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Contrary to previous reports, the tris[2-(2-pyridyl)imidazole]iron(Il) ( [ F e ( ( p ~ ) i m H ) ~ ] ~ + )  and tris[2-(2-pyridyl)benz- 
imidazole]iron(II) ( [Fe((py)bimH)J2+) cations have been shown to be 

k 
‘A(S = 0) -4 ’T(S = 2) 

k- 1 

spin-equilibrium species in solution by variable-temperature magnetic and electronic spectral studies. Laser Raman 
temperature-jump kinetics has been used to directly measure the forward ( k ,  = 1.1 X IO’ s-’) and reverse (k-’ = 1.0 X 
lo7 8) intersystem crossing rate constants for the dynamic spin-interconversion process in [ Fe((~y)imH)~]*+.  The results 
are compared to similar kinetic data available for other iron(I1) spin-forbidden/conversion processes in bis(pyrazoly1- 
borate)iron(II) and [Fe(6-Mepy),(py),trenI2’. 

Transition-metal complexes exhibiting anomalous magnetic 
properties arising from a thermally dependent “spin- 
equilibrium” between low-spin (1s) and high-spin (hs) states 
have been studied extensively over the almost 50 years since 
the phenomenon was first d i s~overed ,~  but such studies have 
been largely confined to the solid state. Work done on many 
such compounds, especially the ‘A(1s) ~t sT(hs) iron(I1) 
complexes of 2-(2-pyridyl)imidazole, [ F e ( ( ~ y ) i m H ) ~ ] * +  
(Figure I ) ,  and 2-(2-pyridyl)benzimidazole, [Fe((py)- 
bimH)3] 2f, have been hindered by the lack of understanding 
to date of unpredictable lattice effects arising from various 
degrees of hydration/solvation, anion change, and possibly 
intermolecular metal-metal magnetic exchange interactions. 
In particular, studies of these two iron(I1) spin-equilibrium 
systems have been in disagreement in many instances, most 
likely due to varying methods of preparation and purification 
which have yielded different solvates, degrees of solvation, and 
perhaps even different crystal forms of the same ~ o l v a t e . ~ , ~  In 
solution, all such generally troublesome effects are eliminated 
or at least minimized. With this realization, we have recently 
been engaged in a systematic study of spin-equilibrium 
phenomena in the solution phase. Furthermore, solution-phase 
studies provide an important advantage over those in the solid 
state in that rapid perturbation (T-jump) kinetics can be 
emp1oyed6-l4 to directly measure first-order rate constants k l  

k 
low spin -A high spin 

k-1 

and k-I for dynamic spin-interconversion (intersystem crossing) 

processes. Such studies are of fundamental importance in 
understanding intersystem crossing phenomena as they relate 
to photochemically induced excited statesIs and for a general 
understanding of the role of spin-multiplicity changes on 
electron-transfer rates.16 

In  this work we report the solution-state spin-equilibrium 
properties for the [ F e ( ( p ~ ) i m H ) ~ ] ~ +  and [Fe((py)bimH),IZf 
cations, both of which have been found to exhibit the phe- 
nomenon in solution contrary to earlier findings.”J8 In 
addition, the neutral iron(II1) complex of the 2-(2-pyri- 
dy1)imidazolate anion, Fe((py)im)3, has also been prepared 
by deprotonation of [Fe((py)imH)3]2+, via an Fe((py)imH)zClz 
intermediate, and characterized as low spin in both the solution 
and solid states. 
Experimental Section 

Materials. Reagent grade FeCI2.4H20 was obtained commercially. 
Reagent grade pyridine-2-carboxaldehyde from Aldrich was freshly 
distilled before use. All other reagents, including the 2-(2-pyri- 
dy1)benzimidazole ligand (Aldrich) were reagent grade and were used 
without further purification. 

Physical Measurements. Magnetic measurements in solution were 
performed by the Evans ‘H N M R  method19 using methanol for 
temperature calibration. A first-order correction for changes in solvent 
density and sample concentration was employed.20 UV-vis spectra 
were run on a Cary 17 instrument using jacketed, insulated quartz 
cells; reported temperatures are  f0.5 ‘C and were monitored with 
a thermistor. Solution conductivities in acetone and methanol were 
obtained with a Model 31 YSI conductivity bridge. Elemental analyses 
were performed commerically. Mass spectra were obtained on a 
Finnigan Model 9500 GC/MS. 
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and M in methanol;  solid) = 5.07 pg. (Drying at  117 OC 
in vacuo over P205 for 9 h yielded a product whose analysis corresponds 
to the anhydrous complex. Calcd for Fecx4H6,N9B2: C, 78.66; H ,  
5.27; Fe, 4.56; N, 9.83. Found: C, 78.21; H ,  5.15; Fe, 4.35; N, 10.02.) 

Tris[2-(2-pyridyl)imidazolato]iron(III) Sesquihydrate, [Fe( (py)- 
i ~ n ) ~ l - l S H ~ O .  Six grams (5.3 mmol) of [Fe((py)imH)3](BPh4)2. 
CC14.H20 was dissolved in 50 mL of acetone. The mixture was filtered 
and added dropwise into a filtered, stirring solution of 0.46 g (10.8 
mmol) of LiCl in 150 mL of acetone. The precipitate was collected, 
rinsed with acetone and then with ethyl ether, and air-dried. The 
elemental analysis of this intermediate yielded an empirical formula 

pected for Fe((py)imH)2C12. The solid (about 2 g) was dissolved in 
800 mL of methanol to which 0.56 g (10.4 mmol) of NaOCH3 in 400 
mL of methanol was added over 9 h. The solution became dark purple 
and the solvent was removed under vacuum. The solid thus obtained 
was extracted, with some difficulty, into dry CH2CI2, the extract was 
filtered, and an equivalent volume of CCI4 was added. The CH2C12 
was removed under vacuum with gentle heat and the solution filtered. 
The remaining solvent was then removed under vacuum and the 
resulting green solid collected. The solid was dried at room tem- 
perature in vacuo over P205,  yielding 0.25 g (9%) of green crystals. 
Anal. Calcd for FeC24H21N901 5 :  C, 55.94; H ,  4.1 1; N, 24.46; Fe, 
10.84. Found: C, 55.92; H, 4.06; N, 24.66; Fe, 10.52. Ac = 4.9 ps2-l 
cm-I at 

Solution-State Magnetic Data ( T  in K, peff in pB). [Fe((py)- 
~ I ~ H ) ~ ] ( B P ~ ~ ) ~ C C ~ ~ . H ~ O  in CH3CN (2G%)/CH30H, 304,4.34; 281, 
3.69; 273, 3.52; 264, 3.28; 261, 3.11; 256, 2.95; 245, 2.72; 232, 2.48; 
in acetone, 307, 3.57; 295, 3.33; 287, 3.14; 280, 2.89; 270, 2.63; 260, 
2.43; 250, 2.14; 239, 1.95; 227, 1.54. 
[Fe((py)bi1nH),](BPh~)~.3H~O in CH3CN (20%)/CH30H, 304, 

5.55; 281, 5.12; 273, 5.08; 264, 4.91; 261, 4.70; 256, 4.59; 245, 4.32; 
232, 3.92; in acetone, 312, 5.14; 297, 4.85; 285, 4.71; 278, 4.62; 270, 
4.41; 260, 4.04; 250, 3.73; 243, 3.51; 234, 3.07; 226, 2.81; 218, 2.42. 

Results and  Discussion 

Synthesis and Characterization. T h e  two iron(I1) complexes 
[Fe ( (py ) imH)J2+  and [Fe((py)bim)3)]2+4J7,18%23-25 and t h e  
dep ro tona ted  i ron( I I1)  complex  F e ( ( ~ y ) i m ) ~ ~  have  been  
previously reported,  b u t  modified preparations for t h e  BPh4- 
sal ts  of t h e  iron(I1) compounds  a r e  given here.  T h e  neu t r a l  
iron(II1) complex has  been prepared  by deprotonation of t h e  
cor responding  iron(I1) t r is  complex  via a n  in t e rmed ia t e  
compound whose elemental  analysis is consistent with t h e  bis 
species F e ( ( p ~ ) i m H ) ~ C l ~  (see Exper imenta l  Sec t ion) .  A n a -  
lytical and  conductivity results characterizing the  tr is  iron(I1) 
complexes, used in these studies, as monomeric 2: 1 electrolytes 
a n d  t h e  tr is  iron(II1) complex a s  a neut ra l  species in solution 
a r e  documented in the  Experimental  Section. In addition, t h e  
neutral  F e ( ( ~ y ) i m ) ~  complex exhibits a parent ion peak  in the  
mass spectrum (Mp+ = 488 amu) ,  whereas t h e  iron(I1) BPh4- 
salts  display only low-weight f r agmen t s  of t h e  cations.  

In  their  tris complexes with iron(II) ,  t he  bidentate (py ) imH 
a n d  (py )b imH ligands a r e  thought  t o  coordinate through t h e  
pyridine a n d  unsa tu ra t ed  imidazole (or benzimidazole) ni- 
trogen as shown in F igure  1 for [Fe((py)imH),I2+. Al though 
no crystal structural  information is yet available to  distinguish 
between the fac  and mer geometrical  isomer possibilities for 
these  tr is  complexes,  solid-state in f ra red  a n d  magnet ica l ly  
perturbed Mossbauer  data suggest t h e  sterically less s t ra ined  
mer isomer is present in t h e  solid state.17 Crys ta l  s t ruc tu re  
studies presently in progress on the  ' A  a n d  jT spin-state forms  
of the  iron(I1) complexesz6 should resolve this isomer question, 
a s  well a s  provide s t ruc tu ra l  in format ion  on t h e  spin-state- 
dependent (Fe-ligand) bond distance changes like those which 
a r e  known to accompany spin conversion in other variable-spin 
i r ~ n ( I I ) * ~ > * ~  and i r 0 n ( I I 1 ) ' ~ ~ ~ ~  complexes.  

Even though latt ice solvation effects are not crucial  for t he  
solution-phase studies reported below, it is still interesting tha t  
o u r  prepara t ions  yield solvates d i f fe ren t  f rom a n y  yet pub-  
lished. T h e  t r ihydra t e  of [ F e ( ( p y ) i m H ) J ( B P h &  t h a t  Un- 
derhil l  e t  al.25 isolated by precipitation by N a B P h 4  f r o m  

FeC15 9H14 6N6C12 I corresponding ClOSely to FeC16Hi4N6C12 as ex- 

M in methanol and 30 "C; pZss(solid) = 2.01 F ~ .  

Figure 1. Schematic structure of the tris[2-(2-pyridyl)imidazole]- 
iron(I1) cation as the mer isomer. 

The temperature-jump experiments were performed using the 
laser-stimulated Raman system previously described.21 For these 
experiments, sample cells with 20-pm path lengths were employed 
and sample solutions of about 3 X M [ F e ( ( ~ y ) i m H ) ~ ] ( B P h ~ ) ~  
in C H 3 C N  (20%)/CH30H were used. The experiments were 
conducted at  sample temperatures of +23 and -2 OC. Equilibrium 
constants Keq = [hs]/[ls] = kl/k. . l  for the intersystem-crossing 

'A(FeZt, 1s) -& ST(FeZ+, hs) 
k-1 

processes were obtained from the magnetic susceptibility measurements 
with the values used being 1.06 at 23 OC and 0.59 at  -2 OC. Rate 
constants k l  and k-l were calculated from the measured first-order 
relaxation times of 7 = 48 ns a t  23 O C  and T = 45 ns a t  -2 "C and 
the equilibrium constant, using the relationship T-' = kl  + k- , .  The 
spin-state lifetimes T(IA) and 7('T) are then kc1  and k 1 - l ,  respectively. 

Syntheses. 2-(2-Pyridyl)imidazole, (py)imH. The ligand was 
synthesized by modification of the preparation due to Radziszewski.22 
A solution of 20 g (190 mmol) of pyridine-2-carboxaldehyde and 20 
mL of 95% ethanol was cooled to 0 OC and added to a solution of 
27 mL of 40% aqueous glyoxal in 20 mL of 95% ethanol, also at  0 
O C .  The mixture was stirred in an ice bath, and 64 mL of cold aqueous 
N H 3  (30%) was added as quickly as possible while maintaining the 
temperature of the entire mixture below about 5 OC. The stirring 
solution gradually turned brown and was allowed to warm to room 
temperature after 1 h. The volume was reduced by gentle warming 
under vacuum, and the remaining solution was extracted several times 
with ethyl ether. The ether extracts were combined and dried 
thoroughly (Na2S04) ,  and the ether was removed under vacuum to 
yield a brown oil which was distilled under vacuum. The clear yellow 
oil so obtained solidified and was recrystallized from ethyl acetate, 
yielding 9 g (33%) of light yellow needles, mp 136 OC (uncor). 

Trig%( 2-pyridyl)imidazolejiron(II) Tetraphenylborate Monohydrate 
Carbon Tetrachloride Solvate, [Fe( (py)imH)3](BPhJ2.CC14-H20. Two 
grams (13.8 mmol) of 2-(2-pyridyl)imidazole ((py)imH) was dissolved 
in 40 mL of methanol and the mixture was stirred. Upon addition 
of 0.91 g (4.6 mmol) of FeCI2.4H20, the solution turned dark red. 
After 15 min of stirring, a solution of 7.07 g (20.6 mmol) of NaBPh4 
in 30 mL of methanol was filtered and added dropwise with stirring. 
The red-orange precipitate was collected, washed with large volumes 
of water and then methanol, and extracted into dry CH2C12 (Soxhlet). 
The dark red extract was concentrated under vacuum, and subsequent 
dropwise addition of dry CCI4 produced a dark red material which 
was collected, washed with cold CCI4, and dried in vacuo over P205  
at  room temperature for 24 h yielding 1.6 g (27%) of a red powder. 
Anal. Calcd for FeC73H60N90B2C14: C, 67.38; H, 4.65; Fe, 4.30; 
N, 9.69. Found: C, 67.40; H, 4.75; Fe, 4.48; N, 9.89. Ac = 148 ~ s 2 - l  

cm-' a t  30 OC and 
Tris[2-(2-pyridyl)benzimidazole]iron(II) Tetraphenylborate Tri- 

hydrate, [Fe((py)bi1nH)~](BPh~)~.3H~O. A solution of 0.68 g (3.4 
mmol) of FeC12-4H20 in 10 mL of methanol was added to a stirring 
solution of 2.0 g (10.2 "01) of 2-(2-pyridyl)benzimidazole((py)bimH) 
in about 20 mL of methanol. To this red solution was added dropwise 
a filtered solution of 2.5 g (7.3 mmol) of NaBPh4 in 10 mL of 
methanol, and the precipitate thus formed was collected and washed 
with methanol and then with ethyl ether. The dark orange powder 
was suspended in water and the mixture was stirred for 1 h. The 
powder was then collected, washed with water, methanol, and ethyl 
ether, and air-dried. The product was dried in vacuo over P 2 0 5  at  
room temperature for 9 h, yielding 4.3 g (94%) of an orange powder. 
Anal. Calcd for FeC84H73N903BZ: C, 75.63; H, 5.52; Fe, 4.18; N, 
9.45. Found: C, 75.28; H ,  5.35; Fe, 4.05; N,  9.28. A, = 173 pL0-I 
cm-' a t  30 OC and M in acetone and 131 f i L 0 - I  cm-I a t  30 O C  

k 

M in acetone; p29x(solid) = 2.23 pB. 
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Table 11. Kinetic Parameters for Iron(I1) 

Reeder, Dose, and Wilson 

k 
'A@) 'T(hs) 

k- 1 

Intersystem-Crossing Processes in Solution 
k, ,  SI  k-,, s-' 

Compd Solvent (temp) KeQa T , ~  ns [d 'A)? S I  [r('T)? S I  Ref 

[Fe(6-Mepy)(py),tren](PF,), Acetone (lO%)/H,O (20 "C) 0.05 120 (20) 4 X lo5 8 X 10' 7 

[Fe(6-Mepy),(py)tren](PF,), Acetone (10%)/H,O (20 "C) 0.86 110 (30) 4 X lo6 5 x lo6 7 
[2.5 x 1041 [ i . 3  x 10-7 

[2.5 X lo-'] [ 2  X lo-'] 
Fe(HB(pz),), CH,OH/CH,Cl, (21 "C) 0.47 32 (10) 1 X lo7  2 x 107 6 

[ l  x 10-7 

~ 9 . 1  x [ L O  x io-'] 

i i . 3  x 10-71 i5.6 x 1041 

[ 5  x 10-81 
CH,CN (2O%)/CH,OH (23 "C) 1.06 4 8  (8) 1.1 X 10' 1.0 x l o 7  Thiswork 

CH,CN (20%)/CH,OH (-2 "C) 0.59 45 (9) 8 X lo6 1.4 x 107 This work 

I Fe((py)imH), I(BPh,), 

a Equilibrium constant defined as K ,  = [hs]/[ls]. First-order relaxation time; error in T (ins) reflects the range of values obtained from 
at least six lasings of the same sample. Spin-state lifetime: T(spin state) = k-'. 

value. Similar ligand steric interactions are also known to 
induce and "fine tune" 'A + 5T spin crossover in the [Fe- 
(2-Mephen),] 2+ and [ Fe(6-Mepy),(py),tren] 2+ c o m p l e ~ e s . * ~ ~ ~ ~  

The AH" and AS" thermodynamic parameters in solution 
for the 1s - hs conversions are  given in Table I. The AH" 
parameters, which range from 3.7 to 5.0 kcal mol-', are similar 
to those found for the bis[hydrotris( 1-pyrazoly1)boratel iron( 11) 
[Fe(HB(pz),),] (3.9 kcal mol-' in acetone)30 and [Fe(6- 
Mepy)(py),trenI2+ (4.6 kcal mol-' in acetone)** compounds. 
Qualitatively, these AH" values reflect the changing (met- 
al-ligand) bond distances and energies which occur upon 1s 
-+ hs conversion. In fact, it has recently been ~ h o w n ' ~ ~ ' ~  that 
for reasonable bond distance changes of 0.10-0.20 8, E,, the 
inner coordination sphere reorganization energy, would be 
expected to be 2.0-6.0 kcal mol-'. Thus, inner-sphere re- 
organization appears to provide the dominant enthalpic term 
in these and probably all other spin-equilibrium processes. The 
ASo values in Table I contain an "electronic entropy" change 
due to differences in spin multiplicity and state degeneracy 
for the 1s and hs forms. For 'A(1s) - 5T(hs) conversion, AS" 
(electronic) = 5.2 eu (from R In 15). However, since the 
microsymmetry of the [ F e ( ( p ~ ) i m H ) ~ ] ~ '  and [Fe((py)- 
bimH3I2+ cations can effectively be no greater than D3, the 
molecules are a t  least trigonally distorted so that 5T(0h)  - 
5E + 5A and the actual spin conversion is either IA(ls) - 
5E(hs) for which ASO(e1ectronic) = 4.6 eu or 'A(1s) - 5A(hs) 
where AS'(e1ectronic) = 3.2 eu. For the Fe(HB(pz),), and 
[Fe(6-Mepy),trenI2+ complexes, the trigonal distortion pa- 
rameter is - 1000 cm-' and the actual spin equilibria have 
been analyzed as 'A(1s) - 5A(hs) case~.~,,O The remaining 
and dominant AS" terms in Table I probably arise from 
spin-change-induced outer-sphere reorganization of the solvent 
cage. Thus, some solvent dependency on ASo is not surprising. 
In this regard, it is interesting to note that the present spin 
equilibria possess some of the largest ASo parameters found 
to date for Fe(I1) processes, indicating that solvation effects 
may be more important for these than for the other complexes 
in determining the relative stabilities of the two spin states. 
In fact, AS" is found to be 26.8 (0.7) for the [Fe((py)imH),l2+ 
compound in pure CH3CN which is the largest value yet 
measured for any 1s -+ hs solution process. The source of such 
a large entropic term is not certain; however, the backside N-H 
imidazole proton offers an inviting site for solvent-HN hy- 
drogen-bonding interactions which, if strongly spin-state 
dependent, could promote an exceptionally large solvent-sphere 
reorganization upon spin conversion. 

A large spin-state-specific change in the visible spectrum 
with temperature for metal complexes undergoing thermal spin 
equilibria lends itself well to direct measurement of the in- 
tersystem crossing kinetics using the laser Raman tempera- 

ture-jump method. The application of the technique for this 
purpose has been discussed e l ~ e w h e r e . ~ , ~ J ~  The experimental 
conditions and methods used in this work to determine k l  and 
k ,  (see eq 4) for [ F e ( ( ~ y ) i m H ) ~ ] * +  are given in the Experi- 

k l  

k- 1 

A(ls) ' T(hs) (4) 

mental Section. By monitoring the temperature-dependent 
transmittance change at  486 nm with time (ns), spin-relaxation 
traces were obtained on a storage oscilloscope and the data 
analyzed by both (1) a nonlinear least-squares fit of the data 
to eq 5 ,  thus allowing for the adjustment of To (transmittance 

T = T, + (To - T,) exp(-(t - t0 ) /7)  ( 5  1 
at to)  and especially T ,  (transmittance a t  t,) in converging 
to the "best" estimate for the first-order relaxation time, T,35 

and (2)  application of the "second" method-of-moments 
equation to the derivative of the relaxation traces.36 The latter 
method has been found indispensable for especially "rapid" 
spin-relaxation processes11,12 where T 5 30 ns approaches the 
limit of the laser heating pulse width of -25 ns. In the present 
case, with T > 30 ns, the method-of-moments approach, while 
not required, has also been employed as an alternate data 
treatment procedure. Application of eq 5 to the [Fe((py)- 
imH),I2+ relaxation traces (Table 11, footnote b) yields T = 
48 ns a t  23 "C and T = 45 ns a t  -2 "C, while for the me- 
thod-of-moments approach, T = 46 ns (23 "C). The lack of 
a strong temperature dependency on T ,  for the available 
temperature range, does not appear to be an unusual feature 
of spin-interconversion processes, in generaL7J2>l3 

Intersystem-crossing kinetic data for the present [ Fe- 
((py)imH),lZ+ complex and data for the only other two IA(1s) 
+ 5T(hs) systems thus far investigated are summarized in 
Table 11. Clearly, the cationic tris bidentate [Fe((py)imH)J2+ 
species and the neutral bis tridentate F ~ ( H B ( P Z ) ~ ) ,  complex 
exhibit essentially indistinguishable intersystem crossing ki- 
netics, whereas the cationic hexadentate-ligated [Fe(6- 
Mepy),(py),trenI2+ compounds exhibit some of the "slowest" 
kinetics yet measured for a spin-equilibrium process, regardless 
of metal ion or oxidation state.13 This finding lends further 
support to the view7g1z-14 that chelated multidentate ligands, 
such as (6-Mepy),(py),tren may act to retard spin inter- 
conversion by offering "mechanical restrictions" to the in- 
ner-sphere reorganization process which must occur upon 1s 
+ hs conversion. For the [Fe(6-Mepy),(py),trenI2+ com- 
plexes, x-ray crystallographic studies indicate intraligand 
restrictions of this nature could arise from nonbonding in- 
teractions between methylene protons on the tren backbone 
or methyl grouppyridine ring steric interactions in one of the 
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polyhedral Molecular models indicate no similar 
stereochemical restrictions to structural change in either the 
F ~ ( H B ( ~ Z ) ~ ) ~  or [Fe((py)imH)Jzt species. 
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MNDO calculations are reported for the reactions of borane with ethylene, propene, isobutene, vinyl chloride, vinyl fluoride, 
acetylene, and methylacetylene and of methylborane and dimethylborane with propene. The results are consistent with 
the available evidence and indicate that the orientation of addition to olefins is determined primarily by steric effects. Addition 
to vinyl chloride is predicted to take place with Markownikoff orientation but to vinyl fluoride with anti-Markownikoff 
orientation. 

Introduction 

In the 20 years since Brown and RaoZ first reported addition 
of boranes to olefins, such hydroboration reactions have be- 
come of major importance in organic ~ynthesis.~" Olefins of 
all types react rapidly with BH3, even if the double bond is 
highly hindered. If hindrance is low, the reaction proceeds 
further to a trialkylborane. If bulky substituents are present, 
the reaction may stop at the monoalkyl- or dialkylborane stage. 

Hydroboration is usually carried out in ethereal solution, 
using an ether-borane complex as the source of BH3. Tet- 
rahydrofuran has been found especially suitable. Under these 
conditions addition to unsymmetrically substituted ethylenes 

leads to predominant anti-Markownikoff mono- 
n-alkyl derivatives giving tri-n-alkylboranes in which ca. 94% 
of the alkyl groups are attached to boron through C,, the rest 
through Cp This selectivity refers to an average over the three 
successive hydroborations leading to the final product. In more 
hindered cases, essentially 100% of one product can be ob- 
tained. 

The role of the solvent is still uncertain. In ethers such as 
tetrahydrofuran, borane exists as a complex? R 2 h B H 3 .  This 
might react directly with the olefin, or it may first have to 
dissociate into its components. In the latter case, the dis- 
sociation may be reversible or rate determining. Pasto et 
have concluded on the basis of kinetic studies that the eth- 
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