
FORSCHUNG 99
CHIMIA 40 (1986) Nr. 3 (März)

Preparation, Structure, and Properties 
of 3,3,5,5-Tetrakis(trifluoromethyl)- 
4 H-1z4,2,4,6-thiatriazine

David J. Brauer**,  Alois Haas*,  Keith E. Peterman***,  and Matthias Rieland

* Correspondence: Prof. Dr. A. Haas 
Lehrstuhl für Anorganische Chemie II 
Ruhr-Universität Bochum
Postfach 10 2148, D—4630 Bochum 1 
(Bundesrepublik Deutschland)

** Fachbereich 9, Anorganische Chemie, Universität/ 
Gesamthochschule, D-5600 Wuppertal 1.

***York College of Pennsylvania, York, PA 17405 
(USA).

Acknowledgement: K.E.P. whishes to thank the Ful­
bright Commission for a ten month Professorial Re­
search Grant and M. R. thanks the Fonds der Chemi­
schen Industrie for a grant and financial support.

Abstract: Condensation of (CF3)2C=NLi with C13S3N3 in boiling CC14 gives presumably 
the intermediate (CF3)2C=N—SN, which forms with excess (CF3)2C=NLi in the presence 
of moisture by a [2 + 4]-cycloaddition the isolated thiatriazine. A X-ray structure deter­
mination of the new compound as well as IR, NMR, and mass spectra are provided.

Compounds containing a =N—S=N 
group seem to be only stable if the amino­
ligand has strong element-nitrogen bonds 
unsuitable for rearrangements. The first 
example l-thiazyl-2,3,4,5-tetrakis(trifluo- 
romethylthio)pyrrole was made from the 
corresponding tetrasubstituted pyrrole 
and C13S3N3 in boiling CC14 in the presence 
of pyridine111. Another imine suitable for 
such a substitution is (CF3)2C=NH. Its 
lithium salt reacts with C13S3N3 according to 
the following procedure to yield 3,3,5,5-te- 
trakis(trifluoromethyl)-4H -1A4,2,4,6-thia- 
triazine (1).

According to literature method121 
LiN=C(CF3)2 was prepared in a rigorously 
flame-dried pyrex reaction vessel. The sol­
vent was removed under dynamic vacuum 
leaving a brown amorphous solid. A dry 
argon atmosphere was introduced into 
the vessel containing 1.2 g (7 mmol) 
LiN=C(CF3)2 after which it was attached 
as a side-arm to a second vessel containing 
0.42 g (5.1 mmol) N3S3C13 in 3 mL CC14. 
The trimeric thiazyl chloride was pyrolized 
to the monomer NSC1 by heating the solu­
tion in an oil bath at 70 °C until complete

dissolution of the solid trimer occurred 
with concomitant appearance of a green 
color characteristic of the monomer. The 
NSC1/CC14 solution was then poured di­
rectly into the side-arm flask containing 
the LiN=C(CF3)2 which had been pre­
heated by a heat-gun.

The reaction mixture was agitated and 
allowed to cool to ambient temperature. 
Vacuum fractional distillation provided a 
deep-green liquid in a —35/—65 °C trap 
which turned brown on standing at room 
temperature. Refractionation converted 
the liquid from brown back to the original 
green color. Upon standing in a glass ves­
sel under a static vacuum for several weeks 
the liquid slowly volatilized and condensed 
nearly quantitatively as clear, colorless 
crystals on the side walls of the storage 
vessel, C6HFI2N3S (Afr = 375.14), m.p. 
44 °C.

Crystals of S[NC(CF3)2]2NH (1) were 
grown by sublimation and sealed in 
glass capillaries under argon. They_belong 
to the triclinic space group Pl with 
a = 6.821(1), b = 9.240(2), c = 10.871(2) 
A, a = 68.830(6), P = 75.093(8), y = 
68.821(8)°, Z = 2, and pcalc = 2.11 g/cm3. 
The structure was solved by direct methods 
using the 2058 unique reflections 
(4° <20 < 50°) obtained in the co--20 scan 
mode with a Siemens AED-1 diffractome­
ter employing Zr-filtered MoKa radiation 
(z = 0.71073 A). The H-atom was located 
with a zfF synthesis and refined isotropi­
cally while the other atoms were assigned 
anisotropic thermal parameters. Conver­
gence was obtained with R = YA/ 
S|FJ = 0.041 and R„ = [SwzP/ZwIFJ2]*  
= 0.053, where zf = ||F0| — |FC|| and 
w1 = <t2(F0) + 0.0001 |FO|2, for the 1634 re­
flections obeying |F0| >4o-(Fo)pl. Compu­
tations were made with SHELX-76141, and 
Fig. 1 was prepared with ORTEP-II151.

With a six-membered ring which is pla­
nar to within 0.016 A, the symmetry of 1 
approaches C2v. Average values of the 
C-NH and C-NS bond lengths, 1.436(4) 
and 1.445(3) A respectively, correspond to 
single bond lengths while the S-N distan­
ces, average 1.517(4) A, fall close to the 
previous estimate of 1.52 A for the SIV=N 
linkage161. The mean of the F-C-F bond 
angles and librationally-corrected C-F 
distances are 107.6(5°) and 1.342(9) A, re­
spectively. The C—C bond lengths (average 
1.541(5) A) are normal, and each CF3 
group is exactly staggered with respect to 
the corresponding C—NS bond.

Considerable steric congestion occurs 
with two short F -F contacts (2.584(4)­
2.744(4) A) between CF3 groups on the 
same ring atom. While the cross-ring 
distances F(3)---F(9) (2.900(4) A) and 
F(6)- ■ -F(12) (2.872(4) A) are somewhat 
longer, they are also less than the van der 
Waals diameter of fluorine, 2.94 A171.

The stereochemistry of N(l) is unusual. 
Although this amine is not engaged in w- 
bonding, its three valencies are coplanar to 
within experimental error, and the C(l)- 
N(l)-C(2) angle is very wide, 128.3(2)°. 
Both of these features may be results of 
steric crowding. While enlarging the C(l)- 
N(l)-C(2) angle relaxes cross-ring F• • F 
interactions, sp2 hybridization of N(l) al­
lows the N(l)—H bond to pertrud symme­
trically through an opening in the van der 
Waals surface of the fluorine atoms.

The IR-spectrum (Bruker IFS 85 FT) of 
1 in the gas phase shows the following ab­
sorptions: 3460 (m), 1490 (m), 1285 (ms), 
1250 (vs), 1233 (vs), 1180 (ms), 1016 (m), 
953 (ms), 721 (ms), 705 (ms), 541 (m); weak 
bands are not given. The 19F-NMR-spec- 
trum (Bruker WM 250 FT, lock CDC13, 
internal standard CFC13) consists of a sin­
gle line appearing at d = —79.95 proving 
that all twelve fluorine atoms are equiva­
lent. 'H- and 13C-NMR spectra (Bruker 
AM 400 FT, CDC13 as solvent and 
Si(CH3)4 as internal standard) show 
<5(NH) = 3.45; <5(CF3) = 120.5(q), 
J(Cring) = 69.8 (sept.); ’J(13C-F) = 290 Hz, 
2J(13Cring-F) « 32.5 Hz. Mass spectral data 
are consistent with the determined struc­
ture. The spectrum was registered with a 
Varian MAT CH 5 instrument at 70 eV

Fig.l. A perspective drawing of 
S[NC(CF3)2]2NH (1) with 20% proba­
bility thermal ellipsoids.
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and 100 pA showing the following frag­
mentation: m/z 356 (4) M+ — F, 306 (100) 
M+ - CF3, 287 (1.7) M+ - CF4, 261 (1.7) 
M+ - (CF3 + FCN), 237 (39) M+ - 2CF3, 
226 (2.5) (CF3)2CNCCF*,  211 (9.2) 
(CF3)2C(NH)NS+, 196 (9.2) (CF3)2CNS+. 
191 (4) CF3(CF2)CN2S+, 164 (4) 
(CF3)2CN+, 116 (12.5) CF3NSH+, 97 (1.7) 
F2CNSH+, 96 (35) CF3CNH+, 76 F2CCN+, 
69 (64.2) CF), 50 (4) CF2+, 47 (40) HNS+, 46 
(70.8) SN+.

In order to understand the overall reac­
tion leading to the thiatriazine one has to 
assume the formation of (CF3)2C=NSN as 
a reactive intermediate which undergoes a 
[4 + 2]-cycloaddition with the starting 
imine according to

(CF3)2=NLi + C1SN ——► J (CF3)2C=N-S=N J Ä2^
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On standing the lithium salt hydrolyzes 
to the isolated product 1.
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