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Figure 3. Effect of iodobenzene on the rate of reaction of phenyllithium 
with hexamethyldisiloxane in THF/1.0 M HMPA at -78 0C (test 3). 
The points are experimental, the line was calculated by using fc3 = 3.55 
X 10"4 L mol "' s"1 (test 3) and K = 1.2 X IfT7 L mol"1 (eq 1). 

hydrofuran, in contrast to early results of Wittig, Meyer, and 
Lange, who demonstrated both by vapor pressure osmometry and 
a metalation test that no interaction occurs in ether}0 This result 
prompted us to study solvent effects on the iodine system (eq 1) 
by running test 2 in solutions containing hexamethylphosphoric 
triamide (HMPA). The small difference between the control and 
C6H5Li/C6H5I runs in THF rapidly became very large with in
creasing HMPA concentration (Figure 2). In fact, the addition 
of HMPA to a solution of C6H5Li/C6H SI actually lowers its 
reactivity. Apparently, increases in concentration of the (pre
sumably unreactive) complex 3 as HMPA concentration was 
increased more than compensated for the higher reactivity of the 
remaining free phenyllithium. This dramatic solvent effect can 
be understood in terms of the differences in solvation requirements 
for the two sides of eq 1. In contrast to phenyl anion, which binds 
tightly to lithium in a cyclic dimeric structure,11 the diphenyl-
iodinate anion probably cannot provide a good coordination site 
for lithium cation, and hence its formation is strongly favored by 
improved solvation of Li+. 

To more carefully define the stoichiometry of the interaction 
between phenyllithium and iodobenzene in solutions containing 
HMPA, test 3 was developed. Figure 3 presents the results of 
Test 3 

* 3 
C6H9-Ll (+ CBHaM) + (CH3I3SlOSl(CHa)3 • C8H5-Sl(CH3I3 + L I O S I ( C H 3 I 3 

this test. The reactivity of the solution decreased monotonically 
as iodobenzene was added. The complexation is now essentially 
quantitative and occurs with exact 1:1 stoichiometry.8 If the 
assumption is again made that the reaction follows second-order 
kinetics and that the complex is unreactive toward hexamethyl
disiloxane, a value of K > 1.2 X 107 L mol"1 can be estimated.12 

Attempts to observe the complex 3 by 13C NMR spectroscopy 
have been frustrated by the occurrence of rapid exchange pro
cesses. 

The results presented here demonstrate that phenyllithium and 
iodobenzene interact reversibly in a strongly solvent-dependent 
fashion to form a 1:1 complex which we believe is the hypervalent 
iodine "ate" complex (C6H5)2rLi+ (a 10-1-2 anion13). This result 
has direct bearing on understanding the mechanism of the met-

(10) Wittig, G.; Meyer, F. J.; Lange, G. Liebigs Ann. Chem. 1951, 571, 
167. 

(11) Seebach, D.; Hassig, R.; Gabriel, J. HeIv. CHm. Acta 1983, 66, 308. 
Jackman, L. M.; Scarmoutzos, L. M. J. Am. Chem. Soc. 1984, 106, 4627. 

(12) This result is based on the formation of less than 0.04% of C6H5Si-
(CH3)3 when test 3 was run for 96 h at -80 0C with 2 equiv of iodobenzene. 
If the complex (presumably (C6H5)2rLi+) is itself reactive toward hexa
methyldisiloxane, then the equilibrium constant would be correspondingly 
larger. From the results obtained it can be calculated that the "ate" complex 
is <10"s as reactive as phenyllithium. 

(13) Perkins, C. W.; Martin, J. C ; Arduengo, A. J.; Lare, W.; Alegria, 
A.; Kochi, J. K. J. Am. Chem. Soc. 1980, 102, 7753. Several hypervalent 
organoiodine compounds have been prepared. Bess, D. B.; Martin, J. C. J. 
Am. Chem. Soc. 1982, 104, 902. 

al-halogen exchange, which we feel is best represented as pro
ceeding via a discrete "ate" complex (e.g. 2, 3) intermediate. 
Further studies on other lithium-metalloid exchanges are in 
progress. 
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Transition-metal alkyls are the cornerstone of organometallic 
chemistry. However, little is known regarding the acid/base 
chemistry of the C-H bonds of alkyl ligands. In particular, the 
deprotonation of neutral metal alkyl complexes at Ca, as depicted 
in eq i, is to our knowledge unprecedented.1 We have begun to 

LnMCH2X + Br -* [LnMCHX]" + BH (i) 

probe the acid/base chemistry of chiral cyclopentadienyl rhenium 
alkyl complexes2 and report here (1) the first deprotonation of 
a neutral metal alkyl complex at the ligating carbon, (2) the 
stereospecific alkylation of the resulting conjugate base, and (3) 
a qualitative determination of the effect of the rhenium moiety 
upon the C a-H ion pair acidity.3 

Reaction of cyanomethyl complex (7^-C5H5)Re(NO)-
(PPh3)(CH2CN) (1, in THF)4 with n-BuLi/TMEDA (1.0 equiv, 
-78 0C) and then CH3OSO2CF3 gave cyanoethyl complex 
(5/?,JRS)-(ij5-C5H5)Re(NO)(PPh3)(CH(CH3)CN)((5'/?,i?5)-2) 
in 75% yield upon workup (eq ii).5 The gross structure of 
(SR,RS)-2 followed readily from its spectroscopic properties,5 and 
its stereochemistry was established by an independent synthesis 
of the opposite diastereomer, (SS,RR)-2. Diastereomer (SS,-
RR)-2 was obtained in 91% yield from the reaction of PPN+"CN6 

with "kinetic" ethylidene complex sc-[(?;5-C5H5)Re(NO)-
(PPh3X=CHCH3)I+PF6- (3, eq iii).7 Nucleophilic additions to 
this7 and related8 alkylidene complexes have been shown to 
preferentially occur from a direction anti to the PPh3, enabling 

(1) Deprotonation of cationic complex [(r)5-C5H5)2Ta(CH3)2]
+: Schrock, 

R. R.; Sharp, P. R. J. Am. Chem. Soc. 1978, 100, 2389. 
(2) Heah, P. C; Gladysz, J. A. J. Am. Chem. Soc. 1984, 106, 7636. 
(3) (a) Acid/base terminology utilized in this manuscript has been recently 

summarized.3" It must be emphasized that representations of our deprotonated 
complexes are approximations. For example, we presently have no data on 
the site or degree of Li+ ion pairing in 4. (b) Streitwieser, A., Jr. Ace. Chem. 
Res. 1984, 17, 353. 

(4) (a) Crocco, G. L.; Gladysz, J. A. J. Chem. Soc, Chem. Commun. 1985, 
283. (b) McCormick, F. B. Organometallics 1984, 3, 1924. 

(5) Microanalytical, mass spectral, IR, and NMR (1H, 13C, 31P) data for 
each new compound are given in the supplementary material. Isotopically 
labeled compounds were synthesized by modifications of published routes to 
unlabeled compounds. For all compounds, the absolute configuration at 
rhenium is specified first. 

(6) Martinsen, A.; Songstad, J. Acta Chem. Scand. 1977, 31, 645. PPN+ 

= [(C4H5)P^N-P(C6Hi)1I+. 
(7) Kiel, W. A.; Lin, G.-Y.; Bodner, G. S.; Gladysz, J. A. J. Am. Chem. 

Soc. 1983, 105, 4958. 
(8) Kiel, W. A.; Lin, G.-Y.; Constable, A. G.; McCormick, F. B.; Strouse, 

C. E.; Eisenstein, O.; Gladysz, J. A. J. Am. Chem. Soc. 1982, 104, 4865. 
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a rigorous assignment of product stereochemistry. Complex 
{SS,RR)-I was not formed (detection limit, <1%) in eq ii, as 
determined by 1H NMR, 31P NMR, and HPLC analyses of the 
crude reaction mixture. 

Evidence was sought for the apparent precursor to (SR,RS)-2, 
deprotonated complex Li+[^-C5H5)Re(NO)(PPh3)(CHCN)]-
(4).3a The reaction of 1 with n-BuLi/TMEDA was monitored 
by 31P NMR at -98 0C. Two resonances (32.15 ppm, br; 25.71 
ppm, sh) appeared immediately. The relative areas of these 
resonances (ca. 2:1) did not change over the course of 3 h. Upon 
warming (-78 0C, 2.5 h, or -25 0C, 0.5 h), the 25.71 ppm res
onance disappeared and the 32.15 ppm resonance sharpened. The 
spectrum was unchanged by subsequent cooling (-98 0C, 3 h). 
Addition of CH3OSO2CF3 to any of these solutions (-98, -78, 
-25 0C) gave exclusively (SR,RS)-2, as observed by 31P NMR 
monitoring. 

Deuterium labeling experiments were conducted to provide 
additional information on the intermediates described above. 
Reaction of (jj5-C5H5)Re(NO)(PPh3)(CD2CN) (l-d2; 91:9 ^ 2 M) 5 

with «-BuLi/TMEDA and CH3OSO2CF3 as in eq ii gave a 31:69 
mixture of (SR,RS)-2-d2/ (SR,RS)-2-du as determined by mass 
spectral analysis. An identical reaction of (^-C5D5)Re(NO)-
(PPh3)(CH2CN) (l-ds; 86:14 d5/d4) gave a 62:38 mixture of 
(SR,RS)-2-ds/(SR,RS)-2-d4. These data indicate that 1 can be 
deprotonated either on the CH2CN ligand (major) to give 4 (32.15 
ppm) or the ^-C5H5 ligand (minor) to give (?j5-C5H4Li)Re-
(NO)(PPh3)(CH2CN) (5, 25.71 ppm). Interestingly, only 
(SR,RS)-2 is obtained when CH3OSO2CF3 is added to mixtures 
of 4 and 5 at temperatures where 4 and 5 do not (or are slow to) 
equilibrate. One possible explanation is that initially formed 
(SR,SR)-2 might equilibrate 4 and 5. Such equilibrations have 
abundant precedent in organic enolate alkylations.9 

We sought to determine whether the ion pair acidity3 of 1 was 
greater or less than that of CH3CN (pA:a(H20) = 31.5).10 Hence, 
in a 31P NMR monitored experiment, 4 (-78 0C) was treated with 
3 equiv of CD3CN. Immediate conversion to \-dx occurred. The 
solution was kept at 25 0C for 8 h. The Vdx was isolated and 
shown to be extensively deuterated (d^.d^.di.dyd^.d^.d^ = 
<1:6:12:20:31:21:9:1). This established that 4 was not quenched 
by adventitious proton sources, and that additional H/D exchange 

(9) House, H. O. "Modern Synthetic Reactions", 2nd ed.; W. A. Benjamin, 
Inc.: Menlo Park, CA, 1972; pp 564-570. 

(10) Bordwell, F. G.; Fried, H. E. J. Org. Chem. 1981, 46, 4327 and 
references therein. 

between 1 and the resulting "CD2CN occurred. Hence, 1 is less 
acidic than CH3CN, and the (^-C5H5)Re(NO)(PPh3) moiety 
can be considered a carbanion destabilizing substituent. 

Extensions of the above chemistry were explored. First, reaction 
of 1 with n-BuLi/TMEDA and then «-C4H9I as in eq ii gave 
(5/?,JR5)-(7/5-C5H5)Re(NO)(PPh3)(CH(n-C4H9)CN) ((SR,-
RS)-6)5 in 53% yield after workup. The product stereochemistry 
and the reaction stereospecificity were established exactly as was 
done for (SR,RS)-2 in eq ii and iii. Second, reaction of (SR,RS)-2 
with H-BuLi/TMEDA and then CH3OSO2CF3 as in eq ii gave 
methylcyclopentadienyl complex (S7?,./?S)-(t;5-C5H4CH3)Re-
(NO)(PPh3)(CH(CH3)CN) ((SR,RS)-7)S in 84% yield upon 
workup. This reaction proceeded cleanly via an intermediate with 
a 31P NMR resonance (25.15 ppm) very close to that of 5. Ac
cordingly, this species is assigned the structure (jj5-C5H4Li)Re-
(NO)(PPh3)(CH(CH3)CN) (8). 

In conclusion, we have established that transition-metal alkyls 
can be deprotonated as in eq i and that the resulting conjugate 
base can, when appended to the chiral (7j5-C5H5)Re(NO)(PPh3) 
moiety, be stereospecifically alkylated. Since the rhenium-carbon 
a bond in (??5-C5H5)Re(NO)(PPh3)(R) complexes can be cleaved 
with high stereoselectivity both at rhenium and carbon,11 these 
transformations should have utility in asymmetric organic syn
thesis. Efforts to understand the basis for the stereospecificity 
of eq ii, and to synthesize other transition-metal substituted 
carbanions, are in progress. 
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The bleomycins are a group of glycopeptide-derived antibiotics 
employed clinically for the treatment of certain malignancies 
including squamous cell carcinomas and Hodgkin's disease.1 The 
bleomycins appear to mediate their therapeutic effects primarily 
at the level of DNA strand scission,2 a transformation that can 
be effected by any of four metallobleomycins.3 The 02-dependent 

(1) (a) Hecht, S. M. In "Bleomycin: Chemical, Biochemical and Biological 
Aspects"; Hecht, S. M., Ed.; Springer-Verlag: New York, 1979; p 1 ff. (b) 
Umezawa, H. In "Medicinal Chemistry Series: Anticancer Agents Based on 
Natural Product Models"; Cassady, J. M., Douros, J. D., Eds.; Academic 
Press: New York, 1980; Vol. XVI, p 148 ff. (c) Povirk, L. F. In "Molecular 
Aspects of Anti-cancer Drug Action"; Neidle, S., Waring, M. J., Eds.; 
Macmillan: London, 1983; p 157 ff. 

(2) (a) Umezawa, H. In "Bleomycin: Chemical, Biochemical and Bio
logical Aspects"; Hecht, S. M., Ed.; Springer-Verlag: New York, 1979; p 24 
ff. (b) Suzuki, H.; Nagai, K.; Yamaki, T.; Tanaka, N.; Umezawa, H. J. 
Antibiot. (Tokyo) 1969, 22, 446. 

(3) (a) Sausville, E. A.; Peisach, J.; Horwitz, S. B. Biochemistry 1978, 17, 
2740. (b) Ehrenfeld, G. M.; Rodriguez, L. O.; Hecht, S. M.; Chang, C; 
Basus, V. J.; Oppenheimer, N. J. Biochemistry 1985, 24, 81. (c) Ehrenfeld, 
G. M.; Murugesan, N.; Hecht, S. M. Inorg. Chem. 1984, 23, 1496. (d) 
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