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Abstract: Potent squalene synthase inhibitor 1 was converted to the bis(trifluoromethyl) analog 14 in 11%
overall yield for 9 steps. The amine nitrogen of 1 was protected with the 2-(trimethylsilyl)ethoxycarbonyl
(TEQC) protecting group. The 10,11 olefin was selectively epoxidized, cleaved and converted to the
phosphonium salt 6. The ylid from 6 underwent a Wittig condensation with hexafluoroacetone to give the
TEOC containing olefin 8. Tetrabutylammonium fluoride or HF could not remove the TEOC group without
isomerizing the 10,11 olefin of the farnesyl chain to the E-9,10 olefin. The bis(trifluoromethyl) olefin of 8
is very sensitive to either acidic or basic conditions. However, it was found that BF3-EtyO could remove
the TEOC group without the undesired isomerization to give 14.

Squalene synthase catalyzes the first dedicated step in the biosynthesis of cholesterol and as such has
been an attractive target for the development of new antihypercholesterolemic agents.! Compound 1 is a potent
inhibitor of squalene synthase in vitro.2 In a study to develop structure activity relationships for the farnesyl
chain of this compound, we set out to prepare the bis(trifluoromethyl) analog 14. Previous preparations of
triftuoromethyl-containing farnesy! chain analogs have involved the synthesis of each olefin in the chain in a
stepwise manner.3 Since 1 already contains the desired £-2,3 and E-6,7 olefins, it would be efficient to use 1 to
prepare a synthon for making variations in the 10,11 olefin portion of the farnesyl chain.
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Scheme 1.

Oxidative cleavage of the 10,11 olefin of a suitably protected form of 1 could easily lead to a
phosphonium salt 6. Since there is precedent for Wittig condensations of non-stabilized ylids with fluorinated
ketones, we prepared 14 by this approach.4 In light of the importance of farnesyl chain containing molecules in
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the biochemistry of many organisms, and the importance of fluorine as a hydrogen bioisostere in medicinal
chemistry, we felt it important to present the experimental details of this particular farnesyl chain transformation.

We chose to protect the amine nitrogen of 1 with the TEOC group.5 Early experiments in our lab had
shown that the +~butoxycarbonyl (BOC) group could not be removed without causing olefin isomerization in the
farnesyl chain. The trifluoroacetyl-protected amine could be deprotected under strongly alkaline conditions in
some farnesyl chain analogs, but we anticipated that these conditions wauld be too harsh for the desired terminal
bis(trifluoromethyl)-containing olefin. In contrast to these protecting groups, the TEOC group could be
removed easily with n-Bu,NF in THF.,

Compound 2 was converted to 3 in 54% yield using conditions described by van Tamelen.® Oxidative
cleavage of 3 with HsIO,,” followed by NaBH, reduction, and iodination of the resulting alcohol® gave § (six
steps from 1 ---30% yield). Attempts to convert § into 6 by heating with PPh, in toluene led to products that
could not be characterized or purified by crystallization. However, using sulfolane® as a solvent, 6 was obtained
in 98% yield.

6 1. BuLi W 61% F3
0 Ph FiC NSNS Ph
2 Me351\/~ 3 :

F3C CF; F,C CF; MesSi~5~0
8
i 2. )L J\,'-'\/l\/\/l\/\
6 1. BuLi CF3 F3C NAPh
43% MC3SI\/\O (o]

Z / E mixture (9:1) 9/10
Scheme 2.

Treatment of 6 with n-butyllithium in THF at -78 °C gave an orange solution. Bubbling
hexafluoroacetone into the solution caused the color to disappear almost immediately. TLC showed that 6 was
consumed and two new less-polar materials resulted. Upon quenching the reaction at -78 °C, diluting and
stirring for 2 hours at rt, the lower of the two new TLC spots disappeared; after work-up, 8 was obtained in 61%
yield. In contrast to literature reports of similar reactions, the decomposition of presumed oxaphosphetane 7 to 8
does not require excessive heating.10 Wittig condensation of 6 with trifluoroacetone gave immediately a mixture
of 9 and 10 (9:1 ratio, 42% yield) without the appearance of a TLC detectable intermediate.
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Scheme 3.

The mixture of 9/10 could be deprotected with #n-BuyNF to give a mixture of 11/12 in 92% yield.
However, treating 8 under these same conditions resulted in the disappearance of the starting material and the
appearance of several unidentified products which did not include the desired amine 14. Using n-BuyNF with
AcOH! led to 13, the compound resulting from isomerization of the 10,11 olefin to the E-9,10 olefin, in 85%
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yield. Using HF (4 h in CH;CN), we obtained 14 as the major product with some of the E-9,10 olefin
compound 15 in varying amounts, with a 10/1 mixture of 14/15 being the best. These results are not surprising
in view of a report by Wakselman!2 showing the susceptibility of B,B-bis(trifluoromethyl)acrylic esters to
conjugate addition by fluoride ions and other nucleophiles directed by the bis(trifluoromethyl) functionality
instead of the ester group. On closer examination, the 10,11 olefin was found to be sensitive to isomerization
induced by SiO; or CDCl3;. We foand that BF3+Et;0 removed the TEOC group faster (40 min vs. 4 h) than
HF and with chromatography on base-treated silica gel, gave a > 40 to 1 ratio of 14/15.13 Although the use of
BF3+Et;0 has been reported for the removal of silicon-based protecting groups,!4 it has not been reported in the
removal of the TEOC group. We are currently studying the scope of the BF3+Et;0 removal of TEOC protecting
groups in the presence of other sensitive functionality.
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Scheme 4.

In summary, farnesyl chain-containing amine 1 was converted into the terminal bis(trifluoromethyl)
derivative 14 in 9 steps (11 % yield). The main advantage of this method is the ability to use and preserve the E-
2,3 and E-6,7 olefin of the original farnesyl chain. Even though the bis(trifluoromethyl) olefin of 14 was
sensitive to the conditions that normally remove the TEOC protecting group, BF3+Et;0 was mild enough to
prevent this complication.
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EXPERIMENTAL

Analytical TLC was performed on precoated SiO, 254F plates (0.25-mm thickness) and visualized with a
solution of 10% phosphomolybdic acid in EtOH. Flash chromatography was carried out with silica gel 60 (230-
400 mesh). For 31P-NMR, phosphoric acid was used as an external standard and for 19F-NMR,
hexafluorobenzene was used as an external standard.

(E,E)-N-phenylmethyl-N-(3,7,11-trimethyl-2,6,10-dodecatrienyl)-O-(2-trimethylsilyl)ethyl carbamic
acid (2) A solution of 2-(trimethylsilylethyl p-nitrophenyl carbonate (2.3 g, 8.04 mmol) in 55 mL of 1,2-
dichloroethane (DCE) was added to a solution of 1 (2.5 g, 8.04 mmol)22 and DMAP (982 mg, 8.04 mmol) in 25
mL of DCE and stirred for 16 h at rt. The reaction mixture was diluted with Et;0 (200 mL) and washed with 2
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N HCI (1 X 100 mL), then sat’d ag NaHCO3 (1 X 100 mL), then sat’d aqg NH4Cl1 (1 X 100 mL) and then brine
(1 X100 mL). The organic layer was dried (Na2SQy), filtered and concentrated, and the residue was purified by
flash chromatography (40% CH,Cl,-hexane) to give 2 (2.85 g, 78%) as a clear oil. Rf 0.83 (20% EtOAc-
hexane). IR (neat): v = 2955, 2918, 2856, 1699 cm™!. 'H-NMR (300 MHz, CDCl3): 8 7.40-7.05 (m, 5H),
5.24-5.00 (m, 3H), 4.43 (s, 2H), 4.25-4.16 (m, 2H), 3.91 (br s, 2H), 2.14-1.87 (m, 8H), 1.67 (s, 3H), 1.60 (s,
6H), 1.56 (s, 3H), 1.02 (1, 2H, J=8Hz), 0.06 (s, 9H) ppm. 13C-NMR (125 MHz, CDCl,): § 138.1, 135.3, 131.3,
128.4, 127.9, 127.4, 127.1, 124.3,123.9, 120.0, 63.6, 49.2, 43.5, 39.7, 39.6, 26.8, 26.3,25.7, 17.9, 17.7, 16.1,
16.0, -1.5 ppm. CI-MS (NHj3) m/z (%) = 473 (M+NH4*, 27), 456 (MH*, 100), 428 (MH*-CH,=CHj,, 84)
amu. Anal caled for C,gH,sNO,Si: C, 73.79; H, 9.95; N, 3.07. Found: C, 74.03; H, 10.01; N, 3.03.

(E,E)-N-[9-(3,3-dimethyl-2-oxiranyl)-3,7-dimethyl-2,6-nonadienyl]-N-phenylmethyl-O-(2-
trimethylsilyl)ethyl carbamic acid (3) Compound 2 (9.45 g, 20.8 mmol) was dissolved in 200 mL of THF
and cooled in an ice-water bath. H,O was added until the cooled solution remained cloudy (~100 mL) and then
just enough THF was added to make the solution clear again. The ice bath was removed and
N-bromosuccinimide (4.07 g, 22.9 mmol) was added in one portion to the stirred solution. After 2 h at rt the
reaction was diluted with H,O (300 mL) and extracted with Et,0 (3 X 200 mL). The combined organic layers
were washed with brine (1 X 200 mL), dried (Na,50,), and concentrated to give the crude bromohydrin (12.28
g Rf 0.45 (20% EtOAc-hexane)) as an oil. This crude product was dissolved in MeOH (100 mL). K,CO,
(9.24 g, 66.9 mmol) was added to this solution and the reaction was stirred for 16 h at rt. The reaction was
poured into H,O (400 mL) and extracted with Et;O (3 X 200 mL). The combined organic layers were washed
with brine (1 X 300 mL), dried (Na,50,), concentrated, and the residue purified by flash chromatography (10%
EtOAc-hexane) to give 3 (5.28 g, 54%) as a clear oil. Rf0.70 (20% EtOAc-hexane). IR (neat): v = 2954, 2922,
2858, 1697, 1669 cm™!. H-NMR (300 MHz, CDCl,): § 7.38-7.15 (m, SH), 5.15 (t, 2H, J=6 Hz), 4.46 (s, 2H),
4.30-4.20 (m, 2H), 3.81 (br s, 2H), 2.71 (1, 1H, J=6.75 Hz), 2.24-1.93 (m, 6H), 1.73-1.51 (m, 2H), 1.61 (s, 3H),
1.51 (s, 3H), 1.30 (s, 3H), 1.25 (s, 3H), 1.04 (¢, 2H, J=7.5 Hz), 0.05 (s, 9H) ppm. 13C-NMR (75 MHz, CDCl,)
138.1,134.4, 128 4, 127.9, 1274, 127.2, 124 .5, 120.1,64.2, 63.7, 58.3, 48.8, 43.5, 39.5, 36.4, 27.5, 26.4, 24.9,
18.8, 17.9, 16.2, 16.0, -1.5 ppm. CI-MS (NH;) m/z (%) = 489 (M+NH4+, 36), 472 (MH*, 100),461
(M+NH,*-CH,=CH,), 7), 444 (MH*+-CH,=CH),, 92) amu. Anal calcd for Co3H,sNO;Si: C, 71.29; H, 9.61;
N, 2.97. Found: C, 71.12; H,9.76; N, 2.90.

(E,E)-N-(10-hydroxy-3,7-dimethyl-2,6-decadienyl)-N-phenylmethyl-O-(2-trimethylsilyl)ethyl

carbamic acid (4) A solution of H;IO; (713 mg, 3.13 mmol) was added to a stirred solution of 3 (1.1 g, 2.34
mmol) in 50 mL of THF. After 5 min, 60 mL sat’d aq NaHCO, was poured into the reaction mixture which
was then extracted with EtOAc¢ (2 X 200 mL). The combined organic layers were washed with sat’d aq
NaHCO; (1 X 150 mL), brine (1 X 150 mL), dried (Na,50,), and concentrated to give the crude aldehyde (1.3
g, Rf 0.73 (20% EtOAc-hexane)) as an oil. This crude product was dissolved in MeOH (150 mL) and cooled in
an ice bath. NaBH, (115 mg, 3.03 mmol) was added to this solution and the reaction was stirred for 15 min at 0
°C. The reaction was concentrated and the residue purified by flash chromatography (20% EtOAc-hexane) to
give 4 (876 mg, 87%) as a clear oil. Rf0.18 (20% EtOAc-hexane). IR (neat): v = 3457, 2950, 1697 cm1, 1H-
NMR (300 MHz, CDCI,): 87.36-7.08 (m, 5H), 5.18-5.02 (m, 2H), 4.39 (s, 2H), 4.26-4.15 (m, 2H), 3.77 (br s,
2H), 3.57 (g, 2H, J=5.7 Hz), 2.13-1.88 (m, 6H), 1.68-1.40 (m, 2H), 1.57 (s, 3H), 1.50 (s, 3H), 0.94 (1, 2H, J=7.5



Farnesyl chain modification of benzylfarnesylamine 3853

Hz), 0.03 (s, SH) ppm. 13C-NMR (75 MHz, CDCly): 3138.8, 138.1, 135.0, 128.4, 1274, 127.2, 124.4, 1241,
121.1, 120.3, 63.7, 62.6, 49.3, 434, 39.5, 35.9, 30.7, 26.1, 17.9, 16.1, 15.9, -1.51 ppm. CIMS (NH,) m/z (%) =
449 (M+NH,*, 4), 432 (MH*, 100), 404 (MH*-CH,=CH,), 23) amu.

(E,E)-N-(10-i0d0-3,7-dimethyl-2,6-decadienyl)-N-phenylmethyl-O-(2-trimethylsilyl)ethyl carbamic
acid (5) I, (2.45 g, 9.65 mmol) was added in one portion to an ice bath-cooled solution of 4 (3.2 g, 7.42
mmol), PPh, (2.34 g, 8.91 mmol) and imidazole (710 mg, 10.39 mmol) in Et,0-CH,CN (3:1) (120 mL). After
stirring for 1 h while maintaining ice bath cooling, the reaction was poured into H,O (300 mL) and extracted
with Et,0 (3 X 200 mL). The combined organic layers were washed with sat’d aq Na,S,0; (1 X 150 mL) and
H,0 (1 X 150 mL), dried (Na,SQ,), concentrated, and the residue was purified by flash chromatography (10%
EtOAc-hexane) to give 5 (3.27 g, 82%) as a clear oil, Rf 0.82 (20% EtOAc-hexane). IR (neat): v = 3106, 2951,
2914, 2852, 1697, 1669 cm™!. 1H-NMR (300 MHz, CDCl,): §7.34-7.12 (m, 5H), 5.20-5.03 (m, 2H), 4.38 (s,
2H), 4.25-4.14 (m, 2H), 3.75 (br s, 2H), 3.10 (t, 2H, J=7 Hz), 2.12-1.78 (m, 8H), 1.55 (s, 3H), 1.50 (s, 3H), 0.96
(t,2H, J=7.5 Hz), 0.0 (s, 9H) ppm. 3C-NMR (75 MHz, CDCl,): 3 138.1, 133.5, 128.4, 127.1, 125.4, 63.3,
50.0, 43.5, 40.0, 39.5, 31.5, 26.3, 17.9, 16.1, 15.8, 6.6, -1.5 ppm. CI-MS (NH,) m/z (%) = 559 (M+NH,*, 43),
542 (MH*, 55), 531 (M+NH,*-CH,=CH,, 14), 514 (MH*-CH,=CH,, 100) amu. Anal calcd for
C,sH, NO;Si: C, 55.44; H, 7.44; N, 2.59. Found: C, 55.46; H, 7.46; N, 2.48.

(E,E)-[4,8-dimethyl-10-(phenylmethyl)[(2-trimethylsilyl)ethoxycarbonyl]lamino-4,8-
decadienylltriphenylphosphonium iodide (6) 5 (292.6 mg, 0.54 mmol) and PPh, (155.8 mg, 0.594 mmol)
were dissolved in sulfolane (0.27 mL, 2 M) and heated in an 90 °C oil bath for 3.5 h. The mixture was diluted
with CHCI; (0.94 mL) and added dropwise to a flask containing stirred Et,O (50 mL) causing the product to oil
out of solution. Iodide salt 6 (426 mg, 98%) was collected as a viscous oil by decanting off the Et,O and
removing traces of solvent in vacuo at <1 torr for 16 h. This material was used to form the ylid for the Wittig
condensation reactions. An analytical sample was obtained by preparative TLC (20 x 20 cm, 1000 um, SiO,,
10% MeOH-CH,Cl,), Rf 0.40 (10% MeOH-CH,CL,). IR (neat): v = 3433, 3054, 2948, 1690 cm™1. 'H-NMR
(300 MHz, CDCl,): 3 7.88-7.55 (m, 5H), 7.33-7.13 (m, 5H), 5.16-4.97 (m, 2H), 4.36 (s, 2H), 4.24-4.11 (m,
2H), 3.73 (br s, 2H), 3.72-3.52 (m, 2H), 2.28 (t, 2H, J=7 Hz), 2.08-1.88 (m, 4H), 1.78-1.64 (m, 2H), 1.30 (s,
3H), 1.24 (s, 3H), 0.98 (1, 2H, J=7.5 Hz), 0.04 (s, 9H) ppm. 3C-NMR (75 MHz, CDCl,): § 138.1, 135.13,
135.09, 133.8, 133.7, 132.9, 130.6, 130.5, 128.5, 127.2, 126.6, 119.9, 118.9, 117.7, 63.7, 44.78 (d, J=724 Hz),
440,394, 26.6,22.7,22.0, 20.6, 17.9, 16.3, 15.8, -1.4 ppm. 3!P-NMR (121 MHz, CDCl,): 8 25.8 ppm. Anal
calcd for C,3HssNO,SiPIL: C, 64.25; H, 6.90; N, 1.74. Found: C, 64.16; H, 6.87; N, 1.71.

(E,E)-N-(12,12,12-trifluoro-3,7-dimethyl-11-¢trifluoromethyl-2,6,10-dodecatrienyl)-N-phenylmethyl-

O-(2-trimethylsilyl)ethyl carbamic acid (8) n-BuLi (430 uL of 1.6 M in hexane, 0.68 mmol) was added via
syringe to a solution of 6 (500 mg, 0.623 mmol) in THF (5 mL) stirred in a dry ice/acetone bath under argon.
The resulting red-orange solution was allowed to stir for 10 min, and then hexafluoroacetone was bubbled into
the solution via a syringe needle until the color dimmed to pale yellow (~10 sec). This mixture was allowed to
stir 15 min. At this point, TLC revealed consumption of 6 and appearance of two new spots at Rf 0.47 and 0.72
(8i0,, 20% EtOAc/hexane). The reaction was removed from the cooling bath and treated with sat’d aq NH,CI,
then diluted with H,O (10 mL) and Et,0 (20 mL) and allowed to stir at rt (2 h). At this point TLC showed
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disappearance of the Rf 0.47 spot and only the Rf 0.72 spot (8) remained. The mixture was extracted with Et,0
(2 X 100 mL), washed with brine (1 X 100 mL), dried (Na,SO,), concentrated, and the residue was purified by
flash chromatography (10% EtOAc-hexane) to give 8 (215 mg, 61%) as a clear oil, Rf 0.72 (20% EtOAc-
hexane). IR (neat): v = 3030, 2955, 2920, 2859, 1698, 1674 cm™L. 'H-NMR (300 MHz, CDCl,): §7.36-7.15
(m, 5H), 6.71 (t, 1H, J=7.5 Hz), 5.15 (t, 2H, J=7 Hz), 4.42 (s, 2H), 4.24-4.15 (m, 2H), 3.82 (br s, 2H), 2.62-2.44
(m, 2H), 2.16 (t, 2H, J=7.5 Hz), 2.14-1.90 (m, 4H), 1.62 (s, 3H), 1.53 (s, 3H), 1.0 (t, 2H, J=7.5 Hz), 0.04 (s, 9H)
ppm. 13C-NMR (75 MHz, CDCl,): 8 147.0,138.1, 132.7, 1284, 127.5, 127.2, 126.2, 120.2, 63.7, 49.12, 43.5,
39.3,37.9,26.4,26.3,17.9, 16.2, 15.7, -1.5 ppm. 19F-NMR (282 MHz, CDCl,):15 & -58.76, -64.54 ppm. Anal
calcd for C,gH3oNO,SiF: C, 59.24; H, 6.92; N, 2.47. Found: C, 59.51; H, 7.01; N, 2.32.

(E,E,Z/E)-N-(12,12,12-trifluoro-3,7,11-trimethyl-2,6,10-dodecatrienyl)-N-phenylmethyl-O-(2-
trimethylsilyl)ethyl carbamic acid (mixture of 9 and 10) »-BuLi (400 puL of 1.6 M in hexane, 0.64
mmol) was added via syringe to a solution of 6 (500 mg, 0.623 mmol) in THF (3 mL) stirred in an ice bath
under argon. The resulting red-orange solution was allowed to stir for 10 min, and then trifluoroacetone (170
pL, 1.87 mmol) was added via syringe. The resulting light yellow mixture was allowed to stir 15 min. The
reaction was poured into H,O (50 mL) and extracted with Et,O (3 X 75 mL). The combined organic materials
were washed with brine, dried (Na,50,), concentrated, and the residue purified by flash chromatography (10%
EtOAc-hexane) to give 135 mg of a clear oil (43%) as a 9 to 1 mixture of 9 and 10 (as determined by 1H-NMR
integration). Rf 0.67 (20% EtOAc-hexane). IR (neat): v = 2952, 2929, 2857, 1697, 1454, 1419, 12,47, 1239,
1158, 1116 cmr’l. TH-NMR (300 MHz, CDCly): 8 (Z-isomer) 7.36-7.15 {m, 5H), 5.56 (1, 1H, J=8 Hz), 5.26-
5.07 (m, 2H), 4.45 (s, 2H), 4.30-4.20 (m, 2H), 3.83 (br s, 2H), 2.43-1.92 (m, 8H), 1.87 (s, 3H), 1.62 (s, 3H),
1.55 (s, 3H), 1.02 (t, 2H, J=7.5 Hz), 0.07 (s, 9H) ppm; & (E-isomer)-all peaks overlap except triplet at 6.07
replaces triplet at 5.56. 19F-NMR (282 MHz, CDCl,): & (Z-isomer) -61.83 ppm; & (E-isomer) -69.60 ppm.
Anal calcd for C,gH,,NO,SiF;: C, 65.98; H, 8.31; N, 2.75. Found: C, 66.13; H, 8.19; N, 2.51.

(E,E,Z/E)-N-(12,12,12-trifluoro-3,7,11-trimethyl-2,6,10-dodecatrienyl)-benzenemethanamine

(mixture of 11 and 12) »-Bu,NF (250 uL of a 1 M solution in THF, 0.25 mmol) was added to a solution of
the mixture of 9 and 10 (25 mg, 0.049 mmol) in THF (1 mL). After 16 h, the reaction mixture was concentrated
and the residue purified by flash chromatography (3% MeOH-CH,Cl,) to yield a mixture of 11 and 12 (16.5
mg, 92%) as a clear oil in a ratio of 9 to 1. Rf 0.39 (10% MeOH-CH,CL,). IR (neat): v = 3424, 2980, 2927,
1454, 1386, 1116, 1083 cm™1. 1H-NMR (300 MHz, CDCl,): 3 (Z-isomer) 7.40-7.20 (m, 5H), 5.65 (t, 1H, J=7
Hz), 5.33 (t, 1H, J=7 Hz), 5.13 (t, 1H, J=7 Hz), 3.81 (s, 2H), 3.28 (d, 2H, J=7 Hz), 2.51 (br s, 1H), 2.20-1.94 (m,
8H), 1.85 (s, 3H), 1.60 (s, 3H), 1.58 (s, 3H) ppm; & (E-isomer) all peaks overlap except a triplet at 6,02 which
replaces a triplet at 5.65. 19F-NMR (282 MHz, CDCl,): 8 (Z-isomer) -61.85 ppm; 3 (E-isomer) -69.60 ppm.
CI-MS (NH,) m/z (%) = 366 (MH*, 100) amu. Anal calcd for C,,H;3NF,: C, 72.30; H, 8.27; N, 3.83.
Found: C, 71.46; H, 8.30; N, 3.76.

(E,E,E)-N-(12,12,12-trifluoro-3,7-dimethyl-11-trifluoromethyl-2,6,9-dodecatrienyl)-N-phenylmethyl--
O-(2-trimethylsilyl)ethyl carbamic acid (13) A solution of n-Bu,NF (280 uL of a 1 M solution in THF,
0.28 mmol) and AcOH (360 puL, 0.36 mmol) in THF (1 mL) was added to a solution of 8 in THF (1 mL). After
16 h at rt the reaction mixture was concentrated and the residue was purified by flash chromatography (5%
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EtOAc-hexane) to yield 13 (32.6 mg, 91%) as a clear oil, Rf 0.73 (20% EtOAc-hexane). IR (neat): v = 2953,
2918, 2857, 1697, 1674, 1419, 1401, 1240, 1157 cm"l. 1H-NMR (300 MHz, CDCl,): §7.38-7.12 (m, 5H),
5.87 (dt, 1H, J=15, 7.5 Hz), 5.40 (dd, 1H, J=15, 9 Hz), 5.12 (t, 2H, 7 Hz), 4.42 (s, 2H), 4.28-4.15 (m, 2H), 3.82
(br s, 2H), 3.5 (m, 1H), 2.76 (d, 2H, J=7.5 Hz), 2.20-1.95 (m, 4H), 1.58 (s, 3H), 1.54 (s, 3H), 1.02 (1, 2H, J=7.5
Hz), 0.07 (s, 9H) ppm. 1F-NMR (282 MHz, CDCl,):16 §-61.57 ppm.

(E,E)-N-(12,12,12-trifluoro-3,7-dimethyl-11-trifluoromethyl-2,6,10-dodecatrienyl)-
benzenemethanamine (14) via HF/CH,CN A solution of HF (890 pL, 1 M in CH,CN, 0.89 mmol) was
added to a solution of 8 (100 mg, 0.18 mmol) in CH;CN (5 mL). After 4 h at rt the reaction was concentrated
and the residue was purified by flash chromatography (3% MeOH-CH,CL,) to yield 14 (62 mg, 84%) as a clear
oil. 1H-NMR showed that this material contained ~9% of the undesired E-9,10 olefin isomer 15. Rf0.40 (10%
MeOH-CH,Cl,). IR (neat): v = 2922, 2856, 1673, 1228, 1212, 1155 cml. IH-NMR (300 MHz, CDCl,): &
(14) 7.37-7.15 (m, 5H), 6.68 (t, 1H, J=7.5 Hz), 5.30 (t, 1H, J=7.5 Hz), 5.15 (t, 1H, J=6.5 Hz), 3.79 (s, 2H), 3.27
(d, 2H, 7.5 Hz), 2.6-2.24 (m, 3H), 2.22-1.92 (m, 6H), 1.62 (s, 6H) ppm, plus peaks indicating the presence of
1517 (~9% relative to 14) and a very small amount of an unidentified impurity.!8 1F-NMR (282 MHz,
CDCl,):1° & (14) -58.78, -64.60 and (15) -67.59 ppm. Anal calcd for C,,H,,NF: C, 63.00; H, 6.49; N, 3.34.
Found: C, 62.73; H, 6.45; N, 3.28.

14 via BF3+Et20/CH,Cl, BF;+Et,0 (22 pL, 0.18 mmol) was added to a solution of 8 (20 mg, 0.036 mmol)
in CH,Cl, (1 mL). After 40 min at rt the reaction mixture was poured into sat’d NaHCO; (aq), extracted with
Et,0 (3 X 25 mL), washed with H, O, dried (Na,SO,), concentrated, and the residue was purified by flash
chromatography (3% MeOH-CH,Cl,, silica gel prewashed with 3 column volumes of 0.5% isopropylamine-
CH,Cl,) to yield 14 (9 mg, 60%) as a clear oil. 19F.NMR showed that this material contained <2.5% of the
undesired E£-9,10 olefin isomer 15. Rf 0.40 (10% MeOH-CH,CL,). IR (neat): v = 2925, 2853, 1673, 1228,
1212, 1155 cm™!. H-NMR (300 MHz, C,D,): §7.60-7.0 (m, 5H), 6.35 (¢, 1H, J=7 Hz), 5.49 (t, 1H, J=7 Hz),
5.14-5.0 (m, 1H), 3.76 (s, 2H), 3.34 (d, 2H, 7.5 Hz), 3.25 (s, 1H), 2.20-1.85 (m, 6H), 1.75-1.65 (m, 2H), 1.57 (s,
3H), 1.37 (1, 3H) ppm. 19F-NMR (282 MHz, C,D):20 6 -58.78, -64.60 ppm. Anal calcd for C,,H, NFg: C,
63.00; H, 6.49; N, 3.34. Found: C, 63.15; H, 6.48; N, 2.76.
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Two small but distinguishable peaks are detected in the I9F-NMR spectrum (3 -58.60, -67.43 ppm). GC-
MS (25 m capillary S$iO, column (OV 1701)) indicates two small impurities having the same molecular
weight as compound 8, 3.7% and 4.5%. Since our original source of the farnesyl chain comes from
(E,E)-farnesyl bromide (95%) (Aldrich), it is possible that these impurities are olefin isomers. These
impurities are carried through the synthesis and their congeners found in 13, 14 and 15, as well.

A slight impurity can be distinguished (8 -67.41 ppm), possibly an olefin isomer.

The side peaks that could be distinguished matched the IH-NMR of a pure sample of 15 prepared by a
variation of the chemistry described in this paper. Farnesyl-t-butyldimethylsilyl ether was treated to the
same conditions in Scheme I, followed by conditions used to make 8, and gave (E,E)-12,12,12-trifluoro-
3,7-dimethyl-11-trifluoromethyl-2,6,10-dodecatrienyl-#-butyldimethylsilyl ether. Removal of the silyl
protecting group with #-Bu,NF/AcOH, gave (E,E E)-12,12,12-trifluoro-3,7-dimethyl-11-trifluoromethyl-
2,6,9-dodecatrienol, which was treated with PBr; followed by benzylamine to give 15 (10 steps, 4% yield).
IR (neat): v = 2920, 2856, 1359, 1254, 1147, 1094 cm~l. 1H-NMR (300 MHz, CDCl;): 87.45-7.10 (m,
5H), 5.90 (dt, 1H, J=7.5, 15 Hz), 5.35 (dd, 1H, J=10, 15 Hz), 5.32 (t, 1H, J=7.5 Hz), 5.12 (t, 1H, J=7.5
Hz), 3.82 (s, 2H), 3.47 (d heptet, 1H, J=9, 9 Hz), 3.27 (d, 2H, 7.5 Hz), 2.73 (d, 2H, J=7.5 Hz), 2.62 (br s,
1H), 2.18-1.96 (m, 4H), 1.60 (s, 3H), 1.53 (s, 3H) ppm. 19F-NMR (282 MHz, CDCl,): 8 -67.59 ppm.
Anal caled for C,,H,yNF(+0.5H,0: C, 61.67; H, 6.59; N, 3.27. Found: C, 61.56; H, 6.46; N, 3.18.
Small peaks near the 8 6.68 (t) ppm of 14.

Small peaks at & -58.60, -65.60, -67.40 ppm of unknown origin.

Small peaks at & -67.20, 67.37 ppm of unknown origin.
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