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A new series of three ring type liquid crystalline compounds containing partially fluorinated alkeny! or alkyl
side chains together with fluorine substituted cyclohexylbiphenyls were designed and synthesized in this study.
The structures of synthesized compounds were establishet) B¢ and*°F NMR spectroscopy. The phase
transition temperatures of fluorinated liquid crystalline compounds were determined by cross-polarizing mi-
croscopy equipped with hot stage. All compounds were found to have nematic liquid crystalline phase with rel-
atively low phase transition temperature and wide liquid crystalline temperature range. The dependence of
phase transition temperatures on the chain length falls into three categories; (a) decreasing transition tempera-
tures for 4-fluoro-4'-[4-fluoro-4-(1-fluoroalkyl)cyclohexyllbiphenill5) series, (b) higher transition tempera-

tures for odd numbered chains for 4-fluoro-4'-[4-fluoro-4-(1-fluoroalk-1-enyl)cyclohexyllbiphbfydéries,

(c) higher transition temperatures for even numbered chains for 4-[4-(1,2-difluoroalk-1-enyl)-4-fluorocyclo-
hexyl]-4'-fluorobiphenyl 16) series.

Introduction cause the decrease the interactions between molecules. Here,
we developed a new and versatile synthetic pathway to syn-

Liquid crystalline materials have been extensively investithesize a series of partially fluorinated liquid crystalline
gated because of their applicability to liquid crystal displaycompounds.

(LCD). Especially, partially fluorinated liquid crystals have

been extensively studied because of their unique properties Experimental Section

such as low viscosity, low birefringence, and low conductiv-

ity.1® Among the various lateral substituents in the liquid crys- Caution!. Metal-halogen exchange reaction and deproto-
talline system, fluorine substituent is most commonly usedhation should be carried out at beles00 ~-110 °C in
because of its small size, high electronegativity, large C-F bondrder to avoid side reaction. Also, it was reported that
dissociation energy, and poor leaving group abifiy}!  diethyaminosulfur trifluoride (DAST) can decompose violently
Recently, liquid compounds with partially fluorinated alkyl upon contactvith water or heating above 8Q. Fluorination
chains are of special interest in fine tuning liquid crystallineshould be carried out in a fume hood.

properties® "812|n the case of some liquid crystalline Reagents and Instruments Alkyllithium compounds were
compounds with 3 ring system, it was reported that by thgurchased from Aldrich or prepared from corresponding alkyl
introduction of fluorine atoms at the terminal phenyl group,bromides!H, *C and'°F NMR spectra were obtained using
nematic-isotropic (NI) point decreased, nematic temperaturBruker Avance 400 spectrometer. The phase transition tem-
range narrowed, optical anisotropy and elastic constant dgeratures and liquid crystalline phases were observed on Met-
creased, and dielectric anisotropy incredded. tler FP 90 coupled with Olympus BH-2.

As a part of an effort to develop novel liquid crystalline Synthesis The synthetic route for the preparation of lig-
compounds which can be used in liquid crystal displayuid crystal compounds is shown in Scheme 1. One of the key
(LCD), we designed new three ring type compounds conreactions in our synthesis is the coupling of 1,2-difluoroalke-
taining partially fluorinated alkenyl or alkyl side chains togethemyllithium with 4-(4'-fluorobiphenyl-4-yl)cyclohexanon®)(
with fluorine substituted cyclohexylbiphenyls. These com-to give 1-(1,2-difluoroalk-1-enyl)-4-(4'-fluorobiphenyl-4-yl)-
pounds were designed on the following basis. First, the tereyclohexanol 10). trans-1,2-Difluoroalkene3 was prepared
minal fluorine atom of biphenyl and fluorine atoms in the according to J. Normants work which was lithiated with n-
side chain would increase the dipole moment to the long axialkyllithium at low temperaturé;** Compound® was prepared
of the molecule. Second, the fluorine atoms in the side chaiftom commercially available 4-(4-hydroxyphenyl)cyclohex-
would increase the dipole moment in the middle portion tcanonevia a series of reactions such as protection with ethyl-

ene glycol, triflation, Suzuki coupling reacttomith 4-fluoro-
R ' @ @ PR F phenylbor(_)nic acid an_d deprotection of ketal group. .
- - _The typlqal synthetic procedure for the preparation of I|q-
uid crystalline compounds with the alkyl chain length of six
R=partially fluorinated alkyl or alkenyl is described as follows.
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Scheme 1 Synthetic Scheme for the Preparation of Liquid Cry-

stalline Compounds.
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1-(1,2-Difluorohex-1-enyl)-4-(4'-fluorobiphenyl-4-yl)-

cyclohexanol (10) To a solution otrans1,2-difluorohex-

Yong Sup Uhm et al.

(2H, m), 1.92 (9H, m), 2.36 (2H, m), 2.59 (1H, m), 7.10 (2H,
m), 7.31 (2H, m), 7.49 (4H, myC NMR (100 MHz, CDGJ,
trang): 0 14.1, 22.3, 27.2(d), 28.2, 28.9, 35.1, 43.6, 71.4(q),
115.8, 116.0, 127.4, 127.7, 128.9(d), 137.6(d), 138.5, 146.5,
150.9(q), 152.3(q), 162.7(d)0b; *H NMR (400 MHz, CDG,

cis): 6 0.96 (3H, t), 1.42 (2H, m), 1.61 (4H, m), 1.95 (2H,
m), 2.23 (1H, bs), 2.45 (4H, m), 2.63 (1H, m), 7.09 (2H, m),
7.24 (2H, m), 7.47 (4H, m¥?*C NMR (100 MHz, CDG,

cis): 614.1, 22.4, 27.3(d), 28.2, 31.8, 36.8(d), 43.2, 73.5(q),
115.9, 116.1, 127.4, 127.7, 128.9(d), 137.5(d), 138.6, 145.8,
150.7(dd), 153.3(dd), 162.8(dJF NMR (376.4 MHz, CDG):
0116.3(m), 146.6(dt), 164.2(dt).

Rearrangement of (10) CompoundLO was rearranged to
4-[4-(1,2-difluorohex-1-enyl)cyclohex-3-enyl]-4'-fluorobi-
phenyl(11; 64 mg, 2.7%) and 1-fluoro-1-[4-(4'-fluorobiphe-
nyl-4-yl)cyclohexylidene]hexan-2-oné% 1.20 g, 51.2%) in
the presence of catalytic amount of acid which was present
in CDCk. 11; '"H NMR (400 MHz, CDCJ): 6 0.94 (3H, 1),
1.39 (2H, m), 1.54 (2H, m), 1.81 (1H, m), 2.04 (1H, d), 2.4
(6H, m), 2.86 (1H, m), 6.13 (1H, s), 7.11 (2H, m), 7.3 (2H,
d), 7.51 (4H, m)=C NMR (400 MHz, CDGJ): 514.2, 22.4,
26.0(q), 27.5(d), 28.5, 30.0, 33.7, 39.4, 115.9, 125.2(d), 127.4,
127.7, 128.9(d), 137.5(d), 138.6, 146.1, 149.1(q), 152.0(q),
162.7, 116.112; *H NMR (400 MHz, CDCJ): 6 0.93 (3H,

t), 1.36 (2H, m), 1.6 (4H, m), 2.05 (4H, m), 2.63 (2H, m), 2.78
(1H, m), 3.04 (1H, d), 3.85 (1H, d), 7.08 (2H, m), 7.24 (2H,
d), 7.5 (4H, m);*C NMR (100 MHz, CDGJ): 514.3, 22.8,
25.9(d), 27.5(q), 34.8(q), 40.3(d), 43.9, 116.0(d), 127.5, 127.7,
128.9(d), 132.9(d), 137.5(d), 138.6, 145.5, 148.9(d), 162.8(d),
197.6(d).
1-Fluoro-1-[4-(4'-fluorobiphenyl-4-yl)cyclohexylidene]-
hexan-2-ol (13) To the solution ofl2 (4.32 g, 11.7 mmol)
in THF (70 mL) was added to sodium borohydride (0.11 g,
2.91 mmol). The reaction mixture was stirred for 12 h at rt,
guenched with saturated MEI (50 mL), extracted with ethyl
acetate (x50 mL), washed with water ¢230 mL), and
dried over Na&SQu. The solvent was evaporatiedvacuoto
give diastereomeric mixture b8, which was chromatographed
on silica gel (hexane : ethyl acetate =6 : 1) to give a white
solid 13a (Rr= 0.25, 1.99 g, 45.8%) and a white sdligb
(Rr=0.15, 1.76 g, 40.5%).3a *H NMR (400 MHz, CDCJ):
6 0.89 (3H, t), 1.29 (8H, m), 1.63 (4H, m), 1.86 (2H, m),
2.00 (3H, m), 2.57 (1H, d), 2.69 (1H, m), 3.01 (1H, d), 4.52

ene 8; 1.73 mL, 10.6 mmol) in THF (10 mL) was added 2.5 (1H, td), 7.09 (2H, m), 7.25 (2H, d), 7.545 (4H, /% NMR

M n-BuLi (4.26 mL, 10.6 mmol, the rate of addition was (100 MHz, CDCd): 4 14.5, 23.0, 25.8, 25.9(d), 28.0(d), 29.5,
adjusted so that the reaction temperature did not rise abod2.2, 34.4, 35.0, 35.1, 44.4, 67.5(d), 115.9, 116.1, 117.2(d),
-100 °C) using pentaneNbath. The reaction mixture was 127.4, 127.7, 128.9(d), 137.5(d), 138.5, 146.1, 151.8(d), 162.8
maintained for 1 h at -7&. To this reaction mixture was (d). 13b; *H NMR (400 MHz, CDCJ): 6 0.90 (3H, t), 1.41
added compouneé (2.596 g, 9.67 mmol) dissolved in THF (10H, m), 1.79 (4H, m), 2.06 (3H, m), 2.55 (1H, d), 2.71 (1H,
(35 mL) dropwise. After 1 hour, the temperature was raisean), 3.01 (1H, d), 4.52 (1H, td), 7.10 (2H, m), 7.25 (2H, d), 7.51
to rt. The reaction mixture was quenched with saturateq4H, m);**C NMR (100 MHz, CDG)): 614.5, 23.1, 25.8, 26.2

NH4CI, extracted with ethyl acetate, dried ovep®{a. The
solvent was evaporat@uvacuoto give crudel0, which was
chromatographed (hexanes : ethyl acetate = 4 ; ,0/56,
trans Rqr=0.30,cis) to give a white solidOa (trans 0.842

g, 22.4%) and liquidlOb (cis, 2.478 g, 65.9%)10a 'H

NMR (400 MHz, CDC): 60.94 (3H, t), 1.35 (2H, m), 2.53

(d), 28.2(d), 29.5, 32.3, 34.7, 34.8, 35.6, 44.3, 67.5(d), 115.9,

116.1, 117.7(d), 127.4, 127.7, 128.8(d), 137.5(d), 138.6, 146.0,

151.5(d), 162.8(d)
4-Fluoro-4'-[4-fluoro-4-(1-fluorohex-1-enyl)cyclohexyl]-

biphenyl (14). To the solution of DAST (1.58 L, 11.9 mmol)

in CH.Cl> (5 mL) was added compouri8 (3.69 g, 9.96
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mmol) in CHCl, (20 mL) maintaining below 76C. After  ethyl acetate (X 20 mL), dried over Ng&8Qu. The solvent

the addition, the temperature was slowly raised®.0Prhe  was evaporateth vacuoand chromatographed on silica gel

reaction mixture was quenched with ice and water, extractethexane) to 4-[4-(1,2-difluorohex-1-enyl)-4-fluorocyclohex-

with ethyl acetate ( 50 mL), dried over N&5Qy. The sol-  yl]-4'-fluorobiphenyl (7; 64 mg, 10.5%) and 4'-fluoro-4-[4-

vent was evaporated vacuoto give crudel4, which was  (1,2,2-trifluorohexylidene)cyclohexyllbiphenyl& 248 mg,

chromatographed on silica gel (hexane : ethyl acetate = 10 : 89.0%).17; *H NMR (400 MHz, CDG): 60.94 (3H, t), 1.45

to give a white solid4a (Ri=0.45, 1.72 g, 46.4%, assigned (4H, m), 1.91 (6H, m), 2.41 (4H, m), 2.62 (1H, m), 7.10 (2H,

to havetrans configuration) and a colorless liquidb (Rr=  m), 7.30 (2H, m), 7.50 (4H, myC NMR (100 MHz, CDG):

0.45, 1.51 g, 40.7%, assigned to heigonfiguration)14g 013.9, 22.0, 24.0, 26.8, 27.7, 35.2(t), 42.6, 115.6(d), 123.5

'H NMR (400 MHz, CDCJ): 6 0.91 (3H, t), 1.35 (4H, m), (q), 127.1(d), 127.3, 128.5(d), 137.1, 138.2, 145.5(d), 148.5

1.84 (6H, m), 2.14 (4H, m), 2.58 (1H, m), 4.98 (1H, dt), 7.09(q), 152.5(m), 163.6(d)L8; *H NMR (400 MHz, CDCJ): &

(2H, m), 7.29 (2H, d), 7.50 (4H, m¥C NMR (100 MHz,  0.93 (3H, t), 1.50 (6H, m), 2.00 (6H, m), 2.69 (1H, m), 3.00

CDCh): 514.4(d), 22.7(d), 23.4(d), 29.1, 31.8, 33.3, 33.5, 43.0(2H, m), 7.06 (2H, m), 7.22 (2H, m), 7.48 (4H, ML NMR

92.1(dd), 106.0(q), 115.9, 116.1, 127.5, 127.8, 128.9(d), 137.800 MHz, CDC}): 613.9, 22.5, 24.2(t), 26.3(t), 26.6(t), 34.3,

(d), 138.6, 146.1, 159.5(dd), 162.8(t}tb; *H NMR (400  34.7, 35.8(t), 43.8, 115.6(d), 120.5(td), 122.4(d), 127.1, 127 .4,

MHz, CDCE): 4 0.93 (3H, t), 1.42 (4H, m), 1.66 (2H, m), 128.6(d), 137.2(d), 138.3, 145.3(dt), 145.4, 162.2(d).

1.1.85 (2H, m), 1.98 (2H, m), 2.22 (2H, m), 2.37 (2H, m),

2.71 (1H, m), 5.14 (1H, dt), 7.10 (2H, m), 7.25 (2H, d), 7.45 Result and Discussion

(4H, m); °C NMR (100 MHz, CDGJ): 4 14.3, 22.7(d), 23.7

(d), 31.6, 33.5(d), 33.7(d), 42.9, 94.4(dd), 111.2(q), 115.9, In our synthetic scheme compouddsvere key compounds

116.1, 127.5, 127.7, 128.9(d), 137.4(d), 138.7, 145.0, 157.tb a series of liquid crystalline compounds through acid cata-

(dd), 162.8(d). lyzed rearrangement, fluorination with DAS Gatalytic hydro-
4-Fluoro-4'-[4-fluoro-4-(1-fluorohexyl)cyclohexyllbipheyl genation, or reduction of rearranged compounds followed by

(15). Crude mixture of compourit (100 mg, 0.268 mmol) fluorination. Compound$0were obtained as mixture of

in ethanol (30 mL) was reduced with (45 psi) and Pd/C (5 andtranscompounds which were able to be separated easily

mg, 10% Pd). The Pd/C was filtered off and the residue wawith silica gel column chromatography. These compounds

evaporatedn vacuoto give a crude compound, which was were labile to acids and rearranged mainly to enb@€s*

purified by column chromatography (hexane) to give a whiteand small amount of dien&4 even in the presence of trace

solid 15 (44 mg, 43.8%)*H NMR (400 MHz, CDCJ): 60.91  amount of HCI which was present in CRCIhe rearranged

(3H, t), 1.6 (14H, m), 2.0 (1H, m), 2.13 (1H, m), 4.31 (1H, a-fluoro enone compounds were reduced with NaBHo

dt), 7.1 (2H, m), 7.3 (2H, d), 7.5 (4H, "C NMR (100 MHz,  give diastereomeric mixture of compouritdwhich were

CDCl): 6 14.4, 22.9, 25.8(d), 29.0(d), 29.3(dd), 30.7(dd),separated with silica gel column chromatography. The reac-

31.8(dd), 32.0, 43.3, 94.8(dd), 97.1(dd), 116.0(d), 127.4, 127.Tions of 10 with catalytic amount of acid and DAST gave

128.9(d), 137.5(d), 138.6, 146.1, 162.8(d). interesting results. The reason for the formatioh2ednd18
4-Fluoro-4'-[4-(1-fluorohex-1-enyl)cyclohex-3-enyllbipheyl  as major products is explained due to the stability of car-

(16). To the solution of compouriditb (500 mg, 1.34 mmol) bocation at the a position of fluorine is greater than that of

in THF (10 mL) was added BBE®L (0.80 mL, 6.2 mmol) at tertiary position of cyclohexane ring (Figure 1).

rt for 1 hr. The reaction mixture was quenched with 5% aq. In this study, we designed and prepared novel liquid crys-

NaHCG;, extracted with ethyl acetateX20 mL), dried over

MgSQ,. The solvent was evaporaterdvacuoto give crude

14,which was chromatographed on silica gel (hexaneOBH o ol

=10: 1) to give a white solid6 (0.46 g, 97.2%JH NMR ‘\%\O m
(400 MHz, CDCY): 50.91 (3H, t), 1.35 (4H, m), 1.82 (1H, r " b Ar
m), 2.04 (1H, m), 2.19 (2H, m), 2.30 (3H, m), 2.51 (1H, m), 17 18
2.85 (1H, m), 4.80 (1H, td), 6.19 (1H, bs), 7.11 (2H, m), 7.2¢ TF T v

(2H, d), 7.50 (4H, m); 13C (100 MHz, CD{£1514.3, 22.8, . . ]

24.1(d), 25.2(d), 30.0, 32.2, 33.6, 39.8, 105.4(d), 115.9, 116.. oH - 1,0 R R_e

123.4(d), 127.5, 127.7, 128.9(d), 129.1(d), 137.5(d), 138.6%\ et KL)\O\'_’ m

146.1, 158.0(d), 162.8(d). Ar Ar ar
Reaction of 1-(1,2-Difluorohex-1-yl)-4-(4'-fluoro-biphe- 10 o

nyl-4-yl)cyclohexanol (10) with DAST DAST (0.233 mL, / l -

1.77 mmol) in CHCI> (2 mL) was introduced to a well dried F F F

5 mL 1-neck round bottom flask under Ar and cooled to -7€ Rm m Rm

°C. To this solution was adddd® (627 mg, 1.61 mmol) in b J TR

CH.Cl; (2 mL) maintaining below -76C. After the addi- 1 o 12 A A

tion, the temperature was slowly raised f€0The reaction  Figure 1. Proposed mechanism for the formatiori@fand18 as
mixture was quenched with ice and water, extracted wittmajor productsrom 10,
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Table 1 The phase transition temperature of liquid crystalline com-Table 1 Continued

pounds R=CH Phase Transition
_ Phase Transition Compound  R=tafizn+ TemperaturéC
Compound  R=GoHznsa TemperaturC No : : ;
No n Crystal-Nematic Nematic-Isotropic
n Crystal-Nematic Nematic-Isotropic 16 3 Heating 62 126
11 4  Heating 67, 124* 1325 Cooling 42.8 126
Cooling 40.2 1325 4  Heating 73.5 132.3
14 3 Heating 65 90 dec. Cooling 55.6 132.3
Cooling 50 5 Heating 63 130
4 Heating 61 90 dec. Cooling 48 130
Cooling 39.7 6  Heating 67 126
5  Heating 67.6 90 dec. Cooling 55 126
Cooling 43.5 4 Heating 34.0 60.5
6  Heating 53 90 dec. 17
Cooling 34 Cooling 20.4 52.71
15 3 Heating 119.5 177 dec. *showed dark area due to vertical orientation betweeiC@hd 124C,
Cooling 88 nematic liquid crystalline state between #24and 132.5C.
4  Heating 110.2 172.7 dec.
Cooling 89.1

) scopy equipped with hot stage (Table 1).
5 Heating 104 161.4 dec. Most of the compounds showed nematic liquid crystalline
Cooling 816 phase between 6C€~130°C. Nematic phase can be identi-
6  Heating 1036 163.3 dec. fied due to its characteristic shape under polarizing micro-
Cooling 93 scope. Photomicrographs of some of the liquid crystalline
compounds are shown in Figure 2.
talline compounds and developed a synthetic pathways. TheTo our surprise compoundl has vertical orientation
phase transition temperatures of the synthesized liquid crystbove nematic trasition temperature, showing dark area
talline compounds were determined by cross-polarizing microbetween 67C and 124C. It showed another liquid crystal-

(b) 14 (n=3), 76 °C (c) 15 (n=3), 140 °C

R\ e AN e
(e) 14 (n=4), 85 °C

B

' & ¥ v | A : %?m"a‘ ’ ;ﬁ 4
(i) 16 (n=5), 129 °C (i) 14 (n=6), 66 °C (k) 15 (n=6), 120 °C (1) 16 (n=6), 125 °C

Figure 2. The microscopic images of nematic phase of synthesized liquid crystalline compounds.

By
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Figure 3. The dependence of transition temperature on the alkyl 5.
chain length on heating scan.

6.

line state about 8 degrees below isotropic state to show col-7.
orful area. Compound$l and 17 showed relatively low
phase transition temperature without decomposition. How- 8-
ever, they were obtained as minor product in the course of
main synthetic scheme. Compourdsand15 decomposed

to 16 at high temperature by loosing HF. Compoufhdb

and 18 do not have liquid crystalline properties probably 10
because of their bent structure.

The dependence of transition temperature on the alky{q.
chain length is different for each series of liquid crystalline
compounds. (Figure 3) Compourdd series show lower
transition temperature for even number chain, compaind
series show lower transition temperature for odd numbet2.
chain, and compound5 series show lowering transition 13
temperature as chain length increase.

Conclusion 14,
All the compounds designed and prepared in this workig'
showed nematic liquid crystalline properties. At this stage,
the length of fluorine substituted side alkyl chain was limited1 7.
only to five and eight carbons due to the commercial avail48.
ability of alkyllithium. Further variation of cyclohexene moi-
ety and side chain will give better physical properties. Othei9.
physical properties such as dielectric anisotropy, resistivity,
viscosity are under investigation. In order to be used in qu-2
uid crystalline mixture for LCD, further blending study will
be carried out. 21
Acknowledgment This work was financially supported

Bull. Korean Chen2086cVol. 21, No. 4 445

by MOCIE (Ministry of Commerce, Industry and Energy)
and MOST (Ministry of Science and Technology) as a part
of G7-Project.

References

. Guittard, F.; de Guivenchy, E. T.; Geribaldi, S.; Cambon,

A. J. Fluorine Chem1999 100, 85.

. de Guivenchy, E. T.; Guittard, F.; Bracon, F.; Cambon, A.

Liquid Crystals1999 26, 1163.

. Nguyen, H. T.; Rouillon, J. C.; Babeau, A.; Marcerou, J.

P.; Sigaud, G.; Cotrait, M.; Allouchi, H.iquid Crystals
1999 26, 1007.

Liu, H.; Nohira, HLiquid Crystals1998 24, 719.

Kirsch, P.; Heckmeier, M.; Tarumi, Kiquid Crystals
1999 26, 449.

Kirsch, P.; Tarumi, KAngew. Chem. Int. EA998 37,
484.

lannacchione, G. S.; Garland, C.\Mguid Crystals1999
26, 51.

Nagashima, Y.; Ichihashi, T.; Noguchi, K.; lwamoto, M.;
Aoki, Y.; Nohira, H.Liquid Crystals1997, 23, 537.

9. Saito, H.; Nakagawa, E.; Matsushita, T.; Takeshita, F,;

Kubo, Y.; Matsui, S.; Miyazawa, K.; Goto, EEICE Trans-
actions on Electronic996 E79 (8), 1027.

. Collings, P. J.; Hird, M. Imtroduction to Liquid Crystals

Taylor & Francis Ltd.; London, U.K., 1997; p 70.

Smart, B. E. II€hemistry of Organic Fluorine Compounds
II; Hudlicky, M., Pavlath, A. E., Eds.; ACS Monograpg
187, American Chemical Society, Washington, DC, 1995;
p 990-991.

Chen, B.-Q.; Wen, J.-Xiquid Crystals1999 26, 1135.
Keniji, F.; Etsuo, N.; Yasuyuki, G. lnquid Crystals for
Advanced TechnologigBunning, T. J., Chen, S. H., Haw-
thorne, W., Kajiyama, T., Koide, N., Eds.; Material Research
Society Symposium Proceedings Vol. 425, 1996; p. 43.
Martin, S.; Sauvere, R. Orgmet. Chen1984 264, 155.
Martin, S.; Sauvetre, Hetrahedron Lett1983 24, 5615.

. Gillet, J. P.; Sauvetre, R.; Normant, JSimnthesis986

355.

Suzuki, ASynlett1992 207.

Middleton, W. J.; Bingham, E. MDrg. Syn 1988 Col.
\Vol.VI, p 835.

Sauvetre, R.; Masure, D.; Chuit, C.; Normant, SyRthe-
sis1978 128.

0. Normant, J. F; Foulon, J. P.; Masure, D.; Sauvetre, R.;

Villieras, J.Synthesid975 122.
Martin, S.; Sauvetre, R.; Normant, JT&rahedron Lett
1984 27, 1027.




