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The cycloheptatrienenorcaradiene (CHFNCD) equilibrium
exemplifies a 6-el electrocyclic reaction with a modest barrier
separating the valence tautomé@and2C.! Less is known about
the heterocyclic analogues (X O, S, NR, PR) (Scheme 1). For
those with an oxygen atom, benzene oxi@ is the more stable
form, but entropy factors shift the equilibrium toward oxepi@
at room temperatureOnly the monocyclic form is observed for
thieping 1S and H-azepine$ 1N, and both require bulky groups
and/or extended conjugation for stability. Of the phosphorus
analogue, phosphepin&P, only its oxid® and 2,7-dialkyl-
substituteél and annelatee® derivatives are known, but without
structural details. Here we describe a computational analysis of the
1P—2P equilibrium and present new stable phosphepine derivatives
and a novel application.

Scheme 1 . Valence Isomers of Cyclohexatriene
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Table 1. B86-P88/TZP Relative Energies (in kcal/mol) for 1P, 2P,
3P, and Their W(CO)s and Benzannelated Derivatives?
R(Y) 1P 2P 3P
H 0.0 —4.2 11.3
H(W(CO)) 0.0 15 7.8
H + benzé 0.0 11.0 4.2
H(W(CO)) + benzob 0.0 16.8 1.3

Phosphepines equilibrate with phosphanorcaradienes (benzene aThe |one pair and W(C@)group occupy the axiallj or syn (2, 3)

phosphines) such as CHT with NCD. DFT calculations for the
parent system give an energetic preference for NePver CHT
1P (AE;-; —4.2 kcal/mol, Table 1) with a mode$P — 2P barrier
(0.6 kcal/mol), reflecting the same behavior as the thia analogues
(AE;-; —7.8 (S) kcal/mol). A 1,5-sigmatropic shift relates NCD
2P with the 15.5 kcal/mol less stable 7-phosphanorbornadiéhe
neither of which is known experimentally, except for a strained
derivative of3P,° presumably due to release of the phosphorus
group to give pentamers, (PR)

Transition metal coordination at phosphorus stabiliztBover
2P because the distal-0C bond is weakened hy,z-interactions
(Scheme 2), reversing the order for W(G@)AE,-; 1.5 kcal/mol).
Due to extended conjugation, benzannelation has an even stronge
influence, reversing the CHINCD equilibrium in favor of1P
by 11.0 kcal/mol. These cumulative electronic effects give a
16.8 kcal/mol energetic preference of benzophosphepine W(CO)
complex over its valence isom@P with a 24.7 kcal/mol barrier
for electrocyclizatiori!

position? P Benzannelation as indicated in Scheme 1.

Scheme 2 . HOMO—LUMO Interactions between 2P and W(CO)s
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Scheme 3 . Synthesis of Benzophosphine Complex 72
MLp
+ H2 aWCO)s
i ML b Mn(C0),Cp
r ¢ Mo(CO)s

7
i) CBr PPh; ii) LDA; iii) KOH, THF, at

5 (91%

a8 Reaction conditions:
25°C.

(Figure 1) that has the phosphorus atom shifted out of the
hydrocarbon plane by 67.20(23)The orthogonal phenyl group is

On the basis of these calculations benzophosphepine complexesn the mirror plane and bisects the-€R—C1i angle. The P-C1-

7 are expected to be stable at room temperature. Indeeduyld
be synthesized from the complexed phosphine and 1,2-diethynyl-
benzeneR) by a modified Makl's proceduré (Scheme 3). Dialkyne
5 was obtained in 91% yield from commercially available
o-phthaldialdehyde4) by a one-carbon homologatistxidation
sequence. The base-promoted double hydrophosphinat®witt
PH,Ph—W(CO) (6a) gave 3H-3-benzophosphepiréV(CO) 7a
in 74% vyield as yellow crystals. W(C@)coordination causes
shielding of the¥P NMR resonance)(—15 vs—33 ppm), shielding
of the C1,C513C NMR resonances (by 6 ppm), and reduces the
2Jcp coupling constants (1.6 vs 21.1 HzDistinctive are the
coupling constants for the olefinic protons with a sizablgy
(12.4 Hz) and with &J4p (33.4 Hz) being much larger than the
ZJHP (213 HZ).

The crystal structureQs-symmetry) shows alternating=€C
bonds (no homoaromaticity) for the boat-shaped phosphepine ring
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(C1i) bonds are very short (1.814(3) A).

Because the phosphorus group is introduced in the final step,
the synthesis allows for versatility in substituents and metal
complexes. lllustrative is the condensation ®fwith PhPH—
Mn(CO)%Cp that gives manganese-complexed phosphefine
(35%). The molecule in the crystal shows ag@ipsymmetry, but
has a flatter phosphepine ring with a dihedral angle of 34.49(8)
between the CXP1-Cli and hydrocarbon planes (Figure 2). This
is best explained by a steric effect of the Cp, hanging over the
phosphepine ring, in which=€C bond alternation is again evident.
The orthogonal phenyl group bisects the-G*-C1i angle, and
the Mn—P bond has a normal distance of 2.1954(5¢Ahe more
shieldecP’P NMR resonance at64 ppm points to less electrophilic
character for the phosphorus group tha@antheH and3C NMR
parameters are similar, including tRé.p (20.7 Hz) and3Jyp
(32.1 Hz) coupling constants.

10.1021/ja050817y CCC: $30.25 © 2005 American Chemical Society
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Figure 2. ORTEP diagram of 3-phenyl-benzophosphepine-Mn{Cp)

Chart 1 Stabilized Phosphepines and Phosphinidene Precursor
10.

CO,Me

COzMe

Phosphepine8 and 9 are known to decompose readily to the
aromatic hydrocarbon and (RP)presumably by expelling [RP]
from the NCD intermediaté$ (Chart 1). Interestingly, in the case
of complex7 this would result in the expulsion of a transition metal-
stabilized phosphinidene [RP=ML]. Extremely few synthetic
routes enable access to such phosphinidene compfeesgecially
those with electrophilic properties. In fact, cheletropic elimination
from complexed 7-phosphanorbornadied€@ss the only general
route to generate [RP=M(CO)s],1%2 but its synthesis is longer,
less flexible to metal variation, and requires, for milder conditions,
a catalyst that can alter the course of the reactidwevertheless,
in situ trapping of the transient species has led to a plethora of
useful organophosphorus compoudtls.

Benzophosphepingareacts with the test set of molecules, first
used for the reaction witi0O, to give at 75-80 °C the same
addition/insertion product$a16.17put in better yields (Scheme 4)
and requiring only removal of solvent and naphthalene (by
sublimation). The 30C advantage in reaction temperature is evident
from the formation of vinylphosphiran&4 from 2,3-dimethyl-
butadiene, whereas phospholdriss the main product witi 0al3
due to a 1,3-sigmatropic shift that occurs above’ 806 Reaction
of molybdenum complex’c, obtained from5 and PhPH—-Mo-
(CO) (67%), with tolan gives phosphirerid.cin 66% yield versus
29% with 10c!” Access to unprecedented far less electrophilic

Scheme 4. Phosphinidene Reactions of 7 (and 10)
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11c 66% (29%) Widlene
AH (OC)5W

i
MeO—II:'—> W(CO)s
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phosphinidenes is illustrated by the reaction of manganese complex
7b with phenylacetylene that results in a Mn(GOp complexed
phosphirene (8196!P NMR ¢ —59.0), suggesting the intermediacy

of the novel phosphinidene fRP=Mn(CO),Cp].

In conclusion, we presented a very short synthesis to diverse
stable 31-3-benzophosphepine complexes that are excellent precur-
sors to electrophilic phosphinidene complexes, requiring very mild
reaction conditions and an extremely simple workup.
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