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previous notion about the key interactions responsible for the 
formation of specific mitomycin C-DNA m o n o a d d ~ c t s . ~ ~  These 
results may provide a molecular basis for future drug design. 
Currently studies are in progress to determine the specific site 
of drug modification and the consensus bonding sequences for lb-f 
and to model the binding process for select mitomycins to aid in 
identifying the specific interactions responsible for the sequence 
selectivity. 
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from pBR322 plasmid (Figure S l ) ,  and full histograms depicting 
the relative intensities of UVRABC nuclease incision sites for 
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The great utility of hydroboration in organic synthesis1 has 
recently been enhanced by transition-metal-catalyzed processes 
which afford increased rates and substantially modified regie and 
enantiosele~tivities.~~~ Mechanistic results have identified the 
central role of oxidative addition/reductive elimination sequences 
at  the electron-rich group 9 metal centers in mediating R2B- 
H/olefin Distinctive reactivity patterns a t  organo- 
lanthanide centers include facile olefin insertion, u-bond me- 
tathesis, and hydrocarbyl protonolysis. Combinations of these 
transformations have recently been shown to effect the efficient 
and selective catalysis of a variety of olefin transformations in- 
cluding h y d r ~ g e n a t i o n , ~  oligomerization/polymerization/ 
cycl i~at ion,~ hydroamination,6 hydrosilylation,’ and hydro- 
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Table I. Organolanthanide-Catalyzed Olefin Hydroboration with 
Catecholborane“ 

Entry Substrate 
~ 

Product Isolated 
Yield [%] 

-OH 78 1 - 
71 TH 3 

4 0 
5 # D O H  

71 

6 P h A  ph F ’ h y  F‘h 61 
OH 

7 0- 

8 0- ..111, BH 
79 

73 

“Procedures given in ref 12. 

Scheme I. Proposed Mechanism of Homogeneous 
Organolanthanide-Catalyzed Olefin Hydroboration 

0, 
O/B-H 
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phosphination,s via unconventional electrophilic pathways (not 
involving change in metal formal oxidation state). We now report 
that organolanthanides are effective homogeneous catalysts for 
olefin hydroboration and disclose initial observations on scope, 
selectivity, and mechanism. 
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+ Ln-H are key transformations. The former (ii) is typically 
rapid, e x ~ t h e r m i c , ~ ~ ~ ~ ~ ~ ~ * J ~  and well-documented in other orga- 
nolanthanide catalytic sequences. Its importance moreover sug- 
gests that hydroboration may be subject to the stereocontrol, 
functional group tolerance, and follow-up chemistry operative in 
other Ln-C bond-forming  reaction^.^" Transpositions (i) and 
(iii)I6 are estimated" to be slightly exothermic (- -3 kcal/mol) 
and can be understood vis-&vis contrasting hydroamination 
chemistry6 on the basis of bond polarity arguments (A vs B). 

As monitored by NMR,  Cp',LnR (Cp' = qs - Me&; Ln = 
La, Sm; R = H, CH(SiMe3)2),4b Me,SiCp",LnR (Cp" = v5- 
Me4Cs; Ln = Sm; R = CH(SiMe3)2),Sb and C P ' , S ~ ( T H F ) ~  
complexes catalyze the room temperature hydroboration of a 
variety of dry, degassed olefins (25-1Wfold stoichiometric excess) 
with catecholborane at  efficient rates (e.g., Cp',LaR: Nt = 200 
h-l for 1-hexene, eq 1; 4 0  h-l for cyclohexene; -10 h-l for 
l-methcyclohexene),'o*ll As deduced from these and preparative 
scale experiments (Table I)', the reaction encompasses a sig- 
nificant range of olefinic substrates, including terminal (entries 
1 and 2), terminal or internal disubstituted (entry 3 and entries 

1. CALaR, 2J* c - 
2. H202, NaOH 

-OH (1) 

4-6, respectively), and trisubstituted (entry 7 and 8). No reaction 
is observed for tetrasubstituted 2,3-dimethyl-2-butene at  25 "C. 
All of these organolanthanide-catalyzed transformations exhibit 
high regioselectivity (>98% by NMR) with negligible concomitant 
substrate hydrogenation. Labeling studies with catecholborane-d, 
show that entries 1 ,2 ,4 ,  and 5 proceed with exclusive (by NMR) 
delivery of the deuteron to the C2 position (0 to B). Both substrate 
hydrogenation and D label scrambling (presumably via reversible 
olefin insertion-xtrusion) are undesirable accompanying features 
of many Rh(1)-catalyzed h y d r o b o r a t i ~ n s . ~ ~ ~ ~ * ~  The present re- 
giochemistries are exclusively anti-Markovnikov, which for entry 
2 contrasts the general pattern observed for the Rh(1)-catalyzed 
hydroboration of  styrene^.^^^^^ 

Regarding mechanistic details, the substrate dependence of rates 
(for constant Ln complex) follows the ordering terminal 1 terminal 
disubstituted > internal disubstituted > trisubstituted, likely re- 
flecting steric demands at  the metal center. In accord with this 
and paralleling a number of other organolanthanide-catalyzed 
t ransformati~ns$~~*~-~ both larger metal ions (N,(La) - 10 Nt(Sm)) 
and more open ancillary ligation (N,(Me,SiCp",Ln) = 4 N,- 
(Cp',Ln)) increase the rate of hydroboration. In common with 
other organolanthanide-mediated processes, R = H and = CH- 
(%Me,),-based catalysts exhibit indistinguishable turnover fre- 
quencies. For the latter substituent, N M R  reveals that catalytic 
turnover is preceded by elimination of (catechol)BCH(SiMe,),.13 
This result contrasts other organolanthanide-catalyzed catalytic 
processes (e.g., hydroamination6) in which the Ln-C moieties 
instead undergo facile protonolysis (e.g., eliminating CH2- 
(SiMe&). That conveniently prepared Cp',Sm(THF) is an ef- 
ficient precatalyst argues that binuclear substrate C-H activa- 
tion,14 to yield Sm(II1) hydrocarbyls and hydrides, provides access 
to the catalytic manifold, as found previously for organo- 
samarium-catalyzed hydroamination.6c 

The present results can be accommodated by tentative Scheme 
I, in which Ln-HI5 - Ln-alkyl and B-H + Lnalkyl  - B-alkyl 
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A B 
In summary, these results show that facile catalytic olefin 

hydroboration can be mediated by organolanthanides and via 
rather unconventional pathways. Further investigation of this and 
related catalytic reactions is continuing. 
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The traditional description of metal-ligand bonding in orga- 
nolanthanides' has been one of largely electrostatic interactions 
necessarily involving metals in relatively high formal oxidation 
states coordinated to anionic hydrocarbyl/polyene ligands.',, 
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