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Bis(tritfluoromethylketiminoalkyl)diselanes [SeC(=NR)CF;],
{6) [R = Me (a), iPr (b), iBu (c¢)] have been prepared in high
yields (55—70%) by reaction of the diselane (SeC,Fs); (2)
with RNH,. However, the analogous reaction of 2 with
secondary amines, RoNH, results in the cleavage of the
Se—Se bond and leads to the N,N-dialkyl-2,2,2-
trifluoroselenoacetamides Se=C(NR;,)CF; (7) [R = Me (a), iPr
(b})]. Cleavage of 6a—6¢c with Me;SnH affords the selenoami-
des Se=C(NHR)CF; (9) and the corresponding stannylsela-
nes Me;3SnSeC({=NRjCF; (10) [R = Me (a), iPr (b}, tBu (cJ].
Selenoamides 7 and 9 can also be prepared from pentafluoro-
ethylselenol HSeC,F5; (3), Se=C(F)CF; (1) or its polymer
[SeC(F)CF;], (4) and primary or secondary amines. N,N-
dialkyl-2-methyl-3-fluoro-4,4,4-trifluoroselenoacrylamides

Se=C(NR,})C(Me)=C(F)CF; [R = Et (13a), iPr (13b)] are pre-
pared in moderate yields under mild conditions by treating
either trifluoromethylselenocarbonyl fluoride (1) or its poly-
mer [SeC(F)CF,], with 1-dialkylamino-1-propynes. The reac-
tion proceeds by [2 -+ 2] cycloaddition and stereospecific
electrocyclic ring-opening, yielding, with respect to the re-
sulting C=C double bond, the E isomer as the only product.
The molecular structures of 7b, 9a and 13b show the typical
features of selenocamides with C{Se)—N bond shortening and
C—Se bond elongation due to r interaction of the N lone pair
with the C=Se double bond. The observed perpendicular
orientation of the selenoamide and the alkene units of 13b
prevents © delocalization.

The chemistry of selenoamides has been of considerable
interest in the last ten years”), and a number of efficient
preparative routes for alkyl®~9 and aryl derivatives®~ has
been described. However, perhalogenoselenoamides are still
rare inspite of the fact that fluorinated selenocarbonyl com-
pounds have recently been investigated!!?~'4, The first rep-
resentatives of the type Se=C(NR,)CF; were prepared in
1990 by reaction of the trifluoromethylselenocarbonyl flu-
oride Se=C(F)CF; (1) with secondary amines!'?®). This
procedure depends on a multistep preparation of the labile
species 1. There was therefore a demand for more inert and
easily available precursors. This led us to investigate the ap-
plication of the diselane (SeC,F5), (2), the selenol HSeC,F;
(3)!43] and the selenocarbonyl polymer [SeC(F)CF;], (4)!'2"1
as alternative starting compounds. They were selected on
the basis of various earlier results:

(i) 2 may be used as a starting compound for the prep-
aration of 1, 3 or 4 and can be cleaved at the Se~Se bond
with organometallic hydrides such as Me,SnHI12b-15-16] or
L,MHU! (M = transition metal) affording the selenol 3
and the corresponding MesSn or L,M derivatives
Me;SnSeC,F; and L, MSeC,F;. So far, similar reactions of
diselanes with amines RNH, or R,NH have not been stud-
1ed.
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(ii) The course of the reaction expected for the selenol 3
will be similar to that of perfluoroalkyl alcohols!'®l, sul-
fanes!'®l, phosphanes?” and arsanes!?!! with dialkylamines,
for which HF elimination and formation of the C-amino-
substituted fluoroheteroalkenes E=C(NR,)Rs (E = O, §,
RP, RrAs) have been observed.

(iii) Polymeric trifluoromethylselenocarbonyl fluoride (4)
is known to give a mixture of 1 and its dimer [SeC(F)CF3],
(5) on thermolysist!!-1??] and, therefore, will probably react
with alkylamines by stepwise degradation.

Functionalized fluorinated selenoamide derivatives, es-
pecially selenoacrylamides, can possibly also be synthesized
by [2 + 2] cycloaddition of fluorinated selenocarbonyl com-
pounds to ynamines followed by spontaneous opening of
the resulting four-membered heterocycles. This assumption
is based on the fact that thio- and selenocarbonyl com-
pounds, due to their particular electronic structure, are both
bettcr nucleophiles (high-energy HOMOQ) and better elec-
trophiles (low-energy LUMO) than the analogous alde-
hydes or ketones?® and therefore are suitable as versatile
reagenis for cycloaddition reactions!®>?¥. The sclenocar-
bonyl derivatives are expected to exhibit higher reactivity?4
and fluoro- or perfluoroalkyl substituents at the C(Se) atom
will enhance both their reactivity!?’! and their stability!?®l.
This s one of the reasons why perfluorinated selenoketones
have become of increasing interest as synthons during the
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last decadel'®~131. While there exist extensive studies on re-
actions of selenocarbonyl compounds with 1,3-di-
polest?427-281 and 1,3-dienes!!' 71328291 5o far only few ex-
amples of [2 + 2] cycloaddition reactions have been de-
scribed for Se=C species coordinated to M(CQ)s complex
fragments using n-donor-substituted alkynes as partners®l,
This is not surprising since sterically unshielded derivatives
are known to react by self-addition to give the more stable
1,3-diselenetanes!' ' =14, Our present study was prompted by
an early report of Middleton!®! on the easy [2 + 2] reaction
of hexafluorothioacetone with electron-rich olefines.

Here, we report on a systematic study of the reactions of
1 to 4 with primary or secondary amines and on the first
investigation of [2 + 2] cycloadditions of a noncoordinated
selenocarbonyl derivitive to ynamines.

Bis(trifluoromethylketiminoalkyl)diselanes 6 and
N,N-Dialkylamino-2,2,2-trifluoroselenoacetamides
7 from 2 and RNH, or R,NH

Bis(perfluoroethyl)diselane 2 reacted with primary ami-
nes RNH, (molar ratio 2/amine = 1:6) on warming up the
reaction mixture from —196°C to room temperature and
yielded the  bis(trifluoromethylketiminoalkyl)diselanes
[SeC(=NR)CF;]; [R = Me (6a), iPr (6b), rBu (6¢)].

Scheme 1

6 RNH,

{““ - 4 [RNH3JF

F3C—(];—SE—Se—(;l—C F3
[ |

RN NR
6a-c
CF3CF,SeSeCF,CF3

2

\ 4 RoNH _

IR Se=C(NR,)CF3 + RoNSeC,F5 + ...
7a, b 8b

[R = Me (a), /Pr (b), tBu (c); 8a not identified]

The molecular and electronic structure of 6a—6¢ was de-
duced from spectroscopic investigations, and conclusively
ascertained by an X-ray diffraction study of 6c. The
77Se{'H} resonances of 6a—6¢ between & = 379 and 483
are typical for dialkyldiselanes™’l. In contrast to 6a and 6b,
derivative 6¢ showed a quadruplet signal in the 7’Se spce-
trum which is due to coupling with the fluorine nuclei
[*J(SeF) = 18.3 Hz]. In the Raman spectra of 6b and 6c,
the C—H stretching modes were observed between 2988
and 2872 cm !, the C=N valence frequencies v (C=N) at
1651 (6b) and 1669 cm™! (6¢). The v (Se—Se) absorption
for both compounds was found at 273 cm ™! in accord with
data of other CF;-containing diselanes®'l. Suitable crystals
of 6¢ were obtained at —5°C from a pentane solution. The
compound crystallizes in the monoclinic crystal system with
the space group P2,/n. The molecular structure and a selec-
tion of typical bond lengths and angles are presented in
Figure 1.
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Figure 1. Molecular structure of 6¢l®

2] Selected bond lengths [A] and angles [°]: Scl—Se2 2.319(1),
Sel—Cl 1.971(5), Se2—C2 1.989(6), C1-C3 1.522(8), C2-C4
1.511(8). N1—CI 1.241(8), N1—C5 1.479(7), N2—C2 1.236(8),
N2—-C6 1.488(7); Sel—Se2—Cl 107.6(2), Sel—Se2—C2 105.2(2),

CI-NI-C5 1284(5), C2-N2—-C6 128.8(5), Sel—CI-NI
126.7(4), Sel—-Cl—C3 116.7(5). NI-CI—C3 116.6(5),
Se2—C2-N2  127.4(4), Se2—C2-C4 115.04), N2-C2-C4
117.6(5).

The Se(1)—Se(2) distance of 2.319(1) A and the Se—C
distances [Se(1)—C(1) 1.971(5); Se(2)—C(2) 1.989(6) A] are
characteristic for single bonds and agree with data found
for other diselanesP**3. As expected, the C=N distances
[N(1)—C(1) 1.241; N(2)—C(2) 1.236 A] correspond to true
double bonds. The dihedral angles C(3)—C(1)—N(1)—C(3)
and C(4)—C(2)—N(2)—C(6) of 179.9° display the truns con-
formation of the CF3 and the respective ¢Bu group.

The torsion angle o[C(1)—Se(1)—Se(2)—C(2)] of 8§6.4°
for 6¢ is typical for organosubstituted diselanes, as demon-
strated by the following examples: (MeSe), 87.5(4)° (elec-
tron diffraction)®, 85.64° (ab initio, 3-21G basis set)i*;
(SeCF,), 84.5(3)° (electron diffraction)P; (p-NO,CsH,Se),
87.8° (X-ray)®’l. Derivatives with bulky substituents, how-
ever, show larger torsional anglesi®®*; an unusual value of
180° is observed for [(Me;Si):CSe],1 7.

Diselane 2 reacted with secondary amines such as
Me,NH or /Pr,NH more slowly than with primary amines.
Starting with a molar ratio 2/famine >1:4 at 20°C, the se-
lenoamides 7a and 7b were formed as main products (ca.
40%; Scheme 1). The "F-NMR spectrum of the reaction
mixture contained signals and coupling patterns which indi-
cate the formation of further dialkylamino-substituted sel-
anes and diselanes besides 7. A complete characterization
of these high-boiling components was not possible, because
they could not be isolated from the mixture. During the
reaction of 2 with iPr,NH, the intermediate iPr,NSeC,F;
(8b) was identified by NMR measurements; however, the
related dimethylamino compound Me,NSeC,F5 (8a)i*!! ob-
viously undergoes a fast subsequent reaction and could not
be detected in the "F-NMR spectrum.

To explain the experimental results, we assumed that the
secondary amines, by analogy to the RNH, derivatives, first
attacked one of the CF, groups of 2. The resulting products
[CF;C(F)(NR,)SeSeC,Fs] were then cleaved at the Se—Se
bond by R,NH vyielding 7 and 8. In a compelitive reaction,
the primary products, as well as 2 and 8, may undergo an
energetically favoured substitution of a CF, fluorine atom
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by NR,. The alternative formation of 7, from the selenol 3,
is less probable since the aminolysis of 3 was found to be a
very fast reaction even at low temperatures (see below).

7a and 7b were characterized by spectroscopic methods.
The results obtained are identical with those for the same
products prepared from 1 and the corresponding ami-
nes!'?. The 77Se{'H}-NMR data in ref.!!?® were com-
pleted by the result for 7b.

Definite and important additional information about the
molecular and electronic structure of compounds 7 was ob-
tained from a single crystal X-ray diffraction analysis of 7b.
Figure 2 shows the molecular structure together with selec-
ted bond lengths and bond angles.

Figure 2. Molecular structure of 7hf!

Sell

@j Ce2)

Fi2i F

\
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[ Selected bond lengths [A] and angles [°]: Sel~Cl 1.811(4),
NI-CI 1.338(5), C2-Cl 1.533(6), N1-C3 1498(5), NI-C5
1.508(5), F1—C2 1.335(3), F2—C2 1.333(5), Se1 —C1—-C2 116.3(3),
Sel-Cl1--N1 127.3(3), NI1-C1-C2 116.3(3), C3—-N1-C5
113.6(3), C1-=N1—C5 123.9(3), C1-N1-C3 122.5(3).

These data indicate that the framework of the molecule
lies in one plane, which also contains the substituents F(2),
H(3a) and H(5a). The n delocalization showing up in the
planarity of the skeleton of 7b gains further support from
the Se(1)—C(1) distance of 1.811(4) A being considerably
shorter than Se—C single bonds (1.970 A)*? and longer
than the double bond in Se=CF, (1.743 A)%2. The data
are in good agreement with those of seleno urea
Se=C(NH,), (1.86 A)*3 and its derivativest>%. In accord
with the NMR results!'**], the short C(1)—N(1) distance of
1.338(5) A also confirms the expected electronic w interac-
tion between the lone pair of the nitrogen atom and the
(Se=C) = system as shown in Scheme 2.

Scheme 2
CFa
Se:C/
NR2

A B

Cleavage of the Ketimino diselanes 6a—6¢ with
Trimethylstannane

6a—6¢ contain two reactive centers, the Se—Se bond and
the unsaturated C=NR group. The structural data for 6¢
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indicate that the Se—Se bond is typical for diselanes and,
therefore, 6a—6¢ arc expected to reaclt with Me:SnH in a
similar way to perfluoroalkyldiselanes (RgSe),. The results
obtained in the cleavage reaction of 6a—6¢ with Me;SnH
are presented in Scheme 3.

Scheme 3

Me;SnH
|:30_C_S&Se_c_0|:3 v_eg_, SE=C(NHR)CF3
I I

RN NR 9

+ Me;SnSeC(=NR)CF;
10

6, 9,10 : R = Me (a), iPr (b}, tBu (c)

Fission of the Se—Se bond occurred under very mild con-
ditions at temperatures between —196 and 20°C affording
the volatile N-alkylamino-2,2,2-trifluoroselenoacetamides
9a—9c¢ and the corresponding stannylselanes 10a—10c¢ in
high yields (see Experimental Section). Composition and
molecular structures of 9a—9¢ were deduced from their el-
emental analyses and spectroscopic data together with an
X-ray diffraction study of 9a. Typical results that prove the
formation of N—H instead of Se—H bonds, include the
N—H valence bands between 3355 cm™! (9b) and 3418
cm~! (9a), the 'H-NMR signals of the NH groups at § =
8.26 to 8.96 and the 7’Se{*H} resonances near &6 = 700
which are characleristic for selenoamidesl>*441.

Figure 3 shows the molecular structure of 9a which con-
firms the spectroscopic results and corresponds well to the
structure of 7b with an enlarged C=Se double bond and a
C(1)—N(1) distance close to a double bond typical for this
type of compounds. The observed #rans conformation
(Se=C/N—H and CH./CF,;) is the energetically mosl
favourable arrangement and is in accord with literature re-
sults for oxo-, thio- and selenoamides*?).

Figure 3. Molecular structure of 9at?!

< \/ Seld

—

2] Selected bond lengths [A] and angles [°]: Sel—CI 1.804(3),
NI=C1 1.306(4), C1-C2 1.524(5), N1-C3 1458(5), F1—C2
1.342(4), F2—C2 1.333(4). F3—C2 1.327(4); Se1—C1—NT 126.3(3),
Sel—C1—C2 118.8(2), N1—C1-C2 114.9(3).

The first-step products expected from the cleavage of
6a—6¢c with MesSnH are the ketiminoalkylselenols
HSeC(=NR)CF; and the stannylselanes 10a—10¢c. Obvi-
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ously, the iminoselenols undergo a fast 1,3-hydrogen mi-
gration from Se to N yielding the tautomeric selenoamides
9a—9¢. Similar tautomeric equilibria are known for the re-
lated sulfur compounds. The hydrogen migration after
cleavage of the Se—Se bond is so fast that the selenol inter-
mediates cannot be detected by NMR measurements!#’.

The stannylselanes 10a—10c were obtained as high-boil-
ing yellow oils. Their 77Se{'H} resonances are shifted to
high field [8g. = —26.0 (10b); 64.6 (10¢)] as compared to
those of trialkyl- or triphenylstannylselenocarbamates!#®l.
The mass spectra of 10a—10¢ do not show the molecular
ions M ™ but the fragments [M™* — CHj] as peaks with the
highest m/z values; base peaks of the spectra are generally
due 1o the fragment [Me;Sn™).

Reactions of the Selenol 3 and the
Poly(trifluoromethylselenocarbonyl fluoride) 4 with
Primary or Secondary Amines

The formation of the selenoamides 7a and 7b according
to Scheme 1 was tested by the direct reaction of 3 with
R,NH or RNH,. The reactions were carried out at —20°C
in ether solution and led to high yields of the corresponding
selenoacetamides 7a and 7b or 9a—9c¢ (Scheme 4). Most
likely, the initial step of this process is the base-induced HF
elimination giving the trifluoromethylselenocarbonyl fluo-
ride Se=C(F)CF; (1) as a very reactive intermediate. As
shown in separate experiments with authentic 1, its reac-
tions with primary amines in a molar ratio 1:2 proceed like
those of secondary amines!'?! yielding the monoalkylse-
lenoacetamides 9a—9c.

Scheme 4
Se=C(F)CF,
Se=C(NRz)CF3
1
7
or HSeC,Fj5 RzNH - o
3 or RNH,
Se=C{NHR)CF;
or [SeC(F)CFa]n g

4
7,9 R = Me (a), iPr (b), Bu (c)

A surprising and interesting result is the observation that
the polymer of 1 is attacked by amines already under mild
conditions. Thus, a suspension of the polymer 4 reacted
with R,NH or RNHj; at 20°C completely within 30 minutes
affording the corresponding selenoacetamides 7a and 7b or
9a—9c in almost quantitative yields (exception: 9¢). Since 4
undergoes thermal degradation to monomeric 1 and the di-
mer [SeC(F)CF;], (5) only at elevated temperatures (ca.
200°C)1 11281 the activation energy necessary for the reac-
tion with amines is obviously supplied by the exothermic
formation of the stable selenoamides.

In the reaction of 1, 3, or 4 with tert-butylamine, the
ketiminodiselane 6¢ was formed as a side-product in about
15% yield together with 9¢. Since hydrogen gas was evolved
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during this process, the formation of 6c can be attributed to
a competitive subsequent reaction of the primary addition
product 11 (Scheme 5). The main route (a) leading to 9c¢ is
governed by the intramolecular HF elimination, while side
route (b) starts from an intermolecular metathesis giving
H, and the diselane [SeC(:BuNH)T)CF1],. A similar reac-
tion has already been reported for pentafluoroethanese-
lenol 311349,

Scheme 5
N

|
i

Se=C(F)CF
1

CF3
or HSeC.Fs [ BuNH; !
> HSe—C—F
3 ;
I tBuNH
or [SeC(F)CF3]n "
4 J
(a)| - HF (6); - Hy
¥
FFs { CF, CFq l
_ |
Se—C F—¢—Se Se—C—F
tBuNH {BuNH {BUNH
9c /
(ca. 85%) J

FiC—G—8e—Se~C—CFy
tBuN NtBu

6c (ca. 15%)

[2 + 2] Cycloaddition of Trifluoromethylselenocarbonyl
Fluoride (1) with Ynamines

Trifluoromethylselenocarbonyl fluoride (1) reacted with
equimolar amounts of I-diethylamino-1-propyne (12a) or
1-diisopropylamino-1-propyne (12b) in dichloromethane
after quick thawing of the mixture from —196 to 20°C af-
fording the novel selenoacrylamides 13a or 13b (Scheme 6)
within minutes. The reaction could be followed by a fast
colour change from violet lo orange.

The known dimer [SeC(F)CF5)], (5) was formed as a by-
product in about 10 to 15% yield (°F NMR)-12b] Com-
pounds 13a and 13b could be isolated in pure form by
pumping off the volatile components of Lhe reaction mix-
ture (dichloromethane, dimer 5 and unreacted 12a or 12b)
and washing the residue with pentane (yield ca. 60%). Com-
position and constitution of the novel selenocarbonylami-
des 13a, 13b have been determined by elemental analysis,
spectroscopic methods (IR, MS; 'H-, 13C, F-, 77Se NMR)
and an X-ray diffraction study of 13b. The data indicate
that 13a and 13b are formed exclusively in one of the pos-
sible isomeric structures thereby proving that the cycload-

Chem. Ber/Recueil 1997, 130, 913—922
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Scheme 6

13
R = Et (a), iPr {b)

dition reaction is regiospecific and the electrocyclic ring
opening stereoselective,

In accord with reactions of coordinated selenoaldehydes
or -ketones with ynamines™, the 2H-selenetenes expected
as the first-step intermediates could not be detected by
NMR measurements. Obviously, the ring opening reaction
due to the influence of the T-donor substituents R,N is very
fast. Fischer et al.l®% have recently shown that the anal-
ogous reactions of pentacarbonyl(selenoaldehyde)tungsten
complexes with other m-donor-substituted alkynes or al-
kenes, e.g. bis(rers-butylthio)ethyne or ethyl vinyl ether, re-
sult in the preparation of the corresponding coordinated
four-membered ring systems (2 H-selenetenel>*® or sclenet-
ane derivalives!>0bl).

As expected, the alkyl substituents of the amide groups
in 13a and 13b are chemically not cquivalent because of the
n interaction within the Se—C—N unit and, therefore, give
rise to separate signals in the 'H- and C-NMR spectra.
The detected resonances have been assigned to the syn- or
anti-alkyl group at the nitrogen atom with respect to the
Se=C fragment on the basis of literature datal*>!l. The *C
and 7’Se signals of the C=Se group are observed at chemi-
cal shifts typical for trifluoromethyl-, alkyl- or arylseleno-
carbonylamides!*?! indicating that in 13a and 13b the olef-
inic group at the C(Se) atom has only little effect on the
electronic structure. In conclusion, n interaction between
the C=C and the C=Se group can be excluded. According
to a spectroscopic study of Abraham et al.>*l about H,F
couplings in fluoro olefines, the “J(F,H) coupling constants
of 4.2 (13a) and 3.9 Hz (13b) suggest cis configuration of
CH; and F at the C=C double bond. However, this assign-
ment is somewhat uncertain because the constants “J(F,H)
for the cis and trans compounds differ only by ca. 1 Hzl%,
e.g. for Me,C=C(F)CO,Et: *J(F,H),;, = 4.2 Hz, *J(F,H),ns
= 3.3 Hz.

Definite information about the molecular structure of the
selenoacrylamides 13 was obtained by a single-crystal X-
ray diffraction analysis of 13b (Figure 4) which crystallizes
as a racemic twin in the orthorhombic crystal system (space
group £2,2,2;) with two molecules in the asymmetric unit.

Chem. Ber./Recueil 1997, 130, 913—922

The structural data of both molecules differ only a little;
they confirm the acyclic constitution already deduced from
the NMR parameters and the cis position of CHz and F in
the alkene unit. Thus, compounds 13 are formed only as £
isomers (CF; trans to CHj).

Figure 4. Molecular structure of 13bf

[ Selected bond lengths [A] and angles []: Sel—Cl 1.823(9),
NI=Cl 1341), C1=C2 1.49(1), C2—C4 1.30(2); Se2—C12
1.828(9), N2—Cl12 1.32(1), C12—C13 1.51(1), C3—CI5 1.35(2);

Sel-C1-N1 128.1(8), Sel—Cl1-C2 113.7(6), NI-Cl—-C2
118.19), C1-N1-C6 122.6(9), CI-N1-C9 121.1(8).
C6—NI-C9 116.2(8); Se2—CI12-N2 128.6(7), Se2—C[2-CI3
112.2(7), CI3-CI2-N2 119.2(8), CI2—-N2—C20 123.4(8),

C12-N2--C17 121.6(8), C17—-N2-C20 114.9(7).

The data for the Se=C(NiPr;) fragment correspond to
those of 7b and 9a and to literature valucs of selenocarbon-
ylamides>?. Thus both selenoketone C atoms C(1) and
C(12) (sum of angles: 360.0 and 359.9°), as well as the
amide nitrogen atoms N(1) and N(2) (sum of angles: 360.0
and 359.8°) have planar configurations with Se=C bond
lengths of 1.823(9) and 1.828(9) A, values between Se—C
single bonds (1.970 A)®2 and Se=C double bonds
(Se=CFy 1.743 ABZ; 1,5-dimethyl-3,7-dithiacyclo{3.3.1]-
nonane-9-selone: 1.774 AP¥: 4 4’'-dimethoxyselenobenzo-
phenone: 1.790 ASS). The coplanarity of the planes
through Se(1)—N(1)—C(1)—C(2) and N(1)—C(6)—C(9) or
Se(2)~N(2)—C(12)-C(13) and N(2)—C(17)—C(20) to-
gether with the short N(1)=C(1) or N(2)—C(12) distances
of 1.34(1) and 1.32(1) A prove that the lone pair at the
nitrogen atom takes part in a dclocalized © system. On the
other hand, the alkene plane is almost perpendicular
(angles of 90.8 and 98.0°, respectively) to the selenocarbon-
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ylamide plane. Comparison with the structures of two ether
selenoacrylamides!®), the tungsten complex (CO)sW[Se=C-
(NE;)C(Me)=C(H)Ph] and the noncoordinated com-
pound Se=C(NEt,)C(Me)=CPh,, reveals a close corre-
spondence of the dihedral angles of 13b and the ligand in
the complex (89°), but a considerable discrepancy to the
angle of 66.5° for the latter derivativc. The observed perpen-
dicular orientation of the selenocarbonylamide and the al-
kene plane in 13b excludes conjugation between the corre-
sponding 7 systems and hetero Diels— Alder reactionsl®¥ of
13a or 13b with highly reactive dienophiles such as 1[11-13,

In the reaction of poly(trifluoromethylselenocarbonyl flu-
oride) [SeC(F)CF], (4) with primary or secondary amines
described above, 4 acts as a synthetic equivalent for 1. Simi-
larly, the step-by-step degradation of 4 can be used for the
formal [2 + 2] cycloaddition with the ynamines 12a or 12b
which already occur at room temperature yielding the se-
lenoacrylamide derivatives 13a or 13b. The reactions of 1
and 4 differ in the formed amounts of the dimer
[SeC(F)YCF;)» (5) (1: 15%; 4: 30%). 1t is surprising that 12a
and 12b attack the polymer 4, but not the dimer 5. In an
effort (o understand this result, we have studied in separate
experiments the reaction of 5§ with primary and secondary
amines and observed that in contrast to 1 or 4 the dimer
does not react, demonstrating its inertness against nitro-
gen bases.

Conclusion

Various synthetic routes to fluorine-containing se-
lenoacetamides have been developed starting from trifluo-
romethylselenocarbonyl  fluoride (1), its  polymer
[SeC(F)CF3), (4) or the diselane (SeC,Fs), (2). The N,N-
dialkyl derivatives 7 generally can be obtained by reaction
of the precursors 1, 2, HSeC,F5 (3) or the polymer 4 with
secondary amines R,NH in moderate to high yields. The
most appropriate starting compound is the diselane 2 be-
cause it also serves as a precursor for the other starting
compounds. The novel N-alkylselenoacetamides 9 can be
prepared by similar procedures from 1, 3, or 4 and primary
amines RNH,. For these derivatives, however, the starting
compound 2 is not suited because its reaction with primary
amines does not produce compounds of type 9 but yields
the ketiminodiselanes [SeC(=NR)CF;], (6), which are
interesting starting compounds for further investigations,
such as cleavage reactions of the Se—Se bond with a variety
of reagents. The reaction of 6a—6¢ with trimethylstannane
leading to 9a—9¢ and ketimino-functionalized stannylse-
lanes of the type MesSnSeC(=NR)CF; (10) may suffice
for illustration.

The present investigation has established that the seleno-
carbonyl compound Se=C(F)CF; (1) and its polymer 4 re-
act with ynamines under very mild conditions affording the
novel selenoacrylamides 13a and 13b by [2 + 2] cycload-
dition and a stereospecific ring opening. Similar results, but
with detection of the four-membered ring as the first-step
intermediate, were recently obtained in reactivity studies of
the related fluorophosphaalkenes. Thus, perfluoro-2-phos-
phapropene undergoes a smooth [2 + 2] cycloaddition with
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ethoxyacetylene or dimethylaminopropyne at temperatures
below 0°CP®. Alkyl or aryl derivatives of the type
RP=CR',, however, only rcact with electron-rich alkenes or
alkynes if coordinated to a W(CO)s fragment®*”], Therefore,
further successful [2 + 2] reactions are to be expected for
the other fluoroheteroalkenes RpE=C(F)R’x or
E'=C(F)Rx (E = P, As; E' = §, Se).

Financial support by the Fonds der Chemischen Industrie, the
Deutsche Forschungsgemeinschaft (Graduiertenkolleg “Hochreak-
tive Mehrfachbindungssysteme™) and the Ministerium fiir Wissen-
schaft und Forschung Nordrhein-Westfalen (under the guidelines of
the Arbeitgemeinschaft Fluorchemie NRW) is gratefully acknowl-
edged.

Experimental Section

General: The sensitivity, disagreeable smell, and the possibie high
toxicity of the organoselcnium compounds required handling in
closed vesscls or under argon using a standard high-vacuum line.
All solvents were purified, dried, and degassed. — Starting com-
pounds: trifluoromethylselenocarbonyl fluoride (1)11?%), bis(per-
fluoroethyl)diselane (2)°8), pentafluoroethanselenol (3)!', trimcth-
ylstannanel®®, 1-(diethylamino)-1-propyne (12a)%%4, and 1-(diiso-
propylamino)--propyne (12b)[®°®! have been prepared according to
the literature. — NMR: Bruker WH 90, AC 200, ARX 300 (‘H,
standard: TMS: 13C, standard: TMS; F, standard: CCL;F); Bruker
AM 360 (68.68 MHz, 7"Se, standard: Me,Se, 60% in CDCl;). —
MS(EI): Model CHS5, Varian MAT (70 eV, gas inlct at 20°C, direct
inlet at 20 or 40°C). — IR: Bruker 48 IFS. — Raman: Bruker 66-
FRA 106; Neodymium YAG Laser 1064 nm. — Elemental analy-
ses: Perkin-Elmer Analyser 240.

1,2-[1-( Methylimino )-2-( trifluoromethyl Jethy! diselanc (6a):
2.9 g (7.3 mmol) of (SeC,Fs), (2), 8 ml of CH,CY; and 1.13 g (36.5
mmol) of McNH, were condensed in a small ampoule and sealed
under vacuum. Afler slowly increasing the temperature, the yellow
colour of the stirred mixture intensified at —30°C, indicating the
start of the reaction. The conversion was complete when room tem-
perature was reached by warming slowly. All volatiles were removed
and the residue was dissolved in 25 ml pentane and then transferred
under argon to a glass frit. The remaining residue was washed with
20 ml of additional pentane. Removal of the solvent by vacuum
condensation gave the pure product in the form of an orange oil,
yield 1.5 g (55%). The use of a more than 5:1 ratio of the starting
materials [MeNH,/(C,F;Se),] caused a strong exothermic reaction
accompanied by decomposition, precipitation of elemental se-
lenium and a reduced yield. — IR (film): ¥ = 2981 cm™ ! (m), 2920
(m), 1661 (vs), 1457 (m), 1437 (m), 1430 (m), 1395 (s), 1370 (m),
1302 (s), 1273 (vs), 1198 (vs), 1147 (vs), 1100 (m), 1085 (s), 999 (s),
906 (s), 717 (s), 580 (m). — "H NMR (300.13 MHz, CDCl;, 25°C):
& = 3.53 (s). — PC{!H} NMR (7543 MHz, CDCl,, 25°C): & =
44.1 (s, CHy), 117.8 (g, L/(F,C) = 279.0 Hz, CF3], 144.9 [q, 2X(F.C)
= 38.3 Hz, CSe]. — '"F NMR (84.66 MHz, CDCl,, 25°C): 8 =
—66.0 (5). — 7'Sc{'H} NMR (68.68 MHz, CDCl;, 25°C): & =
379.1 (s).

1,2-]1-(Isopropylimino )-2-( trifluoromethyl) ethyl Jdiselane ~ (6b):
The preparation corresponds 1o that of 6a by reaction of 2 (3.22 g,
8.13 mmol) with /PrNH, (2.89 g, 48.8 mmol) in dichloromethane
(8 ml). Yield 2.50 g (71%), orange oil. — IR (film): ¥ = 2977 cm ™!
(s), 2935 (m), 2874 (m), 1649 (s), 1466 (m), 1445 (m), 1385 (m),
1366 (m), 1337 (m), 1271 (vs), 1246 (m), 1229 (m), 1194 (vs), 1150
(vs), 914 (s), 709 (s), 539 (m), 416 (m). — Raman (liquid): v = 2971
cm™! (s), 2930 (s), 2919 (s), 2872 (s), 1651 (m), 1453 (m), 698 (m),
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291 (m), 273 (s), 81 (m). — 'H NMR (300.13 MHz, CD,Cl,, 25°C):
5 = 1.29 (d, J = 6.2 Hz, 12H, CHs), 4.08 [sept, J = 6.2 Hz, 2H,
CH(CH,),]. — BC{'H} NMR (73.43 MHz. CD,Cl,, 25°C): § =
23.3 (s, CH,), 59.6 (s, CH), 119.0 [q, 'J(F.C) = 279.4 Hz, CF3),
142.0 [q, 2J(EC) = 36.9 Hz, CSe). — ""F NMR (84.66 MHz,
CD,Cly, 25°C): 5 = —63.3 (s). — 77Set'H! NMR (68.68 MHz,
CDCly, 25°C): & = 396.4 (s). — CioH,4FsNaSe, (434.13): caled. C
27.66, H 3.23, N 6.46; found C 27.37, H 3.18, N 6.67.

1,2-[1-(tert-Butvlimino ) -2-{ trifluoromethyl Jethvl jdiselune  (6¢):
3.0 g (7.6 mmol) of (SeC,Fs), (2), 10 ml of CH,Cl, and 3.33 g (45.5
mmol) of tBulNH; were condensed into an ampoule. After sealing,
the reaction mixture was brought to —30°C and then slowly
warmed up to room temperature whilst stirring. The reaction
started at —10°C, disccrnible by the gradual increase of the ycllow
colour of the solution. To complete the reaction, the mixturc was
stirred at room tempcrature for an additional 30 minutes. All vol-
atiles were removed by vacuum condensation, 30 ml of pentane
were condensed onto the yellow residue and the mixture was fil-
tered through a glass frit under argon. After washing with 50 ml
ol pentane, the solvent was removed from the combined solutions.
Precipitation of elemental selenium indicated partial decompo-
sition ol the product. Repeated dissolving in 40 ml penlane fol-
lowed by filtration under argon gave, after removal of the solvent
under high vacuum, a stable product at room temperature if light
was avoided. Crystallization from 30 ml of pentane at —5°C gave
flaky, yellow crystals of 6c suitable for a crystal structure analysis,
yield 2.5 g (70%). — IR (KBr): ¥ = 2976 cm™! (in), 2933 (m), 1656
(s), 1641 (m), 1368 (), 1274 (m), 1258 (s), 1230 (m), 1187 (vs),
1150 (s), 1139 (vs), 924 (m), 911 (m), 900 (s), 765 (m), 695 (s). —
Raman (solid): ¥ = 2988 cm™! (s), 2930 (s}, 2919 (s), 1669 (m),
1465 (m), 1227 (m), 709 (m), 488 (m), 291 (m), 273 (s), 163 (s), 116
(s). 93 (s), 81 (s). — 'H NMR (300.13 MHz, CD,Cl;, 25°C): § =
1.44 (s). — PC{'H} NMR (75.43 MHz, CDCl3, 25C): § = 29.4 [s,
C(CH;)4], 59.8 [s, C(CH,)3), 117.8 [q, 'H(EC) = 281.8 Hz, CF3),
137.0 [g, 2J(F,C) = 37.0 Hz, CSe]. — °F NMR (84.66 (MHz.
CDCl;, 25°C): 3 = —63.1 (s). — 7Se{'H} NMR (68.68 MHz,
CDCls, 25°C): 6 = 483.2 [q, *J(Se,F) = 18.3 Hz]. — MS (70 eV,
40°C, direct inlet), based on *'Se; miz (%): 464 (1) [M™), 369 (4)
[M*™ — tBu — 2F], 312 (31) M~ — CF, — CN¢Bu + HJ, 242 (50)
[M' — 2 CF; — CN¢Bu], 57 (100) {C4Hy™] and further fragments.
— CoH 3FgN,Se, (462.18): caled. C 31.18, H 3.93, N 6.06; found
C 31.44, H 4.00, N 6.02.

General Procedure for the Preparation of Selenoamides Ta and Th:
1.09 g (2.75 mmol) of (SeC,Fs), (2), 6 ml of CH,Cl,, and 11.0
mmol of MesNH or iProNH were condensed in a 50-ml Schlenk
vessel and carefully warmed up. A colour change of the solution
from yellow to orange indicated the start of the reaction at —10°C.
After reaching room temperature, all volatiles were removed under
high vacuum. In the remaining residue dccomposition was ob-
served with formation of clemental selenium. Pure 7a, or 7b was
isolated by sublimation onto a cold finger under high vacuum at
room tempcrature. Yield 7a: 0.14 g (24.8%), 7b: 0.23 g (32.2%). The
spectroscopic data of 2,2,2-trifluoro-N, N-dimethylselenoacetamide
(7a) and 2,2,2-trifluoro-N, N-diisopropylselenoacetamide (7b) are
identical with previous results!!*®l. 7b was further characterized by
the 77Se-NMR spectrum and an X-ray diffraction study. —
71Se{'H} NMR (CDCls, 25°C): 3 = 828.8 (s).

General Procedure for the Preparation of the Selenoacetumides
9a—9¢. — Method A: Cleavage reaction of the diselanes 6a—6¢
with Me;SnH giving 9a—9¢ together with the stannylselanes
10a—10c (see below). — Method B: 045 g (2.5 mmol) of
Se=C(F)CF; (1), 3 ml of CH,Cl, and 7.5 mmol of the relevant
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primary amine (R = Me: 0.23 g; iPr: 0.44 g; Bu: 0.55 g) were
condensed in a small ampoule. After sealing under high vacuum,
the mixtures were rapidly brought to room temperature with shak-
ing. The start of the reaction was accompanied by instantaneous
colour changes. After a few seconds, the completion of the reaction
was indicated by the disappecarance of the purple colour of 1. All
volatiles, including thc corresponding N-alkylselenoacetamides
9a—9¢, were quickly condensed off. The purification of the volatile
products by trap-to-trap condensation [—50°C (R = Me: —65°C);
—196°C] delivered the pure compounds in the first traps. To isolate
the side product [SeC(N¢Bu)CF;], (6¢), formed in the reaction with
tBulNH,, the residue was treated with 10 ml of pentane and all the
insoluble compounds were filtered off with a glass frit under argon.
Removal of the solvent by vacuum condensation gave the pure yel-
low sidc product 6c. Yiclds: 9a: 0.27 g (56%); 9b: 0.35 g (64%); 9¢:
0.23 g (39%); 6¢: 0.10 g (17%). — Method C: 0.50 g (2.8 mmol) of
Se=C(F)CF; (1) was condensed in a 50 ml Schlenk flask in the
smallest area possible and thawed very slowly. Usually, the poly-
mcrization of 1 started immediately. For completion, the [lask was
repeatedly warmed up and cooled before pumping ofl all remaining
volatile compounds. Then 8 ml of CH,Cl, and 5.6 mmol of the
corresponding primary amine (R = Me: 0.17 g; Pr: 0.33 g; 1Bu:
0.41 g) were added by condensation and the mixture was stirred ai
room temperature. Reactions of the components were signalled by
a colour change to yellow and the gradual disappearance of the
polymer [SeC(F)CF;],. which is insoluble in CH,Cl,. Within 30
min the reactions were complete, and the mixtures werc worked up
as described under Method B. Yiclds: 9a: 0.51 g (96%); 9b: 0.59 g
(97%0); 9¢: 0.42 (g (64%); 6¢: 0.17 g (27%). — Method D: At —25°C,
9.3 mmol of the corresponding amine (R = Me: 0.29 g; /Pr: 0.55
g; 1Bu: 0.68 g) was slowly condensed onto a solution of 0.62 g (3.1
mmol) HSeC,F5 (3) in 3 ml of diethyl ether. During addition, a
colour change of the reaction mixture to orange and precipitation
of elemental selenium was observed. After complete addition of the
respective amine, the mixtures were worked up as described. Yields:
9a: 0.44 g (75%); 9b: 0.54 g (79%); 9¢c: 0.44 g (61%); 6¢: 0.39 g
(27%).

2,2, 2-Trifluoro-N-methylselenoacetamide (9a): IR (pentane). ¥ =
3418 cm ! (m), 2933 (m), 1525 (s), 1358 (s), 1289 (s), 1276 (s), 1191
(m), 1136 (m), 1036 (m), 946 (w), 719 (w), 536 (w). — 'H NMR
(200.13 MHz, CD,Cl,, 25°C): & = 3.06 (s, 3H, CHj;), 8.96 (br,, 1H,
NH). — "*C{'H} NMR (50.32 MHz, CD,Cl,, 25°C): & = 35.9 [q,
1J(E.C) = 1.7 Hz, CH3), 120.3 [q, 'J(EC) = 277.6 Hz, CF;], 185.0
[q, 2J(F.C) = 36.4 Hz, CSe]. — "F NMR (188.31 MHz, CD,Cl,,
25°C): & = —66.3 (s). — ""Se{'H} NMR (68.68 MHz, CDCl,,
25°C): 8 = 717.4 (s). — MS (70 ¢V, gas inlet), based on *Se, m/z
(%): 191 (100) [M*], 161 (9) [M' — MeNH], 142 (5) [M™ — F|, 122
(49) [M™ — CF3], 69 (42) [CF;*]. — C3H,F3NSe (190.03): caled. C
18.96, H 2.12, N 7.36; found C 18.90, H 2.12, N 7.31.

2,2,2-Trifluoro-N-isopropylselenoacetamide (9b). IR (CDCl3): v
= 33535 cm™! (m), 2975 (m), 2933 (w), 1664 (w), 1518 (vs), 1465
(m), 1400 (vs), 1369 (m), 1341 (w), 1274 (vs), 1205 (s, br.), 1148 (s,
br.}, 974 (m), 930 (m), 731 (w), 723 (m). 586 (w, br.). — 'H NMR
(200.13 MHz, CDCl;, 25°C): & = 1.35 (d, J = 6.5 Hz, 6H, CH;),
4.58 [sept, J = 6.5 Hz, 1H, CH(CHj;),], 8.59 (br, 1H, NH). -
3C{IH} NMR (50.32 MHz, CDCl;, 25°C): 8 = 20.3 (s, CH3), 51.0
(s, CH), 120.2 [g, "AF,C) = 278.5 Hz, CF;], 186.0 [q, 2J(FC) =
35.2 Hz, CSc]. — YF NMR (188.31 MHz, CDCl;, 25°C): 6 =
—66.3 (s). — 7"Se{'H} NMR (68.68 MHz, CDCl;, 25°C): § = 679.1
(). — MS (70 eV, gas inlet), based on ¥°Se, m/z (%): 219 (36) [M '],
177 (11) [M™ — j-Pr + H], 69 (18) [CF;3*), 43 (100) [C3H; ™).

N-tert-Butyl-2,2, 2-trifluoroselenoacetamide (9¢): IR (film): ¥ =
3392 em™! (m), 3000 (vs), 2913 (s), 1518 (m), 1462 (s), 1441 (m),
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1409 (vs), 1375 (s), 1368 (s), 1275 (s). 1238 (m), 1207 (s), 1139 (m),
981 (m). — 'H NMR (300.13 MHz, CDCl,, 25°C): 8 = 1.63 (s,
9H, CH,), 8.26 (br, 1H, NH). — *C{*H} NMR (75.43 MHz,
CDCL,, 25°C). & = 269 (s, CHa), 58.4 [s, C(CH3)], 120.1 [q,
IHEC) = 279.0 Hz, CF], 1849 [q, 2(K,C) = 34.7 Hz, CSc). —
19F NMR (282.47 MHz, CDCls, 25°C): 6 = —69.4 (s). — 7Se{'H}
NMR (68.68 MHz, CDCl,, 25°C): 6 = 752.1 (s). — MS (70 eV,
gas inlet), based on #8e, m/z (%): 233 (39) [M*], 177 (14) [M* —
t-Bu + H], 69 (9) [CF;*], 57 (100) [CeHs' |-

Standard Procedure for the Cleavage Reaction of the Diselanes
6a—6¢ 1o the Selenoamides 9a—9c and the Stannylselanes 10a—10c¢:
The corresponding diselane (6a: 1.08 g, 2.85 mmol; 6b: 1.15 g, 2.65
mmot; 6¢: 0.92 g, 2.0 mmol), equimolar amounts of Me;SnH and
dichloromethane (9 ml for 6a and 6b, 5 ml for 6¢) were condensed
into a 50-ml Schlenk vessel. On warming up the mixtures slowly to
—30°C, the reactions started, indicated by a slight clouding. They
were completc when room temperature was rcached. Purification
and isolation of the products were successfully carried out by (rap-
to-trap condensation (6a: —30, —65, —196°C; 6b: —10, —50,
—196°C; 6¢: —50, —196°C). The products were collected at —65/
—30°C (9a/10a) or at —50/—10°C (9b/10b; 9¢/10c) and the solvent
at —196°C. Separation of the product mixtures was accomplished
by high condensation vacuum within 2 d (traps at —30 and —196°C
for 10a/9a; —10 and —196°C for 10b/9b; 20 and —50°C for 10¢/9¢}.

Products/Trap Temperatures! Yields: 9a (ycllow crystals)/—196°C/
0.50 g (92%); 9b (orange glass)/—196°C/0.52 g (90%); 9¢ (orangc
0il)/—50°C/0.45 g (98%); 10a (vellow oil)/—30°C/0.91 g (91%y); 10b
(yellow oil)/—~10°C/0.86 g (85%); 10¢ (light yellow oil)/20°C/0.78
g (98%%).

Alternative Isolation Process for 10b and 10¢: A quicker and bet-
ter purification of 10b or 10¢ was possible after removal of 9b or
9¢ under high vacuum by taking up the residue in pentane, fil-
tration through a glass frit under argon and pumping of the sol-
vent.

[1-( Methylimino )-2-( trifluoromethyl) ethyl ] ( trimethyistannyli )-
selane (10a): IR (in CHCL;): v = 2995 cm ™! (m), 2926 (m), 1648
(s), 1630 (m), 1536 (m), 1367 (m), 1277 (vs), 1186 (s), 1145 (vs),
1009 (s), 945 (m), 916 (s), 538 (m), S1! (m). — "H NMR (200.13
MHz, CDCl;, 25°C): 8 = 0.36 [s, Sn satellites, 2/(Sn,H) = 53.8,
56.3 Hz, 9H. Sn(CH,)s, 3.28 (s, 3H, NCH,). — '*C{!H} NMR
(50.32 MHz, CDCl,, 25°C): & = 3.2 [s, Sn satellites, 'J(Sn,C) =
332.3, 347.9 Hz, Sn(CH;9;), 44.8 (s, NCHs), 119.1 [q, 'J(EC) =
2775 Hz, CF;], 142.5 [q, 2J(F,C) = 39.5 Hz, CSe]. — '°F NMR
(188.31 MHz, CDCly, 25°C): 3 = —69.5 (s). — 7'Se{'H} NMR
(68.68 MHz, CDCl;, 25°C): 8 = —13.2 [s, Sn satellites, 'J(Sn,Se)
= 903.2 Hz]. — MS (70 eV, 20°C, direct inlet), based on %°Se and
1208, mfz (%): 340 (1) [M* — Me], 191 (100) [M* — Me;Sn + H].
165 (60) [MesSn*], 150 (22) [Me,Sn™], 135 (44) [MeSn*], 120 (54)
[Sn*], 69 (50) [CF3"].

[1-(Isopropylimino )-2-( trifluoromethyl) ethyl | { trimethylstannyl )-
selane (10b): TR (in CHCLy): ¥ = 2976 cm™! (s), 2934 (m), 1639
(m), 1621 (m), 1520 (m), 1403 (m), 1275 (vs), 1203 (m), 1186 (vs),
1143 (s), 944 (m), 921 (m), 798 (vs), 708 (m). — '"H NMR (200.13
MHz, CDCl;, 25°C): 8 = 0.50 [s, Sn satellites, 2J(Sn,H) = 55.1,
57.4 Hz, 9H, Sn{CH,);], 1.16 [d, J = 6.3 Hz, 6H, CH(CH5),), 4.14
[sept, J = 6.3 Hz, 1H. CH(CH,);]. — *C{'H} NMR (50.32 MHz,
CDCl,, 25°C): § = 3.2 [s, Sn satellites, 'J(Sn,C) = 332.9, 348.2
Hz, Sn(CHs)s), 21.4 [s, CH(CHs;),], 55.6 [br.,, CH(CH3),], 119.4 [q,
IJ(E,C) = 277.3 Hz, CF3], 159.0 (br., CSe). — '°F NMR (188.31
MHz, CDCl;, 25°C): 6 = —66.7 (s). — ""Sc{IH} NMR (68.68
MHz, CDCls, 25°C): 8 = —26.0 [s, Sn satellites, 'J(Sn,S¢) = 930.0,
965.6 Hz]. — MS (70 eV; 20°C, direct inlet), based on #°Sc and
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12080 iz (%): 368 (44) [M* — Mel, 306 (5) [M* — i-Pr — Me —
FJ, 219 (81) [M* — Me;Sn + HJ, 165 (100) [Me,Sn*], 150 (24)
[Me,Sn*]. 135 (65) [MeSn*], 120 (24) [Sn], 69 (19) [CFy"], 43
(72) [CsH; ']

[1-(tert-Butylimino )-2-(trifluoromeihyl)ethyl ] ( trimethyl-
stannyl)selane (10¢): IR (in CHCl,): ¥ = 2976 cm ™! (s), 2931 (m),
1638 (s), 1521 (m), 1417 (s), 1391 (m), 1364 (m), 1267 (s), 1216 (vs),
1184 (s), 1136 (s), 926 (s}, 913 (s), 694 (s), 536 (m), 510 (m). — 'H
NMR (200.13 MHz, CDCl,, 25°C): 8 = 0.61 [s, Sn satcllitcs,
2J(Sn,H) = 54.4, 56.6 Hz, 9H, Sn(CH)s], 1.47 [s, 9H, C(CHs)s). —
2C{'H} NMR (75.43 MHz, CDCls, 25°C): § = 3.3 {s, Sn satellites,
17(Sn,C) = 331.0, 345.9 Hz, Sn(CILy)], 28.3 [s, C(CH,)s], 58.6 [s,
C(CH,)s]. 118.2 {q, 'J(,C) = 278.1 Hz, CF5], 138.4 [q, 2J(F,C) =
38.1 Hz, CSe]. — F NMR (188.31 MHz, CDCl,, 25°C): § =
—69.9 (s). — 7'Se{'H} NMR (68.68 MHz, CDCl,, 25°C): 6 = 64.6
[s, Sn satellites, 'J(Sn,Se) = 946.8, 991.0 Hz]. — MS (70 eV, 20°C,
direct inlet), based on #°Se and !'*°Sn, m/z (%): 382 (13) [M™ —
Me], 326 (5) [M* — tBuN]J, 233 (47) [M* — Me;Sn + HJ, 165 (100)
[Me;Sn™], 150 (20) [Me,Sn*], 135 (54) [McSn ' ], 120 (18) [Sn*], 69
(25) [CF57], 57 (28) [C4Hy ).

N,N-Diethyl-3,4,4,4-tetrafluoro-2-methylselenoacrylamide  (13a).
— Method A (from Selenocarbonyl 1): 0.44 g (2.46 mmol) of 1, 0.27
g (246 mmol) of 1-(diethylamino)-1-propyne (12a) and 3 ml of
dichloromethane were condensed in Jayers in a Schlenk vessel (vol-
ume: 30 ml). The mixture was thawed quickly (—196°C to 20°C)
and stirred. After a few seconds the reaction was complete, indi-
cated by the orange colour of the mixture. Then, all of the volatile
compounds (solvent, unreacted 12a and the by-product 5) were
pumped off under vacuum, and the remaining oily residue was
treated with 5 ml pentane. For separation of the alkyne polymer
from the product, the pentane solution was transferred to another
Schlenk vessel under argon. Removal of the solvent by vacuum
condensation gave the pure orange oily product 13a, yield 59%. —
Method B (from Polymer 4): A Schlenk vessel was charged with
0.50 g (2.80 mmol of 1) of [SeC(F)CF;], (4), 0.31 g (2.80 mmol) of
1-(diethylamino)-1-propyne (12a) and 6 ml of dichloromethane.
The reaction mixturc was slowly warmed to room temperature with
stirring. The gradual appcarance of an orange tint of the mixture
indicated the start of the reaction. For completion, the reaction
mixture was stirred at 20°C for an additional 15 min until the insol-
uble polymer 4 had disappeared and a clear solution was obtained.
This was worked up as described under Merhod A. Yield 50% (rela-
tive to 1). — IR (film): ¥ = 2981 ¢cm ! (m), 2939 (m), 2879 (m),
1464 (m), 1444 (s), 1432 (s), 1377 (vs), 1363 (m), 1339 (s), 1287 (s),
1232 (vs, br.), 1198 (vs, br.), 1142 (vs), 1099 (m), 1076 (m), 1025
(m), 981 (m), 710 (s). — '"H NMR (200.13 MHz, CD,Cl,, 25°C): &
= 1.23(t,J = 7.2 Hz, 3H, anti CH,CH;), 1.28 (t, J = 7.1 Hz, 3H,
syn CH,CHS5), 2.06 [dq, “*J(FH) = 4.2, SJ(F,H) = 1.8 Hz, 3H, CH,],
343 [dq, Jag = 14.0, J = 7.2 Hz, 1H, anti CHHg], 3.58 [dq, Jag
= 14.0, J = 7.2 Hz, 1H, unti CHH,), 3.84 [dq, Jag = 13.0, J =
7.1 Hz, 1H, syn CHHg], 4.24 [dq, Jap = 13.0, J = 7.1 Hz, 1H, syn
CHH,]. — BC{'H} NMR (50.32 MHz, CD,Cl,, 25°C): § = 10.5
(s, anti CH,CHj), 12.7 (s, syn CH,CH3y), 16.1 [d, 3J(F,C) = 5.0 Hz,
CHa,), 48.5 (s, syn CH,CHa,), 48.7 (s, anti CH,CH4), 118.8 [qd,
'J(F.C) = 272.2, 2J(FC) = 42.1 Hz, CF;], 128.6 [dq, 2J(F,C) =
154 *J(F,C) = 2.7 Hz, C=CF], 136.8 [dq, 'J(F,C) = 253.8, 2J(F.C)
= 38.7 Hz, CF}, 1953 [d, 3)F,C) = 5.2 Hz, C=S8e]. — '’I' NMR
(188.31 Mllz, CD»Cl, 25°C) 6 = —65.7 [dq, *HFF) = 11.3,
SJ(EH) = 1.8 Hz, CF3], —135.2 [qq, 3J(EF) = 11.3, 4JFEH) = 4.2
Hz, CF]. — 77Se{'H} NMR (68.68 MHz, CD,Cl,, 25°C): § = 683.1
(s). — MS (70 ¢V), based on *Se, m/z (%): 291 (100) [M*], 276
(19) [M* — Me], 272 (16) [M™ — F], 222 (52) [M™ — CF4], 219
(66) [M™ — NFEL,), 183 (48) [M* — Se — Et + H], 182 (40) [M*
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Table 1. Crystallographic data and parameters of the crystal struc-
ture dectcrminations

compound 6¢ Th 9a 13b

chem. formula CsHigFN,Se, CgH yFiNSe  C;H F;NSe €, H,F,NSe

form wght. 462.18 260.17 190.03 318.2

cryst size [mm]  0.5x0.5 0.15x0.25 0.18x0.13 0.22x0.14
x0.05 x0.4 x0.32 x0.35

cryst system monoclinic orthorhombic monoclinic  orthorhombic

space group P2;/n Pbem P2,/n P2,2:2,

alA] 10.710(4) 7.301(1) 4539(1)  7512(1)

b1A) 8.644(3) 14.461(2) 13.008(3)  14.117(3)

clA] 18.570(6) 10.158(2) 9.925(3)  26.030(5)

B 100.02(3) 99.26(2)

¥ A 1692.9 1072.5 578.4 2760.4(9)

Z 4 4 4 8

Dearea [grem’™] 1.81 1611 2.185 1531

4[mm™"] 4.42 3.50 6.45 2.75

F(000) 904 520 360 1280

temperature [K] 150 150 170 150

20 [] 54.11 54.13 54.11 54.16

index ranges 0<hg13 0<h<9 0<h<5 0<h<9
0sk=<11 0<k=<18 0<k=<l6 0<k<18
-23<1<23 0<1<13 -12<1<12 33<1<33

transmission 0.139/0.350  0.288/0.221  0.508/0.991 0.492/0.934

(min/max)

no. of reflections 4172 1394 1477 6237

measured

no. of 2823 945 1025 3450

independent

rflns with I>20(l)

no. of parameters 217 70 89 308

R1 0.0634 0.0348 0.0322 0.0754

wR2 0.1794 0.0733 0.0820 0.1810

GooF on #° 1.027 1.089 1.057 0.962

resid. electron +1.46/-1.76  +0.34/-0.42 +0.52/-0.58 +4.02/-0.50

density [eAJ]

— Se — Et], 154 (72) [M* — Se — 2 Et + HJ. 141 (66) [M' — Sc
— CF; — H] and further fragments. — CoH3F4NSe (290.15): caled.
C 37.26, H 4.52, N 4.83; found C 37.17, H 4.56, N 4.83.

3,4,4,4-Tetrafluoro-N, N-diisopropyl-2-methylselenoacrylamide (13b):
The preparation corresponded to that of 13a by reaction of 1 (0.40
g, 2.23 mmol} with 1-(diisopropylamino)-1-propyne (12b) (0.31 g,
2.23 mmol) in dichloromethane (3 mil). Repeated crystallization
from pentane at —20°C gave crystals of 13b suitable for an X-ray

crystal structure analysis, yield 67%. — Alternarive Preparaiion of

13b: The polymer [SeC(F)CF;), (4) (0.50 g, 2.80 mmol of 1) in
dichloromethane (8 ml) was treated with 12b (0.38 g, 2.80 mmol).
After 15 min the reaction was complete. The mixture was worked
up as described, yield 36% (relative to 1). — IR (KBr): v = 2985
cm™! (w), 2970 (m), 2930 (m), 1502 (s), 1463 (m), 1447 (m), 1378
(m), 1364 (m), 1353 (m), 1335 (s), 1222 (s), 1209 (s). 1190 (vs), 1144
(vs, br.), 1010 (m), 809 (w), 698 (m). — 'H NMR (200.13 MHz,
CD,Cl,, —30°C): & = 1.20 [d. J = 6.5 Hz, 6H. anti CH(CH,)],
1.23 [d, J = 6.5 Hz, 3H, anti CH(CH,)]. 1.76 [d, J = 7.0 Hz, syn
CIH(Cr13)), 2.0 [dq, “/(FH) = 3.9, S>J(FH) = 1.8 Hz, 3H, CHj],
3.99 [sept, J = 6.5 Hz, 1H, anti CH(CH3),], 4.17 [sept, J = 7.0
Hz, 1H, syn CH(CH;),). — BC{'H} NMR (50.32 MHz, CD,CL,
~30°C): & = 15.5 [d, *HEC) = 4.8 Hz, CH;), 17.6 [s, anti
CH(CH,),), 17.7 [s, anti CH(CH3),], 17.9 [s, anti CH(CHj3),], 19.4
[s, syn CH(CHj;)], 52.4 [s. syn CH(CHs),), 59.5 [s, anti CH(CH,),],
119.0 [qd, 'J(F,C) = 271.9, 2/(F,C) = 43.3 Hz, CF3], 129.9 [dq,
LIFC) = 15.1, *H(F,C) = 3.0 Hz, C=CF], 136.2 |dq, 'J(EC) =
251.2, 2KF,C) = 38.7 Hz, CF), 192.6 (br,, C=Se). — F NMR
(188.31 MHz, CD,Cl,, —30°C): 8 = —66.1 [dq, */FF) = 12.1,
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Hz, CF]. — 7Se{'H} NMR (68.68 MHz, CD,Cl,, 25°C): § = 743.2
(s). — MS (70 €V), based on ¥°Se, m/iz (%): 319 (32) [M*], 276 (8)
[m* — iPr], 257 (28) [M* — C,F,], 196 (63) [M* — Se — iPr], 69
(18) [CF3*1, 43 (100) [{Pr*] and further fragments. — C; | H;F;NSe
(318.21): caled. C 41.51, H 5.38, N 4.40; found C 41.68, H 5.31,
N 4.48.

SHFH) = 1.8 Hz, CF3), —140.3 [qq, 3/(EF) = 12.1, “/(FH) = 3.9

Crystal Structure Determination'®! of 6¢, 7b, 9a, and 13b: X-ray
data of 7b and 13b were collected with a Syntex P2/; diffractometer,
those of 6¢ and 9a with a Siemens-P3 diftractometer by using Mo-
K, radiation and ©®/2@-scan technique (for 6¢, 7b) or w-scan tech-
nique (for 9a, 13b). The structurcs were solved by direct mcthods
(SHELXL-93%%; for 6¢, 7b) or Patterson (SHELXL-93[%%; for 9a,
13b) and refined by full-matrix least-squares techniques. Non-hy-
drogen atoms were refined anisotropically. For 9a all hydrogen
atoms were located in a difference Fourier map and refined iso-
tropically. For 6¢ and 7b hydrogen atoms were included in calcu-
lated positions; for 6¢ isolropic temperature factors were refined.
Crystallographic data are given in Table 1.

* Dedicated to Professor Peter Sartori on the occasion of his
65th birthday.
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