Bridged Polycyclic Compounds.

XXXI. Stereochemical Aspects of the Solvolysis
of Cyclopropyl Chlorides!

Sir:

Our interest in bridged bicyclic systems led us to the
preparation of 3,3-dichlorodibenzotricyclo[3.2.2.0%¢]
nonadiene (I), m.p. 151-153°, as a route to dibenzo-
bicyclo[3.2.2]nonatrienes, by treatment of dibenzo-
bicyclo[2.2.2]octatriene (11)? with phenyl(trichlorometh-
yDmercury.? Treatment of I with silver acetate in
glacial acetic acid at reflux for 1 hr. produced III,
m.p. 143-145°, in quantitative yield.* When I was
treated with triphenyltin hydride by the procedure

reported recently® for the stepwise removal of halogen
atoms from gem-dihalocyclopropanes, a monochloro
derivative was produced in 619 yield which was as-
signed the structure anti-3-chlorodibenzotricyclo[3.2.2.-
0%4nonadiene (V), m.p. 173-175°, on the basis of its
n.m.r. spectrum, which had a triplet centered at r
8.01 with J = 2 c.p.s. This assignment is consistent
with the values of trans coupling constants found for a
variety of other cyclopropane derivatives,® although we
were surprised that the hydrogen transfer had taken
place on the apparently more hindered side. No
silver chloride was produced when V was treated with
silver acetate in refluxing acetic acid for 23 hr., and V
was recovered unchanged.

Although the solvolysis rearrangement of cyclo-
propyl derivatives to allyl derivatives has been known
for some time’ and the use of the dihalocarbene addi-
tion followed by rearrangement or solvolysis rearrange-
ment has become a general procedure for ring expan-
sion,® the stereochemistry of the rearrangement does
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not appear to be known.® Our results with I and V
suggested that the solvolysis preferred (by a large
factor) the loss of halide ion zrams to the hydrogen
atoms at C-2 and C-4. As we have not succeeded in
preparing the epimer of V, we decided to examine the
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reactivities of the epimeric 7-chloronorcaranes® and of
7,7-dichloronorcarane!! for confirmatory evidence.

The n.m.r. spectrum of the mixture of VI and VII,
prepared as previously described,? indicated a ratio
of 1.9 parts of VI to 1.0 part of VII in the fraction
boiling at 56° (11 mm.). Structure VI was assigned
to the isomer with the n.m.r. coupling constant of 7.5
c.p.s. for the 7-proton (r 6.80), while VII had J =
3.3 c.p.s. at 7 7.35 for the analogous proton.!? The
mixture was separated by v.p.c. at 150° on a 5 m. X
%/s in. 2597 Carbowax 20M on 60-80 mesh Chromo-
sorb W support with a flow rate of 90 ml,/min. of
helium. The retention times of VI and VII were 39
and 30 min., respectively.

Solvolyses of VI, VII, and VIII were carried out in
glacial acetic acid containing a slight excess of sodium
acetate. The reaction was followed by Volhard ti-
tration of liberated chloride ion. The rate constants
obtained at 124.6° are: for VI, 1.4 X 10-¢ sec.—1;
for VIII, 4.5 X 1077 sec.—!; and for VII, no observable
reaction in 692 hr., k < 8 X 10~%sec.~t.  VII was re-
covered unchanged after treatment with 2 M silver ace-
tate in acetic acid at 210° for 2 hr.

While this work was in progress, certain theoretical
discussions concerning the stereochemical basis of
electrocyclic transformations appeared!¢ in which it
was adduced that the groups zrans to the leaving group
in the cyclopropane ring opening should move out-
ward while the cis groups should move inward. The
relative reactivities of VI and VII are consistent with
the idea*® that a concerted disrotatory process in
VI is favored over a similar process in VII by the large
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constraint to rotation in the proper direction developed
in the six-membered ring when trans to the leaving
chlorine as in VII. The lack of reactivity of V may be
similarly explained. It may further be assumed that
in the gem-dihalo compounds the halogen atom trans
to the hydrogen atoms leaves, and that the small rate
depression of VIII compared with VI is a reflection of
the inductive effect of the second halogen. '®

Our work has thus provided examples which support
the predictions**®® of the stereochemical outcome of
electrocyclic reactions involving cyclopropane rings.
Furthermore, it now appears possible to assign correct
structures to similar compounds of previously un-
known configurations.
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Preparation and Oxidative Addition
Reactions of a Monomeric Ruthenium(0) Complex
Sir:

Group VIII complexes of d® configuration add a wide
variety of covalent molecules to form hexacoordinate
complexes of d® configuration. Both “unsaturated,”
four-coordinate and “saturated,” five-coordinate d®
complexes behave in this way, the latter reacting with
loss of a neutral ligand such as CO. Although the
generality of these oxidative-addition reactions does
not seem to be widely recognized, numerous examples
have been reported. We are studying the scope,
stereochemistry, and mechanisms of such d® addition
reactions.

The d® complex which shows the most tendency to
add covalent molecules is [IrCI{CO)(Ph;P).], (A), dis-
covered by Vaska.! This remarkable compound adds
molecular hydrogen at room temperature and atmos-
pheric pressure. The parallel between such additions
and chemiadsorption on metal surfaces is significant.?

Examples of covalent molecules which add to the
more reactive d8 complexes are halogens,'~® hydrogen
halides,»” trifiuoroacetic acid,® sulfonyl chlorides,®
sulfenyl chlorides,® mercaptans,® silicon hydrides,?
mercuric halides,®11! methyl iodide,4®1% acetyl chlo-
ride,? perfluoroalkyl iodides,® %1 azo compounds,” 18
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hydrogen,>1%20 acetylenes,®2! olefins,52! oxygen,? 22
and sulfur dioxide.?? The last four reagents add to the
metal without molecular dissociation.

A survey of oxidative additions of d% complexes sug-
gests that the tendency to form stable adducts of ds
configuration increases in passing from first- to third-
row elements and in going from right to left in group
VIII. Thus complexes of iridium(I), ruthenium(0), and
osmium(0) should exhibit the greatest tendency to
react in this way.

This anticipated reactivity of ruthenium(0) and
osmium(0) complexes led us to attempt the preparation
of the substances described herein. At the outset of
our work, the pentacarbonyls Ru(CO)s22 and Os(CO);23
were the only known monomeric complexes in this
oxidation state. These carbonyls readily trimerize?4
to Rus{CO);; and Os(CO).. Recently, Chatt?® de-
scribed a ruthenium phosphine complex in tautomeric
equilibrium between a hexacoordinate ruthenium(II)
and a four-coordinate ruthenium(0). The hexaco-
ordinate tautomer is formed by the metal inserting
itself into a carbon-hydrogen bond of a methyl group
on one of the ligands.

Earlier, we had found that [IrCl(CO)(Ph;P).] (B)
can be reduced to [IrCl(CO)(Ph;P):] (A) with zinc in
dimethylformamide (DMF). In order to extend this
reduction to our present goal, [RuCl,(CO),(Ph;P).]

(C) was prepared according to eq. 1. Anal. Calcd.
CO, 60 p.s.i. 2Ph;P
RuClg ¢H,0 ME‘UCIZ(CO)E—L S
CH;0H
oc,_ ' pPhe
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for C38H3002C12P2Ru: C, 6064, H, 4.02. Found:
C, 60.88; H, 3.96. The infrared carbonyl bands ex-
hibited by C (Table I) indicate that it is of the same

Table I. Carbonyl Stretching Frequencies®

Compound yYCc=0
Ru(CO)s(PPhy)2 1895
Ru(CO);(AsPhy), 1890
RuClL(CO)(PPhy), 2050, 1990
RUBFQ(CO)z(PPhs)z 2050 N 1990
Rul,(CO)(PPh;), 2045, 1990
Ru(CF3CO2),(CO)(PPh;), 2055, 1995

s All compounds were measured as KBr pellets on a Perkin-Elmer
Grating Infracord. ? Also measured in methylene chloride solu-
tion.
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