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Chart 1.2.1 Photochromism of a diarylethene
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Table 1.2.1 Thermal stability of several photochromic diarylethenes

Compound Lifetime, tq2 Compound Lifetime, t4)o

0=, O~ 0

Stable® O O O 3h. at 80 °C
N N

=-
@
=
-

20h. at 70°C

a) Stable means that the lifetime is longer than 12h. at 80 °C
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Table 1.2.2 Fatigue resistivity of diarylethene derivatives

Repeatable cycle number®
Compound

in air under vacuum

>1.3x10%
(in methylcyclohexane)

3.7x10*
80 (in hexane) 200 (in hexane)
>10* (in crystal)
200 (in hexane) > 850 (in hexane)
(n4/2=500)

a) The number of photochromic cycles at which the absorbances of the closed-ring isomers
decrease to 80% of the first cycle. nq is the number of cycles at which one-half of the
open-ring isomers decompose.
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Amax = 532 nm Amax = 526 nm Amax = 510 nm

Chart 1.2.2 Absorption maxima of closed form of diarylperfluorocycloalkene derivatives

122 7# brE—REcE%

BUTOB XX WREGEEHIENE. MO H21 & DVDRAM 7 BIcRZRENS, RISVEAIR
IR BIREAN—RIC Uiz, b— M E—FER TH S, §iE Tl L—Y =BT K DGR
{#% Curie IRELL HICHIEAL . RERIODEME D ¥ /T 37 & THETRERIC X 2B XA ARRECR D,
RES Kerr SHRIC K A ERMRY LD ERRA DB VeFiM i TR LT\ 2, BB TR L— e X 58
EOIEVEaY b a—V LT, TENVT 7 R AGRIERER 2L E €5 T L THEERAZITAN,
HORFEECEFAH UCHNTOS, Uh L, HeBNCEHR S BIEE b SRR SR
BROHFAEET BAVRNE, BAORE ERICRTENDN B &S B R TE RS T,

¢ CHEED T B ORE IR ST, BTSRRI T3, SHEC0
EAIHERFE NS LEZ DNTHD . BATORERA T « 72X S REBEMHEIARD 5N TN B,



EdDFHTE, 4. SEEEOR LSRN TIENEA, BHTAIOERER L TIEEHN I -
B TERVEEZI NS,

—A. TND LRI USSR MDD 4 &) (&, BHT 300 Gbits inch? DRHYUICAAS & LT
WBo UL L HICNTRERDBEZEMICHT T BN 5. B TOEMRESEDERC o 2 TERRED
Ex EOXMARARZE>TE X H, 400 Gbits inch? HFEFR TR M EEZ BN TV, XK
ANy RODLTH 10 £ nm TRAT 4 7HEEEREL T05 LW HIEE b, HERA=c TR
ICHEEIC RS E3%EY. AREHcBOOGEERRICE > TV 5,

INBBYTHARICED ST/ A& LT, 74 bE— REERCIIRA R B S 7,

7% b E—FEREE, JRERE LTRIFT 5 CnETDOe— ME— FEBREIZEARD. D
7% b EUTONEEFIRAT2HRTH B, T, bR TWBREE. JERERHE. HE
LZEMNE EORMERIENT T LATIRECR D, £t HRIGTDH DN IR —X— D5 THEST
5780, FERNCEES SR DTEETH D, b— M E— RORETHBEMEAE D, FHE
ANTIE 1 D F 2B NeCIRBI & 5 T EAVIREICE B, 75 EHA ORI R LT3,

Ptype D7+ by Z{bAMNE. FTNEDDOLELEMER 0 £ 1 LRETTET,
IR BIEERRNCICHT 5 T L TE D, ZOB. RO K 3 HHEHENRD SN TS X,

(1) TEMEAED L B ICBEETH B

@) BOERE UMMM BN S,

) A — R L—T RGN ER D,
@) FEEDEN,

(5) FVBTREEANE

6) T MU w o X OFFENE,

() S U,

T 10ERDDEHCE > T, (7) LANDHBEERIT 74 M a2 w Z{ESIIB SN TN BH,
IR 3I R TA LISRE T D B, FUBRED ERICHRO, FiAH LB ZAAERRICETITh T
NIFEDIRI TR, ROEERNEL. —HFORMEOIHIRINEHE T BIHETD, RIND
HIEOBHTH AN, JRINTZRHENZNDT, WIGHIOD BHERA VB L7+ M ruIviR



JNC & o TREROBIENEE TLUE 3. o TT 4 MRIXLICHE>TELT 2R, TN
VIR THAMHTD BROBBERTEIIOZET Ea0, BEQTRMETHS, chbk
Table 123 ICE L3,

Table 1.2.3 Non-destructive read out methods
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Chart 1.2.3 Photochromism of an achiral diarylethene
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Chart 1.2.4 Diastereoselective photochromism of (R)-BIF
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Chart 1.2.5 Diastereoselective photochromism of diarylethenes
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Chart 124 7R U 7)VEF RR)-BIF 1. MV VAEFR T 589 nm YT 5 Hie &R RIE U
&Th, EEDEMI -572°  FRELU CHZELICERIRETIE - 186° &b, RN
TLEAB D TFIEANC 400 ° LT BT &Mool P MRERFNE, 1=—ok A& oaTy
VEATDI12-TVT 22U LA 2 REEE Uz * (Chart 1.2.6) AR KD, LAY
WHAF 2R DL}V FAT—ICNETH T LN TE D, JEENEIUTe L) T4~ — BN EE T
TS| JEEMERESTLEE T+ PRI XLER U, FERAL FBREOLIDEEL, »
ANFYUH, 750 m ITBNTENZEN -470° & -2050° THolz, THUIVT AT UAERINT +
FUIALERERD, TFUFHERAT 4 b aI ALCHEENS, FREENE, TOAX
o7 7 NIBEHRR Ui,

rp-tolyl rp-tolyl

t-Bu an t-Bu <—— t-Bu “ t-Bu

Chart 1.2.6 Chiral photochromism of a metacyclophan-1-ene
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13 AFFADEN

AT, BEZE. BORURAMCENZ 74 Moy H{eEWTHE Y7 —LITY
DT AN EBEEAAEA U, ZHUCHR L T T OIS - Y ABIEZ SR
FHALIe YT AT VBT + S 7 uI ALEREEE ST LT, KR SRR e
DR RS 153 T L RENE Ui, BT, SREFIRET BN AN Rb> TREE
BIEREA L. TOERREORE I TR 5Tz

AGRUIE S ED DR EN TS, 2 E T, allylic 1,3-strain LFEINBIARFEA G L.
AR U HEBEER L, D7 VLT N DYCAEM B O R R A i L
PESHR, BRUROY T AT LABRN T + b0 XLERIR S B 5 BARTROBERC DN T
Tz, 738, ZEOFFUCHN T, T ILEVDERE EDIEFENTOWTIIAZERFE T
FHFR Bl & FRERBROEED FEFERE TSI AREOME T EEOTMEY Lz,
53 BT, TORRERIBDLEZFONU LV ERO, 74 M 7ay I9FADEATONTRA
Teo TNETREENTANVCURI TV )V T VDV T AT LA BRIEOE FORFERICOWT
Rl Uy SEIROER, HEE, BEEOTAEE,. N\ DS AREE IOV TERE tE
TaoT BAETIE, 5B V7 AT VABREDR 2 Bis L. §iEE TOREREREE 2 DD,
HEMBEZR O LN VB 7 U — VLT VRREL 8RR, FOYT AT LARERE, Bt
B EIT DOV TR LTS, FSETE, 51 EHhOFE4 BETOREERET L L bic, &&=
ICBT BIROMER. SHROFEC OV TERETA T
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21 #E
211 TV T VORE

TERCPES . RERED TV VLT Y OBEE(L% Chart 2.1.1 1SR % V7 U—ILIZT>D
FRERE (0 I3 FERZ ETHRD 13,5 b U T VEIODE L & E—750 s-trans #HEIC
5o T3 parallel B L, 2 7L scis BHEICR STV anti-parallel B & HH D, chHDRGIE
BT THEDMEHE L T %, 7 LT T O anti-parallel BN, STARTIEME D X I 5RAMEEE LTV
Do HRADELHAMNEED DED%E PEE (Pr0) . ERIDDOEDE M EE (M)-0) &1,
COHFRE DRATE LB, TNORBHFOMRICR>TVS, TNHIT V—VLT VORER A
ICESVR IR S 5 & IR LR OBEEE R LER(RICE 2 DA RBEDITAIEAN D, parallel
RIBFBRFUSZE T 750 UM L. anti-parallel I CIIYERINC & > TEFH HOMO A5 LUMO I
g ENTARIC onRETIRIRRKIGZIET U, Woodward-Hoffimann FICHiE TAFY b U T BHEAH
[FIEEICE LS B T LT, VI aNFI VT VHSERFFOMERE (CH) ICRIHET R LA TES,

Anti-parallel form Anti-parallel form

(M)-O Parallel form (P)-O

e Kl

R F

Closed form Closed form
(S,9)-C (RR)-C

Chart 2.1.1 Photochromism of a diarylethene
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CTTEERT LI, BRI THTCERT BBREEID DD 4 FAZRERDHN T ANE.
BRANEFEL 1 01 DEFER-TED., (P-ONBIERR)C. (M0 NEIXE.S)-C MEKT ST &
THB, 0T, FHHAN P BED M BENC L > THERINOHRIERIVEL 2 T LITE 2, &
TR R RIS 3 5 L EBRAD I E N THBRRGAE &, JeORBRAL 755,

DTV VT EERRDREIRIING. WIEEERKCIFENCEH D18B 0D, FHER 2
[ OBEHEFETOIAREIREVD, BEERRNIEEICV,

LUEDREN S, DFRINCFS VT 4 —DND 7 V—IVLT VOBRE. FOYEIRRINTS
TIREWITR > TUR, BEERAE LRAERR & O CHREER LIHERIE s, TEEE LR stk
Dt VRIS S B7e0icid. FEREO_BREDYERMEED > B, —ADSRANEEET 5
FERADYERICAE LR UTRS . LB EDIR LIRS RIS R S0,

123 TNz X ST, DFRICFI VT2 —BRD [T ATFUAERNT 4+ b3 XL i,
TS LIEBERICGA BT ENTEBH #EEMEFTORIGTH o720, TR SEL 538,
TBR COHFINEIE R FIRT 2L ODED o e izdd, —IRIEDH BFERD SN B,

212 Allylic 1,3-strain I & B 7AFCREHH

EITARFME R IR E R 250, allylic 1,3-strain 2’3, U, 7 UIVIOBEEY, ch
ETERSRIIEATENNEG D Z JIOBHE R, & ORHE  TIARFEDT L TH B (Chart 2.1.2)
CNETEREHDT TR TOEREAAFRRENTE D, MOLE TSR 2,

Me

Me HMe mMe Me

B C
Stable (> 99%) > +14 kJ/mol > +16 kJ/mol
Chart 2.1.2 Allylic 1,3-strain

(2)-4-Methyl-2-pentene Z2FNICETZ &, Chart2.121Tid. ZTNEDEZ 3 B=D00UE (A-C) L&
BT, BRITOWT abinitio FHERAVTEHE Nz, A DR EHEC U ERBODEMEELT
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HB. INEDEBFDIEZTCRIVY S U OTHREEA LI L T A ZEDSH A OFRENRLE
TEAHAET BT LD FOFEHIL 9% ETH o7z, Th& D, 7 UIID=DOBHED
55, —BNSVBHEEN_EESAICA EENRLEEILEDB T EhbNG, TOLE, B
B0 1 IDBEEL, 3 DEHEL OO AMEEEH WS BIRT, allylic 1.3-strain £ 5,

CTTC3MWNERERTHE4E5IE. mE/NEVEBEII —ER-SIICRE, REIREEDRED
TODEEEIR, TOMSIARECIEL T, ZEREARUT V) UAIREDIE S FHE DR L FHilc
HET BT LICAD | FFREOIANARER CRIDIMAH - EFHRELN—RIIREE NS T
LA B,

213  ERELEEROT B L UEFERTE

211 TNz R SIS, VTV IV T OB T, RO AECEIE HERAD 5 A
PR RS B FT T FERAD BEAUCEE allylic 1,3-strain 1o &> CHIEICEUE, SHERANRTT
ATUFERNT 4+ M 70 I XL ZRRER BT LA TEBR LEZDND,

Chart 2.1.1 DV TV —)VLTF VTl S=7A s 7y T V8D 1 fIORERT. T TICE
T BNV FFT 2 VD 3 NORERT T U TBEES 2 VF 47 = VIRD 2 (UDRERT
Z. THENChart2.12 DRy, Cl, BXU CLUTHEERB T LA TES, 0T, XVFE T x
VER 2 MIEAFSBHE ROV T U —IVLT > T allylic 1,3-strain D&, HE/NEWEHE R
W=T0A RS T uXUT I, BRABEE R, & Ruld. FOMSHI AR HE - oA B
TRTEWFEENS (Chart2.13)

Chart2.1.3 Allylic 1,3-strain working on a stereogenic carbon atom on a diarylethene
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—RIC, PRI OB LE ) OB SRR O AIREREC Ko T, DRAMBERELTVA,
COSRAMBEN PEEDMEENCE T, THERER LOBL AT VBEE R, L FEEOBEE
Ry DOTID—F, TE T BE_DONVFAT 2 VD 2 MORAFIVEE, Ko#EsEdac e
IC5%o TDEE, TORAFIVER, WARFEOAZ % R ZBITT, RylCBEET 2 LS 08 U8
ERESTIC L BEDEEZ BN,

&, RCETFEEOREVBRERPEATEC LT, Ry EE—ORVVFAT 2 BOAL A
F7 L OBTORERFECE > T KORELRAERECZEDLEHFCES (Chart2.14),

Uv
———
. e -h.
R, VIS
L
“/Least steric/electronic
repulsion
Major O-form Major C-form
R F
O-form
uv
h.
g VIS 3
SRi R /S Ri R
Largest steric/electronic L
repulsion
Minor O-form Minor C-form

Chart 2.1.4 Diastereoselective photochromism of a diarylethene regulated by

allylic 1,3-strain and steric / electronic repulsion
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214 HH

PLEDERN S, ReZIKREF. Ry ZAFIVE RLER MFVA MFVEL LIeFIVigD7 Y
—IVITURY10 ZER L. 7F FIRIXNCHED V7 AT UAERE. OLERE. CD AN
MVELZHRE, BEET 5T L 2BME Ui, %7z, AEOMEhIARIE L EROMEh A ED
BIFRAEE L T3 CBS RS VBTRER U, AR O AR E L 7 A7 LA
ERMEB LU EDRE DR ZIHLMNCT 2 2 EBEIE Uit

Chart 2.1.5 Diarylethene (R)-1
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22 FERBIUEER
221 CBS AHERS VEBTORIGHEE

AIIZAER Uiz, E. 1. Corey O CBS AR BTT (CBS 1B7T) DRIGHHRE® Scheme 2.2.1 1SR
T, THUE, BEE BIMEEMS 2WVNMNCERVERERE L, TILSRIVED VR VRN
ELTWAIEN b EMNc T RRTT 55D TH S, WVRVEITHES T 2 BEEORD
AR & DR BT LT —HDNERE AN EETER L 55, TOBTRIGIE,
7 BT T 00501 ¥EBOFF)VAF RO DU K o T, LW IEE TETL,
84 -98% ee DEVYEAMEDF VT IVIA— VR EZ Do RTcFTIVAFIRTY IR O
A LAY BF TV TV a— VO AR B OBRMNIE TH 5, LSRR TV 5,

H H
N“ BH3-THF N“
N Ph N Ph

‘5-0 # g0
B H8 P
Me Me

HZB%(H
R” Rs \ CU(PGP" o

HCI, MeOH > O
H\B" I/<

BV
H%(H Ph, Ph,
RL RS %0\ "/Me %O\ /Me
/ B / B

N~ N
Ph "\ N Rg Ph "\ % R
HB~ 01 HaBs O
Ry Ry

Scheme 2.2.1 Proposed mechanism for CB S-reduction of ketones

catalyzed by (S)-2-methyl-CBS-oxazaborolidine

Scheme 2.2.1 IZR L7z K S1C, (S)-2-methyl-CBS-oxazaborolidine il & U TEV RS, BAER
W & —EROBINEBRNT R DI I ARER RO T L HHES IS TN T\, Ry BB N\ 7Y
& EQBEFRTRRF > TOBRERE I, ffaid b BT s O AldE & 72 2RI U o A%,
FOEFETH > TE Ry & R OBREEDNARFRA NI ERACITADNS (Table2.2.1),
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Table 2.2.1 CBS reduction of ketones catalyzed by (S)-2-methyl-CBS-oxazaborolidine

J pn
Ph
N\B’O
j\ Md  .BHZTHF HQ H
R “Rs THF R “Rg
0 o) o)
g a2 .
CH
Ph” “CHy | Ph” “CoHs | £Bu” “CH, | Ph™” “CH,CI 8
HQ H HQ H HQ H
S S R : NN
-, -, - , CH
Ph" CHy | Ph™ CyHs | tBu” “CHy | PR “CH,CI :
R (96.5% ee) R (96.7% ee) R (97.3% e€) S (95.3% ee) R (84% ee) R (86% ee) R (91% ee)
222 Bk
(R)-10 DERGHEES Scheme 222 1C7R T,
1) n-BuLi
2 kF
i O
1) n-Buli
ACHl 7 Bra O / F F
TUHE T THF s THF
y. 100% y. 90% y. 71%
7 8 9
(S)-2-methyl-CBS-
Wh ~ oxazaborolidine
1) n-BuLi, Ph
TMEDA
\ 2) CHyCHO CrOg, HyS04 , BHa-THF N
T THE " acetone THF (- 23°C) S “OH
y. 1% y. 86% y. 100%
10 11 96.5% ee 12
1) NaH Br 1) n-BuLi
Brz, 2) 2) GICH;0CH A 2)9
THF “OH ~ THF S5 THF
\,/OCH3
y. 96% y. 91% y. 61%
13 14

Scheme 2.2.2 Synthetic procedure of (R)-10
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NUVFAT 2V EFERE LT 2-TEFIVAYFA T 22 11 B, (S)-2-methyl-CBS-oxaza-
borolidine Z#HEL %, E.J. Corey D CBS AERT VEBTAEAT 3 C L T, {L2AEE 100%, Y6
I 96.5% ee T\ R DM AECERFFOF SV T )V a—) 12 BER Uiz, 5 ¥k RN & o T,
BRIDY 7 U—IVLT V/(Ry10 % 9 BFETERR Uiz, iz, Jones B3k, 35K T CBS BTa&Ig LT,
FEIDITV—IVLT V10 % TBRECER LIz % 2B, TEID 10 ZAVWERIEED. R
FRTC & B(R)-10 Z AV T RERNIEE ORI Uiz, £72. CBS IERETTCOWVTIE, AR
Bt THOPH RA BF TRE0ER BNROEISHesEIciTho7 %,

223 FI)VTIVA—) 12 DLF VF A EHEER

CBS ANFETIC L > TIHELNF TV 70—V 12 D 131 x 10% mol dm™ n-NFY AR SRR L.
FZ1V715 I\ (Daicel Chiralpac OD-H) #%55 LTzEndfikik 7 0~ b 757 + — (HPLC) ICHEAT S
TET R & S DRIFVFA—ORINE— IR RHEHE : 265 nm) DHERERD (Fig
22100 ZEITINVI—IV 10 DEFEHZRIERY 77 LY AL UT (Fig 221@), TF2F4<—
MERPREREH UTHRER, 96.5% ee L7072,

@

28 -

48 -

4 202, 36, G52

68 - ":_“___‘__-—?-69.648

20 -

(b)

56,868
0 - Su. 4l

=

Fig. 2.2.1 HPLC chromatograms of (a) racemic alcohol 10 and (b) optically-enriched alcohol 12

Daicel Chiralpac OD-H, 3% 2-PrOH / n-hexane, 0.5 ml min™

Detection wavelength: 265 nm
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224 F2)VT)VA—)V 12 OHESEER K UHSHIAEIE

223 TRz, 12 D 131x 10* mol dm” - NFY UARZRNT, LB EEZRIE LTz, 820 nm i<
B BLHEEDMEIE. 31.7°CIZBOT, +49.6° THoTz

— NI, M ARIE L IS HEORS & ORIIZEIRIEDVEV,. FIZIE. R-)-AERIATENE
BRI FDAFIVERTIVEH D, I AECEDZ L UL RHH)-FE A F IV Tl ATEEER
To LALLM, HEMELDEOICEL T ZN S ORICHEDRFRA B D, FEIRET IVFIL
Eh 52 B+ U7 NV a— UL TIE, RITE®), SITERODFHEL TS * (Table 2.2.2)o

Table 2.2.2 Specific optical rotation values and absolute configurations of chiral alcohols®”

O HQ H H, OH Pé
HQ H | HQ H ~, ;
Ph/k PhA/ O @ _
Br H OH
(02’ /deg | +42 +48 +78 -47.8 -72.4
RIS R R R S (S,9)

> T, (S)-2-methyl-CBS-oxazaborolidine Zfiflit & 3% CBS FEETORICEEE BXUTBLED
FFENDHEMIL T, FIVT7IVa—IV 12 OHNIAEEE R ThH3 L HEL

225 AT v

I—FV/ n-NFY VD S DEFERIC K D1ET=(R)-10 DFESEZ VT, 1.08 x 10* mol dm® n-~NF4F
VAR R L SN AT AR S ™ IVERIRE Uiz, T OYATRIC 313 nm DSENVE R 0238 mW
cm?) ZREE U B TRORGICRINAR Y MIVERIE LTz T3, B9\ ERETHC - TRIGHRIC
RUHERA, 55 B R LT & CATEEEIREE (Photostationary State, PSS) 1CEE LTz, T ODRJFERROT,
L, BEUFERER-1C DERICEEEDTHD, TDEEDENTTERINARY M IVELR
Fig. 222107, M. YEFRIBTE UTDATKIC 519 nm ORI OBHEE: 0.551 mW em?) #EE5T
Lick T A, AREROBINANED U, 40 55BB LT & T 2 CHIIRORIN ISl igs Uiz, Seiast
LEID®R)-10 DZENLIZETERICFM—2750 . S ARSI K O TR 7 + b1 I XL
BARUTE, TOEZDOFNAHBINARY MIVEL% Fig. 223 1 TR,
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2.0

Absorbance

300 400 500 600

Wavelength / nm
Fig. 2.2.2 The change in absorption spectra from (R)-10 to PSS
Concentration / mol dm™: 1.08 x 10* in -hexane
Light intensity /mW cm™ 0.238 (313 nm)

Irradiation time / min: 0, 0.5, 1, 1.5,2,3, 4, 5, 7,10, 15,25, 55
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Absorbance

2.0

1.5 &

1.0 -

05 -

0.0

Wavelength / nm

Fig. 2.2.3 The change in absorption spectra from PSS to (R)-10
Concentration / mol dm™: 1.08 x 10 in #-hexane
Light intensity / mW cm™ 0.551 (519 nm)

Irradiation time /min: 0, 1,2, 3, 4, 6, 8, 10,13, 17, 40
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226 ZHEE

225 TIT7&o7e, R)10 D 1.08 x 107 mol dm™® n-NF-H SABEAD 313 nm YR, (LEE DRSS
CEIHRRD—Ee, PV ATIVAS eSS U HPLC ICEA Uz, 313 nm CLAREEEA, A
EBITINERF> TS, 486 nm TIEFFBADBDRINER > T3, % TH—IRERIc I
BTDDIUR NS LIRS 5T LT, BBR BXUTODVT AT LA~ —EHRROFHE
RZRETE %, EIVERGRILYCERIRBEICII S HPLC 27 0% 55 L% Fig. 224 1R,

@

- [ —7 , THE

Fig. 2.2.4 HPCL chromatograms of (R)-1
Wakosil SSIL, 2% AcOEt / n-hexane, 1.0 ml min™
(a) O-form (Detection wavelength: 313 nn)
(b) PSS (Detection wavelength: 313 nm)
() PSS (Detection wavelength: 486 nm)
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Fig. 224(b)& Fig. 224(c) 2T 3 T 2T (R Cyjor (B K ERLT AHHRE) (FREHHRFE: 15 59
RF10 (18 7). (R)-1Cugmor (P75 SRS ZRARIE) (25 52) DIEICHHIT S T &hvbh-Tz,

BHERC BT 5 T BDHPLC 717 75 LB, BB L BRBRA DR IR OREHEEZ R
EY BT L TEHEEREN Uz, FRALFRREORIBIEE. BIVRHRE. BXUERRE
ICBIT BZEHER Table 2.2.3 IT/R T

Table 2.2.3 Absorption spectral data of (R)-1, A and B in 7-hexane®'”

A/ D0 (€ e/ 001 dma® em™) ratio at PSS
O-form C-form O/ Cagior ! Chiner
(R-1 300 (8020) 515 (10640) 21.4/708/7.8
A 300 (6100)” 517 (9100) 55/ 45
B 299 (7200) 535 (20800) 40/ 60V

a) Calculated from reported data. Ref. 8). b) Calculated from reported data. Ref. 10).

Chart 2.2.1 Photochromisms of diarylethenes A and B

BLEANRBROY TV —IVIT YV A (Chat22.1) EOHETE, RINARY FVORRITIES
FECEDTHoTz, A LT, R)-1 TREEERE FBRAL BICh TNCEIVESHRED ER Uiz,
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UL, BHRICBOTIERELENRDEN. A TR 45% TH - T2EHE L, (R)-1 Tld 79%IC E
TER U, T3, FREDEEBEORENEZ bh 3,

—RI, I3=TNABY T ARV TF A U TR VFFT 220 2 fTTERE L TOB XA TDY
7 —)VLT VRO 'HNMR A7 MVARE T, BYERIOBEEI 77— DY — 2 2 LT
BTN IDISHL T, NVFAT D3 ICHERLTOS XA TDEDTIE. BYLFERER
parallel BEOEHEE L B UATAE/R anti-parallel BIOBEHEII R B2 7 McBI W3, hit. 3
(HE XA 7OV T7 V) —)VLT > T3 anti-parallel & parallel OEIEERSHDBEREN NMR HED XA I
AT—IVEDEBNT LITHNA. anti-parallel BUDBEELAMMISDFEFI S OWHZIERIC X > Trahs
YT NSRBI THAHT LD TH BT L bH> TS, DTV —IVIFV A Tl 2 fIDRAF
VBRI BES T T 8249 (parallel) 28221 (anti-parallel) iEAL, ZDRESHIL 35: 65 THB T
EARREENTVS Y,

BRI Y TOEVER DY T ) — LT B (Chart 22.1) O 'HNMR 2% L]
EICBNTS, AV TR VED DD AF VISR B{02 7 McEilshi, 2hbit, 5122,
135 (parallel) £30.25, 1.19 (anti-paralle]) THD, ZOEIIL 6:94 THoIzT Eh D, A LHESL
T, parallel 22 anti-parallel OBDFHAEEIF-> TS T EHRESMCENTNS 19,

ABFETIRONC, BULEFANTER R FFS A M TR OR)10 [T T FREC.
ZTLy FOAFIVES, §1.00, 153 (parallel) £§023. 145 (anti-parallel) 1, 20 : 80 DELRTEH
SNcieth, BEBRADECEES anti-parallel BUC{R > T3 2 L ASREN T,

CNE0 HNMR BB ETEY R0 7 4 VLI TRbTO S 725, EEOMRISOEE L 1
FEBRACH B, Kz, BRI TV HRIRBTINR L IGEL T2 70, FRROZEHERIT
HNMR HITEDRER & —BL TV, Ui UhY S, BB 2 HarT B R OB RS anti-parallel
BICRSNTEY, ZORKT NMR HIEOREEIE, 2 OB R S SRn—o 22 5
N%. £oT, ®-10 DEHEOM H, BILFIRT anti-parallel BIOBIEEDEERAMEN Uz ¢ & 5V
HO—DEEZ BN 3,

227 BEHNER
22.6 TOZHEDOAEICIBOT, Table 223 DEIVBOEREIDME & FR DRSS I BIRIT X
- T MU B BN B BRI L BEEEADREE TRHERIC BT 22N FhOT URHEE, BX
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UHRSDEEEDERFANT, BRNRZEH U, BEEIE—RO L LTkt HRIGETFINERD
{E7% Table 2.2.4 1ZR T

Table 2.2.4 Quantum yields of (R)-1, A, and B in »-hexane® 10)

313 nm irradiation 519 nm irradiation
doc dco dco

®)-1 028 0.12 0.063

A 035 E 035

B 0.52 2 034"

a) Not measured. b) Irradiation wavelength: 517 nm.

YEHEBFANRICBNTE -1 DfE A, HEVIEBDOENED EbIMCED Lice LA L,
A ERRFOFIRBAIRIC BT, BIRENRZZ500, NELIHGED N, TR
Bt FIRHRENC B 2B E RS 7 anF Y VT U EROMREC K-> 5 IERBT Eha Tz, ]
(LRI D DT CEENMIBICH D, HBBECES L TV O BEEOIEI 2 U ERT R0
EEZTO B DALFVANFVIFIVENI L F5—LkDT LT, FtSRREN & HER
RISLNDFIE 2R S 5 T3V F—BEIORMREEIBE TERVD, DFERAEIZEELL
TWERWCEBED ST, U ERD LTEEHIC DWW TIETFR R TR S N 7R 5 TUWERL Y,

228 VTRATLAERN

2.2.6 TOEERDFTEIC BT, AHERORITIC ST 2 =DDV T A5 LA~ —FAD T
FEREMNE VN EGE L, FIBREO Y — VRS (RRHKER: 486 nm) DL SEFBRAD T X7 LA
TR EN Uiz, YEEEREECHI 2®R)y1C DV T AT LA —ERIERIZ 80.1% & EL MEE R
Ulzo TOENWY T AT VAR, 212 BT 213 TRz 31, allylic 1,3-strain IZ k- TF
T IVIEBHEOIARENEE X4, F O TA FFI A MFUVEEHHED X F VRO AR FE,
BIUA VA MR ENEOA A VR FHEOHERFEVSIRNIE N - Lic kDL
ZbNB, UL, BEDRZZRN1. HEVE1DERTIE, V7 A7 LA BRI (LR
BTz (Table 2.2.5)
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Table 2.2.5 Diastereomer excess values of 1 in #-hexane at various concentrations

concentration / mol dm™ de /%
R+ 1.08x10° 98.0
racemic 1% 140x10* 86.7
®+1 1.08x 10 80.1
optically-resolved 19 925x10° 89.6

TEAMREL U7 2T LA —BRERBHRAR 23, T AT LA~ — BRI A Uf#
ICEDETTHB, YEENFIUTZ 1 DYETR (925 % 10° mol dm™>, nNFH U180 ZIROT. EEHS
{&BIZREVT AT LAY —EBRIENEINT ZEaNR LN, T0/D, REICE > TR
ETBRIRERLER SN, BREF AR CRVBREER L2 LA, ZOREEMIE N
Bbhd, SRIRT%5 BOBEDREIFERD—OHE LAVEN D9, YR OE 510k
—ICRDOT LIZRIECH o 7efedd, FOTBEHC DV THIAII TEAL. CTNEDF—Eh5lE, ¥
7 AT LA BRI OZBON S AV R o T, BT SOWEER BB R R T
B BOVTATUAERNT + N0 ALERET 3G FERTH B T L b T,

229 HetE

(R)-1 DHRITICRED HAREE W ARIE LTz, (R)-10 D 1.08 x 10° mol dm n-~3F-4- /i Sl
L. ETRHRAEDLIBEZNE Lz, JOT, 313 nm YRHIC & > OREERIEL U-tg. BOH:
BOERIE Ule, MERERIE, YERISAFRR LA 820nm & Uiz, Z KSR Table 2.2.6 159,

Table 2.2.6 Specific optical rotation values of (R)-1 and optically-resolved 1 in #-hexane

[0k / deg?
O-form PSS
R)-1° +137 (+742) +48 (+261)
optically-resolved 19 +144 (+781) +50 (+271)

&) In the parentheses: molar optical rotation values [@]g.
b)27.8 - 28 4 °C. Concentration: 5.88 x 10 g I, Cell length: 10 cm.
€)28.7 - 31.8 °C. Concentration: 5.02 x 102 g I’ Cell length: 10 cm.
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e AAFRTERA LRI D 10 ZHEREIL B N0 ) VFA 106 (100%
ee) ZRVT, ERDEEZRITA 2Tz, TTT JEERFIC K > TRLNE 10 &1 FEID 10
%#3Z)V71Z In (Daicel Chiralpac OD-H) 355 U7z HPLC IQYFA UTEBRIC, Feicimti LT < B30
T THB, HFEDRIENSEET L, 106 ER)-10 FFRCYEERME, I70bb, R Ok
EEzERDOC L hbhrotz,

Table 2.2.6 £ D, BRI LCERRRDB TOLIELEZ L. 100% ee D1 TIE94° | 96.5% ee
DR)-1 Tld 89 ° ThHolz, MEDHIDLERZDENE, JEEMEDRENNCHEES 5. ZYEHERT
HBEEZ B,

2210 CD ARZ ML

VT AT VAR HERER S 2R T ®)-1 OXEIREZARS 2, MZ&% (Circular
Dichroism, CD) AXY MVERIE LTz, THUE, EFHREEAFREDT/ U EREDZEA: (=€ - &)
ZFRETEELIEARY MV TH B RF10 IEXFIHRERTIIBIRAE N TesbAe DB 0 TH B, SRIVL
ZIRR U OCERIRIBIC S 2 &, AIRENCRIZFF D DDV T AT LA —RERIER)1 Cyjor &
R 1w WERT B0 TNBIEFINTH B0, EAEOMHREDRINCENE U S: (R)-1Cwr
HERICTFES 3728, HEFEIRETO CD AT MU, FERIAD R E R ORHRERIC I T A
0 TIIRERR DX 1B LEZBND, Aeh 0 TIXRWEERF ORGSR 1 D RIREWV,
Ae>0 DEZZEDTY bR, Ae<0 DEEZEDIY b URREVD,

(R)-10 D 1.04 x 10* mol dm™ n-NFH AERZRV. £ IHIERED CD AR MVERIE U K
WT, 313 nm YHRENC & o TEEFIRRE LTiR. B U CD AT MV2RIE LTz, TORD CD A
T MVE(LE Fig. 225 \ORT, FERETIIAMRERCIZO Y FaIRIZRS WD, YEEEIREIC
BOTAERICHOTEREDT Y b URIRER Uz
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Fig. 2.2.5 CD spectra of (R)-10 and PSS

Concentration / mol dm™: 1.04 x 10* in »-hexane
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2211 X BRAEEAEGHET

SE30D10 %F5VH5 Iy (Daicel Chiralpac OD-H) THEEN BRI T o Ta8s, BT 250
THoT, 229 THIBDHERRAE LTz 106 DTF 2 FAT—TH 5 1040 BRIV THIERZFHL
Tzo X BRAEEHESHRIT BE DN 104, D ORTEP 7% Fig. 226 1R T, YEAFIEH LEMID X #RFS
FAEIRT &, ERTEEERVEE. (BN RIEL TEIENZ T eAB 5 EENTVEHM,
10um DOTHNCIEA X VETHSH B 128, FOEFHNRC &> T, FEREOHIIATED §
ThH5 T EhWHERTE e, CORRIL, T FAY—TH5 10 DIAEED R TH ST LY
DTHINETHEDTH 5,

Fig.22.6 WH¥FA LT L ZLITITRT

) AFVEFORAMRRICEK D, TEREDMEHIARED S THE T LHIHERTET

2) 10 [3BFERE A TIE anti-parallel BUDBIEER & 5T,

3) AEREELTI, allylic 1,3-strain HYEINTID., KEEF H) HNVFA T VERD2 1L
3 IDMDEREE (C2-C3) &AM E o7z, BROIARFEDDENEEE (S DILANE TS P
BX) LTV,

4 ENVEIE_DONVVFFT 2 VRIE, FERELEDAFIVE (C23) EXPFAPFUE
(C26-02-C25-01) D36, EERWEDETH 2 AFIVE LIS AR &> T3,
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Table 2.2.7 X-ray crystallographic data of (S)-10 (104y)

Crystal Data

Empirical Formula CagtlaoF60aS,

Formula Weight 542.55

Crystal Color, Habit red, prismatic

Crystal Dimensions 0.68 X 0.35X 035 mm

Crystal System orthorhombic

Lattice Type Primitive

Space Group P2,2:2, (#19)

Zvalue 4

Lattice Parameters a=16.7793) A
b=17.3044 A
c=8443(H A
V=2451(1) A’

Deae 1.470 g/em®

Fuo 1112.00

H(MoK ) 2.85 cm™

Intensity Measurements

Diffractometer Rigaku AFC-7R

Radiation MoKa. (A= 0.71069 A)
graphite monochromated

Temperature 23.0°C

Scan Type 0-20

26 60.0°

No. of Reflections 4018 (total)
3991 (unique)
2300 (I>2.00 ()

Corrections Lorentz-polarization
Absorption
Tmin=0.9421
Tmax =0.9990

Refinement

Residuals: R; Rw (all data) 0.076;0.136

Residuals: R1 (I>2.00 (1) 0.044

GOF Indicator 1.28

No. Variables 326

Reflection/Parameter Ratio 12.24

Max. Shift/Error in Final 0.000

Cycle

Max. peak in Final Diff Map 029 /4>

Min. peak in Final Diff. Map ~ -0.24 /A°

Absolute structure:

Flack parameter 0.1Q)
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Fig. 2.2.6 ORTEP drawing of (S)-10 (104w,) (30% probability)
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23

1)

)

3)

4

5)

e
2-FHFNARUVFFT 1.2 11 5, (S)-2-methyl-CBS-oxazaborolidine Zfififit & "% E. J. Corey
D CBS FERT AT Lo T, (LN 100%. SEHME 96.5% ee T R OHEMIZANCE
EROFZ VT IVa— 2 BER Ut FEIDFSIV7 La— VO HFEORE LHENAL
HECBOERE, 12 /AT % T LIC K-> T rAldE 2R Uiz,
FEBTRREELUTEROY 7V —IVIT V(R0 BER Uiz, e, TEERTRTE0E
WIS TSR IOVTV—IVIT V10 BRI BB, T30 10 ZRAVCHEREEE
R, TEETC K BR)-10 RV EBIIEEORMWES Ui,
(R)-101Z 313 nm YR ERET % &, BBRADMER L OCEHIRIBGEL. T 519 nm Y&
BT % L TEORIRAIC R S, FRERYR T & b7 12 XL Uiz, WERIREEIC 31T HZEH
X 19% TH o7z,
HEHREEC BN TR)NL DVT X7 LA — BRI ZEH Uz, nNFY AT, 80.1-98.0%
de EBOVT AT UABRMARR Uz, CHUZ. allylic 1,3-strain 12 & o THZ ) ViEBHEDIL
FEEHNEEEN, FEOTRA MFUX MR RO AFIVEDTHRFE, BRUA M
A N FTEEREOA A7 R FOBFERFENNRANM N Lic kB8 DEEZ NS, U
MU, BERAODENE) T UE ERIRMEAZE D 2ERIZAS MNCE - TR,
820 nm IZ 31T BR)1 DEFEEEAHIIE Utz BERIATIE +137° (JEEFEIRIETIE +48° T
Hole. Fle. THEID 10 % HPLC THEEDEIL. 1084 & 104w 215770 106 (R, 100% ee) D
AR IRERATIE + 144 ° | YEEEIREETIE +50° L&D, JERIGCTHES THEBLED
AERCH 90 B LTz,
(R)¥1 D CD A MVAERIE Uz, YCEHIRETIE, FHESRICBWTEDa Y b URIRZR
LTz,
X BESHEERRITORER, allylic 1,3-strain AERANCEINTWA T &, Eie, IIERFESIT
EERFEPBT S XS R ORAERER L o TWAT LD oz, ol 10pg DLF 2 FF
X —TH 3 104w & S DL IARERTFO T L HWERS NI,
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24  Experimental details
241 General

Chemical reactions were carried out under a dry nitrogen atmosphere. Tetrahydrofuran (THF) was freshly
distilled from benzophenone ketyl immediately before use. All other solvents were used as received. All flash
column chromatography were carried out on 230-400 mesh silica gel using ethyl acetate and hexane as eluent.
Analytical thin-layer chromatography was performed on the pre-coated 0.25-mm thick silica gel TLC plates.

"HNMR Spectra were recorded in deuteriochloroform (CDCls) with a JEOL INM-EX270 (270 MHz) NMR
spectrometer. J values are expressed in Hz and quoted chemical shifts are in ppm. Splitting patterns are indicated
as s, singlet; d, doublet; t, triplet; q, quartet, m, multiplet. Infrared (IR) spectrawere recorded on a Perkin-Elmer
1650 or a Horiba FT-730 FT-IR spectrometer. Low- and high-resolution mass spectra were measured by the
electron impact mass spectrometry using a JEOL JMS-AX-500 Mass spectrometer. Ultraviolet and visible spectra
were recorded on a JASCO V-550 UV/Vis spectrophotometer. Optical rotation measurements were carried out
using a JASCO DIP-1000 polarimeter. Circular dichroism measurements were carried out using a JASCO J-725
spectropolarimeter. Melting points were measured using a Yazawa BY-2 hot stage microscope, and those were
uncorrected.

Photochemical reactions with 313 nm light which was separated by filters (a 5 cm water filter, a Toshiba
UV-D35 glass filter, a 5 cm aqueous NiSO, 6H,0 solution, a 1 cm aqueous KyCrO; solution, and a 1 cm aqueous
potassium biphthalate solution) from a 500 W high-pressure mercury lamp were carried out in a 10 mm path
length quartz cell, and those with 519 nm light which was separated by filters (a 5 cm water filter, a Pyrex glass
filter, a Toshiba IRA-25 glass filter, a Toshiba Y-47 glass filter, and a Toshiba KI1-50 interference glass filter) from
a 500 W xenon lamp were carried out in a 10 mm path length quartz cell. During the photoreaction, solutions in
the cell were stirred continuously.

High-performance liquid chromatography (Shimadzu LC-6AD pump unit) equipped with a UV/Vis detector
(Shimadzu SPD-10A UV/Vis photodetector) and a chiral column (Daicel Chiralpac OD-H, 4.6 mm diameter x
250 mm) was used to determine the epnantiomer excess of a chiral alcohol (12), obtained by the asymmetric
reduction of 2-acetylbenzo[bjthiophene, and that equipped with a silica gel column (Wakosil 5SIL, 4.6 mm

diameter x 150 mm) was used to determine the component concentration during photoreactions.
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242  Synthesis
Synthesis of (R)-1-[2-(1-Methoxymethoxyethyl)-3-benzo[b] thienyl]-2-(2-methyl-3-benzo[b] thienyl)hexa-

fluorocyclopentene ((R)-10) was carried out according to the following procedures.

2-Methylbenzo[b]thiophene (7). To a solution of benzo[b]thiophene (3.65 g, 24.6 mmol, 1.0 eq.) in THF (100
ml) was added »-butyllithium (17.0 ml, 1.60 mol dm* #-hexane solution, 26.7 mmol, 1.1 eq.) at - 23 °C under a
nitrogen atmosphere, and the mixture was stirred for 20 min at this temperature, then 30 min at °C, and again 30
min at - 23 °C. To the mixture was added iodomethane (1.70 ml, 27.3 mmol, 1.1 eq.), and the mixture was stirred
for 1 day with gradual warming up to room temperature. The reaction was quenched by adding water, and the
resultant mixture was extracted with ethyl acetate three times. The combined organic layer was dried over
anhydrous Na,SOy. After the drying agent was filtered off, the solvent was removed in vacuo. The residue was
purified by column chromatography on silica gel using AcOEt / hexane (1%) as eluent, to give 3.69 g (24.9 mmol)
of compound 7 as a white crystalline solid in 100% yield. 7: Mp 47 - 49 °C. "H NMR (270 MHz, CDCL, T™S) &
/ ppm 2.58 (s, 3H), 6.96 (s, 1H), 7.20 - 7.31 (m, 2H), 7.64 (d, VHz = 7.6, 1H), 7.74 (d, J/Hz = 7.6, 1H). IR (KBr)

viem™ 2942, 1433, 1198, 829, 725.

3-Bromo-2-methylbenzo[b]thiophene (8). To a solution of 7 (3.65 g, 24.6 mmol, 1.0 eq.) in THF (100 ml) was
added bromine (1.25 ml, 24.9 mmol, 1.0 eq.) at 0 °C under a nitrogen atmosphere, and the resultant mixture was
stirred for 1 day with gradual warming up to room temperature. The reaction mixture was washed with 10% ag.
NayS,0; and 10% aq. NaHCOs; successively, and the resultant mixture was extracted with ethy] acetate three times.
The combined organic layer was washed with sat. aq. NaCl, and dried over anhydrous Na,SO;. After the drying
agent was filtered off; the solvent was removed in vacuo. The residue was purified by column chromatography on
silica gel using AcOEt/ hexane (2%) as eluent, to give 4.18 g (18.4 mmol) of compound 8 as a dark orange liquid
in 90% yield. 8: 'HNMR (270 MHz, CDCl;, TMS) 8/ ppm 2.56 (s, 3H), 7.28 - 7.46 (m, 2H), 7.70 - 7.74 (m, 2H).
IR (neat) v/em™ 3059, 2917, 1431, 920, 749, 726.
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1-(2-Methyl-3-benzo[b]thienyl)heptafluorocyclopentene (9). To a solution of 8 (1.22 g, 5.37 mmol, 1.0 eq.) in
THEF (60 ml) was added »-butyllithium (4.50 ml, 1.58 mol dm? r+-hexane solution, 7.11 mmol, 1.3 eq.) at - 78 °C
under a nitrogen atmosphere, and the mixture was stirred for 2 h at this temperature. To the mixture was added
octafluorocyclopentene (5.00 ml, 37.3 mmol, 6.9 eq.) at one portion, and the mixture was stirred for further 30
min. The reaction was quenched by adding water, and the resultant mixture was extracted with ethyl acetate two
times. The combined organic layer was washed with sat. aq. NaCl, and dried over anhydrous Na;SO,. After the
drying agent was filtered off, the solvent was removed in vacuo. The residue was purified by column
chromatography on silica gel using hexane as eluent, to give 1.29 g (3.80 mmol) of compound 9 as a pale yellow
solid in 71% yield. 9: '"H NMR (270 MHz, CDCls, TMS) &/ ppm 2.52 (s, 3H), 7.33 - 7.43 (m, 2H), 749 (d, J/Hz
= 7.6, 1H), 7.80 (d, J/Hz = 7.3, 1H). LRMS (EI, 70 €V) m/z (rel intensity), 340 (M", 100), 339 (33). IR (KBr)

viem™ 3069, 2930, 1703, 1435, 1278, 1118, 974.

2-(1-Hydroxyethyl)benzo[b]thiophene (10). To a solution of benzo[b]thiophene (3.27 g, 24.3 mmol, 1.0 eq.) in
THF (50 ml) was added »-butyllithium (19.0 ml, 1.58 mol dm* »-hexane solution, 30.0 mmol, 1.2 eq.) and N, N,
N, N', tetramethylethylenediamine (4.40 ml, 29.2 mmol, 1.2 eq.) at - 23 °C under a nitrogen atmosphere, and the
mixture was stirred for 30 min. To the mixture was added acetaldehyde (3.00 ml, 53.4 mmol, 2.2 eq.), and the
mixture was stirred for 1 h at this temperature. The reaction was quenched by adding water, and the resultant
mixture was extracted with ethyl acetate three times. The combined organic layer was dried over anhydrous
N2,S0;. After the drying agent was filtered off; the solvent was removed in vacuo. The residue was purified by
column chromatography on silica gel using AcOEt / hexane (5%) as eluent, to give 3.08 g (17.3 mmol) of
compound 10 as a pale yellow solid in 71% yield. 10: Mp 61 - 63 °C. "HNMR (270 MHz, CDCls, TMS) 8/ ppm
1.66 (d, JJHz = 6.6, 3H), 2.04 - 2.09 (m, 1H), 5.23 (q, YHz = 5.6, 1H), 7.20 (s, 1H), 7.27 - 7.38 (m, 2H), 7.72 (d,

J/Hz=6.6, 1H), 7.82 (d, J/Hz = 6.9, 1H). IR (KBr) v/em™ 3256, 2925, 1455, 746, 726.

2-Acetylbenzo[b]thiophene (11). To a solution of 10 (2.02 g, 11.3 mmol, 1.0 eq.) in acetone (50 ml) was added
chromium (VI) oxide (1.05 g, 10.5 mmol, 1.4 eq.), water (30 ml), and sulfuric acid (1.00 ml, 18.0 mmol, 1.6 eq.)
successively at room temperature, and the mixture was stirred for 1 days. The reaction was quenched by adding

2-propanol and 10% aq. Na,CO; successively, and the resultant mixture was extracted with ethyl acetate three
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times. The combined organic layer was washed with sat. aq. NaCl, and dried over anhydrous Na;SOy. After the
drying agent was filtered off, the solvent was removed in vacuo. The residue was purified by column
chromatography on silica gel using AcOEt / hexane (14%) as eluent, to give 1.72 g (9.75 mmol) of compound 11
as a pink solid in 86% yield. 11: '"HNMR (270 MHz, CDCL, TMS) 3/ ppm 2.68 (s, 3H), 7.45 (quint, J/Hz = 7.8,
2H), 7.89 (t, I/Hz= 6.9, 2H), 7.95 (s, 1H). IR (KBr) v/em™ 3058, 1658, 1510, 1271, 1020, 758, 718.

(R)-2-(1-Hydroxyethyl)benzo[b]thiophene (12). To a solution of borane-THF complex (4.70 ml, 1.04 mol dm™
THF solution, 4.89 mmol, 1.0 eq.) was added (S)-2-methyl-CBS-oxazaborolidine (1.00 ml, 1 mol dm™ toluene
solution, 1.00 mmol, 0.21eq.) at - 23 °C under a nitrogen atmosphere, and the mixture was stirred for 1.5 h at this
temperature. To the mixture was added a solution of 11 (0.839 g, 4.76 mmol, 1.0 eq.) in THF (150 ml) over the
period of 3.7 h at this temperature, and the resultant mixture was stirred for further 40min. The reaction was
quenched by adding acetone, water and 5 mol dm? hydrochloric acid successively, and the resultant mixture was
extracted with ethyl acetate three times. The combined organic layer was washed with sat. aq. NaCl, and dried
over anhydrous Na,SO;. After the drying agent was filtered off, the solvent was removed i vacuo. The residue
was purified by column chromatography on silica gel using AcOEt / hexane (20%) as eluent, to give compound
12 as a pale yellow crystalline solid in quantitative chemical yield and 96.5% optical purity. 12: 'H NMR 270
MHz, CDCL, TMS) 8/ ppm 1.66 (d, J/Hz = 6.3, 3H), 2.05 - 2.12 (m, 1H), 5.22 (quint, J/Hz = 4.1, 1H), 7.20 (s,
1H), 7.27 - 738 (m, 2H), 7.72 (d, JHz =83, 1H), 7.82 (d, J/Hz = 8.3, 1H). LRMS (EL 70 eV) m/z (rel intensity),
178 (M, 100), 163 (78), 161 (51). IR (KBr) V/em™ 3382, 2969, 1537, 1436, 749. [of %=, =+ 49,6 °.

(R)-3-Bromo-2-(1-hydroxyethyl)benzo[b]thiophene (13). To a solution of 12 (0418 g, 2.35 mmol, 1.0 eq.) in
THF (60 ml) was added methyloxirane (0.20 ml, 2.86 mmol, 1.2 eq.) at 0 °C under a nitrogen atmosphere, and the
mixture was stirred for 1 h. To the mixture was added bromine (0.17 ml, 3.39 mmol, 1.5 eq.), and the resultant
mixture was stirred for further 50 min. The reaction mixture was washed with 10% aq. Na,$;,05 and 10% aq.
NaHCO; successively, and the resultant mixture was extracted ‘with ethyl acetate three times. The combined
organic layer was washed with sat. aq. NaCL and dried over anhydrous Na,SO;. After the drying agent was
filtered off; the solvent was removed i vacuo. The residue was purified by column chromatography on silica gel

using AcOEt / hexane (12%) as eluent, to give 0.582 g (2.26 mmol) of compound 13 as a colorless oil in 96%

48



. U1
yield. 13: 'H NMR (270 MHz, CDCls, TMS) 8 / ppm 1.64 (d, J/Hz = 6.6, 3H), 2.29 (d, J/Hz = 3.3, 1H), 5.40 -

5.50 (m, 1H), 7.34 - 7.65 (m, 2H), 7.78 (d, JHz=7.3, 1H), 7.8 (d, J/Hz=".3, 1H). IR (neat) v/em™ 3346, 2974,
1456, 1432, 751, 726,

(R)-3-Bromo-2-(1-methoxymethoxyethyl)benzo[b]thiophene (14). To a suspension of sodium hydride (0.0982
g, 60% in oil, 2.46 mmol, 2.1 eq.) in THF (5 ml) was added a solution of 13 (0.299 g, 1.16 mmol, 1.0 eq.) at 0 °C
under a nitrogen atmosphere, and the mixture was stirred for 1 h. To the mixture was added chloromethyl methyl
ether (0.14 ml, 1.85 mmol, 1.6 eq.) slowly, and the mixture was stirred for 6 h with gradual warming up to room
temperature. The reaction was quenched by adding water, and the resultant mixture was extracted with ethyl
acetate three times. The combined organic layer was washed with sat. aq. NaCl, and dried over anhydrous Na;SO;.
After the drying agent was filtered off, the solvent was removed in vacuo. The residue was purified by column
chromatography on silica gel using AcOEt / hexane (5%) as eluent, to give 0.318 g (1.06 mmol) of compound 14
as a pale yellow oil in 91% yield. 14: 'HNMR (270 MHz, CDCls, TMS) 8/ ppm 1.60 (d, J/Hz = 6.6, 3H), 342 (s,
3H), 4.60 (d, J/Hz = 6.9, 1H), 4.72 (d, J/Hz = 6.9, 1H), 5.36 (g, J/Hz = 6.6, 1H), 7.34 - 7.48 (m, 2H), 7.78 (d, J/Hz

=4.6,1H),7.81 (d, J/Hz = 5.0, 1H). IR (neat) v/em™ 3060, 2977, 2929, 2887, 1435, 1097, 1028, 753.

(R)-1-]2-(1-Methoxymethoxyethyl)-3-benzo[b] thienyl]-2-(2-methyl-3-benzo [b] thienyl) hexafluorocyclo-

pentene ((R)-10). To a solution of 14 (0.198 g, 0.656 mmol, 1.0 eq.) in THF (4 ml) was added n-butyllithium
(0.70 ml, 1.58 mol dm? n-hexane solution, 1.11 mmol, 1.7 eq.) at - 78 °C under a nitrogen atmosphere, and the
mixture was stirred for 2 h at this temperature. To the mixture was added a solution of 9 (0.445 g, 1.31 mmol, 2.0
eq.) in THF (4 ml) slowly, and the mixture was stirred for further 1 h. The reaction was quenched by adding water,
and the resultant mixture was extracted with ethyl acetate three times. The combined organic layer was washed
with sat. ag. NaCl, and dried over anhydrous Na;SO,. After the drying agent was filtered off, the solvent was
removed in vacuo. The residue was purified by column chromatography on silica gel using AcOEt / hexane 3%
as eluent, to give 0.217 g (0.400 mmol) of compound (R)-10 as a white solid in 61% yield. (R)-10: Mp 140 -
142 °C. '"H NMR (270 MHz, CDCl;, TMS) & / ppm [0.22 (d, J/Hz = 6.6, 3H, anti-parallel conformer), 1.00 (d,
J/Hz = 6.6, 3H, parallel conformer), 1.45 (d, J/Hz= 6.3, 3H, a-p), 1.53 (d, J/Hz= 6.3, 3H, p): these are the doublet

methyl groups of conformational isomers], [2.06 (s, 3H, a-p), 2.11 (s, 3H, a-p), 2.64 (5, 3H, p), 2.90 (s, 3H, p):
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these are the singlet methyl groups of conformational isomers], 3.35 (s, 3H), 4.40 (d, J/Hz = 6.6, 1H), 4.46 (d, I/Hz
= 6.6, 1H), 4.73 (q, J/Hz = 64, 1H), 7.30 - 7.48 (m, 4H), 7.68 - 7.90 (m, 4H). LRMS (EL 70 eV) m/z (rel
intensity), 542 (M, 100), 510 (6). Found: m/z 542.0819. Calcd for CosHyFs0,S,: M, 542.0804. IR (KBr) v/em™

3056, 2984, 2956, 2885, 1434, 1258, 1156, 1027, 754, [0 3™y =+ 136.7 °.

243  Optical purity and specific optical rotation of chiral alcohol

The optical purity of 12 obtained by the asymmetric reduction of ketone 11 was measured. First, all the
obtained 12 (pale yellow solid) was dissolved in ethyl acetate to ensure the homogeneity of 12 for HPLC analysis.
A part of the solution was separated and the solvent was removed in vacuo. The obtained 2.34 mg of 12 was
dissolved in »-hexane (HIPLC grade, 100 ml) completely to prepare a 1.31 x 10" mol dm™ #-hexane solution. For
the reference of the analysis, 0.16 mg of racemic 10 was dissolved in 10 ml of #-hexane to prepare an 8.98 x 10°
mol dm™ n-hexane solution in a similar manner. The 10 ul of the solution of 12 was injected into an HPLC
(Shimadzu LC-6AD pump unif) equipped with a UV/Vis detector (Shimadzu SPD-10A UV/Vis photodetector)
and a chiral column (Daicel Chiralpac OD-H, 4.6 mm diameter x 250 mm) to determine the enantiomer excess of

the chiral alcohol. The measurement conditions were as follows.

Stationary phase: Daicel Chiralpac OD-H, 4.6 mm diameter x 250 mm
Detection wavelength: 265 nm
Moving phase: 3.0 v/v% 2-propanol / n-hexane

Flow rate: 0.5 ml min™

The ratio of the enantiomers was determined based on the area of chromatograms, and the ratio was corrected
by comparing with the chromatogmms of racemic one on the same conditions because the tailing behavior of each
enantiomer detected at different moving time should become different ones.

Specific optical rotation value of 12 was also measured on the same 1.31 x 10* mol dm? (0.00234 g dr*)
n-hexane solution in a 10cm path length cell at 820 nm on a JASCO DIP-1000 polarimeter. The ambient

temperature was 31.7 °C through the measurement.
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244  Photochromic reactions

A single crystalline solid of diarylethene (R)-10 was grown from ether / n-hexane solution by slow evaporation
at room temperature, and the photochromic reactions were performed on the solution of the crystal. A 24.9 mg of
(R)-10 was dissolved in n-hexane (Spectrochemical analytical grade, 50 ml) to prepare a 1.08 x 10® mol dm*
n-hexane solution for optical rotation measurements. A 5 ml of this solution was diluted with »-hexane to prepare
a1.08 x 10 mol dm™ »-hexane solution (50 ml) for photochromic reactions.

Photochromic reactions were carried out by irradiation with 313 nm light from an Hg lamp (0.238 mW cm?,
for conversion from O-form to PSS) and 519 nm light from a Xe lamp (0.551 mW cm?, for conversion from PSS
to O-form) those were separated by appropriate glass and / or water filters. These lights were iradiated to a 1.08 x
10* mol dm?® n-hexane solution in a 10 mm path length quartz cell, and the absorption spectra were recorded
several times on a JASCO V-550 UV/Vis spectrophotometer.

During photoreactions, a 10 ul of the solution of (R)-1 was injected into an HPLC (Shimadzu LC-6AD purnp
unit) équipped with a UV/Vis detector (Shimadzu SPD-10A UV/Vis photodetector) and a silica gel column
(Wakosil 5SIL, 4.6 mm diameter x 150 mm) at arbitrary irradiation time to determine the conversion ratio from O-

to C-form. The measurement conditions were as follows.

Stationary phase: Wakosil SSIL, 4.6 mm diameter x 150 mm
Detection wavelength: 313 nm (conversion), 486 nm (diastereomer excess)
Moving phase: 2.0 v/v% AcOEt/ n-hexane

Flow rate: 1.0 ml min™
The ratio of the photoisomers was determined based on the peak area of chromatograms detected at 313 nm
recorded at arbitrary time. The relationship between S; (peak area of chromatogram of component “ i ) and C;
(concentration of component ) follows the equation (2.4.1).

SoFo+ScFe=Cg+ Cc= C(constant) < 2 240)

In (2.4.1), the F; is a coefficient for each component i. The equation (2.4.1) can be converted to (242).
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Sc=(C(constant) / Fe) - (Fo/Fo) * So - . 2 (242)

From the equation (2.4.2), the average y axis constant (C(constant) / F¢) and slope [- (Fo / F¢)] are obtained
successively by plotting (Sg, S¢) coordinate data and draw the approximate line. As a result, C, and Cc can be
calculated as a fimction of Sp and S, respectively. The conversion ratio from O- to C-form is calculated fiom Co

and Cc at the photostationary state (PSS).

24.5  Quantum yields

The quantum yield ¢ is defined to be the ratio of the number of photochemically reacting molecules to the
number of photon absorbed by them, and the quantum yield from component A to B is describe as Oxp.

When a light is irradiated to a photochromic solution and the number of reacted molecules after absorbing light

is “n”, the change in the concentration of component 7 is described by the equations as shown below.

dCi/ dt= (- 5 kg Cit+ 5k C) * (1-10%) /A < - (243)
ki =¢,041, e (244)
A=%5Cd e (245)

Gj=L2,..,n,i#))
Ci : Concentration of component i
t . Irradiation time

A : Absorbance of the solution at the irradiation wavelength

o

: Molar absorption coefficient of component i at the irradiation wavelength

&

: Quantum yield converting from i to j at the wavelength
I : Irradiation intensity
d : Celllength

The quantum yields of both photochromic reactions were calculated. When 313 nm light is irradiated onto a
diarylethene photochrome, photocyclization (O—C) and cycloreversion (C—0) reaction proceed simultaneously.

As aresult, the change of concentration of each component is described by the equations as shown below,
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dCo! dt=(-kocCo+kcoCo) * (1-10%)/A ©t c246)
dCe/ dt=(-keo CetkocCo) * (1 -10%)/A C (247

These differential equations can not be solved mathematically, so Runge-Kutta method is applied to estimate

approximate values by using actual concentration of each component to minimize the error 4

A=%,53[Cy eate %) - Ci o ) v e 1248

via systematic changing of &y where C; e (f) is calculated concentration and C; oas (f) is actual concentration
calculated in chapter 2.4.4. From the combination of the most suitable &3, &, and I, ¢ can be estimated.
When 519 nm light is irradiated onto diarylethene photochrome, only cycloreversion (C—O) reaction proceeds. As

a result, the change of concentration of each component is described by the equations as shown below.
dCeldt=(-keoCo) * (1-10%)/A < 1 (249)
The equation (2.4.9) can be solved mathematically to give the equation (2.4.10).
log (10°0 - 1)=-kep * t+10g (10°7- 1) .+ ¢ (24.10)

The relationship between the log (10* - 1) value and the irradiation time ¢ obtained from photoreaction
experiment gives photoreaction rate coefficient ko, Where A(0) is absorbance before visible light irradiation. From

the combination of ko , &, and I , dco can be estimated.

2.4.6 Diastereoselectivity
The diastereoselectivity was estimated by comparing the peak areas of chromatograms of HPLC of two
diastereomeric C-form (Chggor a0d Chainge) detected at 486 nm simultaneously obtained at the measurement of

conversion ratio in chapter 2.4.4. The absorption coefficients of Chgor 20d Civinor (8(Chier) a0d &(Govinor)) are

assumed to be the same.
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24.7  Specific optical rotation

The specific optical rotation values of (R)-10 and PSS were measured on a 1.08 x 10° mol dm™ (0.0588 gd
n-hexane solution in a 10 cm path length cell at 820 nm on a JASCO DIP-1000 polarimeter. After measurement of
optical rotation of (R)-10, the solution was irradiated with 313 nm light passing through appropriate filters from a
high-pressure mercury lamp for five hours to reach PSS, and then optical rotation measurement of PSS was

carried out. The ambient temperature was 27.8 - 28.4 °C through the measurements.

2.4.8  Circular dichroism

A28.3 mg of (R}10 crystalline solid was dissolved in 7-hexane (Spectrochemical analytical grade, 50 ml) to
prepare a 1.04 x 10° mol dm® n-hexane solution, and a S ml of this solution was diluted with #-hexane to prepare
a 1.04 x 10™* mol dm® #-hexane solution (50 ml) for circular dichroism measurement. Circular dichroism (CD)
measurements of (R)-10 and PSS were carried out on a 1.04 x 10* mol dm™ n-hexane solution in a 10 mm path
length quartz cell on a JASCO J-725 spectropolarimeter. After the measurement of circular dichroism of R)-10,
the solution was irradiated with 313 nm light (0.312 mW cm™) passing through appropriate filters from a
high-pressure mercury lamp for 50 min to reach PSS, and the measurement of CD of the PSS solution was carried

out.
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31 #E
311 NULVORHK

S (s U OGS RIND 7 + b a2 v Z{EEMIDIAEE Z 1454, 7
* M0 N> TRELIBCEECIRIRT 5 Z LWL S, CNETICRESNTE
T+ b a3y 2 {EAYMOFREZ L. HIREDHEHEC LT, BBV EERE, SRy
5L DOHBh - Tz U KEHEZ(LR B 5T TORIDEEDREIRERAVET K D AR -
HRL. D DOZOIEEEENENB X S BRWENTH B, TOLEDOAREZEERBICIE, N,
P7U—L Vot BRATEIERMISE R EAHISN TS 2 REWEE 0% Chart 3.1.1

ERY,

i

(M)-(-)-[5]helicene (P)~(+)-[7]thiaheterohelicene
[0]436 = - 4950 ° [a]p=+2720°

I | 0.0
P/

7N
‘\\0 >

(P)-(+)-[6]thiaheterohelicene (R)-(-)-1,1'-Binaphthyl-2,2'-diyl
[0]436 =+ 3640 ° hydrogenphosphate
[o]p = - 605 °

Chart 3.1.1 Helical and axial chiral compounds

e E BRI AR BT TR, "\ LI, 8RS &S ICEERNEV DT
U MITRE LD TS 5, £TOREENLVEN 515 E0RAVEN T,
EREFER ST EOEANTOAU LY NS, TRETRLAANY LV OEEMEEN >, <
DI HENTOS % AL NGEOEEROS itk DAY L EFEEN, AN
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T TEn=4 U DD SRAMER L5 K 510755 THUINY L FAIRER DI AREED - 8DIC
FEHEEZ LR BB TH B, COLRADES AANEEDDEDEPEX (P) . EELOD
LDEMEE M) LW, EWVDPERIER TS S, 5 BROEEEERFSBATON 20
T, BCBONVEVEDSRB VAN £V XD BRSO RAICK D, TN 2
FRIHE I 2" EEARTORTAED 60° XD EREZHETHS Y,

EIHNCENV L VR S RARE ORI EIAR TH3 T LS NTWS 9, SBERE LY,
BRI CAFEANV RN ¥ E 0=5 D 5 TH Bon DEAKE { 5513 PHDEHENAZ < 7D,
T ORI o &, n=>5 DFFTIXZOMIHET 1670° . n=6 DEFTIE 3640° ITBER,

N 2V DEEARE L EEDRIC I —EDHRIN RS N3, Newman Bk, YHEN A EFS
BETHBRH)TAPA &, BFHEETHB[6]7/VANY L L OSSP BEERE TS Lick
U RTRoTe, X MHERMERITC XD, AflED (T75bb, BOHIBEERRT) ~
U2 MEBZDLEARERFRDOT L RBEMC LTS ? (Chart 3.12)0 CORHRIE. HHLDA
TENYEANATONTE DD B DTHS Y,

2 NO;

O.N .O NO,
SN
A O

0
(R)-(-)-TAPA (M)-[6]helicene

Chart 3.1.2 Optical resolution of (M)-[6]helicene by complex formation with R-(->TAPA

ITVNVETVHFCLDE S BN LV BREAEHRAL T LT, R &> Thx Lok
ERZ(CE D T LHWIFTES, ZHUTIR, 1) UV EBREDEIL THE, YEHURRIC T
NV X ARDBRERS 5. 2) \V LV DOERAREDRE ERIRISIC Ko TEILEE 2, 3)
RINC Ko TORAFEDREEE(CERZ, LV okAENEZ D, B EEH—L o>
VRNV VEHOEREL DRI BHT, ThEDHT, 1) DAERRLENTH2 LEL BN
Bo NV XD AERGE Scheme 3.1.1 TR,
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Scheme 3.1.1 Typical synthesis of a helicene applied with photocyclization

Scheme 3.1.1 {oREEBD . AL T4 VO cisltrans BIEHUCRNTRT BRUGE, 6iROBETFERIAR
STHD. B2 BKERISHEIE T + a3y AT 0L D TH S, BLIGT DERL
HCEE L. Chart3.13 [GR$ ARV 7Y —/ULT > HE10 & HE20 Z &I %

uv
ﬁ
4—-_—
vis
M-(-)-HE1C
[0)gas = - 4510 ° (in toluene)
uv
d
«.l—
vis
M-(-)-HE20 M-(-)-HE2C
[odp =- 89 ° [o]p = - 1374 ° (in ethyl acetate)

Chart 3.1.3 Helicenoid diarylethenes HE1 and HE2
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Chart 2.LIRUTeD 7 U—)VLT > L[k, HE10 ITEFREIRA FEBHA HEIC 3B RATRS
RO TOBH, PEE L MEZDLEDRSRBAETBT IR TH B, TR ZERERHL TV
RO, FERERFOHE20 £ 513k LTELN, ChEEEAEL. ZOMI S
R LIzE T2, IINT BN LV BIRERD HEL Tid. 633 nm 18U VT-4510° ThoTe, Eir.
FOVEBEERC L > TYT AT UAERIT 4 F 7 I XLERT, [TINTFRAY & 28550
HE2 DR T, JERIGIES T 589 nm ICHBUTHI 1300° DHEBEEERTRE C L b o Tz,

312 FTEROBMIBC X 2HERRONE

HE2 D& 578N EEIETNE TIEOE CTCAZ T B bR d o e b -
7o HE2 13, 55 2 TRV TV —IVLT > 1 LA UBHE S T3 Totb, FIREOTIARTE.
BLUHERRNRICE o THOVT AT LABREMNIGE N, LD UERD, ZOUT 251
TERIEIBATE 47% de ICHE > THD, TR U TERVER L Ho7r, Chud, KRETHE
BEERTATERD. Ko TV BENRED UMRIETE TN T EERE LTS,

VT AT VAT —EREE FOEEC, A bR MV IFIVED T OOBEET L. P O[T R
B DEESER LOA AV FETF L OFEROBENEZ 515, LA, BB X UHIE, RakyT
U—IVLT V2D0T, BREOBIAL VT AT LA —BRIEOBREHRE LT 5 ' (Table 3.1.1),

Table 3.1.1 Diastereomer excess values of various diarylethenes in toluene

a)
RL| ¢ ~« <\ 2\ Hsed | (
OCH, OCHj, OCHz| SCHj
de/% | 88 30 61 55 25 5 84 83

a) in n-hexane
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CHITE D, NUVFFT 1 2 ORGEEIREL L D50 AFIVEL OIHARFL b, EEE
A4 A EFORDSBRRN DT AT LAY BRERICAE SFEL TV T LD 2807

Chart3.14 1. (R)-10 & M-()-HE20 DSHAKUED 3 b, ARFEB S URERFNAE <& 5.
KORLEIR P BEZ DS ARRE R LT,

OCH3 Close

(R)'1 OMinor (M)'(')'HEZOMinor

Chart 3.1.4 Minor conformations of (R)-10 and M-(--HE20

HE2 ¥ 1 ZAUR FEVRA RFVIFAERG L TOA BN, S—7Aay a7 VB
H U TEBEDBEEN R > T\, Thbb, 1 T FIVEBREITNTEY 25D\
VEAT 1 VEIRFD 3 MR LTV, FORR. B0V FAT 2 VREOAZVEFE
ERTFAICAIBT BT 2IcD. A RFURA NP URICHET BT, RERBFRADMH T &I
K2, 1 DVTATFLABRENAE (RBEEIE. CORFBEMIZESICHEANRELE. &
DR M EE DS ARBICHERARE LRD. ZTHDIERURIEET 5TcHTH B,

o HE2 T, 5 VB B OEEE (4F TNTENEY) WED2 1T
S—T AT IRy T VB LTS, FORER, [MFT7NTaNY Ly kD, F5IVEE
BELTROS DA AT EREER HIChIBET 3 2 Licke D, fBC A b A MU EH DR
2, Z0i, HERENHA L. Chart 314 lITRULALE R DEAREE, SEAVREELZR
B TEOLEEDEIVNE L 2D, DT AT LAEREMET LIcbDEEZBND,

BeoT. 1) FIVEBHELNET 2F 47 x VB S—7Aud s a7 VR 3 (ITH
ETBT L. 2) TOFIIVEBERINVLUER HCH BT b, A VT AT LARERMEE EDOS
frLix%,
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313 HH

LUEDESEDS, Chart3.1.6 1RSI T7U—VIT2, 3, BRU4ZERL, 7+ BRI XL
IS D7 AT LAERE, TREEE. CD AT MVE(LRRE. MEET 5T L REME Ui,
IS, HE2 LRIV ERRERB NS, BifE LOBRRTFL, AhVED A4 VRETF
L DAERERIE 1 DTN ER—F3RLIL T B, chic kD, HRIBICHE> TRERY T AT L
ARRENFE NS, SYCARMBEEICHE T 2RV VFE T 2 VRAWS &, Rt
K DERT BRIV L ABE TR RD., STFRIOMER L 5, FEffd Chart 3.151C
AT HE3 ZBRL. 207+ MOy VEERTNAER, EWCHAE OSSR
ZHH T BATREM R NS LT D ZT TR TNV Y FZ T 2 N b TFA T VR EAT
BT lllle, &iel 121 TORDEUIMAKEDER (Table 1.22) S, F47 2D 4 il XAF )L
B8 ATHzeL Uiz

Chart 3.1.5 S-shaped diarylethene HE3
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Chart 3.1.6 Helicenoid diarylethenes 2, 3, and 4
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20 DERFEFER Scheme 3.2.1.1 3K U Scheme 3.2.1.2 1CRT,

1) n-Buli
ij\ Brz‘ ij\
TTHE
y. 61% y. 72%
15 16
TBDMSICI, OTBDPS 1) n-BuLi OTBDPS
_NaBH, EtaN DMAP B 2) DMF B
EtOH S THF H S
Y. 79% Y. 92% Y. 94% 0
17 18 19
1) n-BuLi
DMF NaBH,
“EtOH
y. 100% Y. 94%
20 21
TBDPSQ
1) n-BuLi 7S
PPhy @:»_\ _PPhy @ 219 —
CCI4 “toluene P*PhyCI TTHF W
Y. 92% y. 83% y. 95% S
22 23 24
/0
1) NaH, HsCO S
n-Bu4N* 2) CICH,0CHy
T THE T DMF
Y. 94% y. 83%

Scheme 3.2.1.1 Synthetic procedures of intermediate 26
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/\
Hyco” S o 9

HN - HN
S hv, I3, © O S
\ P toluene O
S S
26 % 27
1) n-Buli, 1) n-BuLi,
2)CoFg | THF 2) CeFg )LT HF

hv, I, %/; E

toluene

Scheme 3.2.1.2 Synthetic trials of 20 (1)

RVFFT 2, 235N AFIVFAT 2, BXU 3-7EFNFET 2 V2ERE UTHR
516 BEU 26 FTRER Tz 52652, Scheme 32,12 1TRT & 31, ARARER TN TORIGE
BRI 7-h, 20 DERIKIEES b - T,

3212 FIVEBEERROUNY L BARROIARCE

Scheme 32,12 {2 BUVT. ANV £ 27 HEDORIEHHET Lish o7l e LT, F7/VisEHE
LD RN E X DB, PM3 MR FIREEIEIC X D, 27 DFRIONVLV/RIEF
SIVEBSEICN LT, BWVCIEFET 213 P D1 aRFER S 2 51, 2713 Chat32.111C
Tk S HEEER Lo TOVA T RS E Nz, CORIETIE, RFTBMI BT, Bb/NEWVE
BT H BIAERETHREDOR LV &5107D, Heo TR DAFNVELAPFYAT
FUEIIFAT o VB NCEIRT B K SR HiF T RITiR B, 0T, 27 LT FIVY FI LD
BB A Y . 18— TA TS TR T Dy T VTR, AFVEEA bF
YR MY IF VT K B RISHAI OIS E DI I EFRAIREL E o Tz b DEEA BB

C OB LT, T EHE. AU HVEA ) I7 3 R 74 VA — DRI LT IV
[ERREDI T AEIE  HRAFFCET 3, FowEREhiz,
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(R)-configuration

Least steric repulsion

«---. C-2is sterically hindered by
S CH; and MOMO groups

(M)-helicity induced .-
by (R)-chirality - S 27

Chart 3.2.1.1 The most stable conformation of 27

Ty TV Y T RATIE D TR R T75 5 $8E8 (Chart 32.1, 26-28—29) WYEFLIxh o7 &
KCDWTI, FIDFHENENS, CORETER L 28 13U L Uiss LTy vl e, HEE L
DFRINEN DB, TOIedh, F5)\VIEBEEIC allylic 1,3-strain HYES T & A[EE LiEh, NERELE
DAGEFAL STV AT TRV F Uilie, AFIVEL R R R N Bk b
BliefziEy 5 LicieB, DED, 5I&H HBURISOBIGRIDAFLEL X MU R hEUE
ICEDNTUES TLITAD, #BREUTHEHUAERY 29 ZER Uish - TeLEZ N5,

ELEDESIN S, BROF IV RBEER B LTRONI LY L 2S—T A ms 7 axy 5y
LRIy TV T ER DAL L HW Ui, 22T, hE WEREY LT VeSO
Ve DEITV VLT VRER L. BREEEMIC X - T 20 AR 3 C LA,

3213 BEOEH ()
20 DERGFEE% Scheme 3.2.1.3 LU Scheme 3.2.1 4 1557,

H
O 1) n-BuLi, CHyP*PhaBI"
| N\ 2) t-Buli (2 eq.), DMF
s THE

y. 90%
1) n-BuLi 7 "S 1) n-BuLi
2) 30 (+30 hv, I2 o 2) 16
p* PhsCI T tquene
y. 100% y. 32% Y. 47%

23

(+ regioisomer 31"

Scheme 3.2.1.3 Synthetic procedures of intermediate 33
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1 ) 0804

2) NaHSO3 NalOy4
pyridine EtOH, H,0
y. 48% y. 72%
[Rh(dppb)COD]BF 4,
O .
PdCl, \ MelLi
' |IDMF, H,0
Cucl, 0, = THF @0'8” THF
F
1) NaH
2) CICH;0OCH3
o THF

Scheme 3.2.1.4 Synthetic trials of 20 (2)

AT IUTLFL K 16, BEU B DECVEEROUT U — LIy 3 RAR LU, 3l
XiHE Wacker IEIC KB4 LT 2 D7 EFIVE 33—34) U ISR X5 FrRL
—a Y (33-385) BEAID, ThBIRRIGUED 5Tz, V7 V—)VT7 VY AU RFEETI
HICBRSEILSE UATREE L. RIS AR FRICABAS TWA T &b, RIGAETL
Fehno TAIREEANE 2 BB, SATRELDEROFT, M EAAIVLCEEA LT 1 DV
Rrs Ut BOFRREDINRTHET LIz (3336), TT TV —/VOBLc K-> TT7 VT R
37 BERL. AFIVFILERGERST LT 35 DEERAT. UL, EXLIZEOE 35
T3, ALY 38 THB T LAV HNMR BLXURICK > TREENTL, Thud, AFIVT
= A VOHNVRZIVEEADMN. ERRT 27V aFy ROy $=7)bAuas 7 uay 7 1 Ot
N, ZEESOEEN, T vt A OfREEE AR U THERT 5 £E A 5N% (Scheme3.2.1.5)

69



Scheme 3.2.1.5 Expected reaction scheme from 37 to spiro byproduct 38

FULIDRE HRIFYED Kose HIFERL TS (Scheme3.2.1.6)0 2ERR L7z A ¥ RS E R ORIH41)
SP-1IZDWTIE, X MHEBERRTE iz Fig 32.1.1).

acetone

Scheme 3.2.1.6 Production of spiro byproduct via substitution reaction on diarylethene

W T VT V—VLT Y 37 \ORIGEREE OV RISSEBYI TR Lhbhhvo Tz,

BLE, BR&TERIGZEA TN, BREOSARZITEY RISE DG DORRENERTES, 20 O
BREEELER Je, 207, $i< 322 TE. A MFUR MU FUEICR D 2 BEELOBA
DEE {1507z,
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C30

Fig. 3.2.1.1 ORTEP drawing of spiro compound SP-1
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322 YT7VU—VITFV3
3221 AR

580 Scheme 3214 Tld, A —)L 36 B~ BEEEZSMOTRER LAY TH BT L5, 36
DIERERES Uiz, SRDT LA 5, BRIEEMIEEV YT AT AR RS © EHEE L,
CNETHRLZ 1 OFBFEDVERENTERD, A MFURA MR OEE L SARA— METEB UL
BE, FEULEDOYT AT LA RS T EAEENTV 3 9, SRORISKIEICETT 32
2L, THERE LOBEFRTOEAIER 1| LELSE2HEEND., 30 BEMEEME Uiz, 300
B Scheme 3.2.2.1 l7R S

DHP, PPTS
DCM

y. 54%

Scheme 3.2.2.1 Synthetic procedures of 30

36 D 1 DL FOFLEA Ve RSy GRIRNCEHA L%, 2 oL [N =E I )
VTV 2 D)VERISER, 40 28, T, & FOFIILED LS VYT R— MADRIGRHIR
IETHBDT, 2 DERTRFEL 5o Te A OSSR ORIEMIDAE R BT 2 © & D EIBEC R T,

Chart 2.14 Tl IARFEEHERFNE T LT FIVEBHEENETZ VI ATy
B AMFVAFUE R) BB TAFIVE Rg) WIHET S anti-parallel BUORIEEC THEHYE
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STVWBZ EERLI. UL, 1 DA MFYAFNVEOBFEC L > TRENS, L FOFLE
FHEO 10 TiE, HOERNR SN (Chart322.1)

(R)-1' R F
F
A
-
/ / ~aifmm——
< S A
b O.
H ~~~Hydrogen bond
More stable Less stable
Anti-parallel form Anti-parallel form
A
B
e
A
Parallel form Parallel form

Chart 3.2.2.1 Reverse stability of anti-parallel conformations of diarylethene 1'0

Chart 3.22.1 IR Uiz 1'0 O HNMR BIE TR, AFIVE @ &> T b, AFIVE ) BE
FLw & UTERIE N, ThbIBEOREI R 5T MoEREN, Y7Ly D a
i3, 5218, 220, 2.57. BERU2611C33:50:6: 11 DHETEHl<N/Z 226 DZHEEOETHEN
F2& 31, anti-parallel BIDAFIVENT, WET HFHEEN S OEREIRIC K > TEREY 7 MTBT
PSR &0 T BREBICAIET DD 7}V, anti-parallel HCIRBEN S, Fit.
£FLy FObld. 5068, 135, 1.50, KUK 1.59 1€ 31:8:47: 14 DL TEREIC aDY VT
Ly b AFVET anti-parallel BNCIRE Lz 77 VOB BEX T, 8218 £8220 Da V7T
&, FhEh50.68 £81.50 Db DY FIVEFIE L. T5 anti-parallel B IRBE Do b D
FLw F AFIVEIFC anti-parallel B TH > T, MY 5HEE bOBEMELREST B, A
X D EEECGIOATEIC D AEUEN R Bl 7 b L7zd 0.86 I sEmpE DN B H BEC
BHS 1.50 ICHHind B, bbb, Y7V T /1 T E5 N EEEEOREDRD LI3EDRY

73



ZRETTLITIES, TR, & FRFVERT URERE N B 3 AFVEL D &AM NE
<\ BBHOMNEDA L VIFEFEIEHEERRL TOB T LBRET 35D TH 5,

SEL 36 DEOFHEOERICHTco T, TOXS7% R (8 FEFURAFIVE) LAAYE
TEOIKGRIEEDRREIHF L. TX/—1lh, BAUEIC KT 40 ORUFERTR, 15D FH
FUNERFD 30 BAK Ui

3222 PIRARY BV

30 ZHVT, 8.08x10° mol dm® FHBT F/IARZIREIL., SO FHERINANY R LEHRE U,
T ODATRIC 313 nm DEIVE CEAE: 0233 mW em®) 28BS U7sh' B LR ORI R~ F L%
HIELTe & T3, SRR o TR, 60 S9BBUT- & & A TILEEREESE L
7o TORIGERORING. BEEUTBIBE 3C DERICE B0 TH B, T L XDENEERINA
T PIVELZ Fig 3221 RS JC, YEERAREEICE LTVAIC 506 nm ORISR (GERE: 0482
mW em®) ZHET LI T3, FIHEROBIANEA L. 40 0588 LT L 2 THHEORINISERI
W7, YERHLAID 30 DENLIHESERIT— 2D, S THDYESC X bR
* MOAIALER U, COLEOENTHRINANR Y MVALE Fig 3222 1077,
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Absorbance

2.5

300 400 500 600 700
Wavelength / nm
Fig. 3.2.2.1 The change in absorption spectra from 30 to PSS
Concentration / mol dm™: 8.08 x 10” in ethyl acetate
Light intensity /mW cm™ 0.233 (313 nm)
Trradiation time /min: 0, 0.5, 1, 1.5, 2,3, 5,7, 10, 15, 20, 30,40, 50, 60
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Absorbance

2.5

2.0

1.5

1.0

0.5

0.0

3d0 | 400 | 500 600 700
Wavelength / nm
Fig. 3.2.2.2 The change in absorption spectra from PSS to 30
Concentration / mol dm™: 8.08 x 10° in ethyl acetate
Light intensity / maW cm™: 0.482 (506 m)

Irradiation time / min: 0, 0.5, 1, 1.5, 2,25,3,4,5,7,10, 15,20, 25, 30,40
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ERRDIER 30 D NIV VAR, AR/ —IVEKR. 72 b= MUJVER (% 8.08x10° mol dm™)
ICOWTET - Te e T A, BUORREE

3223 ZHER

3222 T{FE>72. 30 D 8.08 x 10° mol dm® FFET.FIVIAHRAD 313 nm YERETFAC, FEODRH
O LIS —E . ) B VAT WSS U HPLC ITEA LTS 305 nm DFFBUC KR
1 ¥ BFEEADRTS 7., 508 nm ORIEDEC & D REEEOAZ R Uz, SIVERERT LERRECS

\33 HPLC 71~ h%'S 1% Fig. 3223 1R Y5

@)

®)

©

Fig. 3.2.2.3 HPCL chromatograms of3
Wakosil 5SIL, 25% AcOEt/ n-hexane, 0.5 ml min’
(8) O-form (Detection wavelength: 305 nm)
(b) PSS (Detection wavelength: 305 nm)

(c) PSS (Detection wavelength: 508 nm)
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Fig 3223 &b, BREETFILAHTONRIGTIE. 30 GREFIE: 11 1), 3Chgior (B L BT BEAERA)
(13 7 3Chmor (B < HEFCT 2 EAERIE) 20 7)) DIBICHHIS BT EH b o7z,

ENERAICET 5 TNBDHPLC 7 0< M5 L5, BEAL BRI ORIIBE ]
Y BT L TEERPEN Uz, R ERAOTIBRE, BEREICH) 3 FhFhO®El
B, BLOERRIEIC ) 2EHER% Table 322.1 1SR T

Table 3.2.2.1 Absorption spectral data of 3 and HE2 in several solvents

A e/ TN (€ e/ Ol dm® cra™) ratio at PSS

O-form C-form O/ Gusior ! Crvinor

3 (AcOE) 326 (12820) 502 (4840) 60.1/26.6/133

3 (toluene) 328 (12830) 500 (5060) 60.8/21.7/175

3 (MeOH) 325 (12580) 501 (5040) 63.7/224/139

3 (MeCN) 326 (12280) 503 (4320) 632/236/133
HE2 (toluene) 368 (14370) 485 (4750) 33/47/209

a) Irradiation wavelength: 405 nm.

HE2 ZHHRUT, 3 ORERADATRIE R 40 nm PR ST 52—, R OBAIRINE
R 15 nm BERKR(L Uz, HE2 TREDOEBEIZNSD 2 10— 713 ns 2 msy sy
BCBHIL TOADISH LT, 3 Tld—ADF47 = VEd 2 (e L. o5l 3 (reEEs LT
27, FEECII HE2 DAY, BIRATIZ3 OBD, HBHREL o TV A EEZ BN Y,

SOHREA R 2 6 D0, ZHERIE HE2 O 67%D BHI 40%ICKIBICHD Ulre CAUHBD 3226
THNB KT, UYL HFHCERF 5 VB> TN B T LItk 2, YTV —ILTFY
DEEHEORE L EZ 5B,

3224 BFINE

3223 TORHERDFTEIIU VT, Table 3.2.2.1 DEIUESHRERDAE & FES ORI 513 2T
ARG M IVENERD 5B BBk L FEBRAD RIS, T/VIDHRE, 35X OIS EREDER T,
BRI e, BIRKIE—R & UTHo 7203 & HE2 OXRISETFINERDES Zh2N Table
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3222, Table3223 I7R9 o

Table 3.2.2.2 Quantum yields of 3 in ethyl acetate

313 nm irradiation 506 nm irradiation
doc dco dco
3 0.092 0.18 0.21

Table 3.2.2.3 Quantum yields of HE2 in toluene

405 nm irradiation 517 nm irradiation
docy  Poco domo  Peeo dco
HE2 0.034 0.091 0.50 0.57 0.36

HE2 Tl V7 AT LA<T—OBRICH 2 O0BEES> B, VY KT VhS LR LT
HPLC THiciid 307 CQ). Bcis 7% CQ) y L. SHEORE LTETIRZRHEL
TWB, %z, BEEE. HRUNAEN3 IR EA B T IR R TEIZAYN 313 mm FRERFOD
3 OEEEETICRIF HE2 DFNED BRE {KTL, SRR L TR BEE BTV, L
MUBRHD, 3223 Tk 5 ICEHER HE2 LOBHETFLTVWS, THUd FNFNOBER
SO ENORHEEICET 5, B LEABADE VBROHRIADZE G foen = 11020, € @iy =
8400; HE2: €oucs = 7040, Ec g =T760) 1=k BHD rEZbNB, bbb, EHER313 m BT S
301 % 3C DT RERBOKE & & HE L T FfifR 405 nm IC 3B\ B HE20 \CHKT$ % HE2C
DEIVESHRED BN T LItk 2B D LEZ BN,

3225 VTATUAERE

3223 TOEEEROFEICBNT, AR ORINEAC BT B DDV T AT LA —BERIEDEIL
BRI L B E U BB Y — U TR (RRHEER: 508 nm) DR EBREDY T AT L
Fv—EEREEH U, BEs TR OVAIR T RIS U OEERIRRE Uy FOLEED
HPLC 7 1< b 55 L% Fig. 3224 R 9o
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®

@

i@

12,498

Fig. 3.2.2.4 HPLC chromatograms of 3 at PSS irradiated in (a) Toluene, (b) AcOEt, (c) MeCN, (d) MeOH
Wakosil 5SIL, 25% AcOEt / n-hexane, 0.5 ml min’

Detection wavelength: 508 nm

COHPLC TTRUCHRIY DR 3Co BITHHIT BED% 3Cuwy £ LT, ChBDUT7 A5 LA
BRI Table 3224 ICF 2 8H B,

Table 3.2.2.4 Diastereomer excess values of 3 and HE2 irradiated in various solvents

Solvent (£7(30)) 3Chst 3Csmw de of 3/ % de of HE2 /%

toluene (33.9) 47 553 10.7 41

AcOEt(38.1) 66.6 334 332 47

MeCN (45.6) 36.0 64.0 279 R

MeOH (55.4) 384 61.6 232 41
a) Not measured.

3 REERTF VRIS T, B BVIT AT LAEREREZ 7, LA L. CHud HE2 DY
AT VAERE (41-47%de) LR TTFABSNCR SR L 5o 72,

EHTNET 2ie, RO X 5T 3Chor (B ERT BB & 3Chmer (D5 ERLT B 1A
B OFits 3IBMNIAR LTz, $7bs, BT FIVRERAIR L Le & SITIE 3G, 3Chsjor

ERDTEM, ZDMDIEETIE 3Ciom 1 3Cior THD 720 TDX 3 H2BNI T ME TOILEYCIZE.
BN TR TH B,
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U7 27 LAEREOEOER Y LT, RS 2 5N 2. TT TYAROMREDTERE LT,
BYAED EGO)DERRNT. D7 25 L AERER TS 5 T L2 LhUiEs, oD
FRAER BRI T LA TEED 0Tz, 3 DHFAICIE 1ROL RoE LB B, AR/ =V
AR AR, VGRS ORENE X BB, DT, VAR & 3B TR TR B
ZrEZLIAA. CHERALTERUIEEETHO TS, SERM SARIEORRIE R NE o Tt
FCT. 3 ONTIEECERIE FOFENHHD TR EER, 3226 THFHRERFICLS
PHEZ A e

3226 [UNVEVEERRFOVTY VLT T HECEE
211 TRk i, YT7V—IVETT S ORIEADITAICEN. FERAD SRABEBRIEE LD
DTCHB, FoT PM3 HEEIDTFHERTRICED, 3 DOEFEHC B B REEEERRHUIG

Chart32.22 1, BR{EFTRE anti-parallel RO CRERER _DOEEZRY

R F
(M)-helicity (P)-helicity
]
<
(P)-helicity
More stable 1.3 kJ mol™’ Less stable
RM= —"CHon
R, = —OCONHPh
E F
<
HaCO
-
More stable 8.4 kJ mol Less stable

Chart 3.2.2.2 Calculated stable anti-parallel conformations of 30 and (R)-10
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3212 TNz, QN Y EOFZVisBEEORER, V7)) —IVI TV BROPTLRRET
BB T LHREENT DED, FT)VBEEDTERE FORE /N KEBETIZM4ANY £2D
SEADAMICAIE S SEENREREL BTz AU, allylic 13-strain AMEI T & 248 Uil
B3 Bix3L0THB, T T, alylic 13stain BENEVRETH->TE, V7 ATFLAE
REERET ZERD R D ZRE Uiz,

ANV DBDFE, TEREOVAEES R DR, SEAIEM B2 C LARUEE
Ko TRENTE (Chart32.1.1) I, ZOEMEERREOV 7Y —LLT Y3 Tid, [NV L E
NOSEAR—RICHES WD 0T, Tbb, BYCARSEECIRET % &, FRREDT R
BZEE LIRS, 135NF P ZVBRAM BX0 L 2N U8 M BX 255,
NFYRVIUNPHEEZDL BN UL p BB T o7,

RIRIC &Ko TRD e TS DEIBOAERBADZIN 13 K mol Th -z, THUFI 7 —LT
T2/ 1(80-98% de) *® Chart 12. 4 D(R)-BIF (90% de) DIFEICRBNT -, LERiEE ¥ R E IO
FRERADZEDH] 8.4 KT mol 57 9.7 kI mol & L TR ME L 707219, D7 25 LASBIRMED(E I3,
FRIERIAIC 3510 5 LBl L R ERE D EFRDEDE TR R TV B, 7 LT T DEREDED
BT UV 2> EFTVIEBEBEDSAEEIC &5 T, allylic 1,3-strain HYEI SBE L IEEAD
B—ORETREN Lo Telcb L EZ b, ZDT8, F5VBHER O UG
ELUT BNV ENEEYTRARNEEZ 3,

—Tiv VT AT UABREOYEEOERICOWTIE, FIDE S BT 7 25 VA BREDT=6
ICTEROFRZ RIS M EBRBEOZ I & > GRIRMED N U i-ATEet s 3 £ 00, S
BT ZOEHCOWTHL TR,
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323 V7VU—IVLTV4
3231 A

31, [NV £V OREER BB AMREEDTDICRE XIS CEARF S NIAN TeRZ ORFERAT
I HE2 &0 &N L UERERT EFROEHVIRN M{E2: [71PVE FuaTanl £y, 3: Pk
FaAaFanyty) ko, Y7 AFLAT—BRERERRE T U Lh L, BFEROSEEM
XHB T L&, Chart 3.2.1.1 % Chart 3222 18T K 5 1T allylic 1,3-strain A%E) < Bl & 13 Br 2EE%
EZ2TLUESD, #T T N\ UEERT ZHEROBZRDETES T T, allylic 13-strain Z{EH
B, VT AT LAERE RSB AERRET Uit PM3 FIEAEORR. 40 OFETIE.
FSIVIEBEEAANY L UH BT BREOREI TS ERE <7x<, alylic 1,3-strain HYE)< ElkE
HE BT EHRBENT. (R)40 DERFEE Scheme 323.1 17”0
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|
b\ I, HIOg l—g\

3 "CCly, ACOH, H0 S
y. 78%
41
o N Ph H_ OH H .\\o\(
50 N
M Mé . BHTHF A0, DMAP B
s THF (- 23°C) S EtaN s
y. 100% y. 81%
96.1% ee 42 43
H OTBDPS H,_OTBDPS P PhyBr
TBDPSC, 1) t-BuLi
42 Imidazole I N\ 2) DMF .n-BuLu
DMF S THF
y. 92% y. 97% Y. 97%
44 45 46

TBAF ClCHzOCHa
THF DMAP, Et;N
y. 100% y. 36%

1) 41, t-Buli, Et,0

2) hv (366 nm), AcOEt

3) separation

4) hv (506 nm), AcOEt
Y. 32%

(R)-40

Scheme 3.2.3.1 Synthetic procedure of intermediate (R)40

1-7E2FIF7 1~[2,1-b]%7r7 T ATHU T, (S)-2-methyl-CBS-oxazaborolidine i > 32 CBS R

FRT ABTEER U, F5070a—1 48 (AR 13%, YCHHEE 11.0% e TLAES N
5otz (Scheme3232),
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oo

0 N Ph : H
\B"O HO J

O ~ Mé , BHa-THF O §

Q s THF (- 23°C) Q g

y. 13%
11.0% ee 48

Scheme 3.2.3.2 Catalytic asymmetric reduction of 1-acetylnaphtho[2,1-b]thiophene

TS FUSRADILFENTIATIA 2 TN B Fe DI REET A 27 JUBSETNCHENT Uishh o fefedb £ X
5N%. —7. 3-7FIVFA T 2 /U TR USE TR S Vol § 5 L {EINER 100%.
FEERIE 96.1% ee T R DMESIIARBEZROF IV IVI—IV 42 ZBIT BT LN TET, J#
MEORIEZ 7T — b 43 128898, F5)VA5 L (Daicel Chiralpac OD-H) %355 L7 HPLC TfF
ol

FIIVTNa—)V 42 D FuF)VEERER +7F VDT 2oV UIVETHRE LS. 73
7z VRS INDT +IVIIVEDBEARITES T TRKDIRITNED r T FIVI AFILT YN
B CRER TR0 T35S, 5 UERI 27 +IVINERFFORSME 5ol 58, 22X M
VANEFVETHRET R L. TAIVIVEIGEIRIIC 2 ficBA E e, Thid. ZODHRETD
BORRIVEF L — 3 N K0T 2 (IANEBIRINC Y FHEEN BT TH 5,

BEROEAEDH Y ) Y IRGTCE B LIax WIS 7 o — TR, 74 FoHI
ALFTREROBIEIDER Ul CORIEWZERET 5T LIdTEEM o7, THF ZARET 5L
T OREMIBRICER LI, T—T VR CRIVEITA D LRIEMORISKIETRD Uiz, BHET
FIUHFT 366 nm YRR U CRMC & LT, BT LIa N IS5 7 4 —Ic ko TRMHC DFHZHE
BEL7z, (R)40 13, BHEETF VR TRAC ICFIEIERIET 5T & TR/

3232 FINTIVA—)IV 2 DL} UFAT @R

CBS FEBETIC & > TSN EFINTIVA—IL 2 ZDED TR FI)VAS L2EE U HPLC
K& T RBEU S DY—r 2 nBET B LI TEEDM ST, FOTET—PBIKELOT, =
FUF A TR RS o7

43 D 1.17x 10° mol dm® n-~NFH B FIIL, 5V 45 L (Daicel Chiralpac OD-H) Z3& L
7 HPLCICEAT B 2 L T RBEU S DELT) FAT—DINE— /T (HIKE :2540m) O
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LERERDTe Fig 32310) TEIDTET— FOERELEFHERY 77 L VAL LT Fig
3231(@), TTHV/FATBREBEEFEHLUIFER. 96.1%ee o7,

@

10

15 -

20 -

-
8

30

time / min.

0 1000 2000 3000 4000 5000 6000

10
15 E
20 (

25 -

Intensity (a. u.)

®)

time / min.

30 T 1 T T T
0 1000 2000 3000 4000 5000 6000

Intensity (a. u.)

Fig. 3.23.1 HPLC chromatograms of (a) racemic 43 and (b) optically-enriched 43
Daicel Chiralpac OD-H, n-hexane, 1.0 ml min™

Detection wavelength: 254 nm

3233 FIIV7IVa—)V 42 DHESEER S U HARE

42 D 498 x 10° mol dm” EHETFIVIEHAZ T, LB HIE L7, - MU D 8 (589 nm)
(TR BLHOEEDMEI., 191°CIEBOT, +204° Tholz, 0T, 224 TBNFSV TV
V12 E[FERR. (S)2-methyl-CBS-oxazaborolidine i > 3% CBS FEETORISHE. BLUTRE
BEOFESMSHMILT, F5V7Va—b £ OfshrABIEIZ R Th 3 LiE Uiz,
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3234 WINANT BV

R4 DYERE, BB 7-FERAR)4C D HITE 0Tz,

R)-4C D 135% 10* mol dm™ BEETF/VIATZFBIL, SIFHIRNARY MVERE LT D
YAVRIC 506 nm OTIEDE OYERE: 1.62 mW om?) ZEEE LN SERORIHICRINARS MVEHE
Uik T %, TGRS P CRRERDIRIA A L. 30 DHBE LT & T 2 TR EE
Wk L, R TRIBRIC Ko o, T0& DN AHRRINARY FVE{LR Fig 323218190 KT,
EREAIC 7o T-VAWRIC 366 nm DEENE YGRET: 0.832 mW cm’?) ZHEST Uiz & T A, BURSHENCK
UTHEEN. 20 DEBB LTz & T A TREEREBIOEL, BIVE /TR KO TR 4 F 78
IRLER Uz, TOEEDEINARIRNARY V(% Fig. 3233 IKRFo
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Fig. 3.2.3.2 The change in absorption spectra from (R)4C to (R)-40
Concentration /mol dm™: 1.35 x 10% in ethyl acetate
Light intensity / mW cm™ 1.62 (506 nm)

Irradiation time / min: 0, 0.5, 1, 1.5, 2,3, 5,7, 10, 20, 30
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Fig. 3.2.3.3 The change in absorption spectra from (R)}-40to PSS

Concentration / mol dm™: 1.35 x 10* in ethy] acetate
Light intensity /mW cm™: 0.832 (366 nm)

Trradiation time / min: 0, 0.5,1, 1.5, 3, 5,7, 10, 15,20

89

700



3235 TR
HHERTIE, BB BB L IR S TWAD, AR CIREREDHHITIN R > T

%, ZT T, Fig 3232 IR UTE(R)4C D 135 % 10* mol dm® BHELFIVSROTUNARY BV b,
498 nm {Z331) B (Ry4C DEIVIRIHREZEH Uiz, T TIT 506 nm AIFDEZERESH L TR)40 & L4,
U 366 nm SN U TR CEERIEIC LTz, YEERIRETD 498 nm 138V B E %,
498 nm IZ BT BR4C DENVHR L YRS EIVDMERE (1em) THRT 3 C Lick > TN
(RHAC DEEN S, ZHRZEH LT,

FRERMA L RO R, EIVEOEREL. BLUYEERRREIC ) 224887 Table 3.23.1

iKY

Table 3.2.3.1 Absorption spectral data of (R)-4, 3 and HE2

A max/ T (€ e / 0™ dm® cm™) ratio at PSS
O-form C-form O/ Cygior ! Cior
(R)4 (AcOEf) 326 (10610) 498 (4830) 429/542/2.9
3 (AcOEY) 326 (12820) 502 (4840) 60.1/26.6/13.3%
HE2 (toluene) 368 (14370) 485 (4750) 33/47/20°

a) Iradiation wavelength: 313 nm. b) Iradiation wavelength: 405 nm.

NV EZEBINVEY (FT AT 1Y) DENIHZEDD, R4 & 3 DAY R LF—
FREEULIZEDE RS, L UEAD, BHERICOWVTIE 3 0 HW%DHRY4 D 57%\&, KiE
BELLPRONIAN HE2 O 67%ITi3RlE i otz, T OESEROR Fi. AN\UEZh5FT R
FAT 2 NCFHERORRRIN T LT, B BN s RN LT C P Ic L BED Y
EZb6Nh3,

3236 BEFNEE

3235 TOEHROREICISNOT, Table 323.1 DEIVBSHRERDAE L (TR DRREIREC 3503 2 BN
ANRT FIVNSRD SN2 BIERA L BEBUA DRI, TIVRHRE, 51 UTRED GREEDEAR T,
Bz R U, BRI RO L U TioTe, HRSEBTIERDES Tible 32321TRY,
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Table 3.2.3.2 Quantum yields of (R)~4 and 3 in ethy] acetate

366 nm irradiation 506 nm irradiation
doc dco dco
R4 032 021 0.11
3 0.0929 0.18 021

a) Irradiation wavelength: 313 nm.

VU X 2YERIURNIC BT, FEREFANRIHIMNCHEM L : 00, HREFINRIC
DNTHE. R)-1 DfELE 3 DFNED B AIEICHLE Uz, —J5. RI#YEEENC K B BRNIG TOME
BRI Ul

3237 VT ATLAEEYE

R®-1R3IDFELITEIZD PV ATIVAS LBHBNIFIIVAES LZEE LT HPLCIL K>,
(R4 DHEMEE —DDVT AT LA —HERIEDETOY— 7 E0ld % T LI3EEE -7z, 2T
T, FRETO HNMR AT MUK TIT AT LA —BRIEOEH R

(R)40 DEFETFJVISIIC 366 nm DNV ERIRG Uitk A5 L7057 41—k oT
| (RHC DIV T AT LA T—EEW e S, COMBRARDY T AT LA~N—EEZE /00T 1V
ISR, HNMR JE#TE o7z, 'HNMR AR V% Fig 3234 1R,
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Fig. 3.2.3.4 "HNMR spectrum of (R}-4C (270 MEz, CDCL, TMS)
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Ry 4Cjo \CIRBENBRELT T FIVDIFFLTH,. R4Cec CRBENBNE N T FIVE
o TS Nz RBIFECTNTOIE 33 ppm FTRICHND A S FTETH D L (R)-4Gmjor (33.30)
ER)4Cyor (6325) DFESNHIE 3.04:0.15 THoTze THUFZFOMDT FFIUNCTBNT BIRIF—ET
BETH T, o T TNIVT AT LAY —HREOEEHSHE L THBD., TOEEITAT
LA —ERIERIIB L E 0% T o Tz, T DIEIS HE2 OERME (41 -47% de) & D BISERICAELTE
T O HEEERCEEOBY AT X o T, alylic 1,3-strain & EFERFEDIRINE N DT
HBHLEZOND,

3238 HEYE

(R)-4 DYERFAES LB RS bR IRE Lo (R)MC D 1.35%x 10 mol dm™ FHET /LA V.
FIRBOLLB CEZRE Uize ROT. 506 nm YEESHC &Ko THBRA L Lizigk, FOHELIC
366 nm YN Ko TELERAIRIE L LIfRIC, FNENDHIBEERRIE Uit MR, JERIS
ZFEE LRV 633 nm (He-Ne L—4—) & Uiz, HIEEEEOE Table 3.2.3.3 1R T

Table 3.2.3.3 Specific optical rotation values of (R)4 and M-(-)-HE2 in ethyl acetate

[/ deg?
O-form C-form PSS
R)4” +48 (+270) - 1614 (- 9210) -905 (- 5170)
M-(-)-HE2°9 - 69 (-450) -4680 (-30360)° - 1374 (- 8910)

a) In the parentheses: molar optical rotation values [{],,

b) Detection wavelength: 633 nm. 33 - 36 °C. Concentration: 7.70 x 10° g dI”’. Cell length: 10 cm.
¢) Detection wavelength: 589 nm. 25 - 29 °C. Concentration: 9.73 x 102 g dI”*. Cell length: 10 cm.
d) Data of HE2 Cgsvajor (faster-moving enantiomer of HE2 Gyggjor in Daicel Chiralpac OD-H).

Table3233 & D, (R4 13, FERALEABRADIT 1662° | FERA L Y CERIRIEDMITIE 953° D
HBEZ LR U, JEEREIL TR BN M(OHE2 LR, R4 1CHW\T & B ek
HUTEL S REVHIBEEZ R Uz, THREEREOF VRSP FaAFanU e
HRE 36D THB, Tz, FRAILIRNE EOHBEE) Tholt 3.1.1 T~k dic, M%
EON) L NIERENRTR T LIehio Tl (RHAC 1E M BEDSEATERESTNB T Ehvbh
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%, Tiud, R OHESHIHAEE R R OSBRI allylic 1,3-strain &ITARFE. B UHERFEDE
{TET BBEOLRAREN M BEORENCAD, T OREENSDYGR LRSI X o TREERE
PMEZOLEAMEERZ L ST/ TH B,

—FH. VT AT LUAEREIAZ AL (HE2: 47% de, (R)4: 90% de) L, ZHEREFEE (HE2:
64%, (R)4:57%) TH oM B D5, HRICHES HFDEERLDORZ X3, HE2 D 1305° I
LT 953° ICHE o, TR TN U 2R BIROEN 7 15 5\ LTcich &
Ez2oN3d, B FERDRIHEORZ XICHBEEZ B LBETNTNDE Y

3239 ORD A7 MU

HEBtEE, DFOTVESHREA N L SRR T, BRIV TIREATES
M, DFORIBRHSEIE L, HBEEDEIRE 155, TEREIBHED T A A TEHD
Tt UICRIFARTRE T 2 0ER B 728D, (R4 DFEEHEL (Optical rotatory dispersion, ORD) A% k
IWRRRE U7z, (R4C D 1.01 x 10* mol dm”® FHETF/ViATREZFBIL. £FREBIAD ORD ARY ~
WVERELTZ ROT. 506 nm JEREAC X o CRERAL L7ct4. B ORD A% MVERIE Uiz,
Fig. 323.5 IZ(R)40 &(R)4C D ORD ARY MVERT,

RMHAC DN 600 nm TIFFENC/AB D, 600nm & D L EREOTER TH - TLEEUELY
HTRWVEZR U €2 T. DVD iR/ AT LTV BNTVS 658 nm XA 4 — K L—H—0DE
TR & o CRbke T LDAIRECH B T L AV E hz,
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Fig. 3.2.3.5 ORD spectra of (R)-40 and (R)4C

Concentration /mol dm™: 1.01 x 10* in ethyl acetate

95

800



323.10 CD A7 MV

V7 AT VBRI SR USRS ER S R4 OF 07T 4 ViR TS 726, CD A7 b
JVERIRE Uz, (R)4C D 1.01 x 10% mol dm?® FETF VARV, ETHEEEAD CD A7 MUE
FE Lo TNT, 506 nm YERENC & o THERR L Licts, B CD AXY MURHIE Uiz, TR
D CD AT MVE{% Fig. 3236 17T, FEERATIXAMRSNCIZT Y P BIIRSNEV, B
BRETRIHRIRICRZREDT Y PR R s, — . MEBZDANY L IEHERSTED
Iy FEER BRERECRDOTY FARERT T EAHSENTOE 7, 5T, R4CIEIME
EONVENGERROT LB LI THER TR B,
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Fig. 3.2.3.6 CD spectra of (R}-40 and (R)-4C

Concentration / mol dm™: 1.01 x 10* in ethyl acetate
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33

1)

2)

3)

4)

)

8)

)
DT V—VLT Y 20 DEFAHHTDERICEED T ot THIE, F5/ B
DNV L2127 Tl RIGROIASEEDARE {7237y 7V RISHETFL
BT THD, Fle. CVBRROVT U —IVTT Y 33 1 5 EHELSR 1 515
BRZRRET LT, SR EDITAAVERTE & SIGZ DB DOENFERTE T, 20 DEFEN
Sl
33 ZPBEA AT LTHR(ET 2 L TRONB VA —IVI6 ZHNT. V7 V—ILT 5730
Z2ER LT
30 DEETF )V, MV, 7T bbb, BREAR ) —)VOTFEEOVARIC 313 mm ¢
RN 2 L HIRAMER L TOEEREIRRBIGEL., 0T 506 nm YERIEHE 2 & TSk
KRB, FHEET + b I A LR UL, JOERIREICR) 288811 363 - 399%TH
27
YEREPRRICHBNT 3 DVT AT LAR—BRHBRZEREI Ui, Y7 AT VAR, 107 -
332%de £75 D HE2 DIFE X D &R NCBEVERE TS o7z, UINY EVDEDIHAR
Ko T, FIIVAEEEN, allylic 1,3-strain BHI L SBE LI ERDEER L >TNETE
. VT AT LABREOK T OEREEZ 5N 5,
TBIRORBIHIC & 5T 3 DVT7 AT VABRIEIEE Uz, RO 7 AT LABREDTDITE
RO ZFRT <, EEBBEDE U & o GERMEDNIEE U RTREEI 5 55N B
TR ZDEERTDWTHSMCIE TE TR,
3-7vFINFAT 2B, (S)-2-methyl-CBS-oxazaborolidine Z i &9 %, E.J. Corey 1D CBS
TERT AT L 5T, (LRI 100%. YEEHIEE 96.1% ee T, R DA IAREZRDOF
ST @2 BER U, BEDFSIV7 IV a—IVOHEEEDRE AR AEED
BRE. 2 1TEAT 3T LIk o THEM I AEERREE Ui
TERTARELTY 7 U—IVIT /(Ry40 BELUTRA4C ZE LT
(RY4C T 506 nm YORIEEE 2 &, BEEAL7ED. KT 366 nm YORHESS 5 LIARAEE
RUTRESRIESEL., FREKAT + 703 XIVER Uz, YERIRIEIC 1) 2RI
57%Coh o Tz,
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10)

11)

12)

HNMR 27 MU D, RHAC DV7 AT LA —BRIBEEN Uz, FEETF VT 366
nm SREEITRD & 0% de LRI T AT AR TR L, HE2 ORBRIE (41 -47% de) &
DERBICA E Uz, CHUSISEBRCBHEOBYIAREIC L 5T, allylic 13-stain ¥ EER
HONRANE L L TRLE LD TH S,

633 nm [Z351) B(Ry4 DHIBCERRE LTz, BERATIE - 1614° | BEHATIE +48° . %
ERPIETIE -905° LD, 74 b0 RIS TR 953 ° OHEBEEZ L
Ulee LML, V7 AT UAERMEDRIEIC R E U, ZHeRE R LEEIL 5T, HE2 Y
ARLTE 1300 © DOHFSER L D EE UL ET Lz, CHRBIBERTAY Lo rikd 258
DEINT B SANEBD LTcTeb b EZ b3,

(R)4 D ORD AT MVZRIFE Tz BRERHADIRINZ 600 nm CIEFPIIC A% 600 nm &
D L RIERORHN CH - TEIBEEIR PO CROERR UL, 5T, DVD 55350 251
THYBNTVS 658 nm X A — R L—Y—DERIRIEC & - TEi e st bl UAAEETH
BT hEhiz,

(R)4 D CD AT MVERIE LTz, HERATIE, TIEENC, BEBAD LR AMEES M &2 T
HETLRTET D, KEZADTY N ARER LI
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34  Experimental details
34.1 General

Chemical reactions were carried out under a dry nitrogen atmosphere. Tetrahydrofuran (THF) was freshly
distilled from benzophenone ketyl immediately before use. Ether and dichloromethane (DCM) were distilled from
CaH,. All other solvents were used as received. All flash column chromatography were carried out on 230400
mesh silica gel using ethyl acetate and hexane as eluent. Analytical thin-layer chromatography was performed on
the pre-coated 0.25-mm thick silica gel TLC plates.

'"H NMR Spectra were recorded in deuteriochloroform (CDCly) with a JEOL INM-EX270 (270 MHz), a
Bruker DRX-300 (300 MHz), or a JEOL INM-AL-400 (400 MHz) NMR spectrometer. J values are expressed in
Hz and quoted chemical shifts are in ppm. Splitting pattems are indicated as s, singlet; d, doublet; t, triplet; q,
quartet, m, multiplet. Infrared (IR) spectra were recorded on a Perkin-Elmer 1650 or a Horiba FT.730 FLIR
spectrometer. Low- and high-resolution mass spectra were measured by the electron impact mass spectrometry
using a JEOL JMS-AX-600 Mass spectrometer. Ultraviolet and visible spectra were recorded on a JASCO V-550
UV/Vis spectrophotometer. Optical rotation measurements were carried out using a JASCO DIP-1000 polarimeter.
Optical rotatory dispersion (ORD) measurements were carried out using a JASCO J-820 spectropolarimeter with
an ORD M-401 attachment. Circular dichroism (CD) measurements were carried out using a JASCO J-820
spectropolarimeter. Melting points were measured using a Yazawa BY-2 hot stage microscope, and those were
uncorrected.

Photochemical reactions with 313 nm light which was separated by filters (a 5 cm water filter, a Toshiba
UV-D35 glass filter, a 5 cm aqueous NiSO, 6H,0 solution, a 1 cm aqueous K>CrO; solution, and a 1 cm aqueous
potassium biphthalate solution) from a 500 W high-pressure mercury lamp were carried out in a 10 mm path
length quartz cell, and those with 366 nm light which was separated by filters (a 5 cm water filter, a 5 cm aqueous
CuSO, SH;O solution, a Toshiba UV-35 glass filter, and a Toshiba UV-D35 glass filter) from a 500 W
high-pressure mercury lamp were carried out in a 10 mm path length quartz cell, and those with 506 nm light
which was separated by filters (a 5 cm water filter, a Pyrex glass filter, a Toshiba Y-47 glass filter, and a Toshiba
KL-50 interference glass filter) from a 500 W xenon lamp were carried out in a 10 mm path length quartz cell
During the photoreaction, solutions in the cell were stirred continuously.

High-performance liquid chromatography (Shimadzu LC-6AD pump unit) equipped with a UV/Vis detector
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(Shimadzu SPD-10A UV/Vis photodetector) and a chiral column (Daicel Chiralpac OD-H, 4.6 mm diameter x
250 mm) was used to determine the enantiomer excess of a chiral alcohol (42) as its acetate (43), obtained by the
asymmetric reduction of 3-acetylthiophene, and that equipped with a silica gel column (Wakosil 5SIL, 4.6 mm

diameter x 150 mm) was used to determine the component concentration during photoreactions.

342 Diarylethene 2
3421 Synthetic trials
Synthetic trials of 1-[1-(1-Methoxymethoxyethyl)-2-benzothieno [3,2-¢]benzothienyl]-2-(2,4,5-trimethyl-3-

thienyDhexafluorocyclopentene (20) were carried out according to the following procedures.

3-Bromo-2,4,5-trimethylthiophene (15). To a solution of 2,3,5-trimethylthiophene (0.671 g, 5.32 mmol, 1.0 eq.)
in THF (15 ml) was added methyloxirane (0.45 ml, 6.44 mmol, 1.2 eq.) at - 23 °C under a nitrogen atmosphere,
and the mixture was stirred for 15 min. To the mixture, was added bromine (0.30 ml, 5.98 mmol, 1.1 eq.) at this
temperature, and the resultant mixture was stirred for 1 day with gradual warming up to room temperature. The
reaction mixture was washed with 10% aq. Na,S,0; and 10% aq. NaHCO; successively, and the resultant mixture
was extracted with ethyl acetate four times. The combined organic layer was dried over anhydrous Na,SO,. After
the drying agent was filtered off, the solvent was removed in vacuo. The residue was purified by column
chromatography on silica gel using AcOEt / hexane (0, 2, 5, 10%) as eluent, to give 0.667 g (3.25 mmol) of
compound 15 as an orange liquid in 61% yield. 15: 'THNMR (270 MHz, CDCls, TMS) 8/ ppm 2.08 (s, 3H), 2.33
(s, 6H). LRMS (EI, 70 V) m/z (rel intensity), 206 (M, 100), 191 (33). IR (neat) viem™ 2918, 2856, 1569, 1440,
1378, 1151, 995, 766.

1-2,4,5-Trimethyl-3-thieny)heptafluorocyclopentene (16). To a solution of 15 (0.879 g,4.29 mmol, 1.0 eq.) in
THF (20 ml) was added »-butyllithium (3.30 ml, 1.58 mol dm™ n-hexane solution, 5.21 mmol, 1.2 eq.) at - 78 °C
under a nitrogen atmosphere, and the mixture was stirred for 3.3 h at this temperature. To the mixture was added
octafluorocyclopentene (1.80 ml, 13.4 mmol, 3.1 eq.) at one portion, and the mixture was stirred for further 1.5 h.
The reaction was quenched by adding water, and the resultant mixture was extracted with ethyl acetate four times.

The combined organic layer was dried over anhydrous Na,SO,. After the drying agent was filtered off, the solvent
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was removed i vacuo. The residue was purified by column chromatography on silica gel using hexane as eluent,
to give 0.978 g (3.07 mmol) of compound 16 as an orange liquid in 72% yield. 16: "H NMR. (400 MHz, CDCL,

TMS) 8/ ppm 1.95 (s, 3H), 2.29 (5, 3HD), 230 (5, 3H). LRMS (EL 70 6V) miz (rel intensity), 318 (M, 100), 303
(100). IR (neat) viem™ 2927, 2866, 2360, 1707, 1278, 1202, 1156, 1028, 972.

3-(1-Hydroxyethyl)thiophene (17). To a solution of sodium borohydride (1.11 g 29.4 mmol, 1.2 eq.) in ethanol
(10 ml) was added a solution of 3-acetylthiophene (3.04 g, 24.1 mmol, 1.0 eq.) in ethanol (60 ml) at 0 °C under a
nitrogen atmosphere, and the mixture was stirred for 1 day with gradual warming up to room temperature, The
reaction was quenched by adding acetone and 3 mol dm?> hydrochloric acid successively, and ethanol was
removed in vacuo. The resultant mixture was extracted with ethyl acetate four times. The combined organic layer
was dried over anhydrous Na,SO;. After the drying agent was filtered off, the solvent was removed i vacuo. The
residue was purified by column chromatography on silica gel using AcOEt / hexane (20%) as eluent, to give 2.44
g (19.1 mmol) of compound 17 as a pale yellow oil in 79% yield. 17: "H NMR (400 MHz, CDCl, TMS) &/ ppm
1.53 (d, J/Hz= 6.3, 3H), 1.81 (br s, 1H), 4.98 (g, ‘J/Hz = 6.5, 1H), 7.10 (dd, JHz=49, 1.2, 1H), 7.19 (dd, JHz =
2.9,0.7, 1H), 7.30 (dd, J/Hz = 4.9, 2.9, 1H). LRMS (EI, 70 V) m/z (rel intensity), 128 (M, 27), 111 (100). IR

(Nujol) viem™ 3369, 3104, 1320, 1160, 1078, 786.

3-(1-tert-Butyldiphenylsilyloxyethyl)thiophene (18). To a mixture of zerr-butyldiphenylchlorosilane (6.83 g,
24.9 mmol, 1.4 eq.) and 4-dimethylaminopyridine (1.12 g, 9.17 mmol, 0.53 eq.) in DMF (26 ml) was added a
solution of 17 (2.23 g, 17.4 mmol, 1.0 eq.) in DMF (16 ml) at room temperature under a nitrogen atmosphere, and
the mixture was stirred for 30 min. To the mixture was added triethylamine (12.5 ml, 90.2 mmol, 5.2 eq.), and the
resultant mixture was stirred for 1 week. The reaction was quenched by adding water, and the resultant mixture
was extracted with ethy] acetate three times. The combined organic layer was dried over anhydrous Na,SOy. After
the drying agent was filtered off, the solvent was removed in vacuo. The residue was purified by column
chromatography on silica gel using AcOEt / hexane (0, 5%) as eluent, to give 5.85 g (16.0 mmol) of compound 18
as a colorless oil in 92% yield. 18: 'H NMR (400 MHz, CDCl:;, TMS) & / ppm 1.05 (s, 9H), 1.36 (4, VHz =63,
3H), 493 (q, VHz = 5.9, 1H), 6.98 (s, 1H), 7.00 (d, VHz = 4.9, 1H), 721 (d, VHz= 49, 11, 728 (¢ JHz =76,
2H), 7.34 - 743 (m, 4H), 7.53 (d, J/Hz= 8.1, 2H), 7.69 (d, J/Hz= 8.1, 2H). LRMS (EL 70 eV) m/z (tel intensity),
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365 (M-1)", 1, 309 (100), 265 (43), 199 (100). IR (neat) v/em™ 3070, 2929, 2857, 1589, 1472, 1159, 968, 786,

4—(1—tert-Butyldiphenylsilyloxyethyl)thiophene—Z—mrbaldehyde (19). To a solution of 18 (4.90 g, 13.4 mmol,
1.0 eq.) in THF (100 ml) was added »-butyllithium (11.5 ml, 1.58 mol dm* n-hexane solution, 18.2 mmol, 1.4 eq.)
at - 23 °C under a nitrogen atmosphere, and the mixture was stirred for 3.8 h. To the mixture was added DMF
(1.50 ml, 19.5 mmol, 1.5 eq.), and the mixture was stirred for 40 min at this temperature. The reaction was
quenched by adding water, and the resultant mixture was extracted with ethyl acetate four times. The combined
organic layer was dried over anhydrous Na,SO,. After the drying agent was filtered off, the solvent was removed
in vacuo. The residue was purified by column chromatography on silica gel using AcOE! / hexane (6, 10%) as
eluent, to give 4.96 g (12.6 mmol) of compound 19 as a yellow solid in 94% yield. 19: Mp 81 - 82 °C. 'HNMR
(400 MHz, CDCl;, TMS) 8/ ppm 1.06 (s, 9H), 1.39 (d, J/Hz = 6.3, 3H), 491 (q, JHz =63, 1H), 7.29 (d, JHz =
7.6,2H), 738 (d, JHz = 1.2, 1H), 7.36 - 747 (m, 4H), 7.51 (d, J/Hz = 6.6, 2H), 7.59 (s, 1H), 7.67 (d, J/Hz = 6.6,
2H), 9.82 (d, J/Hz = 1.2, 1H). LRMS (EL 70 eV) m/z (rel intensity), 394 (M, 1), 337 (100), 293 (17), 199 (100).
IR (KBr) viem™ 3310, 3045, 2930, 2857, 1890, 1666, 1427, 1233, 973.

Benzo[b]thiophene-2-carbaldehyde (20). To a solution of benzo[b]thiophene (7.63 g, 56.9 mmol, 1.0 eq.) in
THF (100 ml) was added #-butyllithium (40.0 m, 1.54 mol dm? #-hexane solution, 61.6 mmol, 1.1 eq.) at - 23 °C
under a nitrogen atmosphere, and the mixture was stirred for 4 h. To the mixture was added DMF (5.00 ml, 65.0
mmol, 1.1 eq.), and the mixture was stirred for 20 min at this temperature. The reaction was quenched by adding
water, and the resultant mixture was extracted with ethy] acetate four times. The combined organic layer was dried
over anhydrous Na,SOj. After the drying agent was filtered off; the solvent was removed i vacuo. The residue
was purified by column chromatography on silica gel using AcOEt / hexane (5, 10%) as eluent, to give compound
20 as an orange oil in quantitative yield. 20: 'H NMR (400 MHz, CDCL;, TMS) 8/ ppm 7.44 (t, J/Hz = 3.1, 1H),
7.51(t,J/Hz =83, 1H), 7.92 (dd, J/Hz=8.1,0.7, 1H), 7.95 (d, JHz = 8.1, 1H), 8.04 (s, 1H), 10.11 (s, IH). LRMS
(EL 70 eV) m/z (rel intensity), 162 (M, 100), 133 (18), 89 (25). IR (neat) v/em™ 3058, 2824, 1673, 1593, 1137,
841, 750.
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2-Hydroxymethylbenzo[b]thiophene (21). To a solution of sodium borohydride (2.82 g, 74.5 mmol, 12 eq)in
ether (80 ml) was added a solution of 20 (9.78 g, 60.3 mmol, 1.0 eq) in ether (50 ml) and ethanol (5 ml)
successively at 0 °C under a nitrogen atmosphere, and the mixture was stirred for 1 days with gradual Warming up
to room temperature. The reaction was quenched by adding acetone and 5 mo] dm’ hydrochloric acid
successively, and the resultant mixture was extracted with ethyl acetate four times. The combined organic layer
was dried over anhydrous Na,SO,. After the drying agent was filtered off; the solvent was removed in vacuo, The
residue was purified by recrystallization from ether / hexane, and the solvent of filtrate was removed i vacuo, The
residue from filtrate was purified by column chromatography on silica gel using AcOEt / hexane (5, 10, 20%) as
eluent, to give 9.26 g (56.4 mmol) of compound 21 in all as a white crystalline solid in 94% yield. 21: Mp 96 -
97 °C. 'HNMR (270 MHz, CDCl;, TMS) 8/ ppm 191 (t, J/Hz = 6.3, 1H), 4.94 (d, JHz=59,2H), 723 (s, 1H),
731t IHz=173, 1H), 7.35 (t, JHz= 6.6, 1H), 7.72 (d, J/Hz =173, 1H), 7.82 (d, J/Hz =73, 1H). LRMS (EL 70
eV) m/z (rel intensity), 164 (M, 100), 147 (80), 135 (73). Found: m/z 164.0320. Calcd for CaH;OS: M, 164.0296.
IR (Nujol) v/em™ 3174, 2721, 1911, 1804.

2-Chloromethylbenzo[b]thiophene (22). To a mixture of 21 (3.50 g, 21.3 mmol, 1.0 eq.) and triphenylphosphine
(7.71 g, 27.0 mmol, 1.3 eq.) was added tetrachloromethane (10.0 ml, 103.8 mmol, 4.9 eq.) at room temperature
under a nitrogen atmosphere, and the mixture was stirred for 5 days. The solvent was removed in vacuo. The
residue was purified by column chromatography on silica gel using AcOEt/ hexane (0, 20, 30%) as eluent, to give
3.57 g (19.6 mmol) of compound 22 as a pale yellow solid in 92% yield. 22: Mp 43 - 44 °C. "THNMR (400 MHz,
CDCls, TMS) &/ ppm 4.87 (s, 2H), 7.30 (s, 1H), 7.30 - 7.38 (m, 2H), 7.73 (dd, J/Hz= 5.4, 2.4, 1H), 7.80 (dd, J/Hz
=59,2.7, 1H). LRMS (EL 70 eV) m/z (rel intensity), 182 (M, 100), 147 (100). Found: m/z 181.9963. Caled for

CoH,CIS: M, 181.9957. IR (KBr) viem™ 3053, 1955, 1537, 1456, 1430, 1253, 758, 700.

(2-Benzo[b]thienylmethyl)triphenylphosphonium chloride (23). A mixture of 22 (7.07 g, 38.7 mmol, 1.0 eq.)
and triphenylphosphine (20.0 g, 76.3 mmol, 2.0 eq.) in toluene (30 ml) was refluxed for 11 h under a nitrogen
atmosphere. After cooling down to room temperature, the precipitate was filtered and washed with toluene and
hexane, to give 14.3 g (32.2 mmol) of compound 23 as a white solid in 83% yield. 23: Mp 223 - 224°C. HNMR

(400 MHz, CDCL,, TMS) 8/ ppm 6.05 (d, J/Hz = 13.9, 2H), 7.22 - 7.30 (m, 2H), 7.57 - 7.68 (m, 9H), 7.73 - .79
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(m, 3H), 7.79 - 7.90 (m, 6H). LRMS (FAB', mNBA) m/z (rel intensity), 409 (M-CIy', 100), (FAB', mNBA) m/z

(rel interssity), 35 (CT, 11). IR (KBr) viem™ 3055, 2840, 2773, 1622, 1586, 1438, 1111, 764, 743, 719,

1<2-Benzo [b]thienyl)-2-[4-(1-tert-butyldiphenylsilyloxyethyl)-2-thienyllethene (24). To a solution of 23
(0.725 g, 1.63 mmol, 1.0 eq.) in THF (20 ml) was added n-butyllithium (1.13 ml, 1.58 mol dm* »-hexane solution,
1.79 mmol, 1.1 eq.) at 0 °C under a nitrogen atmosphere, and the mixture was stired for 80 min at this
temperature. To the mixture was added a solution of 19 (0.642 g, 1.63 mmol, 1.0 eq.) in THF (5 ml), and the
mixture was stirred for 1 day with gradual warming up to room temperature. The reaction was quenched by
adding water, and the resultant mixture was extracted with ethyl acetate four times. The combined organic layer
was dried over anhydrous Na,SOj. After the drying agent was filtered off, the solvent was removed in vacuo. The
residue was purified by column chromatography on silica gel using AcOEt/ hexane (0, 1, 2, 3%) as eluent, to give
0.807 g (1.54 mmol) of compound 24 as a mixture of E- and Z-isomers (E: Z=150:50) as a yellow oil in 95%
yield. 24: "H NMR (400 MHz, CDCL, TMS) 8/ ppm 1.05 (s, 9H, E-isomer), 1.07 (s, 9H, Z-isomer), 1.32 (d, JHz
=3.9,3H, E), 1.36 (4, /Hz = 6.6, 3H, Z), 4.86 (q, J/Hz= 6.6, 1H, E and Z),6.64 (s,2H, E), 6.88 (s, 1H, E and Z),
696 (d, J/Hz =179, 1H, Z), 7.04 (s, 1H, Eand Z), 7.08 (d, /Hz =922, 1H, 2),720(s, 1H, E and Z), 7.25 - 7.45 (m,
8H, E and Z), 7.50 - 7.59 (m, 2H, E and Z), 7.65 - 7.75 (m, 4H, E and Z). LRMS (EL 70 eV) m/z (rel intensity),
524 (M, 4), 467 (3). IR (neat) v/em™ 2962, 293 0,2857, 1739, 1589, 1471, 1242, 741, 701.

1—(2-Benzo{b]thienyl)—2—[4—(1-hydmxyethyl)—2—thienyl]ethene (25). To a solution of 24 (1.75 g, 3.34 mmol, 1.0
eq.) in THF (15 ml) was added a solution of tetrabutylammonium fluoride (0.901 g, 3.45 mmol, 1.0 eq.) in THF
(30 ml) at 0 °C over the period of 40 min, and the mixture was stirred for 1 day with gradual warming up to room
temperature. The reaction was quenched by adding water, and the resultant mixture was extracted with ethyl
acetate three times. The combined organic layer was dried over anhydrous Na,SO,. After the drying agent was
filtered off; the solvent was removed i vacuo. The residue was purified by column chromatography on silica gel
using AcOEt / hexane (10, 20, 30, 50, 80%) as eluent, to give 0.895 g (3.13 mmol) of compound 25 as a mixture
of E~ and Z-isomers (E : Z= 80 : 20) as a yellow solid in 94% yield. 25: Mp 146 - 147 °C. 'THNMR (270 MHz,
CDCl, TMS) 8/ppm 1.51 (d, J/Hz = 6.6, 3H, E-isomer), 1.53(d, JHz =53, 3H, Z-isomer), 1.78 (br s, 1H, £ and
Z),491 (q,J/Hz= 6.6, 1H, Eand Z), 6.65 (d, J/Hz=12.5, 1H, E and 2),6.70(d, J/Hz=12.5, Eand Z),7.11 (s, 1H,
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Eand2),716(d, J/Hz=13, 1H, Eand 2),7.26 (s, 1H, Eand Z), 7.26 - 7.34 (m, 2H, Eand 2), 7.71 (A JHz=73
1H, Eand 2), 7.74 (d, J/Hiz=73, IH, E and Z). LRMS (EL 70 eV) m/z (rel intensity), 286 (M, 100), 256 25).1R
(Nujol) viem™ 3256, 3054, 1149, 744.

1-(2-Benzo[b]thienyl)-2-[4-(1-methoxymethoxyethyl)-2-thienyllethene (26). To a solution of sodium hydride
(0.111 g, 60% in oil, 2.78 mmol, 1.9 eq.) in DMF (8 ml) was added a solution of 25 (0.414 g 1.44mmol, 1.0 eq.)
in DMF (4 ml) at 0 °C under a nitrogen atmosphere, and the mixture was stirred for 2 h. To the mixture was added
chloromethyl methyl ether (0.200 ml, 2.64 mmol, 1.8 eq.) slowly, and the mixture was stirred for 1 day with
gradual warming up to room temperature. The reaction was quenched by adding water, and the resultant mixture
was extracted with ethyl acetate three times. The combined organic layer was dried over anhydrous Na,SO,. After
the drying agent was filtered off, the solvent was removed in vacuo. The residue was purified by column
chromatography on silica gel using AcOEt / hexane (3, 5, 10, 20%) as eluent, to give 0.394 g (1.19 mmol) of
compound 26 as a mixture of £~ and Z-isomers (E : Z= 40 : 60) as a pale yellow oil in 83% yield. 26: 'H NMR
(270 MHz, CDClL, TMS) 8/ ppm 1.48 (d, J/Hz = 6.6, 3H, Z-isomer), 1.59 (d, J/Hz = 6.6, 3H, E-isomer), 3.37 (s,
3H, Z),3.39 (s, 1H, E),4.57 (d, /Hz = 6.6, 1H, Z),4.63 (d, /Hz=17.2, 1H, Z), 4.76 (d, JHz= 6.6, 1H, E), 4.81 (d,
J/Hz=59, 1H, E), 6.05 (q, /Hz = 6.6, 1H, E and Z), 6.65 (d, JHz=11.9, 1H, Z), 6.67 (s, 2H, E), 6.70 (d, JHz =
119, 1H, Z), 7.06 - 7.18 (m, 2H, E and Z), 7.28 - 7.35 (m, 2H, E and Z), 7.68 - 7.78 (m, 2H, Eand Z), 8.07 (s, 1H,
2),8.09 (s, 1H, E). LRMS (EI, 70 €V) m/z (rel intensity), 330 (M, 100), 314 (68), 270 (95). IR (neat) viem™ 2977,

2820, 2358, 1722, 1616, 1456, 747, 725.

1-(1-Methoxymethoxyethyl)benzothieno[3,2-€]benzothiophene (27). To a solution of 26 (0.434 g, 1.31 mmol,
1.0 eq.) in nitrogen-saturated toluene (200 ml) was added iodine (0.355 g, 1.40 mmol, 1.1 eq) and methyloxirane
(0.70 ml, 10.0 mmol, 7.6 eq.), and the mixture was irradiated with UV light from a water-filtered high pressure
mercury lamp for 18.5 h under a nitrogen atmosphere with vigorous stirring. The reaction mixture was washed
with 10% aq. Na,S;05 and 10% aq. NaHCO; successively, and the resultant mixture was extracted with ethyl
acetate four times. The combined organic layer was dried over anhydrous Na;SO,. After the drying agent was
filtered off, the solvent was removed i vacuo. The residue was purified by column chromatography on silica gel

using AcOFt / hexane (3%) as eluent, to give 0.162 g (0.493 mmol) of compound 27 asa pale yellow oil in 38%
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vield. 27: 'HNMR (400 MHz, CDCls, TMS) 8/ ppm 1.65 (d, J/Hz = 6.4, 3H), 3.40 (s, 3H), 4.74 (s, 2H), 601 (g,
VHz= 6.6, 1H), 7.43 - 7.57 (m, 2H), 7.80 (4, V/Hz = 8.6, 1H), 7.84 (5, 1H), 7.92 (d, VHz = 8.6, 1H), 7.95 (d, J/Hiz
=7.8, 1H), 8.5 (d, /Hz=17.8, 1H). LRMS (EL 70 6V) m/z (rel intensity), 328 (M, 87), 312 (100), 283 (71). IR

(neat) viem™ 3112,3059, 1722, 1442, 1377, 779,741, 725.

1-[1-(1-Methoxymethoxyethyl)-2-benzothieno[3,2-¢] benzothienyl]-2-(2,4,5-trimethyl-3-thienyl)hexafluoro-

cyclopentene (20). To a solution of 27 (0.0451 g, 0.137 mmol, 1.0 eq) in THF (2 ml) was added »-butyllithium
(0.095 ml, 1.58 mol dm™ #-hexane solution, 0.150 mmol, 1.1 eq.) at - 23 °C under a nitrogen atmosphere, and the
mixture was stirred for 3.5 h at this temperature. To the mixture was added a solution of 16 (0.0444 g, 0.140 mmol,
1.0 eq.) in THF (1 ml) slowly, and the mixture was stirred for 1day with gradual warming up to room temperature.
The reaction was quenched by adding water, and the resultant mixture was extracted with ethyl acetate five times.
The combined organic layer was dried over anhydrous Na,SO,. After the drying agent was filtered off;, the solvent
was removed in vacuo. The residue was purified by column chromatography on silica gel using AcOEt / hexane

(0, 5,10, 20%) as eluent, however any trace of photochromic 20 was not detected on "H NMR measurement.

1-[1—(l—Methoxymethoxyethyl)-Z-benzothieno[3,2-e]beuzothienyl]heptaﬂuomcyclopentene 29. To a
solution 0f 27 (0.143 g, 0.435 mmol, 1.0 eq)) in THF (3 ml) was added n-butyllithium (0.400 ml, 1.58 mol dm™
n-hexane solution, 0.632 mmol, 1.5 eq.) at - 78 °C under a nitrogen atmosphere, and the mixture was stirred for 4
h at this temperature. To the mixture was added octafluorocyclopentene (0.80 ml, 5.96 mmol, 13.7 eq.) at one
portion, and the mixture was stirred for 2.6 h. The reaction was quenched by adding water and 0.5 mol dm?
hydrochloric acid (0.5 ml) successively, and the resultant mixture was extracted with ethyl acetate four times. The
combined organic layer was dried over anhydrous Na,SO,. After the drying agent was filtered off, the solvent was
removed in vacuo. The residue was purified by éolumn chromatography on silica gel using AcOEt / hexane (0, 3,
5, 10, 20, 50%) as eluent, however any trace of compound 29 was not detected on 'H NMR and MS

measurement.
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1-{5—[2-(2-Benzothienyl)ethenyl]-3-(1-methmicymethoxyethyl)—Z-thienyl}heptaﬂuo,-(,cyck,pemene (8). To a
solution of 26 (0.290 g, 0.878 mmol, 1.0 eq.) in THF (7 ml) was added n-butyllithium (0.900 ml, 1.58 mol dm™
n-hexane solution, 1.42 mmol, 1.6 eq.) at - 21 °C under a nitrogen atmosphere, and the mixture was stirred for 2 h
at this temperature. To the mixture was added octafluorocyclopentene (1.00 ml, 7.45 mmol, 8.5 eq.) at one portion,
and the mixture was stirred for further 2 days with gradual warming up to room temperature. The reaction was
quenched by adding water, and the resultant mixture was extracted with ethyl acetate three times. The combined
organic layer was dried over anhydrous Na,SO,. After the drying agent was filtered off, the solvent was removed
in vacuo. The residue was purified by column chromatography on silica gel using AcOEt / hexane (0, 2, 5%) as
eluent, to give 0.117 g (0.224 mmol) of compound 28 as an orange oil in 26% yield. 28: 'H NMR (270 MH=,
CDClL;, TMS) 8/ ppm 1.50 (t, J/Hz = 5.9, 3H), 3.30 (d, /Bz = 1.3, 3H), 443 (dd, JHz = 5.5,53, 1H), 4.51 (dd,
JBz=159, 6.6, 1H), 4.67 (q, J/Hz = 6.6, 1H), 6.63 (d, /Hz = 11.9, 1H), 6.81 (d, /Hz =11, 1H), 733 (d, JHz =
7.3, 1H), 7.36 (d, J/Hz =73, 1H), 7.28 - 7.37 (m, 2H), 7.64 - 7.80 (m, 2H). LRMS (EL 70 €V) m/z (rel intensity),
522 (M, 23),279 (14), 256 (20). IR (neat) v/cm™ 3060, 2361, 1456, 1372, 1142, 975, 857, 746.

1-[1-(1-Methoxymethoxyethyl)-2-benzothieno[3,2-¢]benzothienyl] heptafluorocyclopentene 29. To a
solution of 28 (0.103 g, 0.198 mmol, 1.0 eq.) in nitrogen-saturated toluene (200 ml) was added iodine (0.063 g,
0.247 mmol, 1.3 eq.) and methyloxirane (0.15 ml, 2.15 mmol, 10.9 eq.), and the mixture was irradiated with UV
light from a water-filtered high pressure mercury lamp for 14.5 h under a nitrogen atmosphere with vigorous
stitring. The reaction mixture was washed with 10% ag. NapS,05 and 10% aq. NaHCO; successively, and the
resultant mixture was extracted with ethyl acetate three times. The combined organic layer was dried over
anhydrous Na;SO,. After the drying agent was filtered off, the solvent was removed i vacuo. The residue was
purified by column chromatography on silica gel using AcOEt / hexane (0, 1, 2, 3%) as eluent, however any trace

of compound 29 was not detected on 'H NMR measurement.

4-Ethenylthiophene-2~carbaldehyde (30). To a solution of methyltriphenylphosphonium bromide (10.4 g, 29.0
mmol, 1.1 eq.) in THF (50 ml) was added #-butyllithium (18.0 ml, 1.60 mol dm® 7-hexane solution, 28.8 mmol,
1.1 eq)) at 0 °C under a nitrogen atmosphere, and the mixture was stired for 2.5 h at this temperature. To the

mixture was added a solution of 3-thiophenaldehyde (3.01 g, 26.8 mmol, 1.0 eq.) in THF (20 ml) slowly, and the
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mixture was stirred for 1 day with gradual warming up to room temperature. To the mixture was added
tert-butyllithium (40.0 ml, 1.46 mol dm> pentane solution, 58.4 mmol, 2.2 eq.) at - 78 °C, and the mixture was
stirred for 1 h at this temperature. To the reaction mixture was added DMF (4.80 ml, 62.4 mmol, 2.3 eq.), and the
mixture was stirred for 30 min at this temperature. The reaction was quenched by adding water, and the resultant
mixture was extracted with ethyl acetate five times. The combined organic layer was dried over anhydrous
Na,SO;. After the drying agent was filtered off, the solvent was removed i vacuo. The residue was purified by
column chromatography on silica gel using AcOEt / hexane (0, 3,7, 10%) as eluent, to give 3.35 g (24.2mmol) of
a mixture containing compound 30 and its C2-formilated regioisomer 30' (30 : 30' ca. 3 : 2) as a dark orange
liquid in 90% combined yield. 30: "H NMR (400 MHz, CDCl, TMS) &/ ppm 531 (dd, J/Hz = 10.7, 0.7, 1H),
5.66 (d, JHz=17.6, 1H), 6.67 (dd, JHz = 17.6, 10.7, 1H), 7.58 (s, 1H), 7.87 (d, JHz=1.5,1H),9.91 (d, J/Hz =
1.5, 1H). 30": 'H NMR (400 MHz, CDCL, TMS) 8/ ppm 5.57 (dd, J/Hz = 11.0, 1.0, 1H), 5.82 (dd, JHz =17.6,
1.0, 1H), 7.26 (dd, J/Hz = 17.6, 11.0, 1H), 7.32 (d, J/Hz=5.1, 1H), 7.64 (dd, JHz=5.1,0.5, 1H), 10.13 (d, J/Hz =
1.0, 1H). LRMS (EL 70 eV) m/z (rel intensity), 138 (M, 100), 109 (19).

1-2-Benzo[b]thienyl)-2-(4-ethenyl-2-thienyl)ethene (31). To a solution of 23 (15.4 g, 34.7 mmol, 1.2 eq.) in
THF (70 ml) was added »-butyllithium (21.5 mL 1.58 mol dm* #-hexane solution, 34.0 mmol, 1.1 eq.) at 0 °C
under a nitrogen atmosphere, and the mixture was stirred for 1 h at this temperature. To the mixture was added a
solution of 30 (4.16 g, 30.1 mmol, 1.0 eq., as a mixture with jts regioisomer 30") in THF (30 ml), and the mixture
was stirred for 1 day with gradual warming up to room temperature. The reaction was quenched by adding water,
and the resultant mixture was extracted with ethyl acetate four times. The combined organic layer was dried over
anhydrous Na,SO,. After the drying agent was filtered off, the solvent was removed in vacuo. The residue was
purified by column chromatography on silica gel using AcOEt / hexane (10, 20, 25%) as eluent, to give a mixture
containing 31 and its regjoisomer 31' as a yellow oil in quantitative combined yield. 31: 'H NMR (400 MHz,
CDCl;, TMS) 8/ ppm [5.17 (d, J/Hz = 10.7, 1H), 5.21 (d, J/Hz = 10.7, 1H), 5.34 (d, J/Hz = 11.0, 1H): these are the
trans-f3 protons of vinyl groups of regio / stereo isomers], [5.53 (d, J/Hz = 17.8, 1H), 5.58 (d, J/Hz = 17.3, 1H),
5.62 (d, J/Hz = 18.1, 1H): these are the cis-fprotons of vinyl groups of regio / stereo isomers], [6.60 (d, J/Hz =
11.0, 1H), 6.65 (d, J/Hz = 10.7, 1H), 7.08 (d, I/Hz = 17.1, 1H): these are the o protons of vinyl groups of regio /

stereo isomers], [6.68 (s, 2H), 6.88 - 6.99 (m, 2H), 7.02 - 7.20 (m, 2H): these are the olefin protons of regio / stereo
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isomers], 7.21 - 7.35 (m, SH), 7.64 - 7.77 (m, 2H). LRMS (EL 70 V) m/z (rel intensity), 268 (M, 100), 234 (24).

1-Ethenylbenzothieno[3,2-¢]benzothiophene (32). To a solution of 31 (0.821 g, 3.06mmol, 1.0 eq., as a mixture
with its regioisomer 31") in nitrogen-saturated toluene (200 ml) was added iodine (0.406 g, 1.60 mmol, 0.52 eq.)
and methyloxirane (1.00 ml, 14.3 mmol, 4.7 eq), and the mixture was irradiated with UV light from a
water-filtered high pressure mercury lamp for 13.5 h under a nitrogen atmosphere with vigorous stirring, The
reaction mixture was washed with 10% aq. Na;$;0; and 10% aq. NaHCO; successively, and the resultant mixture
was extracted with ethyl acetate three times. The combined organic layer was dried over anhydrous Na,SO,. After
the drying agent was filtered off, the solvent was removed # vacuo. The residue was purified by column
chromatography on silica gel using toluene / hexane (100, 0%) as eluent, to give 0.263 g (0.986 mmol) of
compound 32 as a pale yellow solid in 32% yield. 32: 'H NMR (270 MHz, CDCl;, TMS) 8/ ppm 5.49 (dd, J/Hz
=106, 1.3, 1H), 5.82 (dd, J/Hz=17.2, 1.3, 1H), 7.38 (dd, J/Hz = 172, 10.6, 1H), 7.41 - 7.48 (m, 2H), 7.59 (s, 1H),
7.80(d, J/Hz=8.6, 1H), 7.90 (d, J/Hz= 8.6, 1H), 7.90 - 7.95 (m, 1H), 8.92 (g, J/Hz = 3.3, 1H). LRMS (EJ, 70 eV)
m/z (rel intensity), 266 (M, 100), 251 (10), 234 (18). LRMS (EL 70 eV) m/z (rel intensity), 266 (M", 100), 234
9), 132 (14).

1—(1-Ethenyl-2-benzothieno[3,2—e]benzothienyl)—Z—(Z,4,S-trimethyl-3-thienyl)hexaﬂuorocyclopenfene 33).
To a solution of 32 (0.538 g, 2.02 mmol, 1.3 eq)) in THF (15 ml) was added n-butyllithium (1.25 ml, 1.60 mol
dm™ »-hexane solution, 2.00 mmol, 1.3 eq.) at - 19 °C under a nitrogen atmosphere, and the mixture was stirred
for 15 min at this temperature. To the mixture was added a solution of 16 (0.506 g, 1.59 mmol, 1.0 eq.) in THF (15
ml) slowly, and the mixture was stirred for 1day with gradual warming up to room temperature. The reaction was
quenched by adding water, and the resultant mixture was extracted with ethyl acetate four times. The combined
organic layer was dried over anhydrous Na,SO,. After the drying agent was filtered off, the solvent was removed
in vacuo. The residue was purified by column chromatography on silica gel using AcOE / hexane (0, 1%) as
eluent, to give 0.422 g (0.747 mmol) of compound 33 as a yellow solid in 47% yield. 33: 'H NMR (400 MHz,
CDCls, TMS) &/ ppm 1.88 (s, 3H), 2.17 (s, 3H), 2.26 (s, 3H), 529 (dd, J/Hz = 17.8, 1.2, 1H), 5.57 (dd, J/Hz =
11.0, 1.2, 1H), 6.90 (dd, J/Hz = 17.6, 11.0, 1H), 7.36 - 7.45 (m, 2H), 7.83 (d, J/Hz =83, 1H), 7.85 (d, J/Hz = 8.5,
1H), 7.89 (dd, J/Hz =73, 2.0, 1H), 8.72 (dd, /Hz=17.8, 2.0, LH). LRMS (EL 70 V) m/z (rel intensity), 564 QM
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100), 549 (11), 516 (6), 487 (14), 368 (13), 236 (20).

1—(1-Acetyl—2-benzothieno[3,2—e]benzothienyl)-z-(2,4,5—trimethyl—3—thienyl)hexaﬂuomcyclopentene 34). To
a mixture of palladium (IT) chloride (0.0050 g, 0.028 mmol, 0.40 eq.) and copper (I) chloride (0.0115 g, 0.116
mmol, 1.6 eq.) in a mixture of DMF (0.88 ml) and water (0.12 ml) was added a solution of 33 (0.0400 g, 0.0708
mmol, 1.0 eq.) in a mixture of DMF (0.88 ml) and water (0.12 ml) at room temperature under an oxygen
atmosphere, and the mixture was stirred for 2 months. The reaction was quenched by adding water, and the
resultant mixture was extracted with ethyl acetate four times. The combined organic layer was dried over
anhydrous Na,SO;. After the drying agent was filtered off, the solvent was removed in vacuo. The residue was
purified by column chromatography on silica gel using AcOFt / hexane (0, 3%) as eluent, however any trace of

compound 34 was not detected on 'H NMR measurement.

1-[1—(1-Hydmxyethyl)-2—benzothieno[3,2-e]benmtbienyl]-2-(2,4,5-trimethyl—3-thienyl)hexaﬂuomcyclopen—

tene (35). To a solution of [1 ,4-bis(diphenylphosphino)butane](l,5—cyclooctadiene)1hodium (D tetrafluoroborate
(0.0050 g, 0.0069 mmol, 0.16 eq.) in THF (0.2 ml) was added a solution of 33 (0.0246 g,0.0436 mmol, 1.0 eq.) in
THF (0.5 ml) at room temperature under a nitrogen atmosphere, and the mixture was stirred for 30 min. To the
mixture was added catecholborane (0.11 ml, 1.0 mol dm™ THF solution, 0.11 mmol, 2.5 eq.), and the mixture was
stirred for 4 days. The reaction was quenched by adding methanol and 10% aq. NaOH (0.2 ml, 0.5 mmol, 11.5
eq.) and 3% agq. H,0, (0.05 ml, 0.044 mmol, 1.0 eq.) successively, and the resultant mixture was stirred for further
3 h. The resultant mixture was extracted with ethyl acetate three times. The combined organic layer was dried over
anhydrous Na,SOy. After the drying agent was filtered off, the solvent was removed in vacuo. The residue was
purified by column chromatography on silica gel using AcOEt / hexane (10, 30%) as eluent, however any trace of

compound 35 was not detected on "H NMR measurement.

1-[1—(1,2-Dihydmxyethyl)—2—benzothieno[3,2—e]benzothienyl]-2-(2,4,5—t1imethyl—3—thienyl)hexaﬂuomcyclo-
pentene (36). To a solution of 33 (0.186 g, 0.329 mmol, 1.0 eq.) in pyridine (7 ml) was added osmium tetroxide
(4.50 ml, 0.0798 mol dm™ fers-butanol solution, 0.359 mmol, 1.1 eq.) at room temperature under a nitrogen

atmosphere, and the mixture was stirred for 5 days. To the mixture was added a solution of sodium hydrogen
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sulfite (0.292 g, 2.81 mmol, 8.5 eq.) in water (2 ml), and the mixture was stirred for further 2 days. To the mixture
was added water and 3 mol dm™ hydrochloric acid successively, and the reaction was quenched by adding 10% aq.
Na;S,0;, and the resultant mixture was extracted with CHC; seven times, then with ethyl acetate three times. The
combined organic layer was dried over anhydrous Na,SO,. After the drying agent was filtered off, the solvent was
removed i1 vacuo. The residue was purified by column chromatography on silica gel using AcOEt / hexane (10%)

as eluent, to give 0.0954 g (0.159 mmol) of compound 36 as a yellow solid in 48% yield. 36: "H NMR (400 MHz,
DMSO-dg, TMS) & / ppm 1.97 (s, 3H, major conformer), 2.09 (s, 1H, major), 2.16 (s, 1H, major), 2.22 (s, 1H,

minor conformer), 2.33 (s, 1H, minor), 2.44 (s, 1H, minor), 3.20 - 3.30 (m, 2H), 4.75 (dt, J/Hz=5.1,5.1, 1H), 5.74
-5.84 (m, 1H), 5.98 (dd, J/Hz= 6.3, 3.7, 1H), 7.53 (t, /Hz=3.7, 1H), 7.55 (t J/Hz=4.1,1H), 8.11 - 8.15 (m, 3H),

8.75 (m, 1H). LRMS (EL 70 eV) m/z (rel intensity), 598 (M, 1), 597 (2), 596 (2), 592 (17), 578 (57), 561 (34),

547 (100), 507 (58), 493 (14), 368 (38). IR (Nujol) v/em™ 3367, 3170, 1708, 1274, 980.

l-[l-Fonnyl-Z-benzothieno[3,2-e]benzothienyl]-2-(2,4,5-trimethyl-3—thienyl)hexafluomcyclopentene 37).
To a solution of 36 (0.699 g, 0.117 mmol, 1.0 eq.) in ethanol (5 ml) was added a solution of sodium periodate
(0.098 g, 0.458 mmol, 3.9 eq.) in water (2.5 ml) at room temperature, and the mixture was stirred for 2 days. The
solvent was removed i vacuo. The residue was purified by column chromatography on silica gel using AcOEt /
hexane (10, 20%) as eluent, to give 0.0473 g (0.0835 mmol) of compound 37 as a yellow solid in 72% yield. 37:
"HNMR (270 MHz, CDCl, TMS) &/ ppm 1.95 (s, 3H), 2.17 (s, 3H), 2.35 (s, 3H), 7.43 - 7.54 (m, 2H), 7.88 (d,
JHz=8.6, 1H), 7.88 - 7.97 (m, 2H), 7.96 (d, J/Hz = 8.6, 1H), 10.44 (s, 1H). LRMS (EL 70 eV) m/z (rel intensity),
566 (M, 34), 565 (100), 550 (58), 547 (10), 536 (17),506 (16), 505 (21).

Spiro byproduct (38). To a mixture of 37 (0.0179 g, 0.0316 mmol, 1.0 eq.) and N, N, N, N', tetramethylethylene-

diamine (0.01 ml, 0.067 mmol, 2.1 eq.) in THF (1 ml) was added methyllithium (0.05 ml, 0.98 mol dm? ether
solution, 0.049 mmol, 1.6 eq.) at - 23 °C under a nitrogen atmosphere, and the mixture was stirred for 3 h with
gradual warming up to 0 °C. To the mixture was added methyllithium (0.01 ml, 0.98 mol dm? ether solution,
0.0098 mmol, 0.31 eq.) again, and the mixture was stirred for further 1 day with gradual warming up to room
temperature. The reaction was quenched by adding water, and the resultant mixture was extracted with ethyl

acetate four times. The combined organic layer was dried over anhydrous Na,SO,. After the drying agent was

113



filtered off; the solvent was removed in vacuo. The residue was purified by column chromatography on silica gel
using AcOEt / hexane (10%) as eluent, to give compound 38 as a yellow solid in quantitative yield. 38: "TH NMR
(270 MHz, CDCl;, TMS) 6/ ppm [1.16 (d, J/Hz = 6.6, 3H), 1.61 (d, J/Hz = 6.6, 3H): these are the doublet methyl
groups of diastereomeric isomers], [1.87 (s, 3H), 2.07 (s, 3H), 2.13 (s, 3H), 2.14 (5, 3H), 2.17 (s,3H),2.18 (s, 3H),
2.23 (s, 3H), 2.41 (s, 3H), 2.53 (s, 3H): these are the singlet methyl groups of diastereomeric isomers], [6.11 (q,
J/Hz = 6.6, 1H), 630 (q, J/Hz = 6.6, IH): these are the quartet hydrogen groups of stereo isomers], 7.43 - 7.54 (m,
2H), 7.85 (t, J/Hz=2.0, 2H), 7.87 - 7.93 (m, 1H), 8.05 - 8.10 (m, 1H). LRMS (EL 70 eV) m/z (tel intensity), 562

(M, 18), 561 (57), 518 (100). IR (Nujol) v/em™ 1521, 1309, 1218, 992, 841.

343 Diarylethene 3
343.1 Synthesis
Synthesis of 1-[12-Hydroxy-1-phenylaminocarbonyloxyethyl)-2-benzothieno [3,2-¢]benzothienyl]-2-(2,4,5-

trimethyl-3-thienyl)hexafluorocyclopentene (30) was carried out according to the following procedures.

1—{1-[1-Hydmxy—2—(2—tetrahydmpymnyloxy)ethyl]-2-benzothieno[3,2—e] benzothienyl}-2-(2,4,5-trimethyl-3-
thienyl)hexafluorocyclopentene (39). To a solution of 36 (0.0077 £, 0.0129 mmol, 1.0 eq.) in DCM (2 ml) was
added 3,4-dihydro-2H-pyran (0.0014 ml, 0.0155 mmol, 1.2 eq.) and pyridinium p-toluenesulfonate (0.0005 g,
0.00199 mmol, 0.15 eq.) at room temperature under a nitrogen atmosphere, and the mixture was stirred for 1 day.
The reaction was quenched by adding water, and the resultant mixture was extracted with CHC; four times. The
combined organic layer was dried over anhydrous Na,SO,. After the drying agent was filtered off, the solvent was
removed in vacuo. The residue was purified by column chromatography on silica gel using AcOEt / hexane (10,
20%) as eluent, to give 0.0024 g (0.00352 mmol) and 0.0024 £ (0.00352 mmol) of diastereomers of compound 39
as a pale yellow oil in 54% combined yield. 39 (diastereomer I ): 'H NMR (400 MHz, CDCls, TMS) &/ ppm 1.42
= 1.50 (m, 6H), [1.95 (s, 3H), 2.14 (5, 3H), 2.17 (5, 3H), 2.24 (5, 3H), 2.31 (s, 3H), 249 (s, 3H): these are the singlet
methyl groups of the conformational isomers], 3.32 - 3.44 (m, 1H), 3.54 - 3.84 (m, 2H), 4.22 - 4.25 (m, 2H), 5.92 -
598 (m, 1H), 744 - 7.52 (m, 2H), 7.80 (d, JHz = 8.5, 1H), 7.82 (d, J/Hz = 8.5, 1H), 7.90 - 7.93 (m, 1H), [8.64 (d,
JHz=17.6, 1H), 8.72 (d, J/Hz = 9.0, 1H): these are the terminal protons on helicene of conformational isomers].

LRMS (EL 70 €V) m/z (tel intensity), 681 (M-1Y", 5), 577 (47), 546 (100), 506 (52). IR (Nujol) viem™ 3283,
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1741, 1713, 1339, 1273. 39 (diastereomer II ): "H NMR (400 MHz, CDCls;, TMS) 5/ ppm 1.40 - 1.48 (m, 6H),
[1.92 (s, 3H), 2.12 (s, 3H), 2.17 (5, 3H), 2.25 (s, 3H), 2.30 (5, 3H), 2.48 (8, 3H): these are the singlet methyl groups
of the conformational isomers], 2.98 - 443 (m, SH), 591 (q, VHz = 9.3, 1H), 7.43 - 7.52 (m, 2H), 7.79 - 7.85 (m,
2H), 791 (d, J/Hz = 9.0, 1H), [8.63 (d, J/Hz="7.3, 1H), 8.75 (d, J/Hz=9.0, 1H): these are the terminal protons on
helicene of conformational isomers]. LRMS (EL 70 eV) m/z (rel intensity), 681 (M-1), 6), 577 (35), 546 (63),

506 (31). IR (Nujol) v/em™ 3379, 1732, 1341, 1274, 1192.

1-{1—[1-Phenylaminocarbonyloxy~2—(2—tetrahydmpyranyloxy)ethyl]—2-benmthieno[3,2-e]benmthienyl}—Z-
(2,4,5-trimethyl-3-thienyl) hexafluorocyclopentene (40). To a solution of 39 (0.0145 g, 0.0212 mmol, 1.0 eq.) in
pyridine (0.5 ml) was added phenyl isocyanate (0.02 ml, 0.185 mmol, 8.7 eq.) at room temperature under a
nitrogen atmosphere, and the mixture was refluxed for 4 h. The reaction was quenched by adding methanol and
water, and the resultant mixture was extracted with ethyl acetate four times. The combined organic layer was dried
over anhydrous Na;SOy. After the drying agent was filtered off, the solvent was removed i vacuo. The residue
was purified by column chromatography on silica gel using AcOELt / hexane (5, 10, 20%) as eluent, to give 0.0146
£ (0.0182 mmol) of compound 40 as a mixture of diastereomers as a pale yellow oil in 86% yield. 40: "H NMR
(400 MHz, CDCls, TMS) &/ ppm 0.75 - 1.50 (m, 6H), [1.98 (s, 3H), 2.01 (s, 3H), 2.04 (s, 3H), 2.11 (s, 3H), 2.15
(s, 3H), 2.19 (s, 3H), 2.34 (s, 3H), 2.37 (s, 3H), 245 (5, 3H): these are the singlet methyl groups of the
conformational / diastereomeric isomers], 3.10 - 3.70 (m, 3H), 4.00 - 4.45 (m, 2H), 6.61 - 6.69 (m, 1H), 7.10 (dd,
JHz=173,63, 1H), 727 - 7.75 (m, 5H), 740 - 7.56 (m, 2H), 7.80 (d, J/Hz = 8.5, 1H), 7.83 (d, JHz = 8.5, 1H),
7.90 - 7.95 (m, 1H), 8.72 - 8.82 (m, 1H).

l-[1-(2-Hydmxy—l-phenylaminocarbonyloxyethyl)-2—benzothieno[3,2-e]benzothienyl]-Z-(ZA,S—himethyl—S-

thienyl)hexafluorocyclopentene (30). To a solution of 40 (0.0146 g, 0.0182 mmol, 1.0 eq.) in ethanol (5 ml) was
added pyridinium p-toluenesulfonate (0.0096 g, 0.0382 mmol, 2.1 eq.) at room teinpexaUJre under a nitrogen
atmosphere, and the mixture was stirred for 1 day and then refluxed for 6 h. The reaction was quenched by adding
water, and the resultant mixture was extracted with ethyl acetate four times. The combined organic layer was dried
over anhydrous Na,SO,. After the drying agent was filtered off, the solvent was removed i vacuo. The residue

was purified by column chromatography on silica gel using AcOEt / hexane (20%) as eluent, to give 0.0125 g
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(0.0174 mmol) of compound 30 as an orange oil in 96% yield. 30: "H NMR (400 MHz, CDCl;, TMS) 8/ ppm
[2.01 (5, 3H), 2.09 (s, 3H), 2.16 (s, 3H), 2.22 (s, 3H), 2.38 (s, 3H), 2.44 (5, 3H): these are the singlet methyl groups
of the conformational isomers], 3.55 - 3.77 (m, 2H), [6.66 (s, 1H), 6.75 (s, 1H): these are the NH protons of
conformational isomers], 7.11 (t, J/Hz= 7.2, 1H), 7.27 - 7.56 (mm, 7TH), 7.83 (d, J/Hz= 8.5, 1H), 7.86 (d, J/Hz =85,
1H), 7.94(d,J/Hz =138, 1H), 8.63 (t, /Hz="7.5, 1H). LRMS (EL 70 eV) m/z (rel intensity), 681 (M-1)", 16), 597

(14), 560 (32), 305 (35), 199 (28), 168 (37), 153 (100).

3432 Photochromic reactions

A 2.90 mg of 30 was dissolved in CHCl; (10 ml) to prepare a 4.04 x 10** mol dm™ CHCl, solution. An each 2
ml of this solution was separated and the solvent was removed i vacuo, and then dissolved in ethyl acetate,
toluene, methanol, and acetonitrile (Spectrochemical analytical grade, 10 ml) to prepare an 8.08 x 10° mol dm™ of
each solution for photochromic reactions.

Photochromic reactions were carried out by irradiation with 313 nm light from an Hg lamp (0.233 mW cm?,
for conversion from O-form to PSS) and 506 nm light from a Xe lamp (0.482 mW cm?, for conversion from PSS
to O-form) those were separated by appropriate glass and / or water filters. These lights were irradiated to an 8.08
x 10° mol dm® solution in a 10 mm length quartz cell, and the absorption spectra were recorded several times on a
JASCO V-550 UV/Vis spectrophotometer.

During photoreactions, a 10 ul of the solution of 3 was injected into an HPLC (Shimadzu LC-6AD pump unit)
equipped with a UV/Vis detector (Shimadzu SPD-10A UV/Vis photodetector) and a silica gel column (Wakosil
5SIL, 4.6 mm diameter x 150 mm) at arbitrary irradiation time to determine the conversion ratio from O- to

C-form. The measurement conditions were as follows.

Stationary phase: Wakosil 5SIL, 4.6 mm diameter x 150 mm
Detection wavelength: 305 nm (conversion), 508 nm (diastereomer excess)
Moving phase: 25 v/v% AcOEt / n-hexane

Flow rate: 0.5 ml min™
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The ratio of the photoisomers was determined based on the peak area of chromatograms detected at 305 nm
recorded at arbitrary time. The relationship between S; (peak area of chromatogram of component “ i ) and C;

(concentration of component “ i ) follows the equation (3.4.3.1).
SoFo+ScFc=Cp+ Cc=C(constant) ¢+ (3430
In (3.4.3.1), the F; is a coefficient for each component i. The equation (3.4.3.1) can be converted to (3.4.3.2).
Sc=(C(constant)/ F¢) - Fo/Fe¢) * So + = (3432

From the equation (3.4.3.2), the average y axis constant (C(constant) / F¢) and slope [- (Fo / F¢)] are obtained
successively by plotting (So, S¢) coordinate data and draw the approximate line. As a result, Cp and C¢ can be
calculated as a function of Sp and S, respectively. The conversion ratio from O- to C-form is calculated from Cop

and Cc at the photostationary state (PSS).

3433 Quantum yields

The quantum yield ¢ is defined to be the ratio of the number of photochemically reacting molecules to the
number of photon absorbed by them, and the quantum yield from component A to B is describe as Qag.

‘When a light is irradiated to a photochtbmic solution and the number of reacted molecules after absorbing light

is “n”, the change in the concentration of component i is described by the equations as shown below.

dCs/dt=(- 5 kg Ci+ 5 G + (1 - 10%/A + + +(3433)
ki-"&(bﬁlo A '(3.4.3.4)
A=%Cd ‘. 2 (343.5)

@j=1,2,.,0,i#))
C; : Concentration of component i
t : Iradiationtime

A . Absorbance of the solution at the irradiation wavelength
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& : Molar absorption coefficient of component 7 at the irradiation wavelength
®7 : Quantum yield converting from 7 toj at the wavelength

I : Trradiation intensity

d : Celllength

The quantum yields of both photochromic reactions were calculated. When 313 nm light is irradiated onto a
diarylethene photochrome, photocyclization (O—C) and cycloreversion (C—O) reaction proceed simultaneously.

As aresult, the change of concentration of each component is described by the equations as shown below.

dCo/ dt= (- koc Co+kaoCo) * (1- 104)/A -+« < (343.6)
dCc/dt=(-kopCet+kocCo) * (1-10%)/A <+ (3437

These differential equations can not be solved mathematically, so Runge-Kutta method is applied to estimate

approximate values by using actual concentration of each component to minimize the etror A
A= 53[Cpae (t8) - Cyons )] <+ = (343.98)
via systematical changing of &; where C; uc (#) is calculated concentration and C; 4 (#) is actual concentration
calculated in chapter 3.4.3.2. From the combination of the most suitable ky, &, and I, ¢; can be estimated.
When 506 nm light is irradiated onto diarylethene photochrome, only cycloreversion (C—O) reaction proceeds. As
aresult, the change of concentration of each component is described by the equations as shown below.
dCc/dt=(-keoCo) * (1-10%)/A -+ + +(3439)

The equation (3.4.3.9) can be solved mathematically to give the equation (3.4.3.10).

log (10*0 - 1)=-kp * t+Iog (1049 - 1) * + 2 (343.10)
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The relationship between the log (10*? - 1) value and the irradiation time # obtained from photoreaction
experiment gives photoreaction rate coefficient kcp, where A(0) is absorbance before visible light irradiatiorn. From

the combination of kco , &, and Iy, Qo can be estimated.

34.3.4 Diastereoselectivity
Diastereoselectivity was estimated by comparing the peak areas of chromatograms of HPLC of two
diastereomeric C-form (Cygjor and Civing) detected at 508 nm simultaneously obtained at the measurement of

conversion ratio in chapter 3.4.3.2. The absorption coefficients of Chgjor a0d Citiner (6(Civtior) a0d &(Chvincy)) are

assumed to be the same.

344 Diarylethene 4
344.1 Synthesis
Synthesis of (R)-1-[1-(1-Methoxymethoxyethyl)-2-naphtho[2,1-b] thienyl]-2-(2,4,5-trimethyl-3-thienyl)-

hexafluorocyclopentene ((R)-40) and (R)-4C were carried out according to the following procedures.

3-lodo-2,4,5-trimethylthiophene (41). To a mixture of 2,3,5-trimethylthiophene (1.39 g, 11.0 mmol, 1.0 eq.) in
CCl, (15 ml), acetic acid (15 ml), and water (1.5 ml) was added iodine (1.40 g, 5.51 mmol, 0.5 eq.) and iodic acid
(0.599 g, 3.40 mmol, 0.3 eq.), and the mixture was refluxed for 5 h with stirring. The reaction was quenched by
adding 10% aq. Na,S,;0s, and the resultant mixture was extracted with CHCl; seven times. The combined organic
layer was dried over anhydrous Na,SO,. After the drying agent was filtered off, the solvent was removed in vacuo.
The residue was purified by column chromatography on silica gel using hexane as eluent, to give 2.17 g (8.62
mmol) of compound 41 as a colorless liquid in 78% yield. 41: 'HNMR (300 MHz, CDClL, TMS) 8/ ppm 2.12 (s,
3H), 2.36 (s, 6H). LRMS (EL 70 eV) m/z (rel intensity), 252 (M, 100), 237 (37), 125 (48). Found: m/z 251.9421.

Caled for CHIS: M, 251.9470. IR (neat) v/iem™ 2915, 2855, 2385, 1559, 1440, 1377, 1148, 987, 751.

(R)-3-(1-Hydroxyethyl)thiophene (42). To a solution of (S)-2-methyl-CBS-oxazaborolidine (0.40 ml, 1 mol dm’
toluene solution, 0.40 mmol, 0.017eq.) was added borane-THF complex (4.20 ml, 1.0 mol dm?® THF solution,

420 mamol, 0.17 eq.) at - 23 °C under a nitrogen atmosphere, and the mixture was stired for 20 min at this

119



temperature. To the mixture was added a solution of 3-acetylthiophene (0.507 g, 4.02 mmol, 0.17 eq.) in THF (20
ml) over the period of 45 min at this temperature, and the resultant mixture was stirred for further 20min. This
cycle, successive addition of borane-THF complex (4.20 ml) and a solution of 3-acetylthiophene (0.5 g) in THF
(20 ml) at - 23 °C, was performed in a similar manner repeatedly five more times to consume all the 3.04 gof
3-acetylthiophene. The reaction was quenched by adding water and 1 mol dm™ hydrochloric acid successively,
and the resultant mixture was extracted with ethy] acetate six times. The combined organic layer was dried over
anhydrous Na,SOy. After the drying agent was filtered off, the solvent was removed in vacuo. The residue was
purified by column chromatography on silica gel using AcOEt / hexane (20%) as eluent, to give compound 42 as
a colorless liquid in quantitative yield. The optical purity of 42 was determined on its acetate 43. 42: '"HNMR (300
MHz, CDCl;, TMS) 8/ ppm 1.53 (d, J/Hz = 6.4, 3H), 1.84 (br s, 1H), 4.98 (q, J/Hz =64, 1H), 7.10 (ddd, J/Hz =
5.1, 1.3, 04, 1H), 7.20 (ddd, /Hz=3.0, 1.3, 0.8, 1H), 7.30 (dd, J/Hz = 4.9, 3.0, 1H). LRMS (E, 70 &V) m/z (rel
intensity), 128 (M, 58), 113 (70), 85 (100), 45 (20). Found: m/z 128.0315. Calcd for CeHsOS: M, 128.0296. IR

(Nujol) viem™ 3368, 3107, 2974, 2942, 1416, 1159, 1077, 786. [0 4o = +20.4 °.

(R)-3«(1-Acetoxyethyl)thiophene (43). To a mixture of 42 (0.0248 g, 0.194 mmol, 1.0 eq.) and 4-dimethylamino-
pyridine (0.0045 g, 0.0368 mmol, 0.2 eq.) was added triethylamine (0.10 ml, 0.721 mmol, 3.7 eq.) and acetic
anhydride (0.06 ml, 0.635 mmol, 3.3 eq.) successively at room temperature under a nitrogen atmosphere, and the
mixture was stired for 30 min. The reaction was quenched by adding ethanol, and the solvent was removed i
vacuo. The residue was purified by column chromatography on silica gel using AcOEt / hexane (10%) as eluent,
to give 0.0265 g (0.156 mmol) of compound 43 as a colorless liquid in 81% yield. 43: 'H NMR (300 MHz,
CDCI3, TMS) 3/ ppm 1.56 (d, J/Hz = 6.6, 3H), 2.06 (s, 3H), 6.00 (q, J/Hz = 6.6, 1H), 7.08 (dd, J/Hz=5.1, 1.3,
1H), 7.24 (ddd, J/Hz =3.0,13, 0.8, 1H), 7.29 (dd, /Hz=5.1, 3.0, 1H). LRMS (EL 70 eV) nv/z (rel intensity), 170
(M, 17), 128 (100), 113 (32), 111 (55), 43 (48). Found: m/z 170.0426. Caled for CsHyO:S: M, 170.0402. IR
(neat) v/em™ 1731, 1370, 1237, 1067, 1023, 786. [0] >4 =+90.1 °.

(R)-3-(1-tert-Butyldiphenylsilyloxyethyl)thiophene (44). To a mixture of 42 (1.69 g, 13.2 mmol, 1.0 eq.) and
tert-butyldiphenylchlorosilane (4.00 g, 14.5 mmol, 1.1 eq.) in DMF (7 ml) was added imidazole (2.20 g, 32.4

mmol, 2.5 eq.) at room temperature under a nitrogen atmosphere, and the mixture was stirred for 10 h. The
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reaction was quenched by adding water, and the resultant mixture was extracted with ethyl acetate five times. The
combined organic layer was dried over anhydrous Na,SO,. After the drying agent was filtered off, the solvent was
removed in vacuo. The residue was purified by column chromatography on silica gel using AcOEt / hexane (1%)
as eluent, to give 4.43 g (12.1 mmol) of compound 44 as a colorless oil in 92% yield. 44: "H NMR (270 MHz,
CDClL, TMS) 6/ ppm 1.05 (s, 9H), 1.36 (d, J/Hz = 6.6, 3H), 4.93 (q, J/Hz = 6.6, 1H), 6.98 - 7.03 (m, 2H), 7.21 (dd,
JHz=53,2.6, 1H), 7.28-747 (m, 6H), 7.51 - 7.56 (m, 2H), 7.70 (dd, VHz = 7.9, 1.3, 2H). LRMS (EL 70 eV)
m/z (rel intensity), 366 (M, 1), 309 (20), 255 (5), 199 (71). Found: m/z 366.1484. Caled for CpHps08Si: M,

366.1474. IR (neat) v/em™ 2960, 2857, 2349, 1428, 1112, 702. [0] >4 = +75.0 °.

(R)y4~(1-tert-Butyldiphenylsilyloxyethyl)thiophene-2-carbaldehyde (45). To a solution of 44 (398 g, 109
mmol, 1.0 eq.) in THF (80 ml) was added zert-butyllithium (8.40 ml, 1.56 mol dm* pentane solution, 13.1 mmol,
1.2 eq.) at - 78 °C under a nitrogen atmosphere, and the mixture was stirred for 75 min. To the mixture was added
DMF (1.10 ml, 14.3 mmol, 1.3 eq.), and the mixture was stirred for 20 min at this temperature. The reaction was
quenched by adding water, and the resultant mixture was extracted with ethy] acetate four times. The combined
organic layer was dried over anhydrous Na,SO;. After the drying agent was filtered off, the solvent was removed
in vacuo. The residue was purified by column chromatography on silica gel using AcOE / hexane (3, 10%) as
eluent, to give 4.14 g (10.5 mmol) of compound 45 as a yellow oil in 97% yield. 45: "H NMR (270 MHz, CDCl,
TMS) &/ ppm 1.06 (s, 9H), 1.39 (d, /Hz = 6.6, 3H), 4.91 (q, J/Hz = 6.6, 1H), 7.30 (d, /Hz =73, 2H), 7.35-7.49
(m, 5H), 7.52 (dd, J/Hz =179, 1.3,2H), 7.59 (d, JHz= 1.3, 1H), 7.68 (dd, J/Hz=7.9, 1.3, 2H), 9.83 (d, J/Hz = 1.3,
1H). LRMS (EL 70 V) m/z (rel intensity), 394 (M, 1), 337 (45), 293 (7), 199 (100). Found: m/z 394.1390. Caled

for CsHas05SSi: M, 394.1423. IR (KBr) viem'™ 3070, 1663, 1428, 1233, 1145, [0] 4% g5 =+ 98.6 °.

(R)-1-[4-(1-tert-Butyldiphenylsilyloxyethyl)-2-thienyl]-2-phenylethene (46). To a solution of benzyltriphenyl-

phosphonium bromide (5.14 g, 11.9 mmol, 1.2 eq.) in THF (80 ml) was added »butyllithium (7.70 ml, 1.52 mol
dm* »-hexane solution, 11.7 mmol, 1.2 eq.) at 0 °C under a nitrogen atmosphere, and the mixture was stirred for 1
h at this temperature. To the mixture was added a solution of 45 (3.87 g, 9.81 mmol, 1.0 eq.) in THF (40 ml), and
the mixture was stitred for further 2 h. The reaction was quenched by adding water, and the resultant mixture was

extracted with ethyl acetate five times. The combined organic layer was dried over anhydrous Na,SO;. After the
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drying agent was filtered off, the solvent was removed i vacuo. The residue was purified by column
chromatography on silica gel using AcOEt / hexane (10%) as eluent, to give 4.47 g (9.54 mmol) of compound 46
as a mixture of E- and Z-isomers (K : Z= 60 : 40) as a yellow oil in 97% yield. 46: "H NMR (400 MHz, CDCl,
TMS) 8/ ppm 1.03 (s, 9H, Z-isomer), 1.07 (s, 9H, E-isomer), 1.26 (d, JHz= 6.3, 3H, Z), 1.35 (d, J/Hz =63, 3H,
E),4.78(q,JHz=63, 1H, Z),4.85 (9, J/Hz =63, 1H, E), 6.52 (d, JHz = 12.0, 1H, 2), 6.60 (d, J/Hz=12.0, 1H,
2),6.76 (s, 1H, Z), 6.85 (s, 2H, E), 6.89 (s, 1H, 2), 6.94 (5, 1H, E), 7.13 (s, 1H, 2), 7.17 (s, 1H, 2), 7.19 - 747 (m,
21H, Eand Z),7.52 (dd, J/Hz=8.1,1.2,2H, 7), 7.56 (dd, JHz = 8.1, 1.2, 2H, E), 7.66 (dd, /Hz = 8.1, 1.5, 2H, 2),
7.70 (dd, JHz=8.1, 1.5, 2H, E). LRMS (EL 70 eV) m/z (rel intensity), 468 (M, 12), 411 (91), 367 (24), 213 (25),
199 (100). Found: m/z 468.1975. Caled for CsoHz;OSSi: M, 468.1943. IR (neaf) v/iem™ 2961, 2929, 2857, 1739,

1589, 1427, 1112, 1086, 915, 822, 741. [0 4" B gy =+129.5 °,

(R)-1-(1-fert-Butyldiphenylsityloxyethyl)naphtho[2,1-b] thiophene (47). To a solution of 46 (0.506 g, 1.08
mmol, 1.0 eq) in nitrogen-saturated hexane (200 ml) was added iodine (0.304 g, 1.20 mmol, 1.1 eq.) and
methyloxirane (0.25 ml, 3.58 mmol, 3.3 eq.), and the mixture was irradiated with UV light from a water-filtered
high pressure mercury lamp for 20 h under a nitrogen atmosphere with vigorous stitring. The reaction mixture was
washed with 10% aq. Na;S,0; and 10% aq. NaHCO; successively, and the resultant mixture was extracted with
ethyl acetate four times. The combined organic layer was dried over anhydrous Na;SO,. After the drying agent
was filtered off; the solvent was removed in vacuo. This experimental cycle was repeated seven more times in the
similar manner to consume 4.07 g of 46, 2.45 g of iodine, and 2.00 ml of methyloxirane in all. The combined
residue was purified by column chromatography on silica gel using hexane as eluent, to give 2.85 g (6.11 mmol)
of compound 47 as a yellow oil in 70% yield. 47: 'HNMR (300 MHz, CDCL, TMS) 8/ ppm 1.11 (s, 9H), 1.53 (s,
3H), 5.87 (br s, 1H), 720 (t JHz="72,2H), 730 (t, J/Hz =73, 1H), 7.35 - 7.52 (m, SH), 7.52 - 7.66 (br s, 2H),
7.70 (d, JHz=8.7, 1H), 7.80 (dd, JHz = 7.7, 1.3, 2H), 7.84 (d, JHz = 8.7, 2H), 7.92 (t, VHz =47, 2H). LRMS
(EL 70 eV) m/z (rel intensity), 466 (M, 3), 409 (96), 365 (55), 211 (26), 199 (100), 178 (22). Found: m/z
466.1820. Caled for C3HzgOSSi: M, 466.1787. IR (neat) v/em™ 2930, 2857, 1739, 1589, 1512, 1471, 1427, 1240,
1135, 986, 906, 868, 740. [0 > pe=+11.5°.
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(R)-1-(1-Hydroxyethyl)naphtho[2,1-b]thiophene (48). To a solution of 47 (2.79 g, 5.98 mmol, 1.0 eq.) in THF
(50 ml) was added a solution of tetra butylammonium fluoride (1.73 g, 6.60 mmol, 1.1 eq.) in THF (50 ml) at 0 °C
over the period of 1 h, and the mixture was stirred for 5.5 h at this temperature. The reaction was quenched by
adding water, and the resultant mixture was extracted with ethyl acetate six times. The combined organic layer
was dried over anhydrous Na,SO,. After the drying agent was filtered off, the solvent was removed i vacuo. The
residue was purified by column chromatography on silica gel using AcOEt / hexane (7, 25%) as eluent, to give
compound 48 as a white solid in quantitative yield. 48: Mp 112 - 113 °C. "HNMR (300 MHz, CDCl;, TMS) &/
ppm 1.81 (d, VHz = 6.4, 3H), 2.09 (d, J/Hz=4.9, 1H), 5.81 (quint, J/Hz=5.8, 1H), 7.54 (ddd, J/Hz=8.1, 7.0, 1.1,
1H), 7.64 (ddd, J/Hz = 8.5,7.0, 1.5, 1H), 7.69 (s, 1H), 7.75 (d, J/Hz = 89, 1H), 7.87 (d, J/Hz = 8.9, 1H), 7.97 (dd,
VHz=179,15, 1H), 8.63 (dd, J/Hz=8.5, 0.6, 1H). LRMS (EL 70 eV) m/z (rel intensity), 228 (M", 83), 213 (46),
159 (100), 185 (70). Found: m/z 228.0639. Caled for CisH;,0S: M, 228.0609. IR (Nujol) viem™ 3311, 2962, 2866,
2726, 1233, 970, 886, 801, 779. [o]'**" g =+39.5 °.

(R)-1-(1-Methoxymethoxyethyl)naphtho[2,1-b]thiophene (49). To a mixture of 48 (0.713 g, 3.12 mmol, 1.0
eq.) and 4-dimethylaminopyridine (0.0975 g, 0.798 mmol, 0.3 eq.) in triethylamine (4 ml, 28.9 mmol, 9.2 eq.) was
added chloromethyl methyl ether (0.70 ml, 9.22 mmol, 3.0 eq.) at 0 °C, and the mixture was stirred for 1 day with
gradual warming up to room temperature. The reaction was quenched by adding water, and the resultant mixture
was extracted with ethyl acetate four times. The combined organic layer was dried over anhydrous Na,SO,. After
the drying agent was filtered off, the solvent was removed in vacuo. The residue was purified by column
chromatography on silica gel using AcOEt / hexane (5, 7, 20%) as eluent, to give 0.304 g (1.12 mmol) of
compound 49 as a colorless oil in 36% yield. 49: "H NMR (300 MHz, CDCl, TMS) 8/ ppm 1.73 (d, J/Hz = 6.4,
3H), 346 (s,3H), 4.76 (d, /Hz = 6.8, 1H), 4.79 (d, JHz = 6.8, 1H), 5.72 (q, J/Hz = 6.4, 1H), 7.53 (ddd, J/Hz=8.1,
65, 1.1, 1H), 7.63 (ddd, J/Hz = 8.7, 6.9, 1.7, 1H), 7.65 (s, 1H), 7.74 (d, J/Hz = 8.7, 1H), 7.87 (d, I/Hz = 8.7, 1H),
797 (dd, J/Hz= 8.0, 1.5, 1H), 8.53 (d, JH z= 8.3, 1H). LRMS (EL 70 eV) m/z (zel intensity), 272 M, 78), 225
(34), 212 (100), 197 (72), 178 (36). Found: m/z 272.0832. Caled for CigH;¢0,S: M, 272.0871. IR (neat) v/em™
2981,2886,2820, 2349, 1587, 1512, 1157, 1096, 918, 696. [0 >y =+ 1452 °,
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(R)—l—-[1-(1-Meﬂmxymethoxyethyl)-Z-naphtho[2,1-b]thienyl] heptafluorocyclopentene (50). To a solution of
49 (0.276 g, 1.01 mmol, 1.0 eq.) in THF (5 ml) was added zerr-butyllithium (1.40 ml, 1.46 mol dm? pentane
solution, 2.04 mmol, 2.0 eq.) at - 78 °C under a nitrogen atmosphere, and the mixture was stirred for 75 min at this
temperature. To the mixture was added octafluorocyclopentene (1.50 ml, 11.7 mmol, 11.6 €q.) at one portion, and
the mixture was stirred for 1 day with gradual warming up to room temperature. The reaction was quenched by
adding water, and the resultant mixture was extracted with ethyl acetate five times. The combined organic layer
was dried over anhydrous Na,SO,. After the drying agent was filtered off, the solvent was removed i vacuo. The
residue was purified by column chromatography on silica gel using AcOEt / hexane (3%) as eluent, to give 0.405
g (0.873 mmol) of compound 50 as a yellow oil in 86% yield. 50: 'H NMR (270 MHz, CDClL;, TMS) 8/ ppm
1.79 (d, J/Hz=6.6,3H),3.35 (s, 3H), 4.60 (d, /Hz = 6.6, 1H), 4.63 (d, J/Hz = 6.6, 1H), 5.47 (br s, 1H), 7.57 (ddd,
JHz=179, 6.6, 13, 1H), 7.63-7.70 (m, 1H), 7.84 (s, 2H), 7.97 (dd, JHz = 7.9, 2.0, 1H), 8.94 (br s, 1H). LRMS
(EL 70 V) m/z (rel intensity), 464 (M, 90), 417 (27), 403 (60), 400 (100), 388 (42). Found: m/z 464.0689. Caled

for CyHisF70,S: M, 464.0681. IR (neat) viem™ 2893, 2349, 1710, 1387, 1367, 1330, 1277, 1204, 1097, 974, 785.

[0 =+295°,

(R)-l-[1—(1-Meth0xymeﬂ10xyethyl)—2—naphtho[2,l-b]thienyl]-2—(2,4,5-tﬁmethyl—3—thienyl)hexaﬂuomcyclo—

pentene ((R)-40) and its ring-closed form (R)40). To a solution of 41 (0.150 g, 0.597 mmo), 3.7 eq.) in
anhydrous ether (3 ml) was added tert-butyllithium (0.40 ml, 1.59 mol dm™ pentane solution, 0.636 mmol, 4.0
eq.) at - 78 °C under a nitrogen atmosphere, and the mixture was stirred for 30 min at this temperature. To the
mixture was added a solution of 50 (0.0742 g, 0.160 mmol, 1.0 eq.) in ether (1 ml), and the mixture was stirred for
1 h at this temperature. The reaction was quenched by adding water, and the resultant mixture was extracted with
ethyl acetate three times. The combined organic layer was dried over anhydrous Na,SO,. After the drying agent
was filtered off, the solvent was removed i vacuo. The residue was purified by column chromatography on silica
gel using AcOEt / hexane (5%) as eluent to remove starting material. To a solution of the obtained mixture of
(R)40 and a non-photochromic byproduct in ethyl acetate (100 ml) was irradiated with 366 nm for 30 min, After
the solvent was removed in vacuo, the residue was purified by column chromatography on silica gel using AcOFt
/ hexane (5%) as eluent, to give 0.0294 g (0.0515 mmol) of compound (R)}4C as a red amorphous solid in 32%

yield. The colored form (R)—4C thus obtained was then irradiated with visible light for 2 h in ethyl acetate to give
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(R)40 as a yellow solid in quantitative yield. (R}-4C: 'H NMR (270 MHz, CDCl,, T™MS) § / ppm 1.00 (d,
J/Hz=6.6, 3H, minor diastereomer), 1.11 (d, J/Hz = 6.6, 3H, major diastereomer), 1.39 (s, 3H, minor), 1.42 (s, 3H,
major), 1.99 (s, 3H, major), 2.04 (s, 3H, minor), 2.18 (s, 3H, major), 2.30 (s, 3H, minor), 3.25 (s, 3H, minor), 3.30
(s, 3H, major), 4.05 (d, J/Hz = 6.6, 1H, minor), 4.31 (d, J/Hz = 6.6, 1H, minor), 4.47 (d, J/Hz = 6.6, 1H, major),
475 (d,J/Hz= 6.6, 1H, major), 5.12 (q, J/Hz = 6.6, 1H, minor), 5.23 (q, /Hz= 6.6, 1H, major), 7.31 (d, J/Hz= 8.6,
1H, major), 7.32 (d, J/Hz = 8.6, 1H, minor), 7.41 - 7.49 (m, 1H, major), 7.51 - 7.56 (m, 1H, minor), 7.58 (ddd,
JHz=19, 6.6, 13, 1H, major), 7.68 - 7.77 (m, 2H, minor), 7.79 (d, J/Hz = 8.6, 1H, major), 7.84 (dd, J/Hz=17.9,
1.3, 1H, major), 7.88 - 7.95 (m, 1H, minor), 8.61 (d, J/Hz = 8.6, 1H, major), 8.83 (d, J/Hz = 7.9, 1H, minor).
LRMS (EL 70 eV) m/z (rel intensity), 570 M, 1), 526 (33), 494 (7), 481 (100), 466 (100), 451 (12). Found: m/z
570.1122. Caled for CogHyFeO,S;: M, 570.1122. IR (neaf) viem™ 2925, 2854, 2349, 1647, 1545, 1336, 1277,
1184, 1127, 1049, 976, 919, 810, 777. [0]***Fz3 = - 1614 °. (R)-40: Mp 159 - 160 °C. 'H NMR (400 MEL,
CDCl;, TMS) &/ ppm 1.03 (d, J/Hz = 6.8, 3H, minor conformer), 1.10 (d, J/Hz = 6.8, 3H, major conformer), 1.76
(s, 3H, minor), 2.07 (s, 3H, major), 2.10 (s, 3H, minor), 2.19 (s, 3H, major), 2.25 (s, 3H, minor), 2.51 (s, 3H,
major), 3.37 (s, 3H), 4.55 (d, J/Hz = 1.5, 2H), 5.05 (br s, 1H), 7.52 (ddt, J/Hz ="7.8, 6.8, 1.2, 1H), 7.56 - 7.63 (m,
1H), 7.80 (dd, J/Hz = 8.8, 1.7, 1H), 7.83 (dd, J/Hz = 8.8, 1.7, 1H), 7.92 (dd, J/Hz = 8.1, 1.5, 1H), 9.23 (br s, 1H).
LRMS (EL 70 V) m/z (rel intensity), 570 (M, 47), 526 (21), 508 (50), 494 (12), 481 (100), 466 (43). Found: m/z
570.1121. Caled for CpgHpyFesO,Sy: M, 570.1122. IR (KBr) viem™ 2931, 2361, 1731, 1633, 1510, 1343, 1272,

1195, 1132, 1065, 1042, 1013, 917, 809, 744. [o>*®3 = +48.1 °.

3442 Optical purity and specific optical rotation of chiral alcohol

The measurement of optical purity of a chiral alcohol 42 on a chiral HPLC was not successful because the
chromatogram of each enantiomer overlapped and broadened significantly. The optical purity of 42 was measured
on its acetate 43 whose optical purity is equal to that of 42 in principle. A 1.99 mg of 43 (colorless liquid) was
dissolved in #-hexane (HPLC grade, 10 ml) completely to prepare a 1.17 x 10° mol dm™ »-hexane solution. For
the reference of the analysis, 1.40 mg of racemic 43 was dissolved in 10 ml of n-hexane to prepare an 8.22 x 10*
mol dm® r-hexane solution in a similar manner. The 10 pl of the solution of optically-enriched 43 was injected
into an HPLC (Shimadzu LC-6AD pump unit) equipped with a UV/Vis detector (Shimadza SPD-10A UV/Vis

photodetector) and a chiral column (Daicel Chiralpac OD-H, 4.6 mm diameter x 250 mm) to determine the
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enantiomer excess of optically-enriched alcohol. The measurement conditions were as follows.

Stationary phase: Daicel Chiralpac OD-H, 4.6 mm diameter X 250 mm
Detection wavelength: 254 nm
Moving phase: n-hexane

Flow rate: 1.0 ml min™

The ratio of the enantiomers was determined based on the area of chromatograms, and the ratio was corrected
by comparing with the chromatograms of racemic one on the same conditions because the tailing behavior of each
enantiomer detected at different moving time should become different ones.

A 3.19 mg of optically-enriched 42 (colorless liquid) was dissolved in n-hexane (HPLC grade, 5 ml)
completely to prepare a 4.98 x 10° mol dm? (0.0638 g dI"") n-hexane solution, and the specific optical rotation
value of 42 was measured on this solution in a 10cm path length cell detected at 589 nm on a JASCO DIP-1000

polarimeter. The ambient temperature was kept at 19.1 °C through the measurement.

3443 Photochromic reactions

A9.62 mg of (R)4C was dissolved in CHCl; (25 ml) to prepare a 6.74 x 10 mol dm™ CHCl, solution. A 2 ml
of this solution was separated and the solvent was removed in vacuo, and then dissolved in ethyl acetate
(Spectrochemical analytical grade, 10 ml) to prepare a 135 x 10* mol dm? ethyl acetate solution for
photochromic reactions.

Photochromic reactions were carried out by irradiation with 366 nm light from an Hg lamp (0.832 mW c¢m?,
for conversion from O-form to PSS) and 506 nm light from a Xe lamp (1.62 mW cm?, for conversion from C-to
O-form) those were separated by appropriate glass and / or water filters, These lights were irradiated to a 1.35 x

10 mol dm® ethyl acetate solution in a 10 mm path length quartz cell, and the absorption spectra were recorded
several times on a JASCO V-550 UV/Vis spectrophotometer.

The ratio of the photoisomers was determined based on the change in the concentration of C-form during

photoreaction. The relationship between C, (concentration of O-form) and C (concentration of C-form) follows
the equation (3.4.3.1).
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Co + Cc=C(constant) * 0 (3440)
The C¢ can be easily measured from the absorbance at visible region where O-form has no absorption, the

absorption coefficient €¢ at that wavelength, and cell length d by the equation as shown below.

Ac=¢cCcd -+ 2 (3442)

As aresult, Cp and C can be calculated from equation (3.4.4.1) and (3.4.4.2). The conversion ratio from O- to

C-form is calculated from Cp and Cc at the photostationary state (PSS).

3444 Quantum yields

The quantum yield ¢ is defined to be the ratio of the number of photochemically reacting molecules to the
number of photon absorbed by them, and the quantum yield from component A to B is describe as 9ag.

When a light is irradiated to a photochromic solution and the number of reacted molecules after absorbing light

is “n”, the change in the concentration of component 7 is described by the equations as shown below.

dCi/ dt=(-5kyCi+ 5k Cp) « (1 - 104 /A -+ . +(3443)
k5=€4¢y.[o A (3444)
A=%gCd + + +(3445)

Gj=1,2,.,n,i#))
C; : Concentration of component
t : Irradiation time
A : Absorbance of the solution at the irradiation wavelength

: Molar absorption coefficient of component 7 at the irradiation wavelength

o

£

:  Quantum yield converting from 7 to at the wavelength
I : Trradiation intensity

d : Celllength
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The quantum yields of both photochromic reactions were calculated. When 366 nm light is irradiated onto a
diarylethene photochrome, photocyclization (O—C) and cycloreversion (C—O) reaction proceed simultaneously.

As aresult, the change of concentration of each component is described by the equations as shown below.

dColdt=(-kocCo+keoCo) * (1-10%)/A + + +(3446)

dCcldt=(-kep Cc+kocCo) * (1-10%) /A < . (3447

These differential equations can not be solved analytically, so Runge-Kutta method is applied to estimate

approximate values by using actual concentration of each component to minimize the error 4

A=3;% [Cy e () - Cyos n)] ** *(34438)
via systematical changing of k; where C; o () is calculated concentration and G, aes () is actual concentration
calculated in chapter 3.4.4.3. From the combination of the most suitable ky, &,and I, ¢y can be estimated.

‘When 506 nm light is irradiated onto diarylethene photochrome, only cycloreversion (C—O) reaction proceeds. As

aresult, the change of concentration of each component is described by the equations as shown below.
dCc/dt=(-keoCo) * (1-10%)/A + v+ (3449)
The equation (3.4.4.9) can be solved analytically to give the equation (3.4.4.10).
log (10°9 - 1) =- kep * t+10g (10°9- 1) © » +(344.10)
The relationship between the log (10°Y - 1) value and the irradiation time obtained from photoreaction

experiment gives photoreaction rate coefficient kcy, where A(0) is absorbance before visible light irradiation. From

the combination of keg , &, and I, Gcp can be estimated.
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3445 Diastereoselectivity

Measurements of diastereoselectivity of (R)-4 on a silica gel or on a chiral HPLC were not successful because
of complicated chromatograms. The diastereoselectivity was measured successfully on 'H NMR spectrum of
(R)-4C obtained by irradiation with 366 nm light to (R)<40 in ethyl acetate followed by separation on silica gel

column chromatography.

344.6 Specific optical rotation

The specific optical rotation values of (R)4C, (R)-40, and PSS were measured on a 1.35 x 10* mol dm™
(0.00770 g dI'") ethyl acetate solution in a 10 cm path length cell at 633 nm using a He-Ne laser on a JASCO
DIP-1000 polarimeter. The optical rotation measurements were carried out first on its C-form, then O-form after
itradiation with 506 nm light (1.62 mW cm?) passing through appropriate filters from a xenon Jamp to the
solution of (R)-4C for 30 min, and PSS after imradiation with 366 nm light (0.832 mW cm?) passing through
appropriate filters from a high-pressure mercury lamp to the solution of (R)-40 for 20 min. The ambient

temperature was 33.0 - 35.6 °C through the measurements.

344.7 Optical rotatory dispersion

The optical rotatory dispersion measurements of (R)-40 and (R)-4C were carried out on a 1.01 x 10 mol dm?
(0.00575 g dI'") ethyl acetate solution in a 10 mm path length quartz cell on a JASCO J-820 spectropolarimeter
with an ORD M-401 attachment. The optical rotatory dispersion measurements were carried out first on its
C-form, then O-form after irradiation with 506 nm light passing through appropriate filters from a xenon lamp to

the solution of (R)-4C.

344.8 Circular dichroism

The circular dichroism measurements of (R}40 and (R)4C were carried out on a 1.01 x 10™ mol dm? ethyl
acetate solution in a 10 mm path length quartz cell on a JASCO J-820 spectropolarimeter. The circular dichroism
measurements were carried out first on its C-form, then O-form after irradiation with 506 nm light passing through

appropriate filters from a xenon lamp to the solution of (R)-4C.
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41 HEE
411 EFENORERFICL B VT AT LAREREDR -

B2BBRUE3BTRUITV—IVLT U, —HOFEER EOF5VixBEE L 5 OF5E
REDIABRFELHERFIC K > TIT AT UABERI T + b0 ALERIRT 55D TH o7
I7&H B, allylic 1,3-strain {2 &> TUABEBHIEE E N, FIVE1-A MFV A MV IFIVE (B
BV IICIRY ABHE) &, WET2EER 2 MOAFIVEEDIABRTR, 4 7EFEOHE
KA LT, ITV—IVLT VEERED—HD SR ABENKE {5 T & TIT AT LA ERE
ZFERERD, LWV VT NORTHOTRE Bk - iR Tio e, 285 R)-1 L®)4 3FH
WIT AT VAERT7 + S 7 u I AER U

— T TOIEEHBEDTDIC, AR MERFEMNEES LT3 L, FIVAEYEE
WE Y BE_DOEBFED, 13— asra T VBRI 2 H3GRIEN 3 cfRES i,
DI, TOE_DFFRICNV L ABEREA LKL LT 5L S FHEEC > TUEY (Chart
3.15) « REEANV SRS TP TERNENS VL hE U,

CNEIEHERANC, JEAENBERE PR DR ERE D TR DR, SFIOY 7V —LoT
T, (B FOMSEIRT &1 AV RFHIOBERFNCINA T, HUBEERTOMERFEIKE <
H T ehEZBND (Chart4.1.1),

More stable Less stable RF

A
Side view ) - — BN Y.
y 6 5‘ \ A ’ H O’// \
! 0 \ ' \
et/ ) g0
3 OCH, H,CO \{CHa
Remote Close
w\mo CHg
H
CHs S/ \gowll-lo
Top view
S W
/" HaC OMO
H H o
OMOM HsC

Chart 4.1.1 Electronic repulsion between MOMO groups
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CHUR G IFMEEDIDIC, D7) — VLT VEBHADTREER DR AR BN TIL. TED
EEREVIFRICHON S 370D TH B, o T, ThETUHIE YT A5 LABRES 3R 3 50
EHRFE NS, e, COBBERORRN T N COMRESGE L S RIEORDRFEL Fic iy
DTBIE, BOVT AT VABRERRADSETh o e, F5 VB L 1T 3558 S—
TNART I RRUT AL AICHELRINE DN, BV SED DB, —OOEEERL
BIC 2 (ITEHET SBETH D ASBEOIT AT LA R R 28 S 5, ©DIBE,
EBIC 2 NSRS BRI R A T A B RO BRI T C L T2 270, &
WIT AT VBRI & 5T, KRERIBLERbE L 125 Tl S 5,

412 FSVF 0 —OHEE
TR CYEATEDF 5V B ER Do T 316, — D> TV B L HisL
T TFRAEO AR ES %, FIZIE. R:S=a:1-2 DHBETRICFE>TNS (1>a>1-a)

B BT, UF AT —ERERIL,

[a-(1-a)]/[a+(1-2)]}X100

=(2a-1)X100% ee @

LB, TR FRICZDHBEE, RR. RS. S5 D=DDRMENMHET B Liciks, =
BADOGREDKISENRAUTH B L THE, ZhPNDEREEE.

R-R): (R-S): (S-S)=a*:2a(1-a):(1 - a)°
L7%%, TTT. RR & 88 DEHRITF VFA—TCH2H. chbd & RS LT T AT A—
DRHRICD B, 10T, FHEMCE RSEHS LI N TS5 T 0 —7% EDHETHEE BETSC

EHRECH Do TF Y FA—DBIRCDHS RR & 55 DIR{E3 T LHTENE, ZOHEE,

(R-R): (S-5)=a: (1 -ay
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THB, TDLTVFFT—1EFERI,

[a%- (1 -aY]/[a®+ (1 -a)] X100

= Qa-1)/[2+(1 - 9] X 100% ee @

2455, 1>a>1-a(>0) OEFEDL S,

@ - @ =(@Qa-1)X2a(a-1)/[a>+(1 -aP]X100<0 ®

LD, TFUFATEBERE. @ > QBT LB, FIZIE R:85=95:5(90% ee) DI
By (R-R): ($-8)=957:52(99.45% ee) £7%D. R:5=90:10(80%ec) DIFETE, (R-R): (5-5)=90": 10°
(97.56% ee) L7xBTz8, TEEBHANC T} T4 —RREERIE LT3, o T, £, JEEMEN
BB CH > TEDTFARCTDORDOT & T, IRFMRE T SV FA<— L LTAFT BT &N T
ELTl=va o

. RS OBRAL, ZOBENETESLA—TRS, XLEWTSHS, EoT, FRERED
BERAICRDIZEL . BRAE DT F A~ —AERERT 5708, JERINCHED TR tEDZ IR
HIE 7LV (Chart4.1.2),
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Top view Side view

H
OMONM/

Chart 4.1.2 Photochromism of a meso-type diarylethene

413 EM

LULEDEEDS, Chart 413 1TRT VTV —IULT V5 L 6 BB L. T4 F 703 L LIS D
T AT VAR, R, CD ARY MVELEHRE. BETd 5T L RERE Lis PB5E
BRI DDOF VR MRV RV TFIVEREL TS0, CNEDMETORBERFEC
Ko TITAT LAY —BRBIIIECA LT 28D EZ BB, 5 DREHK 5C it 4C 2[F CI5]
Ve RENTONY VSR Th D YRS TR D s T2 3, £ v,
6 DFAEIA 6C 13 HE2C LFIL[TIYE RENFONY L UER > TVEN, I7 AT LA
DFEZBIA LT & > T HE2 LLEORE Bz bR N5,
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uv

VIS

uv

VIS

(R,R)-60 (R,R)-6C

Chart 4.1.3 Helicenoid diarylethenes 5 and 6
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42 FERBRUEZE
421 VTY—NITVS
4211 B
(R.R)-50 DERFHER# Scheme 4.2.1.1 TR,

N Ph H_ OH

o} ‘B’O o
N\ Me , BH3-Me,S QA
S THF (rt) S

y. 100%
0,
91.5% ee 51
1) t-BuLi
H3CO\\ , ) e
1) NaH F F
2) CICH,0CH4 \ F F
DMF S Et0
Y. 97% Y. 28%
52

(R,R)-50
Scheme 4.2.1.1 Synthetic procedure of (R,R)-50

3-TEFIWRUIFZT 2 V% FRIC, (S)2-methyl-CBS-oxazaborolidine i L4 2. E. J. Corey
D CBS AFRT VETRERT B T LT (LR 100%, Y0 91.5% ee . R DY ARTE
EROFIIVT VA=V 51 ZRE LT, CORFETTE. U7 Y —LTr Y(R)-10 RR)40 DE
FCCRWIERS V- THF 88T . REMMEECBNS RS V-OXFILAVT ¢ RekR
W UinL. THF Stk FCIRESE F OIOeRShYEIGRS . SBRELETR LT LE 7,
CHU, TGV AFIVAIVT + MEERRRVT LICE D, RE TR 2 V2R 3 F5S
WEL KT UTe/ed, ISR TYETU T LEoTieb P EZ BB, RERFERE LIz T
5. EBEHITRLBRMENEL Kol 5B RBIc &> T, BRDYTY— LT >(R.R)-50
3 BIE TR U, BROAVEID s LER LD, chudhs Lrow k- T5T74—TH8s 3
T EMTE, ZSHIE®RR)S0 215z,
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4212 FI)V7va—)l 51 OLF UFA~—EHER

CBS MAIRTTIC X o TRENIEFTIU 7V a—11 51 D247 x 10° mol dm? -~ VAT IR L,
F7)V#4Z L\ (Daicel Chiralpac OD-H) %35 U7z HPLC ICFEAT B C LTy R & S DELF VT4~
—ORINE—JERE (R 254 nm) OHERE RS Fig 4.2.1.10))0 5t 2 7L a— VO,
ERIERY 7 7 LA LT (Fig 4211@) T FA—EREREEH LTS, 91.5% ce £7%

) fCo

@
30

40 -

50 -
60 -

70

time / min.

S
r__
920 -

0 10000 20000 30000 40000 50000 60000

80 -

Intensity (a. u.)

®)
30

40 -

50
60

T

time / min.

70 -

80 -
90

—
0 10000 20000 30000 40000 50000 60000

Intensity (a. u.)

Fig. 4.2.1.1 HPLC chromatograms of (a) racemic 51 and (b) optically-enriched 51
Daicel Chiralpac OD-H, 3% 2-PrOH / n-hexane, 0.5 ml min’

Detection wavelength: 254 nm
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COITR RS LDHRT, 4553L 80 SNTHHT % 51 D/RITF > FA—DfHIC, 5450% 58 53
WY 253, Thud. THRD 3-7 2FIAR YV FA T 2 N MBI ENTND 2.7 F
IWRVVIFFT 2 VBT CERT 5 2-(1- & ROF T IFIWRYVFA4T 17 10 DELTF VT A<
—THBTEHHNMR AN MURLE, BX U Fig 221 D7 TR R 55 L L OHEH SHRF Uiz,

51 DYECAIED 91.5% ee (R : S=95.8:42) THolzl & b, 412 TRUIDEHEDE 5.
DFRCACFTIVISBEER DR 5 DI F T4 —BHIRIE 99.6% ce & FEE 577,

4213  FI)V7)Va—)U 51 DHEBEER K UM ANTE

51 D 342x10° mol dm™ FRETF VAR FT, LB ERRIE Ui, 7 MUY LD (589 nm)
ICHBT BB EEDIEIR. 202°CIEIBNT, +405° TH iz HEoT. 224 T FeES U7V T
—IV 12 LRk, (S)-2-methyl-CBS-oxazaborolidine it 9% CBS FERETORIGHE. B UMD
EDFFEMSHMIL T, FIV7Va—L 51 OShIAREEIZ R T2 LIRE LT

42.14 TRIART BV

(R.R)50 D 1.58x 10* mol dm™ BRETF/VIATRZTEIL., SNTRERINARY MVERE Uiz, ©
DYERIC 366 nm DRI HERE: 0.167 mW cm?) RS Lixh BALR ORI AR Y R L&
LT & Th, SRR o TRIERCRIAEAL, 120 SHBELIZ L A TIEERIRIEIEL
Teo TORHRERORINL, EHEUTFBUARR)-SC DERICE2EDTH B, TDL 2D EHER
IRAAR MIVEHL% Fig. 42121088 RIT, SERRIEICIE LTS 477 nm ORTEDE AR
0241 mW em?) ZHE LTzl & A, AIEHEROBIAYEA L, 32 MBE LIz L © 3 CHIEEORIN s
2ITHR U, YERHLETORR)I50 DFNLIZERZRIF—275D, $50% ARSI X h A
WYET F U RIALER U, TOLEQENTHBINAARY MIVE(L# Fig 42.13 1073
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Absorbance

3.0

25 |

20 -

-
(3]

1.0 -

05 -

0.0

300 400 500 600
Wavelength / nm
Fig. 4.2.1.2 The change in absorption spectra from (R,R)-50 to PSS
Concentration / mol dm™: 1.58 x 10* in ethy] acetate
Light intensity / mW cm™: 0.167 (366 nm)
Irradiation time /min: 0, 0.5, 1, 2, 3, 5, 7, 10, 15, 20, 30,

40, 55, 70, 90, 100, 110, 120
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3.0

Absorbance

360 | 400 500 600 700
Wavelength / nm
Fig. 4.2.1.3 The change in absorption spectra from PSS to (RR)-50
Concentration / mol dm™; 1.58 x 10 in ethyl acetate
Light intensity / mW em® 0.241 (477 nm)
Irradiation time / min: 0, 0.5, 1.3, 1.8,2,2.5,3,3.5,4, 4.5, 5,6,7,

8,9,10,11,12,14, 16, 19,22, 25,28, 32
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4215 ZHER

4214 TIT75 o7z, RR)-50 D 158 x 10 mol dm™ FHETF/LIAHED 366 nm YEBEEH . 452D
R C LITARO—ER . PV AT IVAT WS Ul HPLC ITEA LT, 292 nm DESEC LD
FrERIA & FERIRDTTS % . 460 nm DRIFYEIC & 0 BERBAOHBER Uiz, SOV ERERT L YCERIREE
ICBIT% HPLC 71~ N 7S L% Fig. 42.1 4 1R T

@ 0
L

10
20 -
30 -
40 -
50

time / min.

0 5000 |ntensity (a, u) 10000 15000

(®) 0 =
10
20 -
30 -

40 -
;——
50

time / min.

0 5000 Intensity (a. u.) 10000 15000

© 0
10 +
20 |
30 -
40 |__
50

time / min.

—

Fig. 4.2.1.4 HPCL chromatograms of (R,R)-5
Wakosil SSIL, 5% AcOEt / #-hexane, 2.0 ml min™
(a) O-form (Detection wavelength: 292 nm)
(b) PSS (Detection wavelength: 292 nm)
(c) PSS (Detection wavelength: 460 nm)
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Fig.42.14 XD, RR)Y5Cymor (P75 < HERCT BEFERIE) (REFFE: 9 ). RR)S0(107). (RR)-S
Gior (B LT 2FARE) 43 9) DIECHHHT 3T &b oTz, 11 DBET 21 s TPl
BPREENED, ThSRENEN bTOCEEND AVEID 5 OB LIRGTH L LEZD
N5, AVED 53, RR)-S5 D 1.56x10* moldm® FFEETFIVIAIRD. YERISICES o< k4
5 L2t Fig. 42.15 1R

@ 0

20

40 -

time / min.

60 -

80

0 5000 Intensity (a. u.) 10000 15000

(b) 0
20 B

40 A

time / min.

60 -

80

0 5000 |ntensity (a.u) 10000 15000

© 0

20
40

time / min.

60 -

80

0 1000 Intensity (a. u.) 2000 3000

Fig. 42.1.5 HPCL chromatograms of (R,R)-5 and meso-5
Wakosil 5SIL, 5% AcOEt / -hexane, 1.0 ml min™
(a) O-form (Detection wavelength: 313 nm)
(b) PSS (Detection wavelength: 313 nm)
() PSS (Detection wavelength: 460 nm)
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SRR S ThBO HPLC Z1X b5 Linb, (RRYS ORIEHEY RO &
RERBEEHIES 5 T & TSR U, BBUA L AR OTIEAIS. VR, 510
JEFAREERIC IS B ZSHE% Table 42.1.1 1RT

Table 4.2.1.1 Absorption spectral data of (R,R)-5, (R)-4, and HE2

A max /M (€ g/ 101” di® em™) ratio at PSS
O-form C-form O/ Cutjor ! Chvtier
(R.R)-5(AcOEt) 320 (14510) 459 (6770) 249/743/08
(R)4 (AcOE) 326 (10610) 498 (4830) 429/542/29
HE2 (toluene) 368 (14370) 485 (4750) 33/20/47

a) Irradiation wavelength: 405 nm.

(R.R)-50 DRERTRINIHEIZ. (R)40 & D HFIC 6 nm FHRE L L. EIVIRHUREIIEA LT, 3223
THIBRIEK ST, —]T, 73— a7 aXyTF AU TFF T 2 V02 TR Y7
V—=)VZ7 T 3 it T ICHIR LT, BRERFEORIMASEEE BERL U, FBRAON
MRRRISERE LT e 2. chud, BEREORESEL | FBREOHEMNE 55T
H3Y% LHL. RR-5 T, BEERA AL & ITRIBAIREI (R4 R HE2 LD BERELL
7o e R R)-5 DEIVIROEHEIIR)4 DF L4 HTIHEIN Uz, RS R)4 (57%) R HE2 (67%) &
tEEUTREL, 5% &% oT,

4216 BOEANRT MV

(R.R)-5 DFERULITLED BHEARY M IVELAERRE Lo (RRV50 D1.58x 10* mol dm* EEHETF IV
VARV, ETHRBRADBERRY MVRHIE Lz, JOT, 366 nm YHRENC L > OHERIRES
Ulet, BUBDERRY MUVEHIE Uiz, ¥ 5iT, FEEEGERREDOZTNZNOERE 10 fHI
FHRL T 1.58x 10° mol dnn® BRET T/ VIATZEHEI L. ZHEDBDEAARY MVEHIE LTz BiER
BIYEERIGEFIC, 366nm & Uiz, BOEARY NVE{L% Fig 42.1.6 IR o
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Wavelength / nm
Fig. 4.2.1.6 Fluorescence spectra of (R,R)-50 and PSS
Concentration /mol dm™:  thin line: 1.58 x 10% in ethyl acetate

bold line: 1.58 x 10™ in ethyl acetate
Excitation wavelength: 366 nm
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Fig. 4.2.1.7 Absorption (thin line) and fluorescence (bold line) spectra of (R,R)-50 and PSS

Concentration / mol dm™: 1.58 x 10*in ethyl acetate

Excitation wavelength: 366 nm
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Fig. 42.1.6 \&IRT & SIS RR)SO B ERFET % T L h b o T, FORIUMEAIEEIL 455 nm.,
Ab—=Z A7 M& 1350m THoTe,

IR 366 nm YURIEIC X - T 455 nm ICHEAMERRFOBOERFOLT B0, REBHAIE 459 nm 1%,
IR 2R DPNARY FIVERUTED . 2O 560 m (FHCE THD Fig 421.7) 7
Dizdh, FREANFET BBV CRRIRIA RIS ZRIREED D B, Fie. BIEAS 366nm FRTIC X 5T
HCRFET AFREEL 55, o T, HERREC BT BEERRY ML, EEEADRERERT
Td7a<. ThEHRENRINUIHERE . BRSO E DO O 22 TRM L, B
INFOBIEARY MV TH B, FHE, ZHER L I L CROGREDADRIME T Uiz, iz, YeEs
PERICFT BEDERRY Ui, FEREDARY MU, 500 mm (FEAFIEE LT 28 5
—DOE—IEIE N, iz, IBER 1101CT3 L. BERADREREIIN 117 SHDP LTS
A FCEFERETORBRERIN U5 I LA Ulsh o iz k. 500 nm AEEOREHWA Uiz, Liz
Ao T, TORGHEDE T, (BT - Feleblc D FREDIEMEN BN, BRI R A
ARG SHERNBD LTcTed B Z BNB, 500 nm [BEOF A, BHBADFSCRRIN U 7Rk
DEDBEFOEN. HEVEIFA T Ly 7 ZORAKDRREEN

4217 EFEE

42.1.5 TOEERDHTEICINT, Table 4.2.1.1 DETVRSEFIIOAE & LR ORHES 351 B IRIY
ARG PV 5RO EN BRI L BREDSEE, BEEEICET 3 2N ENDTURHRIL, 35
FUTRAD AR DEZ VT, BFIERPER U, BRI R L LTz, RSB TINS
ODfE7% Table 4.2.1.2 1&R T

Table 4.2.1.2 Quantum yields of (R,R)-5, (R)-4, and HE1 in ethyl acetate

366 nm irradiation 477 nm irradiation
doc deo dco
(R.R)-5 0.14 120 0.32
R4 032 021 0.11
HE1” 027" 137% 0.66°
2)3.06x 10* mol dm™, in toluene.
b) Irradiation wavelength: 405 nm.

¢) Irradiation wavelength: 517 nm.
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Table 42.1.2 N EIASINE K 5 12, 366 nm JERSIFRAC, (R.R)-5 DFFERBTUCRM 1 A Iz, 8H,
7% b ay J{EEMOYRIS TIRETFIES 1 BEBX 5 T L3V, Thud, TRLET+ by
DELLEDDFI RIS T LI3RN2DTH B, LD L, BB I BIESITIE.
RN | ZEZ ZBENRONB T EA% 5, BLHER L7 HE10 X, YEHUCFB 405 nm
DI &> THRVCEDEEF L, TOL EOMRETINRIIEAT 137 Tho7z2 (Table42.12)
3, FEREOIEIC & > TRE LA BB RIN L., BEERERC 3 C 8T B LD
FERETINERNMEAR LU/ EEZ BN TS, 4216 TRUEESIT. RR)-50 & HEL LRI
SECBOEEFE UTe, 180T, SRVERSRFOBERB FINROES, BBk b ORI BRI RN
FTHILICKOTE, FRRIGNEZTWA T ERRLTVBEDEEL 5N, FERPHEEEL,
BT BHEADBRIMERTE S, O TR 366 nm YORERETE B ¢ L TEH SN AMIEET
RIE, BEOESELUTEZHE LIV, UL, HHEBARD 366 nm YRS CADLERL, Fhe
EIS DRI LBEREUSZEEC 9 D THNE, B E3RFIRAKE L ENB5EEL 20, EL
WMEZRDZ T ENTER, TR, BOCDRERER LT, HOMBREFNSRILROENT
WL,

uv
e
vis
HE10 M-(-)-HE1C
(fluorescence) (no fluorescence)

Chart 4.2.1.1 Helicenoid diarylethene HE1

4218 VT ATLAERME

42.1.5 TOZHERDFFEICHNT, FIFEROERIHICIET 3 =207 27 LA~ —HBHOEV
BALREAE LN EAE L, FIRAD Y — TR (RHIRE: 460 nm) OHERMSHBEDIT AT L
A —BRERERM Ul JOERRBICBIT BRR)SC DIT AT LA <—BRERIE 97.9% L IEHIC
EUEZR LT Table42.1.3 ICHERICHES V7 AT LSRR RT,
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Table 4.2.1.3 Diastereomer excess values of (R,R)-5, (R)-4, and HE2 in ethyl acetate

Cotir Coiinor de /%
RR)S 98.95 1.05 97.9
R)4 95 5 90
HE2 734 26.6 468

312 TENTe & SiT, FFERO 2T/ —7)lAny 7 aUF ek L, RR)S LIRS
ZRFOHE2 3. A PFIRAMFVREAFTEFHENTNB T LT, BERENEO L, ENT7
AT LAERE 47% de) Lotz LA L. RR)S TRINTHIZ T, ZDODRA FFEI A FEUE
RDHERALIRNEN T 2Ic Ko T, BOIT AT LABRERR UL #2 53,

4219 et

(R,R)-5 DIERIN1ES HBRHEEZ LR HE LTz, RR)-50 D 1.58 x 10 mol dm™ BEET F /LA %
Ao, FIRERETHIBUERRIE U, RO, 366 nm YRS X - TORERRIEL Uizi%. O
HRRtREZRE Ule, SRHRRI. YURIGEFHFELE 589 om (R LA D). 3L 633 nm
(He-Ne L—%"—) & Uz, HEBEEDMER Table 4214 15K,

Table 4.2.1.4 Specific optical rotation values of (R,R)-5, (R)4, and HE2 in ethyl acetate

[0/ deg®

O-form C-form PSS

(RR)5633nm)®  +298(+1840)  -1019(-6290 - 692 (-4270)

(RRy5(589mm)®  +324(+2000) -1578(-9730)° - 1105 (- 6810)

(R)4 (633 nm)® +48(+270)  -1614(-9210)  -905(-5170)

M--YHE2(589nm)®  -69(-450)  -4680(-30360)° -1374(-8910)

a) In the parentheses: molar optical rotation values [@];,

b) 20 °C. Concentration: 9.73 x 10° g dI”, Cell length: 10 cm.

¢) Calculated data.

d) 33 - 35 °C. Concentration: 7.70 x 10° g dI”", Cell length: 10 cm.

€) 25 - 29 °C. Concentration: 9.73 x 10* gdl™. Cell length: 10 cm.

1) Data of HE2 Cougnajor (faster-moving enantiomer of HE2 Gysjor in Daicel Chiralpac OD-H).
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Table42.14 KD, RR)-S 1. 633 nm YERHTIE, BERE L B REEORI Tl 990 ° DEHBLE
ZLBR Uz, /e, 633 nm & FERRCERISZEHE LV 589 nm YORRHI T, ISR & YGRS
DT 1429 ° DHBBEZ /R U HE2 O7R LTz 1305 ° DR L% R 2H5R L 7x o7z,

NV EET BRI HE2C D 7 HBR,R)-5C D 5 NLIFD LTS, THUd, (R4CIES
WTBRAUKATH B, UL, BHEE (CR) L V7 AT LAYT—BRBOXIERALE (R4 57%
CR, 90% de, (R.R)-5: 75% CR, 98% de) IC Ko T, KDEDBN NI L Kb & REIRLEEL (L%
BB LIcbDEEZ ONB, Eie, (LEVMOBRIGRRICED 1F & i B O A X it
NG TetD, 589 nm SERHNC Ko TREREER U

42.1.10 CD A% MU

VT AT LA BRI S ER R S RS (RR)-5 DFTTT 14 VI RIS Todh, CD AR
FVERIE LTz, (RR)-50 D 1.58 x 10* mol dm™® FHETF /AT, ETHBUAT CD 2<% K
WERTE UTze JNT, 366 nm YERINT & > CHABRA & L7z, U CD ARY MVERE L, ©
DEFD CD AT M IVELIE Fig, 4.2.1.8 1R Y FIEBMA TIIFTERRICIE T - 2ahE3 BB nm i,
WERRETITREC R REDT Y b V3RAR Uz, 65T, 3.23.10 TOREEGER UL S,
R.R)-SCIIMEBZDON L EERF DO LB S THERTX I,
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Fig. 42.1.8 CD spectra of (R,R)-50 and PSS
Concentration / mol dm™; 1.58 x 10 in ethyl acetate
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422 TT7U—ILITV6
4221 HRR

R.R)-60 DERFFEE* Scheme 42.2.1 IZ7RT

1) +BuLi

. 2)
HaCO=\ : H F RF F
o F F

(R,R)-60

Scheme 4.2.2.1 Synthetic procedure of (R,R)-60

323 TERLUIE, FIVER LA FUA MFVIFIVERRFDF T N F4T 22/ 49 (96.1% ee) &
T, =T Fasraxy sy ey U U RITRO, RR)-60 AR Ui, 4212 TD
em £ R, (RR)-60 DICEHIEIL, 99.9% ee & RAHE o717,

4222 WHRARD v

(R.Ry-60 D 1.69 x 10" mol dm™ BHATF VISR ZEREIL., SONAERIN AR Y MVERRE Uiz, T
DYEWRIC 366 nm DERIIYE GEREE: 0332 mW em™) 28BS U7ah DAEEDORRMCIRINARY M VEH]
LTz & T A, S5 EREN > TRIRERICRINA RN, 12 BB LTz & C A CRERREEISE LT
T ORRERDOTIUE., B U FFRER R-6C DERIC L D EDTHB, L LENS, THEEHOK
I TNETOEM LR TIFRICNE | BHRIIRNC LOVTFRENT, TOLEDOESF]
RN ARY M IVE(L% Fig. 422.1 IERTS

T5S%DEHRZIRUTE 5 LIZEALHRUxh oz 6 L TR, BFEERIEZIDNRR S, 5 TNV
FAT VM 6 TETT bFAT 2 VVBERRERR LU TOSH, RR)-6C TIEEFAIRE D OE
TOBEC BT, IERFIC K > THERRIGEZRE LTcFIREE 55, —75. Branda 51, NVt
VERARR)6 LA T, JEAREIER AF VA TEEMRA - HE4 L, BEREZELITERL
7o HE5 Z 5Tz 1513, HE4 OFEHRIIEKT 74% THAHH, HES RS ERALTOERD

155



DIDITIEHE Lol LHEL TV Y (Chart422.1),
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Chart 4.2.2.1 Helicenoid diarylethene HE4, HES, and HE6 reported by Branda and co-workers
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Fig. 4.2.2.1 The change in absorption spectra from (R,R)-60 10 PSS
Concentration / mol dm™: 1.69 x 10* in ethyl acetate
Light intensity /mW cm? 0.332 (366 nm)

Irradiation time / min: 0, 2, 4, 6, 12
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Fig. 4.2.2.2 Thermal cycloreversion of (R,R)-6C from PSS

Concentration / mol dm™: 1.69 x 10* in ethyl acetate

Measurement period after PSS/ min: 0, 400 (at room temperature)
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44  Experimental details
44.1 General

Chemical reactions were carried out under a dry nitrogen atmosphere. Tetrahydrofuran (THF) was freshly
distilled from benzophenone ketyl immediately before use. Ether and dichloromethane (DCM) were distilled from
CaH,. All other solvents were used as received. All flash column chromatography were carried out on 230-400
mesh silica gel using ethy] acetate and hexane as eluent. Analytical thin-layer chromatography was performed on
the pre-coated 0.25-mm thick silica gel TLC plates.

'H NMR Spectra were recorded in deuteriochloroform (CDCls) with a Bruker DRX-300 (300 MHz) NMR
spectrometer. J values are expressed in Hz and quoted chemical shifts are in ppm. Splitting patterns are indicated
as s, singlet; d, doublet; t, triplet; q, quartet, m, multiplet. Infrared (IR) spectra were recorded on a Horiba FT-730
FTIR spectrometer. Low- and high-resolution mass spectra were measured by the electron impact mass
spectrometry using a JEOL JMS-AX-600 Mass spectrometer. Ultraviolet and visible spectra were recorded on a
JASCO V-550 UV/Vis spectrophotometer. Fluorescence spectra were recorded on a JASCO FP-777
spectrofluorometer. Optical rotation measurements were carried out using a JASCO DIP-1000 polarimeter.
Circular dichroism measurements were carried out using a JASCO J-725 spectropolarimeter. Melting points were
measured using a Yazawa BY-2 hot stage microscope, and those were uncorrected.

Photochemical reactions with 366 nm light which was separated by filters (a 5 cm water filter, a 5 cm aqueous
CuSO,4 5H;O solution, a Toshiba UV-35 glass filter, and a Toshiba UV-D35 glass filter) from a 500 W
high-pressure mercury lamp were carried out in a 10 mm path length quartz cell, and those with 477 nm light
which was separated by filters (a 5 cm water filter, 2 5 cm toluene filter, a Toshiba IRA-25S glass filter, a Toshiba
Y-47 glass filter, and a Toshiba KIL-48 interference glass filter) from a 500 W xenon lamp were carried out in a 10
mm path length quartz cell. During the photoreaction, solutions in the cell were stirred continuously.

High-performance liquid chromatography (Shimadzu LC-6AD pump unit) equipped with a UV/Vis detector
(Shimadzu SPD-10A UV/Vis photodetector) and a chiral column (Daicel Chiralpac OD-H, 4.6 mm diameter x
250 mm) was used to determine the enantiomer excess of a chiral alcohol (51), obtained by the asymmetric -
reduction of 3-acetylbenzo[b]thiophene, and that equipped with a silica gel column (Wakosil 5SIL, 4.6 mm

diameter x 150 mm) was used to determine the component concentration during photoreactions.
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442 Diarylethene 5
4421 Synthesis
Synthesis of (R,R)-1,2-bis[3-(1-Methoxymethoxyethyl)-2-benzo[b]thienyl|hexafluorocyclopentene

((R.R)-50) was carried out according to the following procedures.

(R)-3«(1-Hydroxyethyl)benzo[b] thiophene (51). To a solution of borane-Me,S complex (6.00 ml, 2.0 mol dm?
THF solution, 12.0 mmol, 1.1 eq.) was added (S)-2-methyl-CBS-oxazaborolidine (1.00 ml, 1 mol dm? toluene
solution, 1.00 mmol, 0.087eq.) at room temperature under a nitrogen atmosphere, and the mixture was stirred for 4
h. To the mixture was added a solution of 3-acetylbenzo[b]thiophene (2.01 g, 11.4 mmol, 1.0 eq.) in THF (50 ml)
over the period of 3.8 h at room temperature, and the resultant mixture was stirred for further 1 day. The reaction
was quenched by adding sat. aq. NH,CL, and the resultant mixture was extracted with ethyl acetate four times. The
combined organic layer was dried over anhydrous Na,SO,. After the drying agent was filtered off, the solvent was
removed in vacuo. The residue was purified by column chromatography on silica gel using AcOFEt / hexane (20%)
as eluent, to give compound 51 as a colorless oil in quantitative chemical yield and 91.5% optical purity. 51: 'H
NMR (300 MHz, CDCl;, TMS) 8/ ppm 1.67 (d, JHz = 6.4, 3H), 1.92 (d, J/Hz =32, 1H), 5.29 (dq, JHz = 6.4,
3.0, 1H), 7.32 - 7.43 (m, 2H), 7.39 (s, 1H), 7.87 (dd, VHz = 6.2, 1.5, 1H), 791 (dd, VHz = 6.2, 1.7, 1H). LRMS
(EL 70 eV) m/z (tel intensity), 178 (M, 58), 163 (76), 135 (100), 91 (35). Found: m/z 178.0444. Calcd for

CioHi00S: M, 178.0452. IR (Nujol) viem™ 3343, 3079, 2865, 1523, 1254, 891 [0 Ay = +40.5 ©.

(R)-3-1-Methoxymethoxyethyl)benzo[b]thiophene (52). To a solution of 51 (0.807 g, 4.53 mmol, 1.0 eq.) in
DMEF (10 ml) was added chloromethyl methyl ether (0.50 ml, 6.59 mmol, 1.5 eq.) slowly at 0 °C under a nitrogen
atmosphere, and the mixture was stirred for 10 min. To the mixture was added a suspension of sodium hydride
(0334 g, 60% in oil, 8.35 mmol, 1.9 eq.) in DMF (3 ml), and the mixture was stirred for 1 day with gradual
warming up to room temperature. The reaction was quenched by adding water, and the resultant mixture was
extracted with ethyl acetate four times. The combined organic layer was dried over anhydrous Na,SO,. After the
drying agent was filtered off, the solvent was removed i vacuo. The residue was purified by column
chromatography on silica gel using AcOEt / hexane (3,20%) as eluent, to give 0.971 g (4.37 mmol) of compound

52 as a colorless liquid in 97% yield. 52: 'H NMR (300 MHz, CDCl;, TMS) & / ppm 1.64 (d, J/Hz = 6.6, 3H),
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341 (s,3H),4.64 (5,2H), 5.18 (q, J/Hz=6.6, 1H), 7.31 - 7.41 (m, 2H), 7.36 (s, 1H), 7.86 (dd, VHz =58, 1.7, 1H),
7.93 (dd, J/Hz=5.8, 1.7, 1H). LRMS (BL 70 eV) m/z (rel intensity), 222 (M", 34), 161 (100), 147 (66), 115 (25).
Found: m/z 222.0754. Caled for Ci;Hy,O5S: M, 222.0715. IR (neat) v/em™ 3078, 3060, 2383, 1948, 1788, 1523,
1254, 964, 854, [0 g =-+1454°.

(R,R)-1,2-bis[3-(1-Methoxymethoxyethyl)-2-benzo[b]thienyl|bexafluorocyclopentene ((R,R)-50). To a
solution of 52 (0.486 g, 2.19 mmol, 1.0 eq.) in ether (7 ml) was added »-butyllithium (1.38 ml, 1.58 mol dm™
n-hexane solution, 2.18 mmol, 1.0 eq.) at - 78 °C under a nitrogen atmosphere, and the mixture was stirred for 4 h
at this temperature. To the mixture was added a solution of octafluorocyclopentene (0.14 ml, 1.09 mmol, 0.5 eq.)
in ether (7 ml) over the period of 15 min, and the mixture was stirred for further 1 day with gradual warming up to
room temperature. The reaction was quenched by adding water, and the resultant mixture was extracted with ethyl
acetate four times. The combined organic layer was dried over anhydrous Na,SOy. After the drying agent was
filtered off, the solvent was removed iz vacuo. The residue was purified by column chromatography on silica gel
using AcOEt / hexane (3, 5, 10%) as eluent, to give 0.191 g (0.309 mmol) of compound (R,R)-50 as a yellow
amorphous solid in 28% yield. (R,R)-50: "H NMR (300 MHz, CDCl;, TMS) & / ppm 0.77 (d, J/Hz = 6.8, 6H),
3.26 (s, 6H), 4.28 (d, JJHz= 6.6, 2H), 4.40 (d, J/Hz = 6.4,2H), 4.76 (q, J/Hz = 6.6, 2H), 7.34 (ddd, J/Hz=8.1, 7.0,
1.3,2H), 741 (ddd, /Hz=17.9, 6.6, 1.5, 2H), 7.88 (dd, J/Hz=17.9, 1.3, 2H), 8.09 (dt, J/Hz = 8.1, 0.8, 2H). LRMS
(EL 70 eV) m/z (rel intensity), 616 M, 8), 510 (22), 478 (25), 467 (85), 451 (100), 419 (23). Found: m/z
616.1143. Caled for CosHagFs04Sy: M, 616.1177. IR (neat) v/em™ 3061, 2775, 2380, 1631, 942. [0 Py =+
323.8°.

4422 Optical purity and specific optical rotation of chiral alcohol

The optical purity of 51 obtained by the asymmetric reduction of 3-acetylbenzo[b]thiophene was measured. A
4.4 mg of 51 was dissolved in n-hexane (HPLC grade, 10 ml) completely to prepare a 2.47 x 10° mol dm™
n-hexane solution. For the reference of the analysis, 4.1 mg of racemic 51 was dissolved in 10 ml of »-hexane to
prepare a2.30 X 10> mol dm™ n-hexane solution in a similar manner. The 10 pl of the solution of 51 was injected
into an HPLC (Shimadzu LC-6AD pump unit) equipped with a UV/Vis detector (Shimadzu SPD-10A UV/Vis

photodetector) and a chiral column (Daicel Chiralpac OD-H, 4.6 mm diameter x 250 mm) to determine the
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enantiomer excess of the chiral alcohol. The measurement conditions were as follows.

Stationary phase: Daice] Chiralpac OD-H, 4.6 mm diameter x 250 mm
Detection wavelength: 254 nm
Moving phase: 3.0 v/¥% 2-propanol / n-hexane

Flow rate: 0.5 ml min’

The ratio of the enantiomers was determined based on the area of chromatograms, and the ratio was corrected
by comparing with the chromatograms of racemic one on the same conditions because the tailing behavior of each
enantiomer detected at different moving time should become different ones.

A3.05 mg of 51 was dissolved in ethyl acetate (Spectrochemical analytical grade, 5 ml) to prepare a 3.42 x 10°
mol dm® (0.061 g dr') ethyl acetate solution for specific optical rotation measurement. The specific optical
rotation measurement was carried out on this solution in a 10cm path length cell at 589 nm on a JASCO DIP-1000

polarimeter. The ambient temperature was kept at 20.2 °C through the measurement.

4423 Photochromic reactions

A 12.16 mg of (R,R)-50 was dissolved in ethyl acetate (Spectrochemical analytical grade, 25 ml) to prepare a
7.89x 10™ mol dm® ethy] acetate solution. A 2 ml of this solution was diluted with ethyl acetate to prepare a 1.58 x
10* mol dm? ethy! acetate solution (10 ml) for photochromic reactions and optical rotation measurements.

Photochromic reactions were carried out by irradiation with 366 nm light from an Hg lamp (0.167 mW cm?,
for conversion from O-form to PSS) and 477 nm light from a Xe lamp (0.241 mW cm™, for conversion from PSS
to O-form) those were separated by appropriate glass and / or water filters. These lights were irradiated to a 1.58 x
10* mol dm? ethyl acetate solution in a 10 mm path length quartz cell, and the absorption spectra were recorded
several times on a JASCO V-550 UV/Vis spectrophotometer.

During photoreactions, a 10 pl of the solution of (R,R)-5 was injected into an HPLC (Shimadzu LC-6AD
pump unit) equipped with a UV/Vis detector (Shimadzu SPD-10A UV/Vis photodetector) and a silica gel column
(Wakosil 5SIL, 4.6 mm diameter x 150 mm) at arbitrary irradiation time to determine the conversion ratio from O-

to C-form. The measurement conditions were as follows.
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Stationary phase: Wakosil 5SIL, 4.6 mm diameter x 150 mm
Detection wavelength: 292 nm (conversion), 460 nm (diastereomer excess)
Moving phase: 5.0 v/v% AcOFEt/ n-hexane

Flow rate: 2.0 ml min™

The ratio of the photoisomers was determined based on the peak area of chromatograms detected at 292 nm
recorded at arbitrary time. The relationship between S; (peak area of chromatogram of component “ i ) and C;

(concentration of component i > ) follows the equation 4421).

So Fo + SC Fc= Co + CC= C(constant) . (4421)

In (24.1), the F; is a coefficient for each component i. The equation (4.4.2.1) can be converted to (4.4.2.2).

Sc=(C(constant) / F¢) - (Fo/FQ) * So - e+ (4422)

From the equation (4.4.2.2), the average y axis constant (C(constant) / F) and slope [- (Fo / F¢)] are obtained
successively by plotting (So, S¢) coordinate data and draw the approximate line. As a result, Cp and C¢ can be
calculated as a function of Sp and S, respectively. The conversion ratio from O- to C-form is calculated from C,
and C at the photostationary state (PSS).

4424 Fluorescence spectra

A 1.58x 10 mol dm™ ethyl acetate solution of (R,R)-50 and PSS were diluted with ethyl acetate to prepare a
1.58 x 10° mol dm? ethyl acetate solution. The fluorescence spectra of (R,R)-50 and PSS were recorded on a
1.58 x 10* mol dm™ and a 1.58 x 10° mol dm™ ethyl acetate solution in a 10 mm path length quartz cell on a
JASCO FP-777 spectrofluorometer.

4425 Quantum yields

The quantum yield ¢ is defined to be the ratio of the number of photochemically reacting molecules to the
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number of photon absorbed by them, and the quantum yield from component A to B is describe as §ap.
When a light is irradiated to a photochromic solution and the number of reacted molecules after absorbing light

is “n”, the change in the concentration of component 7 is described by the equations as shown below.

dC;/dt=(- 5k Ci+ 5k Cp) * (1-10%) /A © ¢+ (4423)
k=g 0y < v 2 (4424
A=X%5Cd < ¢+ (4425)

(,j=1,2,..,n,i#))
C;i . Concentration of component i
t : Imadiation time
A : Absorbance of the solution at the irradiation wavelength

: Molar absorption coefficient of component 7 at the irradiation wavelength

L)

: Quantum yield converting from ito  at the wavelength

&

I : Irradiation intensity
d : Celllength

The quantum yields of both photochromic reactions were calculated. When 366 nm light is irradiated onto a
diarylethene photochrome, photocyclization (O—C) and cycloreversion (C—0) reaction proceed simultaneously.

As aresult, the change of concentration of each component is described by the equations as shown below.

dCo/dt=(-koc Co+kcoCo) * (1-10%)/A <+ 2 (4426)
dCc/dt=(-keoCet+kocCo) * (1 - 10%)/A < . - (4427)

These differential equations can not be solved mathematically, so Runge-Kutta method is applied to estimate

approximate values by using actual concentration of each component to minimize the error 4

A=%:%4 [Cpcate () - Cyons T Tt (4428
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via systematic changing of &; where C; o (1) is calculated concentration and C; o (1) is actual concentration
calculated in chapter 4.4.2.3. From the combination of the most suitable k. &, and I, ¢y can be estimated.
When 477 nm light is irradiated onto diarylethene photochrome, only cycloreversion (C—0) reaction proceeds. As

aresult, the change of concentration of each component is described by the equations as shown below.

dCc/dt=(-kcoCo) * (1-10%/A © . 2 (4429)

The equation (4.4.2.9) can be solved mathematically to give the equation (44.2.10).

log (10%) - 1) =~ kep * t+1Iog (10*° - 1) © .+ (442.10)

The relationship between the log (104 - 1) value and the irradiation time ¢ obtained firom photoreaction
experiment gives photoreaction rate coefficient kco, where A(0) is absorbance before visible light irradiation. From

the combination of kcp , &, and I, Pco can be estimated.

44.2.6 Diastereoselectivity
The diastereoselectivity was estimated by comparing the peak areas of chromatograms of HPLC of two
diastereomeric C-form (Chgor and Chginy) detected at 460 nm simultaneously obtained at the measurement of

conversion ratio in chapter 4.4.2.3. The absorption coefficients of Cwszior a0 Coinor (€(Crior) and. &(Chyiner)) are

assumed to be the same.

44.2.7 Specific optical rotation

The specific optical rotation values of (R,R)-50 and PSS were measured on a 1.58 x 10™ mol dm™ (0.00973 g
dI'') ethyl acetate solution in a 10 cm path length cell at 633 nm using He-Ne laser, and at 589 nm on a JASCO
DIP-1000 polarimeter. After measurement of optical rotation of (R,R)-50, the solution was irradiated with 366 nm
light passing through appropriate filters from high pressure mercury lamp for 2 h to reach PSS, and then optical
rotation measurement of PSS was carried out. The ambient temperature was kept at 20.1 - 20.3 °C through the

measurements.
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4427 Circular dichroism

The circular dichroism measurements of (R,R)-50 and PSS were carried out on a 1.58 x 10** mol dm™ ethyl
acetate solution in a 10 mm path length quartz cell on a JASCO J-725 spectropolarimeter. After the measurement
of circular dichroism of (R,R)-50, the solution was irradiated with 366 nm light (0.167 mW cm™) passing through
appropriate filters from high pressure mercury lamp for 120 min to reach PSS, and the measurement of CD of the

PSS solution was carried out.

443 Diarylethene 6
443.1 Synthesis
Synthesis of (R,R)-1,2-bis[1-(1-Methoxymethoxyethyl)-2-naphtho[2,1-b]thienyl hexafluorocyclopentene

((R,R)-60) was carried out according to the following procedures.

(R,R)—I,Z-bis[1-(1-Meth0xymethoxyethyl)—2—hephtho[2,1-b]thienyl]hexaﬂuomcyclopentene ((R,R)-60).
To a mixture of 49 (0.197 g, 0.722 mmol, 1.0 eq.) and N, N, N', N', tetramethylethylenediamine (0.11 ml, 0.738
mmol, 1.0 eq.) in ether (4 ml) was added zerz-butyllithium (0.46 ml, 1.57 mol dm™ pentane solution, 0.722 mmol,
1.0 eq.) at - 78 °C under a nitrogen atmosphere, and the mixture was stirred for 2.5 h at this temperature. To the
mixture was added a solution of octafluorocyclopentene (0.0385 ml, 0.301 mmol, 0.42 eq.) in ether (1 ml) over
the period of 10 min, and the mixture was stirred for further 9 h with gradual warming up to room temperature.
The reaction was quenched by adding water, and the resultant mixture was extracted with ethyl acetate four times.
The combined organic layer was dried over anhydrous Na,SO,. After the drying agent was filtered off, the solvent
was removed i vacuo. The residue was purified by column chromatography on silica gel using AcOEt / hexane
(3, 5%) as eluent, to give 0.111 g (0.155 mmol) of compound (R,R)-60 as a pale vellow solid in 43% yield.
(R,R)-60: "HNMR (300 MHz, CDCl, TMS) 8/ ppm 0.69 (br s, 6H), 3.40 (s, 6H), 4.55 (br s, 4H), 5.15 (br s, 2H),
743 -7.55 (m, 4H), 7.80 (d, JHz = 8.9, 2H), 7.87 (d, J/Hz = 94, 2H), 7.88 (d, J/Hz = 9.0, 2H), 9.16 (br s, 2H).
LRMS (EL 70 eV) m/z (rel intensity), 716 (M", 49), 610 (39), 579 (24, 567 (73), 551 (71), 547 (100), 383 (14).
Found: m/z 716.1482. Caled for C3HyFs04S,: M, 716.1490. IR (neaf) viem™ 3141, 3112, 2768, 1758, 1380, 847.
[0 g =- 7124,
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4432 Photochromic reactions

A 15.16 mg of (R,R)-60 was dissolved in ethyl acetate (Spectrochemical analytical grade, 25 ml) to prepare an
8.46 x 10* mol dm? ethy] acetate solution. A 2 m] of this solution was diluted with ethyl acetate to prepare a 1.69 x
10* mol dm™ ethyl acetate solution (10 ml) for photochromic reactions.

Photochromic reactions were carried out by irradiation with 366 nm light from an Hg lamp (0.332 mW cm?,
for conversion from O-form to PSS) which was separated by appropriate glass and / or water filters. These lights
were irradiated to a 1.69 x 10* mol dm? ethyl acetate solution in a 10 mm path length quartz cell, and the

absorption spectra were recorded several times on a JASCO V-550 UV/Vis spectrophotometer.
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