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Reactions of (CO)&eCH20CH3 with (CH3)3SiI, (CH3)3SiBr, and HC1 gas give the halomethyl 
complexes (CO)&eCH2X (4,76-92% ; X = a, I; b, Br; c, Cl). Reactions of Na+[(CO)&e]- with 
ICH2F and I(CH2)41 give (CO)&eCH2F (4d, 73% ) and (CO)&e(CH2)41(5,36% 1. Reactions of 
the substitution-labile dichloromethane complex [(+C5H6)Re(NO) (PPh3) (ClCH2Cl)I +BF4- (2) 
with 4a and 5 give bridging haloalkyl complexes [(q6-C5H6)Re(NO) (PPh3)I(CH2),Re(C0)51 +BF4- 
( x  = 1,6a; x = 4,7) in 69-78% yields after workup. A similar reaction of 2 and (CO)&CH21 
gives [($-C5H5)Re(NO)(PPh3)ICH2Mn(C0)5]+BF4- (9), which is less stable than 6a but can be 
isolated in crude form. The XCH2 13C NMR resonances of 6a, 7, and 9 show diagnostic downfield 
shifts, and the diastereotopic XCH2 protons give distinct 'H NMR resonances. Reactions of 
2 with 4b,c (-80 to -25 "C) give spectroscopically observable adducts [($-CSHs)Re(NO)- 
(PPh3)XCH2Re(CO)5]+BF4- (X = Br, Cl). Reaction of 2 and 4d does not yield a detectable 
bridging fluoroalkyl complex. Addition of PPN+Br  to 6a gives (~I~-C~H~)R~(NO)(PP~~)(I) (78 5% ) 
and 4b (82%), and similar reactions of 9 are described. 
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Although transition metal complexes of alkyl and aryl 
were scarcely known a decade ago, numerous 

adducts have now been isolated.'-7 As such, this rapidly 
expanding branch of coordination chemistry is poised for 
practical application and architectural extension. In 
particular, we became interested in the possibility of 

(1) Kulawiec, R. J.; Crabtree, R. H. Coord. Chem. Reo. 1990,99,89. 
(2) (a) Crabtree, R. H.; Faller, J. W.; Mellea, M. F.; Quirk, J. M. 

Organometallics 1982,1,1361. (b) Burk, M. J.; Segmuller, B.; Crabtree, 
R. H. Ibid. 1987,6,2241. (c) Kulawiec, R. J.; Faller, J. W.; Crabtree, R. 
H. Ibid. 1990,9, 745. 

(3) (a) Coleman, M. R.; Newbound, T. D.; Marshall, L. J.; Noirot, M. 
D.; Miller, M. M.; Wulfsberg, G. P.; Frye, J. S.; Anderson, 0. P.; S t r a w ,  
S. H. J. Am. Chem. SOC. 1990,112,2349 and references therein. (b) Van 
Seggen, D. M.; Anderson, 0. P.; S t r am,  5. H. Inorg. Chem. 1992, 31, 
2987. 

(4) (a) Bown,M.; Waters, J. M.J. Am. Chem. SOC. 1990,112,2442. (b) 
Conroy-Lewis, F. M.; Redhouse, A. D.; Simpson, S. J. J. Organomet. 
Chem. 1989,366, 357. (c) For an isolable chelate complex involving a 
cyclopropyl bromide, see: Liotta, F. J., Jr.; Van Duyne, G.; Carpenter, 
B. K. Organometallics 1987, 6, 1010. 

(5) For an isolable aryl fluoride complex, see: Horton, A. D.; Orpen, 
A. G. Organometallics 1991,10, 3910. 

(6) For isolable chelate complexee involving aryl fluoride groups, see: 
(a) Catala, R. M.; Cruz-Garritz, D.; Hills, A.; Hughes, D. L.; Richards, R. 
L.; Soea, P.; Torrens, H. J. Chem. SOC., Chem. Commun. 1987,261. (b) 
Kulawiec, R., J.; Holt, E. M.; Lavin, M.; Crabtree, R. H. Inorg. Chem. 
1987,26,2559. (c) Uson, R.; Fomiee, J.; Tomas, M.; Casas, J. M.; Cotton, 
F. A.; Falvello, L. R.; L l w ,  R. Organometallics 1988, 7, 2279 and 
references therein. (d) Yang, X.; Stem, C. L.; Marks,T. J. Angew. Chem., 
Int. Ed. Engl. 1992,31,1375. (e) For spectroscopicallyohewablechelate 
complexee involving alkyl fluoride group, see: Brookhart, M.; Chandler, 
W.; Keesler, R. J.; Liu, Y.; Pienta, N. J.; Santini, C. C.; Hall, C.; Perutz, 
R. N.; Timney, J. A. J. Am. Chem. SOC. 1992,114, 3802. (0 See also: 
Harrison, R.; Arif, A. M.; Wulfsburg, G.; Lang, R.; Ju, T.; Kiss, G.; Hoff, 
C. D.; Richmond, T. G. J. Chem. SOC., Chem. Commun. 1992, 1374. 

(7) (a) Winter, C. H.; Veal, W. R.; Gamer, C. M.; Arif, A. M.; Gladysz, 
J. A. J .  Am. Chem. SOC. 1989, 111, 4766. (b) Igau, A.; Gladysz, J. A. 
Organometallics 1991,10,2327. (c) Igau, A.; Gladysz, J. A. Polyhedron 
1991, 10, 1903. 

(8) (a) Femhdez, J. M.; Gladysz, J. A. Organometallics 1989,8,207. 
(b) Kowalczyk, J. J.; Agbossou, S. K.; Gladysz, J. A. J. Organomet. Chem. 
1990, 397, 333. (c) Winter, C. H.; Gladysz, J. A. Ibid. 1988, 354, C33. 

(9) Theoretical and phyeical studies: (a) Milder, S. J.; Gray, H. B.; 
Miskowski, V. M. J. Am. Chem. SOC. 1984,106,3764. (b) Czech, P. T.; 
Gladysz, J. A.;Fenske, R. F. Organometallics 1989,8,1806. (c) ODriscoll, 
E. 0.; Simon, J. D. J. Am. Chem. SOC. 1990,112,6580. (d) Bodgan, P. 
L.; Wells, J. R.; Weitz, E. Ibid. 1991,113, 1294. (e) Yang, P.-F.; Yang, 
G. K. Ibid. 1992, 114, 6937. 

preparing bimetallic bridging haloalkyl complexes derived 
from w-haloalkyl compounds LnM(CH2)XX (I), as illus- 
trated in generalized eq i. Numerous complexes of the 
formula I are readily available, as recently summarized in 
a comprehensive review.I0 

L,M(CH2),X + [M'L',""'+ - 
I 

[L,M(CH,),XM'L',,,l "'+ (i) 

The target molecules I1 offer several features of interest 
in addition to those normally associated with new classes 
of binuclear complexes. First, they constitute potential 
models for intermediates in metal-promoted degradations 
of haloalkanes. For example, several bimetallic or c b t e r  
compounds have been isolated that contain bridging CH2, 
CH, or CX fragments derived from dihalomethanes.ll 
Second, a-halomethyl complexes (I, x = 1) see use in alkene 
cyclopropanation and metathesis reactions10 and other 
carbon-carbon bond forming processes.12 These chemical 
properties may be enhanced or modified in useful ways in 
binuclear derivatives 11. 

At the outset of this study, we were not certain whether 
adducts I1 would be isolable. We were encouraged by an 
earlier finding that the sulfur atoms in a-(alky1thio)methyl 
complexes (q5-C5H5)Re(NO)(PPh3)(CH2SR) were more 
basic than those in organic thioethers CH3SR13 and by 

I1 

___ 

(10) Friedrich, H. B.; Moss, J. R. Adu. Organomet. Chem. 1991, 33, 
235. 

(11) (a) El Amane, M.; Maieonnat, A.; Dahan, F.; Pince, R.; Poilblanc, 
R. Organometallics 1985,4,773. (b) Harrison, D. G.; Stobart, S .  R. J.  
Chem. SOC., Chem. Commun. 1986,285. (c) Ball, G. E.; Cullen, W. R.; 
Fryzuk, M. D.; James, B. R.; Rettig, 5. J. Organometallics 1991,10,3767. 
(d) Rondon, D.; He, X.-D.; Chaudret, B. J. Organomet. Chem. 1992,433, 
C18. ~ ~. 

(12) Hubbard, J. L.; Morneau, A.; Burns, R. M.; Zoch, C. R. J.  Am. 

(13) McCormick, F. B.; Gleason, W. B.; Zhao, X.; Heah, P. C.; Gladysz, 
Chem. Soc. 1991,113,9176. 
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similar observations with other ~ompounds.'~ Thus, we 
anticipated that a-halomethyl complexes would be ther- 
modynamically stronger ligands than the corresponding 
alkyl halides RCH2X. This also might enhance the 
prospects of detecting adducts with organofluorine donor 
groups-a very rare type of  specie^.^^^ On the other hand, 
alkyl halide complexes are strongly activated toward 
nucleophilic attack at carbone2J Thus, the C-X linkage 
in I, which is in many cases very substitution-labile,lOmight 
be even more reactive in 11, leading to kinetic instability. 

We have previously conducted an extensive study of 
the synthesis, structure, and reactivity of chiral rhenium 
alkyl and aryl halide complexes of the formula [ (q5- 
C5Htj)Re(NO)(PPh3)(XR)l+BF4- ( l)?v8 In general, these 
are readily available from the substitution-labile dichlo- 
romethane complex [(q5-C5H5)Re(NO)(PPh3)(C1- 
CH&l)I+BF4- (2), which is easily generated in situ.8a 
Complexes in which XR is a primary alkyl iodide are 
generally isolable in pure Some aryl iodide and 
secondary alkyl iodide complexes have been isolated,7apc 
and alkyl bromide and alkyl chloride complexes are 
spectroscopically ~bservable.~" Hence, we set out to 
prepare analogous derivatives of transition metal w- 
haloalkyl complexes I and describe the successful real- 
ization of this objective in the narrative below. 

Zhou and Gladysz 

Scheme I. Syntheses of Pentacarbonylrhenium 
Haloalky 1 Complexes (CO ) &e( CH2) ,X 

h 8 U l t 8  

1. Syntheses of w-Haloalkyl Complexes (C0)sM- 
(CH&X. Syntheses of several manganese and rhenium 
a-halomethyl complexes of the formula (CO)sMCH2X have 
been reported in the literature.1° Hence, they were 
targeted for exploratory studies. However, scout reactions 
with (C0)5MnCH2115 described below gave products with 
poor stability at room temperature. Since third-row 
transition metals often given more robust complexes than 
first-row transition metals, emphasis was shifted to 
rhenium compounds (C0)5ReCH2X. For comparative 
purposes, the entire halide series was sought (X = I, Br, 
Cl, F). 
Thus, the strongly nucleophilic carbonylmetallate16 

Na+[(CO)sRel- was treated withiodomethylmethyl ether, 
ICH20CH3 (2.0 equiv).17 Workup gave the known a-meth- 
oxymethyl complex (CO)&eCH20CH3 (3) in 81 % yield, 
as shown in Scheme I. This represented a marked 
improvement over an earlier preparation utilizing chlo- 
romethyl methyl ether.18 Subsequent reactions with 
(CH&SiI, (CH3)3SiBr, and HClgas gave the corresponding 
a-halomethyl complexea (CO)&CH21(4a), (CO)&CH&r 
(4b), and (CO)&eCH2Cl(4c) in 7692% yields (Scheme 
I). 

Analogous reactions of 3 and aqueous or gaseous HF 
did not give detectable amounts of the a-fluoromethyl 
complex (C0)5ReCH2F (4d). Thus, the fluoroacetyl 

(14) Enhanced nucleophilicity and/or basicity of lone pairs on ligating 
atoms in coordinatively saturated complexes of the type L,M(ER,,): (a) 
Joslin, F. L.; Johnson, M. P.; Mague, J. T.; Roundhill, D. M. Organo- 
metallics 1991,10,2781. (b) Schenk, W. A.; Frisch, J.; Adam, W.; Prechtl, 
F. Inorg. Chem. 1992,31,3329. (c) Buhro, W. E.; Zwick, B. D.; Georgiou, 
S.; Hutchinson, J. P.; Gladysz, J. A. J. Am. Chem. SOC. 1988,110,2427. 
(d) Agbeou, S. K.; Fernhdez, J. M.; Gladysz, J. A. Znorg. Chem. 1990, 
29,476. (e) Dewey, M. A.; Knight, D. A.; Arif, A. M.; Gladysz, J. A. Chem. 
Ber. 1992,125,815. (0 Zwick, B. D.; Dewey, M. A.; Knight, D. A.; Buhro, 
W. E.; Arif, A. M.; Gladysz, J. A. Organometallics 1992, 11, 2673. 

(15) Brinkman, K. C.; Vaughn, G. D.: Gladysz, J. A. Organometallics 
1982,1, 1066. 

(16) Beck, W.; Raab, K. Inorg. Synth. 1989, 26, 106. 
(17) Jung, M. E.; Mazurek, M. A.; Lim, R. M. Synthesis 1978, 588. 
(18) Moss, J. R.; Pelling, S. J. Organomet. Chem. 1982,236, 221. 

Na' [(CO)$e]- (CO)SReCHZOCH3 

(C0)$eCH2CH2CH2CHzI (CO)5ReCH2F 

5 4d 

3 4a 

(CO)$eCH2CI (C0)5ReCH2Br 

4c 4b 

complex (C0)5ReCOCH2F was prepared from Na+- 
[(CO)&l- and fluoroacetyl chloride, FCH2COC1.l9 How- 
ever, all attempts to effect thermal, photochemical, or 
chemical decarbonylations to 4d were unsuccessful. Fi- 
nally, Na+[(CO)aeI- and the alkylating agent ICH2F20 
were reacted (Scheme I). Workup gave 4d in 73% yield. 
Interestingly, only one other a-fluoromethyl complex, the 
manganese analog (C0)5MnCH2F, appears to have been 
reported previously.10v21 

In view of the concerns expressed above regarding the 
stability of target complexes 11, we sought a homolog of 
4a with iodide at  a site more remote from the rhenium. 
Thus, a solution of Na+[(CO)sRel- was slowly added to a 
solution of excess 1,4-diiodobutane, I(CH2)41 (Scheme I). 
Workup gave the 6-iodobutyl complex (CO)~R~(CHZ)~I  
(5) in 36% yield. 

Complex 4c has been synthesized earlier,ls and the IR 
and NMR properties of our sample were identical with 
those reported. Complexes 4a,b,d and 5 were new 
compounds and were characterized by microanalysis and 
IR and 'H NMR spectroscopy (Experimental Section). 
The methylene proton lH NMR resonances shifted 
progressively downfield in the series 4a-d (6, CDCl3: 2.26, 
3.17, 3.59, 5.75), and that in 4d was strongly coupled to 
fluorine (JHF = 47.5 Hz). 

2. Syntheses of Bridging Haloalkyl Complexes. 
The dichloromethane complex [(q5-C5H5)Re(NO)(PPh3)- 
(ClCH2Cl)I+BF4- (2) was generated in CH2C12 at -80 "C 
as previously describedsa and treated in separate exper- 
iments with w-iodoalkyl complexes 4a and 5 (1.3-1.5 equiv). 
Workup gave the bridging iodoalkyl complexes [(+ 
C5H5)Re(NO)(PPh3)ICH2Re(C0)61+BF4- (6a) and [(q5- 
CF,H~)R~(NO)(PP~~)I(CH~)~R~(CO)~I+BF~- (7) as ana- 
lytically pure powders in 78-69 % yields (Scheme 11). Both 

(19) Saunders, B. C.; Stacey, G. J. J. Chem. SOC. 1948, 1773. 
(20) Haszeldine, R. N. J.  Chem. SOC. 1952, 4259. 
(21) Noack, K.;Schaerer, U.; Calderazzo,F. J. Organomet. Chem. 1967, 

8, 517. 
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Bimetallic Bridging Haloalkyl Complexes 

Scheme 11. Syntheses of Bridging Haloalkyl 
Complexes 
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(C0)51+BF4- (9) formed in high yields, as assayed by NMR. 
However, CDzCl2 solutions showed 50 % decomposition 
after 1.5 h at room temperature. Thus, 9 could only be 
isolated as a crude powder (78%, ca. 75% purity). Similar 
results were obtained by utilizing the chlorobenzene 
complex 8. Hence, 9 was characterized by IR and NMR 
in situ (Experimental Section and Table I). The ICH2 13C 
NMR resonance was shifted 31 ppm downfield from that 
of the free ligand (-20.2 ppm).l5 No adducts were detected 
when 2-d2 or 8-d5 were similarly reacted with the man- 
ganese a-chloromethyl complex (C0)5MnCH2C1.22 

3. Reactions of Bridging Haloalkyl Complexes. 
First, the decomposition of iodomethyl complex 9 was 
investigated. Thus, 9 was generated in CDzClz in the 
presence of an internal standard, Ph3SiCH3. After 13 h 
at room temperature, the known terminal iodide complex 
(q5-CsHs)Re(NO)(PPh3)(1) ( l o p 3  and bridging iodide 
complex (RR,SS)-[(q5-C5H5)Re(NO)(PPh3)l 2I+BF4- (I 1)24 
had formed in 53 % and 42 % yields, as assayed by lH and 
31P NMR. A second, identical sample was analyzed after 
48 h. Complexes 10 and 11 were present in 50% and 46 % 
yields, respectively. No significant amounts of the anal- 
ogous rhenium chloride complexes, which would be solvent- 
derived, or the a-haloalkyl complexes (C0)5MnCH2Cl or 
(C0)5MnCH2F were detected. IR spectra showed the 
major manganese-containing product to be Mn2(CO) 10, 
and workup gave 10 and 11 in 43 9% and 32 % yields. 

Reactions of the iodomethyl complexes with nucleo- 
philes were next examined. Thus, 6a was treated with an 
equimolar amount of the bromide salt25 PPN+Br in 
CH2C12 or CD2Cl2 at -80 "C (Scheme 111). Reaction was 
complete at -60 "C, as assayed by NMR. Workup gave 
the iodide complex 10 (78%) and the a-bromomethyl 
complex 4b (82%). No bromide complex (q5-C5- 
Hg)Re(NO)(PPh3)(Br)23 or a-iodomethyl complex 4a, 
which would have arisen from bromide ion attack at the 
chiral rhenium center, was detected. For comparison, the 
a-iodomethyl complex 4a was similarly treated with 
PPN+Br. NMR monitoring showed that reaction to give 
a-bromomethyl complex 4b was very slow at -20 "C, and 
conversion was only ca. 60% complete after 1 day at  room 
temperature. 

A CHzCl2 solution of 6a was kept under 250 psi of CO 
for 10 h at room temperature. No reaction was detected. 
A C6H5C1 solution of 6a was similarly kept under 250 psi 
of CO for 5 h at 75 "C. A precipitate formed, which was 
isolated and shown to be the known carbonyl complex 
[ (q5-C5H5)Re(NO)(PPh3) (CO)] +BF4- (12; 42 % ).26 Work- 
up of the red-brownsupernatant gave unreacted 6a (46 % ). 
Thus, nucleophilic substitution can also occur at the chiral 
rhenium, and the Re-CHzIRe bond shows no extraordinary 
activation toward (net) CO insertion. 

When 9 and PPN+Br were combined in CD2Cl2 at -80 
"C, the spectroscopically quantitative conversion to iodide 
complex 10 and a-bromomethyl complex (C0)5MnCH2Br 
(6 3.15, CD2C12 vs TMS; lit. 3.29, acetone-ds)22 was 
observed. Workup gave 10 and (C015MnCH2Br in 72% 
and 68 % yields. The IR spectrum of the latter (hexane, 

ClCHH,Cl 
BF4 

2 

1 ( c O ) & % W C H ~ C H ~ I  6a, M=Re,  X=I 

6b, M = Re, X = Br 

6c, M=Re,  X = C l  

9, M = M n , X = I  

6a and 7 showed little or no decomposition in CH2C12 over 
the course of 12 h at room temperature. 

Complexes 6a and 7 were characterized by IR and NMR 
(IH, 13C, 3lP) spectroscopy (Experimental Section and 
Table I). General features resembled those reported earlier 
for the primary alkyl iodide complexes [(q5-C5H5)Re- 
(NO)(PPhd(ICH2R)l+BF4-.7 In particular, the ICH2 13C 
NMRresonances (-12.2, +31.1 ppm) showedcharacteristic 
29-24 ppm downfield shifts from those of the free ligands 
(-41.3, +6.8 ppm). Also, the ICH2 protons, which become 
diastereotopic in the presence of the chiral rhenium end 
group, exhibited distinct lH NMR resonances. Unfor- 
tunately, attempts to grow crystals for X-ray diffraction 
gave powders (low temperature) or decomposition (ex- 
tended periods, room temperature), and efforts to replace 
BF4- by PFs- were not successful. 

Next, the deuteriodichloromethane complex 2-d2 was 
generated in a NMR tube. Then a CDzClz solution of 4a 
(1.5 equiv) was added at -80 "C. The sample was kept at  
-30 "C for 2 h and cooled to -60 "C. NMR spectra (lH, 
13C, 3IP) showed the formation of 6a to be complete. 
Analogous experiments were subsequently conducted with 
a-bromomethyl and a-chloromethyl complexes 4b,c. The 
bridging halomethyl complexes [(q5-C5H5)Re(NO)- 
(PP~~)XCH~R~(CO)E,]+BF~- (6b, X = Br; 6c, X = Cl) 
formed in >90% yields over the course of 6 h at -25 "C, 
as assayed by lH and 3lP NMR (Table I). When identical 
reactions were attempted above -20 "C, substantial 
amounts of decomposition products formed. 

Similar NMR experiments were conducted with the 
a-fluoromethyl complex 4d (3.0 equiv). However, no 
evidence was observed for the generation of the bridging 
fluoromethyl complex [(q5-C5H5)Re(NO)(PPh3)- 
FCH2Re(C0)5]+BFd- (6d). Instead, the bridging chloride 
complex [(q5-C5H5)Re(NO)(PPh~)12C1+BF4- formed in ca. 
80% yield (1H NMR, 6 5.40)." This compound has been 
shown to arise from the independent decomposition of 
2.h NMR-monitored reactions of 4d and the substitution- 
labile chlorobenzene complex [ (s5-CsH5)Re (NO) (PPh3) - 
(ClCsH5)l+BF4- (8)Sb also gave no evidence for 6d. 

Analogous preparative and NMR scale reactions of 2-d, 
and the manganese a-iodomethyl complex (C0)5M&H21 
were conducted. The heterobimetallic bridging iodo- 
methyl complex [(q5-C5H~)Re(NO)(PPh3)ICH2Mn- 

(22) Richmond, T. G.; Shriver, D. F. Organometallics 1984,3,305. 
(23) Merrifield, J. H.; Fernhdez, J. M.; Buhro, W. E.; Gladysz, J. A. 

(24) Winter, C. H.; Arif, A. M.; Gladysz, J. A. Organometallics 1989, 
Inorg. Chem. 1984,23,4022. 

8. 219. 
(26) PPN+ = [Ph ,P~NzPPh, l+ .  
(26) Agbossou, F.; O'Connor, E. J.; Garner, C. M.; Quirbs Mhdez, N.; 

Fernhdez, J. M.; Patton, A. T.; Ramsden, J. A,; Gladysz, J. A. Inorg. 
Synth. 1992,29, 211. 
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Table I. NMR Characterization of Bridging HaloaUryl Complexes [($-C&)R~(NO)(PP~J)X(CH~),M(CO)~]+BF~- 
complex 'HNMR (6)' 13C(1H} NMR (ppm)b 31P{1H) NMR (ppm)' 

6a (ReICH2Re) 7.48-7.16 (m, 3 182.3 (s, cis CO) 13.6 (s) 
5.48 (s, C5H5) 

2.73 (d, J = 8.5, ICH') 

4.16 (d, J = 8.8, ICH) 
3.85 (d, J = 8.8, ICH') 

4.57 (d, J = 9.6, ICH) 
4.20 (d, J = 9.6, ICH') 

5.62 (s, C5H5) 

179.8 (s, trans CO) 

-12.2 (br s, CH2)d 
2.92 (d, J = 8.5, ICH) 91.9 (s, C5H5) 

6b (ReBrCHzRe) 7.53-7.18 (m, 3 C6H5) 14.1 (s) 
5.50 (s, C5H5) 

6c (ReClCH2Re) 7.57-7.16 (m, 3 C6H5) 14.5 (s) 
5.57 (s, C5H5) 

7' (ReI(CH2)dRe) 7.59-7.23 (m, 3 C6H5) 185.8 (s, cis CO) 12.1 (s) 
181.5 (s, trans CO) 

3.79 (dt, J = 9.0,6.2, ICH) 
3.49 (dt, J = 9.0,6.2, ICH') 

92.1 (s, C5H5) 
39.3, 39.0 (ZS, CCH2CH2C) 

2.13 (m, ICH2CH2) 
1.76 (m, CH2CH2Re) 
0.92 (m, CH2Re) 
7.43-7.16 (m, 3 CbHs) 
5.49 (s, C5H5) 

2.64 (d, J = 7.0, ICH') 

3 1.1 (br s, ICH2) 
-1 1.6 (s, C H Z R ~ ) ~  

208.6 (s, cis CO) 
207.4 (s, trans CO) 

10.7 (br s, C H Z ) ~  
2.84 (d, J = 7.0, ICH) 91.7 (s, C5H5) 

9 (ReICH2Mn) 12.9 (s) 

'H NMR spectra were recorded at 300 MHz in CD2C12 at -60 OC and referenced to TMS (6 0.00) unless noted. All coupling constants (J) are 
to hydrogen and in hertz. I3C NMR spectra were recorded at 75 MHz in CD2C12 at -60 O C  and referenced to CD2Cl2 (53.8 ppm) unless noted.e ) 'P 
NMR spectra were recorded with an external lock at 32 MHz in CDzCl2 at -60 "C and referenced to external HjP04 (0.0 ppm) unless noted. The 
PPh3 carbons for 6a/7/9 are at 133.3/133.6/132.7 (d, Jcp = 9.2/10.9/9.6 Hz, ortho), 132.2/132.5/131.7 (d, Jcp = 50.4/54.9/55.5 Hz, ipso), 131.2/ 
132.1/131.3 (s/d/s, Jcp = <2/3.1/<2 Hz, para), 129.1/129.6/128.8 (d, Jcp = 10.6/10.9/10.0 Hz, meta). The ICH2 reonances exhibit widths of 
5-8 Hz (half-height). All data for 7 are at room temperature. 

Scheme 111. Representative Reactions of Bridging 
Haloalkyl Complexes 

e I e I 
PPN' Br- 

o~/lje*,pph~ o N / y \ p p h 3  + (C0)5ReCH2Br 

I 
4 C / I  B F ~ -  

I 10 4b 
k(co)5 

6a (78%) (82%) 

10 13 

cm-1: uco 2121 (w), 2060 (w), 2026 (81,2002 (m)) agreed 
exactlywith that in the literature. A similar reaction with 
PPh3 proceeded over the course of 0.5 hat  -40 "C (Scheme 
111). Workup gave 10 (80%) and the new phosphonium 
salt [(CO)5MnCHzPPhal+BF4- (13, 65%), the structure 
of which was assigned by IR and 1H/31P NMR spectroscopy 
(Experimental Section). The unbridged a-iodomethyl 
complex (C0)5MnCHzI was also treated with PPh3. After 
0.5 h in CHzClz at  room temperature,a 31P NMR spectrum 
showed that only 2-3 % of a phosphonium salt had formed 
(39.0 ppm). 

Finally, 9 and CH3CN (3 equiv) were combined in CDzClz 
at -70 "C. No reaction occurred below 0 "C. Within 1 h 
at room temperature, complete conversion to 10 and the 
known acetonitrile complexea [(s5-C5H5)Re(NO)(PPh3)- 
(NCCH3)1+BF4- (14) had occurred, as assayed by 'H and 
31P NMR. The latter product requires a displacement at 

the chiral rhenium. Workup gave 10 and 14 in 33% and 
39 % yields, respectively. 

Discussion 
The preceding data clearly demonstrate the capability 

of haloalkyl fragments to serve as bridging ligands. The 
relative reactivities of a-halomethyl complexes 4a-d 
toward the dichloromethane complex 2 (-CHzI > -CHZBr 
> -CHZCl> -CHzF) parallel the expected donor strengths' 
and previous results with simple alkyl halides.7* The 
inability of a-fluoromethyl complex 4d to displace dichlo- 
romethane from 2 may be due to unfavorable thermody- 
namics. Other strategies for accessing organofluorine 
donor complexes of the rhenium fragment [(75-C5H5)- 
Re(NO)(PPh3)1+ have also been unsuc~essful.~~ 

The relative and absolute kinetic stabilities of the 
bridging halomethyl complexes 6a-c are similar to those 
of the analogous ethyl halide complexes. However, the 
rhenium/rhenium and rhenium/manganese iodomethyl 
complexes 6a and 9 exhibit markedly different stabilities. 
This shows that the metal fragment attached to the carbon 
terminus can also exert a significant influence. In an 
exploratory NMR experiment, no significant stability 
enhancement was found for an analog of 9 generated from 
the phosphine-substituted a-iodomethyl complex cis- 
( C O ) ~ ( P ~ ~ P ) M ~ C H Z I . ~  Thus, we believe it probable that 
many bridging haloalkyl complexes will be unstable at  
room temperature and that isolable examples will remain 
rare. 

The NMR features of bridging halomethyl complexes 
6a-c exhibit several interesting trends (Table I). For 
example, the 3lP NMR resonances shift progressively 
downfield, paralleling those of the corresponding ethyl 

(27) Agboasou, S. K.; Roger, C.; Igau, A.; Gladysz, J. A. Znorg. Chem. 
1992, 31, 419. 

(28) (a)Gibson,D.H.;Mandal,S.K.;Owens,K.;Sattich,W.E.;Franco, 
J.O.OrganometaZlics1989,8,1114. (b)Mandal,S.K.;Ho,D.M.;Orchin, 
M. J.  Organomet. Chem. 1990,397,313. 
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Bimetallic Bridging Haloalkyl Complexes 

halide complexes (11.8,12.9,13.6 ~ p m ) . ~ ~  The cyclopen- 
tadienyl lH NMR resonances show a similar downfield 
shift. The diastereotopic XCHz protons are somewhat 
less differentiated in 6a (A6 0.19 ppm) than in 6b,c (A6 
0.31,0.37 ppm). This trend is also mirrored in the ethyl 
halide complexes (A6 0.31,0.45,0.51 ppm) and might be 
connected to the expected' contraction in Re-X bond 
lengths. The XCHz protons of 6a-c also show average 
downfield shifts of 0.57,0.84, and 0.80 ppm from those of 
the free ligands 4a-c. 

The reactivity of bridging iodomethyl complexes 6a and 
9 is similar to that of the corresponding alkyl iodide 
complexes. For example, the ICH2 carbons are activated 
toward nucleophilic attack, as qualitatively demonstrated 
by the accelerated reactions with PPN+Br and PPh3. 
Quantitative studies have previously shown rate enhance- 
ments as high as 3 X 105 (25 OC).7a The thermal 
decomposition of 9 also features carbon-iodine bond 
cleavage. As analyzed earlier? pathways involving BF4- 
or solvent participation, and/or ionization, are likely. In 
the latter context, cationic methylidene complexes 
[L,M(=CH2)1 +X'- have been shown to be kinetically 
accessible from a-halomethyl complexes under certain 
conditions.10 These would constitute plausible interme- 
diates in many of the preceding transformations. 

In at least one case, bridging haloalkyl fragments have 
received consideration as reaction intermediates. A de- 
tailed study has been conducted of the reduction of 
a-iodomethyl complex [(H20)&r(CHzI)I2+ by Cr(II), 
which ultimately gives Cr(II1) products and methane.29 
There is good rate evidence that the first step involves a 
transition state with a CrCHzICr linkage (III), as shown 
in equation ii. Similar species should also be involved in 
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Experimental Section 

General Data. General procedures were as described in 
previous papers? except that workups were conducted in air unleas 
noted. Melting points were determined in open capillaries using 
a calibrated therm0meter.3~ Solvents were purified as follows: 
CHzClz and CH3CN, distilled from CaH2; ether and THF, distilled 
from Na/benzophenone; hexane, distilled from sodium; CDCl3 
and CDZC12, vacuum transferred from CaH2. The following 
reagents were used as received: (CH&SiI, I(CH2)41, PPh3 
(Aldrich), (CH&SiBr (Petrarch), HClgas (Matheson), PPN+Br, 
Ph3SiCH3 (Strem). HBF4-OEh (Aldrich) was standardized as 
described earlier.88 

(CO)&CH20CHa (3). Ared solutionof Na+[Re(CO)sl- (6.20 
mmol)16 in THF (12 mL) was elowly added with stirring to a -80 
"C solution of ICHzOCH3 (2.13 g, 12.4 mmol)17 in THF (10 mL). 
The cooling bath was allowed to gradually warm to room 
temperature, and the mixture was stirred at  room temperature 
for 0.5 h. Solvent was removed by rotary evaporation and the 
residue extracted with hexane (3 X 30 mL). Solvent was removed 
from the extract to give a pale yellow oil, which was sublimed 
under oil pump vacuum at room temperature onto a CHsCN/dry 
ice cooled finger. This gave white crystals of 3 (1.86 g, 5.01 mmol, 
81%), mp 22.5 "C. The IR and 'H NMR spectra were identical 
with literature data.ls 

(CO)&CHzI (4a). ASchlenkflaskwas chargedwith3 (0.320 
g, 0.862 mmol), CHzClz (10 mL), and stir bar and was cooled to 
-80 "C. Then (CH3)sSiI (0.224 g, 0.112 mmol) was added with 
stirring. The cooling bath was allowed to gradually warm to 
room temperature. Solvent was removed under oil pump vacuum, 
and the residue was sublimed under oil pump vacuum at 60 OC 
onto an ice-cooled finger. This gave white crystals of 4a (0.369 
g, 0.790 mmol, 92%), mp 61.5-62.5 "C. Anal. Calcd for 
C&IO&e: C, 15.43; H, 0.43; I, 27.12. Found C, 15.54; H, 0.46; 
I, 27.02. IR (cm-l, hexane): uco 2136 (w), 2066 (w), 2024 (vs), 
1994 (8 ) .  lH NMR (6, CDCl3): 2.26 (8,  CHd. 13C{'H) NMR (ppm, 
CDCl3): 184.0 (cis CO), 180.2 (trans CO), -41.3 (8,  CHz). 

(CO)&eCH2Br (4b). A Schlenk flask was charged with 3 
(0.500 g, 1.35 mmol), CHzClz (20 mL), and a stir bar. Then 
(CH&SiBr (0.412 g, 2.69 mmol) was added with stirring. After 
5 h at  room temperature, solvent was removed under oil pump 
vacuum. The residue was sublimed under oil pump vacuum at 
40 "C onto an ice-cooled finger. This gave white crystals of 4b 
(0.455 g, 1.18 mmol, 87%), mp 71-72 "C. Anal. Calcd for 
C6H2BrO5Re: C, 17.15; H, 0.48; Br, 19.02. Found C, 17.40; H, 
0.51; Br, 19.18. IR (cm-1, hexane): uco 2137 (w), 2022 (vs), 1994 

(CO)dbCH&l (4c). Dry HC1 gas was bubbled through a 
solution of 3 (0.400 g, 1.08 mmol) in CH2ClZ (25 mL) for ca. 10 
min. Solvent was then removed under oil pump vacuum, and 
the residue was sublimed under oil pump vacuum at 40 "C onto 
an ice-cooled finger. This gave white crystals of 4c (0.307 g, 
0.819 mmol, 76%). The IR and lH NMR spectra were identical 
with literature data.ls 

(CO)sReCH2F (4d). A red solution of Na+[Re(CO)J- (0.960 
mmol)lB in THF (3 mL) was added with stirring to a -80 "C 
solution of ICHzF (0.230 g, 1.44 mmol)20 in THF (2 mL). The 
cooling bath was allowed to gradually warm to room temperature, 
and the mixture was stirred at room temperature for 0.5 h. The 
solution was filtered through silica, and solvent was removed 
from the filtrate under oil pump vacuum to give a pale yellow 
solid. The solid was sublimed under oil pump vacuum at 70 "C 
onto a CHaCN/dry ice cooled finger. This gave white crystale of 
4d (0.250 g, 0.696 mmol, 73%), mp 117-118 "C. Anal. Calcd for 
CsH2F05Re: C, 20.06; H, 0.56. Found C, 20.12; H, 0.61. IR 
(cm-l, hexane): uco 2137 (vw), 2062 (w), 2020 (a), 1995 (m). 'H 

(CO)&COCH2F. Acid chloride FCHzCOCl (0.144 g, 1.49 
mm0l)'S was added with stirring to a -80 OC solution of 
Na+[Re(CO)5]- (0.747 mmol) in THF (5 mL). The cooling bath 

(8 ) .  'H NMR (6, CDCl3): 3.17 (8,  CH2). 

NMR (6, CDCl3): 5.75 (d, JHF = 47.5 Hz, CHz). 

(32) Tiers, G. V. D. J. Chem. Educ. 1990, 67, 258. 

Cr2+ + ICHzCr2+ - [CrICHzCr14+ - 
111 (intermediate 

or transition 
state) 

Cr12+ + 'CHzCr2+ (ii) 
Ag+-assisted reactions of a-halomethyl complexes,1o al- 
though we are unaware of any explicit proposals. Inter- 
estingly, bridging dihaloalkane complexes presently appear 
to be unknown, although several chelates have been 
p r ~ p a r e d . ~ ~ ' ~ ~  

Finally, the bridging halomethyl complexes 6a-c and 9 
provide an important connection between oxidative ad- 
dition reactions of d i h a l o m e t h a n e ~ ~ ~ ~ ~  and subsequently 
derived cluster compounds containing CH2, CH, and CX 
fragments." Thus, there is now the potential for both 
further mechanistic definition of and practical refinements 
in metal-based haloalkane degradation processes. Future 
reports will describe additional properties of rhenium 
dihalomethane complexes [(t15-C5H5)Re(NO)(PPh3)- 
(XCH2X')l+BF4-, including mechanistic data on substi- 
tution reactions of the dichloromethane complex 2.31 

(29) Nohr, R. S.; Spreer, L. 0. h o r g .  Chem. 1974,13, 1239. 
(30) Selected examples from ref 10 (a) Labinger, J. A.; Osborn, J. A.; 

Coville, N. J. h o g .  Chem. 1980,19,3236. (b) Werner, H.; Hofman, L. 
J. Organomet. Chem. 1986, 289, 141. (c) Marder, T. B.; Fultz, W. C.; 
Calabrese, J. C.;Harlow,R. L.;Milstein,D.J. Chem. Soc., Chem. Commun. 
1987,1543. (d) Ghilardi, C. A,; Midollini, S.; Moneti, S.; Orlandini, A.; 
Ramirez, J. A. Ibid. 1989, 304. 

(31) Zhou, Y.; Dewey, M. A.; Liu, Y.; Garner, C. M.; Gladysz, J. A. 
Manuscript in preparation. 
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was allowed to gradually warm to room temperature, and the 
mixture was stirred at room temperature for 1 h. The solution 
was filtered through Celite, and solvent was removed from the 
filtrate by rotary evaporation to give a pale yellow solid. The 
solid was dissolved in CH2C12 (2 mL) and chromatographed on 
silica in CH2C12. Solvent was removed from product fractions 
to give a white solid (0.240 g, 0.620 mmol, 83%), mp 91-92 "C. 
Anal. Calcd for C7H2FO&e: C, 21.71; H,0.52. Found C, 21.82; 
H, 0.58. IR (cm-l, hexane): YCO 2137 (w), 2067 (w), 2029 (vs), 
2007 (s), 1621 (m). lH NMR (6, CDC13): 4.14 (d, JCF = 50.3 Hz, 
CHd. 

(CO)&(CH2)41 (5). A red solution of Na+[Re(C0)5]- (4.30 
mmol) in THF (10 mL) was added dropwise with stirring to a -20 
"C solution of I(CH2)41 (6.66 g, 21.5 mmol) in THF (10 mL). The 
cooling bath was allowed to gradually warm to room temperature, 
and the mixture was stirred at  room temperature for 0.5 h. 
Solvent was removed by rotary evaporation, and the residue 
extracted with hexane (3 X 30 mL). Solvent was removed from 
the extract to give a pale yellow oil, which was sublimed under 
oil pump vacuum at 72 OC onto a CHaCN/dry ice cooled finger. 
Some I(CH2)41 was collected first, and further sublimation gave 
5 as a colorless oil (0.788 g, 1.55 mmol, 36%). Anal. Calcd for 
CgHJ05Re: C, 21.23; H, 1.58; I, 24.92. Found: C, 21.33; H, 1.58; 
I, 25.07. IR (cm-l, CH2C12): uco 2126 (w), 2009 (s), 1979 (m). lH 
NMR (6, CDC13): 3.21 (t, JHH = 6.5 Hz, ICHZ), 1.82 (m, 
CCH2CH2C), 0.90 (m, CH2Re). W(lH} NMR (ppm,CDCls): 185.5 
(cis CO), 181.1 (trans CO), 40.7/39.7 (CCH2CH2C), 6.8 (ICHz), 
-11.6 (CH2Re). 
[(q5-CsH~)Re(NO)(PPh3)ICHzRe(CO)5]+BF4- (6a). A 

Schlenk flask was charged with (q5-C5H5)Re(NO)(PPh3)(CH3) 
(0.179 g, 0.320 mmo1),26 CHzClz (15 mL), and a stir bar, capped 
with a septum, and cooled to -80 "C. Then HBF4.0Et2 (0.035 
mL, 0.320 mmol) was added with stirring. After 5 min, 4a (0.194 
g, 0.415 mmol) was added. The cold bath was allowed to warm 
to -30 "C and was kept at -30 "C for 3 h. The solution was 
concentrated to ca. 3 mL under oil pump vacuum and added to 
ether (30 mL,-80 "C) viacannula. The resulting precipitate was 
collected by filtration under nitrogen and dried under oil pump 
vacuum. This gave 6a as a tan powder (0.274 g, 0.250 mmol, 
78%), mp 131-134 "C dec. Anal. Calcd for CzgHzzBF4- 
INOsPRe2: C, 31.74; H, 2.02; N, 1.28. Found: C, 31.55; H, 2.15; 
N, 1.21. IR (cm-l, CH2C12): YCO 2137 (w), 2048 (w), 2020 (vs); YNO 

1704 (8). 
[ (~-C5H5)Re(NO)(PPh3)I(CH~)~Re(CO)5]+BF4- (7). Com- 

plex (q5-C5H5)Re(NO)(PPh3)(CH3) (0.179 g, 0.320 mmol), 
HBF4.0Et2 (0.035 mL, 0.320 mmol), and 5 (0.244 g, 0.479 mmol) 
were combined in a procedure analogous to that given for 6a. 
The cold bath was allowed to warm to -20 "C and was kept at  
-20 "C for 2 h. The solution was concentrated to ca. 3 mL and 
added to ether (30 mL). The resulting precipitate was collected 
by filtration under nitrogen and dried under oil pump vacuum. 
This gave 7 as a tan powder (0.253 g, 0.222 mmol, 69%), mp 
115-119 "C dec. Anal. Calcd for C32H2sBF41NOPRe~: C, 33.73; 
H, 2.48; N, 1.23. Found: C, 33.27; H, 2.47; N, 1.17. IR (cm-l, 
CH2C12): uco 2127 (w), 2053 (w), 2010 (vs), 1981 (8 ) ;  UNO 1711 (5). 

Generation of  [(q5-CsH5)Re(NO)(PPh3)XCH2- I 

Re(CO)s]+BF4- (X = I, Br, C1,6a-c). The following procedure 
is representative. A 5-mm NMR tube was charged with (775- 
C5H5)Re(NO)(PPh3)(CH3) (0.045 g, 0.081 mmol) and CDzClz (0.5 
mL), capped with a septum, and cooled to -80 "C. Then 
HBF4.0Et2 (0.0086 mL, 0.081 mmol) was added. A lH NMR 
spectrum was taken at -60 "C, which showed the formation of 
[ (q5-C6H5)Re(NO)(PPh3)(ClCD2Cl)]+BF4- ( 2 - d ~ ) . ~ ~  The sample 
was cooled to -80 "C, and a solution of 4a (0.057 g, 0.120 mmol) 
in CDzCl2 (0.2 mL) was added via cannula. The sample was kept 
at -25 OC for 6 h, and NMR spectra of 6a were then recorded at  
-60 "C (Table I). 

Zhou and Gladysz 

Generation of [ ( qS-C5H5)Re(NO) (PPh3) ICHZMn- 
(CO)5]+BF4- (9). Complex (q5-C5Hs)Re(NO)(PPh3)(CH3) (0.063 
g, 0.113 mmol), CD2C12 (0.5 mL), and HBF4-OEb (0.012 mL, 0.11 
mmol) were combined in a NMR tube as in the preceding 
experiment. The sample was cooled to -80 "C, and a solution 
of (C0)5MnCH2I (0.040 g, 0.119 mmol)15 in CDzClz (0.2 mL) was 
added via cannula. The sample was kept at -30 OC for 3 h, and 
NMR spectra of 9 were then recorded at -60 "C (Table I). IR 
(cm-l, CD2Cl2): YCO 2125 (w), 2031 (vs); UNO 1689 (6). 

Decomposition of 9. Complex 9 was generated from (q5- 
C5H5)Re(NO)(PPh3)(CH3) (0.063 g, 0.113 mmol) in a NMR tube 
as above, but in the presence of Ph3SiCH3 (0.031 g, 0.113 mmol). 
The sample was kept at room temperature for 2 days (NMR 
data: see text). The solution was filtered through a 3-cm plug 
of silica, which was eluted with additional CH2C12. The solution 
was concentrated to ca. 1 mL, and hexane was added. The 
resulting precipitate was collected by filtration and dried under 
oil pump vacuum to give (q5-C5H5)Re(NO)(PPh3)(I) (10) as a 
purple powder (0.033 g, 0.049 mmol,43 % ).% The plug was eluted 
with acetone. Solvent was removed under oil pump vacuum to 
give (RR,SS)-[(q5-C5H~)Re(NO)(PPh3)I2I+BF4- (1 1) as an orange 
powder (0.023 g, 0.018 mmol, 32% of theory).24 NMR data (lo/ 
11, before workup): lH 6 5.21/5.41; 31P 12.7/11.8 ppm. 

Reaction of 6a and PPN+Br-. A Schlenk flask was charged 
with 6a (0.263 g, 0.240 mmol), CH2C12 (15 mL), and a stir bar, 
and cooled to -80 "C. Then PPN+Br  (0.149 g, 0.240 mmol) was 
added with stirring. The cooling bath was allowed to gradually 
warm to room temperature. The mixture was filtered through 
a 3-cm silica plug, which was eluted with additional CHZC12. The 
solution was concentrated to ca. 3 mL and added to hexane (20 
mL). The resulting precipitate was collected by filtration and 
dried under oil pump vacuum to give 10 as a purple powder 
(0.127 g, 0.189 mmol, 78%). Solvent was removed from the fitrate 
to give 4b (0.083 g, 0.179 mmol, 82%). Both products were 
characterized by IR and 'H NMR spectroscopy. 

Reaction of 9 and PPh3. Complex 9 was generated from 
(q5-C5H5)Re(NO)(PPh3)(CH3) (0.063 g, 0.113 mmol) in a NMR 
tube as above. The solution was frozen in liquid nitrogen, and 
PPh3 (0.039 g, 0.147 mmol) was added. NMR spectra QH, 31P) 

were recorded as the sample was warmed (data: see text). The 
sample was allowed to warm to room temperature and filtered 
through a 3-cm plug of silica, which was eluted with additional 
CH2C12. The solution was concentrated to ca. 1 mL, and hexane 
was added. The resulting precipitate was collected by filtration 
and dried under oil pump vacuum to give 10 as a purple powder 
(0.061 g, 0.091 mmol, 80%). The plug was then eluted with 
CH3CN. The solvent was removed under oil pump vacuum, and 
the residue was dissolved in CH2C12. A layer of hexane was added, 
and white crystals slowly formed. These were collected by 
filtration and dried under oil pump vacuum to give [(CO)5- 
MnCH2PPh31+BF4- (13; 0.041 g, 0.074 mmol, 65%). IR (cm-I, 
Nujol): YCO 2132 (w), 2077 (w), 2028 (vs), 2011 (8 ) ;  @F 1058 (8). 
lH NMR (6, CD2C12): 7.82-7.58 (m, 3 C&), 1.62 (d, JHP = 14.5 
Hz, CH2). 31P(1H} NMR (ppm, CD2C12): 38.2 (8). 

Acknowledgment. We thank the NSF for support of 
this research. 

Supplementary Material Available: Text giving additional 
experimental procedures involving 4a, 6a, and 9 (2 pages). 
Ordering information is given on any current masthead page. 
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