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toward S(I) (intramolecular distance 2.91 A). Although the bond 
length S(4)-S(5) (2.101 A) is somewhat shorter than that of 
S(l)-S(2) (2.149 A) (Table I), both values are about 0.1 A longer 
than expected for disulfur ligands,7 in agreement with the low-
frequency IR bands at 495 and 445 cm"1, although another IR 
absorption is observed at 598 cm"1. 

Considering the new ligand ^'(/u-S.S) as a two-electron donor 
similar to the ligand m-S and the ligand j)2(^-S,^-S) as a six-
electron donor, the Cr atoms achieve noble gas configuration 
provided a metal-metal double bond is assumed. Alternatively, 
taking the C5Me5 ligands as monoanions and the three different 
sulfur ligands as dianions, each of the Cr atoms is left in a d2 

configuration and a Cr-Cr double bond is required to explain the 
diamagnetism of the complex. In agreement with these consid
erations a Cr-Cr distance of 2.489 A is found, which is slightly 
longer than in the starting material (2.28 A).8 

At the moment it is not clear why the coordination of a V(M-
S,S) disulfur ligand is preferred to a simple n-S ligand, which is 
electronically equivalent. In any case no compound of the com
position (C5Me5)2Cr2S4 has been observed in the reaction of 
[(C5Me5)2(CO)2Cr]2 with sulfur, but it is formed by sulfur ab
straction from (C5Me5)2Cr2S5 with P(C6H5)3.9 However, ex
tended studies on the reaction of (C5Me5)2M2(CO)4 (M = Mo, 
W) with S8 show that in the molybdenum and tungsten series 
under the same conditions several isomers of composition 
(C5Me5J2M2S4 can be obtained.10 
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In this communication, we report on the effect of reagent 
rotation on the cross section for the reaction 

Li + FH — LiF + H (1) 

for HF in its v = 2 vibrational state in the range of rotational state 
0 < / < 9, at a relative translational energy of T = 8.7 kcal mol"1, 
based on three-dimensional quasi-classical trajectory2 (QCT) 
studies on an ab initio potential-energy surface (PES).3,4 The 
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reaction cross section (S1) decreases initially and then increases 
with an increase in / . The former effect is attributed to the 
disruption of the favored orientation for the reaction. The latter 
effect is explained on the basis of the F-H bond stretching due 
to centrifugal distortion at large (J, v). Under the conditions 
employed in this study, at large / , reagent rotation is nearly 4 
times more efficient than reagent vibration, which in turn is more 
effective than reagent translation in causing the reaction. 

Although the last 20 years have witnessed an increase in un
derstanding of the effect of reagent translation and vibration5 on 
the rates of chemical reactions, the study of the effect of reagent 
rotation has been limited, and as a result, the understanding of 
the role of reagent rotation in chemical reactions has remained 
poor. 

The QCT studies6 of the effect of J on S1 have mostly focused 
their attention on the reaction 

F + H2 — FH + H (2) 

and its isotopic analogues. Depending on the PES employed, the 
effect of increasing J on S1 was varied: (1) a dramatic drop in 
S1 followed by a leveling off of the same; (2) a slight increase in 
Sr from / = 0 to 1 followed by a decrease in S1; (3) a substantial 
initial decrease followed by an increase in St. Experimentally, 
Klein and Persky7 showed that the rate of reaction 2 was nearly 
insensitive to J in the range J = 0-2. Bernstein8 and co-workers 
showed that a small increase in the reagent rotational energy (R) 
resulted in a small increase in the reactivity for the reaction 

K + FCs — [KFCs] — KF + Cs (3) 

and a small decrease for the reaction 
K + FRb — [KFRb] — KF + Rb (4) 

In both cases, the effect of reagent rotation on Sr was analogous 
to that of relative translation. 

In recent years, there have been some experimental results 
available for some alkali atom-hydrogen halide reactions. 
Blackwell et al.9 concluded from chemiluminescence depletion 
experiments on the reactions 

Na + XH (X = F, Cl) — NaX + H (5) 

that there was an initial decrease followed by an increase in the 
reaction rate with increase in J. The initial decline was also 
observed by Dispert et al.10 for the related reaction 

K + ClH — KCl + H (6) 

None of these reactions has been studied so far theoretically to 
understand why there is a decreasing/increasing effect of J on 
the reaction rate. Recently, however, for the simplest alkali 
atom-hydrogen halide reaction (1), a fairly accurate ab initio PES 
has become available3'11 and has also been fitted to an analytic 
function.4 Therefore we found this to be an ideal system for which 
the effect of reagent rotation on reaction cross section could be 
studied theoretically. 

We have carried out QCT calculations for this reaction on an 
ab initio surface. We have chosen v = 2 since the chemilu
minescence depletion experiments9 on Na + FH had v in the range 
1-6. The value of T = 8.7 kcal mol"1 employed in this study is 
the same as that employed in the only molecular-beam study12 

of this reaction (1). The details of the QCT method are described 
elsewhere.2 We mention only that the impact parameter was 
sampled in a stratified manner and other variables of orientation 
angles and vibrational phase were selected randomly. 
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Figure 1. Reaction cross section S, as a function of the rotational state 
J (lower scale) for HF (v = 2) at T = 8.7 kcal mol"1. The corresponding 
rotational energies (in kcal mol"1) are shown in the upper scale. The error 
bars correspond to a 95% confidence level. 

The results of the QCT study are plotted in the form of S1. as 
a function of J in Figure 1. With increase in J from 0 to 5, there 
is a monotonic decrease in S1.; further increase in J to 7 and 9 
results in a dramatic increase in S1.. 

For reaction 1, ab initio studies3 show that an angular approach 
of Li to FH at an LiFH angle of 74° has the lowest barrier, ~ 10 
kcal mol"1, for the reaction. Also, detailed analysis of the initial 
conditions of the reactive trajectories shows that there is a preferred 
cone of reaction at the F end of the HF molecule. Therefore it 
is understandable that an increase in J from 0 to 3-5 disrupts the 
preferred orientation of the reaction, resulting in a drop in the 
magnitude of Sr. In the absence of any additional effect, we would 
have expected a leveling off of Sr. However, in this particular 
case, because of the large vibrational energy present in the 
molecule, increase in J results in substantial centrifugal distortion. 
This means a stretching of the FH bond under attack, and the 
result would be similar to increasing the vibrational energy. For 
example, when v is changed from 0 to 1 to 2, S1. increases from 
0.8 ± 0.2 to 8.7 ± 0.9 to 12.4 ± 1.0 A2 at T = 8.7 kcal mol"1 for 
7 = 0. This is explained on the basis of the sudden character of 
the PES.3'1113 It must be added that such an explanation for the 
observed dependence of S1. on J was suggested earlier by Blackwell 
et al.9 although no dynamical results were available at that time. 

At large J, even though the effect of reagent rotation on S1. is 
qualitatively similar to that of reagent vibration, there is a 
quantitative difference between the two. In the energy range we 
have studied, ASr/AK = 0.5 A2/(kcal mol"1) and AST/AR = 2.7 
A2/(kcal mol"1); that is, rotation is nearly 4 times more efficient 
than vibration in enhancing the reaction cross section. Reagent 
translation is the least effective in this case with a ASr/ATvalue 
of 0.086 A2/(kcal mol"1). 

In summary our findings are significant for these reasons: (1) 
Ours is the first dynamical study of the effect of reagent rotation 
for a prototype alkali atom-hydrogen halide reaction, on an ab 
initio PES. (2) Increase in J results in a substantial decrease 
followed by a rapid increase in S1., with a minimum occurring 
around J = 5. The results are in qualitative accord with the 
experimental results on the related alkali atom-hydrogen halide 
exchange reactions. (3) For the first time we have shown that 
reagent rotation can be more effective than reagent vibration in 
enhancing a reaction. 
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Pleuromutilin (1), an antibiotic isolated from Pleurotus mutilus 
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pleuromutilin (1), R = COCH2OH 
mutilin (2), R = H 

and other basidiomycetes, was first reported by Kavanagh in 1951.2 

Derivatives of 1 are currently used as important antimycoplasmal 
agents in veterinary medicine.3 Structurally, pleuromutilin is a 
most intriguing diterpene due to its intricate tricyclic skeleton and 
rare eight-membered ring.4-6 Unusual chemistry arising from 
these structural features has been described by Arigoni in his 
detailed elucidation of the biogenesis of I.4'7 In this commu
nication we report the first total synthesis of (±)-pleuromutilin 
(1) by an efficient stereoselective route. 

Our approach to this tricyclic ring system is based on a se
quential Michael strategy which produces in one step the indane 
nucleus with four of the eight stereocenters of I.8 Thus, treatment 
of the kinetic enolate of 38 at -70 0C in THF with 49-10 gave the 
sequential Michael adduct 5 (mp 73-74 0C) as the sole product 
in 62% yield11 (see Chart I for structures). Homologation of 5 
to the a,/3-unsaturated methyl ketone 6 was carried out by means 
of a four-step sequence. Selective addition of vinyl lithium 
(THF-Et2O, -40 0C, 67%), followed by oxidative rearrangement 
(PCC, CH2Cl2, 79%)12 produced the a,/3-unsaturated aldehyde, 
which was then transformed to 6 by methyl lithium addition (THF, 
-93 to -80 0C, 82%) and subsequent allylic oxidation (MnO2, 
CH2Cl2, 88%).13 Catalytic hydrogenation of 6 (H2, 10% Pd/ 
Al2O3, MgO, 25:1 CH(OCH3)3-EtOAc, 1 atm)14 gave the desired 
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