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ABSTRACT: Fluorous solvents commonly exhibit temperature-dependent miscibilities with organic solvents. Thus,
catalysts and reagents that have high affinities for fluorous solvents can be used in protocols that combine the

advantages of one-phase chemistry (higher temperature) and biphase product separation (lower temperature). Thi

high-yield conversion of benzaldehydes (via Wittig and hydrogenation reactions) to alkylbenzenes with one to three
‘pony tails’ (CH,)3(CF),_1CFs (n=6, 8, 10) is described. The toluene—CkF,, partition coefficients show that
three pony tails are necessary to achieve a high degree of fluorous phase immobilization. Cap@agiet John
Wiley & Sons, Ltd.

KEYWORDS: fluorous solvents; pony tails; phosphonium salts; Wittig reaction; alkylbenzenes; partition
coefficients

INTRODUCTION cient numbers and lengths. The (§H segments serve

to insulate the active site from the electron-withdrawing
The term ‘fluorous’ was recently introduced by Hoilva  fluorines.
and co-workers as an analog to ‘aqueous’ for highly  This provides the basis for an innovative new approach
fluorinated alkane, ether and tertiary amine solvérits.  to recoverable catalysts and reagents that combines the
Many such solvents are commercially available, and are advantages of one-phase chemistry (higher temperature)
very non-polar. They commonly give bilayers with and biphase product separation (lower temperature). As
organic solvents at room temperature, as illustrated byillustrated by the second and third flasks in Fig. 1, a
the first flask in Fig. 1. At the same time, many such homogeneous reaction can be followed by a simple room
solvent combinations become miscible at elevated temperature extraction. The organic product is isolated
temperatures, as depicted by the second flask in Fig. 1.from the non-fluorous solvent, and the catalyst or
Various practical considerations and underlying physical transformed reagent from the fluorous solvent. Many
principles have been reviewéd. applications of this protocol have been developed over

Organic compounds normally have low affinities for the last few year§.’

fluorous solvents. However, compounds that consist This concept was extended by Curran and Wipf, who
mainly of perfluoroalkyl segments show high affinities. developed fluorous ‘tagging’ strategies that facilitate
This reflects a ‘like dissolves like’ effect, and similar target isolation from complex multi-component mix-
strategies are used to design dyes that can adhere teures® Regardless of application, there is a distinct need
Teflon> Accordingly, Horvah and co-workers proposed  for guantitative data on the partitioning of solutes
that high fluorous affinities could be imparted to common between fluorous and non-fluorous solvents. We and
catalysts and reagents by appending ‘pony tails’ others have favored perfluoro(methylcyclohexane),
(CHL)n(CF,)—1CF5 [abbreviated to (CR) R in suffi- CFsCgF14, for various types of physical measurements.

Although this is a relatively expensive fluorous solvent, it
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Friedrich-Alexander Universit€rlangen-Nunberg, Henkestrasse 42, 1S available in high purity and without the branched
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Figure 1. One possibility for catalysis with fluorous solvents [Ryn = (CH2),(CF5),,—1CF3]

DMF -
PP+ ICHCHR, — = [PhsPCH,CH,R ] 1
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n=8 91%

R = (CFyp. | CF3 7

8 n=10 85%

Scheme 1. Syntheses of fluorous phosphonium salts

partition coefficients to benzenoid compounds?In
generalarener cloudsafford significantintermolecular
dipole and induced dipole interactions’ leading to
enhancedolarities and organic phaseaffinities Thus,
perfluorinatedarenesare normally misciblewith organic
solvents. Furthermore, attractive arene—perfluoroane
stacking interactions are used as design elementsin
crystalengineering® The fluorousphasémmobilization

+ _
[PhsPCH,CH,R 5] 1

of benzenoiccompoundss alsoof considerablgractical
importance. For example, there would be numerous
applicationsfor catalystsbasedupon fluorous triaryl-

phosphindigands. Catalystswith fluoroustrialkylphos-
phine ligands have beenspectacularlysuccessfdi=59"
but for many purposedriarylphosphinesare superioror

required®®

RESULTS

We soughtto graft pony tails on to aromaticaldehydes
using the Wittig reaction. Hence the commercially
available fluorous primary iodides ICH,CH,R¢, (n=86,
8, 10) were converted on 12-26g scales to the

10 mol% Pd/C
| o (CHO) 7 | o (CH=CHCH,R, Lam Ty | o (CH,CH,CH,R )
—_— —_———— —_ = —_—
P x K,CO, - Rigk EtOH/CF,C,H, S
1,4-dioxane/H,O .
95 °C (Z major)
1x=1 9 14
2x=2(1.2or ortho) 10 15
3x=2(1.3 or meta) 11 16
4x=2(1,4 or para) 12 17
5x=3(1,3,5) 13 18
Six or Ten Perfluorinated Carbons per Pony Tail:
N _
{PhsPCH,CH,R,] 1 10 mol% Pd/C
: CH=CHCH,R,
CHO 6or8 2 1 atm H, CH,CH,CH,Ry,
K,CO, EtOH/CF;CgHs C[
CHO 1,4-dioxane/H,0 CH=CHCH,Ry, CH,CH,CH,R;,
2 n
97C (Z major)
2 19 Ry, =Ry 21 Ry =Ry
20 Ry =Ry 22 Ry =Ry

Scheme 2. Syntheses of fluorous benzenes
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Table 1. Partition coefficients (24 °C)

No. Compound CF;CgF14/CH3CgH5
14 O@HZJM 49.5:50.5
15 Q(CHMRN 91.28.8
(CH;);R¢g
(CHp)3Rg
16 Q 90.7:9.3
(CHy)3Rg
17 Rfa(CH2)34Q(CH2)3RfB 91.1:8.9
18 Q@Hﬂﬂ‘fﬁ >99.7:<0.3
(CHy):Ry,
21 Q“Hﬂﬂ‘fﬁ 73.7.26.3
(CHy):Ry,
22 Q“Hﬁ“m 97.42.6
(CH'_’)ERHO
23 ICH,CH,CH Ry 50.7:49.3
24 CHy(CH,)CH; 5.4.94.6
25 CHy(CH,),CH, 4.2:95.8
26 CHy(CHy)1CH, 3.4:96.6
27 CH,(CHy), CH, 2.4:97.6
28 CH,(CHy) »,CH; 1.9:98.1
29 CH,(CHy),CH, 1.1:98.9
30 Qcmem 1.2:98.8
31 (CHz)1,CH, 0.9:99.1
F F
32 HA%:}fF 22.477.6
F F
E F
33 F—QF 28.0.72.0
F F

Copyright0 2000JohnWiley & Sons,Ltd.

C.ROCABOYETAL.

correspondinghosphoniunsalts[PhsPCH,CH,R;, ] " |~

(6-8), asshownin Schemel. Forcing conditionswere
requiredowing to the attenuatedSy2 reactivity of the
iodides®®¢ Although 6 and 7 have been reported
earlier!* few spectroscopicpropertieshave been de-
scribed.Hence6-8 were characterizedby microanalysis
and NMR (*H, cC, 3P, 'F), as detailed in the

Experimentalsection.

The Wittig reagentderivedfrom the deprotonatiorof
7 has previously been shown to condensewith alde-
hydes''® Analogous reactions with the benzenoid
mono-, di- and trialdehydesCgHg_(CHO), showniin
Scheme 2 (1-5) gave the corresponding alkenes
CeHe_x(CH=CHCH,Rs)x (9-13) as mixtures of Z/E
isomersin 94—78%yields. NMR showedthat Z isomers
dominated(assignedrom SA values),consistentwith
literature precedentor unstabilizedylides® No effort
was made to separatethese mixtures, which were
characterizedby microanalysisand NMR. A synthesis
of 9, as a mixture with other compounds,has been
previouslyreported:?

Although both n-BuLi (—78°C, THF) and K,COs
(95°C, aqueousl,4-dioxane)could be usedto generate
the Wittig reagents,the latter proved superior. Any
excessof n-BuLi effected small amountsof 1,2-HF
elimination from 9-13 which contain activatedallylic
protons.The by-productsaredifficult to detectin the Z/E
mixtures, but becomemore apparentafter subsequent
steps.Importantly, the statisticalprobability of elimina-
tion increasesvith the numberof pony tails.

As shownin Scheme2, the alkenesunderwentfacile
hydrogenatiorin the presencef 10 mol% palladiumon
carbon. Workups gave the family of mono-, di- and
trialkylbenzene<LCgHgs_(CH,CH-CHJRg), displayedin
Tablel (14-18) in 92—80%yields. The sequencstarting
from the o-dialdehyde2 wasrepeatedvith phosphonium
salts 6 and 8. This gave two additional alkeneswith
shorterandlongerponytails, 1,2-GH4(CH=CHCH,Rs).
(190 and 1,2-GH4(CH=CHCHR10)> (20), and the
corresponding o-dialkylbenzenes 1,2-CsH4(CH.CH,-
CHZRfG)Z (21) and l,2'Q3H4(CH2CH2CH2Rf10)2 (22)
All alkylbenzenesvere characterizedoy microanalysis
andNMR (*H, **C andin somecases °F).

Absolute solubilities decreaseddramatically as the
ponytails becamdongerin the o-dialkylbenzeneg1, 15
and 22. Compound?22 was only sparingly soluble in
CRsCgF11. Thep-dialkylbenzend 7 waslesssolublethan
the ortho and metaisomers15 and 16. However, the
trialkylbenzenel8, in whichtheratio of perfluorinatedo
unfluorinatedcarbonsis similar to that of 22, remained
highly solublein CH.Cl,, CHCl;, THF, diethyl ether,
hexane,CF;CgHs and CRCgF1; (sparingly solublein
acetoneandtoluene;insolublein MeOH andEtOH). The
CF3CgF1,—toluenepartition coefficientsweredetermined
by GLC asreportedpreviously®° andfurther described
in the Experimentalsection. Thesereflect relative as
opposedo absolutesolubilities,and are summarizedn

J. Phys.Org. Chem.2000;13: 596-603
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Table 1. Valuesfor relatedcompoundsare also given,
andanalyzedn the Discussionsection.

DISCUSSION

The protocol summarizedin Scheme?2 representsa
versatile generamethodfor appendingonytailsto non-
fluorous structures.Numerousaromatic aldehydesare
commerciallyavailable,and othersare easily prepared.
This proceduregives pony tails with (CH,); insulating
segmentspne methylenegroupmorethanin the starting
fluorousiodides. However,iodides with longer (CH,),,
segmentssuchas ICH,CH,CH,Rsg, are easily synthe-
sized!* Hence higher homologs should be readily
available.Lower homologswould requirephosphonium
salts of the type [RsPCHR:]" X~. These require
additional stepsto access,but have been successfully
usedin Wittig reactions->

Other methodsfor appending(CH,) R groups (m
>1) to benzenoidrings are known, as exemplified by
recentwork with phosphineligandsdesignedto impart
good solubility in supercritical CO,.1° There are, of
coursenumerousneansf attachingperfluoroalkyl(Rs,,)
groupsdirectly to arenesSeverahrenicely illustratedby
otherrecentwork with fluorousphosphindigands,where
theobjectiveis oftenfluorousphasesolubility asopposed
to highly biased partition coefficients'’*® However,
Hammets valuesof perfluoroalkylgroups(CFy/C4Fy: 61,
0.46/0.47-0.525, 0.53/0.52)ndicateinductiveelectron-
withdrawing effectsbetweenthoseof chloride (o, 0.37)
and cyanide (o 0.62; o, 0.71)™ Hencethe electronic
propertiesof benzenoidcompoundswill be strongly
perturbedby such‘uninsulated’ponytails. Nonetheless,
in sufficientquantitythey shouldbe ableto impartgood
partitioning characteristics.

The datain Table 1 showthat large numbersof CF,
groups are neededto immobilize benzenederivatives
effectively in fluorous phases.In the CH,CH,CH,R:g
series, there is a gradual progressionof partition
coefficientsfrom ca50:50(14, oneponytail) to ca91:9
(15-17, two ponytails) to >99:<1 (18, threeponytails).
Interestingly, the ortho, meta and para isomers give
essentiallyidentical values.The partition coefficientsof
the o-dialkylbenzenesncreasefrom ca74:26(21) to ca
91:9(15) to ca97:3(22) asthe R¢, segments lengthened
from six to eightto tencarbons.

To help place thesevaluesin perspective,data for
relatedcompoundsregivenin Tablel. Whenthephenyl
groupin 14 is replacedby aniodide (23), the partition
coefficient is unaffected. The n-alkanes 24-29 have
similar numbers of carbons as the pony tails. As
expectedthey showmarkedpreferencedor the toluene
phasg>94:<6) thatincreasewith chainlength.Thenon-
fluorinatedalkylbenzenes30 and 31 partition similarly.
Pentafluorobenzer(32) andhexafluorobenzen@3) also
prefer the toluene phase (78-72:22-28).As analyzed

Copyright0 2000JohnWiley & Sons,Ltd.

above,fluorinatedarenesare highly solublein moder-
ately polarsolvents However,32 and33 do showhigher
fluorous phaseaffinities than the non-fluorinatedalkyl-
benzenes.

The precedingdatashowthatit will be challengingto
prepardunctionalizedoenzenesr triarylphosphineshat
are highly immobilized in fluorous phases.Partition
coefficientsof 99:1representhelower practicallimit for
many applications:™ With the types of pony tails
describedin this paper,three would be required. This
raisesthe issueof substitutionpattern.Any functional-
ized benzenederived from 18 will containtwo ortho
substituentsWith phosphinesthis resultsin large cone
angles.This is desirablefor some catalysts,but often
deleterious A 3,4,5 (metdpara/metd) substitutionpat-
tern would provide the best PPy mimic, but to our
knowledgethe correspondingrialdehydehasneverbeen
reported. Other synthetic approachego functionalized
benzenewith three pony tails are, of course,possible.
However, it is difficult to avoid having at least one
substituenortho to the functionalgroup.

In summary,this work representshe first systematic
study of fluorous phase affinities of benzenoidcom-
poundsbearingfluorous pony tails. Our data show the
immobilization of aromaticresiduego be a challenging
but not necessarilynsurmountablgroblem. The synth-
esis of functionalizedfluorous benzenesand aromatic
heterocycles,and the correspondingpartition coeffi-
cients,will bereportedin the nearfuture.

EXPERIMENTAL

General. All reactions were conducted under inert
atmosphereaunless noted otherwise. Chemicalswere
treatedasfollows: THF, diethyl ether,toluene hexanes,
distilled from Na—benzophenon€&€H,Cl,, distilled from
Ca.Hz, CF3C6H5 (AIdrlCh), CF3C6F11, CF3C6F5
(Oakwood or ABCR), distilled from P,Os; CDCl;
(Cambridge Isotope or Aldrich), other/‘reagent-grade’
solvents,ICH,CH,Ry,, CeHg_x(CHO), (x=1, 2), 1,3,5-
CgH3(CO,CH3)s (all Oakwood or Aldrich), used as
received.The educt1.3.5-GH3(CH,OH); was prepared
from LiAIH, (2.00g, 57.7mmol) and 1,3,5-
CsH3(CO,CHg)3 (5.80g, 23.0mmol) by the procedure
of Nakazakiet al.?° the crude product was chromato-
graphedon a silica gel column (eluent: 5:95 MeOH-
EtOAC); the solventwasremovedby rotary evaporation
to give white crystalsthatweredriedby oil pumpvacuum
(3.05g, 8.13mmol, 79%), m.p. 74°C (lit. 74-75°C); *H
NMR (6, CDClg), 4.73(s, 6H), 7.33(s, 3H).

NMR spectrawere recordedon Varian FT or Jeol
JMN-400GXFT spectrometergambientprobetempera-
turein CDCl; unlessnotedandreferencedsfollows: *H,
residualinternal CHCl; (6 7.27); *3C, internal CDCl; (6
77.23):3'P, external85% H3PO, (5 0.00); *°F, external
CFCk (6 0.00)). Gaschromatographyvasconductecbn
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Hewlett-Packard910 or ThermoQuesiTrace GC 2000
instruments Elementalanalysesvere conductedwith a
CarloErbaEA1110instrument(in-house)or by Atlantic
Microlab (NorcrossGA, USA).

1,3,5-C4H5(CHO); (5F". A Schlenkflask was charged
with 1,3,5-GHx3(CH,0OH); (0.700g, 416 mmol) andthe
Dess—Martin reagent (6.18g, 14.6mmol)*®> Then
CH.CI, (100ml) was addedand the suspensiorvigor-
ously stirred. After 15h, diethyl ether (100ml) was
added.The mixture was washedwith Na,S,03 [24.89
(100mmol) in 100ml of KHCOs-saturatedH,O] and
saturated aqueous KHCO5; (100ml). The combined
agqueousphaseswere extractedwith CH,Cl, (100ml).
The CH,CI, phaseavere combineddried (MgSQy,) and
takento drynessy rotaryevaporationThewhite powder
was flash chromatographedCH,CI,). The solventwas
removedoy rotaryevaporatiorio give 5 asstarclustersof
white crystals (0.665g, 4.10mmol, 98%), m.p. 159°C
(lit. 155.5-160C)** NMR: *H 10.21(s, 3H), 8.65 (s,
3H).

[PhsPCH>CH5Rs]" I~ (6)"". A flask was chargedwith

PhP (7.64g, 29.13mmol), ICH,CH.,Rs (12.40q,

26.16mmol) andDMF (15ml). The mixture wasstirred
vigorouslyfor 24 h at 105°C. The DMF wasremovedby

oil pump vacuum. The waxy solid was triturated with

diethyl ether (100ml), collected by filtration, washed
with diethyletheranddriedby oil pumpvacuumnto give 6

asa white solid (16.95g, 23.02mmol, 88%), m.p. 191—
195°C. Calculatedfor CygH1oF13P: C, 42.42;H, 2.60.
Found:C,42.26;H, 2.63%.NMR: *H 2.58(m, CH,CF,),

4.06 (apparentquin, 2Jpy = 14Hz, 33,y =7 Hz, PCHy),

7.69-7.93 (m, 15H); 3C{*H} (partial) 16.5 (dt,

Yep=56Hz, 3Jcg=4Hz, PCH), 24.8 (id,

2Jcr=23Hz, 2Jcp=2Hz, PCH,CH,), PPhat 116.9(d,

Jcp=88Hz), 131.2 (d, 2Jcp=13Hz), 134.1 (d,

3Jcp=11Hz), 136.1(d, *Jcp=3Hz); **P{*H} 25.5(s);

19 _81.4(t, 3J-r=9.3Hz, CF3), —113.6 (br s, CFR),

—122.4(br s, CF,), —123.3(br s, CF,), —123.4 (br s,

CF,), —126.8(br s, CF,).

[PhsPCH>CH>Re]" I~ (7)"". PhgP (13.20g, 50.32mmol),
ICH,CH,R:s (26.11g, 45.48mmol) and DMF (20 ml)
werecombinedn aprocedurenalogouso thatfor 6. An
identical workup gave 7 as a white solid (34.73g,
41.51mmol, 91%), m.p. 174-175C. Calculated for
CogH1oF17P: C, 40.22; H, 2.29. Found: C, 40.23; H,
2.32%.NMR: *H 2.55(m, CH,CF,), 4.04(apparentjuin,
2Jpn=14Hz, 334y = 7Hz, PCH,), 7.71-7.89(m, 15H);
Bc{H} (partial) 16.3 (dt, Jcp=58Hz, 3Jce=3Hz,
PCH,), 24.7 (td, 2Jcr = 23Hz, 2Jcp= 3Hz, PCH,CH,),
PPhat 116.8(d, *Jcp=87Hz), 131.1(d, 2Jcp= 13Hz),
133.9(d, 3Jcp= 10Hz), 136.0(d, “Jcp= 3 Hz); 3P{*H}
26.5(s); *F —81.3(t, 3Jzr=9.0Hz, CF3), —113.6(br s,
CFy), —122.2(brs,CF,), —122.5(br s,2CF,), —123.3(br
s,2CRy), —126.8(br s, CF,).

Copyright0 2000JohnWiley & Sons,Ltd.

[Ph3PCH>CHRs0]" I~ (8). PhsP (5.716g, 21.79mmol),
ICH,CHoR¢1 (13.35g, 19.81mmol) and DMF (20 ml)
werecombinedn aprocedureanalogouso thatfor 6. An
identical workup gave 8 as a white solid (16.31g,
17.41mmol, 88%), m.p. 202-204C. Calculated for
C30H19F21|P: C, 38.49; H, 2.05. Found: C, 38.28; H,
2.08%. NMR*: *H 2.51 (m, CH,CF,), 4.01 (apparent
quin, 2Jpy=14Hz, %3y = 7Hz, PCH,), 7.68-7.87(m,
15H); 3C{*H} (partial) 16.2 (d, *Jcp=55Hz, PCH,),
24.6 (t, 2Jcg=22Hz, PCH,CH,), PPh at 116.6 (d,
ep=72Hz), 130.9 (d, 2Jcp=13Hz), 133.8 (d,
3Jcp=10Hz), 135.8(d, *Jcp= 3 Hz); **P{*H} 28.7(s);
19 _81.3(t, 3J-r=9.0Hz, CF;), —113.5(br s, CFR),
—122.4(br s,5CF,), —123.3(br s, 2CF,), —126.7(br s,
CRy).

CHsCH=CHCH,Rss (9)'%. A round-bottomediask was
chargedwith CgHsCHO (0.200g, 1.88mmol), 7 (1.89q,
2.26mmol), K,.CO; (0.147g, 2.45mmol), reagent-grade
1,4-dioxane(10ml) and H,O (0.3ml) and fitted with a
condense(noinertatmosphere)The mixturewasstirred
at 95°C for 20h. The volatiles were removedby rotary
evaporationand CH,Cl, (50ml) andH,0O (50 ml) were
addedto the orangeresidue.The layerswere separated.
The aqueoudayer was extractedwith CH,Cl, (50ml)
and the CH.CIl, layers were combined and dried
(MgS(Q,). The solventwasremovedby rotary evapora-
tion. The oily solid wasrinsedthrougha silica gel plug
(10cm) with hexanes.The solvent was removed by
rotary evaporationand oil pumpvacuumto give 9 asa
colorless oil (0.953g, 1.78mmol, 94%, 90:10 Z/E).
Calculatedfor C;/HoF17: C, 38.07;H, 1.69.Found:C,
38.29; H, 1.81%. NMR: 'H 3.21-2.97 (2dt,
3Jur = 18Hz, %)y = 7Hz, CH,CF, E and 2), 5.78 (dt,
3Jun = 11Hz, 3J4y=7Hz, =CHCH,, 2), 6.17 (dt,
3Jun =16Hz, 3344 =7Hz, =CHCH,, E), 6.65 (d,
3Jun=16Hz, ArCH=, E), 6.85 (d, 3J4=11Hz,
ArCH=, 2), 7.20-7.45(m, CeHs, Z and E); *3C{*H}
(partial, Z) 30.7 (t, 2Jce=22Hz, CH,CF,), 118.1 (i,
%Jce=5Hz, =CHCH,), 127.8, 128.7, 128.8, 135.7,
1362(53, C6H5CH=)

1,2-CsHi(CH=CHCH3R¢g)> (10). The reaction/workup
givenfor 9 wasrepeatedvith 1,2-GH,(CHO), (0.160g,
1.20mmol), 7 (2.00g, 2.39mmol), K,CO; (0.143g,
2.39mmol), reagent-gradé ,4-dioxang(15ml) andH,O
(0.5ml). This gave 10 as a colorlessoil that solidified
upon standing(1.10g, 1.10mmol, 92%; 95:5 ZZ/E2,
m.p. 59—-6C°C. Crystallization from hot hexanesgave
(Z2-10 as clear, colorless flakes. Calculated for
C28H12F34: C, 3382, H, 1.21. Found: C, 3372, H,

1.17%. NMR (Z2): H 2.92 (dt, 3J4==18Hz,
3Jun=7Hz, 2CHCF,), 5.82 (dt, 3Juy=11Hz,
3J4u=7Hz, 2=CHCH,), 6.77 (d, 3Jun=11Hz,

2ArCH=), 7.20-7.23(m, 2H), 7.32-7.34 (m, 2H);
Bc{H} (partial) 30.7 (t, 2Jcr = 22Hz, CH,CF,), 119.3
(t, 3Jcr=4Hz, =CHCH,), 128.0,129.1,134.6,135.1
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[4s, CeH4(CH=),]; '°F —78.0 (t, *Jer=12Hz, 2CR),
—110.1(m, 2CFK,), —119.0(br s, 6CF,), —119.8(br s,
2CF,), —120.2(br s, 2CF,), —123.3(br s, 2CF).

1,3-CsHa(CH=CHCH>Rsg)>, (11). The reaction/workup
givenfor 9 wasrepeatedvith 1,3-GH4(CHO), (0.200g,
1.491mmol), 7 (3.74g, 4.47mmol), K,CO; (0.268g,
4.46mmol), reagent-gradé,4-dioxang(15ml) andH,0
(0.5ml). This gave 11 as a colorless oil (1.36g,
1.36mmol, 92%; 955 ZZ/EZ. Calculated for
CogHioFz4 C, 33.82; H, 1.21. Found: C, 33.97; H,
1.51%. NMR (Z2: H 3.12 (dt, 3J4==18Hz,
3Jun=7Hz, 2CHCF,), 5.81 (dt, 3J44=11Hz,
3Jun=7Hz, 2 =CHCH,), 6.85 (d, 3J4y=11Hz,
ArCH=), 7.10-7.42(s, CeH.); *C{*H} (partial) 30.7
(t, 2Jcr=22Hz, CH,CF,), 118.8 (t, 3Jce=4Hz,
=CHCH,), 127.8, 128.4, 129.0, 134.4, 136.5 (5s,
CeHa(CH=),).

1,4-CsH4(CH=CHCH>Ry¢s), (12). The reaction/workup
givenfor 9 wasrepeatedvith 1,4-GH4(CHO), (0.200g,
1.491mmol), 7 (3.74g, 4.47mmol), K,CO; (0.268g,
4.46mmol), reagentgradel,4-dioxang(15ml) andH,0
(0.5ml). This gave 12 as a white solid (1.34g,
1.34mmol,90%;95:5ZZ/E2), m.p.62—-63C. Calculated
for CogH1oF34: C, 33.82;H, 1.21. Found:C, 34.11; H,
1.42%. NMR (Z2: 'H 3.10 (dt, 3J4=18Hz,
3Jun=7Hz, 2CHCF,), 5.79 (dt, 3J44=11Hz,
3Jun=7Hz, 2=CHCH,), 6.83 (d, 3J44=11Hz,
ArCH=), 7.24 (s, CeH,); °C{*H} (partial) 30.8 (t,
2Jcr=22Hz,CH,CF,), 118.6(t, *Jcr = 4 Hz, =CHCHy),
128.8,135.2,137.5[3s, CsH4(CH=),].

1,3,5-CsH3(CH=CHCH>Rg)3 (13). The reaction/workup
givenfor 9 wasrepeatedvith 5 (0.190g, 1.17mmol), 7

(3.19g, 3.81mmol), K,CO; (0.281g, 4.694mmol),
reagent-gradel,4-dioxane (40ml) and H,O (0.5ml).

This gave 13 as a colorlessoil that solidified upon
standing(1.33g, 0.915mmol, 78%,94:6 ZZZ/EZZ, m.p.
36°C. Calculated for C39H15F51: C, 32.25; H, 1.04.
Found: C, 32.48;H, 1.13%.NMR (ZZ2): *H 3.03 (dt,

3Jun=7Hz, 3Jye=18Hz, 3CH.CF,), 5.81 (dt,

3Jun=11Hz, 3J4,=7Hz, 3=CHCH,), 6.82 (d,

3Jun =11Hz, 3ArCH=), 6.99 (s, CgHs); °C{H}

(partial) 30.6 (t, 2Jcp=23.2Hz, CH,CF,), 119.4 (t,

%Jce=5Hz, =CHCH,), 127.7, 135.1, 136.9 (3s,
CeH3(CH=)a3).

1,2-CsH4(CH=CHCH>Rss), (19). The reaction/workup
givenfor 9 wasrepeatedvith 1,2-GH4(CHO), (0.910g,
6.79mmol), 6 (9.960g, 13.53mmol), K,CO; (0.811g,
13.53mmol), reagent-gradel,4-dioxane (40ml) and
H,O (0.5ml). This gave 19 as a colorlessoil (4.423g,
5.57mmol, 82%; 89:11 ZZ/EZ. Calculated for
CoHiFoe C, 36.29; H, 1.52. Found: C, 36.57; H,
1.66%. NMR (Z2: H 2.94 (dt, 3J4-=18Hz,
3Jun=7Hz, 2CHCF,), 5.83 (dt, 3J44=11Hz,
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3Jun=7Hz, 2=CHCH,), 6.78 (d, 3Jun=11Hz,
2ArCH=), 7.22-7.26 (m, 2H), 7.30-7.35(m, 2H);
Bc{H} (partial) 30.7 (t, 2Jcr = 22Hz, CH,CF,), 119.3
(t, 3Jce=5Hz, =CHCH,), 128.0,129.1,134.6,135.2
[4s, CsHA(CH=),]; °F —80.4 (t, 3Jer=9Hz, 2CRy),
—112.5(br s, 2CR,), —121.4(br s, 2CR,), —122.3(br s,
2CR), —122.6(br s,2CR), —125.7(br s, 2CF).

1,2-CsH4o(CH=CHCH3R¢10)> (20). The reaction/workup
givenfor 9 wasrepeatedvith 1,2-GH4(CHO), (0.389¢,
2.90mmol), 8 (8.14g, 8.70mmol), K,CO; (0.522g,
8.70mmol), reagent-gradé,4-dioxang(30 ml) andH,0
(0.5ml). This gave 20 as a white solid (3.15g,
2.63mmol,91%;95:5ZZ/E2), m.p.78-79C. Calculated
for CsoHqoF40: C, 32.18;H, 1.01. Found:C, 32.33;H,
1.20%.NMR (Z2): (in 50:50 COCk—CR:CqFs) H 2.97
(dt, 3J4==18Hz, 3J44=7Hz, 2CH,CF,), 5.87 (dt,
*Jun=11Hz, 3J4y=7Hz, 2=CHCH,), 6.85 (d,
3Jun = 11Hz, ArCH=), 7.15-7.55(m, CgH.); *C{*H}
(partial) 30.8 (t, 2Jce=22Hz, CH,CF,), 119.5 (t,
*Jcr=4Hz, =CHCH,), 128.0,129.3,134.8,135.5[4s,

CeHsCH>,CH>CH>Re5 (14). A Schlenkflask wascharged
with 9 (1.24g, 2.31mmol), 10% Pd/C (0.150g,

0.14mmol), reagent-gradéexaneg10ml) andabsolute
EtOH (10 ml), purgedwith H, (2—3min) andfitted with a
thick-walled balloon filled with H,. The mixture was
stirred 24h at room temperatureand filtered through
Celite (5 cm plug). Thevolatileswereremovedby rotary
evaporationand oil pump vacuum to give 14 as a
colorlessoil (1.12g, 2.08mmol, 90%). Calculatedfor

CyiHyiF17 C, 37.93; H, 2.06. Found: C,. 37.81; H,

2.00%.NMR: *H 1.93-2.21(m, CH,CH,CF,), 2.73 (t,

3Jun = 7 Hz, ArCH,), 7.20-7.37(m, CgHs); °C (partial)
22.1(br s),30.6(t, “Jce=22Hz), 35.3(s), 126.6,128.6,
128.8,140.9(4s,CgHs); *%F —80.1(t, 3Jee = 12Hz, CFy),

—112.4(br s, CF,), —119.8(br s, 3CF,), —122.3(br s,

CF,), —122.8(br s,CF,), —125.3(br s, CF,).

1,2-CsH4(CH>CH>CH>Rsg)> (15). The reactiongiven for
14 wasrepeatedvith 10 (1.23g, 1.23mmol), 10% Pd/C
(0.150g, 0.14mmol), reagent-gradaexaneg15ml) and
absoluteEtOH (15ml) (18 hunderH,). Thisgavel5asa
white solid (1.11g, 1.12mmol, 91%),which wasfurther
purified by rinsing througha silica gel plug (5 cm) with
hexaneg100ml). Calculatedor C,gH16F34: C, 33.68;H,
1.61. Found: C, 33.43; H, 1.51%.NMR: *H 1.91 (m,
2CH,CH,CF,), 2.16(m, 2CH,CF,), 2.72(t, *Juy = 8 Hz,
2ArCHy), 7.17-7.23(m, CgH,); °C{*H} (partial) 22.3
(br s), 31.1 (t, 2Jcr=22Hz, CH,CF,), 32.3(s), 127.3,
129.8, 139.0 (3s, CgHa); °F —80.1 (t, 3Jer=12Hz,
2CR;), —112.2(brs,2CF,), —119.3(br s,6CF,), —119.8
(brs,2CR), —120.2(br s, 2CFR,), —123.3(br s, 2CR).

1,3-CsH4(CH>CH>CH>Rsg)> (16). The reaction/workup
given for 15 wasrepeatedwith 11 (1.00g, 1.00mmol),
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10% Pd/C (0.050g, 0.05mmol), reagent-gradeCH,Cl,
(5ml) and absoluteEtOH (5ml) (8 h underH,). This
gave 16 as a white solid (0.799g, 0.800mmol, 80%),
m.p.68°C. Calculatedior CogH16F34: C, 33.68;H, 1.61.
Found: C, 33.97; H, 1.83%.NMR: 'H 1.95-2.20(m,
2CH,CH.CF,), 2.71 (t, 3Jun = 8 Hz, ArCH,), 7.04
(apparentt, 3H), 7.26 (m, 1H); **C{*H} (partial) 22.0
(s), 30.4 (t, 2Jce=22Hz, CH,CF,), 35.1 (s), 126.6,
128.6,129.0,141.1(4s,CeH,).

1,4-CsH4(CH,CH,>CH>Rzg)> (17). The reaction/workup
givenfor 15wasrepeatedvith 12 (0.951g, 0.956mmol),

10% Pd/C (0.150g, 0.141mmol), reagent-grade
CFRsCgHs (10 ml) andabsoluteEtOH (10 ml) (18 h under
H,). This gavel7 asa white solid (0.918g, 0.919mmol,

96%), m.p. 84-85°C. Calculated for CogHigF34 C,

33.68;H, 1.61. Found: C, 34.03;H, 1.42%.NMR: *H

1.92-2.14 (m, 2CH,CH,CF,), 2.72 (t, 3Jun=8Hz,

ArCH,), 7.14(s, CeH.); *C{*H} (partial) 22.1(s), 30.5

(t, 2Jce=22Hz, CH,CF,), 34.8 (s), 128.9,139.1 (2s,

CeHa).

1,3,5-CsH3(CH>CH>CHReg); (18). The reaction given
for 14 wasrepeatedvith 13 (0.736g, 0.506mmol), 10%
Pd/C(0.150g, 0.140mmol), reagent-grad&tOH (10 ml)

and CFCgHs (10ml) (12h underH,). The mixture was
filteredthroughCelite (5 cm plug) thatwasfurtherrinsed
with CFCgHs (3 x 25ml). The volatiles were removed
from the filtrate by rotary evaporationand oil pump
vacuumto give 18 as star clustersof white crystals
(0.677g, 0.464mmol, 92%), m.p. 60—61°C. Calculated
for CsoHs1Fs51: C, 32.11;H, 1.45. Found:C, 32.69;H,

1.84%.NMR: *H 1.91-2.10(m, 3CH,CH,CF,), 2.69(t,

3Jun = 7 Hz, 3ArCH,), 6.86(s, CgHa); 3C{*H} (partial)
21.8(s),30.1(t, 2Jcr = 22Hz, CH,CF,), 34.8(s), 126.8,
141.5(2s,CeHa).

7,2-C5H4(CH2CH2CH2Rf6)2 (21) The reaCtiOﬂ/WOkap
givenfor 15 wasrepeatedvith 19 (0.866g, 1.09mmol),

10% Pd/C (0.050g, 0.05mmol), reagent-gradéexanes
(20ml), andabsoluteEtOH (20 ml) (12 h underH,). This

gave 21 as a colorlessoil (0.799g, 1.00mmol, 92%),

which couldbefurtherpurifiedby rinsingthroughasilica

gel plug (5cm) with hexanes(100ml). Calculatedfor

CosHi6F26: C,36.10;H, 2.02.Found:C, 36.54;H, 2.21%.
NMR: *H 1.93(m, 2CH,CH,CF,), 2.15(m, 2CH,CF,),

2.73 (t, 334y =8Hz, 2ArCH,), 7.17-7.24(m, CeH.);

Bc{H} (partial) 22.0 (br s), 30.9 (t, 2Jcr=23Hz,

CH,CF,), 32.1(s), 127.0,129.6,138.7 (3s, C¢H.); *°F

—80.2 (t, 3Jer=12Hz, 2CFR;), —113.4 (br s, 2CR),

—121.2(br s, 2CF,), —122.2(br s, 2CF,), —122.8(br s,

2CF,), —125.5(br s, 2CFR).

7,2-C5H4(CH2CH2CH2Rf7o)2 (22) The reaCtion/WC)rkUp
givenfor 15 wasrepeatedvith 20 (1.14g, 0.954mmol),
10% Pd/C(0.100g, 0.094mmol), CgHsCF5 (30ml) and
absoluteEtOH (30 ml) (12h underH,). Thisgave22 asa
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white solid (1.14g, 0.951mmol, 98%), m.p. 77-78C.
Calculatedfor C3oH16F42: C, 32.07;H, 1.34.Found:C,
32.35;H, 1.50% NMR (in 50:50 CDCl;—CF;CqFs). *H
2.00 (m, 2CH,CH.CF,), 2.24 (m, 2CH.,CF,), 2.81 (t,
3Jun =8Hz, 2ArCH,), 7.17-7.23(m, CgH,); *°C{*H}
(partial) 22.1(br s), 31.1(t, 2Jcr = 22 Hz, CH,CF,), 32.2
(s),127.0,129.0,129.7(3s, CgHa).

Partition coefficients.**¢. The following is representa-
tive. A 10ml vial was chargedwith 15 (0.0240g,
0.0240mmol), CFCgF11 (2.000ml) and toluene
(2.000ml), equippedwith a Mininert valve, vigorously
shaken(2 min) andimmersed(cap-level)in a 35°C oil-
bath.After 12 h, the bathwasremoved After 12—24h, a
0.400ml aliguotof eachlayerwasaddedo 2.000ml of a
standard).0273wm solutionof hexadecana hexane GC
analysis (average of 7-8 injections) showed that
0.00412mmol of 15 was in the CF;CgF1; aliquot and
0.000398mmol in thetoluenealiquot (91.2:8.8;a 2.000/
0.400scalefactorgivesatotal massecoveryof 0.0222qg,
93%).
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