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Synthesis of 2,2'-azanediylbis(N,N-bis(4,4,5,5,6,6,7,7,8,8,9,9,10,10,11,11,11-heptadecafluoroundecyl)

acetamide) - a novel fluorous secondary amine with four perfluorooctyl chains
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Abstract:  Bis(perfluorooctylpropyl)amine ~ and  N-(benzyloxycarbonyl)iminodiacetic =~ acid
di(pentafluorophenyl) ester was heated in C¢HsCF3 to afford a fluorous diamide with four perfluorooctyl
chains, which on deprotection with catalytic hydrogenation in FC-72 (a mixture of perfluorohexanes)
solvent gave the appropriate secondary amine in high yield. Although this fluorous secondary amine
showed rather low solubility in perfluoroalkanes at room temperature it was found to solubilize colloidal
palladium particles in ether, BTF and perfluoroalkanes.
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Fluorous primary (1°), secondary (2°) and tertiary (3°) amines of the type [Ri(CHz2)mRm]xNH3) are
important building blocks and reagents in fluorous chemistry [1].Their fluorous aldehyde and fluorous
alkyl iodide precursors are easily accessible [2].The 2° amine [(CsF13CH2CH2)3SiCH2CH2CH2]:NH with
six perfluorohexyl chains was synthesized and introduced as a fluorous scavenger in the automated
solution phase parallel synthesis of an urea library by Curran et al. [3]. Another application of a heavy
fluorous support with six perfluorooctyl chains (Scheme 1), enabled the synthesis of a bio-active

peptide, Leu-enkephalin using Fmoc-strategy as reported by Mizuno et al. [4].
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Figure 1. Structure of a heavy fluorous support used for peptide synthesis (cf. [4]).
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The synthesis of a novel 2°fluorous amine having four perfluorooctyl groups (6) is disclosed here, which
involves the reaction of bis(perfluorooctylpropyl)amine (4) and N-(benzyloxycarbonyl)iminodiacetic acid
di(pentafluorophenyl)ester (3) followed by deprotection of the intermediate fluorous carbamate (5) using

catalytic hydrogenation in FC-72 solvent [5] (Scheme 2).
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Scheme 2. Synthesis of a dendrimer type fluorous 2° amine 6 with four perfluorooctyl-chains.

However, the synthesis of the precursor active ester 3 was optimized to afford it in 94% yield by using
recrystallized N-protected iminodiacetic acid 1 along with freshly distilled pentafluorophenol 2 and
excluding air humidity. The reaction of 3 (1 mol) and amine 4 (2 mol) took place under homogeneous
condition in benzotrifluoride (BTF) to afford 5 -the protected diamide with four perfluorooctyl groups in
83% yield - as a pale yellow oil after a fluorous-organic biphasic extractive work-up. Carbamate 5 (%F =
61.35) showed high solubility in perfluoroalkanes, while the solid fluorous amine 6 (%F= 65.52),
obtained by the Pd/C catalyzed hydrogenolysis of 5, disclosed relatively low fluorous solubility and a
melting point of 99-101°C. This behavior is in accordance with the empirical principles which predict that
intermolecular attractive interactions should be minimized to achieve higher fluorophilicity values and
fluorocarbon solubility [6]. Consequently amine 6 in spite of its higher fluorine percent than the precursor
carbamate 5, does not meet the requirements for application as a fluorous scavenger [7]. However,
compound 6 may be used as an F-building block or as a reagent to stabilize and solubilize Pd-colloids in
perfluoroalkanes. A small amount of the mixture of the precipitated 6 and Pd/C was heated with a few mL of

perfluoro(methylcyclohexane) (CF3CsF11) for a minute and filtered to give a brilliant but brown colored solution.
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This observation is the indication of the formation a fluorocarbon soluble palladium-sol. When this solution was
shaken with PhsP in toluene a colorless CF3CsF11 layer was obtained, but soon a black precipitate appeared at

the phase boundary. In a different experiment the Pd-sol decomposed completely by boiling it for a few minutes.

Experimental

The precursors 1 and 4 were prepared as reported in [8] and [1b], respectively. Fluorinert FC-72 electronic fluid,
BTF and CFsCH,OH was purchased from FC Chemicals, while the other reagents and organic solvents from
Sigma-Aldrich and MOLAR. 'H-, 13C- and "®F-NMR spectra were recorded on Bruker Avance 250 instrument
using a 5 mm inverse 'H/"C/3P/*F probe head at room temperature. Chemical shifts (d) are given in parts per
million (ppm) units relatively solvent (CDCls) residual peaks (86=7.26 for 'H, 8=77.0 for ©C) and to CFCls as
external standard (3=0.00 for '9F). Determination of molecular mass and acquisition of the tandem mass
spectrum were performed by electrospray ionization mass spectrometry (ESI-MS) on a Bruker Daltonics Esquire
3000 plus (Germany) ion trap mass spectrometer. The sample was dissolved in acetonitrile-trifluoroethanal
solvent mixture (50:50, V/V). The mass spectrum was acquired in the 200-3000 m/z range. Capillary voltage was
4000 V, nebulizer gas pressure was 10 psi, drying gas flow was 4 L/min and the heated capillary temperature
was 250 °C. The sample was injected into the ion source in a flow rate of 10 uL/min using a syringe pump.
Melting points were determined on a Bodetius micro-melting point apparatus and are uncorrected. Gas
chromatographic analysis of volatile products was performed using a Hewlett-Packard 5890 Series Il instrument
with PONA [crosslinked methylsilicone gum] 50 m x 0.2mm x 0.5 mm column, H; carrier gas, FID detection;
Program: 120 °C, 5 min, 10 °C/min, 250 °C, 5 min, Inj.: 250°C, Det.: 280°C.

Bis(pentafluorophenyl) 2,2'-(((benzyloxy)carbonyl)azanediyl)diacetate (3)

In a flame dried flask under and argon atmosphere to a magnetically stirred mixture of N-(benzyloxycarbonyl)-
iminodiacetic acid(1) (3.00g, 11.2 mmol) and CeFsOH (2) (4.58 g, 24.6 mmol) in absolute dioxane (60 mL) was
added dropwise a solution of DCC (5.07 g, 24.6 mmol) in absolute dioxane (12 mL) at room temperature during 1
h.The progress of reaction was indicated with the formation of a thick white precipitate (DCU). The mixture was
kept at room temperature for overnight, than the precipiate was removed by filtration. It was washed with dioxane
(3 x 10 mL) and dried to give 5.05 g (22.6 mmol, 92%) of DCU side product. The filtrate was evaporated using a
rotavapor at 16 mmHg and 50 °C bath temperature for 30 min to afford 8.2 g of crude melt, which was solidified
on cooling to room temparature. Recrystallization from n-heptane (50 mL) gave 5.10 g (76%) of white crystalline
product with m.p.= 80-82°C. Upscaling this synthesis by 4 times (ie. using 120 g of 1
[CsHsCH20C(O)N(CH.CO2H),]) gave 25.2 g (94%) of product of the same purity as earlier, which showed

agreeable spectral properties to that reported in [9].
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'H-NMR (CDCl3) (3, ppm): 7.29, s, (5H, CeHs); 5.17, s, (2H, PhCHy); 4.46, s, (NCH,C=0, A-chain); 4.55, s,
(NCH,C=0, B-chain).

3C-NMR (CDCl3) (8, ppm): 128.9 (Ca-4); 129.0 (Ca-3,5); 128.5 (Ca-2,6); 135.7 (Car-1); 69.3 (CH.,OCO); 155.8
(CH,0CO); 49.1 (CH,CO,, A-chain); 165.9 (CH,CO,, A-chain); 49.4 (CH.CO,, B-chain); 166.0 (CH.CO,, B-

chain).

Benzyl bis(2-(bis(4,4,5,5,6,6,7,7,8,8,9,9,10,10,11,11,11-heptadecafluoroundecyl)amino)-2-oxoethyl)
carbamate (5)

Under an argon atmosphere a stirred mixture of 4 (7.12 g, 7.60 mmol) and active ester 3 (2.28 g, 3.80 mmol) in
CeHsCF3 (30 mL) was refluxed on a 130°C oil-bath until the GC analysis of a sample showed no more increase in
the 2:4 ratio. This approximately took 36 h. The solvent was evaporated in vacuum (rotavapor) then the residual
oil was dissolved in an FC-72 (35 mL) — CH30OH biphasic system. The side product CsFsOH showed a preference
to the CH3OH phase. The lower fluorous phase was separated and consecutively washed with CH;OH (2 x 15
mL) and 2M NaOH (2 x 50 mL). The phase separation, which indicated with the clearing up of the upper aqueous
phase, was facilitated with addition of some drops of CH;OH. The FC-72 phase was washed again with CHsOH
(2 x 15 mL), then it was separated and dried (Na>SOs). The filtrate was concentrated by distillation off the solvent
at atmospheric pressure to allow the recovery most of FC-72 (25 mL) solvent. The last traces of FC-72 from the
residual oil were removed at 16 Hgmm pressure and 110°C temperature for 1 h. Yield: 6.65 g (83%) pale yellow
oil. Compound 5 is completely miscible with perfluoroalkanes, benzotrifluoride, and ether. It is free from 2 and 4

as determined by GC.

'H-NMR (CF.CICFCI>-CDCls, 1:1 viv, TMS) (3, ppm): 4.17, s, (2H, NCH,CO-, A-chain); 4.25 s, (2H, NCH,CO-, B-
chain); 5.04 s, (2H, PhCH,0CO-); 7.13,~s, (5H, CeHsCH2).

3C-NMR(CFCICFCl,-CDCls, 1:1 vlv, TMS) (8, ppm): 136.3 (Ca-1); 128.5 (Ca-2, 6); 128.7 (Ca-3,5); 128.6 (Car-4);
68.5 (PhCH,); 156.4 (PhCH,OC=0); 48.7 (CH.C(=O)N, A-chain); 168.6 (CHC(=O)N, A-chain); 47.1 (NCH.CH,,
A-1-chain); 45.7 (NCH,CH,, A-2-chain); 49.4 (CH.C(=O)N, B-chain); 169.1 (CH.C(=O)N, B-chain); 46.7
(NCH,CH,, B-1-chain); 45.8 (NCH,CH,, B-2-chain).

2,2'-Azanediylbis(N,N-bis(4,4,5,5,6,6,7,7,8,8,9,9,10,10,11,11,11-heptadecafluoroundecyl)acetamide) (6)

The 250 mL volume glass vessel of a medium pressure autoclave was charged with carbamate 5 (6.74 g, 3.2
mmol) dissolved in FC-72 (60 mL) and 10% Pd/C catalyst (600 mg Pd-C). Then the mixture was hydrogenated at
40 psi pressure of H,at room temperature for 16 h. The crude product was isolated by filtration, washed with FC-
72 and dried under vacuum. Yield: 6.27 g (~ 90%) off-white solid (6@Pd/C). This crude product was extracted
with boiling ether in a Soxhlet apparatus for 48 h. The extract was evaporated on a rotavapor then the crystalline
product obtained was filtered, washed with CH;OH and dried over P20s in a vacuum. Yield: 3.69 g (59%) white
crystalline product, m.p. = 99-101°C.
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'H-NMR (CFCICFCI-CDCls, 1:1 v/v, TMS) (3, ppm): 3.51, s, (2H, NCH,CO); 3.45, t, (2H, 7.6 Hz, NCH,CH2, A-
chain); 3.37, t, (2H, 7.6 Hz, NCH,CH,, B-chain); 2.12, br, (4H, NCH,CH,, A-chain and B-chain); 1.92, tt, (4H, 14.4
Hz, 7.3 Hz, A-chain and B-chain).

BC-NMR: 50.5 (H-NCHy); 171.2 (C=0); 45.6 (N-CH.CH,CH, A-chain); 20.6 (N-CH,CH>CH, A-chain); 29.1, t, (N-
CH2CHyCH2CeF 17, A-chain); 46.9 (N-CH.CH.CH,, B-chain); 19.5 (N-CH.CH.CH;, B-chain); 28.7, t, (N-
CH2CH;CH,CsF 17, B-chain).

MS(ESI) (CH3CN : CF3CH,0H = 1:1 v/,): Calcd. forCagHaoFssN3O2 = 1971.1; Observed: 1971.1

(Cf. Supporting Information).
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SUPPORTING INFORMATION

The MS spectrum of compound 6 is disclosed.
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Figure S$1. ESI-MS spectrum of 6 acquired on a Bruker Daltonics Esquire 3000 plus (Germany) ion trap mass spectrometer.
The sample was dissolved in acetonitrile-trifluoroethanol solvent mixture (50:50, V/V). The detected ion corresponds to the
protonated molecule [M+H]*.
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