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Bis( trifluoromethylketiminoalkyl) diselanes [ SeC ( = NR) CF:$] 
(6) [R = Me (a), iPr (b), tBu (c)] have been prepared in high 
yields (55-70%) by reaction of the diselane (SeC,F& (2) 
with RNH,. However, the analogous reaction of 2 with 
secondary amines, R,NII, results in the cleavage of the 
Se-Se bond and leads to the N,N-dialkyl-2,2,2- 
triiluoroselenoacetamides Se=C(NR2)CF3 (7) [R = Me (a), iPr 
(b)]. Cleavage of 6a-6c with Me3SnIH affords the selenoami- 
des Se=C(NHR)CF, (9) and the corresponding stannylsela- 
nes IM~,S~S~C(=NR)CF, (10) [R = Me (a), P r  (b), tBu (c)]. 
Selenoamides 7 and 9 can also be prepared from pentafluoro- 
ethylselenol HSeC,F, (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)l are pre- 
pared in moderate yields under mild conditions by treating 
either trifluoromethylselenocarbonyl fluoride (1) or its poly- 
mer [SeC(F)CF3], with 1-dialkylamino-I-propynes. The reac- 
tion proceeds by [2  -1 21 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 ?b, 9a and 13b show the typical 
features of selenoamides with C(Se) -N bond shortening and 
C-Se bond elongation due to IC 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 z delocalization. 

The chemistry of selenoamides has been of considerable 
interest in the last ten years["], and a number of efficient 
preparative routes for alkyl[sp6] and aryl derivatives[6py] has 
been described. However, perhalogenoselenoamides are still 
rare inspite of the fact that fluorinated selenocarbonyl com- 
pounds have recently been inve~tigated['~-'~]. The first rey- 
resentatives of the type Se=C(NR2)CF3 were prepared in 
1990 by reaction of the trifluoromethylselenocarbonyl flu- 
oride Se=C(F)CF3 (1) with secondary aminesl'2h]. This 
procedure depends on a multistep preparation of the labile 
species 1. There was thcrcfore a demand for more inert and 
easily available precursors. This led us to investigate the ap- 
plication of the diselane (SeC2F& (2), the selenol HSeC2F5 
(3)Li51 and the selenocarbonyl polymer [SeC( F)CF& (4)" 2b1 

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 thc Sc-Se bond 
with organometallic hydrides such as Me3SnH[12bx15p161 or 
L,MH[I7] (M = transition metal) affording the selenol 3 
and the corresponding Me3Sn or L,M derivatives 
MesSnSeC2F5 and L,MSeC2F5. So far, similar reactions of 
diselanes with amines RNH2 or R2NH have not been stud- 
ied. 

lo] Part 45: Ref."]. 

(i i)  The course of the reaction expected for the selenol 3 
will be similar to that of perfluoroalkyl sul- 
fanes["], phosphancs[20] and arsanes[21] with dialkylamines, 
for which HF elimination and formation of the C-amino- 
substituted fluoroheteroalkenes E=C(NR2)RF (E = 0, S, 
R,P, Rp4.s) have bccn observed. 

(iii) Polymeric trifluoromethylselenocarbonyl fluoride (4) 
is known to give a mixture of 1 and its dimer [SeC(F)CF& 
(5) on thermolysis[' 1,12b] and, therefore, will probably react 
with alkylamines by stepwise degradation. 

Functionalized fluorinated selenoamide derivatives, es- 
pecially selenoacrylamides, can possibly also be synthesized 
by [2 + 21 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 HOMO) and better elec- 
trophiles (low-energy LUMO) than the analogous alde- 
hydes or ketondZ31 and therefore are suitable as versatile 
reagents Tor cycloaddition reactions[2.2'l. The selenocar- 
bony1 derivatives are expected to exhibit higher rea~tivity"~] 
and fluoro- or perfluoroalkyl substituents at the C(Se) atom 
will enhance both their reactivitylZ5l and their 
This is one of the reasons why perfluorinated selenoketones 
have become of increasing interest as synthons during the 
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last decade["'-' '1. While there exist extensive studies on re- 
actions of selenocarbonyl compounds with 1,3-di- 
po1es[24,27.281 and 1,3-dienes[' -13,28.291, so far only few ex- 
amples of [2 + 21 cycloaddition reactions have been de- 
scribed for Se=C species coordinated to M(C0)5 complex 
fragments using n-donor-substituted alkynes as partnerd4I. 
This is not surprising since sterically unshielded derivatives 
are known to react by self-addition to give the more stable 
1,3-di~elenetanes~"-'~1. Our present study was prompted by 
an early report of Middleton["] on the easy [2 + 21 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 + 21 cycloadditions of a noncoordinated 
selenocarbonyl derivative to ynamines. 

Bis(trifluoromethy1ketiminoalkyl)diselane 6 and 
N,N-Dialkylamino-2,2,2-trifluoroselenoacetamides 
7 from 2 and RNH, or RzNH 

Bis(perfluoroethy1)diselane 2 reacted with primary ami- 
nes RNHz (molar ratio Zlamine = 1:6) on warming up the 
reaction mixture from -196°C to room temperature and 
yielded the bis(lrifluoromethylketiminoalky1)diselanes 
[SeC(=NR)CF& [R = Me (Ga), iPr (6b), tRu (tic)]. 

Scheme 1 

~ _ _  - ~ _ _ _  RNH2 - F3C-C-Se-Se-C-CF3 
- 4 [RNHJIF 11 ,I 

RN NR 

I 6a-c 

CF3CF2SeSeCF2CF3 

2 

4 R 2 N H  ~ 

- 2 [R>NH*]F 
Se=C(NR2)CF3 + R2NSeC2F5 + 

7a, b 8b 

[R = Me (a), rPr (b), fBu (c); 8a not identified] 

The molecular and electronic structure of6a-6c was de- 
duced from spectroscopic investigations, and conclusively 
ascertained by an X-ray diffraction study of 6c. The 
77Se{'H} resonances of 6a-6c between 6 = 379 and 483 
are typical for dialkyldiselanes[30]. In contrast to 6a and 6b, 
derivative 6c showed a quadruplet signal in the 77Se spcc- 
trum which is due to coupling with the fluorine nuclei 
[3J(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 C (C=N) at 
1651 (6b) and 1669 cm-' (6c). The P (Se-Se) absorption 
for both compounds was found at 273 cm-' in accord with 
data of other CF,-containing diselanes[71]. Suitable crystals 
of 6c were obtained at -5°C from a pentane solution. The 
compound crystallizes in the monoclinic crystal system with 
the space group P2,In. 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 ol' 6d"J 

Id' Selected bond lengths [A1 and angles 1"l: Scl-Se2 2.31911). 
SCl-Cl 1.971(5), Se'i-Ci 11.989(6).-C1'C3 1.522(8), C2-C4 
1.51118). N1-C1 1.24118). NI-C5 1,47917). N2-C2 1.216(8), 
N2-C6 1.488(7); Sel-Se2-Cl 107.6(2). Sel -Se2-C2 105.2(2), 
Cl-Nl-C5 128 49, C?-N2-C6 128 X ( S ) ,  Sel-C1-NI 
1267(4), Sel-Cl-C3 116.7(5). NI-Cl-C3 116.6(5), 
Se2-C2-N2 127.4(4), SeZ-C2-C4 115 0(4), N2-C2-C4 
117.6(5). 

The Se(1)-Se(2) distance ol' 2.319(1) A and the Se-C 
distances [Se(l)-C(l) 1.971(5); Se(2)-<7(2) 1.989(6) A] are 
characteristic for single bonds and agree with data found 
for other di~elanes[~'."]. As expected, the C=N distances 
[N(I)-C(l) 1.241; N(2)-C(2) 1.236 A] correspond to true 
double bonds. The dihedral angles C(3)-C(I)-N(I)-C(5) 
and C(4)-C(2)-N(2)-C(6) of 179.9" display the truns con- 
formation of the CF3 and the respective ~ B u  group. 

The torsion angle o[C(I)-Se(l)-Se(2)-C(2)] of 86.4" 
for 6c is typical for organosubstituted diselanes, as demon- 
strated by the following examples: 87.5(4)" (elec- 
tron diffra~tion)"~], 85.64" (ab initio, 3-21G basis set)["]; 
(SeCF3)2 84.5(3)' (electron diffraction)[36]; (p-N02C6H4Se)2 
87.8" ( X - I - ~ Y ) ~ ~ ~ ] .  Derivatives with bulky substituents, how- 
ever, show larger torsional a n g l e ~ [ ~ * . ~ ~ J ;  an unusual value of 
180" is observed for [(Me3Si)3CSe]2[40]. 

Diselane 2 reacted with secondary amines such as 
Me2NH or iPr,NH more slowly than with primary amines. 
Starting with a molar ratio 2/ainine >1:4 at 20°C the se- 
lenoamides 7a and 7b were formed as main products (ca. 
40%; Scheme I ) .  The I9F-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, bccause 
they could not be isolated from the mixture. During the 
reaction of 2 with iPr,NH, the intermediate iPr2NSeC2F5 
(Sb) was identified by NM R measurements; however, the 
related dimethylamino compound Me2NSeC2FS (8a)L4'1 ob- 
viously undergoes a fast subsequent reaction and could not 
be detected in the 19F-NMR spectrum. 

To explain the experimental results, we assumed that the 
secondary amines, by analogy to the RNH2 derivatives, first 
attacked one of the CF2 groups of 2. The resulting products 
[CF3C(F)(NR2)SeSeC2F5] were then cleaved at the Se-Se 
bond by RzNH yielding 7 and 8. In a competitive 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 NR2. The alternative formation of 7, from the selenol3, 
is less probable since the aminolysis of 3 was found to be a 
very Fdst reaction cveii at low temperatures (see bclow). 

7a and 7b were characterized by spectroscopic methods. 
The results obtained are idcntical with those for the same 
products prepared from 1 and the corresponding ami- 
nes['2h1. The 77Se(1H}-NMR data in were coin- 
pleted by the result for 7b. 

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

Figure 2. Molecular structure of 7b1.1 

La] Selected bond lengths [A] and angles ["I: Sel-C1 1.811(4), 
Nl-Cl 1.338(5), C2-Cl l .W(h) ,  Nl-C3 1.498(5). N1-C5 
1.508(5), F1-C2 1.335(3), F2-C2 1.333(5), Sel -Cl-C2 116.3(3), 
Sel-Cl--Nl 127.3(3), N1-C1-('2 116.313). C3-Nl-C5 

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 7c delocalization showing up in the 
planarity of the skeleton of 7b gains curther support from 
the Se(1)-C(1) distance of 1.81 l(4) A being considerably 
shorter than Se-C single bonds (1.970 A)[32] and longer 
than the double bond in Se=CF2 (1.743 The data 
are in good agreement with those of seleno urea 
Se=C(NH,), ( I  3 6  and its  derivative^[^^^,']. In accord 
with the NMR results['2b], the short C(I)-N(l)  distance of 
1.338(5) A also confirms the expected electi-onic 7c interac- 
tion between the lone pair of the nitrogen atom and the 
(Se=C) TC system as shown in Scheme 2. 
Scheme 2 

CF3 

\ \\ 
NR2 

113.6(3), CI-NI-C5 123.9(3), CI-NlEC3 122.5(3). 

CF3 

NR2 
r, 

c) , 
Se=C - Se-C b / 

A B 

Cleavage of the Ketimino diselanes 6a-6c with 
Trimethylstannane 

6a-6c contain two reactive centers, the Se-Se bond and 
the unsaturated C=NR group. The structural data for 6c 

indicate that the Se-Se bond is typical for diselanes and, 
therefore, 6a-6c are expected to react with MelSnH in a 
similar way to perfluoroalkyldiselanes (RFSe)2. The results 
obtained in the cleavage reaction of 6a-6c with Me$nH 
are presented in Scheme 3. 
Scheme 3 

Me SnH 
F3C-C-SeSe-C-CF3 3 Se=C(NHR)CF3 

I 
NR 9 

1 1  
RN 

+ Me3SnSeC(=NR)CF3 6 

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-tr1fluoroselenoacetamides 
9a-9c and the corresponding stannylselanes 10a- 1Oc in 
high yields (see Experimental Section). Composition and 
molecular structures of 9a-9c 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 IH-NMR signals of the NH groups at 6 = 

8.26 to 8.96 and the 77Se{1H} resonances near 6 = 700 
which are characteristic for s e l en~amides [~~*~~] .  

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(l)-N(l) dibtance close to a double bond typical for this 
type of compounds. The observed trans conformation 
(Se=C/N-H and CH3/CFi) is the energetically most 
favourable arrangement and is in accord with literature re- 
sults for 0x0-. thio- and selenoamide~[~~I. 

Figure 3. Molecular structure of 9d"l 

[a] Selected bond lengths [A] and angles ["I: Sel-CI 3.804(3), 

1.342(4), F2-C2 1.333(4), F3-C2 1.327(4); Sel-CI -N1 126.3(3), 
Sel-Cl-C2 118.8(2), Nl-Cl-C2 114.9(3). 

The first-step products expected from the cleavage of 
6a-6c with MelSnH are the ketinlinoalkylselenols 
HSeC(=NR)CF3 and the stannylselanes 10a- 1Oc. Obvi- 

Nl-Cl  1.306(4), Cl-C2 1.524(5), N1-C3 1458(5), F1-C2 
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3 

or [SeC(F)CF& 

ously, the iminoselenols undergo a fast 1,3-hydrogen mi- 
gration from Se to N yielding the tautomcric selenoamides 
9a-9c. Similar tautomeric equilibria are known for the re- 
lated sulfur compounds[46]. The hydrogen migration after 
cleavage of the Se-Se bond is so fast that the selenol inter- 
mediates cannot be detected by NMR measurements[47]. 

The stannylselanes 10a- 1Oc were obtained as high-boil- 
ing yellow oils. Their 77Se{'H} resonances are shifted to 
high field [6,, = -26.0 (lob); 64.6 (loc)] as compared to 
those of trialkyl- or triphenylstannylselei~ocarbamates~~~]. 
Thc mass spectra of 10a-10c do not show the molecular 
ions Mt but the fragments [M+ - CH3] as peaks with the 
highest mlz values; base peaks of the spectra are generally 
due lo the fragment [Me&+]. 

Reactions of the Selenol 3 and the 
Poly(trifluoromethylselenocarbony1 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 
R2NH or RNH2. The reactions were carried out at -20°C 
in ether solution and led to high yields of the corresponding 
seleiioacetamides 7a and 7b or 9a-9c (Schemc 4). Most 
likely, the initial step of this process is the base-induced HF 
elimination giving the trifluoromethylselenocarbonyl fluo- 
ride Se=C(F)CF3 (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[12bl yielding the monoalkylsc- 
Ienoacetamides 9a-9c. 

Scheme 4 

Se=C(NRz)CF3 

7 

* or 
RzNH 

or RNH2 
____ 

Se=C(NHR)CF3 

9 

Se=C( F)CF3 

I 

or HSeC2F5 

3 

or [SeC(F)CF3], 

4 i 

7, 9 : R = Me (a), iPr (b), fBu (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 R2NH or RNH2 at 20°C completely within 30 minutes 
affording the corresponding selenoacetamide? 7a and 7b or 
9a-9c in almost quantitative yields (exception: 9c). Sincc 4 
undergoes thermal degradation to monomeric 1 and the di- 
mer [SeC(F)CF& (5) only at elevated temperatures (ca. 
200"C)r' 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 teut-butylamine, the 
ketiminodiselane 6c was formed as a side-product in about 
15% yield togelher with 9c. Since hydrogen gas was evolved 

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 
H2 and the diselane [SeC( lBuNH)(F)CF,],. A similar reac- 
tion has already been reported for pentatluoroethanese- 
lenol 3[15344rl. 

Scheme 5 

Se=C(F)CF3 ' 
I 1 
l 

> - HSe-C-F 
or HSeC2F5 I BuNHz 

1 tBuNH 

11 

p = 3  CF3 

\ 
Se-C 1 F-F:Se Se-7-F i 

tBuNH tBuNH fBuNH 

9c i / - HF 
I: (ca. 85%) 

F3C-C-Se-Se-- C-CF3 
11 I1 

tBuN NtBu 

6c (ca 15%) 

[2 + 21 Cycloaddition of Trifluoromethylselenocarbonyl 
Fluoride (1) with Ynamines 

Trifluoromethylselcnocarbonyl fluoride (1) reacted with 
equimolar amounts of 1-diethylamino-1 -propyne (12a) or 
1-diisopropylamino-I-propyne (12b) in dichloroniethane 
aftcr 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 t o  orange. 

The known dimer [SeC(F)CF3)l2 (5) was formed as a by- 
product in about 10 to 15% yield (19F NMR)[1i-12b]. Com- 
pounds 13a and 13b could be isolated in pure form by 
pumping off the volatile components of the 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 selenocarboiiylanii- 
des 13a, 13b have been determined by elemental analysis, 
spectroscopic methods (lR, MS: IH-, 13C, lYF-, 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 ],hat the cycload- 
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Scheme h 

1 1 I 

,NR2 

I/" Me 

Se -C 
\ 

* 

F3C-C 
\ 
F 

13 

R = Et (a), iPr (b) 

dition rcaction is regiospecific and the electrocyclic ring 
opening stereoselective. 

In accord with reactions of coordinated selenoaldehydes 
or -ketoncs with ynamined4], lhe 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 n-donor substituents R2N is very 
fast. Fischer et al.rso] have recently shown that thc anal- 
ogous reactions of pentacarbonyl(selenoa1dehyde)tungsten 
complexes with other E-donor-substituted alkynes or al- 
kenes, e.g. bis(ieri-buty1thio)ethyne or ethyl vinyl ether, re- 
sult in the preparation of the corresponding coordinated 
four-membered ring systems (2H-~elenetene[~~"] or selenet- 
ane derivativesrsob1). 

As expected, the alkyl substituents of the amide groups 
in 13a and 13b are chemically not equivalent because of the 
n interaction within the Se-C-N unit and, therefore. give 
rise to separate signals in the 'H- and 13C-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 data14,s1J. The 13C 
and 77Se signals of the C=Se group are observed at chemi- 
cal shifts typical for trifluoromethyl-, alkyl- or arylseleno- 
carbonylamide~~~~~'1 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, 7-t interaction between 
the C=C and the C=Se group can be excluded. According 
to a spectroscopic study of Abraham et al.[531 about H,F 
couplings in fluoro olefines, the 4J( F,H) coupling constants 
of 4.2 (13a) and 3.9 Hz (13b) suggest cis configuration of 
CH3 and F at the C=C double bond. However, this assign- 
ment is somewhat uncertain because the constants "(F,H) 
for the cis and trans compounds differ only by ca. 1 Hzrs31, 
e.g. for Me,C=C(F)CO2Et: 4J(F,H)cjs = 4.2 Hz, 4J(F,H)t,,, 
= 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 P2,2121) with two molecules in the asymmetric unit. 
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The structural data of both molecules differ only a little; 
they confirm the acyclic constitution alroady deduced from 
the NMR parameters and the cis position of CH3 and F in 
the alkene unit. Thus. compounds 13 are formed only as E 
isomers (CF, trans to CH3). 

Figure 4. Molecular structure of 13br"l 

Selected bond lengths r i l  and angles 1"l: Sel-Cl 1.823(9). 
N1-C1 1.34(1), ClvC2 1:49(1), 62-(?& 1.30(2); Se2-Cl2 
1.828(9). N2-CI2 1.3211). C12-CI3 1.51(1). C3-CI5 1.35(2): 
Sel-Cl-Nl 128 I@) ,  Sel-Cl-C2 113:7(6), NI-CI-C2 

Ch-NlbC9 116.2(8): Se2-C12-N2 128.6(7), Se2-CI2-Cl3 
llS.l(9), CI-NI-Ch 122.6(9), Cl-NlGC9 121.1(8). 

112.2(7), C13-C12-N2 119.2(8), C12-N2-C20 123.4(8). 
C12-N2 C17 121.6(8), C17-N2-C20 114.9(7). 

The data for the Se= C(NiPr2) fragment correspond to 
those of 7b and 9a and to literature values of selenocarbon- 
ylamide~[~.~].  Thus both selenoketone C atoms C( 1 )  and 
C(12) (sum of angles: 360.0 and 359.9O), as well as the 
amide nitrogen a t o m  N(1) and N(2) (sum of angles: 360.0 
and 359.8") have planar configur?tions with Se=C bond 
lengths of 1.823(9) and 1.828(9) A, values between Se-C 
single bonds (1.970 and Se=C double bonds 
(Se=CF2: 1.743 1,5-dimethyl-3,7-dithiacycl0[3.3.1]- 
nonane-9-selone: 1.774 4,4'-dimethoxyselenobenzo- 
phenone: 1.790 The coplanarity of the planes 
through Se( 1 )- N( l)-C(l)-C(2) and N (  I)-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 delocalized n 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 
~elenoacrylamides[~]~ the tungsten complex (C0)5W[Se=C- 
(N EL,)C(Me) = C(H)Ph] and the noncoordinated coni- 
pound Se=C(NEt2)C(Me)=CPh2, reveals a close corre- 
spondence of the dihedral angles of 13b and the ligand in 
the complex @So), but a considerable discrepancy to the 
angle of 66.5" for the latter derivative. The observed perpen- 
dicular orientation of the selenocarbonylamide and the al- 
kene plane in 13b excludes conjugation between the corre- 
sponding n: systems and hetero Diels- Alder reactions1"J of 
13a or 13b with highly reactive dienophiles such as 1" 1-131. 

In the reaction of poly(trifluoromethylse1enocarbonyl flu- 
oride) [SeC(F)CF3],, (4) with primary or secondary amincs 
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 + 21 cycloaddition with the ynaniines 12a or 12b 
which already occur at room temperature yielding the se- 
Icnoacrylamide derivatives 13a or 13b. The reactions of 1 
and 4 differ in the formed amounts of the dinicr 
[SeC(F)CF& (5) (1: 15%; 4: 30%). It is surprising that 12a 
and 12b attack the polymer 4, but not the dimer 5. 111 an 
effort to 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- 

lenoacetamidcs have been developed starting from trifluo- 
romethylselenocarbonyl fluoride ( I ) ,  its polymer 
[Se<:(F)CF,], (4) or the diselane (SeC2F& (2). The N,N- 
dialkyl derivatives 7 generally can be obtained by reaction 
of the precursors 1, 2, HSeC2Fj (3) or the polyincr 4 with 
secondary amines R2NH 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 
amincs RNH?. For these derivatives. however, tlie starting 
compound 2 is not suited because its reaction with primary 
aniines does not produce compounds of type 9 but yields 
the ketiminodiselanes [SeC(=N K)CF& (6), which are 
interesting starting compounds for further investigations, 
such as clcavagc reactions of the Se-Se bond with a variety 
of reagents. The reaction of 6a-6c with trimethylstannane 
leading to 9a-9c and ketimino-functionalized stannylse- 
lanes of the type Me3SnSeC(=NR)CF3 (10) may suffice 
for illustration. 

The present investigation has established that the seleno- 
cai-bonyl coinpound Se=C(F)CF3 (1) and its polymer 4 re- 
act with ynamines under very mild conditions affording the 
novel selenoacrylamides 13a and 13b by [2 + 21 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 + 21 cycloaddition with 

ethoxyacetylene or diniethylaminopropyne at temperatures 
below 0°C[s61. Alkyl or aryl derivatives of the type 
RP=CR'?, however, only react with electron-rich alkenes or 
alkyncs if coordinated to a W(CO)5 fragment[57]. Therefore, 
further successful [2 + 21 reactions are to be expected for 
the other fluoroheteroalkenes R,E=C(F)R', or 
E'=C(F)Rb (E = P, As: E' = S, Se). 
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Experimental Section 
Generid: The sensitivity, disagrceablc smell, and the possible high 

toxicity of the organoselcnium compounds required handling in 
closcd vesscls or under argon using a standard high-vacuum line. 
All solvents were purified, dried, and degassed. - Starting com- 
pounds: trifluoromethylselenocarbonyl fluoride ( l ) I I Z b ] ,  bis(pcr- 
fluoroethy1)diselane (Z)[5*11, pentafluoroethanselenol (3)'151, trimcth- 
ylstannane15y]l, 1 -(diethylamino)- 1 -propyne (12a)[60"1, and 1 -(diiso- 
propy1amino)- 1 -propyne ( 12b)[60bJ have becn prepared according to 
the literature. - N M R :  Bruker WH 90, .4C 200. ARX 300 ('H, 
standard: TMS: I3C. standard: TMS; 19F, standard: CC1,F); Bruker 
AM 360 (68.6X MHz, ?'Se, standard: Me2Se, 60% in CDC13). - 
MS(E1): Model CH5. Varian MAT (70 eV, gas inlet at 20°C direct 
inlet at 20 or 40°C). - IR: Bruker 48 IFS. - Raman: Bruker 66- 
FRA 106; Neodymium YAG Lascr 1064 nm. - Elemental analy- 
ses: Perkin-Elmer Analyser 240. 

1.2-(1-(~letl~~~liwiinoj-2-(tri~uoromrrli~l)etlzyl]disrlune (ha): 
2.9 g (7.3 mmol) of (SeC2F& (2). 8 ml of CH2C12 and 1 .I3 g (36.5 
mmol) of McNHz were condensed in a small ampoule and sealed 
under vacuum. After 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 nil 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:l ratio of the starting 
inaterials [MeNH2/(C2F,Se)2] caused a strong exotherinic reaction 
accompanied by decomposition. precipitation of elemental se- 
lenium and a reduced yield. - 1R (film): 3 = 2981 c m ~  ' (,m), 2920 
(ni). 1661 (vs), 1457 (m), 1437 (in), 1430 (in), 1395 (s). 1370 (m), 
1302 (s), 1273 (vs), 1198 (vs), 1147 (vs), 1100 (m), 1085 (s), 999 (s). 
906 (s), 717 (s), 580 (m). - IH NMR (300.13 MHz, CDC13, 25°C): 

44.1 (s. CH?). 117.8 (q, 'J(F,C) = 279.0 Hz. CFJ, 144.9 [q, 'J(F.C) 
= 38.3 Hz, CSe]. ~- I9F NMR (84.66 MHz, CDCI?, 25°C): 6 = 

379.1 (5). 

(6b): 
The preparation corresponds to that of ha by reaction of 2 (3.22 g, 
8.13 mmol) with iPrNH, (2.89 g, 48.8 mmol) in dichloroincthane 
(8 ml). Yield 2.50 g (71%), orange oil. - IR (film): P = 2977 cm-' 
(s), 2935 (in), 2874 (m), 1649 (s), 1466 (m). 1445 (m), 1385 (m), 
1366 (in), 1337 (m). 1271 (vs), 1246 (m), 1229 (m). 1194 (vs), 1150 
(vs), 914 (s), 709 (s), 539 (m), 416 (m). - Raman (liquid): 0 = 2971 
cm-' (5 ) .  2930 (s), 2919 (s), 2872 (s), 1651 (m), 1453 (m), 698 (m), 

F = 3.53 (s). - I3C('HJ NMK (75.43 MHz, CDCI?, 2SOC): 6 = 

-66.0 (s). ~~ ''SC('H) NMR (68.68 MHz, CDCII, 25°C): 5 

I ,2-[l-  (Isopropyliniino) -2- ( trijluoromethyl) eth.yl]di.wlane 

918 fhem. Ber. lRm.d 1997, 130. 913-922 



Reactive E-C [p-p] R Systems, 46 FULL PAPER 
291 (m), 273 (s), 81 (m). - 'H NMR (300.13 MHz, CD,Cl,, 25°C): 
6 = 1.29 (d, J = 6.2 Hz, 12H, CH3), 4.08 [sept, J = 6.2 Ilz, 2H, 
CH(CH3)ZI. - "C{'H} NMR (73.43 MHz. CDJ32, 25°C): F = 
23.3 (s, CH,), 59.6 (s, CH), 119.0 [q, 'J(F.C) = 279.4 Hz. CF?], 
142.0 [q, 2J(F,C) = 36.9 H7, CSe). - "F NMR (84.66 MHz, 
CD2C12, 25°C): F = -63.3 (s). - 77Se{'H} NMR (68.68 MHz, 
CDCI,, 25°C): 6 = 396.4 (s). - C,oHI,F6N2Se2 (434.13): calcd. C 
27.66. H 3.23, N 6.46; found C 27.37, H 3.18: N 6.67. 

1,2-[1- (tert-Buiyfimino) -2- ( triJliiovom~/lzJl~ elh~vl/ctisel~me (6c): 
3.0 g (7.6 mmol) of(SeC2F5), (Z), 10 ml of CHzClz and 3.33 g (45.5 
mmol) of tBuNH, were condensed into an ampoule. After sealing, 
the reaction mixture was brought to -30°C and then slowly 
warmed up to rooin temperature whilst stirring. The reaction 
startcd at - IO'C, discernible by the gradual increase of the yellow 
colour of the solution. To complete thc reaction, the mixture was 
stirred at room tempcraturc for an additional 30 minutes. All vol- 
atiles were removed by vacuum condensation, 30 ml of pentane 
were condensed onto the ycllow residue and the mixture was fil- 
tered through a glass frit under argon. After washing with 50 ml 
of pentane, the solvent was removed from the combined solutions. 
Precipitation of elemental seleniuni indicated partial deconipo- 
sition of the product. Repeated dissolving in 40 ml pentane 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): D = 2976 cm-' (in), 2933 (in), 1656 
(s), 1641 (m), 1368 (m), 1274 (in). 1258 (s), 1230 (m), 1187 (vs). 
1150 (s), 1139 (vs), 924 (m), 911 (m), 900 (s). 765 (ni), 695 (s). - 
Rainan (solid): Cj = 2988 cm-' (s), 2930 (s), 2919 (s), 1669 (m), 
1465 (m). 1227 (ni). 709 (m), 488 (in), 291 (m). 273 (s), 163 (s), 116 
(s). 93 (s). 81 (s). - 'H NMR (300.13 MHL. CDZCI,, 25°C): 6 = 

1.44 (s). - 13C{1H) NMR (75.43 MHL, CDC1.I; 25C): 6 2Y.4 [s. 
C(CH,),], 59.8 [s, C(CH&], 117.8 [q, 'J(F,C) = 281.8 Hz. CF3]. 
137.0 [q, 2J(F,C) = 37.1) Hz. CSe]. - 191;  NMK (84.66 (MHz. 
C D Q ,  25°C): F = -63.1 (s). - 77Se{'H} N M R  (68.68 MHz. 
CDCl,, 25°C): 6 = 483.2 [q, ?J(Se,F) = 18.3 Hz]. - MS (70 eV. 
40°C, direct inlet), based on '"Se; ni/z (%I): 464 (1) [M+], 369 (4) 
[M' - tBu - 2F], 312 (31) [M- - CF, - CN~BLI + HI, 242 (50) 
[M ' - 2 CF3 - CNtBu], 57 (100) [C4H9+] and further fragments. 
- CI2Hl8F6N2Se2 (462.18): calcd. C 31.18, H 3.93, N 6.06; found 
C 3 I .44, H 4.00, N 6.02. 

General Procedure fiir lhe Prepmation of Selenoarnides 7a and 7b: 
1.09 g (2.75 mniol) of (SeC2F5), (2). 6 nil of CH2C12, and 11.0 
mmol of Me2NH or iPr2NH were condenscd 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 rcnioved under 
high vacuum. In the remaining residue dcconiposition was ob- 
served with formation of clcmental selenium. Pure 7a, or 7b was 
isolated by subliinatioii onto a cold finger under high vacuum at 
room tempcrature. Yield 7a: 0.14 g (24.8'%1), 7b: 0.23 g (32.2%). The 
spectroscopic data of 2,2,2-trifluoro-iv A'-dimethylselenoacetamide 
(7a) and 2,2,2-trifluoro-~N-diisopropylselenoacetamide (7b) are 
identical with previous results["b]. 7b was further characterized by 
the 77Se-NMK spectrum and an X-ray diffraction study. - 
77Se{1H) N M R  (CDC13, 25°C): 6 = 828.8 (s). 

General Procedure for  the Prepurntioil of t h p  Selmorrcrrinni~trsrs 
9a-9c. - Method A: Cleavage reaction of the diselanes 6a-6c 
with Me3SnH giving 9a-9c together with the stannylselanes 
10a-10c (see below). - Method B: 0.45 g (2.5 mmol) of 
Se=C(F)CF, (1). 3 in1 of CH$& and 7.5 mrnol of the relevant 

primary amine (R = Me: 0.23 g; iPt: 0.44 g; tBu: 0.55 g) were 
condensed in a small ampoule. After sealing under high vacuuni, 
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 disappearaiicc of the purple colour of 1 .  All 
volatiles. including thc corrcspoiiding N-alkylselenoacetamides 
9a-9c. were quickly condensed off, The purification of the volatile 
products by trap-to-trap condensation [ - S O T  (R = Me: -65°C); 
- 19h"CI delivered the pure compounds in the first traps. To isolatc 
the side product [SeC(NiBu)CF3l2 (6c). formed in the reaction with 
tBuNH,, the residue was treated with 10 ml of pcntanc and all the 
insoluble compounds were filtered off with a glass frit under argon. 
Rctnoval of tlic solvcnt by vacuum coiidensation gave the pure yel- 
low sidc product 6c. Yiclds: 9a: 0.27 g (56%): 9b: 0.35 g (64%); 9c: 
0.23 g (39%); 6c: 0.10 g (17(!/0). - Mcthod C; 0.50 g (2.8 mniol) of 
Se=C(F)CF3 (1) was condensed in a 50 ml Schlenk flask in the 
smallest area possible and thawed very slowly. Usually, the poly- 
merization of 1 started immediately. For completion, the llask was 
repcatedly warmed up and cooled before pumping oll'all remaining 
volatile compounds. Then 8 ml of CH2CI3 and 5.6 mmol of the 
corresponding primary ainine (R = Me: 0.17 g; iPr: 0.33 g; tBu: 
0.41 g) were added by condensation and the mixture was stirred at 
room temperature. Reactions of the components were signalled by 
a colour change to yellow and the gradual disappearance of the 
polymer [See( F)CF,],t. which is insoluble in CH2C12. Within 30 
min the reactions were complete, and thc mixtures werc worked up 
as described under Method B. Yields: 9a: 0.51 g (96%): 9b: 0.59 g 

9.3 mniol of the corresponding amine (R = Me: 0.29 g; iPr: 0.55 
g ;  tBu: 0.68 g) was slowly condensed onto a solution of 0.62 g (3.1 
mmol) HSeC2F, (3) in 3 ml of diethyl ether. During addition, a 
colour change of the reaction mixture to orange and precipitation 
of elemental selenium was observcd. 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%); 9c: 0.44 g (61%): 6c: 0.39 g 

2 , 2 , 2 - ~ r ~ ~ u ~ v o - N - 1 ~ 1 e t ~ z ~ l s e l e n o a c e t ~ i ~ ~ i ~ ~ ~ ~  (9a): TR (pentane): i. = 

3418 cin (m). 2933 (m), I525 (s). 1358 (s), 1289 is). 1276 (s). 1191 
(in); 1136 (ni). 1036 (m), 946 (w), 719 (w); 536 (w). - 'H NMR 

(977'0); 9 ~ :  0.42 (g (64%); 6 ~ :  0.17 g (27%). - Mrthod Dt At -25"C, 

(27%). 

(200.13 MHz, CD,Cll, 25OC): 6 = 3.06 (s. 3H, CH;), 8.96 (br., IH, 
NH). - "C{'H) NMR (50.32 MHz, CDLClz, 25°C): F = 35.9 [q. 
'J(F?C) = 1.7 Hz. CH?), 120.3 [q, 'J(F,C) = 277.6 Hz, CF31, 185.0 
[q, 'J(F,C) = 36.4 HZ. CSe]. - "F NMR (188.31 MHz. CDKI?, 
25°C): 6 = -66.3 (s). - "Sej'H) NMR (68.68 MHz, CDCI,. 
25OC): F = 717.4 (s). - MS (70 eV. gas inlet). based 0x1 "Se, n d z  
((XI): 191 (100) [M+]. 161 (9) [M ' - MeNH], 142 (5) [M+ - FI, 122 
(49) [M' - CF3], 69 (42) [CF,+]. - C3H4F1NSe (190.03): calcd. C 
18.96, H 2.12, N 7.36; Pound C 18.90, H 2.12, N 7.31. 

2,2.2- Tvfluoro- AT- l~opropJlselt.noacetuznide (9b): IR (CDCI,): 3 
= 3355 cni-' (m), 2975 (m), 2933 (w), 1664 (w), 1518 (vs). 1465 
(m). 1400 (vs), 1369 (m), 1341 (w), 1274 (vs): 1205 (s. br.), 1148 (5, 

br.), 974 (ni), 930 (m), 731 (w), 723 (in). 586 (w, br.). - ' H  N M R  
(200.13 MHz, CDC13, 25°C): 6 = 1.35 (d, J = 6.5 Hz, 6H, CH?), 
4.58 [sept, J = 6.5 Hz; IH, CH(CH&], 8.59 (br., I H ,  NH). - 
L3C{LH) NMR (50.32 MHz, CDC13, 25°C): 6 = 20.3 (s, CHI), 51.0 
(s. CH), 120.2 [q. 'J(F,C) = 278.5 Hz, CF3], 186.0 [q, 'J(F,C) = 

35.2 Hz, CSc]. - 19F NMR (188.31 MHz, CDCI,, 25°C): 6 = 

-66.3 (s). - 77Sef'H) NMR (68.68 MHz, CDCI?, 25°C): 6 = 679.1 
(s). - MS (70 eV, gas inlet), based on *OSe. m/z  (YO): 219 (36) [M+], 
177 (I 1) [M+ - i-Pr + HI, 69 (18) [CF,+], 43 (1 00) [C3H7+]. 

N-fer/-  Rut~l-2,2,2- /r f lu~ir~,~elet i~i i~etui?~i~ie  (9c): IR (film): 0 = 
3392 cm-' (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). - IH NMIi (300.13 MHz, CDCI,, 25°C): 6 = 1.63 ( s .  
9H, CH3), 8.26 (br., lH,  NH). - 13C(1H) NMR (75.43 MHz. 

'J(F,C) = 279.0 IIz, CF31, 184.9 [q. 'J(F,C) = 34.7 Hz, CSc). - 
I9F NMR (282.47 MHz, CDCI,, 25OC): 6 = -69.4 (s). - 77S~('H} 

CDC13, 25°C): 6 = 26.9 (s, CH1), 58.4 [s, C(CH,),], 120.1 [q, 

NMR (68.68 MHz, CDCI?, 25°C): 6 = 752.1 (s). - MS (70 eV. 
gas inlet), based on 80Se, n d z  (%I): 233 (39) [M+], 177 (14) [M' - 

Standard Procedure for the Clemage Reaciion oj" the Disclanes 
6a-6c to the Selenoumiiles 9a-9c (mi the Slunnjlse1une.s 10a-10c: 
The corresponding diselane (6a: 1 .08 g, 2.85 mmol; 6b: 1.15 g, 2.65 
mmol; 6c: 0.92 g, 2.0 mmol), equirnolar amounts of Me3SnH and 
dichloromethane (9 ml for 6a and 6b, 5 in1 for 6c) 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. Thcy 
were completc when room temperature was reached. Purification 
and isolation of the products were successfully carried out by trap- 
to-trap condensation (6a: -30, -65, -196°C; 6b: -10, -50, 
-196°C; 6c: -50, -196°C). The products were collected at -651 
-30°C (YallUa) or at -50/-1O0C (YbllUb; 9c/lOc) 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 10d9a; - 10 and - 196°C for 10bf9b; 20 and -50°C for 100'9~). 

ProductdTrap Teinperaturesf Yields: 9a (yellow crystals)/- 196"CI 
0.50 g (92%); 9b (orange glass)/-196"C/0.52 g (90Y0); 9c (orangc 
oil)/-50°C/0.45 g (98%); 10a (yellow oil)l-30"C/0.91 g (91%); 10b 
(yellow oil)/- lO"C10.86 g (85%); 1Oc (light yellow oil)/?0"C/O.78 

Alternative Isolation Process.for lob  and 1Oc: A quicker and bet- 
ter purification of 10b or 10c was possible after removal of 9b or 
9c 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 j -2- (triflfluorometlzyl) etlij,l] itrimethyl3 tannyl) - 
selune (10a): TR (in CHC13): 9 = 2995 cm (m), 1926 (m). 1648 
(s), 1630 (m). 1536 (m), 1367 (m), 1277 (vs), 1186 (s), 1145 (vs), 
1009 (s), 945 (m), 916 (s), 538 (m), 511 (m). - 'H NMR (200.13 
MHz, CDC13, 25°C): 6 = 0.56 [s, Sn satellites, iJ(Sn,H) = 53.8, 
56.3 Hz, 9H, Sn(CH,),], 3.28 (s, 3H, NCH,). - ''C{'H) NMR 
(50.32 MHz, CDC13, 2 5 T ) :  6 = 3.2 [s, Sn satellites, 'J(Sn.C) = 

332.3. 347.9 Hz, Sn(CH39,]. 44.8 (s, NCH,). 119.1 [q. 'J(F,C) = 

277.5 Hz, CF3], 142.5 [q, ' J (EC)  = 39.5 Hz, CSe]. - IgF NMR 
(188.31 MHz, CDC13, 25°C): 6 = -69.5 (s). - 77Sej'H} NMR 
(68.68 MHz, CDCI,. 25OC): 6 = -13.2 [s, Sn satellites, 'J(Sn,Se) 
= 903.2 Hz]. - MS (70 eV, Z O T ,  direct inlet), based on %e and 
',"Sn. mi: (%): 340 (1) [Mi ~~ Me], 191 (100) [M+ - Me3Sn + HI. 
165 (60) [Me3Sn+], 150 (22) [Me&'], 135 (44) [MeSn'], 120 (54) 
[Sn+], 69 (50) [CF,']. 

(1 - (Isopopylimino) -2- (triji'uorometl~yl) ethyl] ( triniet~iylstamiyl~ - 
selune (lob): TR (in CHCI,): 0 = 2976 cm-' (s), 2934 (m). 1639 
(m), 1621 (m), 1520 (m), 1403 (in), 1275 (vs). 1203 (m), 1186 (vs), 
1143 (s), 944 (m), 921 (m), 798 (vs), 708 (m). - ' H  NMR (200.13 
MHz, CDCI?, 25°C): 6 = 0.50 [s, Sn satellites, 'J(Sn.H) = 55.1, 
57.4 Hz, 9H, Sn(CH,),], 1.16 [d, J = 6.3 Hz, 6H, CH(CH,),], 4.14 
[sept, J = 6.3 Hz, 1H. CH(CH,),]. - "C{'H} NMR (50.32 MHz, 
CDC13, 25°C): S = 3.2 [s, Sn satellites, 'J(Sn,C) = 332.9, 348.2 
Hz, Sn(CH,),], 21.4 [s.  CH(CH,),], 55.6 [br., CH(CH&], 119.4 [q. 
'J(F,C) = 277.3 Hz, CF?], 159.0 (br., CSe). - "F NMR (188.31 

MHz. CDCl,, 25°C): 6 = -26.0 [s, Sn satellites, 'J(Sn,Sc) = 930.0, 
965.6 Hz]. - MS (70 eV; 20°C, direct inlet), based on and 

f-Ru + HI, 69 (9) [CF;+], 57 (1  00) [C4H9 ' 1. 

g (98Yo). 

MHz, CDC13, 25°C): 6 = -66.7 (s). - 77S~{'H) NMR (68.68 

I2"Sn, mlz (YO): 368 (44) [M+ - Me], 306 (5) [M' - i-Pr - Me - 
F], 219 (81) [M+ - Me$n + HI, 165 (100) [Me3Sn+], 150 (24) 
[MezSn+]. 135 (65) [MeSn'], 120 (24) [%I+],  69 (19) [C&+], 43 
(72) [C3HTi 1. 

[ I  - ( t e r t - Bu ty I irn i n  o j -2 - [ t r iflzioronze 1 hy I )  e t hy I ]  ( trim e thyl- 
strmiqd)selane (1Oc): IR (in CHC13): 0 = 2976 cm-I (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 (in), 510 (in). - 'H 
NMR (200.13 MHz, CDCI?. 25°C): 6 = 0.61 [s, Sn satcllitcs, 
'J(Sn,H) = 54.4. 56.6 Hz, 9H, SII(CH.~)~]> 1.47 [s,  9H, C(CH,),]. - 
13C{'H) NMR (75.43 MHz, CDC13, 25°C): 6 = 3.3 [s, Sn satellites, 
'J(Sn,C) = 331.0, 345.9 Hz. Sn(CIf&], 28.3 [s, C(CH,),], 58.6 [s, 

38.1 Hz. CSe]. - "F NMR (188.31 MHz, CDCI?, 25°C): 6 = 

-69.9 (s). - 77Se('H} NMR (68.68 MHz? CDCl,; 25°C): 6 = 64.6 
[s, Sn satellites, IJ(Sn,Se) = 946.8, 991.0 Hz]. - MS (70 eV, 20°C, 
direct inlet), based on *OSe and lz0Sn, ndz (%): 382 (13) [Mi - 
Me], 326 (5) [M+ - rBuN], 233 (47) [M+ - Me& + HI. 165 (100) 
[Me3Sn+], 150 (20) [Me&+]. 135 (54) [McSn '1. 120 (18) [Sn+]. 69 

~N-Dic~t l iy l -3 ,4 ,4 ,4- tc tr~~~~oro-2-~iethylsel~noacrylan~i~~e (13a). 
- Method A C f i . 0 ~ 2  Selunocurhonyl 1): 0.44 g (2.46 mmol) of I ,  0.27 
g (2.46 mniol) of I-(diethylamino)-1-propyne (12a) and 3 tnl of 
dichloromethane were condensed in layers in a Schlenk vessel (vol- 
ume: 50 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)CF3],L (4), 0.31 g (2.80 mmol) of 
I-(diethylamino)-1-propyne (12a) and 6 ml of dichloromethane. 
The reaction mixture was slowly warmed to room temperature with 
slirring. The gradual appcarance of an orangc 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 workcd up as described under Meihod A.  Yield 50% (rela- 
live to 1). - IR (film): 9 = 2981 cm (ni), 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, CD2C12, 25°C): S 
= 1.23 (t, J = 7.2 Hz, 3H, unti CH2CH3), 1.28 (t, J = 7.1 Hz, 3H, 

3.43 [dq, JAB = 14.0. J = 7.2 Hz. 1H. anti CHH,]. 3.58 [dq, JkH 

= 14.0, J = 7.2 Hz: lH,  anti CHHA], 3.84 [dq; JAB = 13.0, J = 

C(CH3)3]. 118.2 [q, 'J(F,C) = 278.1 Hz, CF,], 138.4 [q, *J(F,C) = 

(25) [CF;,'], 57 (28) [C,Hg+]. 

.s.Y:J.'~ CHzCH?), 2.06 [dq, 4J(F,H) = 4.2, 'J(F,H) = 1.8 Hz, 3H, CH31, 

7.1 Hz, IH, s1.n CHIT,], 4.24 [dq, JAB = 13.0. J =  7.1 Hz, IH, S J ~  

CHH,\]. - '3C{'H) NMR (50.32 MHz. CDICII, 25°C): 6 = 10.5 
(s, anti CH2CH3), 12.7 (s ,  .syn CH,CH,), 16.1 [d, 3J(F.C) = 5.0 Hz, 
CHj]. 48.5 i s :  syn CH2CH3), 48.7 (s, unti CH2CH3), 118.8 [qd, 
'J(F.C) = 272.2, 'J(F,C) = 42.1 Hz, CF,], 128.6 [dq. 'J(F,C) = 

15.4 'J(F,C) = 2.7 Hz. C=CF], 136.8 [dq, 'J(F,C) = 253.8, *J(F.C) 
= 38.7 Hz, CF], 195.3 [d, 3J(F,C) = 5.2 Hz; C=Se]. - "T: NMR 
(188.31 MIJz, CDzCI,, 25°C) 6 = -65.7 [dq, -'J(F,F) = 11.3, 
5J(F>H) = 1.8 HL, CF,], -135.2 149, 3J(F,F) = 11.3, 4J(F,€1) = 4.2 
Hz, CF]. - '7SeflH) NMR (68.68 MHz, CDiC12, 25°C): 6 = 683.1 
(s). - MS (70 eV), based on '('Se, m h  (%): 291 (100) [M+], 276 
(19) [M' - Me], 272 (16) [M+ - F], 222 (52) [M' - CF,], 219 
(66) [M+ - NEt,], 183 (48) [M+ - Se - Et + HI, 182 (40) [M+ 
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Table I .  Crystallographic data and parameters of the crystal struc- 

ture determinations 

compound 6c 7b 9a 13b 

chem. formula C I,H,,F6N,Se, 
form wght. 462.18 
cry-st size [mm] 0.S x 0.5 

x 0.05 
cryst system monoclinic 
space group PZ,/n 
a LA1 10.7 I O(4) 
b [!I 8.644(3) 
c lA1 18.570(6) 

100.02(3) 
v [A'] 1692.9 
z 4 

i t  [mm-'] 4.42 
F(OO0) 904 
temperature [K] 150 

index ranges 

Pcalcd [g'cm-31 1.8 1 

2om, ["I 54.1 1 
0 5 h 2 13 

-23 5 I 5 23 
transmission 0.139/ 0.350 
(midmax) 
no. o f  reflections 4172 
measurcd 
no. of 2823 
independent 
rflns with 1>20(4 
no. or parameters 2 I7 
R1 0.0634 
wR2 0.1794 
GooF on 9 1.027 
resid. electron +1.46/-1.76 
densitv reA-?i 

O s k < l l  

C8H,,F3NSe 
260.17 
0.15 x 0.25 
x 0.4 
orthorhornbic 
Pbcm 
7.301(1) 
14.461 ( 2 )  
10.1 58(2) 

1072.5 
4 
1.61 I 
3.50 
520 
1 50 
54.13 
O S h < 9  
O5k118 
051513  
0.2881 0.221 

I394 

945 

70 
0.0348 
0.0733 
1.089 
+0.34/ -0.42 

C,H,F,NSe 
190.03 
0.18x0.13 
x 0.32 
monoclinic 
P2,h 
4.539(1) 
13.008(3) 
9.925(3) 
99.26(2) 
578.4 
4 
2.185 
6.45 
360 
170 
54.1 1 
O S h 5 5  
O i k 5 1 6  
-1251 5 12 
0.5081 0.991 

1477 

I025 

89 
0.0322 
0.0820 
I ,057 
+0.52/-0.58 

C I ,Hl,F4NSe 
31x2 
0.22 x0.14 
x 0.35 
orthorhombic 
P2,2,2, 
7.512( 1 j 
14.1 17(3) 
26.030(5) 

2760.4(9 j 
8 
1.531 
2.75 
1280 
150 
54.16 
0 5 h S 9  
O S k 5 1 8  
-33 5 I5 33 
0.4921 0.934 

6237 

3450 

308 
0.0794 
0.1810 
0.962 
+4.02i4.50 

- Se - Et], 154 (72) [M+ - Se - 2 Et + HI. 141 (66) [MI - Sc 
- CF3 - H] and furthcr fragmcnts. - C9H13F4NSe (290.15): calcd. 
C 37.26, H 4.52, N 4.83; found C 37.17. H 4.56, N 4.83. 

3,4,4.4- Tetrr@uoro-iY N-diisopro~yI-2-ineth~~lseleizoacrylai~~ide (13 b): 
The preparation corresponded to that of 13a by reaction of 1 (0.40 
g, 2.23 mmol) with 1-(diisopropy1amino)-I-propyne (12b) (0.31 g. 
2.23 mniol) in dichloromethane (3 nil). Repeated crystallization 
from pentane at -20°C gave crystals of 13b suitable for an X-ray 
crystal structurc analysis, yield 67%. - Aiterrmrive Preprarion of' 
13b: The polymer [SeC(F)CF,], (4) (0.50 g. 2.80 nimol of 1 )  in 
dichloromethane (8 ml) was treated with 12b (0.38 g, 2.XO mmol). 
After 15 min the reaction was complete. The mixture was worked 
up as described; yield 36% (relative to I). - 1R (KBr): 3 = 2985 
cm-' (w), 2970 (m), 2930 (m). 1502 (s), 1463 (in), 1447 (in), 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, 
CD2Cl2. -30°C): 6 = 1.20 [d. J = 6.5 Hz, 6H. anti CH(CH3)], 
1.23 [d, J = 6.5 Hz, 3H, anti CH(CH,)]. 1.76 [d. J = 7.0 Hz, s y i  
CIJ(CU3)], 2.0 [dq, 'J(F.H) = 3.9, 'J(F,H) = 1.8 Hz, 3H, CH,], 
3.99 [sept, J = 6.5 Hz, 1H. anti CH(CH,),], 4.17 [sept, J = 7.0 
Hz, lH,  .syn CH(CH,),]. - "C('H} NMR (50.32 MHz, CD2C12, 
-30°C): 6 = 15.5 [d, 3.1(F,C) = 4.8 Hz. CH,], 17.6 [s. anti 
CH(CH,),], 17.7 [s, anti CH(CH3)2]> 17.9 [s, anti CFI(CH3)2], 19.4 

119.0 [qd, 'J(F,C) = 271.9, 'J(F,C) = 43.3 Hz, CF3], 129.9 [dq, 
*J(F,C) = 15.1; 'J(F,C) = 3.0 Hz, C=CF], 136.2 Idq. 'J(F,C) = 

251.2, 2.T(F,C) = 38.7 Hz, CF], 192.6 (br., C=Se). - 19F NMK 

[S, SJVI CH(CH,),]: 52.4 [s. SJ" CH(C:H,),], 59.5 [s, allti CH(CH,)l], 

(188.31 MHz, CDzC12. -30°C): F = -66.1 [dq: 3J(F,F) 12.1: 

'.I(F.H) = 1.8 Hz, CF?]; -140.3 [qq. 'JJ(F,',F) = 12.1, 'J(F,H) = 3.9 
Hz, CF]. - 77Se{'H) NMR (68.68 MHz, CD2C12? 25°C): 6 = 743.2 
(s). - MS (70 eV), based on 80Se, mlz (%): 319 (32) [M+], 276 (8) 
[m+ - iPr], 257 (28) [M+ - CZF4], 196 (63) [M+ - Se - iPr], 69 
(18) [CF;,']. 43 (100) [il'r+] and further fragments. - C11H17F4NSe 
(318.21): calcd. C 41.51, H 5.38, N 4.40; found C 41.68, H 5.31, 
N 4.48. 

Crystal Structure Deterrnir~ariort[61] of 6c, 7b, 9a, niid 13b: X-ray 
data of 7b and 13b were collected with a Synlex F2/]  diffractometer, 
those of 6c and 9a with a Siemens-P3 diffractometer by using Mo- 
K, radiation and 0120-scan technique (for 6c; 7b) or w-scan tech- 
nique (for 9a. 13b). The structurcs werc solved by direct nicthods 
(SHELXL-93r6']]; for 6c, 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 6c and 7b hydrogen atoms were included in calcu- 
lated positions; for 6c isotropic temperature factors were refined. 
Crystallographic data are given in Table 1 .  

- 

Dedicated to Professor P v t ~ r  Sartori on the occasion of his 
65th birthdav. 
J. Grobe, D.*Le Van, F. Tmmel, B. Krebs, M. Lage, Chenz. Ber. 
1996. 129. 1271-1274. 

A. O&a, N. Sonoda in C'oinprehen,sive Organic Synthesis 
(Eds.: B. M. Trost, I .  Fleming), I'ergamon Press: Oxford 1991. 
vol. 6, pp. 476-484. - LZh]  F. S. Guziec, Jr. in Orgmoselenium 
Chen&ry (Eds.: D. Liotta). Wiley, New York, 1987, pp. 
277-324. - lzcl C.  Paulmier in Selenium Rerigents and Infer- 
i~iediates in Organic Synthesis (Eds.: J. E. Baldin), Pergamon 
Prcss, Oxford. 1986, pp. 58-83. 
['a] T. Murai. T. Ezaka, N. Niwa, T. Kanda, S. Kato, Synlett 
1996. 865-866. - [3h1 K. Shimada. S. Akimoto. H. Itoh, H. 
Nakamura, Y. Takikawa. Cliern. Lett. 1994, 1743-1746. - 
[3cl H. Ishihara. M. Yoshimi, S. Kato, Angeiv. Chem. 1990, 102, 
572-573. ilngew Clicm. h i t .  Ed. Engl. 1990. 29. 530-531. 
rjdl H. Fischer. A. Tiriliomis, LJ, Gerbing, B. Huber, G. Miiller, 
J.  Chem. Soc., Chem. Coniniun. 1987, 559-560. - [4h1 H. 
Fischer. U. Gerbing, A. Tiriliomis, G. Miiller. B. Huber, J. 
Riede, J. Hofmann, P. Burger, C/ieni. Ber: 1988, 121, 
2095-2102. - L4'1 H. Fischer. J. Hofmann, U. Gerbing, A. Tiri- 
lioniis, J Orgunonwt. Cherit. 1988. 358, 229-244. 
J. Nakayania, A. Mizumura, I .  Akiyama, T. Nishio, 1. lida, 
Clzeni. Lett. 1994, 77-80. 
K. Shimada, S. Hikage, Y Takeishi. Y Takikawa, C%em. Lett. 
1990, 1403- 1406. 

M.-D. Ruan, P-F. Zhang, Y. Tao, W.-Q. Fan: Synth. Conz- 
I I I U I I .  1996. 26, 2617-2623. - [7h1 L.-L. Lai, D. H. Reid. Syn- 
thesis 1993, 870-872. - L7cl D. Dubreuil, J. P. Pradere. N. Gi- 
reaudean, M. (lioli, F. Tonnard, Tetrahedron Lett. 1995, 36, 

K. Okuma, K. Ikari, H. Ohta, C'/zer?~ Lett. 1992: 131-134. 
- rsb1 Y. Takikawa. M. Yamaguchi, T. Sasaki. K. Ohnishi. K. 
Shimada, Chern. Lett. 1994, 2105-2108. - ["I D.-L. An, K. 
Toyota, M. Yasunami. M. Yoshifuji, C h n .  Lett. 1995, 
199-200. - [x'l] K.  Sliimada, M. Yamaguchi, T. Sasaki, K. 
Ohnishi, Y. Takikawa, Bull. Chrm. Soc. .Ijtz. 1996, 69, 

19d1 'I: Murai, T. Mizutani, T. Kanda, S. Kato, Heteroatom. 
Cheni. 1995, 6., 241-246. ~- L9'1 P. A. Otten, S. Gorter, A. van 
dcr Gen. Chern. Bee 1997. 130. 49-54. 

237- 240. 

2235 - 2242. 

['"I [ I n n ]  A. Haas,  J.  Fluorine Cheni. 1986, 32, 4L5-439. - [Ioh] J. 
Grobe, D. Le Van, Angebv. Clienln. 1984, 96, 716-717: Atzgcw 
Cheni. Int. Ed. Engl. 1984,23, 710-711. 

[ " I  A. Haas, M. Spehr, Cliiinia 1988, 42, 265-267. 
[''I L1"J J. Grobe. D. Le Van, J. Welzel, J.  Orgunor~ze~. Chmz. 1988, 

340, 153-160. - ['3hl J. Grobe, D. Le Van, J. Welzel, J.  Or- 
pmmef. Cheni. 1990, 386, 321-332. 

[ I 3 ]  R. Boese, A.  Haas. M. Spehr, Clirm. Ber. 1991, 124, 51-61. 
- Llihl A. Haas, C. Limberg, M. Spehr, Chem. Bsr. 1991, 124. 

["I G. Rabe, K. Keller, H. W. Roesky. R. J. Lagow, E Pauer, D. 
Stalke. Z.  NaturJmdi., 13: Chern. Sci. 1991, 46, 157-160. 

423 -426. 

Chern. Brr:lRecueil1997, 130. 913- 922 92 1 



FULL PAPER 
[15] H. Blau. J. Grobe, D. Le Van, H.-G. Mack, H .  Oberhammcr. 

P. Dehnert, J. Grobe, D. Le Van. Z. i\atu@rsch., B: Atiorg 
C/?enz., Org. Cheni. 1981. 36, 48-54. 

J. Grobe. R.  Ran, .I. Fluorine Cheiii. 1978, 11, 265-290. - 

L17b1 J. Grobe, R. Haubold, Z. Anorg. Allg Cliennl. 1985, 522, 

[ I x 1  C. Kliiter, K. Seppclt, J.  Ain. Chertz. Soc. 1979, 101, 347-349. 
W. J. Middleton, E. G. Howard, W. H. Sharkey, J.  Org Cizcm. 

J. Grobe, D. Le Van, J. Nientiedt, B. Krebs, M. Dartmann, 
Cltenz. Ber: 1988, 121, 655-664. - L20b] J. Grobe, D. Le Van. B. 
Luth, M. Hegemann, Cheni. Ber. 1990, 123, 2317-2320. - 
[2"c1 J. Grobe. D. Le Van, U. Althoff> B. Krebs, M. Dartmann, 
R. Glciter, Hrterotrtom Cherri. 1991, 2, 385-394. - J. 
Grobe. D. Le Van, G. Lange, Z. Natirr$mch., B: Chem. Sci. 

L2'1 T. Albers. J. Grobe, D. Le Van, B. Krebs, M. LLge, Z. Nntur- 
ji)r.sch., B; Chcm. Sci. 1995, 50, 94- 100. 

12'] 122a] V. P. Rao, J. Chandrasekhar. 17. Ramaniurthy, J. Chem. Soc., 
Perkin Trans. 2 1988. 647-659. - [22bJ H. Bock, S. Aygen. P 
Rosmus, B. Solouki, E. WeiOflog, Clwn. Ber 1984. 117, 
187--202. - ~1 S. Collins. T. G. Back. A. Rauk. J.  h i .  Cltan. 
Soc 1985, 1117, 6589-6592. 

1231 D. L. Bogcr, S. M. Wcinreb in Orgartic Clieinistry (Ed.: H. H. 
Wassermann), vol. 47. Academic Press, Inc.. New York, 1987, 

r241 T. G. Back, D. R. H. Barton. M. R. Britlen-Kelly, E S. 
Guzicc. Jr., J.  Chern. Soc.. Perkin Trims. I 1976, 2079-2089. - 

A. Krebs, W. Ruger, W. U. Nickel, Tetruhedron Z.etf. 1981, 

Chem. B ~ T :  1994, 127, 647-650. 

1l71 

159- 170. 

1965. 30. 1375- 1384. 
""1 

1993, 48. 58-67. 

pp. 120-145. 

22,4937-4940. 
LZ5l W. J. Middleton, J Org. (.%em. 1965. 30. 1390-1398. 
LZ6] [2ba] A. Darmadi, A. Haas, B. Koch, Z. Nuti~r$brsc,rscli. B: Anorg. 

Cheni., Org. Ihnz.  1980, 35, 526-529. - R. Bocse, A. 
Haas. C. Limberg, J.  Chenz. Soc., Dalton Trans 1993, 

[?'I 12'&J E. R. Cullen, F. S. Guzicc, Jr., C. J. Murphy. L Org. Chem. 
1982, 47, 3563-3566. - [Z7bl S. Watanabe. T. Kawashima, R. 
Okazaki. Chem. Lett. 1994, 1289- 1292. 

L r x J  [28a1 P. T. Meinke, G. A .  Krafft, .I. Am. Client Soc. 1988. 110, 
8679-8685. - [28b] N. Takeda, N. Tokitoh. R. Okazaki, Angew. 
Chent. 1996, 108, 714-716; Arigew. Clwn. Int. Ed En,$. 1996, 

[29] L2')4 G. A. Krafft, P. T. Meinke. $1 Am. Chert?. Soc. 1986, 108, 
1314-1315. - LZ'W G. W. Kirby. A. N. lretheway, 31 Chern. 
Soc., Chem. Cornmiin. 1986, 1152-1154. - [29cl H. Fischer, U. 
Gerbing, J. Riede. R .  Renn. Angebi: Chem 1986, 98, 80-81; 
Aizgew Cheni. Int. Ed. Engl. 1986.25, 78-79. - 129d1 H. Fischcr, 
U. Gerbing, J. Riede. J.  Organoniet. CIwn. 1989, 364. 155-167. 
- L29e1 G. Erker, R. Hock. C. Kruger. S. Werner, F. G. Klirer, U. 
Artschwager-Perl, Angew. Chetn. 1990, 102. 1082- 1084; Angeil: 
Chem. Int. Ed Engl. 1990, 2Y, 1067-1069. - P9fl K. Okuma. 
Y Komiya, I. Kaneko, Y. Tachibana, E. Iwata, H. Ohta, Bull. 
Chem. Soc. Jpn. 1990, 63, 1653-1657. - [29d M. Segi, S. Kato. 
T. Nakajima. Terlruliedron Lett. 1991, 32, 7427-7430. - [2y"3 R. 
Hock. S. Hillebrand, G. Erker. C. Kruger. S. Werner, Cl7e?n. 
Bev. 1993, 126; 1895--1903. - [29il K. Shimada. S. Akimoto. Y 
Takikawa. C. Kabuto, Chem. Lett. 1994, 2283-2286. - L'2911 S. 
Wilke, G. Erker, J.  .4n1. Cltein. Soc. 1995, 117, 10922-10930 
and references cited therein. 
N. P. Luthra, J. D. Odom in The ('Jzemi.rtry of Organic Selenium 
U F ~  Tellurium Compounri.7, vol. 1 (Eds.: S. Patai. Z. Rappoport), 
John Wiley & Sons, New York, 1986, pp. 189-239. 

P1l [31i'l C. J. Marsdcn. J.  Fluorine Chem. 1975, 5, 401-422. - 
['"'I D. A. Long, Runiun Spectroscopy, Mc Graw-Hill Int. Book 
Company, New York, 1977, p. 158. 
F. H. Allen. 0. Kcnnard, D. G. Watson, L. Brammer, A. G. 

2547 - 2556. 

35, 660-662. 

H. Rlau, J. Grobe, D. Lc Van, B. Krebs, M. Liige 

Orpen, R. Taylor. J.  Chem. Soc., Pc.rl&i Trans. 2 1987, SI -S17. 
[331 I. Hargittai, B. Rozsondai in 
r3"] P. D'Antonio, C. George, A. H. Lowrcy. J. Karle, J.  Clwn. Ph,v.r. 

[351 J. .I. BelBruno, Hetemufoin Chrm. 1996, 7, 39--43. 
[361 C. J. Marsden, 0. M. Sheldrick. .I Mol. Struct. 1971, 10, 

G. D. Morris, F. W B. Eintein, Actn CrystuUogv., Sect. C; Cryst. 

lis] T. G. Back. P. W. Codding, Cun. J.  Clwin. 1983, 61, 2449-2751. 
N. Bcrtel, H. W. Roesky. F. T. Edelmann, M. Noltemeyer. H. 
G. Schmidt: Z. Anorg. A&. CJwn. 1990, 556, 7-18. 

L4"] 1. Wagner. W. W. du Mont, S. Pohl, W. Saak, Chem Bec 1990, 

L4'1 FI. J. Emelkus. N. Welcinan, J.  Cliein. Soe. 1963, 1268-1271. 
"'1 D. Christen, €1. Oberhammer, W. Zed, A. Haas. A. Darmadi, 

[431 J. S. Kntherford, C .  Calvo, Z. Kristullogr. 1969, 128: 229. 
E. R.  Cullcn, F. S. Guziec. Jr.. C. J. Murphy, T. C. Wong, K. 
K. Anderson, J.  Am. Cliem. Soc. 1981, 103, 7055-7057. 

[451 H. E. Hallam, C. M. Jones, .l :Mo/. Struct. 1970, S, 1 - 19. 
[461 L4"d R. S. Ralestrero, D. M. Forkey, J. G. Russel, Mugn. Reson. 

Cheni. 1986. 24, 651-655. - Wh] I. I .  Padilla-Martinez, N. An- 
drade-Lcipez, M.  Gama-Goicochea. E. Aguilar-Cruz. A. Crnz, 
R. Contreras. H. Tlahuext, Heternaton? Chen7. 1996, 7, 
323-335. 

[471 An ab initio calculation for the tautomerism selenoformamid/ 
selenoformimidic acid is reported: J. Leszczynski, .I. S. Kwiat- 
kowski, D. Leszczynski, L Am. Cliem. Soc. 1992, 114, 

L4*1 [48al H. Kageyama, K .  Kido, S. Kato, T. Murai, J Cherx Soc.. 
Perkin Truns I 1994, 1083-1088. ~ [48b] S. Kato, T. Kawachi, 
K .  h i .  S. Nakaiida. K. Kawai, T. Kanda, 'T. Murai, H. Ishihai-a, 
Heteroatom Chem. 1995, 6. 215-721. 

H.  Fischer. K. Treier, C. Troll. R .  Stuin f, J Chrm. Soc., 
L'henz. Coirinzun. 1995, 2461-2462. - ~ ' " ~  €I: Fischer, C. 
Kalbas, R. Stumpf, Cllem. Bet: 1996, 129, 1169- 1175. 

L 5 I 1  C. Piccini-Leopardi, 0. Fabrc, D. Zimmermann. J. Reisse, F. 
Cornca, C. Fulea, Org M a p .  Reson. 1976, 8, 536-538. 
T. C. Wong. F. S. Guziec, Jr., C. Moustakis, J.  Clzern. Soc., 
Perkin Trun.c 2 1983, 1471-1475. 

15'1 R. J. Abraham. S. L. I<. Ellison. M. Barfield, W A. Thomas. J.  
Chetn. Soc.. Perkin Trans. 2 1987, 977-985. 

LS4] P. K. Brooks, J. A. Counter, R. Bishop, E. R. T. Tiekink, Acta 
Crystallogr., Sect. C: Cryst. Struct. Coininim. 1991, C47, 
1939- 1941. 

IS5J K. Okuma, K. Ojima, I. Kaneko, Y Tsujimoto, H. Ohta, Y. 
Yokoinori, J.  Cliein. Soc., Perkin Truns. 1 1994, 2551-2159. 

r561 J. Grobe, D. Le Van, H. Wiese; unpublished results. 
[5'1 r57al A. Marinetti, F. Mathey, J.  Clienz. Soc., Chetn. Comnrzrn. 

E Mathey, Acc. C'hewi. Kes. 1992. 25. 

ls81 N. Welcman, €I. Regev, J.  C k m .  Soc. 1965, 7511-7514. 
ls91 A. E. Finholt, A. C. Bond, K. E. Wilzbach. H. J. Schlcsinger, 

J.  A m  Chetn. Soc. 1947, 69, 2692-2696. 
I6O1 [bod] A. J. Hubert. FI. C.  Viehe, 1 Chem Soc. C 1968, 228-230. 

- [6r"? E. J. Corey, D. E. Cane, J. Org C'heni. 1970, 35. 

L6l1 Further details of the crystal structure investigations may be 
obtained from the Fachinformationszentrum Karlsruhe, D- 
76344 Eggenstein-Leopoldshafen (Germany), on quoting the 
depository numbers CSD-406305 (6c), -406306 (7b), -406307 
(9a), and -406304 (13b) the names of thc authors, and the jour- 
nal citation. 

Lh2] G. M. Sheldrick. SIIELXL-93, Progruin for Crystal Structure 
Determination. University of Gottingen. 1993. 

[96279] 

, chapter 3, pp. 82-86. 

1971, 55, 1071-1075. 

419- 425. 

S t ~ i ~ f .  Cor>?nitft1. 1986, C42, 1433- 1435. 

123; 2325-2327. 

J Mol. Strucl. 1980, 66. 203-21 1. 

10089- 1009 1. 

[491 H. Blau, Dissertation. Univ. Munster, 1994. 

1990, 153-154. - 
90-96. 

3405 - 3409. 

922 Chein. Bev.lRrc.urll 1997, 130, 913-922 


