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Perfluorocarbon-Hydrocarbon Self-Assembly. Part 3.
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Liquid Phase Interactio

ns between Perfluoroalkylhalides
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Abstract: In the lignid phase a specific and attractive intermolecular interaction exists between iodo-

or bromo-perfluoroatkanes (R; - X, Ry = perfluorinated chain, X = Br, I) and heteroatom containing
hydrocarbons (El) and it is robust enough to overcome the low affinity between perfluorocarbons and
hydrocarbons. The interaction results in the formation of Ry - X:+*El complexes and this formation
strongly affects '*N'and '°F NMR spectra of the partners. An association constant of 10.7 + 1 mol” has

DL

been determmed © 1998 Elsevier Science Ltd. All rights reserved.

Halogens (mainly I, and Bry),” interhalogens (e.g. ICl and IBr),> and pseudohalogens (mainly ICN)* are
known to behave as electron acceptors when interacting with organic bases. Attractive intermolecular
interactions between a variety of carbon-bound halogens and electronegative atoms (C-X--+El, X = Cl, Br, I, El
=N, O, ..) have been observed since the early sixties.’ Recently, the iodine atom of iodoarenes and the
oxygen, or nitrogen atom of nitro, or cyano, residues have been identified as acceptor and donor motifs robust
enough to be employed reliably in the design of supramolecular architectures.®

We have already described how the specific I'-*N intermolecular interaction occurring between o,0-
duodoperﬂuoroalkanes and hydrocarbon diamines gwes rise to co-crystalline infinite chains, the solid state
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architectures of which have been established by X-ray a yses In this paper we proveé now tne aoiiity oI
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perfluoroalkyl halides and heteroatom substituted uyuwwubu 1s to work as complementary motifs in the liguid
phase is quite gener ifi both iodo- and bromoperfluoroalkanes can wsrk as acceptor motifs and
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I ntermolecular interaction occurring between quinuclidine 1 and 1-iodo-
perﬂuoropropane 2 has been studled by using spectroscopic methods. On addition of equimolar amounts of 2
to deuterochloroform solutions of 1, the 'H and *C NMR spectra of the electron donor 1 showed changes and

observed chemical shift variations gave a first indication of a specific interaction between the two

FAX: +39-2-23993080; e-mail: resnati@dept.chem.polimi.it

0040-4039/98/$ - see front matter © 1998 Elsevier Science Ltd. All rights reserved.
PII: S0040-4039(98)01996-0



9070

Scheme.
/\ CHCly/r . 7\
i : ;N + I Ch ZCFZCF3 —— e < : —7 - I_CF2CF2CF3
1 2 Keg =10.7

solutes (n — o* donation)® to give the compiex 3. Strong evidence of a specific C-I'**N interaction came from
19F and "N NMR spect . On plete complexation of 1 (2/1 ratio = 150) a7 ppm upﬁeld shnﬁ for the “N

emical shifts of the othe..r two sign ls in °F spectra decreased with

nt with the gene al ation that the specific I---"N
hydrocarbon self-assemblmg in the hqmd phase. On varymg the iodide/amine ratio in a 1 M solution of the
complex 3 in deuterochloroform, the chemical shift of the -CF.l group changed from -61.13 ppm (3gec) to -
77.80 (8max) and by following this variation as a function of the 1/2 ratio an equilibrium constant of 10.7 £ 0.4 1
mol ™ has been derived for the complex formation at 25 °C.° This association constant could be considered as
an apparent binding constant since chloroform has been suggested to interact with quinuclidine." To the best of
our knowledge, this is the first reported association constant of an amine-perfluoroalkyl iodide complex.

The "F NMR spectra of 1,2-diiodo- and 1,2-dibromotetrafluorobutanes, 4 and 5, respectively, have
been recorded by using a wide set of structurally different solvents'’ in order to prove that intermolecular
interactions, similar to that described above between 1 and 2, occur in the liquid phase when other donor and
acceptor motifs are involved. In Tables 1 and 2 the chemical shift differences of the -CF.I and -CF,Br groups
between values observed in n-pentane and in hydrocarbon soivents containing an electron donor motif are

reported (A8 ucd solvent = On-pentanc = Oused sobvent). - SOme trends revealed by the Tables are worth noting. As far as
the acceptor motif Ri-X is concerned, the tendency to form strong compiexes (1 > Br) paraliels the order of
Table 1. '°F NMR chemical shift differences of 1,2-dihalotetrafluoroethanes 4 and 5 in different solvents.’
Run Solvent I(CF,),1™ ¢ Br(CF2),Br™* Run Solvent I(CF,).I ¢ Br(CF,),Br"*
Adcra Adcrme Adcra Adcrape

1 Piperidine 11.23 2.40 10  1,3-Propanediol 430 0.90

2 N-Methylpiperidine 8.89 2.07 11 1,3-Propanedithiol  3.45 0.58

3 Morpholine 10.59 1.95 12 Pyridine 7.32 1.12

4 N-Methylmorpholine 8.39 1.71 13 Furan 1.11 0.13

5 Thiomorpholine 9.94 1.62 14 Thiophene 1.41 0.26

6 Tetrahydrofuran 4.13 0.95 i5 Acetone 3.63 0.90

7 Tetrahydrothiophene ~ 5.38 0.76 16 DMSO 7.22 203

8 3,6-Dioxaoctane 3.36 0.96 17 HMPA 8.23 2.76

9 3.6-Dithiaoctane 5.50 0.77 18 Acetonitrile 2.74 0.45
* CFCl; was used as internal standard. ° A8 = 8, peatane - Ouscd sotvent. © OICF2CT21 in n-pentane = -52.42 ppm
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Table 2. Electronic and steric effects on AS- cra values shown by 1,2-diiodotetrafluoroethane 4.”

Run Solvent (CFpI™* Run Solvent I(CFy)I™¢
Adcra Y
1 Cis-2,6-dimethylpiperidine 8.29 9 Ethyl isonicotinate 5.68
2 2,2,6,6-Tetramethylpiperidine 6.92 10 Ethyl acetate 2.80
3 1,2,2,6,6-Pentamethylpiperidine 2.64 11 Ethyl monofluoroacetate 2.12
4 2-Methylpyridine 7.20 12 Ethyl difluoroacetate 1.30
5 2,6-Dimethylpyridine 5.86 13 Ethyl trifluoroacetate 0.72
13 4-Methyipyridine 7.62 id Ethyl monochioroaceiaie 1.82
7 4-Isopropylpyridine 7.71 15 Ethyl dichloroacetate 1.54
8 4-Acetylpyridine 5.87 16 Ethyl monoiodoacetate 2.41

* CFCl; was used as internal standard. ® AS = O-pentanc = Oused solvent.  OICF2CF2 in n-pentane = -32.42 ppm

halogen atom polarisabilities, consistent with a key-role of halogen polarisation (and/or charge-transfer
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4 parallels perfectly that obtained with dibromide S, thus implying that similar self-assembling processes are

ocourring

S wnesdalagy.

As for the electron donor motif EL the order in which the Re-X--+El interaction hecomes weaker is N > §

> 0. n-Donors work better than n-donors (Table 1, runs 6, 7, 13, 14) and for a given heteroatom, stronger
interactions are observed in higher hybridization states (Table 1, runs 18, 12, 2; 14, 7; 13, 6, respectively).
Both steric and electronic effects affect the strength of the Rg-X:+El intermolecular interaction. More
crowded environments around the donor site make it less accessible at shorter distances for the incoming
halogen atom (Table 2: runs 1-5) and an electron withdrawing environment around the donor motif diminishes
its donor ability (Table 1: run 12; Table 2: runs 8, 9, 10-16). In both cases weaker interactions result. The
presence of electron releasing residues on the donor molecule induce an opposite effect on the intermolecular
interaction (Table 1: run 12; Table 2: runs 6, 7). Secondary amines are better donors than tertiary amines
(Table 1: runs 1-4) while further experiments are required before general statements about the relative donor
ability of alcohols/ethers or thiols/thioethers can be made (Table 1: runs 6-11).

In conclusion, N and "F NMR spectroscopy proves that a wide variety of electron donors El and
electron acceptors Rg-X give rise in the liquid phase to strong and specific attractive interactions and form the
Rg-X-++El adducts. The association constant has been established in one case and quite different heteroatom
containing hydrocarbon moiifs have been ranked according to their ability to seif-assembie. Singie A6 cmx
values reported in Tables 1 and 2 are h1ghly consistent with each other and with the electronic and steric effects
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The “halogen bonding” " is proven as an attractive interaction robust enough to overcome the low affinity
exis'lnn between fluorocarbons and hvdrocarbons!® and to drive effectively their self-assembly in the liquid
nhase. s for the nature of the attractive Rg-X-++-El interaction, charge transfer probably plays a key role, but

1, vildal 5
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electrostatic effects, polarisation, and dispersion contributions all might be influential and further studies are
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required in order to establish their relative relevance.
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ni . v mong others, when mixtures of 14-
dlazablcyclo[Z 2 2]octane and 1 Mmdoperﬂuorohexane were studied. Indeed, the structure of both these
compounds allows the C-I'“N interaction observed between 1 and 2 to be doubled at either ends of
diazabicyclooctane and diiodoperfluorohexanc. As a result of this double lock, diazabicyclooctane and
diiodoperfluorohexane give rise, on mixing, to infinite and crystalline chains (ref. 1). The same spcctral properties
('H, C, "N, '°F NMRs) were shown by a given solution when it was obtained either dissolving the co-crystal or
immediately after dissolving equimolar amounts of diamine and diiodide. Moreover, 'H and '°F NMR spectra of
highly diluted solutions of the co-crystal were identical to those shown by pure diamine and pure diiodide while °F
NMR spectra of concentrated solutions showed for the CF,I group a high-field shift of several ppm relative to pure
diiodoperfluorchexane. All these observations are consistent with a rapid association equilibrium which gives
dimeric, trimeric, etc. adducts. A similar rapid equilibrium is present in all other donor-acceptor interactions

This approach has been emnloved in order to shift the Rz-X + El
S, O) towards the oomplet complexauon of the acceptor Re-X. The eﬁ'ects on the chemlcal shlﬁs of -CF,X groups
is thus maximized and the ability of weak donors to form complexes could be firmly established. The effect on the
chemical shifts of the -CF,I and -CF,Br residues induced by solvents which do not contain heteroatoms and are
unable to work as n ¢electron donors are consistently smaller than those reported in the Table: for the -CF,I group of
4: Adcycichexane = 0.20 ppm; AS,nexane = 0.09 ppm; Adphepiane = 0.13 ppm.

Measured AS_ cx values are mainly related to the strength of the Ry-X---El interaction. Upfield shifts, relative
to pure 4, similar to those reported in Table 1 have been measured also for the co-crystals formed by 4 with
N,N,N’,N -tetramethylethylendiamine and kryptofix 2.2.2. where the N---I interaction has been proved by X-ray
(ref. 1). This is consistent with ascribing AS_ ¢mx values of Table 1 mainly to the Rg-X----El interaction. Moreover,
the larger the observed AS_ ¢ values are, the easier it is to isolate these complexes as solid and crystalline systems.
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zing are 1 .xed, a crys._l-. ne complex immediately separates while no
crystal is formed startmg from duodoperﬂuorobutane and dioxane. This proves further that large AS_ cmx values
reflect strong Rg-X+-El interactions. A grading of the strength of donor and acceptor motifs similar to that reported
in Table 1 is obtained by using other techniques, for instance the shifts of donors C-H stretching modes and/or
acceptors C-F (or C-X) stretching modes in IR spectra.
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