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Abstract. Reactions of Ph.C+ PFs with rhenium aikyl complexes (n*-CsH;)-
Re(NO) (PPh,) (CH,R) (R = phenyl, n-alkyl) give rhenium alkylidene complexes
§g-[(n’-C;N;)Re(NO)(PPh,)(-CHR)]* PF¢ . Modifications in the energy-reac-
tion-coordinate diagrams for these transformations are made on the basis
of new data on the relative stabilities of the Re-ca rotamers of the start-
ing materials.

We have conducted a series of detailed studies of the reactions of rhenium alkyl complexes

o PFG_.I'S When R =

phenyl,l any g-a]kyl,z or hydrogen.3 a-hydride abstraction occurs to give an alkylidene compiex

(ns-csns)Re(IO)(PPh3)(CH2R) with the hydride abstraction agent Ph
gg-[(ns-CsHS)Re(NO)(PPh3)(-CHR)]+ PFS' ("kinetic" or k isomer). Subsequently, Re=C bond

Scheme I. Reaction of (n’-CsHs)Re(NO)(PPhs)(CHzCeHs) (1) with PhyC’ PF¢ ™.
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1110 S. Georagiou and J. A. GLapysz

isomerization occurs (R # H) to give a more stable geometric isomer, g-[(ns-csﬂs)ke(w)(PPh3)-
(=cHr) 1* PFG' ("thermodynamic" or t isomer).

The stereochemistry of hydride abstraction from (ns-Csns)Re(KJ) (PPh3)(CN2C6H5) (1) is
11lustrated in Scheme [. Studies with deuterium-labeled substrates (SS,RR)- and (SR,RS)-
(ns-CSHs)Re(NO)(PPh3)(CHDCGHS) have shown that Ph3C+ PFG' abstracts essentfally only the pro-R
a-hydride and that abstraction occurs from a direction anti to the PPh3.l Similar experiments
were conducted, and identical conclusions were reached, with n-alkyl complexes (nS-CSHs)Re(NO)—
(PPh3) (CH,R) .2

The HOMO of the (ns-CsHs)Re(NO)(PPh:‘l)+ fragment is the d orbital shown in Vl.l Two lobes
project out from the plane of the paper, and two lobes project behind. It is readily seen that
in the preferred alkylidene 1igand conformations (IV, V, Scheme I), overlap of this d orbital
with the Ca p acceptor orbital 1s maximized. Hence, the HOMO should anchimerically assist the

hydride abstraction process.

d orbital HOMO of @
rhenium fragment: “

N
ON PPh
/g

\

3

At the time we reported the above data, one aspect of Scheme I surprised us. The reactive
Re-C° rotamer, I, had a C6H5 substituent situated between the two largest rhenium 1igands, PPh3
and ns-CSHS. Hence, we considered it to be the least stable of the three possible Re—C‘I
rotamers (Scheme II). In the interim, Seeman and Davies published a new conformational
analysis model for (ns-CSHS)H(CO)(PPh3)(CH2R) and (ns-CSHs)N(NO)(PPh3)(CH2R) complexes that is
based upon structural and new theoretical data.6'7 Baird has also studied the difference NOE
spectra of these coﬂmlexes.8 Their results indicate that the least stable N-(:° rotamer 1s one
in which the R group resides between the PPh3 and N0 or CO 11gands, and that the most stable
rotamer is one in which the R group resides between the ns-CSMS and NO or CO 1igands (see II
and III, Scheme II). We agree with these conclusions, and in this paper accordingly recast our

analyses of the energetics of the preceding hydride abstraction reactions.

Scheme II. Re-Cu Rotamers of (n®-CsHs)Re(NO)(PPh,)(CH:CeHs) (1).
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Reactions of organorhenium complexes with Ph,C*PF 1un
Resulits and Discussion

Scheme III shows & previously pr-oposed4 qualitative energy-reaction-coordinate diagram for
the reaction of (ns-CSHS)Re(M)(PPha)(CHZCGHS) (1) with Ph3c’ PFG' (Scheme [). Of particular
note s the lack of reactivity of rotamer II. Abstraction of the hydride anti to the PPh3 in
I1 (HS) would lead directly to the more stable Re=C product 1somer, gg-[(ns-csﬂs)Re(NO)(PPh3)-
(-CHCGHS)]’ PFG' (2t). To explain this result in the context of the Curtin-Hammett pr1nc1p1e.9
the hypothetical transition state connecting II and V was proposed to be of higher energy than
the transition state connecting I and IV. Rotamer III 1s expected to be unreactive on
stereoelectronic grounds: both Hu are nearly orthogonal to the rhenfum d orbital HOMO (VI)
used to form the Re=C = bond.

A revised energy-reaction-coordinate diagram is given in Scheme IV, Here, per the
findings of Seeman, Davies, and Baird, the energies of rotamers I and II are inverted. The
reactive rotamer is sti11 I, as required by the labeling studies summarized above, and rotamer
I still leads to the least stable of two possible products, IV. However, the greater
reactivity of rotamer I 15 now easily rationalized (among several poss1b111t1es)9 in the
context of the Hammond postulate (reactant-1ike transition state) and from the fact that I will

be present in greater concentration than II.

Scheme III. Previously Proposed Qualitative Energy-Reaction-Coordinate Diagram for the
Reaction of (n®-CsHy)Re(NO)(PPhy)(CH:CeHs) (1) with PhyC* PRy ™.
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Figure 1.
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tota] 25 the CH, ligand fs rotated (A) in (n*-CsHs)Re(NO)(PH;)(CH;s),

and (B) 1n the corresponding radical cation [(n’-C;H,)Re(NO)(PH;)(CH,)]": calculated by
the extended Hdckel method (>1 data point/20°) with weighted H,, formuia.
The calculated displacement of the two curves at 6 = 40° is 11.87 ev.

Figure 2.
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Reactions of organorbenium complexes with Ph,C*PF, 1113

the HOMO (VI) -- {.e., the ionization potential. The energy of the HOMO of (ns—CSHS)Re(NO)-
(PH3)(CH3) as a function of 6 is given in Figure 2. In contrast to Figure 1, there is a
maximum near 8 = 40* and a minimum near & = 100°. Thus, the slightly greater rotational
barrier for the radical catfon is due to the fact that the HOMO energy and Etota] of (ns-CsHs)-
Re(NO)(PH3)(CH3) run antiparallel to each other as a function of 6.

Figure 3 shows the variation in Etotal for the model ethyl compiex (nS-CSHS)Re(NO)(PH3)-
(CHZCH3). and the corresponding radical cation, as the Re-C° bond 1s rotated. Extensive energy
minimization was done for the former complex, and an identical geometry was assumed for the
latter. Again, both energy-reaction-coordinate diagrams are very similar. The three Re-Cq
rotamers of (ns-CsHs)Re(NO)(PH3) (CHZCH3) found as minima are shown at the bottom of Figure 3.
Although we hesitate to interpret the small differences in calculated energy between these
minima, we do compute a stability order corresponding (for benzyl complex 1) to III > I > II.
Seeman and Davies have found that the calculated energy differences between these rotamers (and
the energy barriers which connect them) are greatly enhanced when P(CGHS)HZ fs substituted for

6b
PH,.

Figure 3. Variation in Etotal as the CH,CH, ligand is rotated about Re-Cu (A) in
(n*-CsHs)Re(NO) (PH;) (CH,CHs ), and (B) 1n the corresponding radical cation
[ (n%-CsHys)Re(NO) (PH;) (CH:CHy ) 1*°; calculated as in Figure 1.
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Scheme IV. Revised Qualitative Energy-Reaction-Coordinate Diagram for the Reaction of
(n*-CsHs)Re(NO) (PPhs) (CH2CeHs) (1) with PhyC* PF .
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We have also been actively concerned that hydride abstractions from alkyl complexes
(ns-CSHS)Re(NO)(PPh3)(CHZR) may occur via inftial electron transfer.5 Towards this end, 1t is
important to question whether the relative energies of rotamers I-I1I, and their ease of inter-
conversion, will be affected by oxidation to the corresponding radical cation. We have probed

this question via extended Huckel MO ca1cu'|at‘lons.1°'11

as outlined in the Experimental
Section.

Figure 1 depicts the variation in E for the model compound (ns-CSHS)Re(NO)(PH3)(CH3)

total
as the Re-cu bond is rotated (8). An energy barrier of 2.4 kcai/mol (0.106 eV) is calculated.
The corresponding graph for the radical cation [(nS—CSHS)Re(NO)(PH3)(CH3)]" (of identical
geometry) is also shown. An energy barrier of 3.2 kcal/mol (0.139 eV) 1s calculated. For both
curves, the maximum occurs near 8 = 100° and the minimum at o = 40°-45°. Clearly, insofar as
the extended Huckel method can detect, there is only a small change in the energy-reaction-
coordinate diagram for Re-Ca bond rotation in (ns-csHs)Re(NO)(PH3)(CH3) upon oxidation,
provided that the geometry of the resulting radical cation is as assumed.

The slight difference between the two curves in figure 1 can be analyzed. In simple

extended Hickel theory, the difference between E for (nS-C5H5)Re(N0)(PH3)(CH3) and the

total
corresponding radical cation 1s equivalent (for any given 8) to the negative of the energy of
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In conclusion, our results are fully consistent with the recent data of Seeman, Davies,
and Baird concerning relative M-Ca rotamer stabilities of (ns-CSHS)H(CO)(PPh3)(CH2R) and
(ns-CSMS)H(D(J)(PPh3)(CHzR) compounds. Some of the important aspects of estimating rotamer
stabilities are, from our standpoint, as follows.

First, it 1s not sufficient to consider only 11gand size when estimating the stabilities
of M-Cu rotamers in LL‘L'M-CHZR complexes. In rhenfum complexes (ns-CSHS)Re(NO)(PPh3)(X). the
PPh3 Tigand 1s certainly the largest, the NO 1igand is certainly the smallest, and the ns-csﬂ5
1igand 1s therefore "medfum®. On this basis, rotamer II in Scheme II would (erroneously)
appear to be more stable than I.

Second, the idealized angles defined by the 1igands on the metal must be considered. In
Figure 4, we give two views of the 1igand geometries about rhenium in (ns-Cslis)Re(NO)(PPh3)-
(CHRR') complexes. These perspectives are based upon the results of numerous X-ray crystal

structures, 1,3,11,12

and have been rigorously adhered to in our previous full papers. View A
shows the complex in three dimensions. View B is a Newman projection down the CO-Re bond for
one staggered conformation. Note that in both perspectives, the angle or "bite" defined by ON-
Re-PPh3 (90°) 1s smaller than that defined by ON-Re—(ns-Csns)center and (n5~C5H5)centro‘ld-Re-
PPh3. This, we believe, is the critical factor in rationalizing the stability order 1 > II.

Finally, it is instructive to contrast view B with a Newman projection down the carbon-
carbon bond of ethane. Unlike the latter, B can never be perfectly staggered or eclipsed. In
addition, the hydrogens on the rear carbon of ethane extend further behind the plane of the
rear carbon. In B, only the r15-C5Hs centroid extends further behind the plane of the rhenium;
the nitrogen and phosphorus are in the plane of the rhenfum. Furthermore, X-ray data indicate
that some ns-CSH5 carbons extend to the plane of the rhenium (/ Cu-Re-Ccp < 90°).

Hence, ordering the stabilities of M-Cu rotamers of LL'L'M-CHZR complexes is considerably

3

more complex than ordering the stabilities of analogous sp -carbon-sp3-carbon rotamers.

Furthermore, the metal-carbon and other metal-1igand bond lengths involved vary widely. Thus,

Figure 4. Two views of the 1igand geometries in (n*-CsHs)Re(NO)(PHs)(CHRR') complexes.
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the interplay of numerous factors must be considered, and it can be anticipated that this will

develop into a particularly rich sub-field of conformational analysis.
Experimental

Extended Huckel calculations were conducted with weighted ﬂii formula. The rhenium,
phosphorus, and sp3 carbon atoms were assigned idealized octahedral, tetrahedral and tetra-
hedral geometries, respectively. Bond lengths used were as follows (ﬂ): Re-C, 2.10; Re-N,
1.78; N-0, 1.19; Re-P, 2.36; Re-CSHS. 2.33 (distance to carbon); C-C of CSHS' 1.40; C-C of

CHZCH3, 1.54; C-H, 1.09; P-H, 1.44. For carbon, nitrogen, oxygen and hydrogen, the H,, and ¢

10

previously reported by Hoffmann'~ were employed. The parameters utilized for rhenium and

phosphorus were as follows: Re 6s, H,, = -9.36 eV, ¢ = 2.398; Re 6p, H,, = -5.96 eV, ¢ =

2.372; Re 5d, Hyy = -12.66 eV, ¢ = 5.343 (coefficient = 0.6359) and 2.277 (coefficient =
0.5677); P 3s, H,, = -18.6 eV, ¢ = 1.6; P 3p, H,, = -14.0 eV, ¢ = 1.6.

The same parameters were used for the calculations on radical cations. The energy of the
ethyl complex was optimized by first varying the rotational structure of the PH3 1igand and

then the Ca-C rotational structure of the ethyl ligand. Only the conformations with @ =

8
40-100° (Figure 3) proved sensitive to the optimfzation procedure.
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