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atom, the usual coordination for thiourea, and through a carbon 
atom of one of the methyl groups. Formation of the two met
al-carbon bonds appears to be accompanied by loss of molecular 
hydrogen. 

The X-ray structure revealed a nearly perfect octahedron, all 
of the angles around the platinum being close to 90°. However, 
some peculiarities are worth noting: the PtS(I)C(I) and PtS-
(2)C(2) angles (98°40 and 98°92) are equivalent to one another 
but clearly different from M-S-C bond angles observed in other 
tetramethylthiourea metallic complexes, e.g., 109°2 for a copper 
complex (3) and 105°8 for a cobalt complex.9 This decreased 
angle is accounted for by the steric constraints imposed on the 
ligand by the formation of the metal-carbon bond. 

Moreover some important nonequivalences appear in the bond 
lengths and angles of the two tmtu groups. The C(13) atom is 
0.24 A out of the PtS(I )C(1)N(3)N(1) plane while Pt, S(2), C(2), 
and C(14) are coplanar and in this ring the N(4) atom is 0.11 
A out of plane. This different nonplanarity induces important 
inequivalences in bond lengths; the N(3)C(13) bond (1.367 A) 
is significantly shorter than the N(4)C(14) (1.475 A) while 
C(1)N(3) (1.385 A) is significantly longer than C(2)N(4) (1.334 
A). Finally the Pt-S bonds had a mean length of 2.31 A, which 
agrees well with those found in Pt(II) thiourea complexes;10 ap
parently the Pt-S bond is not greatly perturbed by the higher 
oxidation state of platinum. 

The 1 3C=S and 15N chemical shifts of tetramethylthiourea are 
quite different from those of other thioureas in which the nitrogen 
lone pair electrons may be delocalized through thiol-thione tau-
tomerization.11 The relative localization of electrons on the thione 
and the amine of tmtu may provide flexibility around the C-N 
bond which facilitates the nonplanarity observed for the ligands 
in the X-ray structure. 

Internal cyclometalation of nitrogen or phosphorous donor 
ligands by transition metals has been quite extensively investigated. 
Many of the complexes involve metalation of a phenyl ring,12"15 

a significant number involve metalation of an alkyl group,16 and 
activation of an aldehyde carbon-hydrogen bond has been re
ported.17 A few examples exist involving a sulfur donor ligand,18'19 

but to our knowledge the present report is the first cyclometalation 
of a thiourea ligand. In most cases cyclometalation involves the 
formation of a five-membered ring as in the present molecule. 

An important difference between these reactions and the one 
that we have observed must be emphasized. In previous cases, 
the reaction occurs by electrophilic substitution followed by 
elimination of, for example, HX where X = Cl or Br. In our case, 
the halide is not eliminated; rather, the metal is oxidized and 
molecular hydrogen is the leaving group. The loss of molecular 
hydrogen has been observed for cyclometalation of a ruthenium 
hydride complex containing a phosphorous ligand in which oxi
dative addition of a hydrogen atom on the metal is followed by 
a reductive elimination.20 This type of hydride intermediate seems 
unlikely in our case since the simultaneous addition of two tmtu 
hydrogen atoms to the platinum would require a metal with an 
oxidation number of VI surrounded by 20 electrons. 

(9) Pignedoli, A.; Peyronel, G. Acta Crystallogr., Sect. B 1978, B34, 
1477-1482. 

(10) Bachedi, F.; Zambonelli, L.; Marcotrigiano, G. J. Cryst. MoI. Struct. 
1977, 7, 11-20. 

(11) Martin, M. L.; Filleux-Blanchard, M. L.; Martin, G. J.; Webb, G. 
A. Org. Magn. Resort. 1980, 13, 396-402. 

(12) Parshall, G. W.; Knoth, W. H.; Schunn, R. A. J. Am. Chem. Soc. 
1969, 91, 4990-4995. 

(13) Cope, A. C; Friedrich, E. C. / . Am. Chem. Soc. 1968, 90, 909-913. 
(14) Trofimenko, S. Inorg. Chem. 1973, 12, 1215-1221. 
(15) Jones, E. C; Shaw, B. L.; Turtle, B. L. J. Chem. Soc, Dalton. Trans. 

1974, 992-999. 
(16) Cheney, A. J.; Mann, B. E.; Shaw, B. L.; Slade, R. M. / . Chem. Soc. 

A 1971, 3833-3842. 
(17) Albinati, A.; Anklin, C. G.; Pregosin, P. S. Inorg. CHm. Acta 1984, 

90, L37-L38. 
(18) Alper, H. J. Organomet. Chem. 1973, 61, C62-C68. 
(19) For a general review: Dehand, J.; Pfeffer, M. Coord. Chem. Rev. 

1976, IS, 327-352 and references within. 
(20) Parshall, G. W. Ace. Chem. Res. 1970, 3, 139-154. 

In conclusion, we report a cyclometalation reaction that leads 
to a change in the coordination number and oxidation state of the 
metal and therefore can be considered as an oxidative addition. 
Further work is in progress to investigate the full scope of this 
reaction and its application to other systems. 

Registry No. tmtu, 2782-91-4; [Pt(tmtu)Br2]2, 97487-67-7; Pt-
(tmtu)2Br2, 97521-29-4; K2PtBr, 13826-94-3. 

Supplementary Material Available: Listings of angles (Table 
S1), bond distances (Table S2), positional parameters, and their 
estimated standard deviations (Table S3) for Pt(tmtu)2Br2 (4 
pages). Ordering information is given on any current masthead 
page. 
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We have recently provided evidence1 that alkynes, like alkenes,2 

are sufficiently good ir-acceptor ligands to form transition-metal 
complexes, analogous to carbonylmetalates, in which the metal 
has a negative oxidation state. It is also well established that the 
presence of two ir-bonds between the carbon atoms allows alkynes 
to act as electronically flexible ligands, donating between two and 
four electrons to transition-metal centers.3,4 We now wish to 
report an example of a Cr(O) alkyne complex in which these 
characteristics allow two succesive reversible one-electron re
ductions to a Cr(2-) complex without loss of a coordinated ligand 
and permit the, isolation and characterization of the remarkably 
stable Cr(I-) intermediate. 

The substrate for reduction was prepared by reacting [Cr-
(Me3SiC=CSiMe3)2(CO)2]5 with diphenylacetylene in pentane 
(eq 1). The precipitated product was obtained as a green mi-

[Cr(Me3SiC=CSiMe3)2(CO)2] P h c = c p l 1 , 
[Cr(C4Ph4)(C2Ph2)(CO)2] (1) 

crocrystalline powder by recrystallization from toluene/pentane 
and formulated as [Cr(C4Ph4)(C2Ph2)(CO)2] (1) primarily on 
the basis of 13C NMR and infrared spectroscopy.6 The chemical 

tFellow of the Alfred P. Sloan Foundation, 1982-1985. 
(1) Maher, J. M.; Fox, J. R.; Foxman, B. M.; Cooper, N. J. J. Am. Chem. 

Soc. 1984, 106, 2347. 
(2) Jonas, K. Adv. Organomet. Chem. 1981, 19, 97. 
(3) (a) Templeton, J. L.; Winston, P. B.; Ward, B. C. J. Am. Chem. Soc. 

1981,103, 7713. (b) Tate, D. P.; Augl, J. M.; Ritchey, W. M.; Ross, B. L.; 
Grasselli, J. G. J. Am. Chem. Soc. 1964, 86, 3261. (c) King, R. B. Inorg. 
Chem. 1968, 7, 1044. (d) Laine, R. M.; Moriarty, R. E.; Bau, R. J. Am. 
Chem. Soc. 1972, 94, 1402. (e) Kirillova, N. I.; Kolobova, N. E.; Gusev, A. 
I.; Antonova, A. B.; Struchkov, Yu. T.; Anisimov, K. N.; Khitrova, O. M. J. 
Struct. Chem. 1974, 15, 554. (f) McDonald, J. W.; Corbin, J. L.; Newton, 
W. E. J. Am. Chem. Soc. 1975, 97, 1970. (g) Braterman, P. S.; Davidson, 
J. L.; Sharp, D. W. A. / . Chem. Soc, Dalton Trans. 1976, 241. (h) Ricard, 
L.; Weiss, R.; Newton, W. E.; Chen, G. J.-J.; McDonald, J. W. J. Am. Chem. 
Soc. 1978,100, 1318. (i) Cotton, F. A.; Hall, W. T. J. Am. Chem. Soc. 1979, 
101, 5094. (j) Newton, W. E.; McDonald, J. W.; Corbin, J. L.; Ricard, L.; 
Weiss, R. Inorg. Chem. 1980,19, 1997. (k) Davidson, J. L.; Manojlovic-Muir, 
L.; Muir, K. W.; Keith, A. N. / . Chem. Soc, Chem. Commun. 1980, 749. 
(1) De Cian, A.; Colin, J.; Schappacher, M.; Ricard, L.; Weiss, R. J. Am. 
Chem. Soc. 1981, 103, 1850. (m) Alt, H. G.; Hayen, H. I. Angew. Chem., 
Int. Ed. Engl. 1983, 22, 1008. (n) Theopold, K.; Holmes, S. J.; Schrock, R. 
R. Angew. Chem., Int. Ed. Engl. 1983, 22, 1010. (o) Capelle, B.; Darti-
guenave, M.; Dartiguenave, Y.; Beauchamp, A. L. J. Am. Chem. Soc 1983, 
105, 4662. (p) Allen, S. R.; Green, M.; Moran, G.; Orpen, A. G.; Taylor, G. 
E. J. Chem. Soc, Dalton Trans. 1984, 441. 

(4) (a) Ward, B. C; Templeton, J. L. J. Am. Chem. Soc. 1980,102, 1532. 
(b) Templeton, J. L.; Ward, B. C. / . Am. Chem. Soc. 1980, 102, 3288. 

(5) Dotz, K. H.; Muhlmeier, J. Angew. Chem., Int. Ed. Engl. 1982, 21, 
929. We have also developed a direct synthesis of this molecule from [Cr-
(CO)3(NCEt)3]: Wink, D. J.; Cooper, N. J., unpublished results. 
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shift of the singlet at 5 199.1 assigned to the acetylenic carbons 
indicated the presence of a diphenylacetylene ligand acting as a 
four-electron ligand,4 while coupling of two diphenylacetylene 
ligands to form a cyclobutadiene ligand was indicated by the 
presence of an absorption at 5 94.7 which lacked 1 H coupling and 
had the appropiate integrated intensity in undecoupled spectra.7 

Reduction of 1 was explored electrochemically through cyclic 
voltammetry of a 10"3 M solution in tetrahydrofuran (THF) with 
0.5 M [NBu4] [ClO4] as supporting electrolyte. The complex 
underwent chemically reversible reductions at -1 .09 and -1.88 
V (vs. SCE) for which the A£ p (65 and 66 mV) approached those 
expected for reversible one-electron couples,8 suggesting that the 
species present were 1" and I2' and that neither reduction resulted 
in ligand dissociation. 

The two successive one-electron reductions can be carried out 
chemically by alkali naphthalenide reduction in T H F . For ex
ample, addition of 1.6 mL of a ca. 0.044 M solution of potassium 
naphthalenide to a solution of 0.045 g (0.07 mmol) of 1 in 3 mL 
of T H F gives, in the presence of excess dibenzo-18-crown-6 
(DBC), a solution with IR absorptions at 1907 and 1840 cm"1 

assigned to the C = O stretches of 1". The concomitant color 
change from green-brown to dark khaki was followed by further 
darkening to an intense red-brown as a second equivalent of 
reductant was added to form I2'. The spectrum of the final 
solution contained two strong carbonyl absorptions at 1791 and 
1669 cm"1 and a band at 1735 cm"1 assigned to the C = C 
stretching absorption.9 The identity of I2" was confirmed by its 
13C N M R spectrum, which established that the complex retained 
the tetraphenylcyclobutadiene and diphenylacetylene l igands." 

The radical anion 1" is remarkably stable. Reduction of 18-
electron complexes with carbonyls and other -ir-acceptor ligands 
sometimes proceeds in one-electron steps,12 but the radical in
termediates are typically highly reactive. We have, however, been 
able to isolate thermally stable crystalline salts of I - from solutions 
prepared by reduction of ca. 0.02 M 1 in T H F with 0.08-0.15 
M potassium naphthalenide in the presence of an equivalent of 
DBC. The solvent is removed and the product first extracted into 
toluene and then crystallized at - 6 0 0 C . Recrystallization from 
a concentrated T H F solution at room temperature by stepwise 
addition of diethyl ether (4-fold excess) typically gives black 
needles of 1[K(DBC)]-2THF in 30% yield;13 on one occasion, 
however, we also observed the formation of small black prisms 
more suitable for X-ray diffraction studies which were shown to 
be a monosolvate of 1" with a DBC complexed K + counterion.14,15 

(6) Selected IR (THF) 2000 s, 1950 s cm-'; 13C(1H) NMR (75.5 MHz, 
C6D6) 6 241.8 (CO), 199.1 (C2Ph2), 94.7 (C4Ph4); the phenyl resonances were 
observed in the range 5 140-120. Anal. Calcd for C44H30CrO2: C, 82.20; 
H, 4.70. Found: C, 82.66, H, 4.69. 

(7) For 13C NMR spectra of other phenyl-substituted cyclobutadiene 
complexes, see: (a) Hoberg, H.; Frohlich, C. Angew. Chem., Int. Ed. Engl. 
1980, 19, 145. (b) Seyferth, D.; Merola, J. S.; / . Organomet. Chem. 1978, 
160, 275. (c) Donaldson, W. A.; Hughes, R. P.; Davis, R. E.; Gadol, S. M. 
Organometallics 1982, /, 812. (d) Crocker, M.; Green, M.; Orpen, A. G.; 
Thomas, G. E. J. Chem. Soc, Dalton Tans. 1984, 1141. (e) Hughes, R. P.; 
Reish, J. W.; Rheingold, A. L. Organometallics 1984, 3, 1761. 

(8) Bard, A. J.; Faulkner, L. R. "Electrochemical Methods"; Wiley: New 
York, 1980. 

(9) IR spectra of 1" and I2" in solutions containing Kryptofix-222,10 which 
should minimize the effects of interactions with the counterion on the 
stretching absorptions of the carbonyl ligands, are similar to spectra in solu
tions containing DBC: 1", 1905 s, 1840 s, 1740 w, 1715 w cm-1; I2", 1800 
ms, 1740 ms, 1700 ms cm"1. 

(10) Kryptofix-222 is a proprietary name for the cryptand 
4,7,13,16,21,24,-hexaoxa-l,10-diazabicyclo[8.8.8]hexacosane as sold by E M 
Science. 

(11) 13C NMR (75.5 MHz, THF) b 270.5 (CO), 138.6 (C2Ph2), 81.3 
(C4Ph4); crown ether, naphthalene, and phenyl resonances were also observed. 
No '3C NMR spectrum could be observed without a slight excess of na
phthalenide, which probably suppressed self-exchange reactions. 

(12) (a) Pickett, C. J.; Pletcher, D. J. Chem. Soc, Dalton Trans. 1975, 
879. (b) Pickett, C. J.; Pletcher, D. J. Chem. Soc, Dalton Trans. 1976, 749. 
(c) Desey, R. E.; Stary, F. E.; King, R. B.; Waldrop, M. J. Am. Chem. Soc 
1966, 88, 471. (d) Seurat, A.; Lemoine, P.; Gross, M. Electrochim. Acta 
1978, 23, 1219. 

(13) Anal. Calcd For C72H70CrKO10: C, 72.88; H, 5.61. Found (GaI-
braith): C, 72.62; H, 5.84. IR (Nujol mull, selected bands) 1897 s, 1830 s, 
1750 w, 1735 vw cm"1. 

Figure 1. SNOOPI drawing of 1[K(DBQ]-THF.15 All atoms are drawn 
at 50% of their covalent radii. Hydrogen atoms and the minor orientation 
of the THF omitted for clarity. Selected bond distances (A) and an-
gles(deg): Cr-C(I) 1.850 (7); Cr-C(2) 1.848 (8); C(I)-O(I) 1.159 (7); 
C(2)-0(2) 1.164 (8); Cr-C(3) 2.072 (7); Cr-C(4) 2.016 (7); Cr-C(cbd) 
(av) 2.16; C(3)-C(4) 1.29 (1); C(5)-C(6) 1.46 (1); C(6)-C(7) 1.46 (1); 
C(7)-C(8) 1.46 (1); C(8)-C(5) 1.47(1); K-O(I) 2.764 (5); K-O(DBC) 
(av) 2.75; C(l)-Cr-C(2) 97.4 (3); Cr-C(I)-O(I) 178.2 (6); Cr-C-
(2)-0(2) 179.6 (6); C(I)-O(I)-K 146.4 (5); C(3)-C(4)-C(41) 140.0 
(7); C(4)-C(3)-C(31) 143.6 (7). The ipso carbons are bent back from 
the carbons of the cbd plane as follows (deg): C(5) 10.6 (5); C(6) 0,4 
(5);C(7) 13.2 (5); C(8) 13.4(5). 

The principal features of the structure of 1" and of the inter
action of 1" with the counterion in the monosolvate are illustrated 
in Figure 1. The oxygen atom of one of the carbonyl ligands of 
1" occupies a K+ coordination site, but this isocarbonyl interaction17 

is apparently weak and does not result in any observable differences 
betwen the geometries of the two carbonyl ligands.18,19 The plane 
bisecting the C 1 CrC 2 angle bisects the alkyne ligand, which is 
almost perpendicular to this plane (actual angle 77°) . 

One reasonable explanation of why 1 can be reduced to 1" and 
then to I2' without ligand loss is that the added electrons are placed 
in a metal orbital that is antibonding with respect to one of the 
pairs of alkyne 7r-electrons, i.e., that the alkyne in I2" effectively 
acts as a two-electron ligand rather than as a four-electron ligand 
as in 1. Comparison of the 13C N M R spectra of the two mole
cules6,11 shows that this is indeed the case: in I2" the absorption 
of the acetylenic carbons in I2" is a full 60 ppm upfield of the 
corresponding resonance of 1 and has shifted from the region 
characteristic of four-electron alkynes into that characteristic of 

(14) Although the bissolvate needles are less suitable for diffraction studies 
than the monosolvate prisms, we have confirmed the identity of the bissolvate 
by an independent diffraction study which establishes that the structures of 
the anions and their interactions with the [K(DBC)J+ counterion are indis
tinguishable in the two solvates. The second THF molecule has no bonding 
interactions with either the cation or the anion. Wink, D. J.; Cooper, N. J., 
unpublished results. 

(15) Monoclinic space group Pl Jn, Z = 4, a = 14.711 (4) A, b = 26.357 
(6) A, C= 15.417(3) A,/3 = 96.96(2)°, V = 5964 (6) A"3, dc = 1.24 gem"3, 
d0 = 1.25 g cm"3, X(Mo Ka) = 0.710 69 A. Of 15643 reflections measured 
(some as a and 26 scans) in the range 3.5° < 26 < 50°, 4305 unique data had 
/ > 3.0a(/) and were used in structure solution (by direct methods using 
SHELXTL16') and refinement (using the Oxford CRYSTALS program160). Re
fined batchscales of 1.18 and 0.82 were applied to the 28 and w scans. 
Least-squares refinement with a block-diagonalized matrix converged to a final 
R = 6.66% and R* = 6.30%. Disorder of the THF was modeled with two 
orientations having refined occupancies of 0.683 and 0.317. 

(16) (a) Sheldrick, G. M. "SHELXTL User's Manual Issue 4.1"; Nicolet: 
Madison, WI, 1981. (b) Watkin, D. J.; Carruthers, J. R. "CRYSTALS Users 
Manual"; Oxford University, 1983. 

(17) Horowitz, C. P.; Shriver, D. P. Adv. Organomet. Chem. 1984, 23, 219. 
(18) Presumably the large potassium cation, with seven ethereal ligands, 

has a low polarizing power. Failure of a solvated alkali metal cation to distort 
a carbonyl ligand has been previously reported: (a) Facinetti, G.; Floriani, 
C; Zanazzi, P. F.; Zanzari, A. R. Inorg. Chem. 1978, 17, 3002. (b) Cooper, 
M. K.; Duckworth, P. A.; Henrick, K.; McPartlin, M. J. Chem. Soc, Dalton 
Trans. 1981, 2357. 

(19) The Nujol mull IR spectrum of 1[K(DBC)]-2THF14 established that 
the isocarbonyl interaction is too weak to produce a significant perturbation 
of the carbonyl stretching absorptions at 1897 and 1830 cm"1 (cf. ref 9). The 
solid-state IR spectrum of 1[K(DBC)]THF was not obtained because of the 
limited availability of the material. 
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two-electron alkynes.4 We have also been able to confirm that 
the odd electron in the intermediate 1" is in a primarily metal-
centered orbital by examination of the room temperature ESR 
spectrum of 1[K(DBC)]-2THF in THF: the sharp signal at (g) 
= 2.001 has well-resolved 53Cr satellites from which we can 
calculate a (53Cr) = 13.3 G.20 

There is one example in the literature of a complex in which 
the electronic flexibility of an alkyne ligand allows the metal to 
coordinate an additional donor ligand,30 but to the best of our 
knowledge the reduction of 1 is the first case in which this flex
ibility has been observed to permit direct addition of two electrons 
to an alkyne complex. 
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(20) Reported a(53Cr) for anionic Cr complexes are less than 2 G if the 
electron is in a ligand-based orbital.21 Values between 14 and 20 G have been 
observed for d7 cases.22 

(21) Kaim, W. lnorg. Chem. 1984, 23, 3365. 
(22) (a) Elsenbroich, Ch.; Koch, J. / . Organomet. Chem. 1982, 229, 139. 

(b) Elsenbroich, Ch.; Bilger, E.; Koch, J.; Weber, J. J. Am. Chem. Soc. 1984, 
106, 4297. 
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Bioactive drugs and agricultural chemicals that contain a 
trifluoromethyl group have been the subjects of increased research 
activity in recent years.2 Concomitant with these applications 
has been renewed vigor in the design of a cheaper and more 
efficient synthetic methodology for the introduction of the tri
fluoromethyl group into organic compounds. An adjunct of this 
strategy has been a revival in the preparation of trifluoromethyl 
organometallic derivatives as potential transfer agents of the 
trifluoromethyl group.3 

We report herein the preliminary results of a novel high-yield 
preparation of (trifluoromethyl)cadmium and -zinc reagents via 
reaction of difluorodihalomethanes, such as CF2Cl2, CF2Br2, and 
CF2BrCl, with activated (acid-washed) cadmium and zinc pow
ders4 in dry dimethylformamide as outlined: 

2M 4- 2CF2X2 CF3MX [or V2(CFj)2M + '/2MX2] + 
MX2 + CO + [Me 2N=CFH]+ X~ 

X = Br or Cl M = Cd, 80-95%; Zn, 80-85% 

(1) Presented in part at the ACS 7th Winter Fluorine Conference, Or
lando, FL, Feb, 1985, Abstract 15. 

(2) "Organofluorine Compounds and Their Industrial Applications"; 
Banks, R. E„ Ed.; Ellis Horwood Ltd. Chichester, 1979. "Biomedicinal 
Aspects of Fluorine Chemistry"; Filler, R., Kobayashi, Y., Eds.; Kodasha/ 
Elsevier: New York, 1982. "Biochemistry Involving Carbon-Fluorine Bonds"; 
Filler, R., Ed.; American Chemical Society: Washington, DC, 1976; ACS 
Symp. Ser., No. 28. 

(3) Morrison, J. A. Adv. Inorg. Chem. Radiochem. 1983, 27, 293. 
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The reactions with CF2Br2 and CF2BrCl are conveniently initiated 
at room temperature in standard glassware, whereas the prepa
ration utilizing CF2Cl2 is carried out at 80 °C in a sealed ampule.5 

On mixing of the difluorodihalomethane with the metal powder, 
a short induction period ensues followed by an exothermic reaction. 
However, sequential addition of the methane permits ready 
scale-up, and the zinc reagent is routinely made in 0.5-mol 
preparations and the cadmium reagent in 0.1-mol preparations. 

Confirmation of the remarkable transformation of a difluoro-
methylene carbon to a trifluoromethyl carbon was obtained via 
a combination of spectroscopic6 and chemical evidence (Scheme 

I). 
We propose the following mechanism (Scheme II) to explain 

this unprecedented difluoromethylene to trifluoromethyl trans
formation. 

Electron-transfer between the metal and the difluorodihalo
methane produces a radical anion I. A second electron-transfer 
produces the M2+ ion and the difluorohalomethide ion (II), which 
subsequently loses halide ion to give difluorocarbene (III).8 

Evidence consistent with the formation of I and III was obtained 
as follows: (a) When the reaction between CF2X2 and metal is 
carried out in the presence of p-dinitrobenzene (a known radi-
cal-anion inhibitor), total quenching of the reaction was observed; 
no trifluoromethyl organometallic was detected and no loss of 
methane was observed; (b) when the reaction was carried out in 
the presence of 2,3-dimethyl-2-butene, a 60% yield (NMR) of 
l,l-difluoro-2,2,3,3-tetramethylcyclopropane was observed. 

Subsequent capture of III by DMF ultimately gives the di-
fluoromethyl amine IV and CO. The presence of IV was detected 
spectroscopically via 19F NMR analysis of the reaction mixture 

(4) Acid-washed metal powders reduce the induction period. 
(5) The reactions with CF2Br2 and CF2BrCl initiate spontaneously; the 

reaction with CF2Cl2 is initiated by heating to 80 °C. Caution with the sealed 
ampule reaction is required because of pressure buildup due to the CO gen
erated in the reaction. 

(6) 19F NMR: CF3ZnX, -44.5; (CF3J2Zn, -43.4; CF3CdX, -35.7; 
(CF3J2CD, -36.1 ppm. 113Cd NMR: CF3CdX, 459.3 (q); (CF3J2Cd, 409.8 
(hept). y[(Cd-113)-(F-19)]: CF3CdX, 438.2; (CF3)2Cd, 391.9 Hz. J-
[(Cd-lll)-(F-19)]: CF3CdX, 256; (CF3)2Cd, 228 Hz. For simplicity the 
metal reagents are written as CF3MX; however, they are probably coordinated 
with the DMF. These values are in good agreement with the literature values.7 

(7) Krause, L. J.; Morrison, J. A. J. Chem. Soc, Chem. Commun. 1980, 
671. Naumann, D.; Lange, H. J. Fluorine Chem. 1984, 26, 1. Naumann, 
D.; Lange, H. J. Fluorine Chem. 1984, 26, 435. 

(8) III may be formed via a concerted process. II is only shown for 
operational purposes. 
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