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as methyl groups are added and is more prone to undergo the
1,1-cycloaddition reaction, This is exactly what is observed.
Placing electron withdrawing groups at C-3 (i.e,, CF;, H, etc.)
will favor linearization of the nitrile ylide, As the dipole be-
comes less bent, the C;N bond shortens and the NCj lengthens
and the system prefers to undergo 1,3-dipolar cycloaddition.
More recent calculations by Houk and Gandour!? show that

introduction of a phenyl or vinyl group at C flattens the dipole
considerably so that it is much more sensitive to C-3 substi-
tution than the unsubstituted case. Thus, when the energy
difference between the nonplanar bent and linear forms is
small, substituent effects can play an extremely important role
in determining the course of the intramolecular cycloaddition
reactions of nitrile ylides.

Acknowledgment. We gratefully acknowledge support of
this work by the National Science Foundation and the Na-
tional Institutes of Health. We should also like to express our
appreciation to Professor K, N. Houk for informing us of his
substituted nitrile ylide computational results and for some
helpful discussions.

References and Notes

(1) Photochemical Transformations of Small Ring Heterocyclic Compounds.
87. For part 86, see A. Padwa, T. J. Blacklock, D. Getman, and N. Hatanaka,
J. Am. Chem. Soc., 99, 2344 (1977).

(2) R. Huisgen, Angew. Chem., Int. Ed. Engl., 2, 565 (1963).

(3) A.Padwa and J. Smolanoff, J. Am. Chem. Soc., 93, 548 (1971); A, Padwa,
M. Dharan, J. Smolanoff, and S. |. Wetmore, Jr., ibid., 94, 1395 (1972); 95,
1945, 1954 (1973).

(4) N. Gakis, M. Marky, J. H. Hansen, and H. Schmid, Helv. Chim. Acta. 55,
748 (t1972); H. Giezendanner, M. Marky, B. Jackson, H. J. Hansen, and H.
Schmid, ibid., 55, 745, 919 (1972).

(5) See A. Padwa, Acc. Chem. Res., 9, 371 (1976), for some leading refer-

ences.

P. Caramella and K. Houk, J. Am. Chem, Soc., 98, 6397 (1976); P. Car-

amella, R. W. Gandour, J. A. Hall, C. G. Deville, and K. N, Houk, J. Am.

Chem. Soc., 99, 385 (1977).

R. Huisgen, Angew. Chem., Int. Ed. Engl., 2, 633 (1963), previously pos-

tulated that the bent form of a nitrile ylide would be less stable than the

planar form, because allyl resonance would be more important for the
planar geometry.
A. Padwa and P. H. J. Carlsen, J. Am. Chem. Soc., 97, 3862 (1975); 98,
2006 (1976); A. Padwa, A. Ku, A, Mazzu, and S. |. Wetmore, Jr., ibld., 98,
1048 (1976).
Compound 5: IR (neat) 6.05 y; UV (methanol) 260 nm (e 35 200); NMR (100
MHz, CDCl3) 7 8.60 (ddd, 1 H, J = 12.0, 10.0, and 10.0 Hz), 7.20 (ddd, 1
H, J= 12.0, 6.0, and 6.0 Hz), 6.60 (m, 1H), 6.08 (dd, 1H, J= 12.0 and 10.5
Hz), 5.28(dd, 1H, J= 10.5 and &.0 Hz), 4.80 (ddd, 1H, J= 10.0, 6.0, and
2.0 Hz), 1.68-3.02 (m, 8 H).
(10) Compound 7: IR (neat) 6.05 y; m/e 173 (M), 145, 119, 91. and 77; NMR
(100 MHz, CDClg) 7 8.48 (dddd, 14, J = 12.0, 10.0, 10.0, and 9.0 Hz), 7.78
(ddd, 1H, J= 12.0, 8.0, and 7.0 Hz), 6.80 (m, 1 H), 6.24 (dddd, 1H, J = 16.0,
10.0, 8.0, and 2.0 Hz), 619 (dd, 1H, J= 13.0 and 10.0 Hz), 5.80 (ddd, 1H,
EI= li? 9.0, and 2.0 Hz), 5.38 (dd, 1H, J = 10.0 and 6.0 Hz), 2.08-3.16
m, .

(11) Compound 10, mp 60-61 °C; NMR (100 MHz, CDClg) 7 8.62 (d. 3H, J =
7.0 Hz), 8.30 (m, 1 H), 7.76 (pent., 1 H, 6.0 Hz), 6.80 (M, 1 H), 6.26 (dd, 1
H, J= 12.0 and 10.0 Hz), 6.0 (1. m), 5.40 (dd, 1 H, J = 10.0 and 6.0 Hz),
and 2.1-3.3 (m, 4 H).

6

(7

(8

©

(12) :(1.9E_;tirger, W. Steglich, M. Durr, and E. Burgig, Chem. Ber., 107, 1488
).

(13) K. Burger and J. Fehn, Chem. Ber., 105, 3814 (1972),

(14) Compound 14; NMR (100 MHz, CDCl3) 7 8.12 (dd, 1H, J = 14.0 and 9.0
Hz), 7.36 (dd, 1H, J = 14.0 and 8.0 Hz), 6.52 (dddd, 1H, J= 12.5, 9.0, 8.0,
and 5.5 Hz), 6.08 (dd, 1 H, J = 12.5 and 9.5 Hz), 5.37 (dd, 1H, J = 9.5 and
5.5 Hz), 2.6-3.28 (m, 3 H), and 2.0-2.20 (m, 1 H).

(15) A steric effect would have been expected to result in the formation of a
1,1-cycloadduct since the trifluoromethyl group is larger than a methyl
group.

(16) E. W. Della, Tetrahedron Lett., 3347 (1966).

(17) Private communication, K. Houk and R. Gandour.

Albert Padwa,* Per H. J. Carlsen, Audrey Ku

Department of Chemistry
State University of New York at Buffalo
Buffalo, New York 14214

Received December 6, 1976

Carbanions. 19. Reactions of Cesium or
Cesium-Potassium-Sodium Alloy with Benzene and
Toluene

Sir:

1,1,1-Triphenylethane has been recently reported! to react
with Cs-K-Na alloy of eutectic composition? at =70 °C in
tetrahydrofuran (THF) to give an insoluble red organoalkali
compound (2) which upon protonation gives 9-methyl-9-
phenyl-2,4a,4b,7-tetrahydrofluerene (3), The reaction may
be explained by Scheme I. The alloy has been now analyzed?
before and after reaction* at —50 °C; the change in composi-
tion of the alloy and the number of hydrogen atoms added to
the starting 1,1,1-triphenylethane are in agreement with 2
being formulated as a dicesium compound. This reaction of
1,1,1-triphenylethane caused us to wonder if benzene would
give a similar reaction.

Hackspill® in 1912 reported that benzene reacts with cesium
at 28 °C to give a black solid containing cesium in an amount
near that expected for phenylcesium. He accordingly suggested
that the substance was phenylcesium although it was said to
be formed without evolution of hydrogen and gave biphenyl
and hydrogen® upon hydrolysis. Hackspill® later questioned
his assigned structure and noted that the product merited
further study, Subsequently de Postis? came to the conclusion
that the black compound had the empirical formula of
CeHeCsg and was a loose addition compound of benzene with
cesium since it was attacked by water with evolution of hy-
drogen, did not react with gaseous COj, and failed to give
“normal” alkylation products with alkyl halides. Clusius and
Mollet® found that cesium reacts with benzene at 50-60 °C
with steady evolution of hydrogen and that the black product
reacts with water to give biphenyl and phenol.

We wish to report that reaction of excess benzene with finely
divided cesium in THF at —70 °C gives a black precipitate
which has a broad-line ESR spectrum indicative of a high yield
of a radical anion in a doublet state. Quenching of the fine
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black precipitate after a reaction time of 1.5 h by forcing the
suspension into ice water gave the products (in yields expressed
as percent of starting cesiurmn converted into the product)
1,4-dihydrobenzene (70%), cyclohexene (3%), and compound
4 (6%). With continued stirring at =-70 °C for 4 h the yield of
4 increased to 12% with corresponding depletion in the quantity
of 1,4-dihydrobenzene: with increase in temperature finally
to 5 °C with stirriug for some 2 h the vield of 4 was 39% and
that of dihydrobenzene 36%. Compound 4 was a colorless oil
of analytical and spectral properties’ ('H NMR (neat) § 5.63
(8 H, m), 2.62 (6 H, m); mass spectrum, M* m/e 158) in
agreement with the structure of 1,17,4,4'-tetrahydrobiphenyl.
Further confirmation of this structure was by dehydrogenation
of 4 over 5% Pd/C at 160 °C to give biphenyl. The thermal
changes which brought about an increased yield of 4 were
marked by a gradual change in the appearance of the reaction
mixture from black to yellow-green (vellow precipitate in a pale
blue solution) and a disappearance of the anion radical ac-
cording to ESR measurements. The final yield of dihydro-
benzene was frequently negligible but the yield of 4 did not,
in our experience, exceed 40% (based on cesium). When the
yellow precipitate was decomposed with D,0, the product 4
had only four rather than six allylic hydrogens in its 'l NMR
spectrum and is assigned the structure of 1,1’-dihydro-4,4’-
dideuteriobiphenyl.

In a more effective procedure, reaction of 7.36 g of cesium
alloy of composition (atom percent) 42.1% Cs, 48.9% K, and
9.0% Na with 13.41 mmol of benzene in THF gave after 2 h
of vigorous stirring at —43 &+ 2 °C an alloy of composition
33.9% Cs, 55.7% K, and 10.4% Na. Jetting of the green organic
phase containing a fine suspension of yellow precipitate into
ice water yielded according to a quantitative GLPC analysis
1.20 mmol of 1,4-dihydrobenzene, 5.08 mmol of 4, and 1.96
mmol of benzene. On the assumption that for each proton
appearing in the organic products beyond that in benzene, one
cesium atom is consumed, the calculated final composition of
the cesium alloy would be 33.3% Cs, 55.4% K, and 10.3% Na.
The calculated result agrees closely with that found. In this
experiment the ratio of cesium atoms extracted from the liquid
alloy to molecules of benzene initially present was 0.88 to 1,
while the ratio of hydrogen atoms added after quenching with
water to initial molecules of benzene was 0.94 to 1; thus only
a small amount of additional reduction of benzene by the alloy
occurs during quenching.

Our experiments with benzene are in accord with Scheme
I1. Reaction with cesium, or Cs-K-Na alloy, at =70 °C gives
initially a black precipitate which evidently is cesium benzenide
5 since hydrolysis gives primarily 1,4-dihydrobenzene (and
benzene). Warming of the black precipitate to as high as 5§ °C
or better carrying out the reaction with excess Cs-K-Na alloy
at about —43 °C gives a yellow precipitate 6 which upon pro-
tonation gives 1,1’,4,4"-tetrahydrobiphenyl 4 (in 76% yield with
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the alloy). Warming of 6 to 35 °C gives finally a black pre-
cipitate 7 which is dicesium biphenylide according to its re-
action with iodine which gives biphenyl or with water which
gives a mixture of hydrocarbons like that obtained from a
sample!® of dicesium biphenylide prepared by reaction of bi-
phenyl with excess cesium in THF. Dicesium biphenylide is
of the same empirical composition as phenylcesium; evidently
the compound prepared by Hackspill® was largely dicesium
biphenylide, likely containing some of its precursors 5 and
6.

Toluene has been reported to react with cesium?'! in the
vicinity of its melting point (28.6 °C) or with cesium in THF!?
at 20 °C with evolution of hydrogen to give benzylcesium. We
find that at =45 4+ 5 °C in THF toluene (14.79 mmol) reacts
upon vigorous stirring with 7.77 g of cesium alloy of compo-
sition 48.3% Cs, 44.5% K, and 7.2% Na to give a black pre-
cipitate which after some 45 min was converted into a yellow
precipitate in a blue solution (overall color, green). After a
reaction time of 4 h, the liquid alloy had a composition of 37.8%
Cs, 53.2% K, 9.0% Na. The calculated composition based upon
extraction from the alloy of 1 g-atom of cesium per mole of
toluene is 38.1% Cs, 53.3% K, and 8.6% Na. The data agree
well with cesium being the alkali inetal preponderantly reacting
with toluene and can be calculated to show 1.03 atoms of ce-
sium reacting per molecule of toluene present. Jetting the or-
ganic phase containing the yellow precipitate into ice water
gave 4.7 mmol of 2,5-dihydrotoluene, 3.2 mmol of toluene, and
3.5 mmol of tetrahydrodimethylbiphenyls. The average
number of hydrogen atoms appearing in the organic product
beyond that in toluene is 1.11 atoms per molecule of toluene;
hence again a little additional reduction occurs during
quenching.

The reaction of toluene with cesium may be explained by
a process analogous to that shown for benzene in Schemne I1.
Of particular interest is the composition of the tetrahydrodi-
methylbiphenyl fraction. The elemental analysis and spectral
properties (!H NMR (CCly) 6 1.66 (6 H,s), 2.53 (6 H, m),
5.2-5.9 (6 H, m); '*C NMR (CDCl;) with all absorptions at
about equal intensities 6 131.5 (s), 126.6 (d of d), 124.4 (d).
121.6 (d of d). 41.6 (d), 31.4 (1), 23.2 (q)) are in agreement
with this product having predominantly structure 9, containing

CH, CH, CH, CH,

evidently about a one to one mixture of disastereomers (as
implied by the splitting of the 6 126.6 and 121.6 peaks in the
13C NMR spectrum). Further confirmation of structure 9 was
supplied by dehydrogenation with 2,3-dichloro-5,6-dicyano-
1,4-benzoquinone in benzene at reflux; the product consisted
of 99.1% 3,3’-dimethylbiphenyl along with 0.2 and 0.7% of 2,2’-
and 2,3'-dimethylbiphenyl, respectively. The high regiose-
lectivity in dimerization may be explained by the charge dis-
tribution in the toluene radical anion (deduced from analysis
of its ESR spectrum!?) wherein the odd electron is located
primarily on the carbons ortho and meta to the methyl group.
If these carbons bearing the highest density of the odd electron
are the only carbons which couple, then the reaction would lead
solely to the 2,27, 2,3, and 3,3’ isomers as found. That the 3,3’
isomer is most favored is reasonable since only in this isomer
are both of the methyl groups in the intermediate 8 located at
nodal carbons in the highest filled molecular orbitals of the
pentadienyl anion systems of 8.

The formation of high yields of radical anions and derived
products from reaction of benzene and toluene with cesium or
cesium alloys is perhaps unexpected.'!* Thus benzene in 2:1

Communications to the Editor



2802

by volume of THF to I,2-dimethoxyethane with Na-K alloy
at —83 °C is converted'® at equilibrium to radical anion only
to the extent of about 0.1%; toluene under similar conditions
forms a radical anion to an even lesser extent.!® The present
results can be rationalized on the basis of the superior reducing
power in THF of cesium and cesium alloys over the other alkali
metals or alloys. The reaction is evidently promoted by strong
electrostatic interaction between cesium cations and benzene
or toluene radical anions and the association of ions into in-
soluble aggregates. These reactions seem to constitute the
simplest synthesis of 1,1”,4,4'-tetrahydrobiphenyl and deriv-
atives; dehydrogenation of the latter may in some cases provide
a convenient synthesis of certain derivatives of biphenyl. The
generality of these reactions is under investigation.
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Novel Bimetallic Products from Iron Carbonyls and
Methylaminobis(difluorophosphine): an Example of
Square Pyramidal Pentacoordinate Iron(0)

Sir:

Recently we reported reactions of CH3N(PF,), with
Coy(CO)g to give bimetallic products of the type
[CH3N(PF3)5]3CosL; (L = CO and CH;NHPF;) containing
a cobalt-cobalt bond supported by three bridging CH3N(PF>),
groups.! This communication reports the preparation and
structural characterization of bimetallic iron carbonyl deriv-

Figure 1. ORTEP drawing of the structure of [CH3;N(PF,);Fe(CO)s],
(.

atives containing pairs of iron atoms bridged by one or two
CH;3;N(PF,); ligands. Of particular interest is the unambig-
uous identification by x-ray crystallography of a pentacoor-
dinate iron(0) derivative in which the iron coordination poly-
hedron is best represented as a square pyramid rather than the
more usual trigonal bipyramid.

The ability of CH3N(PF,); to function as a biligate
monometallic ligand? as indicated by the formation of
CH;N(PF;),M(CO)s (M = Cr, Mo, and W)3 and
[CH3N(PF;),]sM (M = Cr, Mo, and W)# suggested that the
iron carbonyl system might form a CH;N(PF,);Fe(CO);
complex. In this connection reaction of 2.0 g (4 mmol) of
Fe3(CO), with 2.0 g (12 mmol) of CH3N(PF;);in 75 mL of
boiling tetrahydrofuran for 20 min followed by rapid removal
of solvent and crystallization from dichloromethane gave 0.77
g (20% yield) of yellow crystalline [CH3N(PF;),Fe(CO)3],.*
mp 128-129 °C; infrared »(CO) in hexane 2040 (w), 2037
(m), 2033 (m), 2011 (s), 2005 (s), and 1974 {(m) cm~!. Mo-
lecular weight determinations on freshly prepared benzene
solutions of [CH3N(PF,),Fe(CO)3], by vapor pressure os-
mometry consistently indicated formulation as a dimer (caled
mol wt for n = 2, 614; found, 627, 583, 618, 572).

The iron complex{CH;N(PF,);Fe(CO);3], (I) forms
monoclinic crystals from n-hexane at —20 °C for 3 h: space
group P2,/n;a = 10.473 A, b=108254,c=9.035A;8=
100.127°; Z = 4. Because of crystal decomposition, three
crystals were required for collection of x-ray intensity data.
Least-squares refinement using the 893 observed reflections
(R =0.0839, Ry, = 0.0511) indicates the structure depicted
in Figure 1. This structure uses the inversion center. The
iron-iron distance is 3.90 A, clearly a nonbonding distance.
The coordination geometry of each iron atom (Figure 1) is best
represented as a square pyramid with successive angles be-
tween adjacent pairs of the basal ligands of 88.5 (5)°, 88.3
(4)°, 87.4 (4)°, and 88.3 (4)° as compared with 90° for an
idealized square pyramid. The successive angles between the
apical carbonyl group and the four basal ligands are 98.8 (7)°,
102.6 (4)°, 97.6 (7)°, and 103.5 (4)° corresponding to «
values® of —9°, —13°, —8°, and —13°, respectively.

The complex [CH3N(PF3),Fe(CO);]; (I) is unstable upon
standing in solution at room temperature with respect to evo-
lution of carbon monoxide to form orange [CH;N-
(PF3)3]2Fex(CO)s (I1),3 mp 192-193 °C; infrared »(CO) in
hexane 2066 (w), 2026 (s), 1992 (s), 1978 (m), and 1786 (m)
cm~!. The relatively stable red-orange [CH3;N(PF;)]>-
Fe,(CO)s (II) is also obtained presumably via
[CH3N(PF,);Fe(CO)s]; (I) from the reaction of Fe3(CO) 3
with CH3N(PF»); in boiling diethyl ether or tetrahydrofuran
for several hours or in hexane at room temperature for 60 h.
The diiron pentacarbonyl II is also obtained in 40% yield by
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