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A series of symmetrically and unsymmetrically substituted s-triazines was synthesized by
condensation of fluorocarbon nitriles (Scheme 1, compounds 1a-¢) and by cyclodehydration of
a Mfluorocarbon imidoylamidine utilizing a fluorocarbon anhydride (Scheme 111, compounds
2a-e). Among the new nitriles prepared for incorporation in these reaction paths were
H-TE-4.9-dioxahexadecylfTuoroundecanenitrile (3) and  6-chloro-6-H-4-oxaheptafluorohexane-
nitrile (4), prepared by Scheme 1.

\ recent review by Young (1) has sommarized the SCHEME 11
literature: pertaining Lo the synthesis of fluoroalkyl-s-
triazines.  larly studies on the trissubstituted s-triazines o Ii ”H '}""Z:I RfYé\er
deseribed  fully halogenated substituents, hut recent re- RN == [RfC—N=CRy | — NYN

search has emphasized the incorporation of hetero-atoms, "
f

such as oxygen, as a flexible unit (2). This paper reports
on the synthesis of triazine compounds with pendent

Muoroeycloalkyl groups and flnoroalkyl and fluoroeyclo- Triazine
alkyl groups containing hetero-atoms. 1a Ry I(CF,CF0CKHCE,),

The synthesis of the symmetrical triazines required the

preparation of a number of previously unreported fluoro- T T S e
On 0 9 8 . 22
alkyl nitriles.  Scheme 1 depicts the reaction sequences

utilized to prepare 11-11-4.9-dioxahexadecyl fluoroundec- e Ry HCFCICE,00F,CF,
anenitrile, compound 3, from methyl-4,9-dioxahexa-

deeylfluorododecanedioate (3) and  6-chloro-6-H-4-oxa-

heptafluorohexanenitrile, compound 4, from methyl-2- chloro-4-oxaheptaflluoroheptanedioate (4a). Modification

of a reported decarboxylation technique (5) afforded the
LAl b mono-esters and subsequent formation of the amides from
CHLOGCFCF0CE,CF,),C0,CH, o [HOGCHRCROCKHCE)COCL] (hese esters, followed by dchydration with phosphorus
’ o p(',nl()xitllc7 produced the necessary nitriles. 3-Octafluoro-
morpholinotetrafluoropropanenitrile (7) was obtained by

1. NH, o a similar procedure from the corresponding acid (0).

ICFCE0CK,CF),ON €= IC1LC1,00H,CF,),00,0H, . . X .
2. P04 Scheme I summarizes the employment of these nitriles
in the formation of triazines (1a-c) through the catalytic

action of ammonia (7).

CILOCCFCICIL001,C1,00,01, ——s [HO,CCRCICE O, CF,COL0H; | The desired unsymmetrical triazines were prepared by

)
. l(imi) a (:y(:lmlc!1yflmli(m tf-,(:lmiquc (8). in which a N'-(per-
fluoroacylimidoyl)perfluoroalkylamidine, here abbreviated
HOFCICK, 00K, CF, 0N “I,‘ \)‘“J HCFCICE, 00K, CECOSCH, to imidoylamidine, was eyclized with a fluorocarbon
A = Lot anhydride as described in Scheme 11 for the synthesis
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SCHEME LI

N N - NINM,
Rroy —2ha s g, = RiC-N CRY
-40 -40°-25°

(R"CO)0 RfYNO\erI
" a0 N N
~

07 10
Rf

Iriazine

. ! u
2a Ry O F NCFyCF, Ry R CF,CEHO0CKCE,

n_/
b Ry R O F NCFyCFy Ri" CF,CH,0CK,CE,
n_/

¢ R} @ Ry R} CFCE0CKCE,
d Ry Ry - <E> Rt CF,CI0CE,CK,
e Ry Ry 183 @

of 2a-e. The application of known procedures Lo the
available starting materials, undeeyclfluorocycloliexane

carboxylic acid (9) and 4-oxanonafluorohexanoic acid
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(10), led o the necessary intermediate fMuoroalkyl nitriles
and anhydrides.  When the synthesis of tris(undeeyl-
fluorocyclohexyl)-s-triazine (2e) proved 1o be difficult
by catalylic trimerization of the nitrile, the use of the
cyclodehydration  technique gave the desired malterial,

An analysis of the physical property data obtained for
these triazines with varied fluorinated substituents provided
guidelines for synthesis of new materials for use as high
temperature fluids (2h).

EXPERIMENTAL

Infrared spectra were measured on a Perkin-Elmer Model 21
spectrophotometer. The 19§ nuclear magnetic resonance measure-
ments were laken at 34° with a Varian V-4300-2 instrument
operating at 40.0 Mlz and utilizing an internal standard of
fluorotrichloromethane for the determination of chemical shifts,
reported as ¢* values (11). Due to the repetitive nature of the
fluorocarbon substituents of the triazine products, their 12F nmr
data are condensed into Table I. Finally, proton nmr values were
obtained from a Varian Model A-60 instrument with fluoro-
trichloromethane as solvent and tetramethylsilane as reference
(12). The differential thermoanalysis specira were oblained with
a rate of rise of 30°/minute and T}, taken as an indication of the
boiling point. Short path distillations were carried oul at less
than 1 mm pressure.

11-11-4.9dio xahexadecylfluoroundecanenitrile (3).

A 50 g. sample of methyl-4.9-dioxahexadecylfluorododecane-
dioate (3) was refluxed overnight with 5 ml. of 5% sodium

TABLE 1

191 NMR Spectra for Triazines

Compounds Group ¥

1a HCF,CF,0CF,(CF2), CF, 0CF,CFy CFy (a) 138.1

a b ¢ d ¢ e f CFZ (b) 89.0

CFy (¢) 83.7

CFy (d) 126.5

CF, () 85.0

CF, () 119.5

O F N-CF,CF,

1b; 2a,b C L CF, (a) 87.4
a CFy (b) 92.1 £0.1
. CI'y (¢) 1181 +02

2¢c.d.e <E>< CF 179.8
CF, 117 Lo 142
2a.b,c.d CF3CF, 008, CF, CF, 87.5+0.1
a b ¢ Cl'3 (a) 889 0.2
CF, (b) 85.010.2
CF4y (¢) 1192 £02

1c HCFCICK, 0CK,CFy CF 115.4

a a b CFy (a) 819

Cl5 (b) 195

Note: The limits for the ¢* values represent the range for that fluorocarbon substituent in the different triazine products and are not the

standard deviations of measurement.
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hydroxide, after which 0.2 g. of morpholine was added and the
mixture heated to 285°. The product was collected by a short
path distillation and redistilled to give a recovery of 27 g. of
slarting material and 1.5 g. of 1,10di-f{-3,8 dioxahexadecylfluoro-
decane:  nmr (chlorotrifluoromethane):  4.23 7 (1, t,J = 52.4,
25, HCFy), 1380 ¢% (d,1,J = 52.4, 4.2, 1CE,), 889 ¢* (d., (,
J 25,42, HOFLCFy) 835 6% (HICF,CF, 0CK,), 126.3 ¢*
(HCF,CF, 0CF, CFy),

Anal. Caled, for CgllyFy0;5:
€,225, F,09.1.

Also collected was 12 g. of methyl-11-/-4.9 dioxahexadecyl-
fluoroundecanoate (8): ir 5.5 u (C=0); nmr (chlorotrifluoro-
methane): 423 7 (1,1, =52.6,2.9, HCEF,), 6.07 7 (s, CO,CH ),
138.0 ¢* (d, (,J =52.6, 4.2, 11CF,), 89.0 ¢* (d, t,J = 2.9, 4.2,
HCELCEF ), 838 0% (HICF,CF, 0CK, and CF,0CF, CF,C0,CT),
126.3 ¢* (HCFLCI5 OCFCFyCFy ), 86.2 ¢* (Gl CF,C0,CH ),
122.0 ¢* (CF5CO4,CH ).

Anal. Caled. for € gli4F404:
C.24.8: I, 61.4.,

Ammonia was bubbled into a diethyl ether solution of 5 until
the ir indicated complete amide formation. Without isolation of
the amide, 6.5 g. of phosphorus pentoxide (in sand) was added
and the mixture heated 1o 210° as ether was removed and 2.2 g. of
the title compound collected: ir 4.4 u (CN); nmr (fluorotri-
chloromethane): 423 7 (1, t,J = 52,5, 2.7, HCF,), 138.0 ¢*
(d, 6, =525,4.0, HCKF,),88.9 o* (d,1,] =4.0,2.7, HCF,CF,),
83.6 ¢* (HICF,CF,0CK, and CF,O0CF,CF,CN), 126.1 ¢*
(HCFCF 0CFy CHLCFy), 874 % (1, ] = A7, CFLCF,CN),
1092 ¢* (1,] = 4.7, CF,CN).

Anal. Caled. for CgHFgNO,: €, 235; 1, 66.2.
C, 239, I,60.6.

2.4,0-Tris(L0-11-38 -dio xahexadeeylfluorodecyl) -s-triazine (1a).

C, 22,15 F,70.0. Found:

C,24.4; F, 618, Found:

Found:

Wilizing a thick walled glass reactor, equipped with a Fisher-
Porter valve, 1.8 g. of 3 and 0.007 g. of ammonia were heated at
165° for 16 hours and 175° for 4 hours. A short path distillation
under vacuum gave 1.6 g. of 1a: Ty, (dta) 281 i 6.44 1 (C3N3).

Anal. Caled. for Cy7H3F48N306: €, 235, 1,02 F,662.
Found: €,23.6; 11,0.3; F, 66.0.

6-Chloro-6-1-4-oxaheptafluorohexanenitrile (4).

A 3% sodium hydroxide solution (3 to | molar excess) was
refluxed with 52 g, of methyl-2-chloro-2-o xaheptafluoroheptane-
dioate (4a) for 16 hours. Addition of 0.2 g. of morpholine was
followed by heating to 250°, the products being collected by a
short path distillation.  Redistillation gave 18 g. of starting
material: ir 5.6 u (C=0); nmr (CFCl3), 6.06 7 (s, Cl3), 122.3
¢* (1] = 3.4,CH30,CCF,), 86.8 ¢* (complex, CH30,CCF, CF,),
80.4 and 84.2 ¢* (AB, J = 140, CELCICD, 131.3 ¢% (CFCI).

Found also was 2.6 g. of |-chloro-1 S-di-di-3-oxaheptafluoro-
pentane: nmr (fluorotrichloromethane): 3.90 7 (d,(,J =47.5,4.2,
HCFCD, 155.1 % (d,t,J =47.5,11.0, HCEFCI), 84.7 ¢* (complex,
HCFCICK,), 89.3 ¢* (complex, CF,CF,I1), 1379 ¢* (d. .
J = 530,46, CFyI1), 425 © (1, t, ] = 53.0, 28, CF,l).

Also isolated was 12 g. of methyl-6-chloro-6-I-4-oxahepta-
fluorohexanoate (6): ir 5.52 u (C=0); nmr (fluorotrichloro-
methane): 387 ¢ (d, t, ] = 482, 4.2, HCECD, 155.3 ¢*
(.t = 482, 102, CIFCD, 85.0 ¢* (complex, CHFCICEF,),
86.4 ¢* (complex, CHECICF,0CF,), 1221 ¢* (1, J = 2.6,
(:[‘2(()2(‘”‘;), 6.06 7 (S, (:”3)

Anal. Caled. for CgHgaCll405:
Found: €,24.7; H,1.6; F,455.

C,24.6; H, 14 F, 45.4.
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Ammonia was bubbled into an ether solution of 12 g. of 6
until the reaction was complete by ir. Then 34 g. of phosphorus
pentoxide (in sand) was added and the mixture heated gradually
to 250°% with 6 g. of 4 collected by distillation: ir 4.43 u (CN);
nmr (fluorotrichloromethane): 386 « (d, t, J = 47.7, 4.1,
HCEFQD), 155.5 ¢* (d, t,J = 47.7,11.2, CHFCL), 85.5 ¢* (complex,
HCFCICEF, ), 87.7 ¢* (complex, HHCFCICF,0Ck,), 109.2 ¢* (1,
J =49, CF,CN).

Anal. Caled. for Cs5HCIF,NO:
C,23.3; F,51.0.

2,4.6-Tris(5 - chloro -5 - H-3-oxaheptafluoropentyl) -s -triazine (1¢).

C, 23.1; F,51.2. Found:

Heating 6 g. of 4 with 0.01 g. of ammonia in a thick walled
glass reactor to 150° for 19 hours led to 5 g. of 1¢ by a short
path distillation: ir 6.42 u (C3N3).

Anal. Caled. for C15”3(:|3l“21N3()31
N,5.4. Found: (,23.3; F,51.4; N,5.4.

C, 23.1; F, 51.3;

3-Octafluoromorpholinotetrafluoro propanenitrile (7).

Dehydration of the amide of the corresponding acid (6) with
phosphorus pentoxide as previously described led to the title
compound: ir 444 u (CN); nmr (fluorotrichloromethane):
87.6 ¢* (CF,0CK,), 92.6 ¢* (CF3NCF,), 1068 ¢* (CF,CN).

Anal. Caled. for C7F15N,0: €, 23.6; F, 64.0. Found:
C,23.75 F,64.3.

2,4,6-Tris(2-octafluoromorpholinotetrafluoroethyl)s-triazine (1b).

A thick walled glass reactor containing 17 g. of 7 and 0.085
g. of ammonia was heated to 150° for 14 hours. A short path
distillation under vacuum gave 15 g. of 1b: T}, (dta) 301°;
ir 6.44 M ((:3N3)

Anal. Caled. for Cy1F34Ng03:
Found: C,235; F, 64.1; N,7.8.

C, 23.6, F, 040, N, 79,

4-Oxanonafluorohexanoic Anhydride (8).

The title compound (4¢) was prepared by heating 28 g. of the
corresponding acid (10) with a two molar excess of phosphorus
pentoxide at 130° for 4 hours. Distillation gave 24 g. of 8, b.p.
121-124° (730 mm); ir 5.35 and 5.54 u (C=0); nmr (fluoro-
trichloromethane):  87.5 ¢* (CF3), 88.9 o* (CF3CF,), 85.4 ¢*
(C2Fs0CE,), 121.8 % (CFsOCF,CFy).

Anal. Caled. for CoF{g05: C, 22.2;
C, 222, F,629.

F, 63.1. Found:

4-Oxanonylfluorohexanenitrile (9).

Preparation was carried out as before by dehydrating the
amide of the corresponding acid (10) with phosphorus pentoxide
to yield 9 (4c), b.p. 27-30° (730 mm); ir 443 u (CN); nmr
(fluorotrichloromethane):  87.3 ¢* (CF3), 889 ¢* (CF3CH,),
87.4 ¢ (CL 15 OCF,), 109.0 ¢* (C4F5OCF,CF,).

Anal. Caled. for CsFgNO: C, 23.0; F, 65.6. Found: C,
23.1; F,65.0.

2,4-Di(3-oxanonylfluoropentyl)-6 -(2 -octafluoromorpholinotetra-
fluoroethyl)-s-triazine (2a).

Excess ammonia was condensed with 8.3 g. of 9 frozen with
liquid nitrogen and this mixture stirred at -40° for 2 hours. The
excess ammonia was then removed under vacuum at 25° to leave
the amidine [ir 596 u (C=N)], dry Freon 113 (duPont inert
fluid) added, and at -40°, a rapid addition of 107 g. of 7in
F-113 gave the intermediate imidoylamidine. After having stirred
the reaction mixture for 6 hours at 25°, this solution was added
dropwise to 34 g. of 8in F-113 at 0°. A short path distillation
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under vacuum after stirring overnight at 25°, gave 17 g. of 2a,

Ty, (dta) 235°% ir 6.41 u(C3N3).
Anal. Cdl(,d for (:17F3003N42

Found: C,23.2; F,64.5; N,0.0.

2.,4-Di(2 -octafluoromorpholinotetrafluoroethyl)-6-(3-0 xanonyl-
fluoropentyl)s-triazine (2b).

C,232: F, 649; N, 6.4,

A mixture of 10.7 g. of 7 and excess ammonia was stirred at
40° for two hours, the excess removed at 25°, and F-113 added
as solvent. The amidine solution [ir 5.96 u (C=N)| was cooled to
20°, 10.7 g. of 7 added rapidly, and the resulting imidoylamidine
stirred overnight at 25°. This solution was then added dropwise
1o 34 g. of 8in F-113 and after having been stirred overnight at
40° the producl was isolated by short path distillation under
vacuum to vield 15.5 g. of 2b, T}, (dta) 270% ir 6.42 u (C3N3).

Anal. Caled. for Ciol3303Ns: €, 2345 F, 64.4 N, 7.2.
Found: C,23.6; F,64.3; N,7.3.

Undeeyltluoro ey clohe xanecarbonitrile (10).

Dehydration with phosphorus pentoxide of the amide of the
corresponding acid (9) led to the title compound (4b): ir 440 p
(CN), nmr (fluorotrichloromethane): 1762 ¢* (CIY, 110 to
145 ¢* (complex, cyclo Cly).

Anal. Caled. for ChF{(N:
(,27.9; F, 66.9.

¢, 27.4; ¥, 68.]. Found:

Undeeylfluoro cy clohe xanecarboxylic Anhydride (11).

Again, dehydration of the acid with phosphorus pentoxide
gave the desired compound: ir 5.39 and 558 u (C=0); nmr
(fluorotrichloromethane), 178.8 ¢* (CF), 112 1o 147 ¢* (complex,
cyclo CFy).

Anal. Caled. for (Cy4F;203:
€,26.3; ¥,059.

C, 265. F, 659. Found:
2 A4-Di(B-oxanonylfluoropent y1)-6(und ecylfluoro cy clohexyl)-s-
triazine (2¢).

The amidine of 9 was prepared as described previously and
9.2¢g.0f 10in F-113 added at 25°. This solution of imidoylamidine
was stirred overnight at 25°, then added dropwise to 40 g. of 8
in F-113 at 0°.  Short path distillation under vacuum, after
stirring overnight at A0°, gave 11 g. of 2¢, T}, (dla) 225°% ir
()/“ 1 ((:3N3)

Anal. Caled. for C17¥290,N3:
Found: C,24.7; I),65.7; N,5.0.

¢, 247, F, 66.0; N, 5.1

2 A-Di(und ecylfluorocyclohexyl)-0-(3-0xa nonylfluoropentyl)-s-tri-
azine (2d).

Excess ammonia was condensed with 7.7 g of 10 at 20°
to yield the solid amidine [ir 5.96 u (C=N)] after removal of the
excess ammonia.  F-113 was added, the mixture cooled Lo 20°,
and 7.7 g. of 10 added. After having been st irred overnight,
the resulting imidoylamidine was added dropwise to 34 g of
8 in F-113 at 0°. As before, the resulting mixture was stirred
overnight at 40° and a short-path distillation under vacuum gave
14 g. of 2d, Ty (dta) 250°; ir 6.43 u (C3N3).

Anal. Caled. for € gl 310Nz €, 20.1:
Found: C,25.9; F,0669; N,4.8.

I, 67.3: N, 48.

2 4.,6-Tris(und e cylfluoro ey clohexyl)-s-triazine (2e).
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The imidoylamidine from 10 prepared as deseribed above
was added dropwise to 38 g. of 11in F-113 a1 0°. After having
been heated at 40° overnight, a short path distillation under
vacuum led to 8 g. of 2e, m.p. 9597°% ir 6.42 u (C3N3).

Anal. Caled. for G, F33N3: C, 2745 F, 68.1; N, 4.6.
Found: C,27.5; F,067.9; N,4.5.
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