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{those at C-4 and C-7 actually being in physical contact) the 
annulated pyranoside 10 resides in the conformation which enjoys 
the anomeric effect. In keeping with this circumstance, the diol 
10c fails to give an acetonide% after prolonged exposure to the 
conditions10 that succeed when applied to lb. 

Hydrolysis of the glycoside of 10a followed by oxidation and 
de-O-acetylation afforded TV-acetyldesalanylactinobolin (lb), 
identical with the sample prepared from the natural compound.25 
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Fe(CO)5, M(CO)6 (M = Cr, Mo, W), and various complexes 
of these transition metals are efficient homogeneous olefin hy
drogenation catalysts at elevated temperature and high H2 

pressure.1'23 Thermally active catalysts which effect hydrogenation 
at <25 °C and 1 atm of H2 are produced by photolysis of these 
transition-metal carbonyls and several other L^M^CO)^ (M' = 
Fe, Cr, Mo, W) complexes.2,3 The proposed mechanism for such 
photocatalyzed olefin hydrogenations involves formation of the 
coordinatively unsaturated transition-metal complex as the active 
catalyst. This proposal is supported by numerous photochemical 
studies with these and related complexes dealing with the ele
mentary reaction channels.3 We wish to report the generation 
and ion-molecule reactions of (V-C4H6) Fe(CO)"- with H2 and 
D2 which corroborate certain steps in catalytic hydrogenation 
cycles and the coordination unsaturation of the catalytically active 
species. 

Our studies are carried out in a previously described flowing 
afterglow (FA) apparatus4 at 298 K. Briefly, the ion of interest 
is generated in the upstream end of the flow tube in a fast flow 
of helium/CH4 (99/1) buffer gas (P = 0.55 torr, v = 80 m/s). 
Following thermalization of these ions by collisions with the buffer 
gas (50 cm), H2 or D2 was added via an inlet port and the ion-
molecule reaction occurs in the final 65 cm of the flow tube. The 
flow is sampled into a differentially pumped compartment (1O-7 

torr) containing a quadrupole mass spectrometer which monitors 
the ion composition of the flow. The bimolecular ion-molecule 
rate constants are determined under pseudo-first-order conditions, 
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and the formation of product ions is observed directly. 
When the electron gun in the FA is operated at a low emission 

current (EC < 50 ^A), (V-C4H6) Fe(CO)3 attaches a thermalized 
electron giving the parent anion radical (Tp-C4H6)Fe(CO)3

-- (m/z 
194) exclusively; Krusic and San Fillipo5 characterized the parent 
anion radical formed in the condensed phase as the 17-electron 
V-diene complex. Increasing the EC to ~ 3 mA6 yields a mixture 
of m/z 194 and 166. Both m/z 194 and 166 react with NO giving 
(OC)3Fe(NO)" and (OC)2Fe(NO)", respectively, by exclusive 
displacement of the butadiene ligand. While the ion m/z 194 does 
not react with PF3, m/z 166 [(V-C4H6)Fe(CO)2--] readily adds 
PF3 termolecularly forming the adduct, most likely (V-C4H6)-
Fe(CO)2(PF3)"-. Neither m/z 166 or 194 react with H2 or D2 

(k < 10"'3 cm3/molecule/s). Increasing the electron gun EC to 
~12 mA produced a strong signal for m/z 138 along with signals 
for m/z 166 and 194.6-7 The anion m/z 138 (m/z 194 - 2CO) 
is considered to have the structure (V-C4H6)Fe(CO)"-.8 This 
15-electron structure of m/z 138 is supported by the fact that m/z 
138 rapidly adds PF3 forming the adduct (V-C4H6) Fe(CO)(PF3)"-
and undergoes ligand substitution with NO yielding (V-C4H6)-
Fe(NO)" (major) and (OC)Fe(NO)" (minor). 

Of special significance was the observation that anion radical 
m/z 138 adds H2 termolecularly to form the adduct (V-C4H6)-
Fe(CO)(H)2"-9 (eq 1) with an apparent bimolecular rate constant 

He/CH,, 
(V-C4H6)Fe(CO)"- + H2 • 

m/z 138 

(V-C4H6^Fe(CO)(H)2-. (1) 

of 1.4 X 10-" cm3/molecule/s. The reaction of m/z 138 with 
D2 occurred at twice the apparent bimolecular rate for the reaction 
with H2 and revealed that up to four H/D exchanges in the diene 
ligand took place sequentially and competitive with adduct for
mation (eq 2). The results of three data points in the kinetic/ 

(C4H6)Fe(CO)-- + D 2 - (C4H2^D4-JFe(CO)"- — ^ p 
m/z 138 , x TJrQ. . . , 

' m/z 139-142 
(C4H2^D4-JFe(CO)(D)2". (2) 

x = 4-0 
m/z 142-146 

product study of this reaction are given in Table I. Although 
the data for the 5% decay of m/z 138 with D2 will have the largest 
errors, they show that the primary processes are competitive 
bimolecular H/D exchange and termolecular addition of D2. The 
data for the first two points establish that the contribution of 
(V-C4H2D4)Fe(CO)"- to the m/z 142 signal is negligible since 
the m/z 141 ion is only just beginning to appear at 28% decay 
of m/z 138. At larger concentrations of added D2, the isotopmer 
of four H/D exchanges will contribute to the m/z 142 signal. No 
signals for adducts involving five (m/z 147) or six (m/z 148) H/D 
exchanges were observed when sufficient D2 was added to elim
inate the ion signals at m/z 139-141. The kinetic data suggest 
that a barrier exists in forming the excited adduct 2,10 and the 
product data suggest that the rate of intramolecular H/D exchange 
in the diene ligand is relatively fast. 
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C)3Fe(H)2"-.6 The presence of these minor ions does not affect the qualitative 
arguments given here. 
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Table I. Data for Bimolecular H/D Exchange and Termolecular Addition of D2 to (^-C4H6)Fe(CO)"- (m/z 138)" 

% decay 
of m/z 138 

5b,c 

28* 
90e 

(C4H5D)-
Fe(CO)--
m/z 139 

22 
23 

7 

(C4H4D2)-
Fe(CO)"-
m/z 140 

28 
39 
16 

(C4H3D3)-
Fe(CO)". 
m/z 141 

2 
11 

%of 

(C4H2D4)-
Fe(CO)-- + 

(C4H6)-
Fe(CO)(D)2". 

m/z 142 

20 
26 
28 

product ion signals 

(C4H5D)-
Fe(CO)(D)2--

m/z 143 

15 
3 
8 

(C4H4D2)-
Fe(CO)(D2)". 

m/z 144 

15 
7 

16 

(C4H3D3)-
Fe(CO)(D)2". 

m/z 145 

8 

(C4H2D4)-
Fe(CO)(D)2--

m/z 146 

6 

"These data are derived from the integrals of the ion signals for each mass. Small signals (2-3% of m/z 138) for unknown ions at m/z 139, 140 
((OC)3Fe".?), and 141 in the starting negative ion spectrum and their possible reactions with D2 impede a quantitative interpretation of the data. 
'The errors in this data set are the largest since the ion product signals are the smallest of the three points given. c2.33 X l O " molecules/cm3 of D2 

added. d 1.83 X 1012 molecules/cm3 of D2 added. e 1.63 X 1013 molecules/cm3 of D2 added. 

Our observation that up to four H / D exchanges in the diene 
ligand of (C4H6) Fe(CO)"- (1) occurred with D2 strongly suggests 
that only the two terminal methylene groups are involved.11 We 
interpret these results by reversible oxidative-addition of D2 to 
1 giving dideuteride 2 followed by rearrangment to the cis-
CH2D-7r-alIyl complex 3;12 2-4 are excited adducts. Kinetic 
barriers must exist for one or both of these steps since the bi
molecular rate constant for decay of 1 is much smaller than that 
of the collision limit (Ic00) = 1.5 X 10"9 cm 3 /molecule/s) . 1 3 

Rotation of the C - C H 2 D bond in 3 would place a hydrogen of 
the CH2D group in proximity to Fe and rearrangement would yield 
4. Reductive-elimination of H D from 4 giving 5 would be irre-

<T 
-Fe-D" 
(CO) 

JHe 

a - + D 2 
Fe • 
(CO) 

CH2D 

-Fe-D 
(CO) 

2 

-Fe ' 
(CO) 

3 

exchanges is termolecular formation of the five total adducts (m/z 
142-146) which requires collisional stabilization with the H e / C H 4 

buffer gas to remove excess vibrational energy in the initially 
formed excited adducts. 

If we assume that rearrangement of a deuterium in 2 could also 
occur to C2 (or C3) of the diene ligand, an excited, 15-electron 
(V-CH 2 =CHCHDCH 2 )Fe (CO) (D) - - (7) complex would result. 
The absence of a fifth or sixth H / D exchange in the reaction of 
1 with D 2 means that 7 cannot detach the 7r-bond of the ?/3-
homoallyl ligand to effect rotation about the C 1 -C 2 bond (required 
for H / D exchange) via the higher energy, 13-electron (V- I -
but-3-enyl-^!)Fe(C0)(D)"- intermediate. Thus, the deuterium 
at C2 in 7 must return to Fe reforming 2. 
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versible due to the short ion-neutral reaction time (<7 ms) and 
high dilution of product ions and neutrals (<108 ions/cm3) in these 
experiments. Repetition of these steps in bimolecular ion-D 2 

collisions would then produce the observed additional three H / D 
exchanged ions terminating at 6. Competitive with these H / D 
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Organoselenium and -tellurium compounds have become in
creasingly important as reagents and intermediates in organic 
synthesis.1"6 Furthermore, they are promising donor molecules 
for conductive and photoconductive organic materials.7"12 Re-
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