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Mesomorphic Block Molecules: Semiperfluorinated 1,3,5-Triazine
Derivatives Exhibiting Lamellar, Columnar, and Cubic Mesophases
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New 2,4-diamino-6-phenyl-1,3,5-triazines carrying one or two semiperfluorinated chains at the phenyl
substituent have been synthesized. The thermotropic liquid crystalline properties of the compounds were
investigated by polarizing microscopy, differential scanning calorimetry, and X-ray diffraction. The single-
chain compounds exhibit a lamellar (SmA) mesophase with intercalation of the polar rodlike aromatic
subunits. The two-chain partially fluorinated triazine forms a reverse discontinuous (micellar) cubic phase
(Cuhy). Additionally, binary mixtures of a single-chain triazine with the two-chain semiperfluorinated
triazine were investigated. Inverted bicontinuous cubic {(guand hexagonal columnar (Ggl phases
are induced as intermediate between the lamellar and the micellar cubic mesophases of the pure compounds.
On addition of protic solvents such as formamide, the Cpbase of the two-chain triazine is replaced
by a lyotropic columnar mesophase.

Introduction itic mesogens leads to an enhanced stability of their smectic
phases compared to the hydrocarbon analdgifeshereas
nematic phases are generally suppressed. It also could be
demonstrated that the fluorophobic effect may lead to the

induction, stabilization, and modifications of lamellar, co-
lumnar, and cubic phases of nonanisometric mesogens such

The molecular shape is a major design principle of low
molar mass thermotropic liquid crystals. Thereby, the me-
sophase morphologies are mainly governed by the volume
fractions of chemically incompatible molecular fragments
such as rigid/flexible or polar/nonpolar building blocks 13 15
combined within one molecule which separate in different as tgper—shgpéb‘ and .tet'r'ahedré‘l compognd; ar71d
subspaces. For example, linear rod-shaped molecules favoPem|perfluor|nated amphiphilic polyhydroxy derivafivés!

a layer arrangement (smectic mesophases). Increasing the,We could _ShOW thgt the. columnar mesophases of 2,4,6-
wegdelike shape of a mesogen may lead to mesophases Witﬁrlarylmelamlnes bearing S|x_per|p_heral alkoxy téﬁ_lsan be
curved interfaces. Thus, the phase sequence bicontinuou§OntrOIIeOI by hydrogen bonding with alkoxy substituted ben-

cubic (Culy), columnar (Col), and, finally, micellar cubic X - X
. . : (6) Viney, C.; Russell, T. P.; Depero, L. E.; Twieg, RMol. Cryst. Liq.

(Cuh) can be found by increasing the size of one segment ™ ¢yt 1989 168 63.

of incompatible subunits such as it has been successfully (7) gi;iéaglt, J. F.; Russell, T. P.; Twieg, R.Macromoleculesi984 17,

demonstrated, that is, with taper-shaped polyhydroxy am- (8) Nguyen, H. T.: Sigaud, G.. Achard, M. F.: Hardouin, F.. Twieg, R.

phiphiles-? and with cone-shaped dendrimérs. J.; Betterton, KLig. Cryst.1991 10, 389.

Mesophase morphologies can be further tailored if a perhy- ) ll\?izlﬁi:l-;t fa\';‘fr?r"e'r;dclf‘r“mata&gt:r-? gﬁgﬁ]nfggi ?-:fégsabayashu, S

drogenated chain is replaced by a perfluorinated segment.(10) Pensec, S.; Tournilhac, F.-G.; BassoulJPPhys. 111996 6, 1597.
The most simple examples are smectic liquid crystalline (11) Johansson, G. Percec, V.; Ungar, G.; Zhou, M&cromolecules

. . o 1996 29, 646.
phase forming diblock molecules combining hydrocarbon and (12) Percec, V.; Johansson, G.; Ungar, G.; Zhoul. JAm. Chem. Soc.
in&7 i i i _ 1996 118 9855.
fluorocarbon chain&? Grafting fluorinated chains to calam (13) Percec, V. Schiueter, D.: Kwon, Y. K. Blackwell, J.Nea, M.:
Slangen, P. Macromolecules1995 28, 8807.
* Author for correspondence. (14) Cheng, X. H.; Diele, S.; Tschierske, @agew. Chem., Int. EQ00Q
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Chem.1998 8, 529. (16) Cheng, X.; Das, M. K.; Diele, S.; Tschierske,lGingmuir2002 18,
(3) Balagurusamy, V. S. K.; Ungar, G.; Percec, V.; Johanssod, Sm. 6521.
Chem. Soc1997 119, 1539. (17) Cheng, X.; Prehm, M.; Das, M. K.; Kain, J.; Baumeister, U.; Diele,
(4) Hudson, S. D.; Jung, H.-T.; Percec, V.; Cho, W.-D.; Johansson, G.; S.; Leine, D.; Blume, A.; Tschierske, @. Am. Chem. So2003
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Figure 1. Polyphilic block molecules composed of a rigid aromatic polar
core linked to a fluorinated molecular segment via a flexible alkyl spacer.

Chart 1. Chemical Structure of Non-Mesomorphic
Alkoxyphenyl Substituted Diamino-1,3,5-triazines

NH,
N
Ry v N
Taw
R; NH,

R1 = -OC12H25; R2 =H
R1 =Rz =-0C1gHz1

zoic acidst®?°The number and positions of the alkoxy chains

of the acid component defines the cross-sectional shape of

cylindrical aggregates of the melaminkenzoic acid com-
plexes and, therefore, the two-dimensional lattice symmetry,
rectangular or hexagonal.

Charge-transfer interactions of the melamines with electron
acceptors such as 2,4,7-trinitrofluorenone (TNF) impose a
conformational change of the melamine core to a more
wedgelike shape. This molecular conformation along with
separation of the incompatible lipophilic chains and the polar
cores into distinct sublayers leads to the induction of lamellar
smectic A liquid crystalline phas@s?>Thereby, an optimum
space filling arises from an antiparallel alignment of the
melamines.

This means that a noncovalent approach toward the tran-

sition of mesophase morphologies from Cwola Col to
lamellar could be realized by strong attractive interactions
of the alkoxy substituted triarylmelamines with complemen-
tary components.

Recently we presented 2,4-diamino-6-phenyl-1,3,5-triaz-

Kohlmeier et al.

Scheme 1. Synthesis of the Diamino Substituted
Semiperfluorinated One-Chain and Two-Chain
1,3,5-Triazines 6 and ¥

T A oH

CrmFamsl

R1—</ >— CN

R2

4-[n,m]: Ry = -O-(CH2)n-CriFam+1; Rz = H
5-[4,4]: R1 = R2 = -O-(CH2)4-C4F9

H
vl + HZN\H/N\ N
NH
NH,
N
R L N
Tav
R; NH,
6-[n,m]: Ry = -O~(CH3)n-CriFom+1; R2 = H

7-[4,4]: R1 = R2 = -O-(CH2)4-C4F9
a8 Reagents and conditions: (i) (##Pd(0), hexane, 620 °C, 36 h;
(i) Bu4Sn, 80°C, 30 min; (iii) BWNHSQy, HBr, H,SQs, 100°C, 12 h; (iv)
4-[n,m]: K,COs, DMF, Ar, 65°C, 2h;5-[4,4]: K,CGQ;, Kl (cat.), acetone,
Ar, reflux, 16 h; (v) ethylene glycolmonomethyl ether, KOH, reflux, 5 h.

However, the alkoxy modified diaminotriazines are non-

ines carrying one or two alkoxy chains at the phenyl sub- mesomorphic by themselves. Because (semi)perfluorinated
stituent (Chart 1). H-bonded dimers with two-chain semi- chains can stabilize mesophases as a result of their incompat-
perfluorinated benzoic acids organize to infinite ribbons with ibility with aliphatic, aromatic, and polar molecular regions,
parallel aligned central cores. The cross-sectional shape ofth€ir larger cross-sectional area compared with aliphatic
the ribbons and the two-dimensional lattice of the ribbon chains, and their reduced mobility?> we expected that
phases, rectangular or oblique, are determined by the numbefeplacing the alkoxy groups of the diaminotriazines by semi-
of alkoxy chains of the triazine component. Docking of 2 or perfluorinated chains may lead to mesomorphic behavior.

3 equiv of the semiperfluorinated acids to the aminotriazine
core leads to cylinders with a circular cross section which
organize to Cql mesophases.

(19) Goldmann, D.; Dietel, R.; Janietz, D.; Schmidt, C.; Wendorff, J. H.
Lig. Cryst.1998 24, 407.

(20) Goldmann, D.; Janietz, D.; Schmidt, C.; Wendorff, J.JHMater.
Chem.2004 14, 1521.

(21) Goldmann, D.; Janietz, D.; Schmidt, C.; Wendorff, JAHgew. Chem.
200Q 112, 1922.

(22) Goldmann, D.; Nordsieck, A.; Janietz, D.; Frese, T.; Schmidt, C.;
Wendorff, J. H.Mol. Cryst. Lig. Cryst2004 441, 337.

(23) Kohlmeier, A.; Janietz, DChem. Mater2006 18, 59.

We present here the one-chain and two-chain semiperflu-
orinated diamino-1,3,5-triazine6 and 7 which can be
regarded as polyphilic three-block molecules composed of
a polar amino substituted (hetero)aromatic rodlike core, a
flexible lipophilic molecular segment, and a fluorinated block
(Figure 1).

(24) Smart, B. E. IrOrganofluorine Chemistry Principles and Commercial
Applications Benks, R. E., Tatlow, J. C., Eds.; Plenum Press: New
York, 1994; p 57.

(25) Lobko, T. A.; Ostrovskii, B. I.; Pavluchenko, A. I.; Sulianov, S. N.
Lig. Cryst.1993 15, 361.
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Table 1. Phase Transition Temperatures of the Semiperfluorinated
1,3,5-triazines 6 and 7

compound transition temperature

6-[4,4] Cr 187.7 (29.7) |
Cr [167.0 (-10.8) SmA 172.440.3)] |

6-[6,4] Cr 175.6 (55.4) I
Cr [151.5 (-12.0) SmA 170.80.4)] |

6-[4,6] Cr 182.1 (17.1) SmA 200.9 (0.5) |

6-[6,6] Cr 180.1 (50.0) SmA 192.8 (0.4) |

7-14,4] Cr 82.7 (1.4) Cup 140.4 (0.4) |

aDSC, second heating at 10 K/min; phase transition enthalpies (kJ/mol)
in parenthesis; values in square brackets refer to monotropic phase
transitions; Cr= crystalline, SmA= smectic A phase, Cyb= inverted
micellar cubic mesophase A isotropic liquid.

Results and Discussion

Synthesis.The synthesis of the semiperfluorinated com-
pounds6 and7 is presented in Scheme 1. The initial step is
the palladium(0)-catalyzed radical addition of 1-iodoper-
fluoroalkanes tow-alken-1-ols resulting in the iodidek
Reduction of compound$ with tributyltinhydride yielded
the semiperfluorinated alcohoBs'16 The alcohol2 were
converted to the corresponding bromic®$6 by reaction
with aqueous HBr in the presence of catalytic amounds of
sulfuric acid and tetrabutylammonium hydrogensulfate. The
semiperfluorinated benzonitrileband5 were obtained by
etherification of the appropriate hydroxybenzonitriles with
the bromides3 in the presence of potassium carbonate as
the base. The semiperfluorinated twofold amino substituted
aryl-1,3,5-triazine$ and?7, finally, were prepared by reaction
of the benzonitriles4 and 5 with dicyandiamide in the
presence of potassium hydroxide and ethylene glycol-
monomethyl ether as the solvent. Purity and structure of the
final products were confirmed by thin-layer chromatography,
IH NMR spectroscopy, andF NMR sectrocopy. Full details
are given in Experimental Section.

Mesomorphic Properties of the Pure Compounds 6 and
7. The thermal properties of the synthesized 1,3,5-triazines
6 and7 were studied by optical polarizing microscopy and
differential scanning calorimetry (DSC). The mesophase of
the one-chain partially fluorinated compouid[4,6] ad-
ditionally was investigated by X-ray scattering. The phase
transition temperatures are given in Table 1.

The compounds5-[4,4] and 6-[6,4] incorporating the
shorter fluorinated segment exhibit a monotropic liquid cry-
stalline phase. Elongation of the perfluoroalkyl chain length
enhances the thermodynamic mesophase stability, and the ' . : _
diaminotriaziness-[4,6] and 6-[6,6] form an enantiotropic ;‘e%‘iir;e?fiugﬁgtgj"giﬂzﬁ’;éﬂig]’.“ea'c A mesophase of the single-chain
phase. The hexyl modified members of the triaziGsfiow
lower phase transition temperatures compared with those ofto d = 3.7 nm and a diffuse scattering in the wide angle
the appropriate homologues incorporating four methylene region. This diffraction pattern indicates a layer structure with
units. This behavior can be attributed to an increased flexi- only short-range order in the layers which is in accordance
bility of the terminal chain by elongation of the alkyl spacer with the optical investigations (SmA). The layer spacing is
length. larger than the molecular length & 2.4 nm as evaluated

The liquid crystalline phases of all one-chain fluorinated from CPK models) but less than twice the length. Therefore,
triazines6, as evident from polarized optical microscopy, an intercalated bilayer structure can be assumed. As evident
show pseudo-isotropic regions which are separated by oily from CPK models (Figure 3) thd spacing matches well
streaks (Figure 2). These optical textures are consistent withwith an antiparallel alignment of the molecules which are

=y 'ﬁ_‘:l ‘* - = ! ;g
Figure 2. Optical photomicrograph (crossed polarizers) observed on cooling
for the monotropic SmA phase of the pure one-chain 1,3,5-trig&fte4]

at 176.0°C.

a smectic A phase.
The X-ray diffraction pattern of compour&d[4,6] exhibits
one distinct reflection in the small angle region corresponding

shifted against each other so that the polar aromatic parts
are interdigitated. The perfluorinated chains build up a
separate sublayer. Lamellar structures with distinct fluoro
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sublayers were also reported, that is, for the smectic A a)
phases of fluorinated bipheny!s?>2¢for partially fluorinated
benzoated’ and for semiperfluorinated liquid crystals con-
taining just a single benzene ufit?®

The two-chain semiperfluorinated triazine compound
7-[4,4] forms a highly viscous optically isotropic mesophase
above the melting point. Even shearing the samples does/.®
not induce any birefringence as one should expect for 53
homeotropically aligned smectic or columnar mesophases.
Calorimetric investigations reveal that above the melting £/ .
transition an additional phase transition occurs which is &
accomponied by a remarkable decrease in viscosity. The
crystallization and the transition from the liquid state to the 3
mesophase can be supercooled by approximately 10 K. These‘ '

lattice within this mesophase.

The volume fraction of the semiperfluorinated molecular b)
fragment of compound-[4,4] is enlarged compared with
the single-chain analoguéswhereas the size of the polar §
diaminotriazine part remains the same. Therefore, the cubic
phase of compound-[4,4] should be of the reversed type
(type-2 phase) with aggregates comprising the polar moietiesii
surrounded by a continuum of the nonpolar chains.

Binary Mixtures of the Two-Chain Compound 7 with
the One-Chain 1,3,5-Triazine 6-[4,6].t has been shown
that mixing of structurally related compounds, which form
different mesophase morphologies as pure compounds, mays
provide a powerful tool to distinguish between different types
of cubic mesophaség:*>16We applied this method to binary
mixtures consisting of the two-chain triaziiig4,4] and the
partially fluorinated one-chain compouitd[4,6].

Optical polarizing microscopy, performed on contact Ka4¥
preparations and on mixtures with defined compositions, Figure 4. Photomicrographs of the mesophase textures observed on cooling
reveal that a new birefringent mesophase is induced within 2222/,3?;*;;’;’?1‘%!‘5 g:‘im?tj%szig;‘?ig)‘;‘[:if‘iﬁ;"ﬁ'?r]&[‘t‘ﬁf c(gg)r?:she
a broad concentration range between the SmA phase ando the Culy, phase X7-s.4 = 0.10) at 176°C.
the cubic phase of the pure compourtdgt,6] and7-[4,4],
respectively. The appearance of spherulitic and mosaic-like
optical textures (Figure 4a) is typical for a hexagonal Phase (Cul). It should consist of two interwoven but
columnar (Caj) liquid crystalline phase built up of cylindri-  honconnected networks of branched cylinders formed by the

—

"“ e

&

cal aggregates. polar regions within the apolar continuum of the semiper-
An additional optically isotropic phase appears in regions fluorinated chains. _ _

with a high concentration of compouid[4,6] (Figure 4b). The aggregates forming the cubic phaserg#,4] must

The high viscosity again points to a cubic mesophase. ~ be more strongly curved than the cylindrical aggregates in

The polar/apolar interface curvature becomes increasinglythe induced columnar phase. The cubic mesophase of the
negative on increasing the content of the two-chain semi- Puré compound?-[4,4], therefore, should be a reverse
perfluorinated triazine’-[4,4]. Because the induced cubic discontinuous micellar cubic phase (Gjibuilt up by closed
phase occurs as intermediate between the SmA phase angpheroidic inverted micelles of the polar parts surrounded
the induced inverted hexagonal columnar ¢gohesophase by the nonpolar fluorinated chains. Unfortunately, as a result
this cubic phase should be a reversed bicontinuous cubicX-ray diffraction patterns we were not able to determine the

three-dimensional lattice type of the cubic phase. However,
(26) Diele, S.; Lose, D.; Kruth, H.; Pelzl, G.; Guittard, F.; Cambon, A. the space groupnBn is most frequently found for thermo-

Lig. Cryst.1996 21, 603. tropic Culy, phased:3
(27) Schaz, A.; Valaityte, E.; Lattermann, Gig. Cryst. 2005 32, 513.
(28) Johansson, G.; Percec, V.; Ungar, G.; SmithCem. Mater1997,
9, 164. (30) Seddon, J. M.; Templer, R. H. KHandbook of Biological Physics
(29) Ungar, G.; Noble, K.; Percec, V.; JohanssonJGMater. Sci.200Q Lipowski, R., Sackmann, E., Eds.; Elsevier: Amsterdam, 1995; Vol.
35, 5241. 1.
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7-[4,4] to less curved cylindrical aggregates leading to the
lyotropic hexagonal columnar phase. Hence, this behavior
further confirms the inverted micellar structure (Glilof
the cubic mesophase of compound4,4].

On the contrary, the mesophase morphology (SmA) of the
single-chain partially fluorinated triazing-[4,6] could not
be modified on addition of formamide.

150

Temperature °C

Conclusions
100
A new family of fluorinated diamino-1,3,5-triazines has
been synthesized. Contrary to the hydrocarbon analogues the
0o " o " A T A compounds show thermotropic liquid crystalline behavior.

X, — The mesophase formation is essentially due to an increased
“ intramolecular polarity contrast upon replacing alkyl chains
Figure 5. Binary phase diagram of the syste(4,6]/7-[4,4} by semiperfluorinated chains, which favors a microsegrega-
tion. Depending on the number of semiperfluorinated ter-
minal chains the triazines form either lamellar (SmA) or
micellar cubic (Cub) mesophases as pure compounds. In
strong analogy to inverted lyotropic phases of surfactant/
solvent systems, the phase sequence S@¥,,—Col,—
Cuh, was realized in a solvent-free binary system of a
semiperfluorinated one-chain triazine with a two-chain
T T——— fluorinated triazine. Hence, the combination of pelar
molecular segment nonpolar microsegregation along with tailoring the interface
Figure 6. Schematic presentation of the sequence of mesophase morphol-Curvature by the space requirement of the incompatible
ogies of binary mixed systent7 depending on the volume fractions of  molecular blocks predominantly determines the different
the semiperfluorinated molecular segments. ] . A .
mesophase morphologies of the fluorinated triazine deriva-
tives.

SmA Cub,, (la3d) Col, Cub, (Pm3n)

-
>

The phase diagram of the syst@&nj4,6]/7-[4,4] obtained
by investigation of binary mixtures is shown in Figure 5. Experimental Section

The phase sequence and structure of the thermotropic
mesophase morphologies found for the binary mixtures Instruments. IR spectra were recorded using a Digilab FTS 2000
6-[4,6)/7-[4,4] are shown schematically in Figure 6. The series FT-IR spectrometer equipped with a MIRacle single reflection
phase sequence covers the whole range of inverted lyotropicHorizontal ATR accessory (PIKE Technologiés) NMR and**F
mesophases found for amphiphile/solvent systems dependind!MR spectra were obtained with a Bruker AMX 300 spectrometer.
on the solvent content and temperature. It is realized here exture obser_vatlon§ were made using an Olympus BHS polarizing
without any solvent by mixing of two structurally related microscope fitted with a Linkam TMH/S 600 hot stage and a

| | | | hich exhibit diff i h Linkam TP 92 control unit. Photomicrographs were obtained with
OW molar mass molecules which exnibit different mesophase ,, Olympus E20 digital mirror reflex camera. Calorimetric inves-

morphologies as pure compounds, hence, by graduallyjgaions were performed with a Netzsch DSC 200. The X-ray
changing the average volume fractions of incompatible sdies have been carried out using the Guinier method where the
molecular fragments. The same thermotropic polymorphism sample was held in Lindemann capillaries and the scattered Cu
was reported for binary mixtures of partially fluorinated Ko was detected by a film.

amphiphilic diols without an extended rodlike molecular  Materials. Unless otherwise noted, all starting materials were
segments purchased from commercial sources and were used as obtained.

Lyotropic Properties. The triazinesé-[4,6] and 7-[4,4] The semiperfluorinated alkyl derivativels-3 were prepared as
were additionally investigated with respect to their lyotropic described previousl.*e23The purity of intermediates and final
properties with protic solvents. In the contact region of the Products was checked by thin-layer chromatography.
cubic mesophase of the two-chain compouh,4] with S)_/nthe5|s of the Semlperfluc_)rl_nated Alkoxybe_nzomtnle_s 4.
formamide, for example, a hexagonal columnar phase isA.mlxture of 4-hydroxybenzon|trlle,. the approprlate semlperflu-
induced (maximum stability 138C). Most likely, the solvent orinated 1-bromoalkane, and,®O; in dry dimethylformamide

. L o (DMF) was heated to 65C and stirred under an argon atmosphere
molecules are built between the polar diaminotriazine head'l‘or 2 h. After cooling to room temperature the mixture was poured

groups. Therefore, the size of the hydrophilic groups intg ice/water and acidified with 10% HCI to ps 4—5. The
increases, and accordingly the interface curvature is reducedsolution was extracted with 9, the combined organic layers were
This gives rise to a transition from strongly curved closed dried over NaSQ,, and the solvent was removed under vacuum.
micelles in the discontinuous cubic phase of compound The residue was purified by recrystallization from petroleum ether.
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4-(1H,1H,2H,2H,3H,3H,4H ,4H-Perfluorooctyl-1-oxy)benzoni-
trile, 4-[4,4]. 4-[4,4] was prepared from 0.63 g (5.3 mmol) of
4-hydroxybenzonitrile, 2.06 g (5.8 mmol) of 1-bromét1H,2H,
2H,3H,3H,4H,4H-perfluorooctane, and 2.2 g (15.9 mmol) of-K
CG;in 40 mL of DMF. Yield: 73% (1.52 g). GH12FgNO (393.25).
Pale oil. Mp: 20°C. H NMR (CDCl): 6 = 7.6 (d, 2H, phenyl,
J=8.9 Hz), 6.95 (d, 2H, phenyl = 8.9 Hz), 4.05 (t, 2H, OCH
J=5.7 Hz), 2.2-2.3 (m, 2H, CHCF,), 1.7-2.1 (m, 4H, CH).
19 NMR (CDCk): 6 = —81.5 (3F, CR), —115 (2F, CHCFy),
—125 (2F, CECF,CF;), —126.5 (2F, CECF).

4-(1H,1H,2H,2H,3H,3H,4H,4H,5H ,5H,6H,6H-Perfluorodecyl-
1-oxy)benzonitrile, 4-[6,4]. 4-[6,4]was prepared from 0.43 g (3.6
mmol) of 4-hydroxybenzonitrile, 1.53 g (4.0 mmol) of 1-bromo-
1H,1H,2H,2H,3H,3H,4H,4H,5H,5H,6H,6H-perfluorodecane, and
1.48 g (10.8 mmol) of KCOs in 20 mL of DMF. Yield: 90% (1.34
g). Ci7H16FoNO (412.30). White crystals. Mp: 42C. 'TH NMR
(CDCl): 6 =7.6 (d, 2H, phenyl) = 8.9 Hz), 6.95 (d, 2H, phenyl,
J = 8.9 Hz), 4.05 (t, 2H, OCH J = 6.3 Hz), 2.6-2.2 (m, 2H,
CH,CR,), 1.4-1.9 (m, 8H, CH). 1%F NMR (CDCk): 6 = —81.5
(3F, CR), —115 (2F, CHCF,), —125 (2F, CRCF,CF,), —126.5
(2F, CRCFy).

4-(1H,1H,2H,2H,3H,3H,4H,4H-Perfluorodecyl-1-oxy)benzoni-
trile, 4-[4,6]. 4-[4,6] was prepared from 0.34 g (2.9 mmol) of
4-hydroxybenzonitrile, 1.46 g (3.2 mmol) of 1-bromék1H,2H,
2H,3H,3H,4H,4H-perfluorodecane, and 1.2 g (8.7 mmol) o0f-K
CQO; in 20 mL of DMF. Yield: 89% (1.27 g). GH1F1aNO
(493.23). White crystals. Mp: 68C.H NMR (CDCL): 6 = 7.6
(d, 2H, phenyl,J = 8.9 Hz), 6.95 (d, 2H, phenyl] = 8.9 Hz),
4.05 (t, 2H, OCH, J = 5.9 Hz), 2.+-2.3 (m, 2H, CHCF,), 1.8—
2.0 (m, 4H, CH). 1F NMR (CDCk): 6 = —81 (3F, CR), —114
(2F, CHCF), —122 (2F, CR(CF)sCF;), —123 (2F, Ck-
(CRy)CFy), —123.5 (2F, CECF.CF,), —126 (2F, CRCFy)

4-(1H,1H,2H,2H,3H,3H,4H,4H,5H,5H ,6H,6H-Perfluorodode-
cyl-1-oxy)benzonitrile, 4-[6,6]. 4-[6,6]was prepared from 0.51 g
(4.3 mmol) of 4-hydroxybenzonitrile, 2.26 g (4.7 mmol) of
1-bromo-H,1H,2H,2H,3H,3H,4H,4H,5H,5H,-6H,6H-perfluoro-
dodecane, and 1.78 g (12.9 mmol) 0fGO; in 20 mL of DMF.
Yield: 72% (1.61 g). GoH16F13NO (521.32). White crystals. Mp:
68 °C. IH NMR (CDCl3): 6 = 7.6 (d, 2H, phenyl]J = 8.9 Hz),
6.95 (d, 2H, phenylJ = 8.9 Hz), 4.05 (t, 2H, OCH J = 6.3 Hz,),
2.0-2.2 (m, 2H, CHCF,), 1.4-1.9 (m, 8H, CH). F NMR
(CDCl): 6 = —81 (3F, Ck), —115 (2F, CHCF,), —122.5 (2F,
CR(CR,)sCF,), —123.5 (2F, CECF,).CF,), —124 (2F, Ck-
CF,CF,), —126.5 (2F, CECF).

3,4-Bis(1H,1H,2H,2H,3H,3H,4H ,4H-Perfluorooctyl-1-oxy)-
benzonitrile, 5-[4,4]. A total of 0.69 g (5.1 mmol) of
3,4-dihydroxybenzonitrile4 g (5.6 mmol) of 1-bromo-H,1H,2H,
2H,3H,3H,4H,4H-perfluorooctane, 4.2 g (30.6 mmol) of,&Os;,
and 0.2 g of KI were added to 30 mL of dry acetone under an
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Synthesis of the Semiperfluorinated Alkoxyphenyltriazines
6 and 7. The appropriate semifluorinated alkoxybenzonitril, di-
cyandiamide, and KOH were added to 20 mL of ethyleneglycol-
monomethyl ether. The mixture was stirred and heated at reflux
for 5 h. After cooling to room temperature the mixture was poured
into ice/water. The resulting precipitate was collected by filtration.
Purification of the crude products was effected by recrystallization
from ethanol.
2,4-Diamino-6-(4-(H,1H,2H,2H,3H,3H,4H,4H-perfluorooc-
tyl-1-oxy)-phenyl)-1,3,5-triazine, 6-[4,4]. 6-[4,4]was prepared
from 0.8 g (2.0 mmol) o#4-[4,4], 0.17 g (2.0 mmol) of dicyan-
diamide, and 0.11 g (2.0 mmol) of KOH. Yield: 59% (0.56 g).
Cl7H16FgN5O (47733) White crystals. IRy = 3540, 3412, 3293,
3164, 2947, 2872, 1652, 1192, 1130, 1068, 1251, 816'cH
NMR (CDCl): 6 = 8.3 (d, 2H, phenylJ = 8.9 Hz), 6.95 (d, 2H,
phenyl,J = 8.9 Hz), 5.1 (s, 4H, NK), 4.05 (t, 2H, OCH, J = 5.9
Hz), 2.1-2.3 (m, 2H, CHCF,), 1.8-2.0 (m, 4H, CH). *F NMR
(CDCly): 0 = —81.5 (3F, CR), —115 (2F, CHCF,), —125 (2F,
CRCF,CF;), —126.5 (2F, CECF»).
2,4-Diamino-6-(4-(H,1H,2H,2H,3H,3H,4H,4H,5H ,5H,-6H,6H-
perfluorodecyl-1-oxy)-phenyl)-1,3,5-triazine, 6-[6,4]. 6-[6,4yvas
prepared from 0.8 g (1.9 mmol) @#[6,4], 0.16 g (1.9 mmol) of
dicyandiamide, and 0.11 g (2.0 mmol) of KOH. Yield: 75% (0.72
g). CigH20FNsO (505.38). White crystals. IRy = 3532, 3408,
3273, 3144, 2947, 2872, 1659, 1198, 1128, 1047, 1251, 816.cm
IH NMR (DMSO-d): 6 = 8.2 (d, 2H, phenylJ = 8.9 Hz), 7.0 (d,
2H, phenyl,J = 8.9 Hz), 6.65 (4H, s, Nb), 4.05 (t, 2H, OCH, J
= 5.9 Hz), 2.15-2.35 (m, 2H, CHCF,), 1.4-1.8 (m, 8H, CH).
% NMR (CDChk): 6 = —81.5 (3F, CR), —115 (2F, CHCFy),
—125 (2F, CRCFR,CF,), —126.5 (2F, CECF).
2,4-Diamino-6-(4-(H,1H,2H,2H,3H,3H,4H ,4H-perfluorode-
cyl-1-oxy)-phenyl)-1,3,5-triazine, 6-[4,6]. 6-[4,6jwas prepared
from 0.7 g (1.43 mmol) of4-[4,6], 0.12 g (1.43 mmol) of
dicyandiamide, and 0.08 g (1.43 mmol) of KOH. Yield: 79% (0.65
9). CioH16F13NsO (577.11). White crystals. IRy = 3532, 3408,
3273, 3144, 2957, 2872, 1653, 1195, 1135, 1039, 1251, 816.cm
IH NMR (DMSO-): 6 = 8.3 (d, 2H, phenylJ = 8.9 Hz), 7.0 (d,
2H, phenyl,J = 8.9 Hz), 6.15 (4H, s, Nb), 4.05 (t, 2H, OCH, J
=5.9 Hz,), 2.2-2.4 (m, 2H, CHCFR,), 1.7-1.9 (m, 4H, CH). 1°F
NMR (CDCl): 6 = —81 (3F, Ck), —114 (2F, CHCF,), —122
(2F, CR(CR,)sCF,), —123 (2F, CRK(CF,).CF,), —123.5 (2F, Ck-
CFR,CF,), —126 (2F, CRCF),
2,4-Diamino-6-(4-(H,1H,2H,2H,3H,3H,4H,4H,5H ,5H,-6H,6H-
perfluorododecyl-1-oxy)-phenyl)-1,3,5-triazine, 6-[6,6]. 6-[6,6]
was prepared from 0.8 g (1.5 mmol) ef-[6,6], 0.13 g of
dicyandiamide, and 0.09 g of KOH. Yield: 49% (0.44 g).
C21H20F13Ns0 (605.40). White crystals. IRy = 3532, 3400, 3293,
3164, 2947, 2882, 1653, 1197, 1142, 1049, 1251, 818 cth
NMR (DMSO-): 6 = 8.15 (d, 2H, phenylJ = 8.9 Hz), 6.95 (d,
2H, phenyl,J = 8.9 Hz), 6.6 (4H, s, Nb), 4.0 (t, 2H, OCH, J =

argon athmosphere, and the mixture was heated to reflux for 16 h6.4 Hz), 2.2-2.3 (m, 2H, CHCF,), 1.4-1.8 (m, 8H, CH). °F
(TLC). The mixture was cooled to room temperature and poured NMR (CDCls): 6 = —81. (3F, CR), —114 (2F, CHCF,), —122

into ice/water. The aqueous layer was extracted with@d The
organic phase was dried over J$&), and the solvent was removed
under vacuum. Purification was performed by recrystallization from
light petroleum ether. Yield: 86% (3.00 g).4E1:dF1sNO; (683.37).
White crystals. Mp: 5FC. H NMR (CDCl): ¢ = 7.25 (dd, 1H,
phenyl,J; = 1.9 Hz,J, = 8.3 Hz), 7.1 (s, 1H, phenyl), 6.85 (d,
1H, phenyl,J = 1.9 Hz), 4.08 (t, 2H, OCH J = 5.8 Hz), 4.04 (t,
2H, OCH,, J = 5.9 Hz), 2.+-2.3 (m, 4H, CHCF,), 1.8-2.0 (m,
8H, CH,). 1%F NMR (CDCk): 6 = —81.5 (3F, CR), —115 (2F,
CH,CF,), —125 (2F, CRCF,CF,), —126.5 (2F, CECF).

(2F, CR(CR,)sCFy), —123 (2F, CR(CF,).CF,), —123.5 (2F, Ck-
CFR,CF,), —126 (2F, CRCF).
2,4-Diamino-6-(3,4-bis(H,1H,2H,2H,3H,3H,4H ,4H-perfluo-
rooctyl-1-oxy)-phenyl)-1,3,5-triazine, 7-[4,4]. 7-[4,4\vas prepared
from 3 g (4.4 mmol) 06-[4,4], 0.37 g (4.4 mmol) of dicyandiamide,
and 0.25 g (4.4 mmol) of KOH. Yield: 76% (2.57 g).423F1eNs0,
(767.45). Pale yellow crystals. IR: = 3464, 3318, 3194, 2939,
2708, 1628, 1198, 1134, 1072, 1265, 810 &m'H NMR
(CDCly): 6 = 8.0 (dd, 1H, phenyl); = 2.0 Hz,J, = 8.4 Hz), 7.9
(d, 1H, phenylJ; = 2.0 Hz,), 6.9 (d, 1H, phenyl, = 8.5 Hz), 5.1
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(4H, s, NHp), 4.15 (t, 2H, OCH, J = 5.7 Hz), 4.1 (t, 2H, OCHh]
J = 5.8 Hz), 2.2-2.3 (m, 4H, CHCF,), 1.8-2.0 (m, 4H, CH).
19F NMR (CDCE): 6 = —81.5 (3F, CE), —115 (2F, CHCF),
—125 (2F, CRCF.CF>), —126.5 (2F, CECF>).
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