dt, /= 9.2, 1.3 Hz) for (E)

and (Z) isomer, respectively, total 1H, 7.16-7.40 (m, 5H).

2-Pentyl-5-(phenylthio)-4-penten-1-o0l (8): A solution of 7 (3.75 g, 12.2 mmol) in dry
ether (50 ml) was added dropwise to a mixture of lithium aluminium hydride (0.90 g,
24.5 mmol) in dry ether (35 ml) with vigorous stirring at 0 °C and the mixture was
stirred at room temperature for 2 h. After cooling to 0 °C, it was quenched by 4N
NaOH solution (10 ml), and the mixture was stirred until the solution color turned to
white. It was filtered in vacuo and washed with ether (50 ml). The filtrate was
concentrated, and purified by silica gel column chromatography with hexane / ethyl
acetate (9 : 1) as an eluent. Yield 3.30 g (quantitative), a mixture of two stereoisomers
(E/Z=1:1by 'H-NMR) (yellow oil); IR (neat) 3357, 3060, 2927, 2858, 1584, 1478,
1440, 1026, 954, 902, 739, 691 cm™; '"H NMR § 0.89 (t, 3H, J = 6.9 Hz), 1.28-1.33
(m, 8H), 1.47-1.70 (m, 1H), 2.21-2.35 (m, 2H), 3.53-3.63 (m, 2H), 5.76 (dt, J=9.2, 7.6
Hz) and 5.88 (dt, J = 14.9, 7.3 Hz) for (Z) and (E) isomer, respectively, total 1H, 6.11
(dt, J=14.9, 1.3 Hz) and 6.19 (dt, J = 9.2, 1.3 Hz) for () and (Z) isomer, respectively,

total 1H, 7.10-7.29 (m, SH).

trans-3-Pentyl-5-phenylthio-3,4,4a,10b-tetrahydro-2H,5H-pyrano[3,2-c][1]benzo-

pyran (9): A 200 ml round bottomed flask was charged in succession with 8 (3.00 g,
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11.3 mmol), salicylaldehyde (1.66 g, 13.6 mmol), trimethyl orthoformate (1.44 g, 13.6
mmol), and p-toluenesulfonic acid (0.43 g, 2.27 mmol) in benzene (70 ml). The
mixture was refluxed for 2 h and monitored by TLC. The reaction mixture was treated
under stirring with 10% NaOH solution (30 ml) and the organic layer was separated.
The aqueous layer was extracted with ether (40 ml x 3) and the combined organic layer
washed with brine. The organic layer was dried over MgSQO4 and filtered.' The
filtrate was evaporated to give a crude product, which was purified by silica gel
chromatography using hexane / ethyl acetate (9 : 1) as an eluent. Yield 2.55 g (61%),
colorless oil; IR (neat) 3061, 2954, 2920, 2853, 1584, 1483, 1457, 1364, 1222, 1111,
1086, 978, 818, 752, 692 cm™; 'THNMR & 0.90 (t, J = 6.9 Hz, 3H), 0.95-1.04 (m, 1H),
1.22-1.36 (m, 8H), 1.69-2.18 (m, 2H), 2.33 (m, 1H), 3.22 (t, J= 11.2 Hz, 1H), 4.08-4.13
(m, 1H), 4.19 (d, J=10.2 Hz, 1H), 5.30 (d, /= 10.9 Hz, 1H), 6.95 (dd, 1H,J=17.6, 7.3
Hz), 7.15 (dd, 1H, J = 8.3, 7.3 Hz), 7.25-7.33 (m, 3H), 7.36 (d, 1H, J = 7.6 Hz), 7.60

(dd, 2H,J=17.9, 1.7 Hz).

trans-3-Pentyl-3,4,4a,10b-tetrahydro-2H, SH-pyrano[3,2-c] [1]benzopyran (3) : To a
benzene solution (50 ml) of 9 (1.50 g, 4.07 mmol), tributyltin hydride (3.55 g, 12.2
mmol) and AIBN (0.07 g, 0.41 mmol) were added slowly, and the mixture was heated to
reflux. After 24h, cooling to room temperature, it was extracted with ether (50 mi).
The combined organic extracts were washed with brine (70 ml), and dried over MgSOy.
The mixture was filtered and concentrated under reduced pressure, and the resulting
residue was purified by silica gel chromatography using hexane / ethyl acetate (98 : 2)
as an eluent to give a colorless crystal. The crystal was purified by recrystallization
from hexane / toluene (95 : 5)  Yield 0.73 g (69%), m.p. 65.7-66.9 °C; IR (KBr) 3043,

2958, 2918, 2848, 2362, 1610, 1583, 1486, 1454, 1353, 1318, 1282, 1228, 1076, 1008,

68




945, 889, 833, 759 cm™; '"H NMR § 0.89 (t, J = 6.9 Hz, 3H), 0.76-0.91 (m, 1H),
1.16-1.34 (m, 8H), 1.88-1.96 (m, 3H), 3.27 (t, J = 11.2 Hz, 1H), 3.87 (t, J = 11.2 Hz,
1H), 4.16 (m, 3H), 6.74 (d, J = 8.2 Hz, 1H), 6.90 (dd, J=7.3, 7.6 Hz, 1H), 7.14 (dd, J =
7.3, 8.2 Hz, 1H), 7.39 (d, J = 7.6 Hz, 1H); >C NMR § 14.4, 22.9, 26.6, 32.3, 32.4,

32.7,36.1,36.8,69.5, 74.0, 76.5, 116.4, 120.6, 124.0, 125.7, 128.9, 154.2

Chapter 3.

4-Butoxysalicylaldehyde (12a): A 300 ml round bottomed flask was charged with
2,4-dihydroxy-benzaldehyde (5.00 g, 36.2 mmol), potassium carbonate (5.70 g, 41.3
mmol), potassium iodide (0.60 g, 3.62 mmol) under nitrogen atmosphere, and
N,N-dimethylformamide (100 ml) was added. The mixture was stirred for 30min at
room temperature, and 1-buromobutane (7.44 g, 54.3 mmol) was added slowly, then it
was stirred for 18 h at room temperature. The reaction mixture was treated under
stirring with 10% NaOH solution (100 ml) and ether (250 ml) and organic layer was
separated. The aqueous layer was neutralized by addition of 1N HCI solution (70 ml),
and it was extracted with ether (200 ml) and washed with brine (200 ml). The organic
layer was dried over MgSO; and filtered. The filtrate was evaporated in vacuo to give
a crude product, which was purified by silica gel chromatography using hexane / ethyl
acetate (9 : 1) as an eluent. Yield 4.19 g (60%), colorless oil; IR (neat) 2859, 2746,
1651, 1506, 1299, 1225, 1136, 1117, 1017, 805, 659 cm™; 'HNMR § 0.89 (t,J= 6.9
Hz, 3H), 1.31-1.46 (m, 2H), 1.64-1.84 (m, 2H), 3.99 (t, /= 6.6 Hz, 3H), 6.41 (d,J=2.3
Hz, 1H), 6.50 (dd, J= 8.9, 2.3 Hz, 1H), 7.39 (d, J = 8.9 Hz, 1H), 9.70 (s, 1H), 11.49 (s,

1H).

4-Pentyloxysalicylaldehyde (12b): The experimental procedure was the same as that
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for the preparation of 12a. The following quantities were used; 2,4-dihydroxy-
benzaldehyde (5.00 g, 36.2 mmol), potassium carbonate (5.70 g, 41.3 mmol), potassium
iodide (0.60 g, 3.62 mmol), 1-bromopentane (8.20 g, 54.3 mmol) in N, N-dimethyl-
formamide (100 ml). Yield 3.09 g (41%), colorless oil; IR (neat) 2859, 2746, 1651,
1506, 1299, 1225, 1136, 1117, 1017, 805, 659 cm™; '"H NMR § 0.89 (t, J = 6.9 Hz,
3H), 1.31-1.46 (m, 4H), 1.64-1.84 (m, 2H), 3.99 (t, /= 6.6 Hz, 3H), 6.41 (d, J= 2;3 Hz,

1H), 6.50 (dd, J = 8.9, 2.3 Hz, 1H), 7.39 (d, J = 8.9 Hz, 1H), 9.70 (s, L H), 11.49 (s, 1H).

4-Hexyloxysalicylaldehyde (12¢): The experimental procedure was the same as that
for the preparation of 12a. The following quantities were used; 2,4-dihydroxy-
benzaldehyde (5.00 g, 36.2 mmol), potassium carbonate (5.70 g, 41.3 mmol), potassium
iodide (0.60 g, 3.62 mmol), 1-bromohexane (8.95 g, 54.3 mmol) in N, N-dimethyl-

formamide (100 ml). Yield 3.30 g (41%), colorless oil; IR (neat) 2859, 2746, 1651,
1506, 1299, 1225, 1136, 1117, 1017, 805, 659 cm™; "H NMR & 0.89 (t, J = 6.9 Hz,
3H), 1.31-1.46 (m, 6H), 1.64-1.84 (m, 2H), 3.99 (t, /= 6.6 Hz, 3H), 6.41 (d, J= 2.3 Hz,

1H), 6.50 (dd, J = 8.9, 2.3 Hz, 1H), 7.39 (d, J= 8.9 Hz, 1H), 9.70 (s, 1H), 11.49 (s, 1H).

4-Hepyloxysalicylaldehyde (12d): The experimental procedure was the same as that
for the preparation of 12a. The following quantities were used; 2,4-dihydroxy-
benzaldehyde (5.00 g, 36.2 mmol), potassium carbonate (5.70 g, 41.3 mmol), potassium
iodide (0.60 g, 3.62 mmol), 1-bromoheptane (9.29 g, 54.3 mmol) in N, N-dimethyl-
formamide (100 ml). Yield 3.25 g (38%), colorless oil; IR (neat) 2859, 2746, 1651,
1506, 1299, 1225, 1136, 1117, 1017, 805, 659 cm™; "H NMR § 0.89 (t, J = 6.9 Hz,
3H), 1.31-1.46 (m, 8H), 1.64-1.84 (m, 2H), 3.99 (t, /= 6.6 Hz, 3H), 6.41 (d, J=2.3 Hz,

1H), 6.50 (dd, J= 8.9, 2.3 Hz, 1H), 7.39 (d, J= 8.9 Hz, 1H), 9.70 (s, 1H), 11.49 (s, 1H).
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trans-8-Butoxy-3-pentyl-5-phenylthio-3,4,4a,10b-tetrahydro-2H,5H-pyrano|[3,2-c]

[1]benzopyran (13a): The experimental procedure was the same as that for the
preparation of 9. The following quantities were used; compound 8 (3.40 g, 12.9
mmol), 12a (3.00 g, 15.4 mmol), trimethyl orthoformate (1.67 g, 15.4 mmol), and
p-toluenesulfonic acid (0.49 g, 2.58 mmol) in benzene (70 ml). Yield 4.11 g (73%),
colorless crystal; m.p. 71.4-74.6 °C; IR (KBr) 3074, 2953, 2925, 2841, 1600, 1573,
1479, 1409, 1284, 1215, 1083, 970, 794, 746, 690 cm™; '"H-NMR & 0.96 (t, J = 6.9
Hz, 6H), 0.82-1.03 (m, 1H), 1.21-1.27 (m, 8H), 1.40-1.56 (m, 4H), 1.68-1.87 (m, 2H),
2.27 (d, J=12.2 Hz, 1H), 3.20 (t, J= 11.2 Hz, 1H), 3.90 (t, J = 6.6 Hz, 2H), 4.05-4.11
(m, 1H), 4.14 (d, J= 9.9 Hz, 1H), 5.30 (d, J = 10.9 Hz, 1H), 6.45 (d, J = 2.3 Hz, 1H),
6.51 (dd, J= 8.9, 2.3 Hz, 1H), 7.23 (d, J = 8.6 Hz, 1H), 7.27-7.37 (m, 3H), 7.59 (dd, J =

7.9, 1.7 Hz, 2H).

trans-3-Pentyl-8-pentyloxy-5-phenylthio-3,4,4a,10b-tetrahydro-2H,5H-pyrano-
[3,2-c][1]benzopyran (13b): The experimental procedure was the same as that for the
preparation of 9. The following quantities were used; compound 8 (3.17 g, 12.0
mmol), 12b (3.00 g, 14.4 mmol), trimethyl orthoformate (1.51 g, 14.4 mmol), and
p-toluenesulfonic acid (0.45 g, 2.40 mmol) in benzene (70 ml). Yield 2.38 g (44%),
colorless crystal; m.p. 72.4-75.8 °C; IR (KBr) 3074, 2953, 2925, 2841, 1600, 1573,
1479, 1409, 1284, 1215, 1083, 970, 794, 746, 690 cm™; 'HNMR § 0.96 (t,J = 6.9 Hz,
6H), 0.87-1.03 (m, 1H), 1.21-1.40 (m, 14H), 1.71-1.82 (m, 2H), 2.32 (d, J = 12.2 Hz,
1H), 3.20 (t, J= 11.2 Hz, 1H), 3.90 (t, J = 6.6 Hz, 2H), 4.05-4.11 (m, 1H), 4.14 (d, J =
9.9 Hz, 1H), 5.30 (d, J = 10.9 Hz, 1H), 6.45 (d, J=2.3 Hz, 1H), 6.51 (dd, J= 8.9, 2.3
Hz, 1H), 7.23 (d, J= 8.6 Hz, 1H), 7.27-7.37 (m, 3H), 7.59 (dd, J= 7.9, 1.7 Hz, 2H).

trans--8-Hexyloxy-3-pentyl-5-phenylthio-3,4,4a,10b-tetrahydro-2 H,5 H-pyraneo|3,2-
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c][1]benzopyran (13c): The experimental procedure was the same as that for the
preparation of 9. The following quantities were used; compound 8 (2.97 g, 11.2
mmol), 12¢ (3.00 g, 13.5 mmol), trimethyl orthoformate (1.19 g, 11.2 mmol), and
p-toluenesulfonic acid (0.39 g, 2.25 mmol) in benzene (70 ml). Yield 3.32 g (63%),
colorless crystal, m.p. 72.8-76.3 °C; IR (KBr) 3074, 2953, 2925, 2841, 1600, 1573,
1479, 1409, 1284, 1215, 1083, 970, 794, 746, 690 cm™; '"H-NMR § 0.96 (f, J=69
Hz, 6H), 0.87-1.02 (m, 1H), 1.18-1.43 (m, 16H), 1.71-1.82 (m, 2H), 2.32 (d, J = 12.2
Hz, 1H), 3.20 (t, /= 11.2 Hz, 1H), 3.90 (t, J = 6.6 Hz, 2H), 4.05-4.11 (m, 1H), 4.14 (d, J
=9.9 Hz, 1H), 5.30 (d, J=10.9 Hz, 1H), 6.45 (d, J= 2.3 Hz, 1H), 6.51 (dd, J=8.9,2.3

Hz, 1H), 7.23 (d, J= 8.6 Hz, 1H), 7.27-7.37 (m, 3H), 7.59 (dd, J= 7.9, 1.7 Hz, 2H).

trans-8-Heptyloxy-3-pentyl-5-phenylthio-3,4,42,10b-tetrahydro-2H,5H-pyrano|[3,2-

cl[1]benzopyran (13d): The experimental procedure was the same as that for the
preparation of 9. The following quantities were used; compound 8 (2.80 g, 10.6
mmol), 12¢ (3.00 g, 12.7 mmol), trimethyl orthoformate (1.34 g, 12.7 mmol), and
p-toluenesulfonic acid (0.40 g, 2.12 mmol) in benzene (70 ml). Yield 2.64 g (52%),
colorless crystal, m.p. 73.3-76.8 °C; IR (KBr) 3074, 2953, 2925, 2841, 1600, 1573,
1479, 1409, 1284, 1215, 1083, 970, 794, 746, 690 cm™; 'THNMR § 0.96 (t, /= 6.9 Hz,
6H), 0.87-1.02 (m, 1H), 1.18-1.43 (m, 18H), 1.71-1.82 (m, 2H), 2.32 (d, J = 12.2 Hz,
1H), 3.20 (t, /= 11.2 Hz, 1H), 3.81-3.92 (m, 3H), 4.06-4.16 (m, 3H), 4.14 (4, J=9.9 Hz,
1H), 5.30 (d, J = 10.9 Hz, 1H), 6.45 (d, J = 2.3 Hz, 1H), 6.51 (dd, J= 8.9, 2.3 Hz, 1H),

723 (d, J= 8.6 Hz, 1H), 7.27-7.37 (m, 3H), 7.59 (dd, J= 7.9, 1.7 Hz, 2H).

trans-8-Butoxy-3-pentyl-3,4,4a,10b-tetrahydro-2H,5H-pyrano{3,2-c][1]benzo-

pyran (10a): The experimental procedure was the same as that for the preparation of 3.
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The following quantities were used; compound 13a (2.00 g, 5.06 mmol), tributyltin
hydride (4.42 g, 15.2 mmol), AIBN (0.08 g, 0.51 mmol) in benzene (50 ml). Yield
0.94 g (62%), transitions (°C) C 74 (N 64 ) I; IR (KBr) 3560, 2958, 2924, 1618, 1505,
1256, 1173, 1097, 1029, 830, 644 cm™; '"H NMR 6 0.95 (t, J = 7.2 Hz, 6H), 0.82-0.98
(m, 1H), 1.18-1.23 (m, 10H), 1.39-1.53 (m, 2H), 1.68-1.82 (m, 2H), 1.86-2.00 (m, 3H),
3.26 (t,J = 11.2 Hz, 1H), 3.81-3.92 (m, 2H), 4.05-4.16 (m, 3H), 6.32 (d, J= 2.6 Hz, 1H),
6.48 (dd, J = 8.6, 2.3 Hz, 1H), 7.26 (d, J = 8.6 Hz, 1H); P*C NMR § 14.0,19.2, 22.6,
25.7,26.2, 31.6, 31.8, 32.0, 32.3, 35.8, 36.9, 68.0, 69.4, 73.6, 76.2, 76.5, 101.6, 107.5,

116.0, 126.0, 154.8, 159.6.

trans-3-Pentyl-8-pentyloxy-3,4,4a,10b-tetrahydro-2H,5H-pyrano[3,2-c][1]

benzopyran (10b): The experimental procedure was the same as that for the
preparation of 3. The following quantities were used; compound 13b (2.00 g, 4.40
mmol), tributyltin hydride (3.84 g, 13.1 mmol), AIBN (0.07 g, 0.44 mmol) in benzene
(50 ml) . Yield 1.14 g (75%), colorless crystal, transitions (°C) C 60 SmA 68 N 72 I;
IR (KBr) 3966, 2925, 2854, 1621, 1505, 1465, 1293, 1171, 1098, 1029, 848, 789 cm™;
'HNMR § 0.95 (t,J = 7.2 Hz, 6H), 0.81-0.94 (m, 1H), 1.12-1.28 (m, 12H), 1.31-1.46
(m, 2H), 1.68-1.82 (m, 2H), 1.84-1.98 (m, 3H), 3.25 (t, J = 11.2 Hz, 1H), 3.86 (t, 1H, J
=11.2 Hz), 3.89 (t, 2H, J= 6.6 Hz), 4.07 (d, 1H, J= 9.9 Hz), 4.11-4.16 (m, 2H), 6.31 (4,
J=2.6 Hz, 1H), 6.48 (dd, J = 8.6, 2.3 Hz, 1H), 7.26 (d, J = 8.6 Hz, 1H); >*C NMR §

14.0, 22.5, 22.6, 25.7, 26.2, 29.1, 31.6, 31.8, 32.0, 35.8, 36.9, 68.0, 69.4, 73.6, 76.2,

76.5,101.6, 107.5, 116.0, 126.0, 154.8, 159.6.

trans-8-Hexyloxy-3-pentyl-3,4,4a,10b-tetrahydro-2H,5H-pyrano[3,2-c][1]benzo-
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pyran (10c): The experimental procedure was the same as that for the preparation of 3.
The following quantities were used; compound 13¢ (2.00 g, 4.26 mmol), tributyltin
hydride (3.73 g, 12.8 mmol), AIBN (0.07 g, 0.43 mmol) in benzene (50 ml). Yield
0.91 g (59%), colorless crystal, transitions (°C) C 63 SmA 73 N 77 I; IR (KBr) 4075,
2935, 2856, 1621, 1506, 1470, 1290, 1168, 1097, 1037, 847, 791 cm™; '"H NMR &
0.95 (¢, /= 7.2 Hz, 6H), 0.77-0.98 (m, 1H), 1.12-1.33 (m, 14H), 1.31-1.46 (m, 2H),
1.68-1.82 (m, 2H), 1.84-1.98 (m, 3H), 3.25 (t, J= 11.2 Hz, 1H), 3.86 (t, 1H, J=11.2
Hz), 3.89 (t, 2H, J = 6.6 Hz), 4.07 (d, 1H, J = 9.9 Hz), 4.11-4.16 (m, 2H), 6.31 (d, J =
2.6 Hz, 1H), 6.48 (dd, J = 8.6, 2.3 Hz, 1H), 7.26 (d, J= 8.6 Hz, 1H); "CNMR § 14.0,

22.5, 22.6, 25.7, 26.2, 29.1, 31.6, 31.8, 32.0, 32.3, 35.8, 36.9, 68.0, 69.4, 73.6, 76.2,

76.5,101.6, 107.5, 116.0, 126.0, 154.8, 159.6.

trans-8-Heptyloxy-3-pentyl-3,4,4a,10b-tetrahydro-2H,5H-pyrano|3,2-c][1]

benzopyran (10d): The experimental procedure was the same as that for the
preparation of 3. The following quantities were used; compound 13d (2.00 g, 4.14
mmol), tributyltin hydride (3.62 g, 12.4 mmol), AIBN (0.07 g, 0.41 mmol) in benzene
(50 ml). Yield 0.70 g (45%), colorless crystal, C 68 SmA 71 N 75 I; IR (KBr) 4075,
2935, 2856, 1621, 1506, 1470, 1290, 1168, 1097, 1037, 847, 791 em™; '"H NMR §
0.95 (t, J = 7.2 Hz, 6H), 0.77-0.98 (m, 1H), 1.12-1.33 (m, 16H), 1.31-1.46 (m, 2H),
1.68-1.82 (m, 2H), 1.84-1.98 (m, 3H), 3.25 (t, J = 11.2 Hz, 1H), 3.86 (t, 1H, J=11.2
Hz), 3.89 (t, 2H, J = 6.6 Hz), 4.07 (d, 1H, J = 9.9 Hz), 4.11-4.16 (m, 2H), 6.31 (d, J =
2.6 Hz, 1H), 6.48 (dd, J = 8.6, 2.3 Hz, 1H), 7.26 (d, J = 8.6 Hz, 1H); "C NMR 6 14.0,
22.5, 22.6, 25.7, 26.2, 29.1, 30.1, 31.6, 31.8, 32.0, 32.3, 35.8, 36.9, 68.0, 69.4, 73.6,

76.2,76.5,101.6, 107.5, 116.0, 126.0, 154.8, 159.6.
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Chapter 4.

2-Methoxyterephthalic acid (19): A mixture of 18 (22.5 g, 165 mmol), potassium
permanganate (90.2 g, 570 mmol) and distilled water (2250 ml) was refluxed for 5 h.
The mixture was cooled to room temperature and poured into stirred cold ethanol (1500
ml). This mixture was then filtered, washed thoroughly with water, reduced under
vacuum, and acidified with concentrated hydrochloric acid. The resulting white
precipitate was collected by filtration, washed with water and dried. Yield 14.9 ¢
(46%), colorless crystal; m.p. 287-289 °C (lit. *** 287-288 °C; 'H NMR (DMSO-d6) §

3.88 (s, 3H), 7.56 (d, J= 7.9 Hz, 2H), 7.68 (d, J= 7.9 Hz, 1H).

2-Hydroxytelephthalic acid (20): A mixture of compound 19 (14.7 g, 75 mmol),
concentrated hydroiodic acid (90 ml) and acetic acid (300 ml) was refluxed for 24 h.
After cooling to room temperature, the mixture was filtered, washed thoroughly with
acetic acid and water, respectively. The white solid was collected and dried. Yield
10.5 g (77%), colorless crystal; m.p. 316-321 °C (1it.** 317-320 °C); 'H NMR

(DMSO-d6) § 7.45(d, J= 8.6 Hz, 2H), 7.89 (d, J= 7.9 Hz, 1H).

Dimethyl 2-hydroxyterephthalate (21): Compound 20 (10.0 g, 55 mmol) was
dissolved in 280 ml of methanol. Purified thionyl chloride (38.0 ml, 523 mmol) was
slowly added to above solution with stirring under a nitrogen atmosphere over a period
of 1 h. The mixture was stirred for 15 h at room temperature. Then the reaction
mixture was poured into a large excess of water. The slurry was added 30% aqueous

solution of NayCOj; until the mixture became neutral. The precipitate formed was
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collected on a filter and washed thoroughly with water. The product was recrystallized
from ethanol. Yield 8.34 g (72%), colorless crystal; m.p. 93.7-95.5 °C (lit. **”
94.0-95.0 °C); '"H NMR. § 3.93 (s, 3H), 3.98 (s, 3H), 7.51 (dd, J = 8.6, 1.3 Hz, 1H),

7.63 (d, J= 1.3 Hz, 1H), 7.90 (d, J = 8.6 Hz, 1H), 10.75 (s, 1H).

Methyl 3-hydroxy-4-(hydroxymethyl) benzoate (22): To a solution of 21 (7.60 g,
36.0 mmol) in methanol (400 ml), sodium borohydride (27.4 g, 720 mmol) was added
slowly, and the resulting solution was stirred for 1 h. After the removal of the solvent
by evaporation, water was added to the residue and the solution was brought to pH 1.0
with 2N HCL. Then, it was extracted by ethyl acetate (300 ml x 3). The combined
organic layer was dried over MgSQO,, filtered, and concentrated. The residue was
purified by silica gel column chromatography with hexane / ethyl acetate (1 : 1) as an
eluent. Yield 5.44 g (83%), colorless crystal, m.p. 104-106 °C (lit. ** 104-105 °C); 'H
NMR (CD;0D) § 3.86 (s, 3H), 4.68 (s, 3H) 7.38 (dd, J = 6.6, 2.0 Hz, 2H), 7.49 (d, J

=17.9 Hz, 1H).

4-Methoxycarbonylsalicylaldehyde (23): To a solution of 22 (5.30 g, 29 mmol) in
ethyl acetate (400 ml), active manganese dioxide (26.6 g) was added and the mixture
was stirred at room temperature for 1 h. The solid was removed by filtration and
washed with ethyl acetate (100 ml). The filtrate was concentrated to give a solid,
which was purified on silica gel column chromatography with hexane / ethyl acetate (4 :
1) as an eluent. Yield 2.67 g (51%), colorless crystal, m.p. 131-135 °C; (lit. *¥

131-134 °C); 'THNMR § 3.89 (s, 3H), 7.65 (s, 3H), 9.98 (s, 1H), 10.94 (s, 1H).

trans-8-Methoxycarbonyl-3-pentyl-5-phenylthio-3,4,4a,10b-tetrahydro-2H,SH-
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pyrano[3,2-c][1]benzopyran (24): The experimental procedure was the same as that
for the preparation of 13a. The following quantities were used; compound 8 (2.50 g,
13.9 mmol), 23 (3.31 g, 12.6 mmol), trimethyl orthoformate (1.34 g, 12.6 mmol), and
p-toluenesulfonic acid (0.48 g, 2.77 mmol) in benzene (150 ml). Yield 3.10 g (58%),
colorless crystal, m.p. 92.1-94.8 °C; IR (KBr) 2926, 2855, 1732, 1575, 1431, 1300,
1097, 983, 947, 911, 893, 869, 844, 815, 764, 623 cm™; 'HNMR § 0.90 '(t, J=6.9 Hz,
3H), 0.95-1.04 (m, 1H), 1.22-1.36 (m, 8H), 1.69-1.87 (m, 2H), 2.33 (m, 1H), 3.22 (t,J =
11.2 Hz, 1H), 3.89 (s, 3H), 4.09-4.14 (m, 1H), 4.19 (d, J=9.9 Hz, 1H), 5.32 (d, J=10.6
Hz, 1H), 7.29-7.33 (m, 3H), 7.43 (d, J= 7.9 Hz, 1H), 7.56 (d, J= 2.0 Hz, 1H), 7.60 (dd,

J=1.9,2.0 Hz, 3H).

trans-8-Methoxycarbonyl-3-pentyl-3,4,4a,10b-tetrahydro-2 H,5H-pyrano|[3,2-
c][1]benzopyran (25): The experimental procedure was the same as that for the
preparation of compound 10a. The following quantities were used; compound 24
(3.00 g, 7.03 mmol), tributyltin hydride (6.14 g, 21.1 mmol) and AIBN (0.11 g, 0.70
mmol) in benzene (50 ml). Yield 1.34 g (60%), colorless crystal, m.p. 85.9-89.9 °C;
IR (KBr) 2915, 1730, 1713, 1618, 1574, 1503, 1469, 1416, 1389, 1366, 1351, 1126, 983,
947,911, 893, 869, 844, 815, 785, 760, 725, 694 cm™; 'HNMR § 0.90 (t, J= 6.9 Hz,
3H), 0.95-1.04 (m, 1H), 1.22-1.36 (m, 8H), 1.88-1.96 (m, 3H), 3.27 (t,J= 11.2 Hz, 1H),
3.89 (s, 3H), 3.91 (t, J= 11.2 Hz, 1H), 4.12 (d, /= 9.9 Hz, 1H), 4.16-4.22 (m, 2H), 7.43

(d,J=13Hz, 1H), 7.45 (d, J= 7.9 Hz, 1H), 7.56 (dd, J= 7.9, 1.3 Hz, 1H).

trans-8-Carboxy-3-pentyl-3,4,4a,10b-tetrahydro-2H,5H-pyrano[3,2-c][1]benzo-
pyran (26): Compound 25 (1.18 g, 3.70 mmol) was treated with sodium hydroxide

(0.42 g, 10.0 mmol) in methanol (40 ml) and water (4 ml) under reflux (3 h) with
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stiring. The solvent was removed in vacuo and water (80 ml) was added to residue,
which was then adjusted to pH 1 by adding 2N HCl. The precipitated white solid was
filtered off and dried in vacuo, then it was recrystallized from hexane / ethyl acetate
(95 : 5). Yield 1.02 g (90%), colorless crystal, m.p. 179.5-183.5 °C; IR (KBr) 3442,
3416, 3360, 3178, 2957, 2923, 2850, 1702, 1659, 1650, 1614, 1567, 1504, 1468, 1428,
1389, 1349, 1321, 1298, 1274, 1232, 1208, 1154, 1097, 1024, 951, 917, 8493, 876, 839,
802, 736 cm™; "H NMR & 0.89 (t, J = 6.9 Hz, 3H), 0.80-0.95 (m, 1H), 1.25-1.41 (m,
8H), 1.81-2.05 (m, 3H), 3.29 (t, J=11.2 Hz, 1H), 3.89 (t, /= 11.2 Hz, 1H),4.15(d, J =
9.9 Hz, 1H), 4.17-4.25 (m, 2H), 7.49 (d, J= 7.9 Hz, 1H), 7.51 (d, J= 1.3 Hz, 1H), 7.64

(dd, J=17.9, 1.3 Hz, 1H).

trans-8-Carbamoyl-3-pentyl-3,4,4a,10b-tetrahydro-2H,SH-pyrano[3,2-c][1]
benzopyran (27): A mixture of compound 26 (0.95 g, 3.12 mmol), and thionyl chloride
(1.11 g, 9.36 mmol) in dry benzene (15 ml) was heated under reflux (2 h) with
exclusion of moisture. The solvent was removed in vacuo, and crude acid chloride
was dissolved in dry THF (10 ml). Ammonia solution (28%, 1.4 ml) was added with
stirring. The mixture was stirring for further 1 h, cold water (40 ml) was added and the
precipitate was filtered off and washed with cold water, then it was recrystallized from
ethanol.  Yield 0.67 g (71%), colorless crystal; m.p. 204.8-209.2 °C; IR (KBr) 2916,
2352, 2326, 2050, 1913, 1864, 1814, 1727, 1703, 1667, 1650, 1619, 1573, 1505, 1470,
1433, 1416, 1385, 1349, 1226, 1207, 1096, 1029, 983, 920, 892, 845, 815, 765, 691,
648, 608, 533 cm™; 'THNMR & 0.89 (t, 3H, J = 6.6 Hz), 0.80-0.92 (m, 1H), 1.20-1.29
(m, 8H), 1.68-2.03 (m, 3H), 3.28 (t, /= 11.2 Hz, 1H), 3.90 (t, /= 11.2 Hz, 1H), 4.14 (d,
J=9.2 Hz, 1H), 4.18-4.24 (m, 2H), 5.60 (s, 1H), 6.00 (s, 1H), 7.22 (d, J = 2.0 Hz, 1H),

7.31(dd, J=17.9,2.0 Hz, 1H), 7.47 (d, /= 7.9 Hz, 1H).
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trans-8-Cyano-3-pentyl-3,4,4a,10b-tetrahydro-2H,5H-pyrano[3,2-c][1]benzo-
pyran (17): Thionyl chloride (2.50 g, 21.0 mmol) was added to a stirred solution of
compound 27 (0.60 g, 1.97 mmol) in dry N,N-dimethylformamide (20 ml) under
nitrogen atmosphere. The mixture was stirred for 3.5 h, and then poured into an ice /
water mixture. The product was extracted with ether (100 ml), and fhe combined
extracts were washed with water and saturated sodium bicarbonate solution and dried
over MgSO4. The solvent was removed in vacuo to give a crude product, which was
purified by silica gel chromatography using hexane / ethyl acetate (9 : 1), followed by
recrystallization from ethanol. Yield 0.40 g (71%), colorless crystal, transitions (°C) C
92 (SmA 54) I; IR (KBr) 2959, 2918, 2853, 2229, 1919, 1613, 1565, 1494, 1461, 1393,
1319, 1268, 1244, 1210, 1199, 1103, 1078, 1023, 1007, 952, 916, 888, 837, 805,723,
665 cm™; THNMR § 0.89 (t, J = 6.6 Hz, 6H), 0.79-0.93 (m, 1H), 1.19-1.34 (m, 8H),
1.60-2.01 (m, 3H), 3.27 (t,J=11.2 Hz, 1H), 3.90 (t, /= 11.2 Hz, 1H), 4.11 (d, J=10.9
Hz, 1H), 4.16-4.25 (m, 2H), 7.03 (d, J = 2.0 Hz, 1H), 7.15 (dd, J = 7.9, 1.7 Hz, 1H),
748 (d, J= 7.9 Hz, 1H); ®C NMR § 14.0, 22.5, 26.2, 31.7, 32.0, 32.2, 35.6, 35.7,

69.4,73.7,75.3,111.9, 118.6, 119.6, 123.6, 126.2, 128.8, 153.9.

4-Bromosalicylaldehyde (33): Chloroform (23.0 ml, 289 mmol) was added dropwise to
a suspension of 32 (25.0 g, 144 mmol) in a solution of sodium hydroxide (46.2 g, 1.16
mol in 60 ml of water) with the temperature maintained between 70 and 75 °C. After
the addition was complete, the temperature was kept between 70 and 75 °C until
evidence of refluxing had ceased. The mixture was cooled to 0 °C, made acidic with
10N H,SOy4 solution (ca. pH 3), and extracted with ethyl acetate (3 x 100 ml). The

combined organic extracts were dried over MgSO,, and filtered. The filtrate was
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evaporated in vacuo to give a crude product, which was purified by silica gel
chromatography using hexane / ethyl acetate (98 : 2) as an eluent.  Yield 5.22 g (18%),
colorless crystal, m.p. 48.8-50.3 °C, and yield 9.30 g (32%) of 6-bromosalicylaldehyde;
IR (KBr) 3305, 1659, 1611, 1564, 1478, 1382, 1305, 1191, 907, 861, 796, 669, 583, 577,

485 cm™; 'THNMR & 7.15-7.43 (m, 3H), 9.86 (s, 1H), 11.12 (s, 1H).

trans-8-Bromo-3-pentyl-5-phenylthio-3,4,4a,10b-tetrahydro-2 H,5H-pyrano-

[3,2-c][1]benzopyran (34): The experimental procedure was the same as that for the
preparation of 13a. The following quantities were used; compound 8 (3.27 g, 12.3
mmol), 33 (3.00 g, 14.8 mmol), trimethyl orthoformate (1.56 g, 14.8 mmol), and
p-toluenesulfonic acid (0.47 g, 2.48 mmol) in benzene (75 ml). Yield 3.26 g (59%),
colorless crystal, m.p. 70.2-73.8 °C; IR (KBr) 3074, 2953, 2925, 2841, 1600, 1573,
1479, 1409, 1284, 1215, 1083, 970, 794, 746, 690 cm™; 'HNMR & 0.90 (t,J= 6.9 Hz,
3H), 0.95-1.04 (m, 1H), 1.15-1.38 (m, 8H), 1.64-1.83 (m, 2H), 2.28-2.36 (m, 1H), 3.19
(t,J=11.2 Hz, 1H), 4.08-4.12 (m, 1H), 4.10 (d, J = 10.6 Hz, 1H), 5.27 (d, J=10.9 Hz,
1H), 7.05 (dd, J = 8.6, 2.0 Hz, 1H), 7.07 (d, J = 2.0 Hz, 1H), 7.23 (d, J = 8.6 Hz, 1H),

7.26-7.37 (m, 3H), 7.59 (dd, J=7.9, 2.0 Hz, 2H).

trans-8-(4-Fluorophenyl)-3-pentyl-5-phenylthio-3,4,4a,10b-tetrahydro-2H,5H-
pyrano[3,2-c][1]benzopyran (35a): A 50 ml round bottomed flask was charged with
Pd(PPhs)4 (0.10 g, 0.087 mmol), benzene (5 ml), 34 (1.30 g, 2.91 mmol), and aqueous
solution of K>CO3; (5 ml of a 2M solution) under nitrogen atmosphere, and then
4-fluorophenylboronic acid (0.45 g, 3.20 mmol) in ethanol (3 ml) was added. The
mixture was refluxed for 12 h under vigorous stirring. After the reaction was

completed, cooling to room temperature, it was extracted with ether. The combined
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organic extracts were washed with brine and dried MgSO4 The mixture was filtered
and concentrated. The resulting residue was purified by silica gel chromatography
using hexane / ethyl acetate (98 : 2) as an eluent, and purified by recrystallization from
hexane / toluene (95 : 5). Yield 0.94 g (70%), colorless crystal, m.p. 114.5-120.0 °C;
IR (KBr) 3434, 3056, 2924, 2851, 1604, 1569, 1492, 1435, 1270, 1216, 1174, 1087, 978,
806, 747, 694 cm™; 'THNMR & 0.90 (t, J = 6.9 Hz, 3H), 0.98-1.07 (m, .lH), 1.23-1.39
(m, 8H), 1.63-1.91 (m, 2H), 2.32-2.37 (m, 1H), 3.23 (t, J = 11.2 Hz, 1H), 4.07-4.13 (m,
1H), 4.18 (d, /= 10.9 Hz, 1H), 5.34 (d, 1H, J=10.9 Hz), 7.06 (dd, J = 8.6, 2.0 Hz, 2H),
7.11 (d, J= 1.6 Hz, 1H), 7.12 (dd, J= 7.9, 1.6 Hz, 1H), 7.27-7.35 (m, 3H), 7.41 (d, J =

7.9 Hz, 1H), 7.50 (dd, J = 8.6, 2.3 Hz, 2H), 7.62 (dd, J = 7.9, 1.6 Hz, 2H).

trans-8-(3,4-Difluorophenyl)-3-pentyl-5-phenylthio-3,4,4a,10b-tetrahydro-2H,5H-
pyrane|3,2-c][1]benzopyran (35b): The experimental procedure was the same as that
for the preparation of 35a. The following quantities were used; compound 34 (2.00 g,
4.48 mmol), Pd(PPhs)4 (0.16 g, 0.134 mmol), benzene (20 ml), aqueous solution of
K>COs3 (20 ml of a 2M solution), and 3,4-difluoro phenylboronic acid (0.80 g, 4.92
mmol) in ethanol (6 ml). Yield 1.44 g (67%), colorless crystal, m.p.113.0-117.6 °C; IR
(KBr) 3059, 2952, 2926, 2855, 1607, 1571, 1528, 1497, 1469, 1393, 1361, 1271, 1160,
1088, 995, 866, 807, 750, 693 cm™; 'THNMR & 0.91 (t, J = 6.9 Hz, 3H), 0.99-1.04 (m,
1H), 1.24-1.37 (m, 8H), 1.65-1.91 (m, 2H), 2.33-2.39 (m, 1H), 3.22 (t, /= 11.2 Hz, 1H),
4.08-4.16 (m, 1H), 4.22 (d, /= 10.2 Hz, 1H), 5.35 (d, /= 10.9 Hz, 1H), 7.06 (d, /= 2.0
Hz, 1H), 7.10 (dd, J = 7.9, 1.6 Hz, 1H), 7.18 (d, J = 7.9 Hz, 1H), 7.27-7.37 (m, 3H),
7.32 (d, J=17.9 Hz, 1H), 7.38 (dd, J = 7.6, 2.0 Hz, 1H), 7.42 (d, J = 7.9 Hz, 1H), 7.62

(dd, J=7.9, 1.6 Hz, 2H).
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trans-3-Pentyl-5-phenylthio-8-(4-trifluoromethoxyphenyl)-3,4,4a,10b-tetrahydro-

2H,5H-pyrano[3,2-c][1]benzopyran (35¢): The experimental procedure was the same
as that for the preparation of 35a. The following quantities were used; compound 34
(2.60 g, 5.82 mmol), Pd(PPh3)s (0.20 g, 0.174 mmol), benzene (30 ml), aqueous
solution of K,COj3 (10 ml of a 2M solution), and 4-trifluoromethoxy phenylboronic acid
(1.32 g, 6.40 mmol) in ethanol (12 ml). Yield 1.69 g (55%), colorleés crystal, m.p.
85.2-95.2 °C; IR (KBr) 3063, 2953, 2927, 2856, 2349, 1883, 1571, 1528, 1497, 1393,
1271, 1088, 995, 866, 807, 750, 693 cm™; '"H NMR § 091 (t, J = 6.9 Hz, 3H),
0.95-1.04 (m, 1H), 1.24-1.34 (m, 8H), 1.72-1.88 (m, 2H), 2.34-2.38 (m, 1H),3.25 (t, J=
11.2 Hz, 1H), 4.10-4.17 (m, 1H), 4.24 (d, J = 10.9 Hz, 1H), 5.35 (d, /= 10.9 Hz, 1H),
7.10 (d, J= 1.7 Hz, 1H), 7.14 (dd, J= 7.9, 2.0 Hz, 1H), 7.25 (dd, J = 8.9, 2.0 Hz, 2H),
7.28-7.36 (m, 3H), 7.43 (d, J= 7.9 Hz, 1H), 7.56 (dd, J= 8.9, 2.3 Hz, 2H), 7.62 (dd, J =

7.9, 1.6 Hz, 2H).

trans--3-Pentyl-5-phenylthio-8-(4-trifluoromethyiphenyl)-3,4,4a,10b-tetrahydro-2H
,SH-pyrano|[3,2-c][1]benzopyran (35d): The experimental procedure was the same as
that for the preparation of 35a. The following quantities were used; compound 34
(1.40 g, 3.17 mmol), Pd(PPhs)4 (0.109 g, 0.093 mmol), benzene (15 ml), aqueous
solution of K>CO;3; (8 ml of a 2M solution), and 4-trifluoromethyl phenylboronic acid
(0.65 g, 3.44 mmol) in ethanol (6 ml). Yield 0.85 g (53%), colorless crystal,
m.p.126.4-132.6 °C; IR (KBr) 3063, 2953, 2927, 2856, 2349, 1883, 1571, 1528, 1497,
1393, 1271, 1088, 995, 866, 807, 750, 693 cm™; 'HNMR § 0.91 (t, 3H, J = 6.9 Hz),
0.95-1.04 (m, 1H), 1.24-1.37 (m, 8H), 1.72-1.88 (m, 2H), 2.34-2.38 (m, 1H), 3.25 (t, 1H,
J=11.2 Hz), 4.10-4.17 (m, 1H), 4.24 (d, J = 10.9 Hz, 1H), 5.35 (d, J = 10.9 Hz, 1H),

7.15 (d, J=1.6 Hz, 1H), 7.19 (dd, J= 7.9, 1.6 Hz, 1H), 7.30-7.36 (m, 3H), 7.46 (d, J =
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7.9 Hz, 1H), 7.62 (dd, J=17.9, 1.6 Hz, 2H), 7.65 (dd, J = 8.6, 2.3 Hz, 4H).

trans-8-(4-Fluorophenyl)-3-pentyl-3,4,4a,10b-tetrahydro-2H,5H-pyrano[3,2-c]

[1]benzopyran (31a): The experimental procedure was the same as for the preparation
of compound 10a. The following quantities were used; compound 35a (0.80 g, 1.72
mmol), tributyltin hydride (1.51 g, 5.18 mmol), and AIBN (0.03 g, 0.17 mrﬁol) in
benzene (20 ml). Yield 0.42 g (69%), colorless crystal, transitions (°C) C 99 SmA 139
I, IR (KBr) 3424, 3055, 2963, 2922, 2849, 2346, 1892, 1615, 1563, 1492, 1389, 1221,
1191, 1006, 885, 800, 724, 530 cm™; '"H NMR § 0.89 (t, J = 6.9 Hz, 3H), 0.92 (m,
1H), 1.16-1.38 (m, 8H), 1.79-2.03 (m, 2H), 3.30 (t, /= 11.2 Hz, 1H), 3.87 (t, J = 11.2
Hz, 1H), 4.16 (d, /= 10.2 Hz, 1H), 4.18-4.23 (m, 2H), 6.95 (d, /= 1.6 Hz, 1H), 7.08 (dd,
J=18.9, 2.3 Hz, 2H), 7.09 (dd, J= 7.9, 1.6 Hz, 1H), 7.45 (d, J= 7.9 Hz, 1H), 7.52 (dd,
J=189,23 Hz, 2H); "CNMR § 14.0,22.5,26.2, 31.9, 32.1, 33.7, 35.7, 40.4, 73 4,
75.5, 76.5, 114.6, 119.7, 122.9, 125.2, 127.8, 128.4, 128.6, 132.7, 136.6, 140.8, 160.6,

164.2.

trans-8-(3,4-Difluorophenyl)-3-pentyl-3,4,4a,10b-tetrahydro-2H,5H-pyrano-
[3,2-c][1]benzopyran (31b): The experimental procedure was the same as that for the
preparation of 10a. The following quantities were used; compound 35b (1.30 g, 2.70
mmol), tributyltin hydride (2.36 g, 8.11 mmol), and AIBN (0.04 g, 0.270 mmol) in
benzene (20 ml). Yield 0.72 g (71%), colorless crystal; transitions (°C) C 99 SmA 110
N 125 I; IR (KBr) 2958, 2926, 2852, 2349, 1886, 1606, 1567, 1497, 1390, 1275, 1088,
1042 cm™; 'THNMR 8 0.89 (t, 3H, J = 6.9 Hz), 0.81-0.98 (m, 1H), 1.20-1.29 (m, 8H),
1.56-1.85 (m, 1H), 1.91-2.04 (m, 2H), 3.29 (t, 1H, J = 11.2 Hz), 3.87 (t, 1H, J = 11.2

Hz), 4.16 (d, 1H, J = 10.6 Hz), 4.18-4.23 (m, 2H), 6.93 (d, 1H, J = 1.6 Hz), 7.05 (dd, 1H,
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J=19,1.6 Hz), 7.14 (4, 1H, J= 8.2 Hz), 7.19 (d, 1H, J= 1.6 Hz), 7.36 (dd, 1H, J = 7.6,
2.0 Hz), 7.45 (d, 1H, J= 7.9 Hz); ®*CNMR § 14.0,22.5,26.2, 31.8, 32.0, 32.3, 35.7,
36.4, 69.3, 73.7, 75.9, 114.4, 115.7, 117.5, 118.9, 122.8, 123.3, 126.0, 128.0, 137.9,
139.6, 147.9, 148.5, 151.7, 152.3, 154.2.
trans-3-Pentyl-8-(4-trifluoromethoxyphenyl)-3,4,4a,10b-tetrahydro-2H,5H-
pyrano[3,2-c][1]benzopyran (31¢): The experimental procedure was the same‘as that
for the preparation of 10a. The following quantities were used; compound 35¢ (1.50g,
2.84 mmol), tributyltin hydride (2.48 g, 8.51 mmol), AIBN (0.05 g, 0.28 mmol) in
benzene (30 ml). Yield 0.79 g (66%) of 31c as a colorless crystal; transitions (°C) C
121 SmA 191 [; IR (KBr) 3063, 2953, 2927, 2856, 2349, 1883, 1571, 1528, 1497, 1393,
1271, 1088, 995, 866, 807, 750, 693 cm™; 'H-NMR § 0.90 (t, J = 6.9 Hz, 3H),
0.95-1.04 (m, 1H), 1.20-1.37 (m, 8H), 1.61-1.89 (m, 1H), 2.30-2.35 (m, 1H), 3.21 (t, J=
11.2 Hz, 1H), 3.87 (t, J = 11.2 Hz, 1H), 4.16 (d, J = 10.2 Hz, 1H), 4.18-4.23 (m, 2H),
6.97 (d, J= 1.7 Hz, 1H), 7.10 (dd, J= 7.9, 1.7 Hz, 1H), 7.24 (dd, J = 8.2, 1.6 Hz, 2H),
7.46 (d, J=7.9 Hz, 1H), 7.56 (dd, J = 8.9, 2.0 Hz, 2H); >C NMR § 14.0,22.6,26.2,
32.0, 35.7, 36.5, 69.3, 73.7, 76.0, 76.5, 114.5, 119.1, 121.1, 123.1, 125.9, 128.3, 139.5,

140.3, 148.6, 154.2.

trans-3-Pentyl-8-(4-trifluoromethylphenyl)-3,4,4a,10b-tetrahydro-2H,5H-
pyrano[3,2-c][1]benzopyran (31d): The experimental procedure was the same as that
for the preparation of 10a. The following quantities were used; compound 35d (0.70 g,
1.36 mmol), tributyltin hydride (1.20 g, 4.10 mmol), AIBN (0.02 g, 0.14 mmol) in
benzene (20 ml). Yield 0.38 g (69%), colorless crystal, transitions (°C) C 110 Sml
128 Sm2 158 I; IR (KBr) 2964, 2920, 2854, 1619, 1564, 1492, 1255, 1219, 1164, 1076,

1009, 852, 803 cm™ ; 'H NMR § 0.89 (t, 3H, J = 6.9 Hz), 0.92-0.95 (m, 1H),
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1.21-1.36 (m, 8H), 1.81-2.06 (m, 2H), 3.30 (t, J = 11.2 Hz, 1H), 3.87 (t, J = 11.2 Hz,
1H), 4.17 (d, J = 10.2 Hz, 1H), 4.19-4.23 (m, 2H), 7.01 (d, J = 1.7 Hz, 1H), 7.15 (dd, J
= 7.9, 2.0 Hz, 1H), 7.49 (d, J= 7.9 Hz, 1H), 7.65 (dd, J = 8.6, 2.3 Hz, 4H); °C NMR
§ 14.0,22.6, 26.2, 32.0, 32.2, 32.3, 35.7, 36.5, 69.4, 73.4, 75.5, 114.7, 119.1, 120.0,

123.6,125.4, 125.6, 126.0, 129.0, 129.5, 132.6, 140.2, 144.2, 154.3.

4-Benzyloxysalicylaldehyde (39): The experimental procedure was the same as that for
the preparation of 12a. The following quantities were used; 2,4-dihydroxy-
benzaldehyde (10.0 g, 72.4 mmol), sodium dicarbonate (6.93 g, 82.5 mmol), potassium
iodide (1.20 g, 7.24 mmol), and benzyl chloride (11.0 g, 94.1 mmol) in acetonitrile (200
ml). Yield 8.38 g (51%), colorless crystal, m.p. 76.0-78.0 °C; IR (KBr) 3305, 1659,
1611, 1564, 1478, 1191, 907, 861, 796, 669, 583, 577, 485 cm™; '"H NMR § 5.11 (s,
2H), 6.52 (d, 1H, J = 2.6 Hz), 6.61 (dd, 1H, J = 8.6, 2.6 Hz), 7.35 (d, 1H, J = 8.6 Hz),

7.34-7.45 (m, SH), 9.71 (s, 1H), 11.46 (s, 1H).

trans-8-Benzyloxy-3-pentyl-S-phenylthio-3,4,4a,10b-tetrahydro-2 H, 5 H-pyrano-

[3,2-c][1]benzopyran (40): The experimental procedure was the same as that for the
preparation of 10a. The following quantities were used ; compound 8 (5.00 g, 18.9
mmol), 39 (5.18 g, 22.7 mmol), trimethyl orthoformate (2.39 g, 22.7 mmol), and
p-toluenesulfonic acid (0.72 g, 3.78 mmol) in benzene (200 ml). Yield 5.64 g (63%),
colorless crystal, m.p. 83.0-85.6 °C; IR (KBr) 3422, 2926, 2854, 1620, 1585, 1504,
1455, 1431, 1379, 1255, 1210, 1161, 1106, 1006, 834, 803, 736, 694 cm™; '"H NMR  §
0.90 (t, 3H, J = 6.6 Hz), 0.87-1.03 (m, 1H), 1.21-1.39 (m, 8H), 1.68-1.86 (m, 2H), 2.27
(m, 1H), 3.20 (t, 1H, J = 11.2 Hz), 4.02-4.11 (m, 1H), 4.14 (d, 1H, J= 9.9 Hz), 5.02 (s,

2H), 5.27 (d, 1H, J = 10.9 Hz), 6.53 (d, 1H, J= 2.0 Hz), 6.58 (dd, 1H, J = 8.6, 2.3 Hz),
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7.22-7.42 (m, 8H), 7.32 (d, 1H, J = 8.6 Hz), 7.57 (dd, 2H, J=7.9, 1.6 Hz).

trans-8-Benzyloxy-3-pentyl-3,4,4a,10b-tetrahydro-2H,5H-pyrano|3,2-c][1]

benzopyran (41): The experimental procedure was the same as that for the preparation
of 10a. The following quantities were used; compound 40 (2.00 g, 4.20 mmol),
tributyltin hydride (3.68 g, 12.6 mmol), and AIBN (0.07 g, 0.42 mmol) in benﬁene 40
ml). Yield 1.07 g (69%), colorless crystal, m.p. 74.2-76.9 °C; IR (KBr) 3422, 2926,
2854, 1620, 1585, 1504, 1455, 1431, 1379, 1255, 1210, 1161, 1106, 1006, 834, 803, 736,
694 cm™; 'THNMR § 0.89 (t, 3H, J = 6.6 Hz), 0.82-1.03 (m, 1H), 1.10-1.38 (m, 8H),
1.78-1.95 (m, 3H), 3.26 (t, 1H, J = 11.2 Hz), 3.85 (t, J = 11.2 Hz, 1H), 4.05-4.15 (m,
2H), 4.08 (d, 1H, J=10.2 Hz), 5.00 (s, 2H), 6.40 (d, 1H, J= 2.6 Hz), 6.55 (dd, 1H, J=

8.6, 2.6 Hz), 7.25-7.41 (m, SH), 7.37 (d, 1H, J = 8.6 Hz).

trans-8-Hydroxy-3-pentyl-3,4,4a,10b-tetrahydro-2H,5H-pyrano[3,2-c][1]
benzopyran (42): A Raney Ni (W-4) solution (15 ml) was added a solution of 41
(0.50 g, 1.36 mmol) in 15 ml of THF. The mixture was vigorously stirred at room
temperature for 12 h. The reaction mixture was filtrated through celite. The filtrate
was evaporated in vacuo to give a crude product, which was purified by silica gel
chromatography using hexane / ethyl acetate (95 : 5) as an eluent.  Yield 0.33 g (88%),
colorless crystal, m.p. 65.2-66.9 °C; IR (KBr) 3435, 3401, 2954, 2920, 2872, 2850,
1625, 1598, 1509, 1452, 1390, 1369, 1321, 1293, 1259, 1223, 1171, 1116, 1076, 1007,
932, 834, 802, 742, 669, 644 cm™; 'THNMR § 0.88 (t, 3H, J = 6.6 Hz), 0.82-1.03 (m,
1H), 1.11-1.38 (m, 8H), 1.74-1.98 (m, 3H), 3.25 (t, J = 11.2 Hz, 1H), 3.84 (t, 1H, J =
11.2 Hz), 4.05 (d, 1H, J = 9.9 Hz), 4.09-4.15 (m, 2H), 6.26 (d, J= 2.6 Hz, 1H), 6.55 (dd,

J=28.6,2.6 Hz, 1H), 7.23 (d, /= 8.6 Hz, 1H).
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trans-3-Pentyl-8-(2-(perfluorobutyl)ethoxy)-3,4,4a,10b-tetrahydro-2H,5H-
pyrano[3,2-c][1]benzopyran (38): A solution of triphenylphosphine (0.95 g, 3.62
mmol), and 2-(perfluorobutyl)ethanol (0.48 g, 1.80 mmol) in dry Toluene (5 ml) was
added to a solution of 42 (0.50 g, 1.80 mmol) and diethyl azodicarboxylate (0.63 g, 3.62
mmol) in dry toluene (5 ml) at room temperature. After stirring the mixture overnight
at 50°C, the solvent was evaporated in vacuo, and residue was purified by silica gel
chromatography using toluene / hexane (9 : 1) as an eluent to give a colorless crystal.
The crystal was purified by recrystallization from methanol. Yield 0.21 g (21%),
colorless crystal, transitions (°C) C 123 SmA 139 I; IR (KBr) 3064, 2960, 2929, 2867,
1701, 1572, 1510, 1469, 1387, 1369, 1321, 1293, 1259, 1223, 1171, 1116, 1076, 1007,
928, 834, 802, 742, 669, 644 cm™; 'HNMR § 0.88 (¢, J = 7.3 Hz, 3H), 0.82-0.92 (m,
1H), 1.11-1.38 (m, 8H), 1.74-1.98 (m, 3H), 2.60 (tt, J = 18.4, 6.6 Hz, 2H), 3.26 (t, J =
11.2 Hz, 1H), 3.84 (t, /= 11.2 Hz, 1H), 4.05-4.15 (m, 3H), 4.22 (t, /= 6.6 Hz, 2H), 6.31

(d,J=2.0 Hz, 1H), 6.48 (dd, J= 8.6, 2.6 Hz, 1H), 7.28 (d, J = 8.6 Hz, 1H).
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