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16,16,16,17,17,17- Hexafluororetinal Analogs

New approaches to 16,16,16,17,17,17-hexafluororetinal and analogs, via 2-methyl-6,6-bis(tri-
fluoromethyl)cyclohexanone and 2-methyl-6,6-bis(trifluoromethyl)cyclohex-1-ene-1-carbalde-
hyde (7,7,7,8,8,8-hexafluoro-B-cyclocitral) are presented. An efficient synthesis for 2-methyl-
6,6-bis(trifluoromethyl)-cyclohex-3-ene-1-carbaldehyde starting from hexafluoroacetone has
been described and used for preparing reactive building blocks. The crystal structures of 6, 15
and 23 have been provided and the influence of the bis(trifluoromethyl)-group on bond lengths
and angles have been discussed.

2-METWUJ1-6,6-BIC(TPUDTOPOMETUJT)LUMKITOTEKC-3-EH-1-KAPBAJIbAErNA: PEAKLIINHA 34AT-
HICTb TA BUKOPUCTAHHS Y IKOCTI MOLEJ1I 4J151 OTPUMAHHS 16,16,16,17,17,17-TEKCAPTO-
POPETUHAJIbHUX AHAJIOrIB

Capa boiviwy, Cecinb boviep, Knayc bioprep, Anoiz Xaac, Knayc Mepu, Teeppi Mevgx, TinbmaH
Bonnmixpar

lMpeactaBneHi HoBi nigxonn Ao oTrpumaHHsa 16,16,16,17,17,17-rekcajpTopopeTtnHany Ta oro
aHasnoriB Yepes 2-meTuni-6,6-6ic(TpngTopoMeTUI)UNKIIOreKCaHoH i 2-metun-6,6-6ic(tpungTopo-
metus) uuknorekc-1-eH-1-kap6ansgerng (7,7,7,8,8,8-rekcagpropo-p-umnknoyntpasn). Onuca-
HWii edpeKTUBHNUI cuHTE3 2-meTnn-6,6-6ic(TpugdTopomeTn)-umnknorekc-3-eHa-1-kapbanbaeri-
Ay 3 BuxigHoro rekcagropoaueToHy, SIkuii BUKOPUCTOBYETbCS AJIS OTPUMAaHHSA OyRiBesibHUX
6nokie peakuii. HaBegeHi kpucrtaniyvi ctpyktypu 6, 15 n 23, a TakoXX 06roBopeHuii BIJINB
bic(TpngTropomMeTns)-rpynn Ha 4OBXUHY Ta KyTU 3B’3KiB.

2-METWNJ1-6,6-BUC(TPUDPTOPOMETUIT)LUNKITIOTEKC-3-3H-1-KAPBAJIbAErN4: PEAKLIMOHHAS
CroCcOBHOCTb U MPUMEHEHUWE B KAYECTBE MOAEJIN AJ14 NOJ1YYEHUA 16,16,16,17,17,17-
FTEKCA®TOPOPETUHAJIbHbIX AHAJIOFOB

Capa boviwny, Cecunb boviep, Knayc Broprep, Anon3 Xaac, Knayc Mepu, Teeppn [Mengx,
TunsmaH Bonnmuxpar

MNMpenctaBneHbl HOBbIe nogxoabl K nosy4enumio 16,16,16,17,17,17-rekcagpTopopeTtnHana n ero
aHanoros Yyepes2-meTun-6,6- 6uc(TpudTopoMeTU)UNKIIOreKcCaHoH n 2-metus-6,6-6uc(tpugTopo-
meTunn) uymknorekc-1-aH-1-kap6angeruna (7,7,7,8,8,8-rekcajpropo-B-unknountpasn). OnucaH ag-
dekTuBHbI CUHTE3 2-MeTun-6,6-6uc(TpugdTopomeTnn)-umnkiorekc-3-aHa-1- kapbansgervga ns
ucxogHoro rekcagpropoareTtoHa, NpUMeHsseMblii A1 NoJIly4eHUsl CTPOUTEesNbHbIX 6JIOKOB peak-
unn. lNpuBeneHbl KpucTannandeckue cTpykTypbl 6, 15 m 23, a Takxe o06CyX[eHO BAUNsHUe
6uc(tpngropomeTns)-rpynnbl Ha ANHY U Yribl CBSI3€i.

A world wide interest in fluorinated organic mole -
cules is justified by their unpredictable biological
properties mostly in a favourable way. Fluorinated
retinals are active against some viral diseases and
obstructions of the central nerve system; they are used
in anaesthesia, as antibiotics and against diabetes [1-6].
In addition they are increasing metabolic stability and
lipophilicity, enhancing in vivo absorption and trans-
port rates, as well as improving permeability through

certain body barriers [7, 8]. The trifluoromethyl group
is attractive since it is relatively non-toxic and some -
what more stable than the difluoromethyl and the
monofluoromethyl group [9, 10]. As far as retinals are
concerned it was expected, especially by a bis(tri-
fluoromethyl)-substitution in position 1, a reduction
of the metabolism rate and hence an increase of their
pharmacological activity. Recently, retinal was in the
focus of some groups in industry and academia. The
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methyl groups in position 16 [11], 18 [12], 19 [13, 14]
and 20 [15, 16] of retinal have been replaced by
trifluoromethyl moieties.

Surprisingly the preparation of 16,16,16,17,17,17-
hexafluororetinal (1) bearing a geminal pair of tri-
fluoromethyl groups, is not described. A straight for-
ward route was tested: the direct coupling of 2-methyl-
6,6-bis(trifluoromethyl)-cyclohexanone (2) [17] with
an O-silylated Nakanishi type alcohol 3 [18], which
was added to the carbonyl group of 2 via a lithiated
acetylene moiety to give adduct 4 as a 3:1 mixture of
diastereomers in 73% yield (Scheme 1). Unexpect-
edly, the final step of the synthesis, the introduction
of the CC double bond via elimination of water turned
out to be highly problematic. We tested several stand -
ard protocols for H»>O elimination, so far without
success [19, 20].

F:C CFs

Therefore, an alternative approach was started.
From 2,2-bis(trifluoromethyl)ethylene-1,1-dicarboni-
trile (5) [21] and (E)-1,3-pentadiene in a Diels-Alder
reaction 1,1-bis(trifluoromethyl)-5-methyl-6,6-dicyano-
cyclohexa-diene (6) was synthesized [22] and trans-
ferred via a 4 step synthesis (7 -8 — 9) to 7,7,7,8,8,8-
hexafluoro-B-cyclocitral (10), the ideal synthon for
preparing 1 [23]. The weakness of this procedure was
step 7 — 8, an allylic bromination with NBS providing
1,1-bis(trifluoromethyl)-5-methyl-6-cyano-cyclohex
a-3,5-diene (8) only in low yields after a long lasting
separation by MPLC. Therefore a more efficient route
was demanded. Two routes were pursued: elimination
of HCN from the 6 to 8 and the application of other
halogensuccinimids. The first route, treating 6 in acidic
media (conc. HCI, conc. H2SO4, CF3SO3H in CCl4
at 20°C, 24h), did not provide 8. Under more drastic
acidic conditions (refluxing in CF3SO3H) 6 decom-
posed in an uncontrolled way.

Reactions using fluoride ions, known as a strong
base under certain conditions [24] gave, while refluxing

4

with a mixture of 5 parts KF in CH3CN (20h) in the
presence of 18-Crown-6, a 37% yield of compound 7
(calculated by 'H NMR).

These experiments confirm that both EtO™ and F~
act as nucleophiles and not as bases. The reaction using
fluoride anion as a nucleophile in a non-protic solvent
like CH3CN probably implies a hydrogen transfer from
the solvent.

No reactions were observed investingating route
two, between 1,1-bis(trifluoromethyl)-5-methyl-6-cy-
ano-cyclohexa-3-ene (7) with NSCI or NSI.

Furthermore, allylic hydroxylation of 7 with SeO2,
isomerization of the double bond, to get the corre-
sponding 8 failed. Similar attempts to isomerize 7
under basic or acidic conditions (DBU, ether; conc.
sulfuric acid; excess of TfOH), were unsuccessful and
the starting material was recovered.

A new pathway was tested, avoiding allylic halo-
genation and MPLC purification steps. The CC dou-
ble bond of 7 was transformed by m-CPBA to give
epoxide 12. Under basic conditions, allyl alcohol 13
was obtained and dehydrated in acidic media to give
nitriles 8 and 8a, isolated as an isomeric mixture
according to Scheme 3.

The different experiments, carried out to dehydrate
13 With P40j9 in CH2CI at 20°C (12h) were not
satisfactory. Better results were obtained with conc.
sulfuric acid or triflic acid in DCM providing the two
isomers 8 and 8a in a 9:1 ratio, which were charac-
terized by "H-NMR spectroscopy. The nitrile func-
tions of the isomers were transformed into aldehyde
moieties in low yields (30-50%). They were not iso-
lated but directly hydrogenated to a mixture, which
was purified by liquid chromatography (glass column,
eluant: pentane / AcOEt, 98:2) giving the conjugated
aldehyde 10, in 34% yield (calculated from the nitriles
8 and 8a). This corresponds to results published earlier
[23], but the procedure is less time consuming.

An additional attempt elucidating a promising pre -
cursor was the preparation of 1,1-bis(trifluoromethyl)-
5-methoxy-6,6-dicyanocyclohex-3-ene (14) from 5
and 1-methoxybutadiene. This route was not pursued.
Instead 2-methyl-6,6-bis(trifluoromethyl)cyclohex-3-
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ene-1-carbaldehyde (11) was made from 7 as shown
in Scheme 2 in preparative amounts. The easy access
made 11 the preferred synthon and was used as a model
for studying the influence of the bis(trifluoromethyl)
group on the reactivity of the aldehyde function. The
compounds synthesized are summarized in Scheme 4.
Only a mixture of NaClO3, NaH>PO4 and H202
oxidized it to the acid 15 in 70% yield. With m-CPBA
11 was oxidized to give the epoxialdehyde 18 and the
acid 23 was obtained from 18 similarly to the prepa-
ration of 15. With hydroxylamine 17 is formed and the
reduction with NaBH4 provided alcohol 16. The acid
bromide 20 was obtained from 11 and bromosuccin-
imid in CCl4. The corresponding acid chloride 19 was
made by chlorinating 15 with oxalyl choride, PCl5 or
SOCI,. A Wittig-Horner-Reaction of 11 with trime-
thyl-phosphonoacetate converted it into the corre-

sponding methyl ester 21, which was hydrolyzed to
give acid 22.

These compounds represent a substantial number
of bis(trifluoromethyl) substituted cyclohexenes and
provide an interesting class of building blocks.

The present structure determinations of 6, 15 and
23 were undertaken to investigate the influence of a
geminal pair of trifluoromethyl groups on further
substituents on the ratinal ring backbone.

The molecule 6 is shown in Fig. 1. A striking feature
of 6 is the angle of the dicyano group with 105.9° which
is different to the angle of 108.1° in the dicyano group
of dicyano-2-ethoxy-6-isopropyl-4-methylcyclohex-3-ene.
Within experimental error, the influence of the neigh -
bouring trifluoromethyl group on the dicyanogen gro -
up in 6 is similar to the values in 2,3-dichloro-5,5-di-
cyano-6,6-bis(trifluoromethyl)norborane [25]. There

0
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Fig. 1. The molecular structure of 6 with displacement
ellipsoids for non-H atoms at the 50% probability level.
Hydrogen atoms are omitted for clarity

Fig. 2. The molecular structure of 15 with displacement
ellipsoids for non-H atoms at the 50% probability level.
Hydrogen atoms are omitted for clarity.

are slightly short CN bonds 1.137 A® and 1.140 A° than the
observed distance of 1.143 A° and 1.145 A° in dicy-
ano-2-ethoxy-6-isopropyl-4-methylcyclohex-3-ene [26].

The structures of 15 and 23 are presented in Fig. 2
and 3. Both retinal molecules consist of a carboxy
group which is neighbouring to the bis(trifluoromethyl)
group. In contrast to 15, a slight influence of the
geminal pair of trifluoromethyl group on the carboxy
function of 23 is observable. The C=0O bonds in 23

MC}Si COzET

~_

ellipsoids for non-H atoms at the 50% probability level.
Hydrogen atoms are omitted for clarity.

with 1.189 A® is slightly shorter than the C=0 value
observed for carboxylic acids in the literature [27].
Furthermore the C-O bond lengths of the epoxy group
with 1.434 and 1.444 A’ are shorter than the C-O bond
lengths in a comparable epoxy substituted ring system
[28]. There is no influence of the geminal pair of
trifluoromethyl group on the retinal ring geometry
observable. All of the bond lengths and bond angles in
the ring backbone of the compounds 6, 15 and 23 are
in the normal range.

Condensations leading to precursors of the target
molecule 1

Target molecule 1 can be prepared from 10 in a
number of ways [29]. A coupling reaction was chosen
in order to have a convergent synthesis but also trying
to minimize the ratio of the isomeric products usually
obtained in such a synthesis. The synthons for building
up the side chain are either commercially available or
are readily prepared by literature methods [30]. Al-
though the targeted part 10 of the bis(trifluoromety-
lated) vitamin A is available by two different routes the
easier accessible aldehyde 11 was used to test some
coupling methodology.

CF; CFs
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The first attempt was made with the commercially
available ethyl 2-trimethylsilyl acetate in THF in the
presence of LDA. The expected product 24 was ob-
tained in 95% vyield as a mixture of E/Z isomers in a
ratio of 1:4. It was also formed as methylesters 24a from
11 and trimethylphosphono acetate in 72% yield. Conden -
sation of 11 with lithiated BrCH=C(CH 3)CH=CHOCH3,
prepared in situ by halogen-metal exchange, led to the
des1red condensation products 25 characterized by

BC NMR spectra and GC-MS data. Two isomers
Were obtained. However, by-products could not be
removed completely by liquid chromatography (glass
column). Therefore, the yield was determined spec-
troscopically. Analogously 11 reacted with the lithiated
BrCH=C(CH3)CH=CHCH=C(CH3)CH=CHOCH3
giving a mixture of products. After purification a single
1somer 26 was obtained and characterised by '"H NMR
and °C NMR spectra, see Scheme 5.

When 10 reacted, under conditions described abo-
ve, the expected compounds were obtained, as shown
in Scheme 6, but in rather low yields. Based on
practical experience made before, 10 is used as the
appropriate synthon for building up the side chain.
With ethyl 2-trimethylsilylacetate it reacted to the
corresponding 27 consisting of two isomers (ratio 2:1)
and characterised by GC-MS analysis. With ethyl-3-
methyl-4-(diethylphosphonato)-but-2-enoate 10 for-
med 15% of 28 as a 1:1 mixture of two isomers.
According to these results it can be concluded that 10
is less reactive than 11, forming with increasing chain
length less stable retinal analogous.
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Experimental

The compounds 2 [17], 6 [22] and 7-10 [23] were
synthesised accordrn% to literature methods. IR spectra
were recorded in cm™, neat between KBr pellets, using
a Bruker Vektor 22 and Bruker FT-IR-spectrometer
IFS. NMR spectra were recorded, if not otherwise
stated Wrth a Bruker WP 80 PFT spectrometer (19F)

H and °C NMR spectra were obtained using an AM
400 PFT-NMR spectrometer. In general CDCI3 was
employed as a solvent at 25°C. As reference standards
(& in ppm, J in Hz , TMS was used for 'H and Bc
(internal), and for ! F NMR spectra FCCIl3 (internal).

If not otherwise stated mass spectra m/z, (%) of liquids
were obtained with a HP-gaschromatograph 5890 with
a 12,5 m capillary column covered with OVI and an
HP MS Engine 5989 A and an electron ionisation (EI,
70eV). Solids were recorded (EI, 70eV) with a Varian
MAT-CH 7 instrument.

Crystal structure determinations The intensities
were measured with a Bruker-axs-SMART diffrac-
tometer (Moko radiation, A = 0.71707 A°, o-Scan, T
= 213 K, the structures were solved by direct methods.
Refinements were carried out with the SHELXL-97
package. All non-hydrogen atoms were refined with
anisotropic temperature factors. The hydrogen atoms
were placed in calculated positions and refined iso-
tropically in riding mode. All reﬁnements were made
by full-matrix least-squares on F2. Crystallographic
data (excluding structure factors) for the structures
reported in this paper have been deposited with the
Cambridge Crystallographic Data Centre as supple-
mentary publication no. CCDC 632394-632396. Cop-
ies of the data can be obtained free of charge on
application to CCDC, 12 Union Road, Cambridge
CB2 1EZ, UK (fax: (+44)1223-336-033; email: de-
posit@ccdc.cam.ac.uk).

Crystal data 6 15 23
Empirical formula CiHsFeN2 CioH1oF602 CioHoF603
Formula weight 282.19 276.18 291.17
Space group P21/c Pbca P24

a (A°) 7.228(2) 11.965(2) 6.926(1)
b (A°) 13.312(4) 12.332(3) 10.305(2)
c (A°) 12.367(4) 15.342(3) 7.996(1)
B () 103.10(3) 90 104.707(4)
V (A% 1159.0(5) 2263.7(8) 552.06(16)
z 4 8 2
p (Mo-Ka) (mm™) 1.617 1.621 1.752
2 0 Range (°) 50 50 50
Refl. coll. 4867 5202 2873
Ind. Refl. 2025 (Rin=0.0258) | 1904 (Rin=0.0812) | 1477(Rint=0.0202)
Riand wRz [I > 25 ()] | 0.0358, 0.0917 | 0.0469, 0.0904 | 0.0335, 0.0920
Riand wR; [all data] | 0.0420, 0.0964 0.1144, 0.1144 0.0347, 0.0932
Goodness-of-fit, S 1.025 0.906 1.104
Data-to-parameter ratio 2025/172 1904 /167 1477 /176

7,8-Dehydro-5,6-dihydro-6-hydroxy- -ionyliden-
ethanol-11-(tert.-butyl)-dimethyl)-silylether (4)

In a dry argon atmosphere to a 3-methyl-pent-4-
inol-(tert.-butyl-dimethyl-silylether (0.5 g, 2.18 mmol),
dissolved in THF (10 mL), cooled to 0°C, a solution

7
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of 1.6 M butyllithium in n-hexane (1.5 mL, 2.4 mmol)
were injected and stirred at 0°C (0.5 h). To this orange
solution 1,1-bis(trifluoromethyl)- 3-methylcyclohex-
anon (0.4 g, 1.46 mmol) dissolved in THF (2 mL) was
injected and stirred for 3 days. The procedure was
stopped by adding a NH4Cl solution. The mixture was
extracted three times with ether; the combined organic
phase was washed with water and dried over sodium
sulfate. Volatile parts were removed by a rotating
evaporator and the orange oil was purified by column
chromatography (eluent: petrolether : chloroform 5:1).
Yield: 0.49 g, (73.3%). The yellow oil consists of two
isomers: ratio 3:1. They could not be separated and
their conﬁguratlon could not be elucidated. Bp
100° C/lO (dec), "H-NMR (80 MHz) &: 0.05 (s, 6
H, Si(CHz)2; 0.88 (s, 9 H, C(CH3)3); 1.07 (s, 3 H,
14CH3) 1.74 (s, 3 H, 15-CH3); 0.75-2.1 (m, 7 H,
2 CH3, 3-CHs, 4- CH3, 5-CH); 4.23 (d, 2 H, 10- CH3,
J(H H) = 5.7): 5.94 (t,1H, 9-CH, 3J(H,H) = 5.7).

BC-NMR (62.86 MHz) &: -5.36 (q, Si(CH3)2,
J(C H) =118.3); -3.73 (s, Si(CMe3)); 16,62 (q, C-14,
1J(C.H) = 127. 8); 16.98 (g, C-15, 1J(C,H) = 127.8)
1828 (t, C-3, 'J(C,H) = 1278), 1975 (t, C-4,
J(C H) = 133 5); 25 78 (q, C(CH3)3 J(C H) =
120 1); 31.11 (1, C-2, J(C H) =131. 6),238 48 (d, C-5,
J(C H) = 133.5 Hz) 59 62 (sep, C-1, “J(C,F) = 20. 8
Hz); 59.77 (t, C-11, J(C H) = 141.1 Hz);73.81 (s,
C-6); 82.15 (s, C7) 91.28 (s, C-8);117.08 (s, C-9);
124.59 (q, CFs3, J(C F) = 288. 0) 125.07 (q, CFs3,
J(C F) = 288,0); 138.28 (d, C-10, J(C H) = 160.2).

PF-NMR 1 (75.26 MHz) 6 -58.98 (q, CFs3,
4J(F,F) = 11.8); -65.56 (q, CF3, *J(F,F) = 11.8). IR
3627(0OH), 3460(0OH), 2957, 2886, 2360, 2219, 1751,
1464, 1370, 1304, 1254, 1206, 1175, 1105, 953, 907,
837, 778, 727, 668 541.

MS 458(M 12); 402(7), 401(32); 309(21); 307(23),
267(6); 203(7); 147(7); 145(9); 107(57), 77(33); 75(100);
73(51).

2-Methyl-6,6-bis(trifluoromethyl)cyclohexa-1,3-di-
ene-1-carbonitrile (8)

2-Methyl-6,6-bis(trifluoromethyl)cyclohexa-1,4-di-
ene-1-carbonitrile (8a)

To a solution of 13 (5.6 g, 20.5 mmol) in DCM
(400 mL), 96% H2SO4 (19.6 g, 10 eq.) or TFOH (18 mL,
10 eq.) were added at room temperature. The mixture
was strirred for 1 d at room temperature. The organic
phase was separated and neutralized with aqueous
sodium hydroxide, then washed with water, dried with
Na3SO04 and evaporated to dryness. The resulting solid
was sublimed. Yield: 2.88 g (55%), white solid, mixture
of two isomers.

"H NMR Isomer 8 &: 2.27 (s, 3H, CH3); 2.88 (dd,
2H,J =4.0,J = 2.0, CHy); 6.05 (dt, IH, J = 10.0,J
= 2.0, H-3); 6.17 (dt, 1H, J = 10.0, J = 4.0, H-4).
Isomer 8a &: 2.29 (s, 3H, CH3); 3.01 (br.t, 2H, J =
4.0; J = 2.5; CHy); 5.87 (dt, 1H, J = 10.0, J = 2.0,
H-5); 6.33 (dt, 1H, J = 10.0, J = 3.5, H-4).

2-Methyl-6, 6-bis(trifluoromethyl)cyclohex-3-ene-
1-carbaldehyde (11)

To a cold (0°C) solution of 2-methyl-6,6-bis(tri-
fluoromethyl)cyclohex-3-ene-1-carbonitrile (7) (5.0 g,

8

20 mmol) in ether (150 mL) DIBAIH (1 M in hexane,
43 mL) was added with stirring under inert gas. The
mixture was stirred for 90 min at ambient temperature,
then it was cooled to 0°C and diluted H2SO4 (10% in
water; 100 mL) was added. After stirring for 2 h at
room temperature, the organic phase was separated,
washed with water (3x30 mL) and neutralized. After
drying with Na»SQg, filtration and evaporation of the
solvent i. vac. a slight yellow coloured oil was obtained,
Which was purified chromatographically with a mix-
ture of petrolether : acetic acidester = 60 : 1.

Yield: 4.8 g, (94.9%).

"H-NMR &: 1,01 (d, 3H, J = 6,6, CH3); 2.46 (m,
2H, 6-CH/ 2-CH»); 2,55 (d, 1H, 2-CH2, J = 18.8);
2.74 (m, 1H, 5-CH); 5,59 (d, 1H, 3-CH/4-CH), J =
10,3); 564§d 1H, 3-CH/4-CH, J— 10,3); 9.73 (m,
1H, CHO). 3C- NMR(62 86 MHZ) 8:19.87 (q, CH3,
J= 127,8); 26.36 (tr, 2-C, J = 131,6); 27.30 (d, 5-C,
J=124,0); 52.06 (sept, 1-C, J = 25,4); 54.22 (d, 6-C,
J = 129.4); 120.03 (d, 4-C, J = 162,1); 124,68 (q,
CF3/CF3, J = 286,1); 131.95 (d, 3-C, J = 162,1);
198.96 (d, CHO, J = 181,1). ’F-NMR (75.26 MHz)
S 655(q,CF3,J—98) -70,22 (q, CF3, J =9.8).
MS m/z (%) 260 (M /17) 245(10); 231(100); 217(17);
163(55); 142(54); 127(40); 95(18); 69(17); 65(25). IR 2960,
2870, 1720, 1440, 1365, 1265, 1195, 1120, 705. Anal.
calcd. for C19H10F60: C, 46,1%; H, 3,9%; Found: C,
44.4% (low value because of CF4 formation); H, 4,0%.

3,4-Epoxy-2-methyl-6,6-bis(trifluoromethyl)cyclo-
hexane-1-carbonitrile (12)

To a solution of 7 (33.0 g, 128 mmol) in DCM
(450 mL) m-CPBA (47.0 g, 70% w/w 1.5 eq.) was
added at room temperature. After two days the white
precipitated solid was filtered off and washed with
DCM. The sample was neutralized with aqueous
sodium hydroxide. The organic phase was separated,
washed with water, dried over Na2SQO4 and evaporated
under reduced pressure. Yield: 33.8 g (96%), white
sohdg mp 70°C.

F NMR (75.26 MHz) &: 680 (q, JFF = 9.8,
CF3); -71.6 (q, Jrr = 9.8, CF3). '"H NMR (200 MHz,
resolved with HMQC correlatlon) 5:1.46 (d, 3H,J =
7.0, CH3); 2.23 (dq, 1H, J =16.6,J =2.0; CH?); 2.47
(dd, 1H, J = 16.6, J = 5.5, CHy); 2.51 (m, 1H,
CHCH3); 291 (d, 1H, J = 12.0, CHCN); 3.28 (dd,
1H, J = 4.0, J = 1.5, CHO) 3. 36 (m (looks like dd),
1H; CHO). B¢ NMR 8: 16.1 (CCH3); 24.1 (CHy);
29.4 (CH2); 29.5 (CCN); 48.8 (CO); 49.5 (sept, JcF
= 26.2, C(CF3)2); 55.0 (CO); 115.1 (CN); 122.6 (q,
J= 286 7, CF3) 123.2 (q, J = 286.7, CF3). MS 272
[M — H|" (4); 257 (82); 218 (4); 204 (15); 186 (5);
176 (5); 166 (8); 145 (7); 127 (6); 109 (9); 95 (11); 84
(16); 75 (12); 69 (66); 55 (34); 41 (100); 39 (68).

3-Hydroxy-2-methyl-6,6-bis(trifluoromethyl)cyclo-
hex-4-ene-1-carbonitrile (13)

To a solution of epoxide 12 (31.0 g, 110 mmol) in
THF (225 mL), aqueous sodium hydroxide (70 mL;
16.6 N; 10 eq.) and n-BusNOH (70 mL; 40% w/w;
0.25 eq.) were added. The solution was refluxed for 2
h. The dark red solution formed was neutralized with
SN HCI and evaporated in vacuo, The remaining
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product was extracted with DCM (3x100 mL). The
organic phase was dried with Na2SO4 and evaporated
in vacuo. The crude product was purified by silica gel
filtration (eluent: DCM).Yield: 26.4 g (88%), white
sohdq mp 74°C.

F NMR (75.26 MHz) &: 680 (q, JFF = 9.8,
CF3); -71.6 (q, JFF = 9.8, CF3). '"H NMR (200 MHz)
8:1.34 (d, 3H, J = 7.0, CH3); 2.31 (m, 1H, CHCH3);
3.35(d, 1H, J= 12.0, CHCN); 4.13 (dd, 1H, J=55,
J = 3.0 Hz, CHOH); 5.79 (d, 1H, J = 10.5, H-5);
651(dd 1H J=10.5,1=5.5, H4)

B¢ NMR (Resolved with HMQC correlation) 8:
14.9 (CH»y); 28.0 (CCN); 32.5 (CCH3); 52.5 (m,
C(CF3)2); 62.9 (COH); 116.0 (CN); 118.0 (C-5);
122.15 (q, J = 286.1 CF3) 122.3 (q, J = 286.1, CF3);
137.1 (C-4). MS 273 [M]" (1); 258 (2); 244 (9) 216
(4); 204 (100); 186 (9); 177 (10); 166 (14); 158 (6);
149 (13); 127 (7); 117 (19); 109 (14); 84 (49); 83 (31);
69 (45); 55 (28); 39 (29).

2-Methoxy-6,6-bis(trifluoromethyl)-cyclohex-3-ene-
1,1-carbodinitrile (14)

To a cold solution (0°C) of 5 (2.55 g, 119 mmol)
in dry pentane (60 mL), a solution of 1.0 g of 1-meth-
oxybutadiene (1 eq.) in dry pentane (100 mL) was
slowly added. The solution was stirred for 1 h at 0°C,
then for 3 h at room temperature. The resulting white
solid was filtered at 0°C and washed with cold pentane
(3x 20 mL) Yield: 3.45 g (97%), white solid, mp 70°C.

F NMR (75.26 MHz) &: 65 8 (q, JFF 12.2,
CF3); -68.0 (q, JFF= 12.2, CF3). HNMR(200 MHz)
5: 5.94 (br, s, 2H, oleﬁmc protons); 4.39 (br. s, 1H,
CHOCH3); 3.76 (s, 3H, OCH3);2.90(d, IH,J = 19.1,
CHy); 2.73 (d, 1H, J = 19.1, CH»). CNMR &: 27.4
(CH2); 41.5 (C(CN)2); 58.0 (C(CF3)2); 62.1 (OCH3);
80.5 (CHOCHs3); 112.4 (CN); 113.3 (CN); 126.7,
127.6 (CH=CH); 124.7 (q, J = 287.8, CF3); 125.2 (q,
J = 287.8, CF3).

2-Methyl 6-bis(trifluoromethyl)cyclohex-3-ene-1-
carbonic acid (15)

A buffer solution of NaH2PO4 (0.32 g, 2.2 mmol)
in water (2 mL) was added to a solution of 11 (2.6 g,
10 mmol) in acetonitrile (10 mL). The mixture was
added to a solution to hydrogen peroxide (30% in
water; 1.1 mL, 10.4 mmol). After cooling to 10°C a
solution of NaClO; (to 80% is 1.6 g, 14 mmol) in
water (14 mL) was added slowly. After stirring for 15
h at ambient temperature, the reaction mixture was
treated with NazSO3 (~1.0 g) to destroy HOCI and
H7>Os. After neutralization with 10% HCI, the mixture
was extracted with ether, the organic phase was sepa-
rated and dried with Na»SOg4. After filtration and
evaporation of the solvent in vacuo a white solid was
obtamed Yield: 2.4 g (86.9%), mp 84-87°C.

'H- NMR (200 MHz) &: 1.03 (d, 3H, J = 6.8); 2.41
(d, 1H, J = 20.0); 2.50 (d, 1H, J = 160), 2.53-2.63
(m, 1H) 277 (s, 1H); 5.47- 5.61 (m, 2H); 9.85 (s, 1H,
COOH). BC-NMR (200MHz) &: 20.31 (CH- CH3)
27.17 (CHy); 31.28 (CH-CH3); 48.64 (CH-COOH);
52.4 (sept, J = 25.0, C(CF3)2); 119.87, 132 05 (C=0);
122.05, 127.72 (2 CF3) 176.98 (COOH) PF _NMR
(235.3 MHz) 5: —66.7 (6 F, d, Jur = 8.5, CH(CF3)>2).

6,6-Bis(trifluoromethyl)-2-methyl-1-hydroxymethyl-
cyclohex-3-en (16)

To a solution of 11 (0.25 g, 0.96 mmol) in 10 ml
ether LiAIH4 (0.05 g, 1.31 mmol) was slowly added.
Reaction took place with slight foam up. After 20 min dil.
sulfuric acid (5 mL) was added and the mixture continu-
ously stirred for additional 15 min. The organic phase was
separated and the aqueous solution was extracted twice
with ether (10 ml each). The combined phase was washed
with water and dried afterwards with sodium sulphate.
Ether was removed with the aid of a rotational vaporizer
proyiding 20 (0.235 g, 93.4%) as a colourless hquld

'H- NMR (80 MHz) 6: 1.25 (d, 3 H, CH3, J(H H)
=8.7); 1.61-2.01 (m, 1 H, 6-CH); 223 2.65 (m, 3 H,
2-CH»/5-CH); 3.62-3.91 (m, 2 H, CH20OH); 3. 95-
416(br 1 H, OH); 5.45-5.79 (m, 2H 3-CH/4CH).

L NMR(62 86 MHz) 5:20.17 (q, CH3 J(C H) =127.8);
27.94 (t, C-2, J(C H) = 135 4); 32.09 (d, C-5, J(C H)
= 131 6); 46. 31 (d, C-6, J(C H) = 127.8); 51 92 (sep,

J(C F) = 22.9); 61 41 (t, CH20H, J(C H) =
143 1) 119.60 (d, C-4, J(C H) = 164.0), 125.58 (q,
CF3, SC F) = 284. 2) 133.95 (q, C-3, 1J(C H) =
160 2). "F-NMR (75.26 MHz) &: -66.51 (qu CF3/CF3,
J(F F) =9,8); -68.76 (q, CF3/CF3, 4J(F F) 9.8).

IR 3410, 3037, 2984, 2925, 1446, 1374, 1346, 1263,
1203, 1160, 1125, 1090, 1061, 990, 964 884 711 694
608, 545 458 418 MS (m/z, %): 244 (M™" H20 37,
232(70) 217(17) 183(8), 175(100), 163(48), 155(49)
127(34), 91(13), 65(23), 51(17). (PCI) 245((M -
H»O0+H,100), 233(57), 223(10), 195(7), 175(5).

2-Methyl-6,6-bis(trifluoromethyl)cyclohex-3-ene-
1-carbaldehydeoxime (17)

To a mixture of hydroxylamine hydrochloride (0.17 g,
2.5 mmol) and pyridine (0.3 ml) in dry ethanol (0.6 ml)
11 (0.52 g, 2 mmol) was added, (the temperature
should not exceed 45°C). Stirring was maintained at
20°C (12h). Then the ethanol was evaporated i. vac.
to dryness. The residue was extracted with DCM. The
organic phase was washed with 3N HCI (10 mL), with
water, with sat. NaHCO3 solution, again with water
and finally with brine. After drying with Na2SOg4,
filtration and evaporation to dr?/ness a yellow oil was
obtained. Yield: 0.5 g (90.9%). "H-NM &: 0.95 (d, 3H,
J=06.8, CH3); 2.45 (2d, 2H, J—169 CH»); 254(m
1H, QH—CH3); 2.24 (m, 1H, CH-CH=NOH); 5.57
(m, 2H, CH=CH); 7.36, 7.38 (dl, 1H, CH=NOH, J
= 8.47); 8.65 (s, 1H, NOH). 3C- NMR 5. 18.77
(CH-CH3); 25.71 (CH2); 29.3 (CH-CH3); 43.0 (CH-
C=N); 51.0 (sept, J = 24.2, C(CF3)2); 119.3, 131.4
QC C); 122.68, 125.53 (2q, 2 CF3); 148.5 (C=NOH).

F-NMR (75. 26 MHz) &: -65.75 (q, J = 9.8, CF3);
-70.67 (q, J = 9.8, CF3).

3,4-Ep0xy-2-methyl-6,6-bis(triﬂuoromethyl)cyclo-
hex-3-ene-1-carbaldehyde (18)

m-CPBA (70% are 0.7 g, 2.9 mmol) was added to
a solution of 2-methyl-6,6-bis(trifluoromethyl)cyclo-
hex-3-ene-1-carbaldehyde (11) (0.5 g, 1.9 mmol) in
DCM (8 mL). After 5 h of stirring at ambient tem-
perature, the reaction mixture is neutralized witha 1 M
solution NaOH in water. The organic phase was
separated, washed with water and dried with Na2SO4.

9
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After filtration and evaporation under reduced pressure
a beige solid was obtained. Yield: 0.4 g (75.3%).
"H- NMR (200 MHz) &: 1.12 (d, 3H, J = 7.3 Hz, CH3);
2.0-2.6 (m, 4H, CH,, CH-CH3, CH-CHO); 3 1 (m,
1H, CH=CH); 3.2 (m, 1H, CH=CH); 9.7 (s, 1H, CHO).
2-Methyl-6,6-bis(trifluoromethyl)cyclohex-3-ene-
acid chloride (19)

To a suspension of 15 (1.38 g, 5 mmol) in DCM
(5 mL) DMF (0.54 mL) was added. The solution was
cooled to 0°C and oxalyl chloride (0.5 mL, 5.75 mmol)
was added. Stirring was continued at ambient tempera -
ture for 2 h. The solvent was removed i. vac. providing
a yellow oil. Yield: 0.9 g (61.1%). The acid chloride
was also obtamed by reacting 15 with an excess of
thionyl chloride. "H-NMR (200 MHz) 6: 1.26 (d, 3H,
J =6.8, CH3); 2.59 (d, 1H); 2.63 (d, 1H); 2.58-2. 65
(m, 1H); 2.87 (s, 1H); 3.24 (d, 1H, J = 11.0,
CH(C=0)Cl,); 5.66 (m, 2H, CH=CH) C NMR
(100.6 MHz) &: 20.3 (CH3); 27.1 (CH2); 39.5 (CH);
52.7 (hept, C(CF3)2, J = 25.7); 60.3 (CH); 121.2
(CH); 124.4, 124.73 (2q, J = 286.8, 2x CF3,); 131.6
(CH); 173.2 ((C=0)Cl). PYF-NMR (235.36 MHz) &:
-64.7. (q, J = 11.3, CF3); -70.1 (q, J = 11.0, CF3).

2-Methyl-6,6-bis(triﬂuoromethyl)cyclohex-3-ene-
acid bromide (20)

N-Bromosuccinimide (0.82 g, 4.6 mmol) and AIBN
(catalytic amounts) were added to a solution of 11
(1.0 g, 3.8 mmol) in carbon tetrachloride (10 mL).
The solution was kept at 100°C for 3h. After cooling,
the solution was filtered and the solvent evaporated.
The yellow liquid crystallizes on standing and was
rec%stallized from pentane. Yield: 0.54 g (38.9%).

C-NMR (50.3 MHz) 6: 20.11 (CH3); 27.0 (CHy);
31.12 (CH); 52.8 (sept, J = 25.7, C(CF3)3,); 65.0
(CH); 119.3, 131.6 (C=C); 124.7 (q, J = 285.5, 2
CF3); 174.7 (C=0Br).

Methyl 3-[2-methyl-6,6-bis(trifluoromethyl)cyclo-
hex-3-enyl]-2-propenoate (21)

Trimethylphosphonoacetate (0.35 mL, 2 mmol) was
added to a solution of NaH (0.05 g, 2 mmol) in THF
(3 mL) followed by 11 (0.4 g, 1.5 mmol) in THF
(3 mL). The mixture was refluxed for several h, quen-
ched with ice/water and extracted with ether. The
organic phase was dried with Na2SO4. After filtration
and evaporation to dryness an orange oil was obtalned
Yield: 0.35 g (72%). Yield: 2.9 g, (52.6%). "H-NMR
5: 0.90 (d, 3H, J = 6.5, CH3); 2.34 (m , 4H, CH>,
CH-CH3,CsH); 3.68 (s, 3H, CH3, OCH3); 5.55 (m,
2H, CH=CH); 5.84 (d, 1H, CHCOOCHj3 (E), 3in
= 15 5); 6.85 (dd 1H, CH- CH CH (E), 3Jyin = 14. 1,
Jan = 11.9). Be. NMR 5: 20.54 (CH-CH3); 27. 28
(CHy); 31.51 (CH-CH3); 47.36 (CH-C=C); 52.04
(COOCH3); 53.18 (sept, J = 24.0, C(CF3)2); 120.80,
132.84 (C=C); 126 15 (C=C(=0)0OCH3); 145.29
(C=C(=0)0CH3). PF-NMR (235.3 MHz) &: -65.55
(g, Jrr = 8.8, CF3); -70.2 (q, JFF = 8.8, CF3).

3-[(2-Methyl-6.6 -bis(triﬂuoromethyl)cyclohex-3-
enyl) ]-2-propenoic acid (22)

A mixture of 21 (0.33 g, 1 mmol) and K2CO3
(0.3 g, 2 mmol) in methanol / water (10:1, 11 mL)
was stirred at 45°C for 5 h. Then the solution was
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quenched with ice and neutralized with dil. HCI. After
extraction with ether, the organic phase was dried with
NajSOy4. After evaporating the i. vac., a slightly orange
oil was obtained. Yield: 0.25 g (79.3%).

'"H-NMR (300 MHz) &: 0.92 (d, 3H, J = 6.52,
CH3); 2.2-2.5 (m, 4H, CHCH3, CH, CH3) ; 5.57 (m,
2H, CH=CH); 586(d 1H, J—1555 CH=CH); 6.9
(m, 1H, CH=CH). Be- NMR(75 47 MHz)6 19.14 (CH3);
28.35 (CHz); 30.07 (CHCH3); 45.96 (CH); 51.82
(sept, J = 24.15, C(CF3)2); 119.45 (CH=CH);, 124.33,
123.71 (2 q, J = 287.5, 2x CF3); 124.61 (CH=CH);
131.38 (CH=CH); 146.4 (CH=CH), 170.1 (COOH).

3,4-Epoxy-2-methyl-6,6-bis(trifluoromethyl)cyclo-
hexan-1-carboxylate (23)

A buffer solution of NaH2PO4 (0.04 g, 0.25 mmol)
in water (0.4 ml) is added to 18 (0.3 g, 1.1 mmol)
dissolved in acetonitrile (1 ml). This mixture is added
to a solution of hydrogen peroxide (30%, 0.1 ml,
1.14 mmol). The unit is cooled to 10°C and a solution
of NaClO2 (80%, 0.14 g, 1.5 mmol) in water (1.3 mL)
was added dropwise. After 3 h stirring, the mixture was
treated at 20°C with Na2SO3 to destroy HOCI and
H>07 which remained in excess. After neutralisation
with 10% of hydrochloric acid, the mixture is extracted
with ether. The organic phase wws separated, dried
with sodium sulfate, filtered and evaporated to dryness.
Belge solid (0.2 g, 63%).

H- NMR (200 MHz, DMSO) &: 1.12 (d, 3H,
CH3-CH, J—61) 220 (d, 1H, CH2 , J = 16.6);
2.50 (2d (superlmpose) 2H, CH- COOH CH-CHj3);
2.63 (dd 1H CH:,J = 166) 5.7); 13. 18 (s, br, 1H
COOH) 3C- NMR (100 MHz, DMSO) &: 40.8 (sev—
eral signals, superimposed by DMSO) 49.9 (oxirane
C); 51.31 (CH(CF3)2); 56.7 (oxirane C); 125.0 (q,
CF3, J = 283 2); 125.2 (q, CF3, J = 285.3); 171.3
(COOH). PF_.NMR (235.36 MHz, DMSO): &: -63.8
(q, J = 11.1); -68.9 (q, J = 11.0).

Ethyl- (24) and Methyl-(2E/2Z)-3-[2’,2’-bis(tri-
fluoromethyl)-6’-methylcyclohex-4’-enyl]-prop-2-
enoat (24a)

24: In an Argon protected atmosphere 1.1 g (6.89 mmol)
2-trimethylsilyl acetic acid ethylester, dissolved in
THF (10 mL), were cooled to -75°C. Then an equiva-
lent lithiumdiisopropyl amide suspended in THF was
injected at -75°C and stirred for 15 min. After drop-
wise adding of 1.28 g (4.92 mmol) 11, dissolved in
THF, (5 mL) and stirring at -75°C (3 h), then warming to
-35°C (1 h) while stirring, the clear solution turns slowly
yellowish. After warming to about -10°C, a saturated
solution of NH4Cl (5 mL) was added. The mixture
was extracted three times with ether (20 mL each),
washed with water and dried with sodium sulfate. The
solvents were removed with a rotating evaporator
providing a red-brown oil, which was purified by
column chromatography (eluent petrol ether : chloro-
form 4:1. The isomers formed could not be separated
Total yield 1.54 g (4.66 mmol, 94.8%); the two 1somers
E and Z were formed in a 1. 4 ratio. b;) 89, 198C/10'

"H-NMR &: 0.95 (d, 3 H, CH, J(HH) = 7.0);
1.19 (t, 3 H, OCH,CH3, J(H H) = 7.5); 2.15-2.24
(m, 1 H, 5- CH) 2.34-2.42 (m, 1 H, 6-CH); 2.41-
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245 (m, 2 H, 2-CH); 4,08 (qu, 2 H, OCHCH3,
J(H H) = 7. 5) 5.48- 5. 61 (m, 3CH/4CH) 5.83 (d,
1 H, 8 CH(E), J(HH)—156) 592 (d, 1 H, 8-CH
gZ), J(H H) = 115) 6.18 (t, 1 H, 7CH (2),
J(H, H)Vm— 11.5, J(H H)all = 11, SHz) 6.85(, 1 H,
7-CH (E), J(H H)vm— 15.6 Hz, J(H H)all=11 0)
I3C_NMR (62,86 MHz) 5: 13. 15 (q, CHCH,
1J(CH) =128.0); 18.90 (q, CH3 (2), J(C H) =126.5);
20 01 (qu, CH3s (E), J(C H) = 9)1, 26.76 (1, C-2,
J(C H) = 125.1); 31 76 (d, C-6, J(C,H) = 1280
Hz) 40.46 (d, C-5, J(C H) =137. 0) 52. 51 (sep, C-1,
J(C F) = 23.8); 59 96 (t, CH2CH3 (Z2), J(C H) =
147. 4]) 60.41 (t, (E), J(C H) = 147.4); 120.07 (d, C-4
(2), 'J(C,H) = 162.3); 120.29 (d , C 4 (E)); 123.44
(d, C-8 (E)); 123.70 (d, C-8 (Z), J(C H) = 165.2);
132.38 (d, C-3 (E)); 132 64 (d, C-3 (2), J(C H) =
159. 3) 144 35 (d, C-7, J(C H) = 159.1); 165.56 (s,
C 9). E_NMR (75, 26 MHz) &: -64.42 (qu, CF3 (Z),
YJ(F,F) = 9.8); -65. 31 (qu, CF3 (E), YJ(F,F) = 9.8);
-70.04 (q, CF3 (E), J(F F) = 9.8); -70.30 (q, CF3
(2), 4J(F F) =9.8. IR 2977, 1722 (C=0), 1445, 1374,
1265, 1218, 1192, 1124, 1098, 1039 858, 697, 630 540,
432. MS (m/z %) V4 330 (M , 50), 315(16) 301(19)
285(26), 257(32), 241(10), 215(8) 187(11), 145(9),
127(8), 91(10), 68(100), 55(28). (E- isomer) 330 (M +,
8), 315(1), 301(2), 285(10), 257(30), 235(5), 217(3),
187(9), 161(11), 101(15), 73(8), 68(100), 55(49).
24a: Trimethylphosphonoacetic acid methylester
(0.35 ml, 2 mmol) is added dropwise to a suspention
of NaH (0.05 g, 2 mmol) in THF (3 mL). A solution
of 11 (0.4 g, 1.5 mmol) in THF (3 mL) was added
dropwise and the mixture was refluxed for 3 h. The content
was then crashed on ice, extracted three times with ether
the organic phase was dried with Na2SO4. After filtration
and evaporation 24a (0.35 g, 72%) was provided as an
orange oil. E,Z isomers could not be separated.

'H- NMR8 0.90 (d, 3H, CH3,J =6.44); 2.34 (m, 4H,
CHj, CH-CH3,CgH); 3. 68 (s, 3H, CH3, COOCH3)
5.55 (m, 2H, cyclohexene CH=CH); 5.84 (d,
@COOCH3 (3E) 3Jyin = 15. 5); 6.85 (dd, 1H, CH—
CH=CH (E), "Jvin = 14.07, Jau = 11.5); 13C NMR
8: 20.54 (CH-CH3); 27.28 (CHz) 31.51 (CH-CH3);
47.36 (CH-C=C); 52.04 (COOCH3); 53.18 (hept,
C(CF3)2 , 2y =24.03 Hz); 120.80, 132.84 (C=C,
cyclohexene); 126.15 (C=Q(=O)OCH3]) 145.29
gC C(=0)OCH3); 126.76, 125.14 (2q,12 CF3, J=287.1),
J = 284.73); 166. 11 (COOCH3) F- NMR (235.3
MHz) §: -65.55 (q, JFF=86) -70.2 (q, JFF—90)

3-Methyl-5-(2-methyl-6,6-bis(trifluoromethyl)cyc-
lohex-3-enyl)-penta-2,4-dienal (25)

Freshly prepared BrCH=C(CH3)C=CHOCH3
(0.345 g, 1.94 mmol.) dissolved in dry ether, was
cooled to -70°C under Argon atmosphere followed by
slow injecting (syringe) tert.-butyllithium (1.7 M) to
the solution, which was stirred at -70°C (1.5 h).
Aldehyde 11 (0.7 eq.) dissolved in 1.5 mL of dry ether
was slowly added at -70°C with stirring (1 h) under
Argon and then warmed to 0°C (3 h). The solution
was cooled to -40°C, quenched slowly with 10 mL 1IN
HCI and stirred at 20°C (12 h). The organic phase was
decanted and the product was extracted with 3x10 mL

ether. The combined organic phases were washed with
3x10 mL water, dried over MgSO4 and evaporated to
dryness i. vac. Yield 0.8 g of a yellow oil. The resulting
oil was purified by liquid chromatography (glas col-
umn, 35 g silica gel, diameter = 1.5 cm) providing
0.2 g of a mixture of products, which could not be
purified further (part of the product was lost on the
column). Recrystallization failed as the product is not
stable_at 20°C. Purification step including '"H NMR
and °C NMR taken a few hours after GCMS data.

H NMR major isomer, 80%; [minor isomer, 20%]|
5:0.99d, H-11, 3H, J—70[102d H-11, 3H, d I=
6.5]. 2,29d, H-10, 3H J =1.0[2.31d, H- 103H J=

0];2.39-2.61m, H 1 2 5, 4HJidentical]; 5.60-5. 63m
H 4,3, 1H [1dentlcal] 5 67 5.70m, H-3,4, 1H [1den—
tical]; 5.

6,7,8, J = 8.0]; 6. 24brd H- 6,7,8 1H [6.10br,d,
6,7,8, 1H,J=17.5]; 6. 26br s, H-6,7,8, 1H [6.29br,s,
6,78,1H] 10. l4d H-9, 1-H,J=28.0[10.16d, H-9,
1-H, J = 7.5]. 3C NMR (Resolved with HMQC
correlation, major isomer only)d: 18.18 (C-11); 24.93
(C-10); 25.12 (C-5); 29.73 (C-2); 46.10 (C-1); 118.43
(C-3, 4); 127.76 (C-6, 7, 8); 130.70 (C-3, 4); 132.81
(C- 6 7, 8); 13591 (C-6, 7, 8); 189.33 (C- 9) MS 326
(M 2) 308 (1); 258 (4) 243 (3); 230 (5); 211 (3);
189 (5) 161 (27); 145 (5); 141 (10); 133 (2); 127 (3);
115 (3); 95 (100); 68 (69); 53 (14); 41 (19); 39 (19).
3,7-Dimethyl-9-[2-methyl-6,6-bis(trifluoromethyl)
cyclohex-3-enyl]-nona-2,4,6,8-tetraenal (26)

This procedure is identical with the preparation of
25. Ratio of all reactants, solvent were based on
Br(CH=C(CH3)C=CH)20CH3 (0.33 g°; 1.43 mmol).
The product was purified by liquid chromatography
(glass column, 25 g silcal gel, diameter = 1.5 cm;
solvent: S1) 300 mL CH2Cl2; S2) CH2Cly / Pentane
gradient S3); 150 mL pentane; S4) pentane / AcOEt:
90/10) Off column, the following crops were obtained:

S1): Product A (150 mg); S4): Product C (260 mg);
both fractions were mixtures of non identified products

S3): Product B (140 mg) was according to "H- and
BC_.NMR spectra pure. However, interpretation of the
resulting spectra was difficult and is therefore tentative.
Note: Product B was stored at -30°C. Degradiation or
1somerrsat10n occurred after a few days at 20°C.

"H NMR s: 9.46 (s, 1H, CHO) ; 6.90 (d, J = 8.0);
6.69 (d,J =18.2); 593 (d, J—88) 556 5.66 (m, 2H);
5.25 (d, J = 8.5); 2.82 (br. signal, CHCH3); 2.61 (d,
1H,J=19.5, CH»); 2.41 (d, 1H,J =19.5; CH»); 2.03
(d, 1H, J = 9.8); 1.95 (s, 3H, CH3 of the side chain);
1.90 (s3 3H, CHj3 of the side chain); 1.84 (d, 3H, J =
3.8). °C NMR &: 8.59; 11.44; 21.37; 26.55; 2803
46.81; 51.45; 64.42; 117.72. MS (drrect inlet): 396 ™M™
392. 38 8), 231 (24), 165 (33), 147 (9), 137 (43), 122
(100), 109 (76), 95 (93), 77 (16), 67 (22), 55 (3), 43 (51).

Ethyl-(2E/2Z)-3-[2’.2’-bis(trifluoromethyl)-6’-me-
thylcyclohex-5’-enyl]-prop-2-enoate (27)

The preparation was carried out as described for
24. Analogously 2-trimethylsilylaceticacid ethylester
(0.025 g, 0.15 mmol) was reacted with 10 (0.02 g,
0.75 mmol) providing two isomers of 31, separated
and analysed by GC/MS spectroscopy. They were

95dd, H-6,7,8, 1H, J—80 J—10[591d
H-
H-
H-

11



KypHan opr. Ta ¢papm. ximii. — 2008. — T. 6, Bun. 1(21)

tentatively assigned to E and Z (ratio 2:1) as already
reported for 24, 24a (see also 28).

MS (m/z, %) Isomer I: 370 (27, M™), 315 (17),
287 (46), 285 (48), 257 (80) 256 (100), 254 (55), 217
(10), 215 (13), 187 (49), 145 (20) 127 (30), 77 (33),
55 (50); Isomer II: 370 (12, M ) 315 (3), 287 (3),
285 (6), 257 (24), 256 (23), 254 (100), 217 (2), 215
(1), 187 (9), 145 (3), 127 (54), 77 (23), 55 (13).

Ethyl-(2E,4E,47))-5-[6’,6’-bis(trifluoromethyl)-2’-
metylcyclohex-1-enyl]-3-methyl-penta-2,4-dienoate (28)

To a solution of ethyl-3-methyl-4-(diethylphos-
phonato)-but-2-enoate (0.150 g, 0,57 mmol) in hex-
ane (4 mL) under Argon n-butyllithium (0.356 mL,
0.57 mmol, 1.6 M solution) are injected and stirred at
0°C until a clear yellow solution (about 0.5 h) was

References

formed. 10 (0.1 g, 0.385 mmol), dissolved in 1 mL
hexane was dropped with stirring at 22°C (3h). By
adding a mixture of ether (4 mL) and dil. HC1 (2 mL)
the reaction was stopped. The organic phase was
isolated and analysed by GC/MS spectroscopy. The
product mixture contained two new substances (about
7 and 8%), which were tentatively assigned by 2
independent mass spectra which provided identical
fragmentation pattern with M+ but significant differ-
ent intensities for two isomers.

MS-Spectrum (m/z, %) Isomer I. 370(51, M+)
325(16), 283(13) 256(13), 246(39), 218(100), 162(96)
134(85), 111(18), 81(91). Isomer II: 370(100, M )
325(56), 283(50), 256(39), 246(31), 218(49), 162(41),
134(27), 111(32), 81(53).

1. Filler R. Biochemistry Involving Carbon-Fluorine Bonds. — American Chemical Society. — Washington DC, 1976.
2. Filler R. In: Organofluorine Chemicals and their Industrial Applications / R.E.Banks (eds). — Ellis Horwood, Chichester,

1979.

. Filler R., Kobayashi Y. (eds). Kodansha. — Tokyo / Elsevier Biomedical Press, Amsterdam, New York, 1952.
. Synthesis and Reactivity of Fluorocompounds / N.Ishiksawa (ed.) — Vol. 3 CMC. — Tokyo, 1957.
. Welch J.T., Eswarakrishnan S. Fluorine in Bioorganic Chemistry. — Wiley, New York, 1991.

. Fujita T. // Prog. Phys. Org. Chem. — 1983. — Vol. 14. — P. 75-113.

3
4
5.
6. Lemal D.M. // J. Org. Chem. — 2004. — Vol. 69. — P. 1-11.
7
8.

. Mueller J. // J. Pharm. Sci. — 1986. — Vol. 75. — P. 987-991.
9. Banks R.E., Tatlow J.C. // J. Fluorine Chem. — 1986. — Vol. 33. — P. 227-346.
10. Smart B.E. // Molecular Stuctures and Energetics. — 1956. — Vol. 5. — P. 141-191.
11. Hanzawa Y., Suzuki M., Kobayashi Y., Taguchi T. // J. Org. Chem. — 1991. — Vol. 56. — P. 1718-1725.
12. Taguchi T., Hosoda A., Kobayashi Y. // Tetrahedron Lett. — 1985. — Vol 26. — P. 6209-6212.
13. Mead D., Loh R., Asato A.E., Liu R.S.H. // Tetrahedron Lett. — 1985. — Vol. 26. — P. 2873-2876.
14. Hanzawa Y., Yamada A., Kobayashi Y. // Tetrahedron Lett. — 1985. — Vol. 26. — P. 2881-2884.
15. Mead D., Loh R., Asato A.E., Liu R.S.H. // Tetrahedron Lett. — 1985. — Vol. 26. — P. 2873-2876.
16. Hazawa Y., Kawagoe K., Kobayashi N. et al. // Tetrahedron Lett. — 1985. — Vol. 26. — P. 2877-2880.
17. Abele H., Haas A., Lieb M. // J. Zwingenberger Chem.Ber. — 1994. — Vol. 127. — P. 145-149.
18. Tietze L.F., Neumann T., Kajino M., Pretor M. // Synthesis. — 1995. — P. 1003-1006.
19. Burger K., Ho? E., Gaa K. // Chem. Ztg. — 1989. — Vol. 113. — P. 243-247.
20. Burger K., Helmreich B., Prakt J. // Chem. Chem. Ztg. — 1992. — Vol. 334. — P. 219-226.
21. Middleton W.J. // J. Org. Chem. — 1965. — Vol. 30. — P. 1402-1407.
22. Huisgen R., Bruckner R. // Tetrahedron Lett. — 1994. — Vol. 35. — P. 3825-32§8.
23. Brandt K., Haas A., Hardt T. // J. Fluorine Chem. — 1999. — Vol. 97. — P. 115-125.

24. Clark J.H. // Chem. Rev. — 1980. — P. 453-492.

25. Chekhlov A.N., Fetisov V.1., Kolbasenko S.1., Martynov 1L.V.; Dokl. Akad. Nauk SRRE (Russ) (Proc. Nat. Acad. Sci. USSR). —

1987. — T. 297 — C. ]177 1180.

26. Henrich M.L., Albers T., Tietze L.F. Private Communication, 1997.

27. Viani R., Lapasset J., Aycard J.P. // Acta Cryst. Sect. C. Cryst. Struct. Commun. — 1984. — Vol. 194. — P. 40, 2074-2076.
28. Brinkworth C., Rozek T., Bowie J.H. et al. // Aust. J. Chem. — 2000. — Vol. 53. — P. 403-409.

29. Dominguez B., Iglesias B., de Lara A.R. // J. Org. Chem. — 1998. — Vol. 63. — P. 4135-4139.

30. Duhamel L., Duhamel P., Gallic Y.Le // Tatrahedron Lett. — 1993. — Vol. 34. — P. 319-322.

Hapitina mo pemaxiii 24.10.2007 p.

12



