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Study of Tails in Smectic Liquid Crystals. |I.
The Effect of Fluorocarbon/Hydrocarbon
Ether Tails on Phenyl Ester Biphenyl Cores

Y. H. CHIANG, A. E. AMES, R. A. GAUDIANA and T. G. ADAMS
Polaroid Corporation, Cambridge, MA 02139

(Received June 19, 1991)

The use of the mixed fluorocarbon/hydrocarbon ether sequence [1H,1H,5H-octafluoro-1-pentoxy-Jethoxy
in place of aliphatic or aliphatic ether sequences significantly enhances the temperature range of the
chiral smectic C (Sc*) liquid crystalline phase. Considerations derived from the literature, supported
by computer modeling, suggested that stabilization of the Sc* phase results from enhancement of the
population of gauche conformers. These considerations have led to liquid crystal molecules with the
widest range of Sc* phase thus far reported.

INTRODUCTION

The work described here was initiated to find ferroelectric liquid crystal molecules
for use in advanced electro-optical devices. In this paper we adopt the model that
liquid crystal molecules have three segments, the “tail,” the “core,” and the “head,”
as shown in Figure 1.

Many characteristics of molecules have been considered to cause or enhance the
Sc* phase. These include molecular dipoles and polarizabilities' arising predomi-
nantly from the core segment, configurational states® arising predominantly from
the tail and/or head segments, and the overall packing characteristics of the mol-
ecules. The design of core and chiral head moieties have been extensively inves-
tigated.>® Polyether tails with 2 or 3 oxygen atoms have been investigated® 04!
and found to enhance smectic phase formation over all hydrocarbon tails.

It is frequently assumed that the Sc* phase arises from intermolecular electrostatic
interactions. For example, Macmillan’s prediction’ of the ferroelectric Sc* phase
was based on analysis of dipolar interactions, and this model was cited by Meyer

TAIL CORE HEAD

FIGURE 1 The rigid center is designated as core, the branched chiral aliphatic chain as head, and
the straight long chain as tail.
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et al.!* Various anisotropies have been considered,'>-> some of which were re-
viewed by Cotter.'* Alkoxy benzoic acids have been shown by Demus, et al.** to
have Sc behaviour, as further elaborated by Cser.!® These compounds have been
shown by Bryan, et al.}” to be symmetrical hydrogen bonded dimers, which there-
fore have no net dipole.

Using monte-carlo models Frenkel'® has shown that excluded volume factors
alone can lead to a smectic A state, and Dowell’s modeling® has indicated that
conformational and steric considerations may be sufficient to explain smectic states
in general. Assuming that steric factors stabilize smectic states, the particular mo-
lecular features which enhance the Sc* must still be selected and optimized.

Considering particularly the significance of tail segments on the Sc* phase, there
are numerous examples where increasing aliphatic tail length to more than S carbon
atoms induces either Sc or Sc* phases.!0-11:19:20-21 §uch lengths are well beyond
those where additional carbon atoms would be expected to affect the core segment.
Correlations between the Sc* transition temperatures and the number of carbon
atoms for simple n-alkoxy tail'*?>?* as well as a branched alkoxy tail?* have been
established. Goodby, et al.?® has shown several examples where mixtures of com-
pounds differing only in aliphatic tail length exhibit Sc behavior which is absent in
the pure compounds.

There is experimental evidence that the Sc* state is associated with a large
population of gauche isomers®® in the aliphatic segments. Galbiati and Zerbi,?’
Fanelli, et al.,>® Zabon et al.,?® Bos et al.,*® and Bryan et al.,* have all found
evidence for a significant level of gauche isomers in the smectic C phase. Watanabe
and Kriegbaum established that destabilizing the crystalline phase stabilizes the
smectic state, which argument is consistent with the need for gauche isomers. NMR
investigations!’27?° show that hydrocarbon tails in the smectic phases are confor-
mationally disordered but on the NMR time scale are rapidly interconverted. We
take the above arguments to indicate that the tendency of the tails to support
gauche conformers plays a significant role in maintaining the stability of the Sc*
phase relative to other phases.

RESULTS

This investigation was carried out along two lines. The first is synthesis and ex-
amination of compounds with tails chosen to have a high population of gauche
isomers. We report here the effect of a fluorocarbon/hydrocarbon hybrid tail, i.e.
[1H,1H,5H-octafluoro-1-pentoxy-Jethoxy. The Sc* phase range of this tail has been
investigated with several heads attached by an ester group to three different three-
ring cores, all of which have phenyl and biphenyl rings linked to each other by an
ester group.

The second line of investigation was a modeling exercise to confirm that the
observed differences arise from variations in conformational states, and to better
picture what particular conformational states may ultimately be of greatest value
in promoting the Sc* phase.

For comparison with the hybrid tail, we have selected aliphatic hydrocarbon and
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polyether tails. In all of the compounds reported the backbone of the tail has nine
atoms including an oxygen atom linking the tail to the core. The structures of the
compounds are given in Table I, and the synthesis of representative compounds
are shown in Scheme I and described in greater detail in the experimental section.

Data on the phase transition temperatures for compounds separately containing
all three tails is presented in Table II and Table III, and in Figure 4 and Figure 5
graphically.

Concurrent with, and as a guide to, synthesis, modeling of candidate tails was
initiated to estimate the relative tendency of each type of tail to occupy gauche
states. We calculated the minimum energy geometry and enthalpy of the 243 =
3% conformers of each of three model tails using MNDO. MNDO?3-34 was chosen

TABLE 1
Notations for chemical structures

STRUCTURE TYPE NOTATION

o]
|

(o}
] 1
—0 C-—Oc—o— CORE PEPP
F
W i
—o c—oo—o— CORE PFEPP

I i
i
——CH, CH-CH,CH, HEAD ca*
]
=—CH,CH-CHj, HEAD C3F
i
—9H'CHQCH3 HEAD c3*
— CH,CH,CH,CH,CHyCH,CHaCH, TAIL cs
— CH,CH,0CH,CH,OCH,CH, TAIL EO

—CH,CH,OCH,(CF)H TAIL HY
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NaH LiAH
H{CF2)4CH0H + BICH,CO0CH; —————  H{CF2)4CHOCH,CO0CHs ——
THF
22

pyridine
H(CF2)4CH,OCH,CHOH - + CH:,O-SOZCI
23

KoCOg
H(CF ) {CHa0CH,CH,080, CHy + HO COOCH; — =
vs DMF

KQH, H0
H(CF,)4CH,0CHCHO CcooCH; ————

25

CH,
L]
H(CFZ)ACHZOCHZCHZOCOOH + HO—-@'COOCHZC;HCHZCHa ——
26

CHy
[}
H(CF2)4CHZOCHZCHZOCOO—-@-COOCHZEHCHZCH;,

3
SCHEME 1 Synthetic route for 3

as the computational method to avoid any bias, i.e., toward crystal formation, that
might be inherent in molecular mechanics parameterization. To satisfy computa-
tional constraints, the judgement was made that a 5 atom chain would indicate at
least qualitatively the phenomena to be expected from the longer chains.

DISCUSSION, EXPERIMENTAL

The dramatic increase in Sc* temperature range arising from the hybrid tail, as
compared to the aliphatic, or aliphatic ether tail, can be seen in Table III. The
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TABLE II
Phase transition temperatures
----- COOLING, 9C =====-m=mw=w-=== | -~ HEATING, OC --
|
Head Core Tail I>Spa I»Ch Ch»Sp  Sp>Sc* Sc*>K| K >Sc* Sc* >Sa

1l C4* PPEP C8 187 - - 141 - 63 | 70 142

2 EO 140 - - 85 - 2% | 32 86

3 HY 165 - - 141 - 22 | 64 142

4 C3F* c8 210 - - 90 - 68 | 83 92

5 EO 176 - - 64 (# 1) 42 | 60 66

6 HY 213 - - 119 - 61 | 87 118

7 C3* c8 179 - - 132 - 45 | 83 133

8 EO 129 - - 69 - 39 | 43 69

9 HY 159 - - 140 - 24 | 81 141
10 C4* PFEPP C8 - 156 150 119 - 73 | 101 119
11 EO - 94 86 72 - 24 | - (# 2) -
12 HY 141 - - 109 - 15 | 75 110
13 C3F* Cc8 184 - - - - 68 | - (¥ 3) -
14 EO - 139 134 82 - 35 | 64 82
i5 RY 197 - - 93 - 30 | 69 94
16 C3x* c8 140 - - - - 92 | - (# 4) ~
17 EO 71 - - 65 - 62 | - (# 5) -
18 HY 136 - - 113 - 11 72 114
19 C4* PEPP C8 - 171 164 117 - 50 | 86 117
20 EO - 112 92 77 - 43 | - (¥ 6) -
21 HY 156 - - 135 - 0o | 76 136

(# 1) Other smectic states observed at 429 and 329, with smectic >K € 120,

(# 2) K¥>Sp @ 759, Sp>Ch @ 870
(# 3) K>Sp @ 1070

(# 4) K>Sp @ 1140

(# 5) K>I @ 83©

(# 6) K>Spa @ 849; sa>Ch @ 930

31 - 60

TABLE III
Sc* phase temperature ranges
COOLING, ©C HEATING, ©C
Head Core Tail Tail
C8 EO HY | C8 EO HY
J
;2,3 C4* PPEP 78 56 118 | 72 54 78
4,5,6 C3F* 22 22 58 | 9 6 31
7,8,9 C3* 87 30 116 | 50 56 60
10,11,12 C4* PFEPP 46 48 94 | 18 - 35
13,14,15 C3F* ~ 47 63 | - 18 25
16,17,18 C3* - 3 102 | - 42
|

19,20,21 C4*x PEPP 67 34 135

Cc8

15
38
28

sSup

ER

COOLING, ©C

Tail
EQO

3
18
4
29

HY

42
26
57
60

61
76
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FIGURE 2A Stereo pairs showing the location of the end carbons for the 231 conformers of model
tail T1, the chain containing ethers and flourine substituents. Taking the Z axis along the HO bond,
the location of the terminal carbon is plotted with X and Y in plane, and Z out of the plane. The origin
of the X-Y plane is located by a *“+.” The cross, *“ X ,” locates the terminal carbon of the all trans, all
carbon chain, T3. The area of the dots plotted at each location is weighted roughly as a Boltzman
distribution at 25°C. The total number of pixels plotted in these figures is approximately the same,
although the graphic accuracy of the plots is low. The degree of left-right symmetry is an indication of
the reliability of the calculation since all conformers were calculated without regard to symmetry. In a
real molecule the attachment of the chain to the core (with a core atom replacing the terminal hydroxyl
hydrogen) would be subject to rotation, for these figures in the plane of the paper.

v s
2 - Prd
AN ) ® 2 e .
. f ewmst '0-4' 4 o=y
RATES -+, N oA ' L T
.- - .. -
- ° » < - -

FIGURE 2B As in Figure 2A for the 240 conformers of chain T2, the ether containing chain. The
highly twisted but stable conformers which place the terminal carbon close to the HO could not exist
in longer chains.
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FIGURE 2C As in Figure 2A for the 240 conformers of chain T3, the all CH2 chain. Comparing
with Figure 2A, the all CH2 chain is much more likely to be in a “straight,” or all trans configuration
than the chains with ether.

range of Sc* is enhanced both in heating and cooling cycles. For every example
listed, the Sc* range of the compound containing the hybrid tail is larger than
either of its homologs with the other tails.

As expected, the magnitude of the stabilization of the Sc* range also depends
on the structure of the core and to a lesser extent on the chiral head. For example,
in the biphenyl-phenyl core, the hydrocarbon tails are more effective in stabilizing
the Sc* phase than the hydrocarbon ethers, but in the phenyl-biphenyl core the
latter are generally more effective.

A comparison of 1, 2 and 3 with 19, 20, and 21 shows that any of the tails directly
attached to the biphenyl ring exhibit a larger Sc* phase.

It should be noted that the hybrid tail is less sensitive to changes in the core or
the chiral head. For example, the placement of a fluorine atom on the chiral carbon
in the head group, e.g., 4-6 and 13-15, significantly decreases the Sc* range of 4
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.

FIGURE 3A A two dimensional diagram indicating the distribution of dihedral angles found in the
calculation for tail T1. Plotted are the same weighted dots as in Figure 2, but with the X value as the
sum of the cosines of the 5 dihedral angles, Q;, and Y as the sum of the sines: X = X cos (Q;), and Y
= Z sin (Q).

FIGURE 3B As in 2A for tail T2.

and §, and 13 does not exhibit any tilted phases but 6 and 15 are relatively unaf-
fected. In addition, compounds 10-18 contain a fluorinated core, which should
significantly alter the resultant dipole, but the hybrid tailed compounds still exhibit
a minimum Sc* range of 20°C while its homologs exhibit little or no Sc* phase. In
17 liquid crystallinity is completely absent.

An outcome of this work that was anticipated as to kind, but not to extent, was
the large supercooling demonstrated by the hybrid tails. We rationalize this result
as follows.

Since the rotational barrier of an —O—CH,— bond is approximately 1.5 kcal/



Downloaded by [Tomsk State University of Control Systems and Radio] at 09:30 19 February 2013

92 Y. H. CHIANG et al.

.
\
. "
™ J
® ‘s
e
) o
’
7/

FIGURE 3C Asin 2A for tail T3.
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FIGURE 3D The same mathematical basis as the diagrams in 3A-C, but with equal probability of
dihedrals from the set —60, +60, 180, individually subject to a random perturbation up to +/— 4
degrees to effect separation of the plotted circles.

mol?%:35:36 compared to 3.5 kcal for —CH,—CH,—, hydrocarbon ethers intercon-
vert more rapidly than the hydrocarbons. Steric considerations indicate that the
introduction of fluoromethylene sequences should give higher rotational barriers
than the hydrocarbon tails. Assuming that the rotational barriers dictate the rate
at which one phase can interconvert to another, the ordering of supercooling should
then be hybrid > hydrocarbon > ether. This trend is supported by the results
shown in Table III.

Observations incidental to those reported here indicate that the conformation
of tail moieties in smectic compounds also affects their propensity to align on
oriented surfaces. It has been generally observed that liquid crystalline compounds
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LIQUID CRYSTAL PHASES ON COOLING

8 H Z
S, 8, S?

COMPOUND NUMBERS

FIGURE 4 Phase transition temperatures for compound 1 thru 21 at cooling rates at 10°C/min. S?
designates smectic phases higher ordered than Sc* and Ch designates the cholesteric phase.

TEMPERATURE °C

20

LIQUID CRYSTAL PHASES ON HEATING

[ TEeoss]

1 3 5 7 g 113 45 17 19 21
COMPOUND NUMBERS

FIGURE 5 Phase transition temperatures for compound 1 thru 21 at heating rates at 10°C/min. S?
designates smectic phases higher ordered than Sc* and Ch designates the cholesteric phase.

containing a hydrocarbon tail exhibit homogeneous alignment on buffered polymer

surfaces. Homogeneous alignment of the hybrid-tailed liquid crystals can be readily
achieved on buffed polymer surfaces. On the other hand, many of the polyether-

tailed compounds prefer homeotropic alignment, and as a result have limited utility
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in device applications where high order parameters are required. Polyether-tailed
compounds can, however, be used in multicomponent mixtures.?7-

DISCUSSION, CALCULATION

The results of the calculations are shown in Table IV, which lists the thermally
weighted average number of non-trans bonds found for each type of tail. For
isoenergetic gauche and trans conformers, neglecting self-intersections, the average
number of non-trans bonds would be 3%.

For the model tails in Table IV, the ordering of the population of gauche states
per chain is T1 > T2 > T3. These tails are analogs of the HY, EO, and CS8 tails
in Table I. From Table III, the domain of Sc* is greater for the tail HY than for
either EO or C8 in all cases. While the fraction of gauche states calculated for the
model chains parallels the observed Sc* behaviour, additional factors must be found
before complete ordering and quantitative prediction can be achieved.

The additional factors promoting the Sc state may have to do with the type of
organization permitted by the tail conformational sequences. Some indication of
what these sequences are can be seen in Figures 2A-3D. Stereo pairs showing the
location of the terminal carbon for the various conformers are shown in Figures
2A-2C. Although the entropy of the hydrocarbon chain (T3) and the hybrid chain
(T1) are within 0.1 R of each other, comparing Figures 2A and 2B it can be seen
that the geometry of populated states is quite different between the two chains, as
well as from T2. An alternative representation of the tail geometries is shown in
Figures 3A-3C.

Shown also in Table IV are the entropy contributions from conformational states
calculated for the three chains. For isoenergetic gauche and trans conformers,
neglecting self-intersections, the entropy would be SRIn3. The entropy found for
the hydrocarbon chain is SRIn2.41. How do we resolve the apparent disparity where
the chain with highest entropy, T3 in Table IV, is not associated with the largest
fraction of gauche isomers? The all carbon chain has as its lowest enthalpy and

TABLE 1V
Results of MNDO calculations of model tails

Average
TAIL SEQUENCE Gauche Entropy*
Bonds S/R
per Tail (25°C)
T1l) HO-CHp~CHp-0-CHp-CFp-CF3 3.15 4,34
T2) HO-CHp-CHp-O-CHyp-CH9-CH3 3.05 4.01
T3) HO-CHz-CH-CHo-CH2-CHp-CH3 2.00 4.41

* The actual number of conformers used was 231 for Tl, and 240
for T2 and T3.
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most likely single conformer the all trans state. Replacing a CH, with an ether
forces the lowest energy conformer to include gauche bonds. If the gauche bonds
induced by the ether have much lower energy than do the gauche bonds in the all
carbon chain, the number of gauche bonds per chain increases at the same time
that the dispersity of state populations—and therefore the entropy—decreases.?!
The hybrid tail also includes gauche states in its low energy conformers, but the
fluorine substituents have raised the enthalpy of the gauche states by steric hind-
rance to rotation about the CF,-CF, sequence. In brief, the ether substituents
enable gauche conformers, and the fluorine substituents prevent the gauche con-
formers from overwhelming the distribution of conformers. But the main point is
to call attention to the distinction between entropy and conformation.

CONCLUSION

The hybrid tail introduces two significant effects into molecules which exhibit
smectic liquid crystalline phases. Independent of the nature of the core and the
chiral head, compounds containing the hybrid tail exhibit the broadest Sc* phase
temperature range reported to date in both cooling and heating cycles. Secondly,
compounds containing a hybrid tail exhibit unusually large supercooling of the Sc*
phase.*

The effectiveness of the hybrid tail in inducing or extending Sc* phases is at-
tributed to the tendency of the hybrid tail to favor gauche isomers with a high
barrier to interconversion. While a large population of gauche conformers is nec-
essarily associated with increasing entropy, entropy is not the only factor inducing
and/or stabilizing the Sc phase.

EXPERIMENTAL

Phase transition data was obtained with a Perkin-Elmer DSC-7 differential scanning
calorimeter at heating and cooling rates of 10° per minute. Phase texture obser-
vations were made with a Zeiss 9902 Pol microscope equipped with a Leitz hot
stage.

Applicable to all of the syntheses discussed is the following apparatus. IR spectra
were determined with a Nicolet 20DXC FT-IR spectrometer. 'H-NMR were de-
termined on the Varian EM-390 or Varian XL 300 spectrometers. Mass spectra
were recorded on a VG 7070 double focusing mass spectrometer with EI technique.
Column chromatographic separations were performed with silica gel, Baker An-
alyzed, 60-200 mesh, suitable for column chromatography.

Ethyl 1H,1H,5H-Octafluoro-1-pentoxy acetate (22). To a 100 ml THF solution of
1H,1H,5H-octafluoro-1-pentanol,* (28.0 g, 0.12 moles), was added 5.2 g of sodium
hydride (57% mineral oil suspension) in an ice-water bath to keep the temperature
below 10°C. The resulting mixture was allowed to stir for 30 min before it was
added to a THF solution of ethyl bromoacetate (20.2 g, 0.12 moles). The addition
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was continued at such a rate that the temperature was kept below 5°C with an ice-
water salt bath. After stirring at 5°C or below for 1 hr, the mixture was left at
room temperature overnight. The precipitate was removed by filtration with the
aid of celite and the solvent was removed by vacuum rotary evaporation. The
residue was vacuum distilled and the fraction boiling between 82-86°C at 3 mm
was collected. The colorless liquid weighed 25.7 g (71%). 'H-NMR (CDCl;, 90
MHz): 5 1.27 (t, 3H, CH,CH,), 8 4.20 (m, 6H, CH,O CH,COOCH,), 8 5.40, 5.92,
6.57 (t, 1H, HCF,).

I1H,1H,5H-Octafluoro-1-pentoxyethanol (23). To a suspension of lithium alumi-
num hydride (7.5 g, 0.2 moles) in 100 ml of anhydrous ether, was added 22 (23.75
g, 0.0786 moles) in 75 ml of ether at such a rate as to maintain reflux. The resulting
suspension was stirred at room temperature for 3 hr and 18 ml of water was added
to the reaction mixture with extreme caution. The resulting mixture was fiitered
and the precipitate was twice triturated with 50 ml of ether. The combined ether
solution was dried over anhydrous sodium suifate, evaporated to remove solvent
and the residue vacuum distilled. The yield of pure, colorless 23 was 16.7 g (77%),
b. p. 69-71°0.2 mm 'H-NMR CDCl;, 90 MHz): 8 3.90 (m, 6H, CH,CH,OCH,),
3 5.40, 5.92, 6.57 (t, 1H, HCF,); mass spectrum, m/e 276.

1H,1H,5H-Octafluoro-1-pentoxethyl-p-toluene sulfonate (24). To a solution of 23
(6.5 g, 0.02355 moles) in 35 ml of pyridine was added 8.73 g (0.0457 moles) of p-
toluene sulfonyl chloride slowly in order to keep the temperature below 5°C with
an ice-water bath. The mixture was stirred for 1 hr then left in a refrigerator
overnight. The reaction mixture was poured into 300 ml of ice water and the aqueous
solution extracted with two portions each of 125 ml methylene chloride. The meth-
ylene chloride solution was washed with diluted hydrochloric acid and water. After
being dried over anhydrous magnesium sulfate, the solvent was removed at a
reduced pressure to give an orange residue (9.5 g). This residue was chromato-
graphed through 50 g of silica gel using hexane/methylene (1:1) as eluent. A total
of 8.7 g (86%) of the p-toluene sulfonate derivative was collected as a colorless
viscous liquid. '"H-NMR (CDC1, 90 MHz): 5 2.45 (s, 3H, ArCHs), § 3.84 (m, 4H,
CF,CH,0OCH,), & 4.20 (m, 2H, CH,0S0,), % 5.42, 6.02, 6.60 (t,"1H, HCF,), &
7.32 (d, 2H, ArH), 8 7.80 (d, 2H, ArH).

Methyl 4'-[1H,1H,5H-Octafluoro-1-pentoxyethoxyl-4-biphenyl carboxylate (25). A
mixture of 24 (4.30 g, 0.01 mole), methyl 4'-hydroxy-4-biphenyl carboxylate (2.30
g, 0.01 mole), powdered anhydrous potassium carbonate (2.80 g), and potassium
iodide (300 mg) in 40 ml of DMF was heated at 125-130°C for 4 hr. The reaction
mixture was poured slowly into 400 ml of ice water and stirred for 30 min. The
precipitate was collected, filtered, and washed with water thoroughly. The precip-
itate was dissolved into 150 ml of ether and the ether solution was washed with
water, dried over anhydrous magnesium sulfate, and evaporated to dryness under
reduced pressure. The resulting yellow residue was triturated with 50 ml of hexane
to give 3.60 g (74%), m.p. 120-123°C, of a colorless solid. *H-NMR (CDCl,, 90
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MHz): 5 3.48 (s, 3H, OCH3), § 4.20 (m, 6H, CH,OCH,CH,), & 5.45, 6.17, 6.62
8 (t, 1H, HCF,), 8 6.98 (d, 2H ArH), 3 7.57 (m, 4H, ArH), & 8.08 (d, 2H, ArH).

4'-[1H,1H,5H-Octafluoro-1-pentoxyethoxy}-4-biphenyl carboxylic acid (26). Three
grams (0.00617 moles) of 25 was dissolved into a boiling mixture of 100 ml of
methanol, 5 ml of 45% aq. potassium hydroxide, and 100 ml of water. All methanol
was evaporated off on a steam bath. The aqueous solution was acidified with conc.
hydrochloric acid, cooled in an ice bath, and filtered to give 2.82 g (97%) of a
colorless solid, m.p. 149-152°C. '"H-NMR (DMSO, 90 MHz): & 4.10 (m, 6H,
CH,OCH,CH,), 5 5.83, 6.40 (t, 1H, HCF,), 8 6.95 (d, 2H, ArH), 3 7.52 (d, 2H,
ArH), 8 7.62 (d, 2H, ArH), 3 8.00 (d, 2H, ArH).

4'-[1H,1H,5H-Octafluoro-1-pentoxyethoxy|-4'-biphenyl 4-[(S)-2-methyl-1-butyl]-
benzoate (3). A mixture of 26 (472 mg, 1.0 mM), [(S)-2-methyl-1-butyl p-hy-
droxybenzoate (210 mg, 1.0 mM), 1-(3-dimethylaminopropyl)-3-ethylcarbodiimide
(300 mg), and 4-N,N-dimethylaminopyridine (120 mg) in 150 ml of methylene
chloride was stirred at room temperature overnight. The solvent was removed
under reduced pressure and the residue was chromatographed through 40 g of silica
gel using 1% methanol in hexane/methylene chloride (1:1) as eluent. The high Rg
fractions were collected and recrystallized from 35 ml of hexane yielding 270 mg
(41%) of a colorless solid. IR: KBr 1722, 1278 cm~*. 'H-NMR (CHCl;, 300 MHz):
30.971 (t,J = 2.5 Hz, 3H), 8 1.029 (d, J = 2.2 Hz, 3H), § 1.297 (m, 1H), & 1.548
(m, 1H), & 1.867 (m, 1H), 3 4.171 (m, 8H), & 5.916, 6.090, 6.263 (t,J = 2.0 Hz,
17.3 Hz, 1H), 8 7.027 (m, 2H), & 7.309 (m, 2H), & 7.615 (m, 2H), 3 7.710 (m,
2H), 5 8.138 (m, 2H), & 8.245 (d, J = 2.8 Hz, 2H); mass spectrum m/e 662.
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