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three-channel spectrometer and a corresponding probe 
head are available. The figurea presented in this work 
demonstrate how difficult aeeignmenta may be made by 
simple inspection of theae 2D matricee. 

Experimental Section 
All epectra were rsoorded on a B h  AMXdoo spectrometer 

at 300 K using a concentrated (60% v/v) sample of 1 in CDC19. 
A triple reaonnnce probe head WM ueed, which had a 'H coil in 
invsne Beomstrrr this coil wtm dwMe tuned to 'Bc at 1%.76 MHz 
A second multinuclear tunable coil was to ll%n at 186.4 

MHz The 2D spectra were taken for 1024 data pointa in F, and 
with 128 time incrementa in Fl ueing relaxation delays of 2 s and 
64 scans for each free induction decay. An exponential window 
in F2 and a r / 3  ahiftul quared ainebell window in Fl wm applied. 
~ v a l u e e a r e r e f e m d t o ~ M e & ~  bc*wen,meslRped 
VB CDCls and calculated with 
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(BDA)Fe(CO),, with Phosphine Ligands. Thermodynamlc Indghts into 

t3"y: The enthalpks of rea& of (BDA)Fe(CO), 
(BDA = beqRd"cet0ne) wRh a series of 
tate phosphine Ugands (PR,) leading to the formation of 
t"-(PR&f%(COk complexes have been nmsured by 
sokrtkn cakrknetry In THF at 50 OC. These enthalpy 
d e t a h e @ ~ ~ f o # o w h 6 1 r e t a t h r e ~ o f s t a M R t y :  
p E t j > p B y > p M e s > p p h M e ~ > ~ > ~ .  The 
data span a range of 15 kcal/mol. lhls stability scale 
she& llgMantherelatlvedonethgabiyty of phosphines. 
Thew data a b  alkw comparison wlth other orgsm 
metalk sybtems and ghm Into factors hftuenchg 
the Fe-PR, bond dlsruptkn enthelples In the (PR,)#e- 
(COh system. 

Introduction 
Phoep~areco"onlylmedligand8 inorganometallic 

chemistry. Variations in the phoephorue coordination 
leads to a wide range of steric and electronic properties 
for the phoephine ligand and the metal center to which 
it ia bonded.' Theae ligands have been used an catalyst 
m a e r a  in a number of system, and their importance 
in homogeneous catalysis is well-known.2 Numerous 
studies have been conducted on metal complexes having 
phoephinea in their coordination sphere. However, rela- 
tively little is known of the bond energy requirement in- 
volved in metal-phoephine complexes.36 Many ap- 
proaches have been used to extract bond enthalpy terms 
out of organometallic Them techniques range 

from the temperature variation of the equilibrium con- 

One system of great interest to us is the (BDA)Fe(CO)3 
(1) (BDA = benzylideneacetone) complex, which han been 
shown to be a readily available source of Fe(C0)3, which 
haa found synthetic apptication as a diene pmtedag gmup 
in organic chemistry? Brookhart and co-workers have 
shown thie organometallic moiety capable of etabiking 
strained olefinelo in reactions exemplified by eq 1. This 

to photoacouetic calorimetry." 

(BDA)Fe(C0)3 + 0 I - + BDA (1) 

Fe(C0)s 

clearly is indicative of the high binding affiity of diene 
ligands for the Fe(COI3 moiety. It hae ale0 been shown 
that the4BDA)Fe(C0)3 complex is an effective source of 
Fe(CO)3 in the exchange reaction" illustaated in eq 2. 

Thie synthetic route is the one of choice for it leads to the 
isolation of (diene)iron tricarbonyl complexes otherwiee 
isolated in low yields from the iron carbonyls. A similar 
synthetic use of thie readily available source of Fe(C0)3 
hae recently been described in reactions of 1 with mono- 
dentate phosphinee:l2 

(7) (a) Skinner, H. A.; Cannor, J. k In M o & c u b  Structure and 
(1) (a) Tolman, C. A. Chem. Rev. 1977, 77, 313-348. (b) Liu, H. Y.; Energetiw; Liebman, J. F., Greenberg, 11, Eds.; V C H  New York, 1987; 

Erih, K.; Prock, A.; Ciering, W. P. Organometallics 1990,9,1758-1766 VoL 2, Chapter 6. (b) Skinner, H. 1L; Connor, J. A. h e  Appl. Chem. 
and references cited. 1S86, 67, 79-88. (c) Pesrson, R G. Chem. Rev. 1985.86, 41-59. (d) 
(2) Pi&&, L It, Ed. Homogeneow Catalyeb with Metal Fhosphine Mondal, J. U.; Blake, D. M. Coord. Chem. Reu. 1W, 47,204-238. 

Complexes; Plenum: New York, 1983. (8) (a) Mum", M. Aye Appl. Chem. lW, 66,417-428. (e) Hdpem, 
(3) M u w r ,  L. E.; Tolman, C. A. J. Am. Chem. Soc. 1971, 97, J. Acc. Chem. Res. 1982,15,238-244. (c) pilcber, C.; Ski", H. A. In 

1965-19@$. The Chemiety of the Metal-Carbon Bond, Harley, F. R, Patai, S., Eda; 
(4) Td", C. A.; Routtar, D. W.; Seidel, W. C. J. Oganomet. Chem. Wiby: New York, 1982; up 43-90. (d) Camor, d. A. Top. C w .  Chem. 

1W6,117, C W 3 3 .  
(6) (a) Nolan, S. P.; Hoff, C. D. J.  Orgonomet. Chem. 19811, 290, 

385-373. (b) M h h ,  S. L; Nolan, S. P.; Hoff, C. D.; de la Vega, R. 
Inorg. Chem. 1)88,i7,81-85. 

(6) (a) Mutinbo S i  J. k, Beauchamp, J. L Chem. Rev. 1990,90, 
6 M .  (b).Marle, T. J., Ed. Mebl-Ligand Bondiq Ensrgetia in 
O n " m b o n  M a  Cam&. Polvhcdron SvmD.-in-R'nt 1988. 

.. 
1977; 71,71-110. 

& So= NW YoI~,  ISSO; pp 94-121. (b) Khg, R B. In 
(9) (a) Harhgtan, P. J. Traruitwn Metab in Total Synthb; W* 

Chemirtry oflron; Kwmer von Cwtaf, E. k, Creveb, F. W., Finder, 
I., a.; Academic precul: New York, 1978. 
(LO) (a) G"n,  C. R; schdp., C.; Brookhart, M. J. Am. Chem. Soc. 

1977.99.11@0-1188. (b) Brookhart. M.: Nelron. C. 0. J.  Or"&. 

M n i c  

. .  
7. -(c) Mule, T. J., Ed. Bondiq Energetics In O&~ometdic Cam- Chem. lhS, 164,193-262. 
poundn. ACS Symp. Ser. 1990, No. 428. (d) Hoff, C. D. Bog .  Inorg. (11) Wilkinwn, C., Stow, F. G. k, Abel, E W., Eda C ~ m p r s h a ~ i w  
Chem. 1932,u), 603-661. Organometallic Chemiaty; Pergamon: New York, 1982; Chaptar 58. 

0276-7333/92/2311-3483$03.00/0 (6 1992 American Chemical Society 
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+ 2PR1 - OC-Fe + BDA 13) 
Ph A ' \ , O  

Fe . .  
I 'co 
PR3 

oc' g c o  

Nay& and Burkey have recently reported on the pho- 
tochemistry of the Fe(COI6 and Fe(CO),L/Fe(CO),L, 
systems and illustrated the complexity of these systems, 
as a triplet state is readily accessible which leads to further 
substitution procea~es.~~ This factor represents a com- 
plication which wil l  need to be addressed in order to in- 
vestigate these systems by photoacoustic calorimetry 
(PAC). hgelici and co-workers have recently undertaken 
a solution calorimetric program focusing on the enthalpy 
of reaction associated with protonation of metal com- 
plexes.12J4 These researchers have investigated the en- 
thalpy of protonation of t~ans-(PR,)~Fe(C0), complexes 
as illustrated in eq 4. 

trum-Fe(CO),(Pl$J, + CF3S03H 
DCE 

HFe(CO)3(PR3)2+CF3S03- (4) 

Although metal basicity information is useful, a more 
fundamental thermodynamic component, namely the 
strength of the metal-ligand bond, has not been measured 
in this system. In general, very little is known of the 
thermodynamics of organoiron systems.~16 To remedy 
this situation, we have undertaken systematic thermo- 
chemical investigations of these systems in order to 
quantif'y thermodynamic parameters preaent in organoiron 
complexes. In the present contribution, we report a so- 
lution thermochemical study probing the influence of 
ligand basicity and sterica on the Fe-P€& bond disruption 
enthalpy in the (PR3)2Fe(CO)3 system. 

Experimental Section 
All manipulations involving organoiron complexes were per- 

formed under inert atmospheres of argon or nitrogen using 
standard high-vacuum or Schlenk tube techniques or in a Vac- 
uum/Atmoephem glovebox containing less than 1 ppm oxygen 
and water. Ligands were purchased from Strem Chemicals and 
used as received. Tetrahydrofuran was stored over sodium wire, 
dietilled from d u m  benzophenone ketyl, stored over Na/K alloy, 
and vacuum transferred into h e - d r i e d  glaseware prior to use. 
The organoiron complex 1 was syntheaized according to literature 

and recrystallized twice f" hexane. Syntheais and 
charactarization of phosphine complexes have been previously 
reported.l'-*e Infrared were measured using a Perkin-Elmer FT 

(12) Sowa, J. R.; Zaaotti, V.; Facchin, G.; Angelici, R. J. J. Am. Chem. 

(13) Nayak, 5. K.; Burkey, T. J. Inorg. Chem. 1992,31, 1126-1127. 
(14) Sowa, J. R.; Angelici, R. J. J.  Am. Chem. SOC. 1991, 113, 

(16) (a) Putnik, C. F.; Welter, J. J.; Stucky, G. D.; DAniello, M. J.; 
Sooh&, B. A, Kkner, J. F.; Muettertim, E. L. J. Am. Chem. Soc. 1978, 
100,4107-4116. (b) Brown, D. L. 9.; Connor, J. A.; hung, M. L.; Paz 
Andrade, M. I.; Skinner, H. A.; Zafarani-Moattar, M. T. J.  Organomet. 
Chem. 1976,110,79-69. (c) Connor, J. A.; De&, C. P.; Skinner, H. A.; 
Marani-Moattar, M. T. J. Organomet. Chem. 1979,170,117-130. 

(16) Howell, J. A. S.; Johon,  B. F. G.; Jonty, P. L.; Lewb, J. J.  
Organomet. Chem. 1972,39,329-333. 

(17) (a) Thenen, M. J.; 'hgler, W. C. Inorg. Synth. 1990,28,173-179. 
(b) Brunet, J. J.; Kindeb, F. B.; Neibecker, P. J. J. Orgonomet. Chem. 
1969,368,209-212. (c) Johnson, B. F. G.; Lewb, J.; Stephenson, G. R.; 
Vichi, E. J. S .  J. Chem. Soc., Dalton T ~ M .  1976,369.373. (d) Cardaci, 
G.; Conatti, 0. J. Organomet. Chem. 1974,9J, 4F52. (e) Keiter, R. L.; 
Keiter, E. A, Boder, C. A; Miller, D. R. Synth. React. Znorg. Met.-Org. 
Chem. 1991,21,473-478. 

(18) Kriter, R. L.; Keiter, E. A,; Hecker, K. H.; Boecker, C. A. Or- 
ganometallics 1988, 7, 2466-2469. 

(19) (a) %der, H. L, Darenn~ug, M. Y .  J. Organomet. Chem. 1974, 
67,9347. (b) Alben, M. 0.; Code, M. J.; hhworth, T. V.; Singleton, 
E. J. J. Organomet. Chem. 1981,217, -390. 

Soc. 1991,113,9166-9192. 

2637-2544. 

Table I. Enthalpies of Substitution (kcal/mol) in the 
Reaction 

THP BDAFe(CO)3(s) + 2PR3(soln) 
1 

truns-(PRB)zFe(CO)s(soln) + BDA(8oln) 

PPha (PPhd2Fe(CO), 1887 20.4 f 0.2 
PPhzMe (PPhzMe)zFe(CO)a 1878 27.6 f 0.2 
PPhMe2 (PPhhle&Fe(CO)~ 1876 30.8 f 0.3 
PMe3 (PMe3)2Fe(C0)3 1871 32.4 f 0.1 
P"Bu3 (PnBu3)2Fe(C0)3 1866 35.2 f 0.2 
PEh (PEta)&(CO)3 1867 35.9 f 0.1 

"Infrared spectra recorded in THF. *AHH,, = +6.5 kcal/mol 
has not been included in the reported enthalpies of reaction. All 
enthalpy values are reported with 96% confidence limit ( 3 ~ ) .  

Model 1760 spectrometer in 0.1" NaCl cells. NMR spectra 
were recorded using a Varian Gemini 300-MHz spectrometer. 
Calorimetric measurements were performed using a Calvet cal- 
orimeter (Setaram C-80) which was calibrated using the TRIS 
reactionm and the enthalpy of KC1 in water;z1 both methods gave 
satisfactory results compared to literature values. Enthalpies of 
reaction are reported with 96% confidence limits ( 3 ~ ) .  This 
calorimeter has been previously described,hp22 and a typical 
procedure is described below. 

calorimetric Meaeursment for Beoction of (BDA)Fe(CO)a 
and Dimthy lpbny lphosphh  (PP-). The mixing vB88818 
of the Setaram C-80 were cleaned, dried in an oven maintained 
at 120 O C ,  and then taken into the glovebox. A 20-30-mg sample 
of recrystallized (BDA)Fe(CO)3 was accurately weighed into the 
lower vBB881, and it was c l a d  and sealed with 1.6 mL of mercury. 
A 4-mL volume of a stock solution of the phosphine ligand (5 g 
of dimethylphenylphosphine in 26 mL of THF) was added, and 
the remainder of the cell was assembled, removed from the 
glovebox, and inserted in the calorimeter. The reference vessel 
was loaded in an identical fashion with the exception that no 
organohon complex was added to the lower vessel. After the 
calorimeter had reached thermal equilibrium at 50.0 "C (about 
2 h), the reaction was initiated by inverting the calorimeter. At 
the end of the reaction (1-2 h) the vessels were removed from 
the calorimeter, taken into the glovebox, and opened, and the 
infrared cell was filled under inert atmosphere. An infrared 
spectrum of each product was recorded using this procedure. 
Conversion to trans-(PPhMez)zFe(CO)3 was found to be quan- 
titative under theae reaction conditions. The enthalpy of reection, 
-30.8 f 0.3 kcal/mol, represents the average of five individual 
calorimetric determinations. 

Calorimetric Determination of the Enthalpy of Solution 
of (BDA)Fe(CO)a in THF. In order to consider all species in 
solution, the enthalpy of solution of 1 had to be directly measured. 
The calorimeter cells were loaded in the exact fashion as in the 
example described above with the exception that no ligands were 
introduced in the reaction cell. The measured enthalpy is +6.6 
f 0.2 kcal/mol and represents w e n  separate determinations. To 
ensure that no decomposition had occurred during the thermal 
equilibration at 60 OC, a THF solution of (BDA)Fe(CO)S was 
maintained at 60 OC for 3 h, the solvent removed, and the residue 
examined by NMR and IR spectroscopies Both techniques clearly 
showed the complex to have remained intact during this thermal 
treatment. 

Results and Discussion 
An entryway into the solution calorimetry of the -Fe- 

(CO), system ia facilitated by the rapid and quantitative 
nature of reaction 5. The enthalpies of reaction of 
(BDA)Fe(CO), (BDA = benzylideneacetone) with a series 
of monodentate phosphine ligands have been measured by 

(20) Ojelund, G.; Wadeb, I. Acta Chem. Scand. 1968,22,2691-2699. 
(21) Kilday, M. V. 3. Res. Natl. Bur. Stand. (U.S.) 1960,86,467-481. 
(22) Nolan, 5. P.; Hoff, C. D.; Stoutland, P. 0.; Newman, L. J.; Bu- 

chanan, J. M.; Bergman, R. G.; Yang, G. K.; Peten, K. G. J. Am. Chem. 
Soc. 1987,109,3143-3145 and references therein. 
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THF 
(BDA)Fe(CO),(s) + 2PR&oln) 

trcrns-Fe(CO),(P~),(aoln) + BDA(eoln) (5 )  

solution calorimetry in THF at 50 OC. Enthalpy of reac- 
tion data dong with corresponding infrared CO frequencies 
of the products are listed in Table I. The preferred trans 
geometry of the product has been established by spec- 
troscopic and X-ray diffraction determina- 
tiomas as well as theoretical  calculation^.^ Products were 
characterized by IR spectroscopy and then compared to 
available literature i n f o r m a t i ~ n . ~ ~ ~  The data in Table I 
can be directly used to calculate the snthalpiee of phos- 
phine displacements such as the one shown in eq 6. 

(PPhd2Fe(CO), + 2PMe3 
THF 

Fe(C0)3(PMe3)2 + 2PPh3 (6) 

Subtracting the appropriate forms of eq 5 for PPh, and 
PMe, (enthalpy values listed in Table I) leads directly to 
eq 6. The calculaM enthalpy of eq 6 is -12 kcal/moL The 
lability of M-PPh, group VIII complexes is well-known,28 
and it is clear that such complexes have weaker metal to 
phosphine bonds relative to more electron-donating 
phosphines. The present study offers a quantification of 
this relative thermodynamic stability. A specific enthalpy 
of ligand exchange can be calculated using the difference 
between appropriate enthalpy values listed in Table I. 
There is a steady decrease in the thermodynamic stability 
in the PMe,, PPhMe2, PPh2Me, and PPh, series upon 
increasing the number of phenyl substituents. Such a 
change presumably affects both steric and electronic 
properties of the phosphine. Replacement of the methyl 
by a phenyl group decreases the basicity of the phosphine 
and increases the steric demands of the ligand (cone an- 
gle). 

Thermochemical investigations have been conducted on 
oxidative addition to square planar Rh(1) and Ir(1) com- 
plexes as a function of phosphine ligands? 

~JWM-MX(CO)(PR~)~ + Y2 - Y@X(CO)(PR& (7) 

It has been shown that enthalpy data can be fitted to a 
relationship of the type illustrated in eq 8 with correlation 

-AHo = A0 + A16 + A ~ u  (8) 

coefficient of 0.85-0.97.1*90 Such a relationship has also 
been used in the thermochemical studies of Mo(0) com- 
plexes (eq 9) with a very good fit of the data (R = 0.95).k 

Mo(CO),(PR,),(soln) + toluene(so1n) (9) 
(Tol)Mo(CO)&s) + 3PR,(SOh) -m 

~ ~ ~ ~~ ~~ ~~ ~~ 

(23) (a) van Rentergem, M.; Claeys, E. G.; van der Kelen, G. P. J. Mol. 
Struet. 1983,99,207-216. (b) Bigorgne, M. J. Organomet. Chem. 1970, 

(24) Cotton, F. A.; Parish, R. V. J.  Chem. SOC. 1960, 1440-1446. 
(25) (a) A h ,  D. M. MetaGLigand and Related VibMtioM; E d w a r d  

Arnold London, 1967. (b) Braterman, P. S. Metal Carbonyl Spectra; 
Academic Press: New York, 1975. 

(26) (a) Cowley, A. H.; Davis, R. E.; Remadna, K. Inorg. Chem. 1981, 
20,2146-2152. (b) Allison, D. A.; Clardy, J.; Verkade, J. G. Znorg. Chem. 
1972,11,2804-2809. 

(27) h i ,  A. R.; Hoffmann, R. Znorg. Chem. 1975,14,365-373. 
(28) Willrinron, G., Stone, F. G. A., Abel, E. W., Edn. Comprehensive 

Organometallic Chemistry; Pergamon: New York, 1982; Chapter 32.3. 
(29) Burke, N. E.; Singhal, A.; Hintz, M. J.; Ley, J. A.; Hui, H.; Smith, 

L. R.; Blake, D. M. J. Am. Chem. SOC. 1979,101,74-79. 
(30) Term in eq 8 are defined 88 8 = cone angle in degrees (steric 

factor) and Y = electronic factor, which usually refers to the A, infrared 
carbonyl stretching frequency. A, and Az are coefficients weighing the 
individual contribution of each factor. 

24,211-229. 

-- 8 1885 R 

P ' B u , ~  

I I I 

20 25 30 35 40 

- AH,xa(kcal/mol) 

Figure 1. Enthalpy of phosphine substitution vs carbonyl 
stretching frequency of product for the reaction of 1 with phos- 
phines (PR,). Linear least-squares correlation factor: R = 0.99. 

When such a relationship is established for the iron 
thermochemical data listed in Table I, using the recorded 
carbonyl stretching frequencies for the iron system, a 
correlation factor of 0.99 is obtained (A,, = 1343, A, = 
-5.590 X lo-,, A2 = -0.7002). Considering the trans ar- 
rangement of the phosphine ligands in the present iron 
system, it appears reasonable to presume that steric factor 
contribution to the overall enthalpy of reaction will be 
d This point is quantitatively illustrated by the A2/A1 
coefficient ratio (125.2) taken from eq 8. In view of the 
apparently large contribution from the electronic factor 
of the phosphine ligand, a simple proportionality between 
the measured enthalpy of reaction and the phosphine 
electronic factor (v) was established and is presented in 
Figure 1. 

This simple relationship illustratea the major importance 
of electronic factors in the present tran~-(PR,)~Fe(C0)~ 
system (R  = 0.99, A. = 1915, A, = -1.3825).,' It is well 
to keep in mind the utility of such relationships resides 
in their ability to predict yet unmeasured data. A test of 
these relationships is planned. It follows from this rela- 
tionship that the reportad values for the enthalpy of re- 
action mainly reflect a combination of the basic character 
of the phosphine ligands and the cis-trans isomerization 
present in this system. This is an important point since, 
to date, reported organometallic thermochemical investi- 
gations have been unable to separate steric and electronic 
contributions from experimental enthalpies of reaction. 
Solution calorimetric studies probing the enthalpic con- 
tribution of the isomerization process are presently being 
carried out. 

Conclusion 
The thermodynamic data in the present study show that 

the enthalpy of phosphine exchange spans a range of 15 
kcal/moL A relationship between enthalpy of reaction and 
carbonyl stretching frequency establishes the importance 
of primarily electronic factors (basic character of phosphine 
donors) in the tras-(PR&Fe(CO), system. This is the 
first example of such a relationship allowing to estimate 
the independent contribution of electronic factors to the 
enthalpy of reaction in an organometallic system. Studies 
focusing on the enthalpic contributions of other ligands 

(31) The use of such a simple relationship on related organometallic 
system has yielded poor correlations. These system are beet described 
using the three-factor eq 8. This to our knowledge is the best fit of 
thermochemical data to a simpler two-factor equation. 
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in this and related systems are presently underway. for NMR spectrometer acauisition (Grant EWH-63. 
1990-1991). -We are indebted to Prof. R. L. Swemy for 
allowing the u88 of his m-m inetrument in the co- of 
this study. 
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Add it ions and Corrections 
Mitsuo Ishikawa,* Tomoyuki Horio, Yukiharu Yunuiha, 
Atsutalsa Kunai, Tomitake Tsukbra, and Hisashi Naibu 
Silicon-Carbon Unsaturated Compounds. 37. Thermal 
Behavior of l-Mesityl-3-phenyl-1,2-bis(trimethylsilyl)si- 
lacyclopropene. 1992,11,697. 

In the abstxact on page 697, the second sentence should 
be changed as follows: Similar thermolysis of 1 in the 
presence of phenyl(trimethylsily1)acetylene produced c- 
7 a - m a i t y l - 2 - p h e n y l - l ~ - ~ , c - 7 - t r i s ( t r i m  
tenoeilaindan (7) and ~-7a-meeityl-l-pheny1-2,r:2a,t-7- 
t r i e ( ~ e t h y l s ~ y 1 ) c y c l o b u t e n o e ~ ~  (8), together with 
2 and 3. In Scheme II on page 699, the structure of com- 
pound 7 should be written as 

Me,Si +Ai& 

Mes H SiMe, 

7 

Paul G. Gaesman* and Charlea H. Winter: Understanding 
El&nic Effects in Organometallic Complexes. Influence 
of Methyl Subetitution on Hafnacene Dihalidea. 1991,10, 
1692. 

The valua for a, 8, and 7 for hafnacene dibromide (lb) 
in Table I11 are 71.80 (21, 79.76 (21, and 89.70 (2)O, re- 
spectively. 

Peter Hudeczek and Frank H. Kbhler*: Paramagnetic 
Decamethylbimetalloqnes. 1992,11, 1773. 

All 'H NMR signal shifta given on page 1776 for Sa and 
(CpNi),C,& have been evaluated for 306 instead of 298 
K. 

Wilhelmus P. Mul, Comelis J. Elsevier,* Monique van 
Leijen, Keea Vrieze, Wilberth J. J. Smeeta, and Anthony 
L. Spek Hydrogenation of the Two Diastereomers of the 
WElectron Linear Cluster RU,(CO)~,,[R~C==C(H)C(H)= 
NR2I2. Hydrogen-Transfer Reactions and the Molecular 
Structure of the Only Isolable Diastereomer of the 64- 
Electron Butterfly Cluster Or-H)2Ru,(CO)8[CH,C4c- 
(H)C(H)=N-i-Pr],. 1992,11,1877-1890. 

In Scheme II on page 1884, the following arrows should 
appear between compounds 2 and 6 
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