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which contained actually, as shown by NMR?, spectros-
copy, both cis/trans isomers stable in neutral medium.

The addition of 2 to 8 in the presence of HBFEt,0 in
CH,Cl, led to the formation of 11 (61%; Scheme III). The
'H NMR spectrum of 11 indicated!! the selectivity of the
addition to the intracyclic C==C bond and the presence
of only one diastereoisomer.

The proposed relative configuration of 11 is based on
the following rationale pertaining to the addition of a bulky
nucleophile to forms I and II of the protonated /-carvone
(Scheme IV): (i) forms I and II are expected to be in
equilibrium at room temperature,'? (ii) it has been estab-
lished™3 for a six-membered ring that nucleophilic addition
occurs antiparallel to the axial hydrogen atom H, or H’,
at the adjacent carbon atom, and therefore nucleophilic
addition to C-3 in forms I and II should occur as shown
by A and B, respectively, in Scheme IV, (iii) the antipar-
allel addition of a bulky Fe(n%-CS,) complex to form I is
obviously disfavored with respect to the antiparallel ad-
dition to form II due to the axial position of the bulky
1-methylethenyl group in I. Therefore 11 should result
from the addition to form II in the sense indicated by B.

The present study shows that the addition of a nucleo-
philic Fe(n?-CS,) complex, in acidic medium, to «,8-un-
saturated substrates is regiospecific and reaches a high
stereoselectivity when the bulky nucleophile 2 is used. We
are currently investigating ways to remove the metallic
moiety from the sulfur-containing organic part of the
cationic adducts.
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Summary: Contrary to some previous reports, cycio-
propenium cations react with metal carbonyl anions to
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give both n°-cyclopropenyl and 73-oxocyclobutenyl com-
plexes. External ligand induced conversions of n*-cyclo-
propenyl to n3-oxocyclobutenyl skeletons are also re-
ported.

Curiously, there are no reported examples of the reaction
of a cyclopropenium cation with a metal carbonyl anion
to yield a (»®-cyclopropenyl)metal compound, although a
number of such compounds have been prepared by oxi-
dative addition pathways involving neutral metal pre-
cursors.2®  As shown in Scheme I reactions of cyclo-
propenium cations with metal carbonyl anions can evolve
along a variety of paths which we and others are at-
tempting to define. Path a has been characterized for a
single system; reaction of [C3Phs]* with [Fe(CO),(n-C;H;)]~
affords crystallographically characterized [Fe(CO),(3-n'-
C3Phy)(n-C;H;)], but this compound is resistant to de-
carbonylation (path b) to yield the corresponding 7
cyclopropenyl compound or to thermal ring expansion
(path e, i) to afford an oxocyclobutenyl ligand.%® We have
previously reported that substituted (3-n!-cyclo-
propenyl)pentacarbonylrhenium compounds could be
prepared by a synthetic sequence involving paths h and
d and that path d proceeded with an unprecedented allylic
rearrangement of the migrating cyclopropenyl group; no
evidence for reverse cyclopropenyl migration (path e) or
decarbonylation (path b) was observed in this system.!112
Finally an extensive study of the reactions of [Co(CO),]"
with cyclopropenium cations has provided evidence for a
surprising reaction pathway involving an apparent direct
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attack on coordinated CO (path f) followed by ring ex-
pansion to afford the n*-oxocyclobutenyl ligand (path i);
evidence for the dissociative path g was also defined in this
system.!?* This communication reports reinvestigations
of some previously reported reactions of metal carbonyl
anions with cyclopropenium cations, together with some
newly characterized systems; in a number of cases previous
reports are shown to be incorrect or incomplete.

The reaction of Na[Fe(CO);NO] with [C;Ph;]Br in
methanol was reported to afford low yields (14%) of a
maroon complex for which structures 1 and 2a were sug-
gested; chemical oxidation of this compound to regenerate
[C4Phg]* was considered to indicate that the cyclopropenyl
ring was still intact, thus favoring structure 1.1* In our
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hands, this same reaction (20 °C) afforded a 50% overall
yield of a 1:1 mixture of orange 2a'® and maroon 3a,'6
which could be separated by column chromatography. A
much cleaner reaction, affording almost quantitative yields
of a 1:4 ratio of 2a/3a, was obtained by using PPN[Fe(C-
0);NO]'" and [C3Phy] PFg in methanol. While 2a and 3a
did not interconvert at 20 °C, the pure n°-cyclopropenyl
compound 3a reacted with PPh; in refluxing benzene to
yield a 1:1 mixture of 3b,'8 the product of phosphine
substitution, and the ring-expanded oxocyclobutenyl
complex 2b.!5 Similarly 3a reacted with PMe,Ph to yield
a 1:1 mixture of 3¢!® and 2¢.!® In contrast the known cobalt
complex [Co(CO)4(n*-C4Phy)]® cleanly afforded only [Co-
(CO),(PPhg)(n®-C5Ph3)]'8 on thermal reaction with PPhy;
no ring expansion was observed.

The n*-cyclopropenyl complex 4 was reported® to be
formed in low overall yield (3%) from the reaction of
[Mo(CO)4(MeCN),] with [C3Phy]Cl, followed by treatment
of the known intermediate®’ [MoCl(CO)o(MeCN),(n*-
C4Phy)] with Li[C;H;]. We report that a one-pot reaction
of [Mo(CO)3(MeCN);] with [CsPh3]Cl in MeCN (15 h, 70
°C), followed by replacement of the solvent by THF and
treatment with T1{C;H;] (20 °C), afforded 4%° (19%) to-
gether with the oxocyclobutenyl complex 5a% (28%). A
reaction sequence which maintained the first oxidative
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addition step at 20 °C (72 h) afforded only 4 (40%).
Treatment of 4 with PMe,Ph in refluxing benzene rapidly
afforded only the ring-expanded product 5b.2° Neither
4 nor 5a was formed in the reaction of [Mo(CO)4(n-CsH;s)]~
{(Na* or PPN* salt) with [C3Ph,]PF, (THF; —60 °C to 20
°C); only [Mo(CO)3(n-C5Hj;)], and [CyPh,), were obtained
in an apparent redox reaction. Surprisingly, the reaction
of Na[Mo(CO);(n-CsMeg)] with [C;Ph,] PF; under identical
conditions cleanly produced 5¢% (86%).

Apparently analogous redox chemistry, to give [Mny(C-
0)10} and [C3Phg],, has been reported in the reaction of
Na[Mn(CO);] and [C;Ph;]BF..% In our hands these two
products were indeed observed, but low yields (10%) of
the oxocyclobutenyl complex 6% could also be isolated by
careful column chromatography. A somewhat higher yield
route to 6 (20%) was afforded by the reaction of PPN-
[Mn(CO)5] with [CgPhs]PFs (CH2C12, CchN, or THF; 20
°C).
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Formation of 3a constitutes an example of direct for-
mation of a #®-cyclopropenyl complex from a metal car-
bonyl anion and a cyclopropenium cation. 3a appears to
possess the same physical properties as the compound
originally proposed!* to have structure 1 or 2a. The
presence of a freely rotating, intact cyclopropenyl ring is
evidenced by a single 3C NMR resonance for the three
cyclopropenyl ring carbon atoms,? and it is not surprising,
therefore, that oxidation of this compound affords free
[CsPhg]*.M It is not clear whether 2a and 3a result from
different initial sites of electrophilic attack on [Fe(CO),-
NOJ™ (3a by direct attack at the metal and 2a by attack
at CO, as observed for [Co(C0O),])!3 or whether they are
formed by competitive pathways arising from a common
intermediate. The effect of the cation (Na* or PPN*) on

(20) 5a: IR (CH,Cly) vco 2001, 1945; yomg 1677 cm™’; 'H NMR (CDCly)
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both yields and product ratios is interesting? and is under
further investigation.

That a 7°-cyclopropenyl ligand can serve as a direct
precursor to a n°-oxocyclobutenyl ligand is evidenced by
the phosphine-promoted conversion of 2a to 2b and 3b (or
2¢ and 3c¢) and by transformation of 4 to 5b. These re-
actions are presumably initiated by pathway ¢ (Scheme
1) followed by competition between path b or a sequence
of paths e and i; in the case of the iron compounds, both
pathways are competitive, for molybdenum the ring ex-
pansion route dominates, whereas for cobalt no ring ex-
pansion occurs. A similar thermal conversion of a 7°
cyclopropenyl to a n°-oxocyclobutenyl ligand on molyb-
denum is evidenced by formation of only 4 under mild
conditions, but a mixture of 4 and 5a under more vigorous
thermal conditions. The reasons for the different re-
activities of the anions [Mo(CO);(n-C;R;)]” (R = H, Me)
toward [C5Phg]* are unclear; notably [Mo(CO)4(-CsH;)1
has been shown previously to react with [Cs-t-Bug]* via
attack at the cyclopentadienyl ring.?’

Once again, it cannot be distinguished whether the
manganese compound 6 arises via direct attack at Mn
(path a, e, i) or by attack at CO (path f, i). Whichever path
is followed, formation of 6 demonstrates a notable dif-
ference between Mn and Re chemistry; the (2-cyclo-
propene-1-carbonyl)rhenium system undergoes exclusive
cyclopropenyl migration to Re (path d), with no observable
ring expansion (path i), and (3-5!-cyclopropenyl)rhenium
complexes show no tendency to form oxocyclobutenyl
compounds (path e, i).1-12

Reactions of metal carbonyl anions with cyclopropenium
cations clearly proceed via an array of reaction pathways,
but the underlying reasons for choice of reaction path are
still obscure. Nevertheless, under suitable conditions these
reactions can provide good synthetic routes to oxocyclo-
butenyl compounds, which are useful precursors to cationic
cyclobutadiene compounds?? and to new n!- and »°-
cyclopropenyl compounds, whose chemistry is currently
under continuing investigation.
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Summary: Reactions of H,0s4(C0O),, with metal carbo-
nyls in the presence of H, and also in the absence of H,
provide convenient routes to a number of new mixed-
metal clusters and improved yields of some previously
reported clusters. The X-ray structure determination of
the paramagnetic cluster Hy(n°-CsH;)Co0s,(CO), and its
diamagnetic structural analogue Hy(n°-C5Hs)NiOs4(CO), is
reported.

An earlier report! from this laboratory suggested a
relatively simple approach to the preparation of mixed-
metal systems containing a triosmium unit and is based
upon the use of the electronically unsaturated cluster
H,0s;5(C0O), as a starting material. A simple high-yield
preparation of H,FeQs;(CO),; and a good yield preparation
of Hy(1%-CsH;)Co0s,;(CO),, were reported. More recently
we have found that when the latter reaction is conducted
in the presence of molecular hydrogen, the yield of H,-
(n®—C;H;)Co0s4(CO), is greatly diminished but two ad-
ditional products are formed.

toluene

(775'C5H5)CO(CO)2 + HzOS,g(CO)lo + Hgm
H2("75'C5H5)COOS3(CO) 10 +
4%

Ha(?‘]s'C5H5)C0053(CO)g + H4(‘I]5-C5H5)COOS3(CO)9 (1)
33% 32%

The conditions chosen for reaction 1 permit formation
of significant yields of Hy(n5-C5H;)CoQOsy(CO)s. However,
this compound will react with H, to convert to H,(n®-
CsH;)Co00s3(CO)y. Thus after a prolonged period of time
the principal product from reaction 1 is H,(»5-C;H;)-
Co0s3(CO)g. On the other hand, the conversion of H,-
(7°-CsH5)CoOs3(CO)y, to the other clusters in the presence
of H, at 1 atm is not favorable.?

toluene
H,(n%-CsH;)Co0s3(CO) o + Hy ———
? 30‘% gonsumaed 10 % 90°C, 3 days

Ha(ns'C5H5)COOS3(CO)9 + H4(T]5'C5H5)00053(CO)9 (2)
7% 23%

It is possible that in reaction 1 H, is assisting in CO dis-
placement from the reactants and that the primary path
of the reaction does not proceed through Hy(n*-C;H)-
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Am. Chem. Soc. 1980, 102, 6157.
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H,. See: Koepke, J. W.; Johnson, J. R.; Knox, S. A. R.; Kaesz, H. D. Ibid.
1975, 97, 3947.

0276-7333/82/2301-1405$01.25/0 © 1982 American Chemical Society



