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The Effect of 2- and 3-Lateral Substituents on
the Acid Side of 4,4'-Disubstituted
Phenylbenzoates and Phenyithiobenzoates
on Mesomorphic Properties

M. E. NEUBERT, S. S. KEAST, Y. DIXON-POLVERINE,* F. HERLINGER,
M. R. JIROUSEK,* K. LEUNG,* K. MURRAY* and J. RAMBLER*

Liquid Crystal Institute, Kent State University, Kent, OH 44242-0001
( Received July 23, 1993)

A variety of esters/thioesters of the type where A or B=F, Cl, Me; Z=—0, S and Y=C,,, OC,,, COC,,
CO,C, and OCOC, for Z=—0 and C;, C,,, OC,, OC,,, for Z=S and R=CH,,, C, H,, C,,H, were

~ Q40

A B

synthesized and their mesomorphic properties determined by hot-stage polarizing microscopy. These
properties were compared with those for the parent compounds having no lateral substituents. Melting
temperatures decreased in most, but not all, of the esters but decreased in all the thioesters studied whereas
clearing temperatures always decreased. The amount of temperature depression varied considerably for both
transitions. Melting temperature depressions in the esters were similar for the 2- and 3-fluorine isomers but
were larger in the 2- than the 3-isomers with larger lateral substituents. Clearing temperature depressions
were usually more for the 2-F ester than for the 3-isomer but not always. This difference was less in the
thioesters. Often clearing temperature depressions were greater than melting temperature depressions giving
narrower mesophase ranges.

Nematic and smectic C phases were found more often in the lateral substituted esters than in the parent
compounds whereas the smectic A phase occurred less frequently. Thioesters showed a better suppression of
smectics and a predominance of nematics than the esters. More smectic phases with larger phase ranges
occurred in the 2- than the 3-F esters. As lateral substituent size increased the reverse became true.

A few lateral substituted thioesters containing branched chains (A or B=F, Me), Y=—CH,CH(Me¢)Pr or
(CH,),CH(Me)Et were also synthesized, mesomorphic properties determined and these properties com-
pared to those for the parent thioesters. Lateral substituents lowered transition temperatures more than the
branched chain did but unlike the branched chain, the clearing temperatures decreased more than the
melting temperatures giving narrower mesophase ranges and fewer mesophases.

INTRODUCTION

The incorporation of lateral substituents into rigid-rod type liquid crystalline mole-
cules has been known to lower transition temperatures for some time.! More recently,

* Current address: Y. D.-P., Hoescht-Celanese, Sommerville, NJ; MRJ, Eli Lilly Co., Indranapolis, Ind.
KL, HP Smith, Inc.,, Bedford Park, IL: K. M., Lubrizol Corporation; and J. R., Engelhard Industries,
Cleveland, OH.
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considerable interest has been directed at studying the effect of lateral fluorine
substituents on mesomorphic properties because of the small difference in size between
the hydrogen and flyorine atoms,? its ability to suppress smectic phases both in single
materials®* and in mixtures®'® giving wide range nematic phases and the tendency of
a lateral fluorine atom to increase the dielectric anisotropy with a minimal increase in
viscosity.” Although single nematic phases often predominate, smectic phases do occur
in many compounds. It appears that the tilted smectic phases such as smectic C are
more favored than the non-tilted ones with the size of the substituent determining
whether the more highly ordered smectic phases of a parent compound will disappear.®

We were interested in determining what effect combining lateral substituents on the
acid side of phenylbenzoates with carbonyl containing substituents on the phenolic
side 1 would have on mesomorphic properties.

ROQ_é)Z—@—Y

A B
1 Z=0; Y=C,,H,;, C,oH,,0, COC,H,,, CO,C,H,,,0COC.H,,

a A=—F, Cl,Me; B==H
b A=—H; B=F,C.Me

2 Z=S;Y=C,H,,,C,,H,,, OC,H,,

Equally interesting was to compare the temperature lowering effects of lateral
substituents with those of branched chains and the effect of combining both modifica-
tions in one molecule. Some of this work has been submitted for publication;’
additional studies will be published elsewhere.'® Since only a few lateral substituted
(fluorine only) thioesters have been studied!! (not enough to establish structure-
property relationships), a few simple thioesters containing lateral substituents 2 were
also studied.

SYNTHESIS

Several methods for preparing the lateral fluoro!'>'1~16 and methyl3:17+18 substitued
acids were available in the literature with the most popular approach proceeding
through the bromides 4 or 10 (Scheme 1). Since we needed only a couple of terminal
chain lengths (C,, was chosen as the primary one since the parent compounds were
usually known), we chose to introduce the long terminal chain first (Scheme 2). Both
isomers of the lateral fluorine and methyl acids were synthesized in this manner.
Difficulties were encountered due to lower reactivity ortho to the lateral substituent or
solubility problems although all acids were successfully prepared. Since both isomers of
4-chlorohydroxybenzoic acid are commercially available, only the alkylation of these
acids was necessary to obtain the desired alkoxy acids 8 (A or B=ClI).! Purification of
all the acids was by recrystallization.

The esters/thioesters 1,2 were prepared by esterification of the acids 8 with the
appropriate phenol/thiol using the carbodiimide method.!® These were purified by
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CuCN
MGOQ+ Br, ——> MSOQ— Br > MeOQCN
A

s B A 4 B A 5 B
Mg, CO; lH*
MGOQCOZH —— HO‘QCOZH
A 6 B A 7 B

lRBr
DL
_ COM
HOQJ'B” HOQ 2)Mg. €O, Q 2
A B
8

9
SCHEME 1
Br,
RBr + HO Emm— ROQ —_ Ro«Q—&
A » B A, B A B
CuCN
lMg, CO2
H,S0
HOQ—CN 2T, RQQCOZH
A 1B A g B
SCHEME 2

recrystallization or a combination of recrystallization and flash chromatography on
silica gel with mixtures of hexane in CH,Cl, until they showed only one spot by thin
layer chromatography and had sharp clearing ( < 0.8°)* and melting ( < 2.5°) tempera-
tures. Structures of all compounds were confirmed by IR and NMR whenever feasible;
elemental analyses were obtained when NMR was not possible due to low solubility.
With our previous extensive knowledge on NMR data for 4,4'-disubstituted phenyl-
benzoates and thiobenzoates?°~2* and use of a Gemini 200 MHz instrument, all
protons could be assigned (sometimes using 2D-NMR) providing what we consider as
convincing confirming evidence for the proposed structures. A lateral fluorine atom
usually caused additional splitting of the other protons on the benzene ring to which it
was attached and gave a larger coupling constant for the proton adjacent to it. Typical
examples of data are provided in the experimental section to illustrate this difference.
Interpretation of the remaining protons in the spectra agreed with those reported
earlier. Thus, we did not feel it was necessary to include all the data in this paper.

* During the course of this work our standards on purity and ability to purify have improved so that our
current standard is < 2.0° for C-M, < 0.3° for N-I and < 0.5° for S-I for most compounds.
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MESOMORPHIC PROPERTIES

Transition temperatures (°C) and mesophase identification were accomplished using
hot-stage polarizing microscopy as described in the experimental section. All the
laterally substituted acids that were synthesized were checked for possible mesophases
and transition temperatures compared to earlier data when available (Table I). Usually
a short range nematic phase (often monotropic) was observed and sometimes a smectic
C phase. Transition temperatures were rarely sharp which is also true for the parent
acids containing no lateral substituents.2® These parent acids also show nematic and
smectic C phases but with higher transition temperatures and wider phase lengths (all
are enantiotropic illustrating the typical effects of lateral substituents). Data for the
lateral substituted esters are given in Tables II and III and the thioesters in Table 1V.
Differences in the melting and clearing temperatures from those reported in the parent
compounds are also given in these tables. Data for the parent esters/thioesters
containing no lateral substituents were reported earlier,!9-21.22:26-29

Melting temperatures in the esters/thioesters were often lowered by a lateral
substituent with fewer exceptions occurring in the thioesters than in the esters. Clearing

TABLEI

Transition Temperatures ( °C) for
O

RO _f: 254
OH
A B

R A B K* C N [
Cio F H 106.7(K'*  109.0-109.6(K!) 110.9-112.4 115.7-116.6

1084 112 116.5
Cro H F 93.4° 94.3-95.3 112.1-113.5
Cy cl H 87.6/ (95.2-95.5) 96.4-98.4(K")

(86)° 93) 944
Cio cl H 834 (85.5-86.6) (92.0-92.3) 99.3-100.5

(86) (90.5) 100.5
Cyo H cl 57.1 (66.2-66.9) 83.4-85.6
C,, cl H 85.9 (87.6-88.0) 102.7-103.6

(83.5) (88) 101.5¢

H cl 75.1 90.4-91.3

Cio Me H 93.7 (95.2-96.6) 106.6-107.0
Co H Me 60.4 (61.3-63.6) 73.5-75.4

¢ Abbreviations for phases are as follows: K = crystallization temperature obtained on cooling the melt
2°/min, C = smectic C, N = nematic and I = isotropic liquid.

b Shows a crystal-to-crystal change on cooling further to 72.1-72.0(K ,). K, converted to K, on reheating
at 104.3-104.9.

¢ Smectic was not identified.

4 Data from Reference 1.

¢ Possibly shows another crystal form with mp 93.9-96.1°.

/ When the crystallized melt was reheated, a transition occurred which suggested that the nematic phase
might be enantiotropic although none was observed. Since another possibility was that a crystal—crystal
change occurred before the melting transition, the crystallized melt was allowed to stand at room temper-
ature for several days. Reheating at 2°/min then gave an obvious crystal—crystal change at 93.8-94.3° and
then the isotropic liquid at the higher melting temperature confirming that the nematic phase was monotropic.
We did not sce the reported smectic phase probably because our cystallization temperature was too high.

% Data from Reference 25.
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TABLE II

Transition Temperatures (°C) for

A

A R Y K° C A N 1 Amb®  Aclp®
F Cio Cio 500 (58.5-589) - - 67.4-69.9 83 —162
COC, 91.6 (97.6-982) 102.1-105.7 - 1160-1164 —25 —43
CO,C, 519 63.4-63.8° 634-636 —60 —109
oC,, 680 73.7-740 79.5-79.6 32 —108
0COC, 810 (88.9-90.0) 949-950 256 —68

a Cs C, 534 59.3-60.0 52
0C,, 393 (56.7-56.8) (62.9-630) 63.7-64.0 89 -—272
0COC, 538 (75.5-75.8) (760-76.2)  76.3-76.7 94 - 196

a C,o C,o 412 65.8-66.5 49
COC, 59.1 86.4-87.3 - 89.6-91.1 —203 —296

CO,C, 538 63.7-639  —55
oC,, 564 (59.2-59.7) - (628-631) 652-656 —52 —273
0COC, 586 (77.1-71.6) - - 772-715  —-81 —192

C,, GC, 694 71.8-728  —08
COC, 74.1 934-938 - 984-98.7 —182 —204
OC,, 587 6L1-61.2 - 624-62.5  640-642 —200 ~278
0COC, 560 (76.7-71.2) - - 777-782  +61 —205
Me C,, GC,o 340 (43.0-442) 454-460 —156 —309
COC, 315 54.8-55.1 - 79.5-798 —525 —409

(K'Y —496

C0,C, 323 57.8-58.0 556-567 —12.7

(K,)

C,o 100 (26.5-26.7) - 44.0-443 58.9¢ —~265 315
0C,, 136 (359-36.1) - 436-445 583-584 —325 —316
0COC, 454 (49.3-49.6) 60.5-60.8 66.1-664 —86 —304

9K = crystallization temperature obtained on cooling 2°/min, C and A are smectics C and A, N = nematic,
I =isotropic liquid and () indicates a monotropic phase. Details are provided in the experimental section.

® Amp = difference in melting temperature from that for the parent compound, Aclp = difference in
clearing temperature from that for the parent compound.

 Actually a K — A — [ transition.

4 Crystals (K ,) were formed on cooling to 31.5°. Reheating to 49.5° gave a partial change to a mixture of
two crystals which gave two different melting temperatures.

¢ Transition temperature range < 0.1°.

temperatures were always lowered. Usually the clearing temperatures decreased more
than the melting temperatures, giving shorter phase lengths. The few exceptions were
found only in the esters. When the lateral substituent was ortho to the ester group all
but one exception occurred when B=F (Table 11I) whereas when the lateral substitu-
ent was ortho to the alkoxy chain exceptions occurred when A—Me.

The amount of melting temperature depression in the esters usually increased with
the size of the lateral substituent and with its location ortho to the central group as
expected. Considerable variation occurred even in a series where the lateral substituent
was kept constant. Less variation occurred in the thioesters with both size and location
possibly because of the lower steric hindrance around the central group in these
compounds. However, the fewer number of structure modifications could also explain
this difference.
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TABLE 111

Transition Temperatures (°C) for

B

R Y B K* C A N I Amb®  Aclp®

Cio  Cyo F 239 46.1-46.7 61.5-619 —149 —132

COC, 74.5 85.4-86.5 109.0-109.4 —21.1 —11.3

C0,C, 346 538-54.6 62.1-622 —148 —12.5

oC,, 285K,” 54.5-549  70.7¢ 72.0¢ 79.5¢ —159 —109

0COC, 515" 66.7-68.4 72.4¢ 854-855 —10 —113

Cro c 189 (21.6-21.7)  39.8-40.1 —21.5 —534

COC, 38.2 67.5-68.1 729-731 —39.5 —476
CO,C, 233 325-328 —366 -

oC,, 210 (45.8-459) 46.7-473 —235 —445

0COC, 141 (351-354) - 440-456  541-543 —15.1 —512

Ci,  Cpo c 347 (~286)  (~294)  450-464 —272 —459

CoC, 45.7 69.0-69.7 769-715 —423 —416

0C,, 348  (37.9-38.0) - @94¢  525-535 —217 —426

0COC, 318K,”  (433) 53.1-545  ST.1-573 —176 —404

Cho Co Me 90 (18.3) 348-355 —261 —568

CoC, 522K (61.3-61.6)  65.5-664 —412 —59.1
CO,C, 89K, 39.2-399(K,) —29.5 -

379(K,)
oC,, 39.6 (40.2-40.4) 545-563 —14.5 —50.0
0COC, 303 @48.5¢  47.7-500 —194 —483

¢ K = crystallization temperature obtained on cooling 2°/min. C and A are smectics Cand A, N = nematic,
I = isotropic liquid and () indicates 2 monotropic phase.

® Amp = difference in melting temperature from that for the parent compound, Aclp = difference in
clearing temperature from that for the parent compound.

¢ The first crystals K , formed quickly and then changed to a second crystalline form K, which melted to the
C phase when reheated.

? Transition temperature range was < 0.1°.

¢ These mesophases were rarely seen due to higher crystallization temperatures. When observed, crystalli-
zation occurred before the phase could be reheated to obtain a heating transition.

1 On reheating, these crystals changed to another crystal form K, at 47.1-49.9°

¢ The original crystals showed two crystal forms with two melting temperatures which was not observed in
the crystals formed on cooling the melt.

* Two crystal forms with two different melting temperatures were observed.

i Crystals begin to grow about the same time as the nematic phase formed. Thus, this phase may not always
be seen.

Clearing temperatures showed similar trends except the amount of temperature
depression for the 2- and 3-F isomers varied little in both the esters and thioesters. Less
variation occurred in a specific series as expected. There seemed to be no consistent
trends that could be attributed to the effect of the carbonyl containing chains
(Y=COC,, CO,C, and OCOC,) on transition temperatures.

The effect of lateral substituents on the types of mesophases and their phase lengths is
shown by the examples given in Table V. Interestingly, a fluorine substituent ortho to
the central group (2-isomer) has a tendency to give more mesophases with wider
temperature ranges than a fluorine atom ortho to the alkoxy chain (3-isomer) despite
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TABLE IV

Transition Temperatures (°C) for

A B
R A B Y K* C A N I Amb® Aclp®
c,, F H C, 49.0 (57.7)—(578) 722-73.1 128 —278
Coo 29.7 59.5-59.6 632-633 —6.7 —234
Cs C H C, 269 353-354 48.0-484 —232 —38.1
Cuo 250 (332-334) - 39.3-400 44.8-449 —20.6 —39.3

Co C H C, 384 459-462 —141 -
Cio 296 (38.7-388) - 400-410  47.1° —253-396

oC, 63.1 753-764 50 -
0OCy, 556 (56.0-56.1) -  (64.8-649) 67.6-680 13.3 —334
C, C H C, 39.7¢ (40.4-40.5) 520-525 —99 —46.2
Cuo 190 (40.4-406) - 434-44.1 482-483 —31.6 —407
Co Me H C, 70 (268  423-447 —156—588
Cio 12.0 (22.3-224) 41.4-423 —240 — 643
CH,CH(Me)Pr 20.7 (380F  427-448 — 155 —476
Ciec H F C, 16.5 456-46.6° 463  59.6-59.8 —13.7 —258
Cro 239 44.1-446 579-580 64.1-642 —21.7 —22.5

c C, 21.7 494-500 —103 -

Co 348 448-454 —209 -
Me Cs 21.5 (22.3-224) 423-441 —162—632
Cro 15.8 (26.6-26.7) 44.7-45.7 —20.6 — 60.0

¢ K = crystallization temperature obtained on cooling 2°/min. C and A are smectics C and A, N = nematic,
I = isotropic liquid and () indicates a monotropic phase. The observance of these phases depends on the
crystallization temperature which varies with cooling conditions. Therefore, these phases are not always seen
when they occur close to the crystallization temperature.

* Amp = difference in melting temperature from that for the parent compound, Aclp = difference in
clearing temperature.

¢ Transition temperature range < 0.1°,

4 These crystals (K ,) show a crystal-to-crystal transition to K, at 48.7-51.2° on reheating which then melt
to the isotropic liquid.
¢ This is actually a continuous S .y, transition.

the greater steric hindrance between the fluorine atom and the central group than with
the alkoxy chain. Some enhancement of nematic and smectic C phases occur in the
esters with the smectic A phase being less preferred. In the thioesters, nematic phases
definitely are preferred over the smectic phases, a tendency previously reported for
other compounds containing lateral fluorine atom.> Conceivably, even better nematic
phases would occur with shorter terminal chains on the acid side. The position of the
fluorine atom also affected the type of smectic phase observed. The smectic C phase
occurred more in the 3-F esters whereas the smectic A phase occurred more in the 2-F
esters and thioesters with the 3-F thioesters showing only nematic phases. As the size of
the lateral substituent increases, the 3-isomer begins to show wider mesophases as is
quite evident in the 3-Me esters. However, since the mesophases are more likely to be
monotropic, comparisons become more difficult. The 2-keto chain (Y==COC,) gave
wider range smectic A phases than the parent ester (Y—C,,H,,).

A comparison of the temperature lowering effect of a lateral substituent with that for
aterminal branched chain (Table VI) shows that the branched chain lowers the clearing
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TABLEV

Mesophase Range (°C) for

0
C400
O

@* %o
Z=0 A=B=H A=F B=H A=H B=F
Y Ct A N  Total C A N Total C A N Total
Cio 135 135 m m 15.2 152
COC, 13.1 13.1 m 11.3 11.3 229 229
CO,C, 53 53 m m 0
0ocC,, 167 15 19.6 38 38 15.8 13 7.5 246
0OCOC, 221 - 274 m m 40 13.1 17.1
z=0 A=Cl B=H A=H B=C(]
Cio 0 m m
COC, 38 38 50 50
CO,C, 0 0
ocC,, m m m m m
0OCOC, m m m m
YAS A=Me B=H A—H B=Me
Cio m m m m
COC, 24.7 24.7 m m
C0,C, 0
0C,p m 15.1 15.1 0
0COC, m 5.6 56 m m
Z=S A=F B=H A=H B=F
C, 24 169 6.0 253 m m ~01 ~01 ~02
Cio 133 70 - 204 37 37 134 6.2 19.6

? C==smectic C, A=—smectic A and N=—nematic; m indicates a monotropic phase. Data for the parent
esters with A=B==H were obtained from References 19, 21, 27-29.

temperature about the same amount as the melting temperature whereas the lateral
substituent decreases the clearing temperature much more than the melting tempera-
ture. A comparison of the observed temperatures for the thioesters in which both of
these modifications are incorporated into one molecule with that calculated by adding
the lowering effects observed in the two parent compounds once again shows the
inaccuracy of predicting melting and clearing temperatures by assuming an additive
effect. Obviously, this is not the approach to take to lower only melting temperatures
and achieve wider range mesophases.

CONCLUSIONS

These studies indicate that lateral substituents, even the small fluorine atom on the acid
side of phenylbenzoates and phenylthiobenzoates, generally give poor mesomorphic
properties. Melting temperatures were usually lowered in the esters and always in the
thioesters studied whereas clearing temperatures were always lowered. The amount of
temperature depression varied considerably for both transitions. It was similar for the
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TABLE VI

Comparison of the Effect of Lateral Substituents and Branched
Terminal Chains on the Melting and Clearing Temperatures (°C) for

O
O
A

B
A B Y AT(°Cy
melting clearing
F H C.H,, +12.8 —-278
H H (CH,),CH(Me)Et® —221 —14.2
F H (CH,),CH(Me) Et
caled® -93 —-420
obsd? —16.3 —50.3
H F C:H,, —137 —258
H F (CH,),CH(Me)Et
caled —358 —40.0
obsd? —255 —43.3
Me H C:H,, -17.5 —58.8
H H CH,CH(Me)Pr —-16.2 —157
Me H CH,CH(Me)Pr
caled® —337 —74.5
obsd? — 155 —47.6
H Me C:H,, —16.2 —63.2
H Me (CH,),CH(Me)Et
caled® —38.3 -774
obsd? —-17.8 no mesophases

@ Calculated by subtracting the transition temperature of the modified
thioesters from that for the unsubstituted parent thioesters. Values for the
latter were obtained from Reference 29.

® Data obtained from Reference 30.

¢ Obtained by adding AT for the lateral substituted thioester and AT for
the branched chain thioester.

4 Data obtained from Reference 9.

melting transition in the 2- and 3-F esters but more for the 2- than the 3-isomers with
larger substituents. Clearing point depression was often lower for the 2- than the 3-ester
isomers but not always. The difference was less in the thioesters.

Nematic and smectic C phases seemed to be more preferred than for the es-
ters/thioesters containing no lateral substituents. Thioesters showed a better sup-
pression of smectic phases and a predominance of nematic phases. More smectic phases
showing larger phase ranges occurred in the 2-F than in the 3-F esters. As the lateral
substituent size increases, the 3-isomer shows the wider mesophase ranges but the
mesophases tend to become monotropic hampering comparisons.

Lateral substituents lower transition temperatures by larger amounts than terminal
branched chains. However, they also tended to lower the clearing temperature more
than the melting temperature, decreasing the mesophase range more than a branched-
chain which tends to lower melting and clearing temperatures by about the same
amount. Thus, neither of these modifications provide the desired melting point
lowering only with an increase in the mesophase range.
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Anhydrous Na,SO, was used to dry all organic extracts. The solvent 1-methyl-
2-pyrrolidinone was dried over Linde #4A molecular sieves and distilled before use.
TLC data were obtained using Anal-Techssilica gel GHLF Uniplates with UV light and
I, as detectors. Flash chromatography was done on Aldrich grade 60, mesh 230-240
silica gel using the method previously described.>! All compounds were purified by
recrystallization and/or chromatography until they showed one spot by TLC, no
impurities in their NMR spectra and melting temperatures within 3°. Melting points
(°C) of intermediates were determined using a Thomas—Hoover melting point appar-
atus and are corrected. Purity for the phenylbenzoates and phenylthiobenzoates was
also checked by the sharpness of the clearing temperature ( < 0.8° for clearing, < 2.5°
for melting; see the text) by microscopy. GLC was performed on a 3% SP-200 on
80/100 Supelcoport 6’ x 1/8” SS column using a Varian 3700 instrument. HPLC was
done using a Burdick and Jackson silica gel column and a Waters Prep 3000
instrument.

IR spectra were run using a Pye-Unicam 3-200 instrument and NMR spectra were
obtained in CDCL; using a General Electric GN-300 (GN) or a Varian Gemini 200
instrument with TMS as the internal standard. Published NMR data for the corre-
sponding esters and thioesters without lateral substituents'®1%723 were used to assist
in peak identification. An elemental analysis was obtained from Oneida Research
Services, Inc., Whitesboro, NY when NMR could not be used for structure confirma-
tion due to poor solubility.

Transition temperatures (°C) were determined using a Leitz-Laborlux 12 Pol polar-
izing microscope fitted with a modified and calibrated Mettler FP-2 heating stage at
a heating rate of 2°/min as previously described.3? Samples were cooled at 2°/min until
they crystallized to obtain the crystallization temperature and so no monotropic
phases occurring below this temperature were missed. Mesophases were identified by
the observance of known textures.?3-34

Laterally Substituted Decyloxybenzenes, 12
All these ethers were synthesized using the following typical procedure for:
3-Fluorodecyloxybenzene, 12 (R=C, H,,, A=—H, B=F)

To a stirred mixture of 3-fluorophenol (49.9 g, 0.44 mole) and KOH (56.1 g = 0.58 mole)
in 112ml H,O and 890ml abs EtOH at RT was added dropwise bromodecane
(113.1 g =0.51mole). This mixture was then refluxed for 48 hr, cooled to RT and
rotovaped. The remaining liquid was dissolved in CHCl, washed with H,O 5% aq
KOH and H O dried, filtered and the filtrate rotovaped to give 187.3 ¢ of the crude
ether. Dlstlllatlon of this material at 117° (0.25 mm) gave 89.5 g (79.7%) of the purified
ether 12: TLC (CHCl;) R, = 0.82, IR (film) 1600, 1580 and 1500cm ~* (str Ar); GLC
(200°) tg =0.98, estd purity =99.5%; HPLC (hexane) t; = 3.93 estd purity = 99.6%
and 'HNMR (GN) 7.23 —7.11 (m, 1, 5-ArH), 6.72 — 6.54 (m, 3, 2-, 4- and 6-ArH),
397 —3.85 (m, 2, ArOCH,), 1.82 — 1.70 (m, 2, OCH,CH,), 1.50 — 1.17 (m, 14, 2CH,)
and 0.88 (s, 3, CH,).
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Data for the other ethers 12 prepared in this manner are as follows:

2-Fluorodecyloxybenzene 12 (R=C,,H,,, A=F, B=H). 87.7%, bp 155-160°
(0.66mm); TLC (CHCl;) R, =0.82; IR (film) 1600 and 1580cm ! (weak Ar) and
'HNMR 67.25—6.80 (m, 4, ArH), 4.02 (t, 2, J =6.63Hz, OCH,), 1.82 (quint, 2,
J=6.67Hz, OCH,CH,), 1.60-1.10 (m, 14, 7CH,) and 0.88 (t, 3, J—6.42 Hz, Me).
2-Decyloxytoluene 12 (R=C, H,,, A=Me, B=H): 73.2%, bp 122° (0.20mm); TLC
(CHCI;) R, = 0.80 (R for starting material = 0.30); IR (film) 1600cm ™ ! (med, Ar) and
'H NMR(GN) 67.14 — 7.09 (m, 2,4 and 6-ArH), 6.83 — 6.78 (dd; 2; J = 7.35, 7,90 Hz, 3-
and 5-ArH) 3.93 {t, 2, J =6.6 Hz, ArOCH,), 2.22 (s, 3, ArCH;), 1.81 —1.75 {m, 2,
OCH,CH,), 1.47 — 1.19 (m, 14, 7CH,) and 0.88 (t, 3, J = 6.6 Hz, CH,;).

3-Decyloxytoluene 12 (R=C,; H,, A=H, B=Me): 82.5%, bp 125° (0.2mm};
TLC(CHCI;) R, =0.79 (R, for starting material =0.25); IR (film) 1600, 1590 and
1500cm ™! (str Ar)and 'HNMR (GN) 7.12(dd; 1; J = 7.92 Hz, 5-ArH), 6.73 — 6.66 (m,
3,2-,4-and 6-ArH), 3.90(t,2,J = 6.78 Hz, ArOCH,), 2.30 (s, 3, ArCH,,), 1.82 — 1.68 (m,
2,0CH,CH,), 1.52 — 1.14 (m, 14, 7CH,) and 0.88 (t, 3, J = 6.12 Hz, CH,).

Laterally Substituted 4-Bromodecyloxybenzenes, 13
Bromination of the ethers 12 was achieved using the following method described for:
4-Bromo-3-fluorodecyloxybenzene, 13 (R—C,,H,,, A—H, B=F):

Bromine (55.6 g = 0.35mole) was added dropwise to a stirred solution of the ether
12(87.8 g = 0.35mole) in CHCI, at RT. This mixture was refluxed for 2.5 hr, cooled to
RT, additional CHCl, added and washed with H,0, 5% aq KOH and H,O. The
organic layer was dried, filtered and the filtrate rotovaped to give 155g of the crude
bromide. Distillation of this material at 137° (0.15mm) gave 105.6 g (91.6%) of the
purified bromide 13: TLC (CHCl,), R ; = 0.82; GLC (200°) t = 2.11, estd purity = 90%
with the remainder consisting of 4% of the starting ether and 6% of an unknown and
THNMR (GN) 67.38 (dd, 1, J = 8.34, 8.47 Hz, 5-ArH), 6.68 (dd, 1, J = 2.80, 10.50 Hz,
2-ArH), 6.59 (dd, 1, J =2.95, 8.73 Hz, 6-ArH), 3.90 (t, 2, J = 6.53 Hz, ArOCH,), 1.77
(quint, 2, J =7.18 Hz, OCH,CH,), 1.50 — 1.20 (m, 14, 7CH,) and 0.88 (t, 3, 6.31 Hz,
CH,).

4-Bromo-2- fluorodecyloxybenzene, 13 (R=C, H,,, A=F, B=H): 81.4%, bp 140-
145° (0.1 mm), GLC (180-250°) ¢z = 2.14, estd purity = 99.4%, and IR (film) 1605 and
1595¢m ™1 (med, Ar).

5-Bromo-2-decyloxytoluene, 13 (R=C,,H,,, A=Me, B=H): 93.7%, bp 151°
(0.18mm); TLC (CHCl;) R, =0.79; GLC (210°) tg = 1.28, estd purity =99% and
'HNMR (GN)67.22(s, 1,6-ArH), 7.20(d, 1,J = 8.54 Hz,4-ArH),6.63(d, 1,J = 7.36 Hz,
3-ArH),3.89(t,2,J = 6.00 Hz, OCH,), 2.18 (s, 3, ArCH,), 1.80 — 1.74 (m, 2, OCH,CH,),
1.50 — 1.27 (m, 14, 7CH,,) and 0.88 (t, 3, J = 6.4 Hz, CH,,).

2-Bromo-5-decyloxytoluene, 13 (R—C,,H,,, A=—H, B=Me): 42.6%, bp 169°
(0.15mm), TLC (CHC;) R, = 0.79, HPLC (hexane) t; = 2.81 sec, estd purity = 99.9%
and '"HNMR §7.36(d, 1,J = 8.79 Hz,4-6.77(d, 1,J = 2.93 Hz, 6-ArH), 6.59, 6.58 (dd, 1,
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J =8.50, 8.67 Hz, 3-ArH), 3.88 (t, 2, J = 6.49 Hz, ArOCH,), 2.34 (s, 3, ArCH,), 1.75
(quint, 2, J = 7.14 Hz, OCH,CH,), 1.60 — 1.15(m, 14, 7CH,) and 0.88 (1, 3, J = 6.41 Hz,
CH,).

Laterally Substituted Decyloxybenzonitriles, 14

All these nitriles were synthesized using the following procedure for:
4-Decyloxy-3-methylbenzonitrile, 14 (R—C, H,,, A=Me, B=H)

A mixture of the bromide 13 (10.0g, 0.03mole) and CuCN (5.55g =0.62mole) in
1-methyl-2-pyrrolidinone (31 ml) was refluxed for 1.5hr, cooled to RT, poured into
asolution of 12.4 g FeCl, in 155ml 1N HC, stirred for 40 min and extracted with Et,O.
The organic layer was washed with Et,O, dried, filtered and the filtrate rotovaped to
give 8.31 g (98.1%) of the crude nitrile; TLC (CHCI,) showed 3 spots with R, = 0.65
(major), 0.37 and 0.03. This material was purified by flash chromatography using a 1:2
petroleum ether (30-60°)-CHCIl, (CH,Cl, would be better) mixture as the eluting
solvent followed by recrystallization from abs EtOH to give 6.20g (73.2%) of the
purified nitrile 14: mp 31.5-33°; TLC (CHCI,) R, = 0.62; IR (Nujol) 2250 (med, CN)
and 1620c¢m ™! (med, Ar)and "HNMR (GN) §7.45(d, 1,J = 7.45Hz, 6-ArH), 7.38 (s, 1,
2-ArH), 6.82 (d, 1, 6.82 Hz, 5-ArH), 4.00 (t, 2, J = 6.18 Hz, OCH,), 2.21 (s, 3, ArCH,),
1.84 —1.75 (m, 2, OCH,CH,), 1.55— 1.18 (m, 14, 7CH,) and 0.88 {(t, 3, J =6.28 Hz,
CH,).

4-Decyloxy-2-methylbenzonitrile, 14 (R—=C,,H,,, A=H, B=Me): 89.8%, 30%
CH,Cl, in hexane used in flash chromatography; TLC (CHCl,) R, = 0.79; IR (film)
2200 (str, CN) and 1600, 1500cm ' (str Ar) and '"HNMR 7.49 (d, 1, J =8.34 Hz,
6-ArH), 6.79 (m, 1, 3-ArH), 6.74 (d, 1, J =8.43Hz, 5-ArH), 397 (t, 2, J=641Hz,
OCH,),2.50(s, 3, ArCH,), 1.90 — 1.71 (m, 2, OCH,CH,), 1.56 — 1.20 (m, 14, 7CH,) and
0.89(t, 3,J=6.26 Hz, CH,).

4-Decyloxy-2-fluorobenzonitrile, 14 (R—C, H,,, A=—H, B=F): 47.2%, recrystallized
from abs EtOH with charcoal treatment (it would probably be better to chromato-
graph the crude material first); mp 36-38°C; TLC (CHCl;), R, = 0.63; IR (Nujol) 2240
(str, CN) and 1610¢m ~ ! (str, Ar) and '"HNMR §7.50 (dd, 1, 7.81 and 8.55 Hz, 6-ArH),
6.75(dd, 1, J =2.52, 8.63 Hz, 3-ArH), 6.69 (dd, 1, J = 2.36, 10.34 Hz, 5-ArH), 3.99 (t, 2,
J =6.49 Hz, OCH,), 1.80 (quint, 2, J = 7.14 Hz, OCH,CH ), 1.53 — 1.20 (m, 14, 7CH,)
and 0.88 (t, 3, J = 6.41 Hz, CH,).

Laterally Substituted 4-Alkoxybenzoic Acids, 8

The 2- and 3-chloro acids were prepared by alkylation of the commercially available 2-
and 3-chloro-4-hydroxybenzoic acids using the method of Gray and Jones.! Purifica-
tion was by recrystallization from abs EtOH. Transition temperatures for all the acids
prepared are given in Table 1. Additional data are as follows:

2-Chloro-4-decyloxybenzoic Acid, 8 (R—C, H,,, A=H, B=Cl): 73.2% recrystallized
from benzene: IR (Nujol) 3180 — 2800 (broad, acid OH), 1700 (str, CO,H) and
1600cm™! (str, Ar) and 'HNMR, 68.04 (d, 1, J=8.89Hz, 6-ArH), 699 (d, 1,
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J =2.45Hz, 3-ArH), 6.84 (dd, 1, J =2.48, 891 Hz, 5-ArH), 4.00 (t, 2, J =6.51 Hz,
OCH,), 1.80(quint, 2, OCH,CH,), 1.60 — 1.10(m, 14, 7CH,)and 0.88 (t, 3,/ = 6.13 Hz,
CH,).

3-Chloro-4-octyloxybenzoic Acid, 8 (R=C, ,H, ,, A=Cl, B==H}): 52.6%, recrystallized
twice from abs EtOH, TLC (CHCL,) R, = 0.04.

3-Chloro-4-decyloxybenzoic acid, 8 (R=C, H,,, A=Cl, B=H): 48.0%), recrystallized
from benzene; IR (CHCl,), 3600 — 2400 (br, acid OH), 1680 (str, CO,H) and 1600 cm ™!
(str, Ar) and '"HNMR, 88.03 (d, 1, J = 2.04 Hz, 2-ArH), 7.92 (dd, 1, J = 2.07, 8.59 Hz,
6-ArH), 6.95 (d, 1, J=8.63Hz, 5-ArH), 4.09 (t, 2, J=6.49Hz, OCH,), 2.75—2.00
(quint, 2, OCH,CH,), 1.70 — 1.10 (m, 14, 7CH,,) and 0.88 (t, 3, J = 6.41 Hz, CH,). The
remaining acids were prepared either by a Grignard reaction on the bromide 13 or by
hydrolysis of the nitrile 14 using the following typical procedures:

4-Decyloxy-3- fluorobenzoic Acid, 8 (R=C, H,,, A=F, B=H): A mixture of the
bromide 13 (40.0 g, 0.12 mole) and bromopropane (14.8 g, 0.12 mole) was added drop-
wise to a stirred mixture of Mg (7.2g, 0.3mole) in anhyd Et,O (60 ml) under a N,
atmosphere. Warming was necessary to initiate the reaction which later become
vigorous enough to require cooling. After completion of the addition, the reaction
mixture was refluxed for 1 hr and cooled to — 10°. Dry CO, gas was bubbled through
this mixture for 2 hr and the resulting thick liquid poured with stirring into ice cold 1N
HCI. The resulting precipitate was extracted into Et,O (2 x 300 ml), washed with H,O,
dried, filtered and the filtrate rotovaped to give 35.0 g (98.0%) of the crude acid. Three
recrystallizations of this material from abs EtOH gave 22.0 g (61.6%) of the purified
acid 8: IR (Nujol) 3200-2200 (broad acid OH), 1680 (str but broadened and split,
CO,H), 1615 (str Ar) and 1590cm ™! (med, Ar) and NMR (DMSO-d,) 67.75 (4, 1,
J=8.59Hz, 6-ArH), 7.76 (dd, 1, J = 2.03, 11.88 Hz, 2-ArH), 7.25 (d, 1, J =8.54 Hz,
5-ArH), 4.11 (t, 2, J=643Hz, OCH,), 1.75 (quint, 2, J=6.82Hz, OCH,CH,),
1.50 — 1.15 (m, 14, 7CH,) and 0.85 (t, 3, J = 6.37 Hz, CH,).

4-Decyloxy-3-methylbenzoic Acid, 8 (R=C, H,,, A=—Me, B=H): A mixture of the
nitrile 14 (5.71 g = 0.021 mole) and 70 ml HOAc in 70 ml 50% H,SO, was refluxed for
24 hr, poured into ice and extracted twice with CH,Cl,. The organic layer was washed
with H, O, dried and the filtrate rotovaped to give 6.4 g of a white solid. This material
was recrystallized from abs EtOH to give 4.11 g (67.3%) of the purified acid 8: TLC
(CHCl,) R;=0.04; IR (Nujol) 3000 (br, acid OH) 1680 (str, CO,H), 1610 and
1500cm ™! (str Ar)and 'H NMR: (CDCl,-DMSO0)§7.84 (d, 1, J = 8.79 Hz, 6-ArH) 7.80
(s, 1, 2-ArH), 6.83 (d, 1, J =8.43 Hz, 5-ArH), 4.02 (t, 2, J = 6.26 Hz, OCH,), 2.23 (s, 3,
ArMe), 1.82(quint, 2, J = 6.96 Hz, OCH,CH,), 1.59 — 1.20 (m, 14, 7CH,) and 0.88 (t, 3,
J=6.26 Hz, CH,).

The 2-isomer was prepared in the same manner:

4-Decyloxy-2-methylbenzoic Acid, 8 (R—C, H,,, A=—H, B=Me): 28.2% recrystal-
lized from CH,;CN: TLC (CHCI;) R, = 0.05; IR (Nujol) 3400 (br, acid OH), 1665 (str,
CO,H), 1600 and 1500cm ! (str Ar) and 'H NMR 67.92 (d, 1, J = 9.37Hz, 6-ArH),
6.79 — 6.76 (m, 2, 3- and 5-ArH), 4.03 (t, 2, J = 6.37Hz, ArOCH,), 2.58 (s, 3, ArtMe),
1.90 —1.71 (m, 2, OCH,CH,), 1.59 —1.20 (m, 14, 7CH,) and 0.89 (t, 3, J = 5.31 Hz,
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CH,). A better yield (41.6%) of this acid was obtained using the Grignard reaction with
hexane as the recrystallizing solvent.

Phenylbenzoates 1 and Phenylthiobenzoates 2

These esters/thioesters were prepared using the carbodiimide method as previously
described.'® Purification was by recrystallization from abs EtOH and if necessary by
flash chromatography on silica gel using hexane-CH,Cl, mixtures as the eluting
solvent. Transition temperatures are given in Tables II-IV. '"HNMR spectra were
consistent with structures agreeing with spectra observed for the lateral substituted
intermediates and the trends observed for the parent compounds. The aliphatic
protons beyond the a-protons all had the following chemical shifts: §2.00 — 1.70 (m,
ArOCH,CH,), 1.70 — 1.55 (ArCH,CH,), 1.55 — 1.20 (m, remaining CH,) and 0.88 (t,
CH,). Protons on the two benzene rings were easily differentiated by the influence of
the lateral substituent. This was especially true for the lateral fluorine esters which often
showed doublet of doublet sets for the protons on the fluorine ring and a large coupling
constant for the proton ortho to the fluorine atom as shown by the following examples:
compound 1b(R=C, H,,, B=F, Y=C,,) 68.03 (dd, 2, J = 8.58, 8.79 Hz, ArH ortho
to CO,Ar), 7.21(d, 2, J = 8.5 Hz, ArH ortho to C, ), 7.10(d, 2, J = 8.42 Hz, ArH ortho
to OCOAr),6.76(dd, 1, J = 2.48,8.87 Hz, ArH ortho to OR and H),6.67 (dd, 1,J = 2.34,
12.67, ArH ortho to OR and F), 4.01 (t, 2, J = 6.45Hz, OCH,), 2.61 (t, 2, J = 7.58 Hz,
ArCH,), compound 2 (R=C, H,,;, A=H, B=F and Y=C, H,,), §7.89 (dd, 2,
J =8.46 and 8.75 Hz, ArH ortho to CO,Ar), 741 (d, 2, J = 8.06 Hz, ArH ortho to S),
7.26(d, 2,J =7.41Hz ArH ortho to C,,), 7.37(dd, 1, J = 8.87, 10.0Hz, ArH ortho to
0C,,),6.66(d, 1,J = 12.82 Hz, ArH ortho to F), 4.00(t, 2, J = 6.04 Hz, OCH,), and 2.64
(t, 2, J = 7.88 Hz, ArCH,, compound la (A=F, Y==C, H,,) 67.95(d,1, J =9.36 Hz,
ArH ortho to CO,Ar), 7.89 (dd, 1, J =234, 13.69 Hz, ArH ortho to F), 7.22 (d, 2,
J =8.51Hz, ArH ortho to C, ), 7.09 (d, 2, J = 8.71 Hz, ArH ortho to OCOAr), 6.70 (d,
1, J=6.60Hz, ArH meta to F), 4.11 (t, 2, J=6.60Hz, ArOCH,) and 2.62 (t, 2,
J =17.70Hz, ArCH,) and compound la(A=—F, Y=0C, H,,)§7.94(d,1,J =9.08 Hz,
ArH ortho to CO,Ar), 7.88 (dd, 1, J =2.57, 13.55Hz, ArH ortho to F), 7.09 (d, 2,
J =8.95Hz, ArH ortho to OCOAr), 7.00(d, 1, J = 8.51 Hz, ArH meta to F), 6.92 (d, 2,
J =9.08 Hz, ArH ortho to OC,,), 4.11 (t, 2, J = 6.53 Hz, ArFOCH,) and 3.95 (t, 2,
J=6.53 Hz, ArOCH,).
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