(269) 67

TGV UFERO LR $12%
9-BHI-(2-X P X AFINT 2 =)L)
TNV B BAR O B Py

PAHI a1« B)IME S - BRE& 5 - HRE

Rotational Isomerism in Fluorene Derivatives X II.
Conformational Equilibria of 9-Substituted

9- (2-methoxymethylphenyl) fluorenes
Akiko NISHIDA, Shinsuke SHIRAKAWA, Shizuo FUJISAKI and Shoji KAJIGAESHI

Abstract

A series of 9-substituted 9- (2-methoxymethylphenyl) fluorenes [4] (9-hydro- [4a], 9-hydroxyl- [4b].
9-methyl- [4c], 9-acetyl- [4d], 9-benzoyl- [4e], 9-carboxyl- [4f], 9-methoxycarbonyl- [4g] and
9-methoxyl-9- (2-methoxymethylphenyl) fluorene [4h]) were prepared, and their conformational equili-
bria between ap and sp were investigated and compaired with that of known 9-substituted 9-(2-
methoxyphenyl) fluorenes [1].

It was confirmed that [4a] existed as predominant sp conformer (ap/sp=1/4.1) at room temperature,
and [4b] as approximately equal proportions of two conformers (ap/sp=1.5/1) at —58°C on their
NMR spectra, respectively. In the case of [4b], we inferred that the formation of intramolecular
hydrogen bond would be difficult, because the degree of freedom of 2-substituent was increased than that
of [1b]. Further, the existence of attractive interaction between methoxyl-oxygen and carbonyl-carbon
in [4e] was recognized on its NMR spectrum at low temperature.
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Table 1 Syntheses of 9-(2-methoxymethylphenyl) fluorenes (4]
; 'H-NMR (CDCl,) d(ppm) atrt
Compd. Y mp (°C) Y:,EId ’ ppm)
(%) CH,0CH,  CH,OCH, 6-H
4.84s 3.54s 6.40d
4a H 122-123 92 3 99¢ 2 60s
4b OH 135-137 55 3.96br.s 2.98br.s
4c OCH, 83-84 64 3.14s 2.58s
4d COCH; -2 20 4.20s 3.26s 6.82d
de COPh 117-119 36 4.34s 3.24s 6.84d
4f COOH 117-118 62 3.84br.s 2.90s
4g COOCH, 77-79 65 3.88br.s 3.06s
4h OCH, 56-57 53 3.70br.s 2.80s 8.06d
a) This compound was obtained as liquid.
2'-CH,0CH,(sp)
2773
S

2'~Cﬁ_20CH3(sp)

2! -CﬁZOCH:;(ap)

Fig. 1 NMR spectrum of [4a]
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Table 1®Fig. LicR_RT L9512, FiRicB I 5H-
NMRZ~Z AT, [da] RBVTidapth & sptho s
THNBENEFNBRINS, 2- A X AFNED
ST VEEEELL Y S [4a] DR R ER K IZap/sp=
1/4.12 %) spth B BEETH 5 Z L HWEBA L 729 (7
B, la] D7 DL 7FLiE, spRizBnwT
INF Vv ROBHFEOREHRNEEZZI TR
FR7 0 b L) EEEM (06.40) CZEF L LTH
WEhTw3) (Fig. 2),
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in CDCl; at rt
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Fig. 2 Isomerization process for [4a]
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Fig. 3 Temperature-dependent spectra of [4b] in CDCl,

Table 2 'H-NMR data of 2’-methoxymethylgroups of [4d],

[4g], and [4h] in CDCl; at low

CH,OCH,

CH,OCH; Temp. (°C)

[4d], [de],
temperature, ¢ (ppm)
Compd.
5.16s
3
4.69br.s
Ao 3 s
4 4 .70br.s
€ 3.60br.s
4 4.74s
g 3.18s
5.30s
4h 3.36s

ae
e O
e
N
vew %

L7 M, [ba] Dapthd DLy 7 MEEIZIT
HLWIEDL, apt LTHETHEHELT, 2D
S XL, pIEICBIT A2 A PRI AFNIE)AFNE
EDOVARRFEICE > THMAI N5,

(4b], [4f], [4q), B U [4n] Tid, FRICBT
2'H-NMRZ =7 b b3 F16 DEBEE 2 HEE
T2 LR TH LY, [M]2KRE, RdT5L)
ICAKE BT ANMRR 7 F LT 4d], [4e] EFL
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AFNDAFATO I BIULAF LT b,
HEICHEREVWE—ETH 25, & (53C) TikEgns
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Table 3 Equilibium constants and free energies of activation of [4] and [1]

QO OO

Y

CHo0CH
o O-cia0chy

Y

1] OCHs

* ¥
K (ap/sp) [4] AGT (kcal/mol) K (ap/sp) [1] AGT (kcal/mol)
ap—sp sp—ap ap—sp Sp—ap

a 1/4.1(rt) 16.1 16.9 1/17(rt) 11.3 13.1
b 1.5/1(—45C) 14.3 14.0 sp only (—60°C) — —
c ap only(—45C) = - ap only (—60°C) - -
d 1/5.7(—67C) - — sp only (—60°C) - —
e 1/4.1(—-67C) 11.2 12.0 sp only (—60°C) — -
£ ap prs:dominant _ - sp only (—60°C) . .

(—50C)
g 1/1(-53C) 13.2 13.2 sp only (—60°C) - —
h 7.7/1(-53C) 13.7 12.5 ap only(—60°C) — -
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N hsplhB L Laplkn v 7L ICEE N5,

(4d], [4e], [4q] BL U [4n] 25T H [4b]
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HIZHH>T2LDEEZT,
FRIMUSHNKR=NE LB A L2 bA14], [1e],
[1f], BEU[1q] TIZ2TsptE~DFERH KX {4
WT w35, [4d], [de], [4f] B LU [4q] ([4f] #
BT TlIsptE~D PO E SR - T 3,
B & 2IT [1d] ~[1g] 2B Tspih - BEAEIE I
TBMBE LT, spRic BT 2240 4 X EOBE
EANKRENIRELOMICE e U TRBY 2 HEAE
MDA RBE L 720, (LA[ad], [delicBWTid,
(4] DB L FIBEIC 2 F L o SN A T2 B sk
HHE» MLz, [1d] ~[1g] TRLNB L) %
MDA S XL AFNEOBEE T EANVKZLREL
DEDSIIOMAER»SO LNz THAHH, LS
5T, [4e] D& (—67C) I2BIFBENMRZ~RZ b
T, spRDVPLD A F L 7 a b v o 7L hiEIEs
W2ONIHEKE L TBES N, I —TFIuE
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BRELY 7LAVVREDBD I AAWVITE BEK
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HAER (BIhRRN) %¥, Brouke, E£FRR
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[4e]

I.%® B

'H-NMRZ2~7 Vi HAZ TMH-1008ic & Y,
TMS % MEpiE#e X L THIE L7z, KRBT 3NMR
27 PNVEEICIZCDCL 2 B LTHW, 7a—7
NOBRERHRES2FERLTHELL, IRAXZ MV
12 HASHIRA-1R 2 FVCHlE L72, B3~ THl
ELTWHWETH 5,

3.1 9-(227OFAFALTIIN)STRFL/ =N
[2]
9-(2-AFNT72=))-9-7NA VL /—L (1.08, 4
mmol) DMUEALR FiFE#HEICNBS (0.72, 4mmol) B
S LR BRI~V 4L (BPO) %Mz 305
BRHR L. RBHBRAZL 4 FREFHLA, FE
PBELTHBONIRESKE BRL, S5ICHH
Ny bR L7 Bk 1.18 (85%),
mpl46-147C,
'H-NMR(CDCl,) : ¢2.38 (1H, br.s, OH), 4.02
(2H, br.s, CH,Br), 7.0-8.0 (12H, m, Harom).
SHHEC 68.73%, H 4.06%.
C;oH,sOBr& L T HEMEC 68.39%, H 4.30%.
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3.2 9(2-3—=FAFNT7zZM) ZAFLy [3]
[2] (18, 3mmol) DEMEIFHE (15ml) 23 7{L
KE# (57%, 2.1, 9mmol) %2 MBLERL 7.
RIcHEERAELz0b, BkdICEE, Ry¥rTH
L7, NrEriFms BmBkESF ) 7 LKkER
TH-TIavRe2BREL, 51Kk, wHELE &
WEEEL, REXAHXC U2 0BEML B
HAEWREE S, 0.528 (47%), mpll7-119C,
TH-NMR(CDCl,) : 63.26, 4.75(0.4H and 1.6H,
two s, CH,I), 4.84, 5.29(0.8H and 0.2H, two s,
9-H), 6.12-7.78 (12H, m, Harom.
SHEC 62.64%, H 3.76%.
CpoHysl& L ToREAEC 62.84%, H 3.95%.

3.3 (2 APFLAFALTZZN)ZNF L [4a]

(3] (1.828, 4.8mmol) » A % / —)b (60ml) &
Zookis (10m) DRAERE2IBFHEMBGER L
72, RigiEE G Liznb, GkpicEEXA YT
ML, NrErEgrEmBkEST ) 7 LakiE
BTHRWITEEZREL, Kik, E8L, 2L THHE
PEELL BonclikpE oY 2BEAILT
TINIFHFTLIZUR 774 —%iToTHBL
% k5 fh, 1.268 (92%), mpl22-123C (Lit.?
mpl20-121C),

'H-NMR (CDCl,) : 62.60, 3.54 (3H, two s,
OCH,), 3.22, 4.84 (2H, two s, CH,), 5.00, 5.48
(1H, two s, 9-H), 6.40 (0.8H, d, J=8Hz, 6-H),
6.8-7.8 (11.2H, m, Harom).

3.8 9-(2A4 PHRSAFAT M) TIF L/ = 4]

HIEIZHEV, [4a] (0.83€, 3mmol) 2 x—F 1 (20
ml) ZEPL, HROT7TFNN FILI%~FY E
# (3ml, 4.6mmol) #MZ9-Y) FAEEFBL, 2
WTINICEBREES ZZ1I52E L 2nb, NEY
BHKRICEGS, AEE L BEL, ki, ®RL,
BEEPEE L, REZIUEMLREZEBEAE LT
WVATXNAG T L2 b TTT7 4 —RiTHoTHEEL,
MW7) XLk, 0.488 (55%), mpl35-136C (~
¥Ho.RoEY),

'H-NMR (CDCl,) : 62.98 (3H, br.s, OCH,),
3.96 (2H, br.s, CH,), 7.0-7.8 (12H, m, Harom).

HTiEC 83.61%, H 6.08%.

CuHis0 & L ToOETEMEC 83.42%, H 6.00%.

3.5 9.(2-X FPHEIAFAT zZN)IAFLINF L 4]
AR FEFOFETHBL 729-) F 44 (2
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mmol) (23 74k A FV (0.468, 2.9mmol) ¥FFL
ERLIoL, BEPERLL, RESZNELREY
BHALLTI VYNV AS A I+ 2574 —%
o7, WESHIREESS, 0.40 8 (64%), mp83-84°C (~
XH.RrEy),

'H-NMR (CDCl,) : ¢1.80 (3H, s, CH,), 2.58 (3
H, s, OCH,), 3.14 (2H, s, CH,), 6.9-7.9 (12H,
m, Harom).

HEC 87.96%, H 6.76%.
CHp O & L TORTEAAC 87.96%, H 6.71%.

3.6 -FEFAI(2APXSAFATIZA)TL
#F L [4d]

SARCHBNLFROFEHETHBL 729-) F+ 4 (3
mmol) Ik T8k BERE (0.46 2, 4.5mmol) % 02
PEFEL KSHEBRCLY L-nb, Fliakh
WECTIRTR L, ERE 235X RED K
ETREBLT, BEAHRYWELZE. 0.208 (20%)

'H-NMR (CDCl,) : 61.84 (3H, s, COCH,), 3.26
(3H, s, OCH,), 4.20 (2H, s, CH,), 6.82 (0.8H,
d, J=8Hz, 6-H), 7.0-7.9 (11.2H, m, Hurom).

3.7 RV ANI (24P FST7zZN)TRAL

>{4e]

LA FERED HETHBL 7229-) F 4k (2.5
mmol) IZHAL~X VAL (0.498, 3.5mmol) 22
0@ & T, KBFHEEZT LA VHICLTRY
ToTHI L, RO UFGRE®RL, Bt EYE
LTHLNTEEEN - ~%FH 2 (1. 1) DR
RBFREBHARE LTI AYVLA S 20" IS
74—, EATY XL, 0.358 (36%),
mpll7-119°C,

'H-NHR (CDCly) : 63.24 (3H, s, OCH,), 4.34
(2H,s,CH,), 6.84 (0.8H,d, J=8Hz, 6-H), 7.0-7.9
(16.2H, m, Harom).

SHTEC 86.36%, H 5.71%.
CsH,.0, & L ToORHEMEC 86.12%, H 5.68%.

3.8 (2 A PFSAFALTIZA)TINLFL L9 A
W B [4f]

BLUTRARL RO FETHRB L 7229-) F44& (2.7
mmol) W72 F 54 T A4 Ak & 3BFRIKE L7
DL, HBBTHKRIEL 2, KIsEkE~yE£0 T
ML, Kk, ERLUTHEESRELLL, HiEhe~
v r—7ua RV ARBEED> SEEGR L. BE
$tk#sfh, 0.558 (62%), mpll7-118°C,

'H-NMR (CDCl,) : 42.90 .(3H, s, OCH,), 3.84
(2H, br.s, CH,), 7.0-7.8 (12H, m, Hurom), 9.42
(1H, br.s, COOH).

IR (KBr) : 3040 (OH), 1730 em~'(CO)

HEC 79.84%, H 5.47%.
Co:HisOs & L TR EAEC 79.98%, H 5.49%.

3.9 3 APRSHAAKRZING. (2 XA PFSAFALT
Z)FnF L [4g]

(4f] (0.58, 1.5mmol) D2 %/ —LiEHKIZ B
Me2ml % F L C, 2085 R MBI L 72, b L7 b,
RIDBHRERKPICEER L EoTHE L, Rv¥
VIR EOR, ERLT, BEZEELL BREME
N r—FH RABEr SEHER L, BRS
J X Lkhdh, 0.348 (65%), mp77~79C,

'H-NMR (CDCly) : 63.06 (3H, s, OCH,), 3.76
(3H, s, COOCH,), 3.88 (2H, br.s, CH,), 6.95-7.83
(12H, m, Harom)

IR (KBr) : 1720cm-'(CO).

C 80.44%, H 5.88%.
CosHzO5 & L TORHEMEC 80.21%, H 5.85%.

3.10 9- XA FHNI-(2270FXAFNLT T ZN)
ZhFLr [5]

9- A P XN Q- AFNT 22 N)T7NF L (1. 14
g, 4mmol) DIUEILIK FIF#E (60ml) (ZNBS (0.85
g, 4.8mmol) B X L ENBPO% N Z 5 BEEm#uE
ML, RIGEEE3 MRS L T, Baihis
mERz 0.748 (51%), mpl01~103C (~F4>),

'H-NMR (CDCl,) : 62.76 (3H, s, OCH,), 4.12
(2H, br.s, CH,Br), 6.8-7.7 (11.4H, m, Harom),
7.80 (0.6H, br.d, 6-H),

SHTEC 69.26%, H 4.75%.
CH;OBr& L ToFHEAEC 69.04%, H 4.69%.

3.1 9 APRSNI(2APRSAFATIZN)
ZhF L2 [4n]

AF /= (35ml) IAHRBRDOF LY TAKEMEF
FUTLA MRS FERABLZ, COBEKIC[5](0.43
g, 1.3mmol) ZAMI ¥, 4BRIMBERKL 7. K
@LZDL, BUNERESKRPISEERS L Tl
L7z, ROV VBEREKE CRLUTEBHELL B
NIHEREZE~XIT U2 LFHERLL, BB XA
#idh, 0.212 (53%), mpb55.5-56.5C.,

'H-NMR (CDCl;) : 62.80, 2.82 (2%x3H, two s,
OCH; and CH,OCH;), 3.70 (2H, br.s, CH,),

O R TR R
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7.0-7.5 (11.2H, m, Harom), 8.06 (0.8H, br.d,
6'-H).
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