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SUMMARY

A series of thiophenyl-substituted mono- and diphospha-
s-triazines was prepared. These materials exhibited physical
characteristics similar to those of the corresponding phenyl
analogues, but the mass spectral breakdown patterns were dom-
inated by the loss of the thiophenyl group and differed signif-
icantly from that of the other phospha-s-triazines investigated
to date. The thiophenyl-phospha-s-triazines exhibited anti-
corrosive and antioxidative action when used as additives in
perfluorocalkylether fluids. At elevated temperatures, 316°C,
these materials were less effective than the phenyl analogues.
The monophospha-members of the series were thermally and oxi-
datively less stable than the corresponding diphospha-s-tria-
zines: 67 versus 967 starting material recovery after exposure
to air at 235°C for 24 hr. Both the mono~ and diphospha-s-
triazines were completely degraded in 24 hr at 316°C in nitrogen.

INTRODUCTION

Past investigations [1-4] have shown phospha-s-triazines,
as well as the diphosphatetraazacyclooctatetraenes [3] to
exhibit anticorrosion and antioxidative action when used in
perfluoroalkylether fluids in the presence of metals or metal
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alloys. Generally, compounds containing phosphorus and sulfur
are known to enhance a fluids' lubricity. The availability of
the chloro-substituted phospha-s-triazines {6,7] permitted

the introduction of groups other than phenyl onto the ring
phosphorus atoms and thus opened new avenues to structure-
property tailoring. This particular phase of the research

was directed at synthesis and evaluation of thiophenyl-substi-
tuted phospha-s-triazines with the ultimate aim to develop
materials which would act as oxidation and corrosion inhibitors

in addition to serving as lubricity additives.

RESULTS AND DISCUSSION

Synthesis and characterization

Interaction of the chloromonophospha- and diphospha-s-
triazines with thiophenol following the procedure of Allcock
and Kugel [8] gave the desired products in good yields as evi-
dent from the data summarized in Table 1, i.e.,

Re Re
- C ~C
a NN o C H.SH nes NN som
~Np L% 65 576°N ¢ '1:'~/ 65
A2 AN (CHI.N AP
HeC, SN C,H 2503 HeC, SN CeHs
I, Rg = n-C,Fy,
I1, Rg = C4F,OCF(CF4)CF,0CF (CF3)
Cl\P/Cl HgCgS < _-SCcHg
2 &P\
N N C HcSH N N
R.C Cr 65 R.C R
'y 7t (CoHg) 4N Pyt

II1T, Rf = n—C7F15

Iv, Re = C3F7OCF(CF3)CF20CF(CF3)
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Clw, ~CgHs HsCgSw - CHs
/’P\\N N¢7P\\
¥ (CgHs)SH |
F15878 - 5%7F1s (CoHI N F15078 - 715
v

As has been observed for other phospha-s-triazines syn-
thesized to date, the perfluorcalkylether-substituted materials
were usually liquids, whereas the perfluoro-n-heptyl group-
containing analogues were solids [1,2]. The formation of the
thiophenyl derivatives was invariably associated with produc-
tion of diphenyl disulfide, which had to be removed by subli-
mation and/or extraction. It should be noted that, aside
from the formation of diphenyl disulfide, the reaction proceeded
very cleanly. The purity of all the materials was verified
by gas chromatography. 1,3-Bis[phenyl(thiophenyl)phosphal-
5-perfluoroalkylether-2,4,6-triazine (II) was found to have
two peaks in 3:1 ratio (retention times 38.5, 39.5 min) of
the same mass spectral patterns pointing to the presence of
isomers. The relative ratio of the isomers was not changed
by distillation, i.e., residence at elevated temperature. The
corresponding perfluoro-n-heptyl substituted analogue (I) con-
sisted of one isomer only. However, exposure to 235°C resulted
in the transformation of ~757 of the material into another
isomer as determined by gas chromatography (retention times
43.4 and 44.8 min). Crystallization from hexane gave the 'new'
isomer, mp 104-109°C, admixed with ~107 of the initial mater-
ial. The mass spectral breakdown pattern and the molecular
weight (Caled. 857.58; Found 900) prove beyond doubt that iso-
merization did take place. The melting point of what appears
to be the thermodynamically more stable isomer is higher than
that of the initially formed material which had a melting point
of 89-91°C. The existence of cis~trans isomerism in diphospha-
s-triazines having two different substituents on the phosphorus
atoms is to be expected in analogy with phosphazene chemistry
{9]. Two isomers were also found in the case of 1,3-bis[phenyl

(perfluoro-n-octanoylamidino)phosphal-5-perfluoro-n-heptyl-2,4,6-
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triazine [6]. What is surprising is the absence of the isomer-
ism in the chloro-precursors of the phenylthio-compounds. On
the other hand, it can be argued that the method of synthesis
leads to one isomer only.

Mass spectra

The mass spectral fragmentation patterns of the thiophenyl-
substituted materials (Table 2) differ greatly from those of
their phenyl, chloro, or even azido and amidino analogues (2,6,
7,10]. In the diphospha-s-triazines, the 100Z peak, with the
exception of the diazido derivative, was formed by the loss
of the perfluoroalkyl or perfluoroalkylether moiety. 1In the
phenylthio-group containing materials, the corresponding ion,
m/e 488, amounts to 2%, whereas the loss of the phenylthio-sub-
stituent is the predominant process. The presence of metastables
at m/e 652.9 and 733.7 for compounds I and II, respectively,
shows clearly that the m/e 748 and 830 ions are formed from
the molecular ion, i.e.,

+

8571 (M) 748

+ 109[SCH] o* 652.9
939 (M)

830t + 109[SC4H;] m* 733.7

No metastables were observed for the subsequent breakdown of
the 748" and 830" ions. Yet, the most prominent peaks in the
spectra involve the loss of the thiophenyl group. This is
illustrated for 1,3-bis{phenyl(thiophenyl)phosphal-5-perfluoro-
n-heptyl-2,4,6-triazine (I) by the 429, 353+, and 270" ions:

429" M - 109[CHS] - 319[CF;4]
353% M - 109[C¢HsS] - RCN
2707 ——= M - (2)109[C4HsS] - 369(C;F; ]

In this particular compound, the loss of the (C6H5)2PN unit, m/e
199, seems to occur to a significant degree as apparent from
the 658" and 2307 ions, i.e.,

658"
+ +
2307 ——— 4297 - 199[(C4H;),PN)
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The attendant rearrangement, also observed in the case of the
diazido derivative [6], is further supported by the presence
of (C6H5)2P fragment, 185+ ion, in the mass spectrum.

The fragmentation of the perfluorocalkylether chain is
responsible for a number of prominent peaks in the spectrum
of 1,3-bis(phenylthiophenylphospha)-5-perfluoroalkylether-
2,4,6-triazine (II), i.e.,

588"

M - 351[OCF2CF(CF3)OC3F7]
4987

M - 109[C6H58] - 332[FOCCF(CF3)OC3F7]

As in the case of the perfluoro-n-heptyl substituted material,
the majority of ioms involve the loss of the thiophenyl group.
This applies to the 498+, 353+, and 275+ ions. The last two
ions involve the breakdown of the ring, i.e.,

275+

M - 109[C6HSS] - H - 77[CGH5] - RCN

It should be noted that the 353" ion formed by the loss of

the thiophenyl group and the nitrile moiety is of high inten-
sity in compound I, whereas the 275% ion is of high intensity
in compound II. This shows the influence of the perfluorinated
chain upon the fragmentation path. In this connection, it

is of interest that no loss of (C6H5)2PN fragment is evident

in compound II indicating that here the loss of phenyl group
occurs in preference to the rearrangement.

In the breakdown patterns of the di(thiophenyl)monophospha-
s-triazines, the fragment "A', m/e 289,

+
N
R,P
SN - C

A

characteristic of other monophospha-s-triazines synthesized

to date [7,10] was present only in a low proportion. A related
ion,
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iophenyl)phospha-3,5-bis{perfluoroalkyl-
ether)-2,4,6-triazine (IV). However, the major processes in-
volved the loss of thiophenyl and phenyl disulfide moieties

as evidenced by the presence of metastables at m/e 846.3, 789.9,
1008.8, and 951.3 in the mass spectra of compounds III and 1V,

respectively, i.e.,

10537 () - 9447+ 109[SCyH,] m* 846.3
1053% ) ——=912% + 141(85C¢H,) m* 789.9
12171 ) ——~1108% + 109(5CgHs] m* 1008.8
12175 ——~1076" + 141[SSC4Hs] m* 951.3

Apparently, the loss of diphenyl disulfide also takes
place, as shown by the high intensity peak at m/e 218. The
remaining fragment, m/e 835, is of very low intensity, 17 in
the case of compound III, although it is relatively intense,

9% (999+), in compound IV. In both compounds, the thiophenyl
moiety, m/e 109, constitutes the 100% peak. As would be ex-
pected in the case of 1-di(thiophenyl)phospha-3,5-bis(perfluoro-
alkylether)-2,4,6-triazine, fragmentation of the perfluoroalkyl-
ether side chain is responsible for a number of the high mass
peaks, e.g., m/e 1198, 1051, 932, 866, and 766.

The breakdown pattern of l-phenyl(thiophenyl)phospha-
3,5-bis(perfluoro-n~-heptyl)-2,4,6-triazine (V) followed closely
those of the other thiophenyl-substituted phospha-s-triazines.
Thus, the ion (m/e 912) corresponding to the loss of the thio-
phenyl group was the most intense peak and as evident from
the metastable at m/e 814.6 is derived from the molecular ion,

i.e.,

10211 —— 9127+ 109[5C¢Hs]

Fragmentatlon leadlng to arrangement A was found to occur here
257 (7.3%)

i s dios e

o
™
'.-I
'-J
=
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Based on the mass spectra of the thiophenyl group-contain-
ing phospha-s-triazines, these compounds would be expected
to liberate diphenyl disulfide on thermal degradation.

Thermal and thermal oxidative stability

To obtain a meaningful comparison of the thermal and ther-
mal oxidative stabilities of the mono- versus diphospha-s-
triazines, substituted by thiophenyl groups, the investigations
were performed on l-phenyl(thiophenyl)phospha-3,5-bis(perfluoro-
n-heptyl)-2,4,6-triazine and 1,3-bis[phenyl(thiophenyl)phospha]l-
5-perfluoro-n-heptyl-2,4,6-triazine. It is evident from the
data listed in Table 3 that the diphospha-s-triazine is defin-
itely more thermally and oxidatively stable, at least at 235°C
in air, than the monophospha-s-triazine. Essentially no differ-
ence in stability was observed between the corresponding phenyl-
substituted mono- and diphospha-s-triazines [11]. The produc-
tion of diphenyl disulfide is in agreement with the predictions
based on mass spectral breakdown patterns, discussed above.

The destabilizing effect of the thiophenyl as compared
to the phenyl group is obvious from the complete decomposition
of the thiophenylphospha-s-triazines at 316°C. Under parallel
conditions, >907 of the diphenylphospha analogue was recovered
unchanged [11]. The four products identified and quantified
were perfluoro-n-octanonitrile, perfluoro-n-heptyl-s-triazine,
diphenyl disulfide, and diphenyl sulfide. The thermal trimeri-
zation of perfluoroalkyl nitriles is well established [12].
Exposure of diphenyl disulfide in nitrogen to 316°C for 24 hr
resulted in 307 recovery of the starting material and 707 trans-
formation into diphenyl sulfide. It can be thus deduced that
the triazine and diphenyl sulfide are derived from the primary
products, namely perfluoro-n-octanonitrile and diphenyl disul-
fide. On the other hand, it is plausible that at these eleva-
ted temperatures diphenyl sulfide is produced directly from
thiophenyl radicals. One would expect the latter to be the
initial products of degradation based on the mass spectral
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evidence. Calculations reveal that during the 24 hr exposure
at 316°C, 1,3-bislphenyl(thiophenyl)phosphal-5-perfluoro-n-
heptyl-2,4,6-triazine liberated 827 of the potentially avail-
able thiophenyl moieties and 54% of the nitrile, whereas in
the case of l-phenyl(thiophenyl)phospha-3,5-bis(perfluoro-
n-heptyl)-2,4,6-triazine, the corresponding values were 77
and 567, respectively. The fate of the rest of the sulfur
and the remainder of the perfluorocalkyl groups is unknown.
These, together with phosphorus, comprised the insoluble char-
red residue.

Antioxidative and anticorrosive action

The thiophenyl-substituted mono- and diphospha-s-triazines
were evaluated as potential anticorrosion and antioxidation
additives for perfluorocalkylether fluids, namely poly(hexa-
fluoropropene oxide) (Krytox 143AC, product of DuPont) and
the unbranched fluid, CF3O(CF20)X(CFZCF20)yCF3 (Fomblin Z,
product of Montedison). In as much as Ti(4Al,4Mn) alloy was
found to be significantly more effective in catalyzing the
degradation of perfluorocalkylether fluids [4,13,14] than M-50
which was previously used for these tests, it has been employed
exclusively in the current investigations.

The results of these tests are summarized in Table 4;
for comparison purposes, corresponding tests involving
1-diphenylphospha-3,5-bis(perfluoroalkylether)-2,4,6~triazine
were also included. Based on the degradation products formed
in the first 24 hr, Tests 1A and 2A, the sulfur-compounds would
appear to be effective in arresting degradation. Yet, the
exposure was accompanied by the formation of a brown, very
fine precipitate. This could be removed by filtration and
the clear solution, on re-exposure to oxygen and alloy at 316°C,
did not form additional precipitate, whereas the quantity of
products liberated was still significantly lower than in the
absence of the additive. 1In Tests 5A, 6A, and 7A, the fluid
was exposed to oxygen and metal coupon at elevated temperature
for a short period of time, cooled, and filtered in an inert
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atmosphere. The filtrate was then re-exposed to the elevated
temperature, oxygen, and a new coupon for 24 hr. It was hoped
that the pretreatment will prevent the precipitate formation

on further heating. Unfortunately, this was not the case.

Based on the degradation data, discussed previously, one would
not expect 1,3-bis[phenyl(thiophenyl)phospha]-5-perfluorocalkyl-
ether-2,4,6-triazine to exhibit any effectiveness as a corrosion
and oxidation inhibitor at 316°C, due to its thermal instability
at these temperatures. The results obtained indicate that

the phospha-s-triazine degradation products, most likely the
phosphorus-containing portion, are the active ingredients and
that these can continue to function at elevated temperatures.

At the lower temperature, 288°C, in Fomblin Z, the thio-
phenyldiphospha-s-triazine was found to arrest drastically
the fluid's degradation as compared to the parallel experiment
conducted in its absence (see Tests No. 8A, B, C, and 41).
The action lasted for at least 24 hr. It should be noted that
no precipitate was observed in the fluid after Test No. 8C;
furthermore, the products formed consisted essentially of the
perfluoroalkylether nitrile. Based on these results, the thio-
phenyldiphospha-s-triazines can be considered as useful addi-
tives for Fomblin Z fluids, inasmuch as at 316°C the effective-

ness of the diphenyl analogues is also, at best, marginal [4].

EXPERIMENTAL

All solvents used were reagent grade and were dried and
distilled prior to use. Operations involving moisture or air
sensitive materials were carried out either in an inert atmos-
phere enclosure (Vacuum Atmospheres Model HE-93B), under
nitrogen by-pass, or in vacuo. The commercially available
starting materials were usually purified by distillation,

crystallization, or other appropriate means.

Infrared spectra were recorded either neat (on liquids)
or as double mulls (Kel-F oil No. 10 and Nujol) using a Perkin-
Elmer Corporation infrared spectrophotometer Model 1330. The
molecular weights were determined in hexafluorobenzene using
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a Mechrolab Model 302 vapor pressure osmometer. The mass
spectrometric analyses were obtained employing a DuPont 21-491B
double focusing mass spectrometer attached to a Varian Aero-
graph Model 2700 gas chromatograph (GC), equipped with a flame
ionization detector, and a DuPont 21-094 data acquisition and
processing system. The thiophenyl-substituted phospha-s-tria-
zines were analyzed by GC using a 10' x 1/8" stainless steel
column packed with 4% OV-101 on 80/100 mesh Chromosorb G using
a programming rate of 8°C/min from 50-300°C. The elemental
analyses were performed by Schwarzkopf Microanalytical Labora-
tory, Woodside, New York.

The apparatus used for the determination of the anti-
corrosion and antioxidation action of the materials developed
was a modified, scaled-down version of the AFML Micro-0-C-Test

arrangement [13].

Degradation studies

The degradation investigations were performed in sealed
Pyrex ampoules of “50 ml volume over a period of 24 hr at the
specified temperatures. The media studied were nitrogen and
air; the gas pressures used were V350 mm Hg at room temperature.
The samples were introduced into the ampoules via a long stem-
med funnel. At the conclusion of the experiment, the ampoules
were cooled in liquid nitrogen and opened into the vacuum
system. The liquid nitrogen noncondensibles were measured
and analyzed by gas chromatography. The liquid nitrogen con-
densibles were fractionated from a warming trap through -78°C
into a liquid nitrogen cooled trap. Each fraction was measur-
ed, weighed and analyzed by infrared spectroscopy and gas
chromatography, and, if applicable, also combined gas chroma-
tography/mass spectrometry (GC-MS). The involatile residues
were handled in an inert atmosphere enclosure to avoid any
interferences from subsequent hydrolysis or oxidations in the
case of purely thermal degradations. The residue itself was
weighed and subjected to infrared spectral analyses, gas chroma-
tography, and GC-MS.
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Syntheses of thiophenylphospha-s-triazines

The procedure utilized was essentially identical for all
the compounds. For illustration, the preparation of 1,3-bis-
[phenyl (thiophenyl)phospha]-5-perfluoro-n-heptyl-2,4,6-triazine
(I) is given in detail.

In an inert atmosphere enclosure, to a stirred solution
of 1,3-bis(phenylchlorophospha)-5-perfluoro-n-heptyl-2,4,6-
triazine (2.00 g, 2.82 mmol) in tetrahydrofuran (10 ml) at
room temperature, was added a solution of thiophenol (0.62 g,
5.64 mmol) and triethylamine (0.57 g, 5.64 mmol) in tetra-
hydrofuran (15 ml) over a period of 30 min. An immediate reac-
tion was observed with formation of a white precipitate. After
stirring at room temperature for 20 hr, the reaction mixture
was filtered giving triethylamine hydrochloride (0.68 g, 887
yield) and a pale yellow filtrate. Removal of solvents in
vacuo from the filtrate gave a pale yellow liquid which was
redissolved in Freon-113 and passed through a 1.0 x 4.0 cm
column of neutral Woelm alumina. The solid, which formed
on standing after solvent removal, was recrystallized from hot
hexane to give 1,3-bis[phenyl(thiophenyl)phospha]-5-perfluoro-
n-heptyl-2,4,6-triazine (1.72 g, 71%Z yield), mp 89-91°C. Anal.
caled. for C32H20F15N3SZP2: C, 44.82; H, 2.35; F, 33.23; N,
4.90; S, 7.48; P, 7.22; MW, 857.58. Found: C, 44.70; H, 2.37;
F, 33.98; N, 4.96; S, 7.68; P, 7.21; MW, 881.
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