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Partition Coefficients Involving Fluorous
Solvents

J- A Gladysz, Charlotte Emnet, and Jozsef Rabai

6.1
Introduction

Partition coefficients quantify the equilibrium distribution of a solute between two immis-
cible phases, which are most often but not necessarily liquids. They see extensive use
throughout chemistry, and their thermodynamic nuances have been analyzed in detail [1].

In order to rationally extract non-fluorous products from reactions involving fluorous
solvents, partition coefficients for fluorous/non-fluorous liquid/liquid biphase systems are
necessary. The design and optimization of fluorous catalysts and reagents require analogous
data. Such partition coeflicients constitute a direct measure of fluorophilicity, a term that is
used interchangeably with fluorous phase affinity.

By 1999, only a few partition coefficients involving fluorous and organic phases had been
measured [2, 3]. Now there is a wealth of data, to which sophisticated analysis and parame-
terization methods have been applied [4-6]. The primary aim of this chapter is to summa-
rize the literature reports, and qualitatively interpret the principal trends. Representative
procedures for the determination of partition coefficients are also given.

6.2
Literature Data

Some investigators prefer to express partition coefficients as ratios that have been normal-
ized to 100 (e.g., 98.3:1.7), others as ratios with either the less populated phase or the non-
fluorous phase set to 1 (e.g., 57.8:1), and still others as logarithmic values. The abbreviation
P indicates a concentration ratio with the non-fluorous phase in the denominator. The nat-
ural logarithm of the CF3CgF;;/toluene concentration ratio, In{[c(CF3CsF11)]/[c(toluene)]},
has been given the abbreviation f, for fluorophilicity [4].

All partition coefficients measured in the authors’ laboratories can be found in Table 6-1.
Most of these involve the solvent system CF;CgFqq/toluene. Many data from other research
groups are also included. However, there are undoubtedly inadvertent omissions, for which
the authors express their regrets. Since the entries are sorted by functional group, the
placement of difunctional molecules is arbitrary. At the end of some sections, cross refer-
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6.2 Literature Data |57

Tab. 6-1.  Fluorous/organic liquid/liquid partition coefficients?

Entry Solute® Solvent system Partitioning Method Ref.
fluorous:
organic (P)

I Alkanes

I-1 CH;(CHz)gCHg CF;C(,FHZCH}C(,HS 5.4:94.6 GLC 1
(P = 0.057)

I-2 CH3(CH2)9CH3 CF3C6F112CH3C(,H5 4.2:95.8 GLC 1
(P = 0.044)

I-3 CH;(CH2)10CH3 CF;C(,FHICH;C(,HS 3.4:96.6 GLC 1, 2
(P = 0.035)

14 CH;(CH,)11CH; CF;CgF11:CH; CgHs 2.4:97.6 GLC 1
(P = 0.025)

I-5 CH;(CHz)uCH; CF;C(,FHICH;C(,HS 1.9:98.1 GLC 1
(P = 0.019)

I-6 CH;(CHz)MCH; CF;C(,FHZCH}C(,HS 1.1:98.9 GLC 1
(P =0.011)

11 Alkenes

-1 CH;(CH,);CH=CH, CF;CgF11:CH;CHs 4.8:95.2 GLC 3
(P = 0.050)

11-2 CH;(CHz)gCH=CHZ CF;C(,FHICH;C(,HS 3.7:96.3 GLC 3
(P =0.038)

II-3 CH3(CH,)yCH=CH, CF3C¢F11:CH3C6Hs 2.5:97.5 GLC 2
(P = 0.026)

11-4 CH;(CHz)wCH:CHZ CF;C(,FHICH;C(,HS 1.9:98.1 GLC 3
(P = 0.019)

I1-5 CH;(CHz)HCH:CHZ CF}C(,FH ZCH}C(,HS 1.6:98.4 GLC 3
(P = 0.016)

11-6 CH;(CH, );3CH=CH, CF;CgF11:CH;CHs 0.9:99.1 GLC 3
(P = 0.009)

11-7¢ Res CH=CH, CF3C¢F11:CH;CeHs 93.5:6.5 GLC 4a
(P =14.4)

11-8¢ E-RiCH=CHC¢H13 C1oF18%:Ci6H34 63.4:36.6 GLC 5
(P=1.73)

11.9< (C4FoCH=),:C16Hs4 725275  GLC 5
(P =2.63)

11-10¢ C8F17B1’ZC16H34 74.9:25.1 GLC 5
(P =2.98)

I1-11¢ Z-Rf(,CH:CHCGHH C]0F1862C16H34 62.1:37.9 GLC 5
(P=1.64)

11-12¢ (C4FoCH=);:C16H34 67.5:32.5 GLC 5
(P =2.08)

11-13¢ CgF17Br:CigHsy 72.6:27 .4 GLC 5
(P = 2.65)

11-14¢ E-R;CH=CHCgH;7 C1oF18%:Ci6H34 42:58 GLC 5
(P=0.72)

I1-15¢ (C4F9CH:)2!C1(,H34 49:51 GLC 5
(P =0.95)

11-16¢ C8F17B1’ZC16H34 53.1:46.9 GLC 5
(P=113)
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6 Partition Coefficients Involving Fluorous Solvents

Tab. 6-1. (continued)

Entry Solute® Solvent system Partitioning Method Ref-
fluorous:
organic (P)

I1-17¢ Z-RggCH=CHCgHyy CioF18%Ci6Hzs 50.0:50.0 GLC 5
(P = 1.00)

I1-18¢ (C4FyCH=),:C16Hs4 53.1:46.9 GLC 5
(P=1.13)

I1-19¢ CgF17Br:CigHss 60.0:40.0 GLC 5
(P =1.50)

11-20c  E-RgCH=CHC;oHyp C1oF15:CrgHas 20:80 GLC 5
(P =0.25)

11-21¢ (C4FoCH=):C16Hsy 43:57 GLC 5
(P=0.74)

I1-22¢ CgF17Br:CigHss 44:56 GLC 5
(P =0.80)

1123  Z-RegCH=CHCyoHy C1oF15%:CreHis 28:72 GLC 5
(P =0.38)

T1-24¢ (C4F9CH=);:C16Hs4 40:60 GLC 5
(P=0.68)

I1-25¢ CsF17Br:CigHis 47:53 GLC 5
(P =0.88)

I1-26¢ E-RpgCH=CHCgH3 CioF18%Ci6Hss 79.8:20.2 GLC 5
(P =3.95)

I1-27¢ (C4F9CH=),:C16H34 86.0:14.0 GLC 5
(P=6.13)

11-28¢ CgFy17Br:CigHss 86.4:13.6 GLC 5
(P =6.38)

129  Z-RpCH=CHCgHy3 C1oF15%CieHas 77.2:22.8 GLC 5
(P=3.38)

11-30¢ (C4FoCH=)3:C16Hss 82.0:180  GLC 5
(P = 4.55)

I1-31¢ CgF17Br:CigHss 83.6:16.4 GLC 5
(P=5.11)

II32¢  E-RggCH=CHCgHy, C1oF15%CieHas 72.5:27.5 GLC 5
(P=2.63)

I1-33¢ (C4F9CH=),:C16H34 76.7:23.3 GLC 5
(P =3.30)

I1-34¢ CgF17Br:CigHsy 79.2:20.8 GLC 5
(P=3.381)

II-35¢ Z-RegCH=CHCgHyy CioF18%Ci6Hzs 71.5:28.5 GLC 5
(P =2.51)

11-36¢ (C4F9CH=)2:C16Hsq 76.0:240  GLC 5
(P=317)

11-37¢ CsF17Br:CigHis 78.6:21.4 GLC 5
(P=3.67)

I138¢  E-RigCH=CHC;oHy C1oF15%:C16Hs 54.8:45.2 GLC 5
(P=1.21)

I1-39¢ (C4F9CH=),:C16H34 63.1:36.9 GLC 5
(P=1.71)
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Entry Solute® Solvent system Partitioning Method Ref.
fluorous:
organic (P)
11-40¢ CgF17BrZC16H34 70.8:29.2 GLC 5
(P =243)
11-41¢ Z-RggCH=CHC;pHy; CioF15%:Ci6Hsy 54.1:45.9 GLC 5
(P=1.18)
11-42¢ (C4F9CH:)22C16H34 56.7:43.3 GLC 5
(P=1.31)
11-43¢ C8F17BI‘ZC16H34 65.5:34.5 GLC 5
(P=1.90)
11-44¢ C-CsH4[(CH2)2R(4]2f CF;C(,FMICH}CQH; 55:45 GLC 6
(P=1.2)
I1-45¢ C-C5H4[(CH2)2R(6]2( CF}C(,FHICH}C(,HS 83:17 GLC 6
(P=4.9)
11-46¢ ¢c-Cs H4[(CH2)2 ng]zf CF;3;CgF11:CH3CgHs 90:10 GLC 6
(P=38.8)
11-47¢ C-C;H4l(CHz)zRf4“(CHz)zRf5Jf CF;C(,Fn:CH;C(,HS 75:25 GLC 6
(P=3.0)
11-48¢ C'CSH4[(CHZ)2Rf4][(CHZ)2RfS]f CF;C(,FHZCH}C(,HS 82:18 GLC 6
(P = 4.6)
11-49¢ C-CSH4[(CH2)2Rf(,“(CHz)zng]F CF3C6F112CH3C(,H5 86:14 GLC 6
(P=6.4)
for further compounds see XII and XIII
I Ketones and Aldehydes
I1I-1 cyclohexanone CF;CgF11:CH3CeH; 2.2:97.8 GLC 2
(P =0.022)
I11-2 2-cyclohexen-1-one CF;CgF11:CH3CeH; 1.7:98.3 GLC 2
(P=0.017)
I11-3 RtX(CHZ)BQC(O)(CH2)2Rf8 CF3CsF11:CH3C6Hs 84.6:15.4 GLC 7
(P =5.49)
Reg
I11-4¢ QCHO CF3C¢F11:CH3C6Hs 98.6:1.4 GLC 4a
_ d
RY (P=173.0)
v Alcohols
V-1 cyclohexanol CF3CgF11:CH3CH; 1.6:98.4 GLC 2
(P =0.016)
IV-2¢ CF}CHon CF3C6F112CH3C(,H5 14.5:85.5 GLC 8
(P = 0.170)¢
IV-3¢ (CF;)chOH CF;C(,FH ZCH}C(,HS 26.7:73.3 GLC 8
(P =0.364)4
IV-4¢ RfG(CHz)on CF3C6F112CH3C(,H5 52:48 GLC 8
(P=1.1)
IV-5¢ Res(CH,);OH CF3CgF11:CH3CHs 44:56 GLC 8
(P =0.79)4
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Tab. 6-1. (continued)

Entry Solute® Solvent system Partitioning Method Ref-
fluorous:
organic (P)

IV-6¢ ng(CHz)zOH CF3C(,F11:CH3C(,H5 73.5:26.5 GLC 8
(P=12.77)
IV-7¢ Reg(CH,);OH CF3C¢F11:CH;3CeHs 64:36 GLC 8
(P=1.8)d
1V-8¢ Rfl()(CHz)3OH CF;C()FHZCH;C()HS 80.5:19.5 GLC 8
(P=4.14)1
IV-92 [Rg6(CH3),]3COH CeF14:THF 90.9:9.1 - 9
(P=10.0)
IV-10h CeF14:THF 95.8:4.2 - 9
(P=23.0)
Ry
V-11¢ OCHZOH CF3CoF11:CH3CHs 97426 GIC 4a
- d
R/ (P=38.1)
IV-128 [Rf(,(CHz)2]2C(OCH3)CH(OH)C6H5 C6F14ZTHF 19:81 - 9
(P =0.24)
<R1-G<CH2>2>3CQ
IV-13¢ /N‘i C¢F14:CH;CN 88:12 gravimet 10
CeHs
HO (P=1723)
IV-148 CgF14:CH;3CsHs 59:41 gravimet 10
(P=14)
IV-158 CsF14:CH,Cl, 38:62 gravimet 10
(P=0.61)
RegCH:8I—(_ )
IV-168 /N{_ CsF14:CH;CN 82:18 gravimet 10
CeH;
HO (P = 4.6)
IV-178 CgF14:CH3CsHs 48:52 gravimet 10
(P=0.92)
1V-188 CsF14:CH,Cl, 25:75 gravimet 10
(P =0.33)
I -
IV-198 Cg¢F14:CH3CN 97:3 gravimet 10
(Ry(CHy));C OH (P =32)
IV-208 CgF14:CH;3CsHs 97:3 gravimet 10
(P=32)
IV-218 CsF14:CH,Cl, 94:6 gravimet 10
(P =16)

(V7 22/4 16:23) VCH/G J-1059 Gladysz A/R (29/03/04) PMU: WSL 20/04/04 pp. 56—-100 ch06_p ScalaLF (0).3.04.05 (p. 60)
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Tab. 6-1. (continued)

Entry Solute® Solvent system Partitioning Method Ref.
fluorous:
organic (P)

A Aliphatic Ethers
R o CF3
VAT 5O CFy CF3C¢F11:CH;CsHs 98.3:1.7 GLC 1
CF3 (P =56.8)4
v2i b s CF14:CH;CN 88:12 ravimet 12
Ry “~0 CH, 61'14:CH3 : g

(P=173)

V-3i C¢F14:CH30H 79:21 gravimet 12
(P =3.8)

V-4 CeF14:C,HsOH 78:22 gravimet 12
(P=3.6)

V-5i CeF14:C¢Hg 62:38 gravimet 12
(P=1.6)

V-6 CeF14:CH,Cl, 57:43 gravimet 12
(P=13)

V-7 CsF14:CH3;COCH; 52:48 gravimet 12
(P=11)

V-8i C5F14ZCH3COZC2H5 46:54 gravimet 12
(P =0.85)

V-9t CeF14:CHCl3 46:54 gravimet 12
(P =085)

for further compounds see IV, VII and VIII

VI Carboxylic Acids and Derivatives
VI-1¢ R¢;C(O)OC6Hs CF;3;C6F11:CH3CHs 62:38 GLC 4a
(P=1.6)
VI-2¢ Rf7C(O)OCH2C6H5 CF3C6F111CH3C6H5 89.5:10.5 GLC 4a
(P = 8.50)¢
(6]
VI-3¢ Rﬁ)ko&@\ CF3CgF11:CH3CHs 95.9:4.1 GLC 4a
OCF, (P=23.3)¢
CO,CH
VI-4¢ E CF3CgF11:CH3C6Hs 40:60 GLC 4a
Ry (P =0.68)4
CO,CH,
VI-5¢ CF;C(,FHICH;C(,HS 52:48 GLC 4a
Rg (P=1.1)4
VI-6¢ RBOCOZCHS CF3C¢Fy1:CH;CoHs 50:50 GLC 4a
(P =0.99)¢
Rf%
VI7¢ QC02CH3 CF4CgFy1:CH;CoHs 98812  GIC 4a
P = 85.6)4
R/ ( )

(V7 22/4 16:23) VCH/G J-1059 Gladysz A/R (29/03/04) PMU: WSL 20/04/04 pp. 56-100 ch06_p ScalaLF (0).3.04.05 (p. 61)
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Tab. 6-1. (continued)

Entry Solute® Solvent system Partitioning Method Ref-
fluorous:
organic (P)

O CH

VI-8¢ CH, CHZ)k O/HCHz)ers CeF14:c-CoHyz 89.0:11.0 gravimet 13
’ (CHa)R g (P=810)

VI-9¢ CF3C6F11:C-C6H12 90.5:9.5 gravimet 13
(P =9.58)

VI-10¢ CgF14:CH3CHs 88.6:11.4 gravimet 13
(P=17.75)

VI-11¢ CF;3CgF11:CH3CgH5 86.6:13.4 gravimet 13
(P = 6.46)

VI-12¢ CeF14:CH,Cl, 90.1:9.9 gravimet 13
(P=9.08)

VI-13¢ CF3CgF11:CH,Cl, 93.8:6.2 gravimet 13
(P=15.4)

VI-14¢ CsF14:CHCl; 75.4:24.6 gravimet 13
(P =3.06)

VI-15¢ CF3C¢F11:CHCl; 85.6:14.4 gravimet 13
(P=5.93)

VI-16¢ C5F14ZCH3COZC2H5 72.1:27.9 gravimet 13
(P =259)

VI-17¢ CF;3C¢F11:CH3CO,C,H; 76.5:23.5 gravimet 13
(P =3.25)

VI-18¢ CgF14:THF 73.0:27.0 gravimet 13
(P =270)

VI-19¢ CF3CgFq11:THF 84.0:16.0 gravimet 13
(P=5.26)

VI-20¢ C¢F14:CH3COCH; 76.9:23.1 gravimet 13
(P =3.33)

VI-21¢ CF3C¢F11:CH3;COCH; 86.3:13.7 gravimet 13
(P=6.28)

VI-22¢ C¢F14:CH3CN 86.5:13.5 gravimet 13
(P=6.42)

VI-23¢ CF3C¢F11:CH3CN 94.4:5.6 gravimet 13
(P=16.9)

VI-24¢ CgF14:C,HsOH 80.7:19.3 gravimet 13
(P=4.19)

VI-25¢ CF3C¢Fq11:C;HsOH 94.1:5.9 gravimet 13
(P =16.0)

VI-26¢ C¢F14:CH30H 82.7:17.3 gravimet 13
(P = 4.78)

VI-27¢ CF;3;CgF11:CH30H 91.5:8.5 gravimet 13
(P=10.8)

O CH,

VI CHZ)S/LL Oﬁ (z():zHRZleRfX CoFra1c-CeHy :3;.1:163;)2) gravimet 13

VI-29¢ CF3CgF11:c-C¢Hy, 92.5:7.5 gravimet 13
(P=12.4)

(V7 22/4 16:23) VCH/G J-1059 Gladysz A/R (29/03/04) PMU: WSL 20/04/04 pp. 56-100 ch06_p ScalaLF (0).3.04.05 (p. 62)
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Entry Solute® Solvent system Partitioning Method Ref.
fluorous:
organic (P)

VI-30¢ CgF14:CH3CHs 84.1:15.9 gravimet 13
(P =5.28)

VI-31¢ CF;3C¢F11:CH3CgHj5 94.5:5.5 gravimet 13
(P=17.2)

VI-32¢ CeF14:CH,Cl, 81.9:18.1 gravimet 13
(P = 4.53)

VI-33¢ CF3Cg¢F11:CH,Cl, 93.2:6.8 gravimet 13
(P=13.6)

VI-34¢ CsF14:CHCl; 72.5:27.5 gravimet 13
(P =2.63)

VI-35¢ CF;3CgF11:CHCl3 85.2:14.8 gravimet 13
(P=15.74)

VI-36¢ C¢F14:CH3CO,C,Hs 73.3:26.7 gravimet 13
(P=1274)

VI-37¢ CF;3C¢F11:CH3CO,C,H; 90.8:9.2 gravimet 13
(P =9.86)

VI-38¢ CgF14:THF 63.0:37.0 gravimet 13
(P =1.70)

VI-39¢ CF;CgFq1:THF 82.7:17.3 gravimet 13
(P =4.79)

VI-40¢ CsF14:CH3COCH; 74.5:25.5 gravimet 13
(P=292)

VI-41¢ CF;3;C¢F11:CH3COCH; 84.7:15.3 gravimet 13
(P =15.55)

VI-42¢ CgF14:CH3CN 91.8:8.2 gravimet 13
(P=11.2)

VI-43¢ CF3C¢F11:CH3CN 96.8:3.2 gravimet 13
(P=29.9)

VI-44¢ CgF14:C,HsOH 85.7:14.3 gravimet 13
(P =5.98)

VI-45¢ CF;CgF11:C,HsOH 91.7:8.3 gravimet 13
(P =11.0)

VI-46¢ C¢F14:CH30H 89.9:10.1 gravimet 13
(P =8.89)

VI-47¢ CF;C¢F11:CH30H 96.5:3.5 gravimet 13
(P=127.3)

0 CH,
VI-48¢ CHy( CHZ)”)k o)F(CHz)zRfs CoFr4:-CoHpp 48:52 gravimet 13
: ’ (CHy)oR g (P=10.91)

VI-49¢ CF3CgF11:c-CeHya 74.1:25.9 gravimet 13
(P =2.86)

VI-50¢ C¢F14:CH3CHs 53.1:46.9 gravimet 13
(P=1.13)

VI-51¢ CF;C(,FMZCH}CQH; 79.3:20.7 gravimet 13
(P=3.84)

(V7 22/4 16:23) VCH/G J-1059 Gladysz A/R (29/03/04)
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Tab. 6-1. (continued)

Entry Solute® Solvent system Partitioning Method Ref-
fluorous:
organic (P)

VI-52¢ CsF14:CH,Cl, 50.0:45.0 gravimet 13
(P=1.22)

VI-53¢ CF3CgF11:CH,Cl, 82.4:17.6 gravimet 13
(P = 4.68)

VI-54¢ CgF14:CHCl3 35:65 gravimet 13
(P=0.53)

VI-55¢ CF3C¢F11:CHCl; 62.1:37.9 gravimet 13
(P =1.64)

VI-56¢ C¢F14:CH3CO,C;Hs 51.5:48.5 gravimet 13
(P =1.06)

VI-57¢ CF3C5F11:CH3C02C2 H5 67.5:32.5 gravimet 13
(P =2.08)

VI-58¢ C¢F14:THF 33:67 gravimet 13
(P =0.50)

VI-59¢ CF3CgF11:THF 51.0:49.0 gravimet 13
(P=1.04)

VI-60¢ C¢F14:CH3COCH; 63.9:36.1 gravimet 13
(P=1.77)

VI-61¢ CF3C¢F11:CH3;COCH; 72.9:27.1 gravimet 13
(P=2.69)

VI-62¢ CgF14:CH3CN 93.5:6.5 gravimet 13
(P=14.3)

VI-63¢ CF;3C¢F11:CH3;CN 94.3:5.7 gravimet 13
(P=16.4)

VI-64¢ C¢F14:C,HsOH 89.3:10.7 gravimet 13
(P =8.35)

VI-65¢ CF3C¢F11:C;HsOH 91.8:8.2 gravimet 13
(P=11.2)

VI-66¢ Cg¢F14:CH;0H 95.1:4.9 gravimet 13
(P=19.5)

VI-67¢ CF;CgF11:CH3;0H 97.1:2.9 gravimet 13
(P=33.7)

QL

VI-68¢ O)r (CH,),Ry4 CgF14:c-CcHy, 89.2:10.8 gravimet 13
(CHp) R (P = 8.26)

VI-69¢ CF;3CgF11:c-CeH1a 84.3:15.7 gravimet 13
(P=15.37)

VI-70¢ CgF14:CH3CsHs 64.0:36.0 gravimet 13
(P=1.78)

VI-71¢ CF;3CgF11:CH3CgH5 74.2:25.8 gravimet 13
(P=2287)

VI-72¢ CeF14:CH,Cl, 38:62 gravimet 13
(P=0.61)

VI-73¢ CF3CgF11:CH,Cl, 66.2:33.8 gravimet 13
(P=1.96)

(V7 22/4 16:23) VCH/G J-1059 Gladysz A/R (29/03/04) PMU: WSL 20/04/04 pp. 56-100 ch06_p ScalaLF (0).3.04.05 (p. 64)
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Entry Solute®

Solvent system

Partitioning Method Ref.

fluorous:
organic (P)

VI-74¢

VI-75¢

VI-76¢

VI-77¢

VI-78¢

VI-79¢

VI-80¢

VI-81¢

VI-82¢

VI-83¢

VI-84¢

VI-85¢

VI-86¢

VI-87¢

99!
VI-88 0

VI-89¢

VI-90¢

VI-91¢

VI-92¢

VI-93¢

VI-94¢

VI-95¢

(V7 22/4 16:23) VCH/G J-1059 Gladysz A/R (29/03/04)

CH,

)V iCHz)erx
(CHy)Rg

C6F14:CHCI3

CF;CgF11:CHCl;

C(,FMICH}COzCzHS

CF}C(,FH ZCH3C02C2 H5

C6F14ZTHF

CF}C(,FHITHF

C6F14ZCH3COCH3

CF;C(,Fn:CH}COCH;

C(,FMICH}CN

CF3C6F112CH3CN

C6F14ZCZH5OH

CF;C(,FHICzHSOH

C¢F14:CH30H

CF3C6F112CH3OH

CeF14:c-CoHyy

CF;C(,FHIC-CGHH

CGFMICHgCGHs

CF3C6F11:CH3C(,H5

C5F14ZCH2C12

CF;C(,FnICHzClZ

C(,F14ZCHC13

CF;C(,FllZCHclg

41:59

(P =0.69)
46:54

(P =0.86)
22:78
(P=0.29)
37:63

(P =0.58)
27:73
(P=0.37)
35:65

(P =0.55)
20:80

(P =0.25)
36:64
(P=0.57)
77.4:22.6
(P=342)
82.8:17.2
(P=4381)
76.7:23.3
(P=3.29)
81.7:18.3
(P = 4.46)
82.3:17.7
(P = 4.65)
91.7:8.3
(P=11.1)

93.6:6.4

(P =14.62)
93.3:6.7
(P=13.92)
84.6:15.4
(P =5.49)
90.5:9.5
(P=9.53)
80.0:20.0
(P = 4.00)
86.1:13.9
(P=6.21)
71.8:28.2
(P =2.55)
73.0:27.0
(P =270)

PMU: WSL 20/04/04 pp. 56-100 ch06_p ScalaLF

gravimet 13
gravimet 13
gravimet 13
gravimet 13
gravimet 13
gravimet 13
gravimet 13
gravimet 13
gravimet 13
gravimet 13
gravimet 13
gravimet 13
gravimet 13

gravimet 13

gravimet 13
gravimet 13
gravimet 13
gravimet 13
gravimet 13
gravimet 13
gravimet 13

gravimet 13

(0).3.04.05 (p. 65)




66 | 6 Partition Coefficients Involving Fluorous Solvents

Tab. 6-1. (continued)

Entry Solute® Solvent system Partitioning Method Ref-
fluorous:
organic (P)

VI-96¢ C¢F14:CH3CO,C,Hs 56.9:43.1 gravimet 13
(P=1.32)
VI-97¢ CF;3C¢F11:CH3CO,C,H; 67.1:32.9 gravimet 13
(P=2.04)
VI-98¢ C¢F14:THF 56.5:43.5 gravimet 13
(P =1.30)
VI-99¢ CF3CgFq11:THF 75.1:24.9 gravimet 13
(P=3.02)
VI-100¢ CeF14:CH3COCH; 60.0:40.0 gravimet 13
(P =1.50)
VI-101¢ CF;3CgF11:CH3COCH; 71.1:28.9 gravimet 13
(P =2.46)
VI-102¢ C¢F14:CH3CN 90.0:10.0 gravimet 13
(P =9.00)
VI-103¢ CF3C¢F11:CH3CN 94.2:5.8 gravimet 13
(P=16.2)
VI-104¢ C¢F14:C,HsOH 88.5:11.5 gravimet 13
(P=17.69)
VI-105¢ CF;3;CgF11:C; HsOH 91.1:8.9 gravimet 13
(P =10.24)
VI-106¢ Cy¢F14:CH3;0H 92.1:7.9 gravimet 13
(P=11.7)
VI-107¢ CF;3;C¢F11:CH30H 95.4:4.6 gravimet 13
(P=120.7)
VI-108¢  Rg;C(O)NH(CH3) CF;CgF11:CH3CH;s 55:45 GLC 4a
(P=1.2)4
VI-109¢ Rf7C(O)N(CH3)Z CF;C()FllZCH;C()HS 58:42 GLC 4a
(P=1.4)
VI-110¢ O/_\N’C(O)RW CF3C5F113CH3C(,H5 35:65 GLC 4a
h (P=0.54)
VI-111¢ [ng(CHz);]zC(COzCHzCH})z CF3CgF11:CH3CgHs 85.1:14.9 gravimet 14
(P =5.70)4
VI-112¢ [ng(CHz);JzCH(COZH) CF;C(,FHZCH;C(,HS 97.1:2.9 gravimet 14
(P=33.1)
[(Rgs(CH3)2)3Si(CH,)3]NRR/
(¢}
VI-113 R=H,R' = )LN C¢F14:CHCl 21:79 gravimet or 15
H@ (P=0.27) HPLC
VI-114i CgF14:CH3CN 50.0:50.0 gravimet or 15
(P =1.00) HPLC
VI-115i Cy¢F14:CH;0H 21:79 gravimet or 15
(P=10.27) HPLC

(V7 22/4 16:23) VCH/G J-1059 Gladysz A/R (29/03/04) PMU: WSL 20/04/04 pp. 56—-100 ch06_p ScalaLF (0).3.04.05 (p. 66)
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Tab. 6-1. (continued)

Entry Solute® Solvent system Partitioning Method Ref.
fluorous:
organic (P)

(@]
VI-116 R=H,R'= A@\ CsF14:CH;CN 55:45 gravimet or 15
CH, (P=12) HPLC
VI-117i CeF14:CH30H 57:43 gravimet or 15
(P=13) HPLC
(0]
VI-118 R=CHs,R'= )@ C¢F14:CH;CN 64:36 gravimet or 15
oH, (P=13) HPLC
VI-119 C¢F14:CH3;0H 73:27 gravimet or 15
[(Rrs(CH2)2)3Si(CH2)3],NR (P=27) HPLC
(0]
VI-1200 R= )K©\ C¢F14:CHCl3 96:4 gravimet or 15
cH, (P = 26) HPLC
VI-121 CgF14:CH3CN >99.0:<1.0 gravimetor 15
(P > 100) HPLC
VI-122i CeF14:CH30H >99.0:<1.0 gravimetor 15
(P> 100) HPLC
VI-123i Cg¢F14:THF 90:10 gravimet or 15
(P =9.0) HPLC
VL1240 R: CoF14:CHC 86:14 gravimet or 15
(P=6) HPLC
VI-125] CgF14:CH3;0H >99.0:<1.0 gravimetor 15
(P> 100) HPLC
o CH,
VI-126/ B )L ©/ CeF14:CHCl3 96:4 gravimet or 15
R=""X (P=27) HPLC
VI-127i CeF14:CH3CN >98:<2 gravimet or 15
(P> 50) HPLC
VI-128 CgF14:CH;0H >99.0:<1.0 gravimetor 15
(P > 100) HPLC
VI-129i C¢F14:THF 92:8 gravimet or 15
(P=11) HPLC
(0] 0,
VI-1300 R= )LES\@\ CeF14:CHCl3 97:3 gravimet or 15
CH, (P=37) HPLC
VI-131) C¢F14:THF 94:6 gravimet or 15
(P =16) HPLC

for further compounds see X, XIV,
XV and Table 6-2

(V7 22/4 16:23) VCH/G J-1059 Gladysz A/R (29/03/04) PMU: WSL 20/04/04 pp. 56-100 ch06_p ScalaLF (0).3.04.05 (p. 67)
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Tab. 6-1. (continued)

Entry Solute® Solvent system Partitioning Method Ref-
fluorous:
organic (P)

vII Arenes, Aryl Halides, Phenols

VII-1¢ C(,H(, CF3C5F11:CH3C6H5 6:94 GLC 4a
(P = 0.063)4

VII-2  C¢HFs CF;3CsF11:CH;CeHs 224:77.6  GLC 1
(P =0.289)

VII-3 CeFe CF3C¢F11:CH3C6Hs 28.0:72.0 GLC 1
(P = 0.389)

VII-4 @C%CH; CF;CeF11:CH;CHs 12:988  GIC 1
(P =0.012)

VIL-5 Qi%(cplz)ucl{3 CF;3CsF11:CH;CeHs 0.9:99.1 GLC 1
(P = 0.009)

VIL-6¢ @cg CF3CqF11:CH;CoHs 124876  GIC 4a
(P =0.142)d

VIL.7i CoF14:CH3;CN 12:88 GLC 12
(P =0.13)

VIL-8i CgF14:CH;0H 17:83 GLC 12
(P=0.21)

VIL9! CeF14:C,HsOH 15:85 GLC 12
(P=0.18)

VII-10 C6F14:CeHg 15:85 GLC 12
(P=0.18)

VII-11! C¢F14:CH,Cl, 14:86 GLC 12
(P =0.16)

VII-12! C¢F14:CH3;COCH; 7:93 GLC 12
(P = 0.08)

VII-13i CGFMCH;COzCsz 12:88 GLC 12
(P=0.13)

VII-14i CoF14:CHC, 14:86 GLC 12
(P = 0.16)

VIL15¢ @Rm CF3CgFy1:CH3CeHs 63:37 GLC 4a
(P=17)

VIL16¢ ORm CF3CoF11:CH3CHs 775225  GIC 4a
(P = 3.46)

VI (R, CF3CoFy;:CH3CeHs 854146 GLC 4a
(P=5.87)d

VII-18 {;y(CHZ)}RQg CF;CgF11:CH;CHs 49.5:50.5 GLC 1
(P = 0.980)

VII-19 HO—{;>7(CH2)2RfR CF;C(,F]]ZCH}C(,HS 20:80 1I‘I and 191: 16
(P=0.25) NMR

(V7 22/4 16:23) VCH/G J-1059 Gladysz A/R (29/03/04)

PMU: WSL 20/04/04 pp. 56-100 ch06_p ScalaLF
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6.2 Literature Data
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Entry Solute® Solvent system Partitioning Method Ref.
fluorous:
organic (P)
VII-20 Ho%;y(cm)zgf8 CF3CgF11:CH; CeHs 12:88 'H and F 16
(P =0.14) NMR
HO
VII-21 CF;C(,FHZCH;C(,HS 14:86 lI‘I and wF 16
(CH)3R g5 (P =0.16) NMR
CF,
VII-22¢ CF;C¢F11:CH;CHs 55:45 GLC 11
Cl
VII-23¢ CF;C(,FHICH}C(,HS 35:65 GLC 4a
(CHy) R (P =0.53)d
VIL24c @(CHZ)ZR“, CF3CgF11:CH; CeHs 265735  GLC 4a
(P = 0.360)d
VII-25¢ (I %;y(CHZ)ZRfg CF3CsF11:CH3C6Hs 41:59 GLC 4a
(P = 0.69)
Br
VII-26¢ CF}C(,FUZCH}C(,HS 25.9:74.1 GLC 4a
(CH, )Ry (P =0.350)4
Br
VII-27¢ CF;3;CgF11:CH3CgHj5 19.2:80.8 GLC 4a
(CHy)3R ¢ (P=10.237)¢
VII-28¢ Br @(CHZ)ZRf(, CF;3;C¢F11:CH3CgHs 18.4:81.6 GLC 4a
(P = 0.225)d
R
VII-29¢ @—C b CF;C¢F11:CH;CHs 97.9:2.1 GLC 17
Ry (P = 46.6)
CF,
VII-30¢ @—ea CF3CeF11:CH3CeHs 11.5:88.5 GLC 11
CF; (P =0.130)d
CF,
VIL-31¢ @OCH3 CF;C¢Fq1:CH;CHs 13.8:86.2 GLC 11
CF, (P=0.160)4
CF,
VII-32¢ {;>—QO‘CHZCF3 CF3CgF11:CH3CeHs 35:65 GLC 11
CF3 (P = 0.54)
CF,4
VII-33¢ @—GOCH2CFW CF;C¢F11:CH;CHs 87.0:13.0 GLC 11
C

Fy

(V7 22/4 16:23) VCH/G J-1059 Gladysz A/R (29/03/04)

(P = 6.69)¢

PMU: WSL 20/04/04 pp. 56-100 ch06_p ScalaLF
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Tab. 6-1. (continued)

Entry Solute® Solvent system Partitioning Method Ref-
fluorous:
organic (P)
CF,
VII-34¢ @—GO(CHZ)ZRR CF;C¢F1:CH; CoHs 81.2:188  GLC 11
CF; (P=431)1
CF,
VIL-35¢ {;>—QOCH(CH3)Rfg CF;3CsF11:CH;CeHs 80.0:20.0  GLC 11
CFy (P = 4.01)
CF,
VII-36¢ <;>—60(c142)31zf8 CF;C¢F1:CH; CoHs 76.1:23.9  GLC 11
CFs (P=3.19)
CF,
VII-37¢ @ CF3CF11:CH3CeHs 81.8:18.2 GLC 4a
Res (P=4.48)
CF,
VII-38¢ @ CF;C¢F1:CH;CoHs 91.5:8.5 GLC 4a
Res (P=107)
VII-39¢ CF3OR“‘ CF,CFs1:CH; CoHs 89.410.6  GLC 4a
(P =841)d
VII-40¢ Rm@Rm CF,CFs1:CH;CoHs 99.3:0.7 GIC 4a
(P =145)
VIL41¢ CF;O(CFMO CF, CF3CqF11:CH; CgHs 36:64 GLC ta
(P = 0.57)d
(CHZ)BRfﬁ
VII-42 CF;C(,FUCH;C(,HS 73.7:26.3 GLC 1
(CH,);R 6 (P = 2.80)
(CHy);R
VII-43 CF;C(,FHICH; C(,Hs 91.2:8.8 GLC 1
(CHy);R g (P=10.4)
(CHy)3R 9
VII-44 CF;C(,FllCH;C()HS 97.4:2.6 GLC 1
(CHy;3R¢yg (P=1375)
(CH,);R 1
VII-45 CF;C(,FUCH;C(,HS 90.7:9.3 GLC 1
(CH)R (P =9.75)
vitas Ry~ R, CF3CgF11:CH; CoHs 91189  GLC 1
(P=10.2)

(V7 22/4 16:23) VCH/G J-1059 Gladysz A/R (29/03/04)

PMU: WSL 20/04/04 pp. 56-100 ch06_p ScalaLF
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Tab. 6-1. (continued)

Entry Solute® Solvent system Partitioning Method Ref.
fluorous:
organic (P)

(CH,);R g
VII-47  HO CF3C¢F11:CH3CgHs 70:30 'H and “F 16
P=2. NMR
(CHy Ry (P=23)
(CH,);R ¢
VII-48 CF;C(,FHZCH}C(,H; 72:28 1H and wF 16
HO (CH,)3R 5 (P=2.6) NMR
(CH,);R g
VII-49 CF;CgFy1:CH; CoHs 69.5:305  GIC 18
I (CHy);R g5 (P=2.28)
VII-50 CF;CgF1:CH;OH 97.0:3.0 GIC 18
(P =323)
R(CH,),
VII51 ; CF,CFy1:CH; CoHs 747253  GLC 18
IO(CHZ)3Rf8 (P =2.95)
VIL-52 CF;CeFy:CH;OH 98.6:1.4 GIC 18
(P =70.4)
1
VII-53 CF;CgFy11:CH; CoHs 739261  GIC 18
Ryg(CH,)4 (CH,);R g (P=12.83)
VII-54 CF;CeFy:CH;OH 98.0:2.0 GILC 18
(P = 49.0)
CF
3CF,
OCH,
VII-55¢ CF3CeF11:CH3CHs 29:71 GLC 11
OCH, (P=0.41)
CF, CFs
CF
3 CF,
OCH,CF,
VII-56¢ CF,CFi1:CH; CoHs 767233  GLC 1
OCH,CF, (P =3.29)
. CFs
CF
3CF,
O(CH,);R
VII-57¢ CF3CeF11:CH3CHs 99.1:0.9 GLC 11
O(CH,)3R (P=107)d
CF, CF,

(V7 22/4 16:23) VCH/G J-1059 Gladysz A/R (29/03/04) PMU: WSL 20/04/04 pp. 56-100 ch06_p ScalaLF (0).3.04.05 (p. 71)
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Tab. 6-1. (continued)

6 Partition Coefficients Involving Fluorous Solvents

Entry Solute® Solvent system Partitioning Method Ref-
fluorous:
organic (P)
CF
3CF,
OH
VII-58¢ 1 CF;CgF11:CH3CH;s 4:96 GLC 19
OH (P =0.044)4
cF, CFs
CF, CF,
O(CH,);R g
VIL-59¢  [— CF3CeF11:CH3CgHs 98.0:2.0 GLC 11
O(CH,);R 4 (P= 49.9)d
CF, CFs
CF,
VII-60¢ QR“‘ CF;CgF11:CH;CHs 98.3:1.7 GLC 4a
- d
CF, (P =58.6)
RI'S(CH2)3
VII-61 (Cﬂz)zng CF;3CgF11:CH3CgH5 >99.7:<0.3 GLC 1
P> 332
Ry(CHy), (P>332)
R(CH,),
VII-62 IO(CHZ%R% CF3CcF11:CH3CgHs 98.0:2.0 GLC 18
P =490
Riy(CH), ( )
VIL63  (R,,(CH,),):Si CF3CgF11:CH;0H >99.7:<0.3 GLC 18
OO (P>332)
OH
oo
(Ry,(CHy))Si
VII-648 n=06 CeF14:CHCl3 95:5 gravimet 20
(P=19)
VII-658 n=06 CgF14:CH3CgHs 98:2 gravimet 20
(P = 49)
VII-668 n=28 C¢F14:CH,Cl, 99:1 gravimet 20
(P=99)
VII-67¢ n=28 C¢F14:CH3CsHs 99:1 gravimet 20
(P =99)

(V7 22/4 16:23) VCH/G J-1059 Gladysz A/R (29/03/04)

for further compounds see 111, IV, VI,
VIII, X, XI, XIII, XTIV, XV and XVI

PMU: WSL 20/04/04 pp. 56-100 ch06_p ScalaLF
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6.2 Literature Data
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Entry Solute® Solvent system Partitioning Method Ref.
fluorous:
organic (P)
VIII Nitrogen Heterocycles
N Ry
VIII-1¢ - ‘ CF;CgFq1:CH3CeH; 63:37 GLC 4a
x (P=17)
_N
Vi (| CF3C¢F11:CH3CgHs 71:29 GLC 4a
R (P=24)
VIIL3¢ ng@N CF3C¢Fy1:CH;CgHs 69:31 GLC 4a
— (P=22)d
R(CH, CH,),R
VIII-4 o )ZU( DoRs CF3CgF11:CH3CgHs 93.8:6.2 GLC 21
(P=15.1)
R (CH CH
VIII-5 o 2)*U( DiRes CF3CgF11:CH;3C¢Hs 90.4:9.6 GLC 21
(P =9.42)
VIIL-6 /Lj\ CF3CeF11:CH;CeHs 93.9:6.1 GLC 21
Rx(CH,), CHyR g (P=154)
RfS(CHZ)Z /N HZ)ZRfS
VIII-7 U CF3CgF11:CH3CgHs >99.7:<0.3 GLC 21
(CHZ)ZRﬂs (P > 332)
H
VIII-8 RfS(CH7)31NJA( Hy)3R g CF3CgF11:CH;CoHs 93.6:6.4 GLC 21
(P = 14.6)
CH,C4Hj
VIII-9 Rm(CHz)3 N (CH2)3Rfs CF;C(,FuICH;C(,HS 79.3:20.7 GLC 21
U (P =3.83)
Reg
VIII-10¢ ng ng CgFngCHzclz 82:18 gravimet 22
(P=4.7)
VIS o Q O o CgFi5:CH;CN 94.6:5.4 gravimet 22
o o (P=17.5)
(]
N NJ
Bu t]§u
VIII-12¢ CeF14:CH,Cl, 14:86 - 23
(P =0.16)
R 4(CH,), (CH,),R 5
-13¢ . e —
VIII-13 &N‘ N; \2 C¢F14:CH;3CeHs 20:80 23
3 (P =0.25)
Ph

(V7 22/4 16:23) VCH/G J-1059 Gladysz A/R (29/03/04)
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Tab. 6-1. (continued)

Entry Solute® Solvent system Partitioning Method Ref-
fluorous:
organic (P)

VIII-14¢ RfIO(CHZ)ZX(CHZ)ZRﬂO C5F14ZCH2C12 30:70 - 23
o~"Nro (P =0.42)
VIII-15¢ &,N N\K C¢F14:CH3CeHs 40:60 - 23
Ph Ph (P=0.67)
/\
VIII-16¢ O\_/N*Rl-x CF;3CgF11:CH3CgH5 71:29 GLC 24
(P=2.4)7
VIII-17¢ O/\:/\N’CHZR” CF;3CgF11:CH3CgH5 55:45 GLC 24
(P=1.2)¢
- Ry(CHY);0 O(CHy);R g
VIII-18! Y T\{ N i\ n-CgF15:CH,Cl, 20:80 gravimet 25a
'’
_ — (P=0.25)
~ RyCH,0 OCH,R,
VIII-19! Y T\i N \ n-CgF15:CH,Cl, 51.9:48.1 gravimet 25a
U
_ (P =1.08)
R(CHy), (CHy)4R g
VIII-20% 7 N\ / \ n-CgF15:CH,Cl, 40:60 gravimet 25a
=N N= (P=0.67)
Cl
A
VIII-21¢ j\l‘\ SN CF;CgF11:CH;CHs 95.7:4.3 gravimet  25b
R CH,0” N” “OCH,R (P=22.0)
VIII-22¢ CF3CgF11:CH,Cl, 95.2:4.8 gravimet 25b
(P = 20.0)
VIII-23¢ CF3CgFq11:THF 83.6:16.4 gravimet 25b
(P =5.10)
IX Aliphatic Halides
IX-1¢ Regl CF;3C¢F11:CH;CeHs 78.8:21.2 GLC 4a
(P=3.71)
X-2¢ Regl CF;CgF11:CH;CHs 88.5:11.5 GLC 4a,24
(P=7.69)
IX-3¢ Reiol CF;3CgF11:CH3CgH5 94.5:5.5 GLC 4a
(P=17.1)
IX-4 Reg(CH3)31 CF3CcF11:CH3CgHs 50.7:49.3 GLC 1
(P =1.03)
for further compounds see VII
X Amines, Imines and related
Compounds
X-1 ng(CHz);NHz CF3C5F11:CH3C6H5 70.0:30.0 GLC 4b, 26
(P =12.33)
X-2 Reg(CH, ), NH, CF;CgF11:CH;CHs 63.2:36.8 GLC 26
(P=172)

(V7 22/4 16:23) VCH/G J-1059 Gladysz A/R (29/03/04) PMU: WSL 20/04/04 pp. 56-100 ch06_p ScalaLF (0).3.04.05 (p. 74)
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Entry Solute® Solvent system Partitioning Method Ref.
fluorous:
organic (P)
X3 ng(CHz)5NH2 CF;C(,FHICH;C(,HS 56.9:43.1 GLC 26
(P=1.32)
X-4¢ R CH,NH(CH;3) CF3C¢F11:CH;3;CeHs 74.5:25.5 GLC 4a, 24
(P =2.92)
X-5¢ R”/\NJ\© CF3C¢F11:CH3CeHs 30:70 GLC 24
H (P =0.42)d
X-6¢ ng(CH2>3NH(CH3) CF3C6F11CH3C(,H5 71:29 GLC 4b
(P=24)
X-7 [ng(CH2)3]2NH CF3C6F112CH3C(,H5 96.5:3.5 GLC 4]), 26
(P=27.6)
X-8 [ng(CHz>4]2NH CF3C6F111CH3C6H5 95.1:4.9 GLC 26
(P=19.4)
X-9 [Reg(CH3)s],NH CF3C¢F11:CH;CeHs 93.0:7.0 GLC 26
(P=13.3)
X-10¢ Rf7CH2N(CH3)2 CF}C(,FuZCH}C(,HS 82.2:17.8 GLC 24
(P =4.62)
X-11¢ Reg(CH,)3N(CH3), CF3C¢F11:CH;3CeHs 79.8:20.2 GLC 4b
(P =3.94)4
X-12¢ [Res(CH3)3]2N(CH3) CF3C¢F11:CH3CeHs 97.4:2.6 GLC 4b
(P=37.7)4
X-13 [RfS(CH2)3]3N CF;3;CgF11:CH3CgHs >99.7:<0.3 GLC 4b, 26
(P> 332)
X-14 [ng(CHz)4]3N CF3C6F112CH3C6H5 >99.7:<0.3 GLC 26
(P> 332)
X-15 [ng(CHz)s];N CF;C(,FHZCH}C(,HS 99.5:0.5 GLC 26
(P =199)
[(Res(CH3)2)3Si(CH;)3]NRR/
0O,
X-161 R=H,R'= /S\©\ CgF14:CHCL 42:58 gravimet or 15
CH, (P=0.71) HPLC
X-17i C6F14:CH3CN 27:73 gravimet or 15
(P=0.37) HPLC
X-18i CgF14:CH3;0H 67:33 gravimet or 15
(P=20) HPLC
X-191 CeF14:THF 5:95 gravimet or 15
(P = 0.05) HPLC
0O,
X-20 R=CH;,R'= /S\©\ CsF14:CHCl;3 17:83 gravimet or 15
CH, (P =0.20) HPLC
X-21 CsF14:CH3CN 44:56 gravimet or 15
(P=0.77) HPLC

(V7 22/4 16:23) VCH/G J-1059 Gladysz A/R (29/03/04)

PMU: WSL 20/04/04 pp. 56-100 ch06_p ScalaLF

(0).3.04.05 (p. 75)




76 | 6 Partition Coefficients Involving Fluorous Solvents

Tab. 6-1. (continued)

Entry Solute® Solvent system Partitioning Method Ref-
fluorous:
organic (P)

X-22 CeF14:CH3;0H 87:13 gravimet or 15
(P=6.5) HPLC
X-23i CeF14:THF 9:91 gravimet or 15
(P =10.10) HPLC
(CHy;R
X-24 R(CH,), CF3CgF11:CH3CgHs 98.7:1.3 GLC 7,27
N‘ul/(CI‘Iz)sts (P=759)

for further compounds see IV

X1 Phosphorus Compounds

XI-1¥ [Rf(,(CHz)2J3P CF3C6F111CH3C(,H5 98.8:1.2 GLC 28
(P =82.3)

XI-2k [ng(CHz)2]3P CF;CgF11:CH3C6H;s >99.7:<0.3 GLC 28
(P> 332)

XI-3k [wa(CHz)th CF;3CgF11:CH3CH;s >99.7:<0.3 GLC 28
(P > 332)

XI-4k [ng(CHz);];P CF;C(,FHZCH;CGHS 98.8:1.2 GLC 28
(P =82.3)

XI5%  [Reg(CHy)ilsP CF3CgF11:CH;CeHs 98.9:1.1 GLC 28
(P = 89.9)

X165 [Reg(CH,)s)sP CF;C¢F1:CH; CeHs 98.9:1.1 GLC 29
(P = 89.9)

XI-7% [RfG(CH2)2J3P:O CF;CgF11:CH3CH;s >99.7:<0.3 GLC 28
(P> 332)

XI ) b CF3C¢F11:CH;CsHs 78.421.6  GLC 30
(P = 3.63)

XI-9% [R y(CH,),],—P1in CF3C¢F11:CH3C6Hs 93.7:6.3 GLC 30
(P =14.9)

XI-10/ (C6H5)3P CF14:CsHyy <0.5:>99.5 - 31
(P < 0.005)

XI-11 (4-R“C(,H4)3P 1,3-(CF3)2C(,F102CH3C(,H5 81:19 gravimet 32
(P=4.4)

XI-12 1,3{(CF3),CoF1o:THF 69:31 gravimet 32
(P=22)

XI-13 [4-Rf6(CH2)ZC(,H4]3P 1,3-(CF3)2C6F102CH3C(,H5 47:53 gravimet 32
(P=0.9)

(V7 22/4 16:23) VCH/G J-1059 Gladysz A/R (29/03/04) PMU: WSL 20/04/04 pp. 56-100 ch06_p ScalaLF (0).3.04.05 (p. 76)




Tab. 6-1. (continued)

6.2 Literature Data |77

Entry Solute®

Solvent system

Partitioning
fluorous:
organic (P)

Method Ref.

XI-14
XI-15¢

XI-16¢

XI-17¢

XI-18%  [4-Rgs(CH,)3CoHy]sP
XI-19%  [4-Reg(CH,)3CoHy)sP

XI-20°  [4-Res(CH;);CoHyl3sP—BH;
XI21¢  [4<(RggCH,),CH(CH,)3CH,]sP—BH3
XI-22¢  [4-Rge(CH,);CoHy],PCoHs
XI-23¢

XI-24¢

XI-25¢  4-Re(CH,),CoH4P(CoHs),
XI-26¢

XI1-27¢

XI1-282  [4-Rg3(CF3),CCH,CgHylsP
XI-29¢

XI1-30¢

XI-31¢  [4-R3(CF;3),CCH,CH,],PCoHs
XI-32¢

XI1-33¢

XI-34¢  4-Rg3(CF3),CCH,CoH,4P(CeHs),
XI-35¢

XI-368

(V7 22/4 16:23) VCH/G J-1059 Gladysz A/R (29/03/04)

1,3-(CF3),CF1o:THF
C¢F14:CH3;OH
C¢F14:THF
C¢F14:CH3CeHs
CF3C¢F11:CH3CgHs
CF3C¢F11:CH3CgHs
CF3C¢F11:CH3CgHs
CF3C¢F11:CH3CgHs
C¢F14:CH3;OH
C¢F14:THF
C¢F14:CH3C¢Hs
C¢F14:CH3;OH
C¢F14:THE
C¢F14:CH3C¢Hs
C¢F14:CH;0H
C¢F14:THF
C¢F14:CH;3CeHs
C¢F14:CH3;O0H
C¢F14:THE
C¢F14:CH3C¢Hs
C¢F14:CH;O0H
C¢F14:THF

C5F14ZCH3C(,H5

PMU: WSL 20/04/04 pp. 56-100 ch06_p ScalaLF

17:83
(P=0.2)
96.8:3.2
(P =30.03)
7:93

(P =0.08)
43:57
(P=0.75)
19.5:80.5
(P =0.242)
66.6:33.4
(P=1.99)
37.3:62.7
(P =0.595)
96.6:3.4
(P=284)
65.0:35.0
(P =1.86)
5:95

(P =0.05)
5:95

(P =0.05)
11:89
(P=0.12)
2:98
(P=0.02)
5:95

(P =0.05)
94.9:5.1
(P =18.48)
34:66
(P=0.51)
87.2:12.8
(P =6.84)
77.0:23.0
(P=3.34)
51.2:48.8
(P =1.05)
15:85
(P=0.18)
8:92
(P=0.09)
1:99
(P=0.01)
11:89
(P=0.12)

- 32
HPLC 33
HPLC 33
HPLC 33
GLC 34
GLC 34
1P NMR 17
PFNMR 17
HPLC 33
HPLC 33
HPLC 33
HPLC 33
HPLC 33
HPLC 33
HPLC 33
HPLC 33
HPLC 33
HPLC 33
HPLC 33
HPLC 33
HPLC 33
HPLC 33
HPLC 33

(0).3.04.05 (p.77)




78| 6 Partition Coefficients Involving Fluorous Solvents

Tab. 6-1. (continued)

Entry Solute® Solvent system Partitioning Method Ref-
fluorous:
organic (P)

XI1-37 [4—(CH3)3SiC()H4}3P CeF14:CsH1y <4:>96 - 31
(P < 0.044)

X1-38! CeF14:n-CeH1y <1:>90 - 31
(P <0.01)

(an<CHz)2>X<CH3>3.XSi@P
3

XI-39m x=1n=6 CF;3C¢F11:CH;CHs 21:79 ICP-AAS™ 35, 36
(P =0.26)

XI-40™ CF3C¢F11:n-CgHig 52:48 ICP-AAS™ 36
(P=11)

XI-41™ CF3C¢F11:n-CsHyy 60:40 ICP-AAS™ 36
(P=1.5)

XI-42m  x=1,n=38 CF3C¢F11:CH3C6Hs 69:31 ICP-AAS™ 35, 36
(P=22)

XI-43™ CF3C6F112W-C3H13 82:18 ICP-AAS™ 36
(P=4.6)

XI-44m CF3CgF11:n-CsHpp 69:31 ICP-AAS™ 36
(P=22)

XI-45] C6F14ZC5 H12 12:88 - 31
(P=0.14)

XI-461 C5F14ZVL-C(,H14 43.5:56.5 - 31
(P = 0.770)

XI-47m  x=2,n=06 CF3CeF11:CH3CgHs 89:11 ICP-AAS™ 36
(P=7.8)

XI-48™ CF;C(,FH:n-Cngg 94:6 ICP-AAS™ 36
(P=17)

XI-49m CF3C¢F11:n-CsHpy 85:15 ICP-AAS™ 36
(P=5.7)

XI-50m x=2n=8 CF;3C¢F11:CH;CHs 89:11 ICP-AAS™ 36
(P=78)

XI-51™ CF3C(,F11:1’L-C3H18 97:3 ICP-AAS™ 36
(P =28)

XI-52m CF3CgF11:n-CsHy, 90:10 ICP-AAS™ 36
(P=92)

XI-53™ X = 3, n==~0 CF;C()FU:CH;C()HS 81:19 ICP-AAS® 36
(P=43)

XI-54™ CF3C(,F11ZW~C8H13 90:10 ICP-AAS™ 36
(P=9.4)

XI-55m CF3C¢Fy1:n-CsHpy 94:6 ICP-AAS™ 36
(P=15)

XI-56m x=3,n=8 CF3CFy1:CH;CoHs 68:32 ICP-AAS™ 36
(P=21)

XI-57™ CF3C(,F11:VL-C3H18 92:8 ICP-AAS® 36
(P=12)

(V7 22/4 16:23) VCH/G J-1059 Gladysz A/R (29/03/04) PMU: WSL 20/04/04 pp. 56-100 ch06_p ScalaLF (0).3.04.05 (p. 78)




Tab. 6-1. (continued)

6.2 Literature Data |79

Entry Solute® Solvent system Partitioning Method Ref.
fluorous:
organic (P)
XI-58™ CF;C(,FHII’L-C5H12 95:5 ICP-AAS® 36
(P = 20)
(Rf”(CHZ)Z)vY(CH3)3_'YSi@P
)
(Rm(CHﬁz)x(CHa)}-xSi@P
2
XI-59m  x =0 CF3CeF11:CH3C6Hs 0:100 gravimet 37
(P =0.0)
XI-60™ x=1,n=6 CF;3;CgF11:CH3CgHs 29:71 gravimet 37
(P=04)
XI-61™ X = 2, n==6 CF3C6F112CH3C(,H5 92:8 gravimet 37
(P=12)
XI-62™ x=3,n=6 CF3CeF11:CH3C6Hs >98:<2 gravimet 37
(P> 50)
XI-63¢ (4-Rf7CH,0CH4),PCsHss Galden D-100:C,HsOH 62:38 gravimet or 38
(P=16) ICP-AES®
XI-64¢ (4-Rf7CH,OCgHy)sP Galden D-100:C,HsOH 96.1:3.9 gravimet or 38
(P =24.6) ICP-AES®
XI-65¢ Galden D-100:THF 38:62 gravimet or 38
(P=0.6) ICP-AES®
XI-66¢ Galden D-100:CH;3CgHs 91.2:8.8 gravimet or 38
(P =10.4) ICP-AES®
XI-67¢ Galden D-100:CH;CN 52:48 gravimet or 38
(P=1.1) ICP-AES®
XI-68¢ Galden D-100:CH;3CO,C,Hs 41:59 gravimet or 38
(P=0.7) ICP-AES°
XI-69¢ (3-Rf7CH,0CgHy )3 P Galden D-100:C,HsOH 89:11 gravimet or 38
(P=8.0) ICP-AES®
XI-70¢ (2-Rf7CH,0CgHy )5 P Galden D-100:C,HsOH 89:11 gravimet or 38
(P=77) ICP-AES®
XI-71¢ [4-Rss(CH;)30CsHy 3P Galden D-100:C,HsOH 94.9:5.1 gravimet or 38
(P =18.6) ICP-AES®
(Rg(CH,),);81 O ‘
P(CeHy),
X1-72¢ CoF14:CeHg 74:26 HPLC 20
P(C¢Hs), _
99 o
(R(CH,),),Si
XI-738 CsF14:CcHg 79:21 gravimet 20
(P=338)
XI-748 C¢F14:CH;CN 98:2 HPLC 20
(P = 49)
XI1-758 CgF14:DMF 98:2 HPLC 20
(P =49)

(V7 22/4 16:23) VCH/G J-1059 Gladysz A/R (29/03/04)

PMU: WSL 20/04/04 pp. 56-100 ch06_p ScalaLF

(0).3.04.05 (p. 79)




80| 6 Partition Coefficients Involving Fluorous Solvents

Tab. 6-1. (continued)

Entry Solute® Solvent system Partitioning Method Ref-
fluorous:
organic (P)

(Rg(CH,),);S1 O O
P(0)(C4Hy), )
XI-768 CeF14:CH,Cl, 76:24 gravimet 20
OO P(0)(C4Hy), (P=32)
(R(CH,),),Si

XI-778 CgF14:CcHg 90:10 gravimet 20
(P=9.0)

XI-788 [2-Rf3(CH2>2C6H4O]3P C3F17HZC8H17CH:CH2 95:5 GLC 39
(P=19)

XI1-798 [4-Rss(CH;),CsH4O]3P CgF17H:CgH1;CH=CH, 95:5 GLC 39
(P=19)

XI1-802 [2,4-(R¢g(CH3)2),CeH30]3P CgF17H:CgHy;CH=CH, 99:1 GLC 39
(P=99)

XI1-81 [3,5-(Res(CH2)3)2Cs H3 O] 3P CF3CF11:CH3CsHs 92:8 'Hand F 16
(P=12) NMR

XII Tin Compounds

XII-18 [CH;3(CH;);3]3SnH CeF14:CH3CN <0.7:>99.3  gravimet 40
(P <0.007)

XII-28 CeF14:CeHg <0.3:>99.7 gravimet 40
(P <0.003)

X11-38 [Res(CH;);]3SnH C¢F14:CH3CN 85:15 gravimet 40
(P=15.8)

XII-48 CsF14:CcHg 91.3:8.7 gravimet 40
(P=10.5)

XII-5 [Res(CH3)2]3SnH CF3C6F11:CsHg 97.8:2.2 gravimet 41
(P =44.5)

XI11-6/ CF3C¢Fq1:CH3;0H 97.0:3.0 gravimet 41
(P=323)

XI1-7i CF3C¢F11:CH,Cl, 95.3:4.7 gravimet 41
(P =20.3)

XII-8 CF3C6F112CH3C02C2 H5 89.6:10.4 gravimet 41
(P =8.62)

XII-9 CF3C¢F11:CHCl; 85.9:14.1 gravimet 41
(P =6.09)

XII-108 C¢F14:CH3CN 99.4:0.6 gravimet 40
(P =160)

XII-118 C¢F14:CcHg 98:2 gravimet 40
(P = 45)

XII-128 [Rf4(CH2)3]3sl’lH C6F142CH3CN 70:30 gravimet 40
(P=123)

XII-138 CoF14:CcHg 55:45 gravimet 40
(P=12)

(V7 22/4 16:23) VCH/G J-1059 Gladysz A/R (29/03/04) PMU: WSL 20/04/04 pp. 56-100 ch06_p ScalaLF (0).3.04.05 (p. 80)




6.2 Literature Data | 81

Tab. 6-1. (continued)

Entry Solute® Solvent system Partitioning Method Ref.
fluorous:
organic (P)

XII-148  [Rgg(CH;)3]3SnH CeF14:CH3CN 86:14 gravimet 40
(P=6.4)

XII-158 CsF14:CcHg 90.9:9.1 gravimet 40
(P =10.0)

XIL168  [Reg(CH,),]Sn(CH;),H C¢F14:CH;CN 71:29 GLC 40
(P=24)

X11-178 CeFra:CeHg 41:59 GLC 40
(P=0.7)

XII-185  [Rgs(CH,),]Sn(CH;),H CsF14:CH;CN 937 GLC 40
(P=14)

X11-198 CeFra:CeHg 71:29 GLC 40
(P=12.5)

XIL-208  [Reyo(CHy)y]Sn(CH;3 ), H C¢F14:CH;CN 98:2 GLC 40
(P = 48)

XII-218 CsF14:CcHg 82:18 GLC 40
(P=47)

XI1-22i  [Rpy(CH,)y]3SnCH,CH=CH, C¢F14:CH;CN 86:14 gravimet 42
(P=6)

X11-23i CeF14:C¢Hg 90:10 gravimet 42
(P=9)

XII-241  [Rgs(CH3),]3SnCH,;CH=CH, C¢F14:CH3CN 99:1 gravimet 42
(P = 96)

XI1-25 CeF14:C¢Hg 98:2 gravimet 42
(P =48)

XI1-261  [Rey(CH;)3]3SnCH,CH=CH, CeF14:CH3CN 93:7 gravimet 42
(P=14)

XI11-27 CeF14:CeHg 80:20 gravimet 42
(P=4)

XI1-28'  [Rgs(CH;)3]3SnCH,CH=CH, CeF14:CH3CN 98:2 gravimet 42
(P=47)

X11-29i CeFra:CeHg 96:4 gravimet 42
(P = 25)

XII300  [Reg(CH,)],Sn0 CeF14:CH,Cl 63.037.0 - 43
(P =1.70)

X11-31i C¢F14:CH3;CN 22:78 - 43
(P=0.28)

XI1-32) CeF14:CH3CgHs 65.5:34.5 - 43
(P =1.90)

XIL-331  [Cl(Re(CH,)2)2Sn],0 C¢F14:CH3CeHs 99:1 - 44
(P = 99)

XII-34i CeF14:CH,Cl, 99:1 - 44
(P=99)

XII-35 Cy¢F14:CH3;0H 98:2 - 44
(P=49)

(V7 22/4 16:23) VCH/G J-1059 Gladysz A/R (29/03/04) PMU: WSL 20/04/04 pp. 56-100 ch06_p ScalaLF (0).3.04.05 (p.81)




82| 6 Fartition Coefficients Involving Fluorous Solvents

Tab. 6-1. (continued)

Entry Solute® Solvent system Partitioning Method Ref-
fluorous:
organic (P)

XIII Silicon Compounds

XIII-1 HSi(CH3)2C(,H5 CF3C5F11CH3C6H5 3.6:96.4 GLC 45a
(P = 0.037)

XIIL2™  Reg(CH,),Si(CH;3),Cl CoF14:CH3CHs 66:34 ICP-AAS™ 46
(P=1.9)

XIII-3™ ng(CHz)z Si(CHg)ZCl C6F14ZCH3C6H5 83:17 gravimet 46
(P=438)

XIII-4™  Rgy9(CH,),Si(CH;3),Cl CgF14:CH3CgHs 95:5 gravimet 46
(P=18)

XIII-5™ RfG(CHz)z Sl(cH;)Clz C6F142CH3C6H5 74:26 ICP-AAS® 46
(P=238)

XIII-6™ Rf()(CHz)z SIC13 C6F14ZCH3C6H5 83:17 ICP-AAS™ 46
(P=48)

XIII-7 ><:>708i(CH3)2C6H5 CF;C()FU:CH;C()HS 0.6:99.4 GLC 45a
(P = 0.006)

XI111-8 QOSi(CH3)2C6H5 CF;3CsF11:CH;CeHs 0.8:99.2 GLC 45b

(P = 0.008)
ROSi[CH(CH3),]2(CH; )R’

XIII-9 R = 2{2-naphthyl)ethyl; R’ = Reg CsF14:CH;0H 48:52 HPLC 47
(P=0.92)

XIT1-10° C¢F14:C,H5OH 48:52 HPLC 47
(P=0.91)

XI11-11° C¢F14:CH;CN 43:57 HPLC 47
(P =0.74)

XIII-12P CsF14:DMF 28:72 HPLC 47
(P =0.38)

XIII-13P CgF14:CH,Cl, 12:88 HPLC 47
(P=0.14)

XII1-14° C¢F14:THF 3:97 HPLC 47
(P =0.035)

XIII-15° R = 2{2-naphthyl)ethyl; R’ = Reyq CsF14:CH;0H 73:27 HPLC 47
(P=27)

XIII-16° R = 2{2-naphthyl)ethyl; R’ = Req C¢F14:CH;0H 28:72 HPLC 47
(P =0.39)

XII17° R = 2(2-naphthyl)ethyl; R’ = R, CoF14:CH;0H 11:89 HPLC 47
(P=0.12)

XIII-18° R = (S)-(-)-1-(2-naphthyl)ethyl; R’ = Rgsg CeF14:CH3;0H 60:40 HPLC 47
(P=1.5)

XIII-19? R = C¢HsCH=CHCH,; R’ = Rgg C¢F14:CH;0H 57:43 HPLC 47
(P=13)

XIII-200 R = CeHs(CH,)e; R’ = Reg C¢F14:CH;0H 42:58 HPLC 47
(P=10.72)

(V7 22/4 16:23) VCH/G J-1059 Gladysz A/R (29/03/04) PMU: WSL 20/04/04 pp. 56-100 ch06_p ScalaLF (0).3.04.05 (p. 82)




Tab. 6-1. (continued)

6.2 Literature Data

83

Entry Solute® Solvent system Partitioning Method Ref.
fluorous:
organic (P)

XIII-21» R = CH3(CH3)11; R’ = Rgg CeF14:CH3;0H 89:11 gravimet 47
(P=38.2)

XIII-22P R = cholestanyl; R’ = Rgg CeF14:CH30H 83:17 HPLC 47
(P=15.0)

XIII-23P R = 2-adamantylethyl; R’ = Ry CeF14:CH30H 85:15 gravimet 47
(P=15.7)

XIII-24P R = 2-adamantylethyl; R’ = R CeF14:CH30H 66:34 gravimet 47
(P=1.9)

XIII-25P R = mappicine; R’ = Reg C¢F14:CH30H 10:90 HPLC 47
(P=0.11)

XIII-26™ RfG(CHz)z Si(OCH3)3 C5F14:CH3C6H5 52:48 gravimet 46
(P=11)

for further compounds see IV, VI,
VII, X, XI, XV and XVI

X1V Sulfur Compounds

XIV-1¢ HS(CHz)zc(O)OCHchg CF;C(,FHCH}C(,HS 0.5:99.5 GLC 24
(P = 0.0054)¢

XIV-2¢ ng(CHz)gSH CF3C6F112CH3C(,H5 56:44 GLC 4a
(P=13)

XIV-3¢ R¢6S(CH,),C(O)OCH,CH3 CF3C¢F11:CH;3;CeHs 34:66 GLC 4a
(P=0.51)4

XIV-4¢ ngS(CHz)zc(O)OCHchg CF;C(,FHICH;C(,HS 50:50 GLC 24
(P=1.0)4

XIV-5¢ CF3SCgHs CF3C¢F11:CH;3;CeHs 8:92 GLC 4a
(P =0.086)¢

XIV-6¢ CF3 S<3-C6H4CP3) CF3C6F112CH3C(,H5 17.1:82.9 GLC 4a
(P =0.206)¢

XIV-7¢ R{35C6H5 CF;C(,FH ZCH}C(,HS 64:36 GLC 4a
(P=1.8)4

XIV-8¢ R¢7C(O)SCH; CF3C¢F11:CH;3;CeHs 76.1:23.9 GLC 24
(P=3.19)1

XIV-9¢ R¢;C(S)OCH; CF3C¢F11:CH;3CeHs 74.6:25.4 GLC 24
(P =2.94)

XIV-10¢ Rf7C(S)N(CH3)Z CF;C(,FHICH;C(,HS 3466 GLC 24
(P=0.52)4

S
XIV-11¢ RW)LN/\ CF3C¢F11:CH;CeHs 17.4:82.6 GLC 24
L_oO (P =0.210)¢
S
XIV-12¢ RW)LNJ\Q CF3C¢F11:CH3C6Hs 13.7:86.3 GLC 24
H (P =0.159)d

XIV-13  [Reg(CH3)1]2S CF3C¢F11:CH;3;CeHs 98.7:1.3 GLC 48

(P=175.9)

(V7 22/4 16:23) VCH/G J-1059 Gladysz A/R (29/03/04)

PMU: WSL 20/04/04 pp. 56-100 ch06_p ScalaLF
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84| 6 Fartition Coefficients Involving Fluorous Solvents

Tab. 6-1. (continued)

Entry Solute® Solvent system Partitioning Method Ref-
fluorous:
organic (P)
XIV-14 [Rfs(CH2)3]zs CF3C(,F11:CH3C(,H5 96.6:3.4 GLC 48
(P =284)
(CH,);R g
XIV-15 RfS(CH2)2Y©/ CF;3CsF11:CH;CeHs 99.5:0.5 GLC 7
(P =199)
S\(CHz)sz
for further compounds see VI and X
XV Boron Compounds
O CO,(CH,);R;,
Ot
O7C0,(CH,);R;,
XVi1c  n=6 CF;CgF11:CH;CHs 11.6:884  GLC 19
(P=0.131)4
XV2¢ n=8 CF;3C¢F11:CH;CeHs 244756  GLC 19
(P=0.323)4
XV-3¢ n=10 CF3CeF11:CH3CgHs 39:61 GLC 19
(P=0.63)
Ou, COL(CHy)3Ry,
CH;(CH,);-B, J’
07 C0,(CH,),R;,
XV-4¢ n==06 CF;C(,FUZCH;C(,HS 21.6:78.4 GLC 19
(P =0.275)4
XV-5¢ n==8 CF3C6F11:CH3C6H5 46:54 GLC 19
(P =0.86)¢
XV-6¢  n=10 CF3CgF11:CH;CgHs 76.1:23.9  GLC 19
(P =3.19)
(Rgs(CH,),);Si
XV-7! O'B'O FC-77:CH;CN 93.0:7.0 - 49
. P=133
&n, (P=133)
XV-8! FC-77:CH,Cl, 88.3:11.7 - 49
(P=7.53)
XV-9! FC-77:CHCl; 84.4:15.6 - 49
(P =543)
XV-10! FC-77:C¢Hyg 86.7:13.3 - 49
(P = 6.50)
XV-11! FC-77:CH3CO,C, Hs 47:53 - 49
(P=0.88)
XV-12! FC-77:CH3COCH; 73.2:26.8 - 49
(P=273)
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Entry Solute® Solvent system Partitioning Method Ref.
fluorous:
organic (P)
XV-13! FC-77:CH;3CgHs 88.5:11.5 - 49
(P =7.69)
XV-14! FC-77.THF 74.4:25.6 - 49
(P =291)
for further compounds see XI and XVI
XVI Transition Metal Compounds
XVI-1i Rh;(0,CR¢7)s CF3CgF11:Et,O 83:17 gravimet 50
(P = 4.9)
XVI-2i CF3Cg¢F11:CH,Cl, 94.9:5.1 gravimet 50
(P=18.7)
XVI-?)] CF;C(,FH ZC(,HM 96.7:3.3 gravimet 50
(P =29.4)
XVI-4i CF;C(,FMCH}C(,HS 95.0:5.0 gravimet 50
(P=18.9)
XVI-5i  Rhy(0,CCH,Req)s CF;C¢F11:Et,0 38:62 gravimet 50
(P =0.6)
XVI-6i CF3Cg¢F11:CH,Cl, 89:11 gravimet 50
(P=38.5)
XVI-7i CF3CF11:CcH1s 96.6:3.4 gravimet 50
(P=128.7)
XVI-8i CF3C¢F11:CH;CeHs 96.3:3.7 gravimet 50
(P=25.7)
XVI-9k [(Rf{,(CHz)z);P}gR}ICI CF}C(,FH ZCH}C(,HS 99.86:0.14 ICP-AES® 51
(P =713)
XVI-105  [(Rgg(CH,),);P3RhCl CF;CgF11:CH;CHs 99.88:0.12  ICP-AES® 51
(P =832)
XVI11K  [(Rgg(CH,),)3P]sRh(H)(CO) CF3C¢F11:CH;CeHs 99.5:0.5 GLC 4a, 52a
(P =190)
(Ar;P);RhCl
XVI-12™  Ar = 4-C6H4Si(CH3)2(CH2)2R(6 CF;C(,Fll:n-Cngg 99.7:0.3 ICP-AAS™ 35
(P = 293)
XVI-13¢ CF3C¢F:n-CgHig 98.7:1.3 ICP-AAS™ 35
(P = 76)
XVI-14™  Ar = 4-C(,H4Si(CH3)Z(CH2)2RfS CF;C(,FHIYL-Cngg 99.9:0.1 ICP-AAS® 35
(P = 887)
XVI-15'  [Rfy9(CH;),CsHy|Rh(CO), CF3C¢F11:CH;3;CeHs 44:56 ICP-AES®  52a
(P=10.8)
XVI-16 [Rfm(CHz)zCsH4]Rh(CO)[P((CHz)2Rf(,)3] CF3C6F112CH3C(,H5 96.7:3.3 ICP-AES® 52a
(P=29)
[Rh(COD)(AI’Z P(CHz)z PAl’z)]+X7
XVI17m  Ar = CeHs CF;C¢Fy:THF <1:>99 ICP-AAS™ 53
X = lB(3,5-C6H3(Rf6)2)4J7 (P < 001)
XVI-18m CF3C¢F1:CH;CeHs 41:59 ICP-AAS® 53
(P=10.7)
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Tab. 6-1. (continued)

Entry Solute® Solvent system Partitioning Method Ref-
fluorous:
organic (P)

XVI-19m  Ar = 4-CoH4[Si(CH3)y(CH,)sReg) CF3CeFqq:THF 68:32 ICP-AAS™ 53
X~ =[B(3,5-CsH3(Res)2)4] ™ (P=21)
XVI-20™ CF3CeF11:CH3CgHs 97.1:2.9 ICP-AAS™ 53
(P=34)
XVI-21™ Ar = 4-C(,H4[Sl(CH3)((CHz)2Rf(,)2] CF;C()FuZTHF 89:11 ICP-AAS™ 53
X~ =BF,~ (P=81)
XVI-22m CF;CgF11:CH;CgHs 98.4:1.6 ICP-AAS™ 53
(P=61)
XVI-23m  Ar = 4-CH,[Si(CH;)((CHy)aRe6)2] CF;C¢FyTHF 86:14 ICP-AAS™ 53
X = [B(4-C(,H4Rf(,)4]7 (P = 6.4)
XVI-24m CF3C5F113CH3C(,H5 98.5:1.5 ICP-AAS™ 53
(P = 65)
XVI-25%  Ar = 4-CoH,4Si((CH,),Rgg)3 CF3CeFy1 THF 97.1:2.9 ICP-AAS™ 53
X~ = BF,~ (P=34)
XVI-26™ CF3CeF11:CH3C6Hs 98.5:1.5 ICP-AAS™ 53
(P = 66)
XVI-ZW [Rflg(CHz)2C5H4]Mn(CO)3 CF;C(,FHZCH;C(,HS 64:36 IR 52b
(P=18)
XVI-28¢  [(CH;(CH,);)3P],Ix(C1)(CO) CF;3C¢F11:CH;CeHs <0.3:>99.7 3P NMR 54
(P < 0.003)
XVI-29¢  [(CH3(CH,););P],Ix(Cl)(CO) CF;CgFyy THF <03:>99.7 3'PNMR 54
(P < 0.003)
XVI-308  [(Res(CH,)2)3 P2 Ir(Cl)(CO) CF3CF11:CH3CsHs >99.7:<0.3 3P NMR 54
(P> 332)
XVI-318 CF3C¢F11:CH3COCH; >99.7:<0.3 3P NMR 54
(P> 332)
XVI-328 CF;C()FllZCHzClz >99.7:<0.3 3P NMR 54
(P> 332)
XVI-33¢ CF;C¢Fy:THF >99.7:<0.3 3P NMR 54
(P> 332)
XVI-34i [(Rfﬁ(CHz)z)gplleclz CF3C5F11:CH3C6H5 98.8:1.2 ICP-AES® 52a
(P=83)

NiClz[Arz P(CHz)Z PAI’z]

XVI-35™  Ar = 4-CH4Si(CHj3); CF;3CgF11:CH3CgH5 0:100 gravimet 55
(P =0.0)

XVI-36™ Ar = 4-C6H4[SI(CH3)Z(CH2)2 Rfs] CF;C()FU:CH;C()HS 62:38 gravimet 55
(P=1.6)

XVI-37™  Ar = 4-C6H4[SI(CH3)2(CH2)2 ng] CF3C(,F11 ZCH}C(,HS 79:21 gravimet 55
(P=3.7)

XVI-38™ Ar = 4-C(,H4[Sl(CH3)((CH2)2R(6)Z] CF3C6F11:CH3C6H5 89:11 gravimet 55
(P=8)

XVI-39™m Ar = 4-C6H4Si((CH2)2Rf6)3 CF3C6F11:CH3C6H5 95.8:4.2 gravimet 55
(P=23)

XVI-40] FE[CS H4(CH2)2 RflO]Z C7F162CH3C6H5 95.2:4.8 gravimet 52b
(P = 20)
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Entry Solute® Solvent system Partitioning Method Ref.
fluorous:
organic (P)
XVI-41¢ Fe[C5H3((CHz)2Rf4)2]Z‘1 CF3C6F111CH3C(,H5 90.9:9.1 ICP-AAS® 6
(P=10)
XVI-42¢  Fe[CsH;3((CH3)2Rg6)2]29 CF;CgF11:CH3CeHs 98.6:1.4 ICP-AAS™ 6
(P=72)
XVI-43¢ Fe[c;H}((CHz)zRf4)((CHz)2Rf(,)]zq CF;C(,FHZCH}C(,HS 94.4:5.6 ICP-AAS™ 6
(P=17)
XVI1-44¢ Fe[C5H;((CHz)zRM)((CHz)zng)]zq CF}C(,FH ZCH3C(,H5 95.7:4.3 ICP-AAS™ 6
(P=22)
XVI-45¢ FC[CS,Hg((CHz)ZRf())((CHz)Zng)]Zq CF;C(,FMICH}C(,H; 95.7:4.3 ICP-AAS™ 6
(P=22)
XVI-468 [R{(,(CHz)zCs H4]ZZrC12 CF;3;C¢F11:CH3CgH; 95.4:4.6 gravimet 56
(P=120.7)
XVI1-47¢ [R“(CHz)zCs H4]zZI’(CH3)2 CF;3;CgF11:CH3CgHs 87.5:12.5 gravimet 56
(P =7.00)
RﬂS(CHZ)Z (CHZ)SRI\S
XVI-48 T\} CF;C(,FHICH;C(,HS 95.5:4.5 HPLC 7, 27
Ry(CHyy P (P =21.2)
2
XVI-49 CgF17Br:DMF 95.9:4.1 HPLC 7,27
(P=234)
Ryg(CHy), (CHy)3Rpy
XVI-50 S. CF3C6F11:CH3C(,H5 90.7:9.3 HPLC 7
Rig(CHy)y PdOA (P=98)
2
XVI-51 CgF17Br:DMF 91.4:8.6 HPLC 7
(P =10.6)
XVII Supramolecular Complexes and Polymers
XVII-1¢  [Rge(CH;); NHCONHCH(CH3),;]-HO,CR¢s CgF14:CH,Cl, 40:60 gravimet 57
(P=07)
XVII-2¢  [(CF3CH;NH),;CO]-HO,CR¢g CsF14:CH,Cl, 77:23 gravimet 57
(P=134)
XVII-3¢  [(CF3;CH;NH),CO]-HO,CR¢y7 C¢F14:CH,Cl, 83:17 gravimet 57
(P=49)
XVII-4¢  [(Reg(CH;,),NH),COJ-HO,CRy¢; CeF14:CH,Cl, 96:4 gravimet 57
(P =24)
XVII-5¢ [(Rf(,(CHz)zNH)zco]HOchf(, C(,F14ICH2C12 99:1 gravimet 57
(P = 99)
XVII-6¢ CeF14:CHCl3 96:4 gravimet 57
(P=24)
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Tab. 6-1. (continued)

Entry Solute® Solvent system Partitioning Method Ref-
fluorous:
organic (P)

XVII-7¢ C¢F14:CH3CN 90:10 gravimet 57
(P=9.0)
XVII-8¢  [(Res(CH;),NH),CO]-HO,CCH;R¢g CeF14:CH,Cl, 98:2 gravimet 57
(P =49)
XVII-9¢ [(Rf(,(CHz)zNH)zco]HOzc(CHz)zng C6F14ZCH2C12 95:5 gravimet 57
(P=19)
XVII-10 1,3-(CF3);CsF19:CH3CsHs  96.4:3.6 gravimet 32
(P=26.9)
XVII-11 om0 1,3-(CF3),C¢F19:THF 96.5:3.5 gravimet 32
PPh, H (P=277)
Ryg

3 All measurements obtained at 24 °C unless otherwise stated.

PRy, = (CF3),-1CF3. €25 °C. 4Calculated from In P. ¢ Perfluorodecalin.
fMixture of isomers. 8 Ambient temperature implied. » —45 °C. 120 °C.
iT not given. k27 °C. 110 °C. m0 °C. " Inductively coupled plasma —
atomic absorption spectrometry. °Inductively coupled plasma — atomic
emission spectrometry. P23 °C. 4Mixture of regioisomers.
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ences to other sections are given. The abbreviation Rg,[(CF;),—1CF;] is used throughout,
except for trifluoromethyl groups (formally R¢).

The partition coefficients are listed both as ratios normalized to 100, and as P values.
As some rounding is necessary, the value originally reported in the literature is indicated in
bold type. When a P value has been calculated from an Iln P or f value, this is indicated by a
footnote. All data from the authors’ groups are believed to be correctly represented with re-
spect to the number of significant digits.

GLC (gas-liquid chromatography), HPLC (high-performance liquid chromatography), and
ICP-AAS/AES measurements are generally the most reliable. Gravimetric determinations
where only a very small amount of the solute is present in one phase are subject to greater
errors. Importantly, ICP methods give the total amount of a given element in a given phase.
Hence, the decomposition of a solute to a species with a different partition coefficient (e.g.,
by oxidation), even to a small extent, can introduce error. Since GLC and HPLC assay a
molecular characteristic, they are not subject to this problem.

Partition coefficients are temperature dependent, as illustrated by entries IV-9/IV-10 and
XVI-12/XVI-13 of Table 6-1. The fluorous phase affinity of a fluorous solute is enhanced
at lower temperature. However, most of the values in Table 6-1 were determined between 20
and 27 °C, as specified in the footnotes, and should not vary substantially within this range.
In the most rigorous work, partition coefficients are determined over a range of concen-
trations and extrapolated to infinite dilution [1]. However, the concentrations used in the
authors’ experiments are close to those encountered in “real-life” fluorous/organic liquid/
liquid biphase separations, and the values for various classes of molecules are believed to
have excellent cross-comparability.
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6.3
Trends with Respect to Functional Groups

6.3.1
Non-Aromatic Hydrocarbons

Entries I-1 to [-6 in Table 6-1 give partition coefficients (CF;CgFq1/toluene) for n-alkanes
(decane through hexadecane), and entries II-1 to II-6 give data for the corresponding ter-
minal alkenes. The alkanes, although very non-polar, show high affinities for the toluene
phase. These increase monotonically with alkane size (5.4:94.6 for decane to 1.1:98.9 for
hexadecane). This is in accord with the general trends for absolute solubilities in fluorous
solvents, as discussed in Chapter 3.5. Non-fluorous solutes are thought to occupy cavities,
and smaller guests are always better accommodated.

The n-alkenes have slightly higher toluene phase affinities, consistent with their slightly
greater polarities. A comparable monotonic size trend is found (4.8:95.2 for 1-decene to
0.9:99.1 for 1-hexadecene). When the side-chain of 1-decene is perfluorinated to give
ResCH=CH,, the partition coefficient nearly reverses, to 93.5:6.5 (entry II-7). A variety of
hemifluorinated disubstituted alkenes, Rg, CH=CH(CH,),,CH3, have been analyzed (entries
I1-8 to I1-43). As would be expected, they exhibit intermediate fluorophilicities.

6.3.2
Non-Aromatic Monofunctional Compounds

Entries III-1 and III-2 give partition coefficients (CF3;C¢Fy;/toluene) for the ketones cyclo-
hexanone and 2-cyclohexen-1-one — species more polar than alkanes and alkenes but some-
what “smaller” than specific examples discussed above. Their toluene phase affinities are
also high (2.2:97.8 and 1.7:98.3). The toluene phase affinity of cyclohexanol (entry IV-1,
1.6:98.4) is higher than that of cyclohexanone, and the corresponding dimethylphenyl silyl
ether is higher still (entry XIII-8, 0.8:99.2).

Section IV of Table 6-1 contains several simple fluorous alcohols. The short-chain species
in entries IV-2 and IV-3 show poor fluorophilicities [7]. As the perfluoroalkyl segment
lengthens in the series Reg(CH;)3OH, Reg(CH;)30H, and Reo(CH,);OH (entries IV-5, IV-7,
IV-8), the fluorous phase affinities increase from 44:56 to 64:36 to 80.5:19.5 (CF3CgF1q/
toluene). As would be expected, when a methylene group is removed from the first two
compounds, the fluorophilicities also increase (52:48 and 73.5:26.5; entries IV-4 and IV-6).
Similar trends are found with all other functional groups in Table 6-1.

The thiol Reg(CH;)3SH (entry XIV-2), iodide Reg(CH;)31 (entry IX-4), and primary amine
Reg(CH,)3NH, (entry X-1) exhibit CF3CgF;q/toluene partition coefficients (56:44, 50.7:49.3,
and 70.0:30.0) roughly comparable to that of the corresponding alcohol (64:36). Thus, more
than one Rgg-containing ponytail is clearly needed to achieve higher fluorophilicities with
simple monofunctional organic compounds.

The effect of the number of ponytails is clearly seen in amines of the formula
[Res(CH;)3]xNH;_, (entries X-1, X-7, and X-13). As x increases from one to three, the fluo-
rous phase affinities increase monotonically from 70.0:30.0 to 96.5:3.5 to the point where no
GLC-detectable concentration in toluene remains (>99.7:<0.3). Thus, [Rss(CH,)s3]3N repre-
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sents a highly immobilized fluorous base. When the number of the methylene groups in
each ponytail is increased to five, a small amount of the amine can again be detected in the
toluene phase (99.5:0.5; entry X-15).

Similar trends are observed with fluorous trialkylphosphines. Here, the lengths of the Rg,
as well as the (CH,),, segments have been varied (entries XI-1 to XI-6), and very high fluo-
rous phase affinities can be achieved {>99.7:<0.3 for [Reg(CH;);]3P and [Re19(CH,), ]3P}
Where comparisons are possible, fluorophilicities are slightly lower than for analogous
amines. Counter-intuitively from a polarity standpoint, oxidation to a phosphine oxide
slightly increases the fluorous phase affinity (entry XI-7 vs. XI-1).

As shown in Section XII of Table 6-1, appropriately designed trialkyltin hydrides can
also be highly fluorophilic. Although the solvent systems used are slightly different, parti-
tion coefficients for the compounds [Rg,(CH,),]3SnH are comparable to those of the corre-
sponding phosphines (entries XII-5 and XII-11 for n = 6; n = 10 is still more fluorophilic
but due to solubility limitations an accurate value could not be determined) [8]. Another
triply-branched system is the tertiary alcohol [(Rgg(CH;);]3COH. The C¢Fq4/THF partition
coefficient is 90.9:9.1 at ambient temperature or 95.8:4.2 at —45 °C (entries IV-9 and IV-10).

Thioethers, which can only accommodate two ponytails around the central heteroatom,
possess fluorous phase affinities slightly lower than those of comparable amines and phos-
phines. For example, the CF3CgF;;/toluene partition coefficients for [Reg(CH3),];S and
[Reg(CH,)3],S are 98.7:1.3 and 96.6:3.4 (entries XIV-13 and XIV-14).

6.3.3
Simple Monoarenes

Data for simple arenes are collected in Section VII of Table 6-1, and the CF3C¢Fj;/toluene
partition coefficients can be analyzed as follows. Both pentafluorobenzene and hexa-
fluorobenzene preferentially partition into toluene (22.4:77.6 and 28.0:72.0; entries VII-2 and
VII-3), consistent with their non-fluorous nature as described in Chapter 3.2.2. Benzene
exhibits an even greater toluene phase affinity (6:94; entry VII-1). However, the introduction
of a single ponytail of formula Reg(CH;)3 evens the playing field, and a partition coefficient
of 49.5:50.5 is obtained (entry VII-18). This value is similar to those obtained when an
Reg(CH;); moiety is capped with an iodide or thiol. The compound RegCeHs (entry VII-16),
which lacks methylene spacers, is more fluorophilic still (77.5:22.5), but the electronic
properties of the arene ring are strongly perturbed.

As shown in entries VII-43, VII-45, and VII-46, benzenes with two ponytails of formula
Reg(CH,); exhibit appreciable fluorophilicities, with partition coefficients of 91.2:8.8 to
90.7:9.3. The substitution pattern has little influence. As seen with other compounds above,
when the perfluoroalkyl segment of the ponytail is shortened, the fluorous phase affinity
decreases [73.7:26.3 for Reo(CH;)3; entry VII-42], and when it is lengthened the fluorous
phase affinity increases [97.4:2.6 for Rf1o(CHy)s; entry VII-44]. Importantly, benzenes with
three ponytails of formula Reg(CH;); partition (within detection limits) completely into
CF;3CgF1y, at least when arrayed in a 1,3,5-pattern (entry VII-61).

Entries VII-49 through to VII-54, VII-62, and VII-63 feature monoiodide derivatives of
some of the preceding fluorous benzenes. In all cases, the fluorophilicities decrease. Only
for entry VII-62, a triply ponytailed compound, is a highly biased CF;C¢F;;/toluene partition
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coefficient maintained (98.0:2.0). When the more polar non-fluorous solvent methanol is
employed, relative fluorous phase affinities increase. Regardless, it is clear that with mono-
functional benzenes, at least three ponytails of the formula Reg(CH;)3 are required for high
degrees of fluorous phase immobilization. Entries III-4, IV-11, and VI-7 — a benzaldehyde,
benzyl alcohol, and methyl benzoate — show that two ponytails of formula Rgg (i.e., without
spacers) are essentially as effective (CF3CgF11/toluene partition coefficients 98.6:1.4, 97.4:2.6
and 98.8:1.2).

6.3.4
Triarylphosphines

These points are further illustrated by some of the para-substituted fluorous triaryl-
phosphines in Section XI of Table 6-1. With one ponytail of the formula Reo(CH;); per
ring, the CF3CgF;q/toluene partition coefficient is 19.5:80.5 (entry XI-18). When the per-
fluoroalkyl segment is lengthened, giving Reg(CH3)s3, the fluorophilicity increases (66.6:33.4;
entry XI-19). When the methylene segment is shortened, giving Rgs(CH,),, the fluo-
rophilicity should also increase. Accordingly, the C¢F14/toluene partition coefficient is 43:57
(entry XI-17). When toluene is replaced by the much more polar solvent methanol, the flu-
orous phase affinity becomes much higher (96.8:3.2, entry XI-15).

Entries XI-30 and XI-28 provide analogous data for a phosphine with a single methylene
spacer and a branched Rfs moiety. In CgFy4/toluene, the fluorous phase affinity is lower
(87.2:12.8), but in CeF14/methanol, slightly higher (94.9:5.1). When the phenyl groups bear
only p-Rgs substituents (no methylene spacers), the partition coefficient in 1,3-(CF3),CsF10/
toluene is 81:19 (entry XI-11).

It has proved problematic to attach additional ponytails directly onto the aryl moieties of
fluorous triarylphosphines. Thus, there are no readily available compounds of the formula
{[Re:(CH2)m]xCsHs_x}3P (m > 0) with truly high fluorous phase affinities. However, a
clever way around this dilemma has been developed [9]. Namely, silicon-based ponytails of
the formula [Rg,(CH;);]xSi(CHj3)3—, have been used as anchors for as many as three Rgg or
R¢g groups per ring [10]. As summarized in entries XI-47 through to XI-58, this gives tri-
arylphosphines with much higher fluorous phase affinities (up to 95:5 for x =3 and n =8
in CF3CgF11/n-CsHi,). When the exact values are carefully analyzed, some non-monotonic
trends are obvious, and this point is treated further below.

Note that the analogous dppe derivative in entry XI-62, which contains two fluorous
arenes on each phosphorus atom, gives a CF3;CgFq1/toluene partition coefficient of >98:<2.
The related BINAP derivative in entries XI-72 through to XI-75 features only a single fluo-
rous arene on each phosphorus atom, and the C¢F14/CsHg partition coefficient is only 74:26
(HPLC).

6.3.5
Pyridines

The R¢g-monosubstituted pyridines in entries VIII-1 through to VIII-3, which are ortho,
meta, and para isomers, give CF3C¢Fq;/toluene partition coefficients in the narrow range of
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63:37 to 71:29. The Rgg(CHj;)s-disubstituted pyridine in entry VIII-5 is rigorously compara-
ble to the benzenoid analog in entry VII-45 (N/CH exchange), and gives an essentially
identical partition coefficient (90.4:9.6 vs. 90.7:9.3). Hence, the polar pyridine nitrogen has
little influence. Entry VIII-7 shows that three ponytails of the formula Reg(CH,), provide
essentially complete fluorous phase immobilization (>99.7:<0.3). The hydrogenation of the
pyridine in entry VIIL-5 to the piperidine in entry VIII-8 slightly increases fluorophilicity
(90.4:9.6 vs. 93.6:6.4). This secondary amine can in turn be compared to HN[(CH;)sR¢s]>
(entry X-9) which has one less CH, group and a very similar fluorous phase affinity
(93.0:7.0).

6.3.6
Metal Complexes

Section XVI of Table 6-1 features a variety of metal complexes, the majority of which have
been engineered to have high fluorophilicities. As illustrated by entries XVI-40 through
to XVI-45, a ferrocene appears slightly more difficult to immobilize than a benzene ring.
Two ponytails of the formula Rg19(CH;), or four ponytails of the formula Res(CH,), suf-
fice for CF3C4Fqy/toluene partition coefficients of >91:<9. The fluorous zirconocenes (°-
CsH4(CH;)2Rg6)2Z1X; exhibit CF3CgFy1/toluene partition coefficients of 95.4:4.6 (X = Cl,
entry XVI-46) and 87.5:12.5 (X = CH3, entry XVI-47).

Compounds that are catalyst precursors are of particular interest. The rhodium com-
plexes in entries XVI-9 and XVI-10, which feature three phosphine ligands of the formula
P[(CH;)2Rg]3, exhibit very high fluorophilicities (CF3CgF11/toluene partition coefficients
99.86:0.14, n = 6, and 99.88:0.12, n = 8). Those of similar square planar iridium and nickel
complexes with two such phosphine ligands are slightly lower (entries XVI-30 through
to XVI-34). Salts should normally have poor fluorous phase affinities. However, entries
XVI-20 and XVI-24 show that when appropriate cationic fluorous rhodium complexes
and fluorous anions are combined, CF;C¢Fq1/toluene partition coefficients of 97.1:2.9 to
98.5:1.5 can be achieved. Although partition coefficients have not yet been reported, poly-
oxometalate salts with fluorous tetralkylammonium cations can exhibit similar fluo-
rophilicities [11].

Entry XVI-12 illustrates an interesting effect. The central rthodium is surrounded by three
fluorous triarylphosphines that have only one ponytail per ring, and a CF;C¢F11/n-CgHig
partition coefficient of 52:48 at 0 °C (entry XI-40). Nonetheless, the rhodium complex is
highly fluorophilic, with a partition coefficient of 99.7:0.3 under analogous conditions. Sim-
ilar phenomena, in which the “sum is greater than the parts”, have been observed with
other compounds that are aggregates of fluorous building blocks. Two effects are probably at
work. Firstly, the ponytails are deployed in a maximally efficient way around the periphery of
the molecule. Secondly, the molar volume increases, the influence of which is discussed in
Section 6.5 below.

Dirhodium tetracarboxylates Rhy[O;C(CH;), R4 with very high fluorous phase affinities
are also available (entries XVI-1 through to XVI-8), although for some reason CF3;Cg¢Fyq/
ether gives much less biased partition coefficients than /CH,Cl,, /C¢His, or /toluene mix-
tures. The fluorous nitrogen and sulfur palladacycles in entries XVI-48 through to XVI-51
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contain three ponytails of the formula Rgg(CH,), (m =2 or 3) per arene ring. The
CF;3CgF11/toluene partition coefficients (95.5:4.5 and 90.7:9.3) indicate fluorophilicities
somewhat lower than those of the free non-palladated ligands (98.7:1.3 and 99.5:0.5, entries
X-24 and XIV-15).

6.4
General Trends and Special Situations

Table 6-1 shows that, with only a very few exceptions, the introduction of longer ponytails or
additional ponytails leads to higher fluorous phase affinities. When additional methylene
spacers are introduced, while keeping the perfluoroalkyl segments constant, fluorous phase
affinities decrease. In the authors’ view, compounds with CF3;CgF;;/toluene partition co-
efficients of >90:<10 have high fluorophilicities, and those with partition coefficients of
>99:<1 possess very high fluorophilicities. When the ratio exceeds >99.7:<0.3, the com-
pounds can be viewed as “immobilized”.

In general, simple monofunctional organic compounds, including arenes, require two
ponytails of the formula (CH;)Rss (m = 2,3) for high fluorophilicities. Three such pony-
tails lead to very high fluorophilicities, and often essentially complete immobilization. An
early rule of thumb stated that for a molecule to be preferentially soluble in a fluorous liquid
phase (partition coefficient >50:<50), 60% of the molecular weight should be fluorine-
derived [12]. However, Table 6-1 contains exceptions to all of these generalizations, and se-
lected cases are now examined in turn.

In compounds that already contain a long perfluoroalkyl segment, the introduction of a
CF; group or a “pigtail” sometimes imparts a fluorophilicity significantly greater than might
be expected. For example, the Rgg-monosubstituted benzene in entry VII-16 can be com-
pared with the Rgg/CF3- and Rgg/Reg-disubstituted benzenes in entries VII-37 through to
VII-40 and the R¢g/CF3/CFs-trisubstituted benzene in entry VII-60. Although the CF3C¢Fyq/
toluene partition coefficients for the Reg/CF3 compounds [91.5:8.5 (meta), 89.4:10.6 (para),
81.8:18.2 (ortho)] indicate fluorophilicities less than that of the Reg/Rfg compound (99.3:0.7),
they are in two cases distinctly greater than that of the Reg-monosubstituted compound
(77.5:22.5). The Rgg/CF3/CF3; compound (98.3:1.7) is nearly as fluorophilic as the Rgg/Reg
compound. Thus, although trifluoromethylbenzene itself has a very poor fluorous phase af-
finity (entry VII-6, 12.4:87.6), CF; groups represent legitimate design elements for enhanc-
ing fluorophilicities once a ponytail is in place. Other compounds that appear to show sim-
ilar effects can be found in entries VII-33 through to VII-36 and VII-55 through to VII-59.

A possibly related effect, already noted in Section 6.3.6, is as follows. Some compounds
that can be viewed as aggregates of fluorous building blocks give partition coefficients dis-
tinctly higher than the individual building blocks. For example, the fluorophilicity of the
rhodium tris(phosphine) complex in entry XVI-12 is much greater than that of the phos-
phine ligand (entry XI-40). Another manifestation of this phenomenon, but in a supra-
molecular context, is illustrated in Scheme 6-1 [13]. The fluorous N,N’-dialkyl urea 1 is
not very fluorophilic (C¢F14/CH,Cl, partition coefficient 30:70). However, the addition of an
equivalent of the fluorous carboxylic acid 2 gives a highly fluorophilic 1:1 complex (parti-
tion coefficient 99:1). Although the partition coefficient of 2 is not known, it could well be
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Scheme 6-1.  Effect of supramolecular complex formation upon a partition coefficient

somewhat lower due to the polar acidic functional group. In this event, two more polar
solutes combine to give a less polar and more fluorophilic complex. Additional examples are
provided in entries XVII-1 through to XVII-9 of Table 6-1.

In such compounds or complexes, three main effects are probably operating. Firstly, polar
acidic and basic sites (either Brensted or Lewis) combine to give less polar moieties. Sec-
ondly, the ponytails are directed around the outer perimeter of the molecule in an efficient
manner such that solvation in non-fluorous media is impeded. One wonders whether a
“Maginot line” (or perhaps more accurately, a “Maginot sphere”) of CF;-pigtails, accom-
panied by a smattering of ponytails, might constitute a particularly staunch defender of the
fluorous character. Thirdly, the molar volume increases, the effect of which is discussed in
the following section.

The most puzzling exceptions to the generalizations regarding ponytail length and quan-
tity and fluorous phase affinities involve silicon-substituted triarylphosphines of the formula
P{p-CcH4Si(CH3)3_[(CH2)2R ]« )5 (entries XI-39 through to XI-58). The partition coeffi-
cients were carefully measured in several solvent systems [9a]. The values in CF3;C¢Fq;/n-
pentane show the expected monotonic trend, with fluorophilicities increasing in the order
x/n=1/6<1/8<2/6<2/8<3/6<3/8. However, in CF3C¢F;j/n-octane the phos-
phines with three ponytails show lower fluorous phase affinities than those with two pony-
tails (x/n=1/6<1/8<3/6<3/8<2/6<2/8). The situation is similar in CF3C¢Fq1/
toluene, but now with some of compounds with Rgs ponytails showing fluorous phase af-
finities equal to or greater than the homologs with Reg ponytails (x/n=1/6 <1/8 < 3/8 <
3/6 < 2/8 = 2/6).

The preceding trends cannot be rationalized by any of the qualitative fluorophilicity
models, but yet are real and must have an explanation. Apart from questioning the models,
it should be noted that for measurements made in solution, there is always the possibility
that certain fluorous solutes, but not others, might aggregate in some way. Gel formation is
not uncommon, and micelles are certainly conceivable. As noted in Section 6.2, in the most
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Tab. 6-2. Effect of fluorous solvent on partition coefficients with toluene®P

Solvent CH3CH,CH(CH3)CO, (CH.)sRys CH;(CH3),CH(CH3)CO,(CH;);Rys
(CF3)3CC(CF3)3C 39:61 32:68
(0.64) (0.48)
n-C(,F14 50:50 40:60
(0.98) (0.68)
CF}C(,FH 55:45 49:51
(1.23) (0.95)
perfluoroperhydrofluorened 53:47 49:51
(1.13) (0.97)
perfluorodecalind 61:39 56:44
(1.59) (1.28)

2 Fluorous solvent:toluene (P value as originally determined). »25 °C
unless noted. <40 °C. dMixtures of cis/trans isomers.

rigorous studies, the concentration dependences of partition coefficients are determined.
The data are then extrapolated to infinite dilution, where aggregates become impossible.
Perhaps some of these non-monotonic trends reflect non-ideal solution behavior.

For many compounds in Table 6-1, partition coefficients were measured with more than
one non-fluorous solvent. Although there are a few curious exceptions (e.g., ether vs. toluene
or hexane in entries XVI-1 through to XVI-8), the more polar the non-fluorous solvent, the
greater the fraction of the fluorous solute in the fluorous phase.

In contrast, only a few compounds have been probed with more than one fluorous sol-
vent. Naturally, it is of interest to know which ones give the most biased partition co-
efficients. This has been investigated with two test solutes and toluene as summarized in
Table 6-2 [14]. The best results were obtained with perfluorodecalin, and all cyclic solvents
tested were superior to n-CgF14. Entries of VI-8 through to VI-107 of Table 6-1 also feature
many parallel measurements involving CF3;C¢Fy; and n-Cg¢F14. In nearly all cases, the former
gives the more biased partition coefficient.

6.5
Quantitative Analysis and Prediction of Partition Coefficients

There have been several efforts to parameterize the above data such that fluorophilicities can
be predicted [4-6]. One approach makes use of 3D QSAR descriptors and neural networks
[4]. A host of parameters was considered: percent fluorine, molecular volume, molecular
surface, globularity, solvent accessible surface, solvent extended surface, solvent extended
volume, calculated polarizability, calculated dipole moment, calculated Hildebrand parame-
ter, degree of chemical bond rotational freedom, and others. In the end, very good agree-
ment between measured and predicted partition coeflicients in the test group of 60 mole-
cules was realized.

Another parameterization effort involving a test group of 90 molecules found fluorine
content, dispersion, and hydrogen bond acidity factors to be most important [4]. Polarity,
hydrogen bond basicity, and size effects played much smaller roles.
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The most definitive work to date involves Mobile Order and Disorder (MOD) theory |6,
15]. This has been applied to other types of liquid/liquid partition coefficients, using a five-
term expression. With aprotic fluorous biphasic systems, the expression reduces to two
terms. One involves the molar volumes of the fluorous and organic solvents and the solute.
The other involves the corresponding cohesion parameters. Once the solvent properties have
been measured, the partition coefficients are a function of only two solute variables, one of
which (the molar volume) is easily calculated from group increments. The investigators use
a small amount of the data in Table 6-1 to back-calculate the solute cohesion parameter and
derive a second set of group increments. This allows the partition coefficients of approxi-
mately 50 additional compounds to be predicted with good accuracy.

6.6
Future Directions

On the computational side, the prediction of partition coefficients is certain to attract further
attention. To better interpret raw data, fluorous solutes will be increasingly scrutinized for
non-ideal behavior in solution. Naturally, there will be many new entries for Table 6-1, as
well as increased focus on supramolecular assemblies. However, there are some likely di-
rections for future research that are not straightforward extensions of themes discussed
above.

For example, partition coefficients for fluorous liquid/non-fluorous solid biphase systems
are of interest from several standpoints. Recently, the partitioning of small organic mole-
cules from both fluorous and non-fluorous solvents as well as mixtures into highly cross-
linked, macroporous, and insoluble organic polymers has been studied [16]. One goal is
to enhance access of organic substrates to imbedded catalyst sites. Presumably due to a flu-
orophobic effect, fluorous/organic solvent mixtures give up to 200-fold increases in local
concentrations relative to pure organic solvents. Under catalytic conditions, turnover fre-
quencies are greatly enhanced.

6.7
Sample Experimental Determinations

The following procedures illustrate recommended procedures for determining partition co-
efficients by GLC, HPLC, and F NMR. All correspond to entries in Table 6-1.

A [17]. A 10 mL vial was charged with 3,4-(RggCH,CH,CH;),CoHsI (entry VII-50;
0.0156 g, 0.0138 mmol), CF3CsF;; (2.000 mL), and MeOH (2.000 mL), fitted with a mini-
nert valve, vigorously shaken (2 min), and immersed (cap-level) in a 35 °C oil bath. After
12 h, the bath was removed. After 12-24 h, a 0.500 mL aliquot of each layer was added to
0.250 mL of a standard 0.0244 M solution of eicosane in hexane. The samples were diluted
with ether and GLC analysis (average of 7-8 injections) showed that 0.00325 mmol of 3,4-
(RegCH,CH,CH,;),CsH;1 was in the CF3CgFy; aliquot and 0.000101 mmol in the MeOH
aliquot (97.0:3.0; a 2.000/0.500 scale factor gives a total mass recovery of 0.0150 g, 97%).

B [18]. A 10 mL vial was charged with the imine palladacycle from entry XVI-48; (0.0104 g,
0.0031 mmol), CF3C¢Fq; (2.000 mL), and toluene (2.000 mL), fitted with a mininert valve,
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and vigorously shaken (2 min). After 2 h (24 °C), a 0.250 mL aliquot of the fluorous phase
and a 0.750 mL aliquot of the non-fluorous phase were removed. The solvents were evapo-
rated and the residues dried by oil pump vacuum (1 h). Each residue was taken up in
CF;3;C¢Hs/EtOH (9:1 v/v; 0.500 mL) and analyzed by HPLC (average of 5 injections, 200 x 4
mm Nucleosil 100-5 column, UV/visible detector). The relative peak intensities were (after
normalization to the aliquot volumes) 95.5:4.5.

C[19]. A 5 mL flask was charged with H3B-P[ p-C¢H4(CH;)3;CH(CH3,R¢g)2]3 (entry XI-21;
0.0368 g, 0.0121 mmol) and CF3;C¢Fq; (2.00 mL). After complete dissolution, toluene (2.00
mL) was added and the mixture was vigorously shaken (20 min). The flask was kept at 25 °C
for 48 h. Then aliquots (each of 0.500 mL) were taken from both phases. The CF3;CgFyq
aliquot was evaporated to dryness. A solution of the internal standard C¢Fs (0.0738 g,
0.397 mmol) in CF3;C¢Hs (12.7016 g) was prepared. Portions of this standard solution were
added gravimetrically to the above aliquots (CF3;CgFq1: 0.6413 g solution, 0.0199 mmol
CoFe; toluene: 0.0596 g solution, 0.00185 mmol C¢F). Then CsDg was added (0.05 mL each)
and the samples were analyzed by '°F NMR (integration of CF; signal against C¢Fs). The
procedure was repeated, giving an average partition coefficient of 96.6:3.4 {0.00840 g of
H3B'P[p-C6H4(CH2)3CH(CH2R{S)2]3 in 0.500 mL of CF;C()FH; 0.000292 g of H;Bp[p-
CeH4(CH,;)3;CH(CH3Rg)2]3 in 0.500 mL of toluene}. A 2.00/0.500 scale factor gives a total
mass recovery of 0.0348 g (95%).
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