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1. General methods

1H NMR spectra were obtained at the 270 or 300,6+@D0 MHz field in CDC{ and

referenced to TMS unless stated otherwise.

2. Synthetic procedures

1,4-Bis(4-methoxyphenyl)benzen&dD[0]) [1].

A mixture of (4-methoxyphenyl)boronic acid (1.521¢, mmol), 1,4-dibromobenzene (1.18 g, 5
mmol) and Pd(PRJy (116 mg, 0.1 mmol) in 1 M ag solution of }&0; (20 mL, 20 mmol) and
toluene (40 mL) was refluxed for 24 h under Ar adpitere. The mixture was poured into water
and AcOEt was added. Insoluble material was catétd give 1.22 g (84% vyield) of terphenyl
14DI[0] as a colorless solid. Colorless prisms were obthby recrystallization from xylene
followed by vacuum sublimation: mp 279 °C (lit. jhp 273-274 °C)H NMR (300 MHz)3

3.86 (s, 6H), 7.00 (dl = 8.8 Hz, 4H), 7.58 (d] = 8.8 Hz, 4H), 7.61 (s, 4H); MS (Efyz 290

(M*, 100%). Anal. Calcd for §H1502: C, 82.73; H, 6.25. Found: C, 82.87; H, 6.23.

Diestersl6[n]. General procedure.

To a solution of diphend1 (0.3 mmol) in of dry toluene or GBI, (5 mL) was added
appropriate acid chloride (0.7 mmol), followed byidine (1 mL) and a catalytic amount of
DMAP at room temperature. After stirring for 12the mixture was poured into 2 N HCI and
organic products were extracted with AcCOEt. Theaaig layer was washed with sat. NaHCO

and brine, dried (MgS£ and then concentrated. The resulting crude destere purified by



column chromatography (silica gel, AcOEt/hexan&pldr CHCl./hexane, 1:1) and repeatedly

recrystallized typically from AcOEt/hexane or istante/toluene mixture.

1,12-Bis[4-(hexanoyloxy)phenyl]-1,12-dicarlbeso-dodecaboranel6A[5]).
Colorless needles (AcOBthexane and then hexan&t NMR (270 MHz)5 0.92 (t,J = 7.0 Hz,
6H), 1.30-1.45 (m, 8H) 1.5-4.0 (brm, 10H), 1.73ifgu = 7.6 Hz, 4H), 2.52 (] = 7.6 Hz,
4H), 6.90 (d,J = 8.7 Hz, 4H), 7.23 (d] = 8.7 Hz, 4H). Anal. Calcd for gHs0B1004: C, 59.52;

H, 7.68. Found: C, 59.22; H, 7.92.

1,12-Bis[4-(heptanoyloxy)phenyl]-1,12-dicarbiso-dodecaboranel6A[6]).
Colorless needles (AcOEthexane)*H NMR (270 MHz)3 0.90 (t,J = 6.8 Hz, 6H), 1.25-1.50
(m, 12H), 1.5-4.0 (brm, 10H), 1.72 (quidts 7.3 Hz, 4H), 2.52 (t] = 7.2 Hz, 4H), 6.90 (d] =
8.6 Hz, 4H), 7.23 (d]) = 8.7 Hz, 4H); HRMS, calcd. forgH44B1004: 552.4243. Found:

552.4217. Anal. Calcd for4H4B1004: C, 60.84; H, 8.02. Found: C, 60.88; H, 7.98.

1,12-Bis[4-(octanoyloxy)phenyl]-1,12-dicarleieso-dodecaboranel6A[7]).
Colorless needles (AcOBthexane and then pentan#): NMR (270 MHz)30.89 (t,J = 6.9
Hz, 6H), 1.20-1.50 (m, 16H), 1.5-4.0 (brm, 10HY2l(quint,J = 7.6 Hz, 4H), 2.52 () = 7.7
Hz, 4H), 6.90 (dJ = 8.7 Hz, 4H), 7.23 (d] = 8.7 Hz, 4H). Anal. Calcd forH4sB1004: C,

62.04; H, 8.33. Found: C, 61.83; H, 8.52.

1,10-Bis[4-(heptanoyloxy)phenyl]-1,10-dicarbkpso-decaboraneleB| 6]).



The diester was obtained from crude @B prepared from the corresponding dimethoxy
derivative [2]14B[0] as described for the 12-vertex analogue. Theati@ss purified by
chromatography (silica gel, hexanesACH, 4:1) followed by repeated recrystallization
(isooctane)*H NMR (300 MHz)3 0.92 (t,J = 6.9 Hz, 6H), 1.33-1.50 (m, 12H), 1.5-4.0 (brm,
8H), 1.79 (quint) = 7.5 Hz, 4H), 2.61 () = 7.5 Hz, 4H), 7.17 (d] = 8.7 Hz, 4H), 7.82 (d] =

8.7 Hz, 4H). Anal. Calcd for £H42BgO4: C, 63.56; H, 8.00. Found: C, 63.52; H, 8.03.

1,4-Bis[4-(heptanoyloxy)phenyl]bicyclo[2.2.2]octa(i&C[6]).

The diester was obtained from dipheB&C [2] and purified by chromatography (silica gel,
hexanes/ChCl,, 4:1) followed by double recrystallization (isoase):"H NMR (300 MHz)3
0.91 (t,J = 6.9 Hz, 6H), 1.30-1.47 (m, 12H), 1.75 (quiht 7.5 Hz, 4H), 1.95 (s, 12H), 2.55 (t,
J=7.5Hz, 4H), 7.01 (dl = 8.7 Hz, 4H), 7.36 (d] = 8.7 Hz, 4H). Anal. Calcd for£H4s04: C,

78.72; H, 8.94. Found: C, 78.76; H, 8.99.

1,4-Bis[4-(heptanoyloxy)phenyl]lbenzersD|[6]).

The diester obtained from dipher®dlD was purified by chromatography (silica gel,
hexane/CHCl,, 3:1) followed by recrystallization (AcOEt/GHI,) to give colorless leafletsH
NMR (300 MHz)3 0.92 (tJ = 6.9 Hz, 6H), 1.25-1.51 (m, 12H), 1.78 (quiht 7.4 Hz, 4H),
2.59 (t,J = 7.5 Hz, 4H), 7.17 (d] = 8.8 Hz, 4H), 7.62 (d] = 8.7 Hz, 4H), 7.64 (s, 4H); MS (El),
m'z 486 (M), 262 (100%). Anal. Calcd for4Hzg04: C, 78.98; H, 7.87. Found: C, 79.17; H,

7.93.

Bis(4-pentylphenyl) 1,10-dicarbdeso-decaborane-1,10-dicarboxylat8B).



A suspension gb-carborane-1,10-dicarboxylic acid [22B (63 mg, 0.3 mmol) and P§(135

mg, 0.65 mmol) in dry benzene (2 mL) was stirred@t50 °C until all dissolved. After
additional 15 min of stirring the solvent and P@@ere removed under reduced pressure. The
resulting crude acid chloride was dissolved in @i.Cl, (2 mL), 4-pentylphenol (105 mg, 0.64
mmol) was added followed by dry#& (0.10 mL). The mixture was stirred at ambient
temperature for 3 h, concentrated, and passedghrasilica gel plug. The plug was washed
with CH,CI, and the eluent was evaporated. The residue (1§5vagrecrystallized from
isooctane, then MeCN, and finally from isooctangitee 95 mg (75% vyield) of diestéBB as
colorless prisms'H NMR (300 MHz)3 0.91 (t,J = 6.1 Hz, 6H), 1.30-1.41 (m, 8H), 1.5-4.0
(brm, 8H), 1.65 (quint) = 7.3 Hz, 4H), 2.65 (] = 7.7 Hz, 4H), 7.21 (d] = 8.6 Hz, 4H), 7.27

(d,J=8.6 Hz, 4H). Anal. Calcd for4H3sBsO4: C, 62.32; H, 7.64. Found: C, 62.42; H, 7.64.

Bis[4-(propoxycarbonyl)phenyl] 1,12-dicarlobeso-dodecaborane-1,12-
dicarboxylate 19A).

A suspension gb-carborane-1,12-dicarboxylic acaA (40 mg, 0.18 mmol) and P76 mg,
0.35 mmol) in POGI(1 mL) was refluxing until all dissolved (1 h).t&f additional 15 min of
stirring POC} was removed under reduced pressure. The resghinig acid chloride was
dissolved in dry CbLCl, (2 mL), propyl 4-hydroxybenzoat@3, 66 mg, 0.37 mmol) was added
followed by dry pyridine (0.03 mL). The mixture wsisrred at ambient temperature overnight
and washed with 5% HCI. Organic products were etech(CHCI,), extracts dried (N&Oy)

and concentrated, and the residue passed throsifjbaagel plug. The plug was washed with
CH.Cl, and the eluent was evaporated to give 80 mg (82%d)yof a white solid which was

repeatedly recrystallized from AcOEt/EtOH and igaoe/toluene mixturéH NMR (300 MHz)



51.02 (tJ = 7.4Hz, 6H), 1.5-4.0 (brm, 10H), 1.78 (s&7.1Hz, 4H), 4.27 (tJ = 6.5Hz,
4H), 7.06 (dJ = 8.7Hz, 4H), 8.05 (dJ = 8.6Hz, 4H). Anal. Calcd for &H3,B1Os: C, 51.79;

H, 5.79. Found: C, 52.00; H, 5.72.

Bis[4-propoxycarbonyl)phenyl] 1,10-dicarlobeso-decaborane-1,10-dicarboxylate
(19B).

It was prepared in 90% vyield froB2B and23 according to the procedure described for ester
19A. The white solid ester was repeatedly recrysedlizom isooctane/toluene mixture and then
MeCN:'H NMR (400 MHz)4 1.05 (t,J=7.4Hz, 6H), 1.5-4.0 (brm, 8H), 1.82 (seks7.1 Hz,

4H), 4.32 (tJ= 6.7 Hz, 4H), 7.41 (d] = 8.8Hz, 4H), 8.18 (dJ = 8.8Hz, 4H). Anal. Calcd for

Co4H30BgOs: C, 54.08; H, 5.67. Found: C, 53.93; H, 5.68.

Bis[4-(propoxycarbonyl)phenyl] bicyclo[2.2.2]octated-dicarboxylate9C).

To the suspension of bicyclo[2.2.2]octane-1,4-dioaylic acid @2C, 60 mg, 0.3 mmol), propyl
4-hydroxybenzoate2@, 111 mg, 0.6 mmol) and PP{L57 mg, 0.6 mg) in dry THF (2 ml),
dimethyl azodicarboxylate (DMAD, 90 mg, 0.6 mmolsvadded. The mixture was stirred at
ambient temperature overnight, solvent was evapdrand the residue was passed through a
silica gel plug (CHCI,) to give 50 mg (33% yield) of a white solid whialas repeatedly
recrystallized from EtOH and isooctane/toluene mmixt*H NMR (400 MHz)3 1.03 (t,J = 7.4
Hz, 6H), 1.79 (sex] =7.0Hz, 4H), 2.07 (s, 12H), 4.28 (= 6.7Hz, 4H), 7.12 (dJ = 8.8Hz,
4H), 8.08 (dJ = 8.8Hz, 4H). Anal. Calcd for ggH340s: C, 68.95; H, 6.56. Found: C, 68.94; H,

6.56.



Bis[4-(butanoyloxyphenyl] 1,12-dicarb@eso-dodecaborane-1,12-dicarboxylate
(20A).

It was prepared in 62% vyield froB2A and24 according to the procedure described for ester
19A.. The white solid ester was repeatedly recrysedliitom EtOH and then from isooctarie:
NMR (300 MHz)5 1.03 (t,J = 7.4Hz, 6H), 1.5-4.0 (brm, 10H), 1.76 (s&x7.4Hz, 4H), 2.52

(t, J= 7.4Hz, 4H), 6.99 (dJ = 9.0Hz, 4H), 7.07 (dJ = 9.0Hz, 4H). Anal. Calcd for

C24H3:B100s: C, 51.79; H, 5.79. Found: C, 51.89; H, 5.78.

Bis[4-(butanoyloxy)phenyl] 1,10-dicarlzeso-decaborane-1,10-dicarboxylate
(20B).

It was prepared in 65% vyield froB2B and24 according to the procedure described for ester
19C. The colorless ester was repeatedly recrystallimed hexane and then EtOM4 NMR
(400 MHz)3 1.06 (t,J = 7.4Hz, 6H), 1.5-4.0 (brm, 8H), 1.80 (se¥=7.1Hz, 4H), 2.57 (t] =
7.4Hz, 4H), 7.20 (dJ = 9.0Hz, 4H), 7.34 (dJ = 9.0Hz, 4H). Anal. Calcd for &H30BsOs: C,

54.08; H, 5.67. Found: C, 54.34; H, 5.55.

Bis[4-(butanoyloxy)phenyl] bicyclo[2.2.2]octane-igdcarboxylate Z0C).

It was prepared in 62% vyield froB2C and24 according to the procedure described for ester
19C. The white solid ester was repeatedly recrysedlitom EtOH and then isooctariet

NMR (400 MHz)3 1.04 (t,J = 7.4Hz, 6H), 1.78 (sex] =7.4Hz, 4H), 2.04 (s, 12H), 2.53 @~
7.4Hz, 4H), 7.05 (dJ = 9.2Hz, 4H), 7.09 (dJ = 9.2Hz, 4H). Anal. Calcd for §H3Os: C,

68.95; H, 6.56. Found: C, 68.73; H, 6.50.



Bis[4-(butanoyloxy)phenyl] terephthalat20D).

A suspension of terephthalic ackPD, 200 mg, 1.2 mmol) and PZB00 mg, 2.50 mmol) in
POCE (2 mL) was refluxing until all dissolved (1 h) aali POCk was removed under reduced
pressure. The resulting crude terephthaloyl chéowds dissolved in dry G&l, (4 mL), 4-
butanoyloxyphenol24, 410 mg, 2.5 mmol) was added followed by dry pyed0.21 mL). The
mixture was stirred at ambient temperature foramt washed with 5% HCI. Organic products
were extracted (C¥CLl,), extracts dried (N&Qy) and concentrated and the residue passed
through a silica gel plug. The plug was washed @ithCl, and the eluent was evaporated to
give 236 mg (40% vyield) of a white solid which wapeatedly recrystallized from AcOEt/EtOH
and isooctane/toluene mixturést NMR (500 MHz)3 1.06 (t,J = 7.4Hz, 6H), 1.80 (sex] =

7.4 Hz, 4H), 2.56 () = 7.4 Hz, 4H), 7.17 (dJ = 7.1Hz, 4H), 7.26 (dJ = 7.0Hz, 4H), 8.33 (s,

4H). Anal. Calcd for GgH260s: C, 68.56; H, 5.34. Found: C, 68.54; H, 5.35.

1,12-Bis(4-hydroxyphenyl)-1,12-dicarlzéeso-dodecaborane{A) [4].

A 1M solution of BBg in CH,CI, (5 mL, 5 mmol) was added dropwise to a solutiof,@P-
bis(4-methoxyphenylp-carborane [4]¥4A[0], 356 mg, 1 mmol) in dry C}Cl, (5 mL) at —-78

°C. After stirring for 2 h at room temperature, thixture was poured into ice and extracted with
AcOEt. The organic layer was washed with brinegedliMgSQ), and then concentrated. The
residue was purified by column chromatography toasgel with AcOEth-hexane (gradient

from 1:10 to 1:1) to give 317 mg (97% vyield) of dMA as a pale yellow powdelti NMR

(270 MHz),3 1.50-3.70 (brm, 10H) 6.49 (d= 8.7 Hz, 4H), 6.94 (d] = 8.7 Hz, 4H). HRMS,

calcd. for G4H20B1002: 328.2460. Found: 328.2446.



1,4-Bis(4-hydroxyphenyl)benzen21) [1].

To a suspension of 1,4-bis(4-methoxyphenyl)bent&4i2[0], 580 mg, 2 mmol) in dry
dichloroethane (10 mL) was added dropwise 1 M smiubdf BBr; in CH,Cl, (6 mL, 6 mmol) at

0 °C. After stirring for 8 h at room temperatutieg imixture was poured into ice and insoluble
solid was collected and washed with water and@4 The colorless solid was dissolved in
THF, and purified by column chromatography on ailgel with 1:1 AcOEh-hexane to give 509
mg (97% yield) of dioR1D as a colorless solid. Colorless prisms were obthfrom AcOEt:

mp >300 °C (lit. [1] mp 375 °C}H NMR (270 MHz, DMSO) 6.84 (d,J = 8.7 Hz, 4H), 7.50

(d, J = 8.6 Hz, 4H), 7.60 (s, 4H), 9.52 (s, 2H); MS (El¥ 262 (M", 100%). Anal. Calcd for
CigH1402: C, 82.42; H, 5.38; Calcd forigH140,21/4H,0: C, 81.03; H, 5.48. Found: C, 81.05; H,

5.49.

4-(Butanoyloxy)phenolZ4) [5].

To the solution op-(benzyloxy)phenol (6.0 g, 30 mmol) in dry &€&, (20 ml) butyryl chloride
(3.2 g, 30 mmol) was added followed by dry pyrid{@es g, 31 mmol). The mixture was stirred
for 4 h at ambient temperature, washed with 5% ©f, léxtracted (CkCl,), dried (NaSQy),
evaporated and purified on silica gel plug ¢CH/hexane, 1:2) to give 6.2 g (75% yield)paf
(benzyloxy)phenyl butyrate as a white solid: lif fp 79-82 °C*H NMR (400 MHz)3 1.04 (t,
J=7.4Hz, 3H), 1.77 (sex] =7.4 Hz, 2H), 2.52 (t) = 7.4 Hz, 2H), 5.05 (s, 2H), 6.96 and 6.99
(pseudo AB,J = 9.4 Hz, 4H), 7.31-7.44 (m, 5H).

Without further purification, the product was diksm in THF (20 ml), Pd/C (240 mg, 0.23

mmol, 10%) was added, and the mixture was keptruaadatmosphere of hydrogen overnight.



The solvent was evaporated and the residue walsgauon a silica gel funnel (Gi€l,) to give
3.3 g (80% vyield) of white solid: mp 50-52 °C ([] mp 53-55 °C)*H NMR (300 MHz)3
1.03 (t,J=7.4Hz, 3H), 1.77 (sex] =7.4 Hz, 2H), 2.52 (1) = 7.4 Hz, 2H), 4.82 (s, 1H), 6.78 (d,

J= 8.8 Hz, 2H), 6.92 (dJ = 8.8 Hz, 2H).

3. Thermal Analysis
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Table 1: Transition temperatures (°C) and enthalpies (kJyfoolselected liquid crystafs.
*

A

B

C

&

-

~-

~-

X
b
1416] | -CH,0-(Ph) Cr96 N 981 Cr 73 N 1051 Cr98SmB161 SmA179I Cr; 108 Cp 182 SmR218 SmI219 Sm(232 SmA235 P
Cr1 100 Cp 114 SmA148 P
156] | -00C-(Ph) Cr112 (N31)1 | Cre5(N11)1 1 b Cr 134 SmC 143 SmA183 |
16[6] | -COO-(Ph) | Cr108N 1321 | Cr, 73C,r102N 1361 | Cr,; 33 Cp 102 X205 N 2%07 | | Cr66 X 96 SmF 226 Sml 232 S50 SmA 251 |
(343) (2.4) (14.9) (25.4) (2.0) (11.6) (18.5) (10.%) (3.2) (1.9) (38.7) (6.7) (13.4}
C3H7—X©OOC@COO@X—C3H7
f
€ €
17 _CH,0-(Ph) Cr 137 N 182.6% | Cr, 70 Cp 111 N 183.49| Cr 112 N 229.59 Cr 189 N 235/
Cr106 N118F | Cr85N 1101 Cr98 N 1731 Cr 155N 181l
18 | -CHCHA(PN] 31 6) (1.4) 27.3) (1.6)
Cr203 (N 1391 | Cr160 (N 128) | Cr121 N 195 | Cr 130 SmA 207 N 227 |
19 | -00C~(Ph) (69.5() K (N 126) (48.8) (0.2)
(52.7) (0.4)
0 -COO-(Ph) | Cr133N 2301 | Cr120N 2341 Cr133 N 2751 Cr230 N 287 |
(39.2) (2.0) | (15.8) (1.0) (30.8) (1.3) (56.9) (1.5)

‘;‘Obtained on heating; Cr: crystal, S: smectic, Nnatc, |: isotropic, X: unidentified phase.
Ref. [2]
“Optical determination obtained on cooling.
dCombined enthalpies for two transitions.

°Ref [6]
'Ref. [7]
9Previously reported Cr 104 N 114 |, ref. [8]
"Ref. [9]
'Ref. [10]
Ref [11]
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Table 2: Transition temperatures (°C) and enthalpies (k) fiool16A[n].2

CnH2741COO Q .<§:$‘ O OOCCH2p+1
=

n Transition temperatures
5 Cr 66 Cp 120 N 155 |
(15.5) (26.9) (2.4)
6 Cr 108 N 132 |
(34.3) (2.4)
7 Cr76 Cp92 N 124 |

(30.6) (27.8) (1.9)

d0btained on heating; Cr: crystal, N: nematic, dtiispic.
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