Characterization of 7-C;H;Fe(CO),C.H;:SO,. A
Novel Compound from the Reaction of Sulfur Dioxide
with a 2-Alkynyl Complex of Iron!

Sir:

The reaction of sulfur dioxide with Mn(CO),CH,C=
CR*¢ or =-C;H;Mo(CO);CH,C=CR?»* (R = H,
CH;) affords stable 1:1 adducts of the parent com-
pound and SO,. From infrared and proton magnetic
resonance spectra, Mn(CO);(SO,C;Hs) was postulated?
to contain an allenyl(oxy)sulfinyl array, Mn—S(O)—
O—CH=C=CH,, similar structures later being tenta-
tively adopted for the products of analogous reactions.
More recently, additional reports of synthesis of 2-alky-
nyl transition metal complexes®® and of their reactions
with SO,® have been published. The authors proposed
an allenyl-O-sulfinate bonding sequence, M—O—S-
(O)—C(R)=C=CHo,, for each of the SO,-containing
products.

An X-ray diffraction study has now been carried
out in order to provide an unambiguous structural
assignment for the product of the reaction between
m-C;H;Fe(CO)CH,C=CCH; (I) and SO,; the struc-
ture found is different from those previously proposed
and possesses some interesting new characteristics.

I was prepared from Na[C;H;Fe(CO),] and 1-chloro-
2-butyne in a manner analogous to that for Mn(CO);-
CH,C=CH.? Purification by chromatography af-
forded yellow crystals in 5097 yield, mp 46-48° (lit.
50°). Anal. Caled for C,H,O:Fe: C, 57,39, H,
4,35, Found: C, 56.63, H, 4.29. The proton mag-
netic resonance spectrum shows a singlet at 7 5.24
(CsH;s) and a complex pattern of the same intensity
at 7 8.0-8.4 (C4H;), thus militating against the alter-
nate, allenyl (C;H;Fe(C0O),C(CH3)=C=CH,), formula-
tion, 57

A solution of I (0.5 g, 2.2 mmol) in 15 ml of liquid
SO, was refluxed for 6 hr before allowing the solvent
to boil away. The resultant orange-red solid was
dried in vacuo at 25° and then dissolved in 25 ml of
dichloromethane. The solution was filtered and the
filtrate treated with 25 mil of hexane. Concentration
in a stream of nitrogen yielded 0.6 g (91 97) of yellow-
brown crystalline C;H;Fe(CO)(SO.C:H;) (I), mp
136° dec. Anal. Calcd for C11H1004SFC: C, 4489; H,
3.40; mol wt, 294. Found: C, 44.74; H, 3.53; mol
wt (osmometry, CHCIl; solution), 285.

Yellow needle-like parallelepipeds of II, obtained by
the slow cooling of a solution of the complex in sym-
dichloroethane-methylcyclohexane, crystallize in the
centrosymmetric monoclinic space group P2;/c_ (Cypb;
no. 14) with a = 10.029, 6 = 7.353,¢c = 16.072 A, 8 =
94.33°, popsg = 1.58 = 0.03, pegreqa = 1.651 g cm—3 for
M = 294.11 and Z = 4.

Complete X-ray diffraction data to sin 8 = 0.40

(1) Sulfur Dioxide Insertion. XI., For part X of this series see M.
Graziani, J. P, Bibler, R. M, Montesano, and A. Wojcicki, J. Organo-
metal. Chem., 16, 507 (1969).

19(2;)1. E. Thomasson and A. Wojcicki, J. Amer. Chem. Soc., 90, 2709
( 3) A Wojcicki, J. J. Alexander, M. Graziani, J. E. Thomasson, and
F. A. Hartman, Proceedings of the First International Inorganica
Chimica Acta Symposium, Venice, Italy, 1968, Paper C6.

19(648) J. E. Thomasson, M. S. Thesis, The Ohio State University,

(5)' J. L. Roustan and P. Cadiot, C. R. Acad. Sci., Paris, 268, 734
(1969).

(6) J.L.Roustan and C. Charrier, ibid., 268, 2113 (1969).
(7) M. D. Johnson and C. Mayle, Chem. Commun., 192 (1969).

1795

f 1
Figure 1. The 7-C;H;Fe(CO)[—C=C(CH;)—S(0)—OCH:] mol-
ecule, projected onto the plane of the r-cyclopentadienyl ring.

(Mo K radiation, X = 0.7107 A) were collected on a
0.01°-incrementing Supper-Pace Buerger automated
diffractometer using a stationary-background, w-scan,
stationary-background counting sequence. The struc-
ture was solved by a combination of Patterson, Fourier,
and least-squares refinement techniques. All atoms
other than the methyl hydrogens have been located.
With the use of anisotropic thermal parameters for
nonhydrogen atoms, the discrepancy index has been
reduced to Ry = 5.80% for the 1178 independent non-
zero reflections.

The molecule is illustrated in Figure 1. The central
iron atom is linked to two carbonyl ligands (Fe-CO
distances being 1.774 (11) and 1.778 (11) A), a w-cyclo-
pentadienyl ring system (Fe-C distances ranging from
2,086 (11) to 2.097 (12) A), and the 2-carbon of the
former but-2-ynyl ligand (Fe-C(2) = 1.996 (8) A).
This last distance may be compared with Fe-C(sp?)
distancesn of 1.987 (5) Ag in [W'CaHaFC(CO)2]2C4H4s and
1.99 (2) A in (C¢H;C,CO,CH;);Fe(CO)s,* each of which
is indicative of partial multiple bond character in the
iron—(o-vinyl) linkage. 10

The incoming sulfur dioxide molecule participates in a

~ [—C(CH;)—S(0)—0—CH]

ring in which bond distances (&) are C(1)-C(2) =
1.484 (12), C(2)-C(3) = 1.312 (12), C(3)-S = 1.781
(9), S-O(1) = 1.620 (7), and O(1)-C(1) = 1.462 (12).
Peripheral bond distances are C(3)-Me = 1.508 (13) A
and S-O(2) = 1.480 (8) A. These distances are all
consistent with the structure as drawn in Figure 1 (¢f.
ref 11).

Bond angles about the sulfur atom are: O(1)-S-
0(2) = 109.9 (0.4)°, O(1)-S-C(3) = 106.3 (0.4)°, and
0(2)-S-C(3) = 92.1 (0.4)°. The sulfur atom thus has a
pseudotetrahedral stereochemistry, with a sterically
active lone pair of electrons occupying the fourth co-
ordination position.

The proton nmr spectrum of II exhibits features
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viously for Mn(CO)y(SO.,C:H;) and C;H;Mo(CO),-
(SO,C:H;).# An analysis of the entire multiplet pat-
tern in terms of an ABX; spin system gives for II the
chemical shifts 7 7.60 (CH;), 4.81, and 4.45 (CH,), and
the coupling constants |Jap| = 14 Hz and |Jax| = /x|
~ 2 Hz, These are to be compared with 7 7.80-7.95
(CHy), 4.87-4.94, and 4.48-4.57 (CHy), and |Jup| =
14.5-15 Hz and |Jax| = |Jsx|~ 2 Hz for the other two
compounds. In the infrared spectra of II and other
SO,-containing derivatives of 2-alkynyl transition
metal complexes reported, the S-O stretching bands
are observed in the ranges 1115-1100 and 910-890
These spectral resemblances undoubtedly
reflect the same type of structure for the SO,C;H,R
(R = H and CH;) moieties as is found in II (Figure 1).

Work in progress is concerned with reactions be-
tween 2-alkynyl metal carbonyls and other electro-
philic substrates and with attempts at desulfonylation
of the complexes reported herein. Particular interest
attaches to an observation that II in CH.Cl, solution
undergoes partial (~45%) reconversion to I upon
chromatography on alumina.
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Solvolytic Reactivity of
2-Phenylbicyclo[1.1.1]pentan-2-0l p-Nitrobenzoate
Sir.

The generation of carbonium ions in strained ring
systems has produced a host of highly interesting and
important results of practical and theoretical interest.%?
While the solvolytic behavior of some bicyclofn.1.1]
systems has received considerable attention,® others
have remained virtually unexplored. A study of the
reaction rate and products of the solvolysis of the p-
nitrobenzoate ester of bicyclo[l.l.1]pentan-2-0l would
be of considerable interest since it should provide ad-
ditional information on what effects ring size and strain
have on the course of cyclobutyl carbonium ion type
rearrangements.? Our recent photochemical entry
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into the bicyclo[l.1.1]pentanol system® makes these
molecules available for a variety of physical organic
studies. We now wish to report on the anchimeric
assistance present in the solvolysis of 2-phenylbicyclo-
[I.1.1]pentan-2-o0l p-nitrobenzoate (1).

The preparation of the desired p-nitrobenzoate 1,
mp 78-80°, was carried out in the usual way by treating
2-phenylbicyclo[l.1.1]pentanol  with  p-nitrobenzoyl
chloride in dry pyridine.® The ester was allowed to
solvolyze in 6077 aqueous acetone, and the course of
the reaction was followed titrimetrically using standard
techniques. For comparison purposes the related 1-
phenylcyclobutanol (2) and dimethylphenylcarbinol (3)
p-nitrobenzoates were prepared and their solvolytic
behavior was also investigated. Table I lists the rates of
solvolysis, and the associated thermodynamic param-
eters of 1, 2, and 3, together with the rate of solvolysis
of 7-phenyl-7-norbornyl p-nitrobenzoate (4)"% for com-
parison purposes.

The solvolysis of 1 proceeded vig rearrangement to the
3-cyclopenten-1-ol system giving 6%, internal return to
5 and 929 3-phenyl-3-cyclopenten-1-ol (6). The

h OPNB
P P Ph

60%

aqueous acetone

OR

1 R =PNB(5)
R=H(®)

structure of alcohol 6, mp 79-81°, is inferred from its
composition, spectral data, and chemical behavior.
The infrared spectrum of 6 was characterized by bands
at2.82,3.50, 8.70, and 9.60 u  The ultraviolet spectrum
in 95%, ethanol has a maximum at 255 mu (e 11,700).
The nmr spectrum in deuteriochloroform showed a
multiplet at 7 2.75 (5 H), a triplet at 7 3.98 (/ = 2.3 Hz,
1 H), multiplets at 7 5.45 (1 H) and 7.3%9 (4 H), and a
singlet at 7 7.40 (1 exchangeable proton). The mass
spectrum exhibited peaks at m/e 160, 142 (base), 131,
115, and 91. Chemical confirmation was obtained by
catalytic reduction of 6 to 3-phenylcyclopentanol (7)
followed by oxidation of 7 to 3-phenylcyclopentanone
(8).* Structure 8 was compared to an authentic sample
prepared from the catalytic reduction of 3-phenyl-2-
cyclopent-1-one (9). 1!

The above results point to the exceptional reactivity
of the bicyclo[l.1.1]-2-pentyl cation and the high pro-
pensity for it to undergo bond reorganization. The
products formed can best be rationalized in terms of a
bicyclo[2.1.0]-2-pentyl cation intermediate (11) which
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