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olefin compared to a heat of vaporization of 11.1 kcal./ 
mole for the product. 

42BzHs f (CH3)zNCaHs ~ + 25' 

ethyl ether 
1200 

(CHs)zC3H$.BHa - + uncontrolled reaction 

An attempt to carry out the same reaction by the addi- 
tion of boron trifluoride ethyl etherate to a solution of 
sodium borohydride and the amine in tetraethylene 
glycol dimethyl ether resulted in the formation of a 
dark polymer and no material more volatile than the 
solvent. 
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Recently the novel heterocyclic sulfur compound 
bis- (trifluoromethy1)-dithietene (I) was reported as 
being formed in good yield in the reaction between hexa- 
fluorobutyne-2 and sulfur under appropriate condi- 
tions.3 In an attempt to prepare unusual organo- 
metallic compounds the reactions between bis- (tri- 
fluoromethyl)-dithietene and a variety of metal car- 
bonyl derivatives were investigated. This note de- 
scribes a novel compound obtained in the reaction be- 
tween bis- (trifluoromethy1)-dithietene and molyb- 
denum hexacarbonyl. 
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(1) Part 11: R. B.  King, Inorg. Chem.,  2, 326 (1963). 
(2) Mellvn Institute, Pittsburgh 13, Pennsylvania. 
(3) C. G .  Krespan and B. C. McKusick, J .  Am.  Chem. Soc., 83, 3434 

(1961). 

Experimental 

Molybdenum hexacarbonyl was purchased from Climax 
Molybdenum Company. Bis-(trifiuoromethy1)-dithietene was 
prepared by the method of Krespan and M c K ~ s i c k . ~  The infra- 
red spectra were taken in potassium bromide pellets and recorded 
on a Perkin-Elmer Infracord machine. 

The Reaction between Molybdenum Hexacarbonyl and Bis- 
(trifluoromethy1)-dithietene.-A mixture of 2.4 g. (9.1 mmoles) 
of molybdenum hexacarbonyl, 2 ml. ( ~ 3 . 2  g., -14 mmoles) of 
bis-( trifluoromethy1)-dithietene, and 50 ml. of methylcyclo- 
hexane was refluxed 18 hr. under nitrogen with magnetic stirring, 
the reaction mixture turning black. After cooling to room 
temperature and then in a -78" bath, the black crystals were 
filtered and product was isolated from them by sublimation a t  
185-190' (0.2 mm.) for 24 hr. to give 1.96 g. (5570 yield) of 
glistening purple crystals of Mo(C~F&)~, m.p. > 245". 

Anal. Calcd. for C&l&M~: C, 18.6; H, 0.0; F, 44.2; 
S, 24.8; Mo, 12.4; mol. wt., 774. Found: C, 18.8; H ,  0.0; 
F, 43.5; S, 24.9; Mo, 12.9; mol. wt., 685 (isopiestic in tetra- 
hydrofuran). 

C-F 
bands a t  1258 (s), 1214 (vs), 1176 (s), and 1148 (s) cm.-'; 
other bands a t  859 (w), 730 (m), 699 (m), and 692 (vw, sh) 
cm . -I. 

Flg N.m.r. Spectrum.-Single sharp peak a t  -316 cycles 
relative to internal (CFCl,),. 

Properties of Mo( C4F6S2)3 .-This new molybdenum complex is 
a glistening purple solid sparingly soluble in organic solvents, 
giving intense blue-violet solutions. It was necessary to  use 
the excellent solvent tetrahydrofuran in order to obtain solutions 
of sufficient concentration for n.m.r. and molecular weight 
studies. Both the solutions and the solid compounds seem to  
be extremely stable to air oxidation. The compound is also 
very stable to thermal decomposition as indicated by its isolation 
in 55% yield after a sublimation a t  185-190" (0.1 mm.). 

Infrared Spectrum.-C=C band a t  1451 (w) cm.-l; 

Discussion 

The infrared spectrum and the analytical data of 
Mo(C4F&)3 indicate complete absence of carbonyl 
groups in the product. The F19 n.m.r. spectrum of a 
solution of the complex in tetrahydrofuran shows only 
a single sharp CF. peak, indicating the compound to be 
diamagnetic and all C4F6S2 residues to be equivalent. 
On this basis, structure I1 is proposed for the complex, 
which may be regarded as a hexavalent molybdenum 
derivative of the as yet unknown dithiol 111. It bears 
a formal analogy to molybdenum hexafluoride. In- 
stead of six fluorine atoms, three chelating bidentate 
residues derived from bis-(trifluoromethyl) -dithietene 
surround the hexavalent molybdenum atom. 

The formation of the hexavalent molybdenum deriva- 
tive Mo(C4F6S2) 3 from the zerovalent molybdenum 
derivative Mo(C0)G may be regarded as an oxidation- 
reduction reaction with the zerovalent molybdenum 
atom being oxidized to the hexavalent oxidation state 
by three equivalents of bis-(trifluoromethyl) -dithietene 
which are in turn reduced to the dianion formed by the 
loss of two protons from the dithiol 111. The isolation 
of Mo(C4F~S2)~ from this reaction is believed to be the 
first example of the preparation of an organosulfur de- 
rivative of molybdenum by the reaction between 
molybdenum hexacarbonyl and an organosulfur deriva- 
tive. On the other hand, numerous organosulfur deriv- 
atives of iron have been prepared by the reactions be- 
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tween various iron carbonyl derivatives and various 
organosulfur compounds. la4 

The reaction between tungsten hexacarbonyl and 
bis-(trifluoromethy1)-dithietene was found to yield an 
analogous purple solid volatile a t  1%' (0.1 mm. ) .  
Even when the reaction was conducted in the higher 
boiling ethylcyclohexane, conversion of tungsten hexa- 
carbonyl to the purple compound was less than 2YG, 
undoubtedly due to the much lower reactivity of 
Ur(CO)6 as compared with h l o ( C 0 ) ~ .  Although only 
very limited analytical data were obtained on the tung- 
sten compound due to the lack of material, the similarity 
between its infrared spectrum and that of Mo(C4F6- 
S B ) ~  indicates the tungsten compound to be the analo- 
gous W ( C ~ F ~ S Z ) ~ .  

(4) W. Hieber and P. Spacu, 2. anorg. allgem. Chem.,  233, 363 (1937); 
W. Hieber and  C. Scharfenberg, Be?., 7 3 ,  1012 (1940); W. Hieber and 
W. Beck, Z.  a m y g .  allpem. Chem., 305, 205 (1960); S. F. A. Kettle and 
L. E. Oregl, J .  Chem. Soc., 3890 (1960); R. B. King, P. >I. Treichel, and 
F. G. A. Stone. J .  Am.  Chem. SOC., 83 ,  3000 (1961); H. D. Kaesz, R. B. 
King, T. A. Manuel, I-, 11. Nichols, and F. G. A. Stone, ib id . ,  82 ,  4749 
(1980). 
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The reaction between 1,2,3-triphenylcyclopropenyl 
bromide and sodium tetracarbonylcobaltate (- I) has 
been found to give a product of composition (C6Hb)3- 
C,COCo(CO), to which structure I was assigned.2 
The isolation of this compound and of the closely re- 
lated (C6H5)3C3COFe(CO)2N02 suggested that com- 

pounds of interest might be obtained by heating cyclo- 
propene derivatives with metal carbonyls. This note 
describes the reaction between triiron dodecacarbonyl 
and 1,3,3-trimethylcy~lopropene~ to give a novel com- 
pound of composition C6HloCOFe(CO)a. 

Experimental 

Infrared spectra were run in potassium bromide pellets on a 
Perkin-Elmer Model 21 double beam machine with sodium 

(1) For par t  I11 of this series see R. B. King, Inorg.  C h ~ m . ,  2 ,  538 (1963). 
(2) C. E. Coffey, J .  A m .  Chem. Soc., 8 4 ,  118 (1962). 
( 3 )  G. L. Closs and L. E. Closs, ibid., 83, 2035 (1961). 

chloride optics. In  acldition, spectra of the metal carbony 
region were run in Halocarbon oil mulls on a Perkin-Elmer Model 
112 single beam machine with calcium fluoride optics. Proton 
n.1m.r. spectra were run on a Tarian A - B O  machine in carbon di- 
sulfide solution. 1,3,3-Trimethylcyclopropene IT as prepared by 
the decomposition of rriesit) 1 oxide p-coluenesulfoiiylliydrazone 
with sodium rnethoxide in refluxing diethylene glycol dimethyl 
ether.3 The purity of the 1,3,3-trimetliylcyclopropene used in 
this work was checked by elemental analysis and n.m.r. spec- 
troscopy. 

Reaction between Triiron Dodecacarbonyl and 1,3,3-Trimethyl- 
cyc1opropene.--A mixture of 5.4 g. (10.7 mmoles) of triiron 
dodecacarbonpl, 3.5 nil. (2.4 g., 29 mmoles) of 1,3,3-trimetliyl- 
cyclopropene, and 200 rnl. of thiophene-free benzene vas  refluxed 
a t  the boiling point under nitrogen with magnetic stirring. A 
Dry Ice-acetone-cooled condenser w-as placed on top of the water- 
cooled condenser during the reflux period to prevent losses of the 
volatile 1,3,3-trimethylcyclopropene. 

After 6 hr. the reaction mixture was allowed to cool to  room 
temperature and then filtered by gravity. Solvent was removed 
from the filtrate a t  -30 mm. The resulting dark yellow liquid 
residue m-as treated xi th  30 ml. of pentane and the mixture 
filtered by gravity. The filtrate was cooled 1 hr. in a -78" 
bath. The resulting yellow crystals were filtered and sucked 
dry. They were purified further by sublimation a t  50" (0.1 
mm.), collecting the product on a probe cooled with running 
water. Bright yellow crystals, m.p. 69', of CsHloCOFe( CO); 
thus were obtained. In  some experiments the product was 
somewhat greenish due to the presence of traces of unreacted tri- 
iron dodecacarbonyl; however, the greenish products had the 
same melting points and infrared spectra as the bright yellow 
products, indicating this contamination to  be minor. The maxi- 
mum yield obtained was 0.36 g. (5%). 

A n d .  Calcd. for CloHloFeO;: C, 48.0; H ,  4.0; Fe, 22.4; 
0, 25.6; mol. wt., 250. Found: C, 48.4, 48.2; H, 4.2, 4.2; 
Fe, 22.1, 22.1; 0, 24.9, 25.3; mol. wt., 255. 

Infrared Spectrum.-(Perkin-Elmer Model 21, KBr pellet, 
except where indicated): C-H bands a t  2960 (vw), 2935 (vw), 
and 2890 (vw) metal carbonyl bands (Perkin-Elmer 
Model 112, Halocarbon oil mull) a t  1994 (vs) and 2053 (vs) cm.-'; 
ketonic carbonyl bands a t  1752 (sh) and 1728 (s) cm.-'; other 
bands a t  1544 (vw), 1495 (vw), 1488 (m), 1432 (w), 1385 (w),  
1372 (m),  1332 (w), 1290 (vw), 1224 (w), 1068 (m),  1040 (vw), 
1023(w),973 (vw),947(vw),814 (w),  780(m), and691 (m)cni.-l. 

Proton N.m.r. Spectra. (a)  1,3,3-Trimethylcyclopropene.- 
Resonances a t  7 = 3.30 (singlet), 7.97 (doublet, J - 1 cycle), 
and 8.92 (singlet) of approximate relative intensities 1 : 3 : 6 due 
to the single olefinic proton, the three protons of the single methyl 
group bonded to  the carbon atom involved in the double bond, 
and the six protons of the two gem-methyl groups, respectively. 

(b)  CsH10COFe(C0)3.--Sharp peaks a t  7 = 4.39, 8.10, 8.20, 
and 8.82 of relative intensities 1 : 3 : 3 : 3, respectively. 

Properties of C6H~aCOFe(C0)3.-C~H~~COFe(CO)3 is a yellow 
air-stable crystalline solid soluble in organic solvents. It pos- 
sesses a characteristic sweet odor and is extremely volatile, 
subliming slowly even in vials a t  room temperature and atmos- 
pheric pressure. 

Discussion 

Besides indicating diamagnetism, the proton n.m.r. 
spectrum of C6HloCOFe(C0)3, like that of 1,3,3-tri- 
methylcyclopropene, exhibits a resonance due to a 
single olefinic proton and resonances due to three methyl 
groups, indicating that no proton migrations have oc- 
curred in the reaction between 1,3,3-trimethylcyclo- 
propene and triiron dodecacarbonyl to produce C6H10- 
COFe(C0)3. The presence of a strong band a t  172s 
cm.--' in the infrared spectrum appears to arise from a 
ketonic carbonyl group and eliminates the possibility 


