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Synthesis of a Novel Helical Cyclophane Using Chiral Binaphthyl as
Structural Templates
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Abstract The chira binaphthyls is one of the most important precursors for constructing optical molecules.
In this paper, (R)- and (9-2,2-diethynyl-1,1"-binaphthyl with highly stable chiral configurations were em-
ployed as structural templates, and a new type of helical cyclophane compounds (R,P)-3 and (SM)-3 were
synthesized in enantiopure form by the introduction of benzyl sulfone through Sonogashira coupling reac-
tion, followed by the treatment of disulfone with lithium diisopropylamide (LDA). MS, IR, *H and *C NMR
as well as elemental analysis characterized compound 3. The enantiomeric relation of two isomers was
reflected unambiguously by their circular dichroism spectra with exact mirror images and specific rotations
[a]p data.
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1.1 YEFFRF

XRC-1 B G Aehs st e A, B2 v R AL IE; Perkin
Elmer 2000 7} HL AR e 27 #5618 4%, KBr Ji i, JEOL
Lambda 500 & &7 B2 3L 4R A%, TMS 945, CDCly
S W, JEOL-HX110 ZY )i {%; Perkin Elmer PE
2400 RICZEHTAL; JASCO J720 AR {4 (CD)iEAY;
Perkin Elmer MC-241 Jig Gl g4 3-1 W AR IEPh A
i, (R-F1(9-2,2- = L HFHe-1,1'- 1 25 i e SCHR[ 7] 1) 4%,
JLet AR A T A A=, R R NG
MEwE I CaHa [, A8 & 28 1Ak 2.
1.2 BETR 4 #HlET

¥ (R)-2,2- = £ HHE-1,1- 55 25(308 mg, 1.02 mmoal),
3 IREHREIRILN(794 mg, 2.55 mmol), Pd(PPhs), (59 mg,
0.051 mmol), Cul(10 mg, 0.051 mmol), HZK(10 mL)A1—
FEPE(2 mL)EANE TR RIS, 75 C R R
12 h. ¥ IR AWIA B =, IR EAREY R, U
RN BTN NHLCLE WP T SR SFRASE. AL
FHRI MR NaCl #ilvksk, LK MgSO, T4, i I8k
JEZE U7, R AW IE R i A 2 M 43 B [V(CHLClY) -
V(ACOEt)=50 : 1]#4 615 mg (R)-4, 7~ % 79%. (-4 (11 &
T FI(R)-4, 723 T7%. 4: 3R 44, m.p.>300
‘C, '"H NMR (CDCl3) 6: 4.10 (s, 4H, 2CH,), 6.49 (s, 2H),
6.64 (d, J=7.60 Hz, 2H), 6.82 (d, J=7.60 Hz, 2H), 6.96 (t,
J=7.80 Hz, 2H), 7.28~7.36 (m, 8H), 7.47~7.50 (m, 4H),
7.53 (d, J=8.25 Hz, 4H), 7.72 (d, J=8.55 Hz, 2H), 7.95
(d, J=7.00 Hz, 2H), 7.97 (d, J=8.25 Hz, 2H); *C NMR
(CDCl3) 8: 62.35 (2CH,), 90.03 (2C=), 92.65 (2C=), 121.28
(2C), 123.54 (2C), 126.54 (2CH), 126.56 (2CH), 126.77
(2CH), 127.97 (2CH), 127.98 (2CH), 128.04 (2CH),
128.07 (2C), 128.13 (2CH), 128.40 (4CH), 128.81 (4CH),
130.05 (2CH), 131.35 (2CH), 132.49 (2C), 132.97 (2C),
133.40 (2CH), 133.69 (2CH), 137.53 (2C), 140.31 (2C).
1.3 BEREUEM(R,P)-3 F1(S,M)-3 BI& K

E—78 C, ALY, ¥ T 14 (0.96 mmol, 1.6
mol/L I CLpE i 0.6 mL )T I8 I 2 — 5 iz (97 mg,
0.96 mmol)[) THF (2 mL)# ¥, HidE4) 10 min. &5
FH A 5 4% B 3 AN 5 W0 B 55 — B ORY  Y # H
(R)-4 (365 mg, 0.48 mmol){¥] THF (15 mL)¥# i .
S, BB TUK-INEAHI, AT RS, JEgkst
Pt 3 h. AN G AR B K N, K [ N A i
NI SR CFRAEL. A HUAH MR NaCl st
U, Jo7K MgSO, T4, 1 385 80k 28 25 A7l iR id
o T e R 2T 23 B [V(Hexane) & V(CH,Cl,) =50 : 1] )3,

2 HPLC K5 175 5] 120 mg (R,P)-3 (52%) 11 16 mg
(R)-5 (7%). X SFRIA(SM)-3 A T F(RP)-3.

3 WE 1A, mp.>300 ‘C, *H NMR (CDCly) o
6.45 (s, 2H, HC=CH), 6.89 (d, J=7.65 Hz, 2H), 6.96 (d,
J=8.50 Hz, 2H), 7.07 (d, J=7.95 Hz, 2H), 7.14 (t, J=
7.63 Hz, 2H), 7.21 (t, J=7.71 Hz, 2H), 7.44 (t, J=7.48
Hz, 2H), 7.63 (d, J=8.55 Hz, 2H), 7.87 (d, J=8.20 Hz, 2H),
7.89 (d, J=8.55 Hz, 2H), 8.05 (s, 2H); *C NMR (CDCl5) &
91.36 (2C=), 93.24 (2C=), 121.92 (2C), 122.73 (2C),
126.26 (2CH), 126.54 (2CH), 127.02 (2CH), 127.95 (2CH),
127.98 (2CH), 128.11 (2CH), 128.52 (2CH), 129.25 (2CH),
129.34 (2CH), 129.39 (2CH), 132.84 (2C), 133.06 (2C),
133.98 (2CH), 135.52 (2C), 137.92 (2C); IR (KBr) v: 2046
(C=C), 1644 (C=C), 1567, 1502, 1474, 921, 814, 747, 686
cm 5 MS miz (%): 479 (M*+1, 16), 478 (M*, 43), 477
(M"—1, 30), 476 (M —2, 22), 475 (M —3, 32), 474 (M " —
4, 38), 238 (48), 237 (100), 236 (57). Anal. calcd for CagHo:
C 95.37, H 4.63; found C 95.22, H 4.68. (R,P)-Isomer:
[a]® =+754.44 (c=0.3, CHCl3); CD (CH4OH, 2.90X10°
mol/L, 1.0 cm cell): 1 (Ae)=320 (51.54), 283 (—61.66),
245 (—29.45). (SM)-Isomer: [a]3 =—751.36 (c=0.3,
CHCl3); CD (CH3OH, 2.90X10 ® mol/L, 1.0 cm cell):
2 (Ag)=320 (—51.48), 283 (61.73), 245 (29.40).

5. [1{4E4A, mp.>300 C, '"H NMR (CDCl3) 4
6.75 (d, J=7.60 Hz, 4H), 6.95 (s, 4H), 7.08 (t, J=7.78 Hz,
4H), 7.23 (d, J=8.55 Hz, 4H), 7.26 (d, J=7.95 Hz, 4H),
7.30 (t, J=7.63 Hz, 4H), 7.47 (t, J=7.48 Hz, 4H), 7.54 (s,
4H), 7.89 (d, J=8.55 Hz, 4H), 7.92 (d, J=8.20 Hz, 4H), 7.98
(d, J=855 Hz, 4H); *C NMR (CDCl;) J: 89.59 (4C=),
92.90 (4C=), 121.69 (4C), 123.79 (4C), 125.99 (4CH),
126.45 (4CH), 126.58 (4CH), 126.76 (4CH), 128.08
(4CH), 128.18 (4CH), 128.21 (4CH), 128.39 (4CH),
128.41 (4CH), 129.80 (4CH), 130.20 (4CH), 132.66 (4C),
133.00 (4C), 136.83 (4C), 139.88 (4C); MS m/z (%): 965
(M*, 17), 478 (M /2, 35), 237 (100). Anal. calcd for CrgHa:
C 95.37, H 4.63; found C 95.43, H 4.56.
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AT SCHR[10] B 24, = N AR AR
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A et 2R it Sonogashira S Y
il T IR B IZE 0 4. 7E Pd(PPhg),-Cul fiEAL T,
W TEPERI(R)-FI(9-2,2- — -1, 1-HE 250 ) 5 3-
IRREIRIEGA S s R — TR (R)-4 FIN(9-4, 77 R
239k 79%F1 77%.

1E—78 CHAESMRY T, # LDA (2 eq.)inE|Ek
2 I(R)-4 M VYA M (THR) W, 2R/ Rt
PEUNE. RNIR G SRR B — P
HPLC ¥&iil, UL 52%[f e 249 2145 F 18 iE (1) (R P)-3 Fl—
AN 731 TA) B N BRI ) 5 (T%) (Scheme 1). 15[
FERISON 2R, ITFAEME(S)-4 H R ] 15 380563 e 544
R(SM)-3, 73K 50%.

WA T SCHRAE 1) = 2 I [, g] FE AT AL Rl O L
Z SR NAF BN =4, I SO AT B T el TN
SEAZHUAR L R 2R b B 44 6, 4R )5 6 7E LDA [1EH i
LA WRER Y, H H AR T 3 (Scheme 2). tb4h, HEIF=#) 5
(0T I B ] e AL 28 75 T 43 TR ECAR o ) 4 F) T
J % S S (R R B

LDA
Intramolecular
= nucleophilic
& CHSO2Ph substitution
-PhSO5

UCHz—SOQPh

%ﬁsozph B
12 "
6 )

N(CHMe,),

B 2 oY 31T
Scheme 2 Plausible mechanism of formation of compound 3

2.2 LEMRIE
HFrb &%) 35t MS, IR, *H F1 °C NMR L)L T2

SITREAT T RAE. MSTE Kb, I T R 231 5 U
(M/z 478, 43%) (LI 1). IR [, 7F 2046 cm * Abid sk
T—AN5501 C=C (R4 R HERIL, 1644 cm AbH
BRI SRR 0 ) 7%t 431 i C=C A74E. 3 11 'H NMR
SR S BILE D A X 8k, 11 410, 3t 22 N
2(a)]. £ 6 6.45 1 8.05 HHILFHA™ LU, 43 A XA Ha
FIBERFAEIA -5 Hy IAFIEIE. °C NMR A1 DEPT 414573
ERW, G 33 19 41548, 1r 6 91.36 F1 93.24 4b
IR 2 55 1% e 0 Bt (C= ) U ILIRAE =, 7EXVBENI5 7
DHOWIE] 17 452k, Hrh =m(CH)A 11 4k,
VUL tic(C)f 6 4cilidk, Fr e e, THE M
R o 45 LR W 3 5 LA (1) 4 g — 3K

237

478

; - ml\‘ " IJl —— . . I h\
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B 1 & 3mm
Figurel MS spectrum of compound 3
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Figure2 *H NMR spectraof compounds 3 (a) and 5 (b)
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SUSEE P T I BB Al 4 S aR g 4. 5ok, 5 IR
A H AT 5 I E5 7 (1) 347 1 8 22 572 (3: Oya 6.45;
5: O 6.95), PRI 5 v kg Py AN XUBE R O B s 46 4.
23 EZ@®ESH

T 3 PN SR i ke 2, R RESRTHE & T
XS RS AR, B BRATAT DUE R L e A1 L
JiE ' FE ([o] o) £t A5 — €4, (CD) s i 32— 38 IR IR OG R
IEQAT A AL, CD 3 (& 3)idsk 1 (RP)-3 FI(SM)-3
BRSO PRI IR i ZR TEAR, AR b S e 77 0k B e ) 4 T
JeBE I MIEE, T AT R L St A 1
31 24 S A AR H B 3 AT ARAR LA W i, IX B 3
HRBF LIIEHESE R, I CD AT LA Y, EJ K 320
nm A (RP)-3 EHLIEY Cotton ZN, i X W 55 44 44
(SM)-3 &7t 171 ) Cotton 258 7E3K K 283 1 245 nm Ak
Al LAEEE(RP)-3 £ 1) Cotton 23, (SM)-3 I8 H
1E ) Cotton 2N (WLFE 3). ISl 5 LA K B 6 2 52 )
ZERI(RP)-3: [a]d =+754°% (SM)-3: [0]3 =—751°1%k
YET ML EYI(RP)-3 FI(SM)-3 FHE X B K .

80
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B3 kAR P)-3 FI(SM)-3 7 MeOH H (1[5 — (7 i
Figure 3 CD spectra of the enantiomers (R,P)-3 and (SM)-3 in
MeOH

3 g

ARCUL TR 2,2 L FE-1, 1254 (R
PRI, 22 LN 3 N LU & LDA RhFRIBEZE K 2
AN S5 BR RS Dy A5 8 T — Tl 1 MR TR B D 0F e S A A
(RP)-3 fI(SM)-3. MS, IR, H 1 °C NMR LL K It 25 #r
RAE T IXE4b &), W6 e AT B e B 5 F1 CD
TR LCACHF AL T A AR I e ) G R
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