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mode in reactions of V3+,1L12 Tt {s interesting to note
that ASTis —11 = 4 eu at 100° for Fe(DMSO),3+ ex-
change and —16 eu for Ni(DMSO)y>+* DMSO ex-
change.® V(DMSO)s3*+ should be especially interesting.
(11) W. Kruse and D. Thusius, Inorg. Chem., 7, 464 (1968).
(12) B. R. Baker, N. Sutin, and T. J. Welch, ibid., 6, 1948 (1967).
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Dihalocarbene Insertions into Optically Active R;Si*H
with Retention of Configuration!
Sir:

Recently there has been much interest in carbene (or
carbenoid) insertions into Si-X bonds in which X =
H,? C (ring strained),® and Cl.* We wish to report
the first stereochemical studies on such insertions, using
optically active a-naphthylphenylmethylsilane, R ;Si*H.¢
Specifically, the present work involved insertion of CCl,
and CBr; using the appropriate organomercury com-
pounds, trichloromethyl- and tribromomethylphenyl-
mercury, PhHgCX;.5 The general procedure com-
prised refluxing a 200-ml benzene solution of the silane
(40 mmol) and organomercury compound (40 mmol).
Reaction times were 24 hr for PhHgCCl; and 4 hr
for PhHgCBr;. The phenylmercuric halide which
formed was filtered, the solvent removed by distilla-
tion, and the crude product taken up in CCl, solvent.
Unreacted R;Si*H in the crude product was converted
to R;Si*OH by treatment with Cl; followed by hydrolysis
of the Si—Cl bond, and the product was then passed
through a column of silica gel for removal of the R;Si*-
OH. This procedure gave R;Si*CHX; of good purity
as determined by infrared and nmr spectra and analysis
for C, H, and X. Using dextrorotatory R;Si*H the
insertions proceeded as follows.

(+)-R;:Si*H + PhHgCX; —> (4+)-RsSi*CHX:

[alD +35.0° X = Cl; [a]p 4+21.0°
X = Br; [«]D +14.3°

[

The problem of correlation of configuration be-
tween R;Si*H and R;Si*CHX, was overcome by prep-
aration of the insertion products via independent
syntheses involving reactions of known stereochemistry.
The latter used organolithium reagents in coupling
reactions with R3Si*Cl, a class of reactions known to
proceed with inversion of configuration.” The di-
chloromethyllithium reagent was prepared in THF
solvent by the general low-temperature method pre-

(1) Current support of this work by the National Science Foundation
is gratefully acknowledged. Initial studies were carried out at The
Pennsylvania State University with support from Dow Corning Corp.

(2) D. Seyferth and J. M. Burlitch, J. Am. Chem. Soc., 85, 2667
(1963); K. A. Kramer and A. N. Wright, J. Chem, Soc., 3604 (1963).

(3) D. Seyferth, R. Damrauer, and S. S. Washburne, J. Am. Chem.
Soc., 89, 1540 (1967).

(4) K. A. W. Kramer and A. N. Wright, Angew. Chem., 74, 468
(1962).

(5) L. H. Sommer and C. E. Frye, J. Am. Chem. Soc., 81, 1013
(1959); L. H. Sommer, C. L. Frye, G. A. Parker, and K. W. Michael,
ibid., 86, 3271 (1964).

(6) It has been emphasized previously by Seyferth and coworkers
that the use of PhHgCXs for CX: insertion into SiH comprises an
especially useful method which avoids strong bases that can give nu-
cleophilic substitution with Si-H bonds.

(7) For recent numerous examples, see: L. H. Sommer, W. D.
Korte, and P. G. Rodewald, J. 4m. Chem. Soc., 89, 862 (1967).

viously reported for a-chloroalkyllithium compounds.?
. retention inversion
(—)RsSi*H + Cl; ——> (+)-R;Si*Cl ——
[alp —35.2° [alp +6.3° LiCHX
(+)-R;Si*CHX,
Cl; [alp +22.6°
Br; [«]D +13.8°

X
X

[l

Dibromomethyllithium was prepared by the reaction
of dichloromethyllithium with dibromomethane® in
THF solvent. Thus based on assignment of an in-
version stereochemistry to the coupling reactions of
LiCHX, with R;Si*Cl, (4)-R3SiCHCI, and (4)-R;Si*-
CHBr, have the same configuration as (+)-R;Si*H
and the insertion of CClL and CBr, into the silicon-hy-
drogen bond proceeds with retention of configuration.
The solid R;Si*CHCI, from the coupling reactions was
recrystallized up to constant rotation, [a]D +4-24.4°,
indicating optical purity. From this it appears that
the insertion proceeded with a high degree of stereo-
specificity, ~9397.

The insertion products of R;Si*H and those obtained
by coupling reactions of LiCHX, with R;Si*Cl had
identical infrared and nmr spectra.

The present finding of a retention stereochemistry
for the insertion reactions of CCl; and CBr, with R;Si*-
H is certainly consistent with a three-center mechanism
involving direct electrophilic attack of CX,; on the
silicon-hydrogen bond (I). It is interesting to note
that a very similar mechanism (II) has been advanced
previously® for the reactions of R,Si*H with X,
(X = Cl or Br) which also proceed with retention of
configuration. These reactions were postulated to
involve electrophilic attack on R;Si*H by X+. Transi-
tion states I and II both involve attack of electrophilic

/H /H
RaSi* | RSP |
CX, X

I 1l

species on the silicon-hydrogen bond,!! and both pro-
ceed with retention of configuration.

(8) D. F. Hoeg, D. I. Lusk, and A. L. Crumbliss, ibid., 87, 4147
(1965). Our procedure employed —90° instead of — 100° as reported.

(9) G.Kobrich, Angew. Chem. Intern. Ed. Engl., 6,41 (1967).

(10) L. H. Sommer, “Stereochemistry, Mechanism and Silicon,”
McGraw-Hill Book Co., Inc., New York, N. Y., 1965, pp 107-109.

(11) In many respects dihalocarbenes behave as electrophilic species.
For a summary see: W, Kirmse, “Carbene Chemistry,” Academic
Press Inc., New York, N. Y., 1964, pp 163-164. Also recent evidence
indicates that PhHgCX; functions as a source of free CXy carbene:
D. Seyferth, J. Yick-Pui Mui, and J. M. Burlitch, J. Am. Chem. Soc.,
89, 4953 (1967).
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A Distinctly Bent Metal-Nitrosyl Bond. The
Preparation and Structure of
Chlorocarbonylnitrosylbis(triphenylphosphine)iridium
Tetrafluoroborate, [IrCI{CO)(NOYP(C;sH;);), ][ BF.]

Sir:
We wish to report the first accurately documented
example of a distinctly bent M—-N-O linkage in a metal

nitrosyl complex and to present an explanation for this
unusual mode of bonding.
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Several small molecular species, including O,,!
S0,,? and C,F,,? have been found to add to IrCl(Co)-
(P(CeH:)s)s, but there has been no report of the addi-
tion of NO to this system. We have found that the ad-
dition of NO™ can be readily effected by adding a 505
excess of nitrosonium tetrafluoroborate, NOBF,, to a
hot saturated solution of IrCI(CO)P(C¢H;);). in ben-
zene under a nitrogen atmosphere, followed by the addi-
tion of sufficient anhydrous methanol to ensure ho-
mogeneity. A color change from yellow to violet
occurs, and on cooling violet crystals of [IrCI(CO)}NO)-
(P(CeH5)3).)[BF:] (I) are formed. The infrared spec-
trum of I (Nujol mull) shows strong, sharp bands
at 1680 and 2050 cm~! which we ascribe to N-O
and C-O stretches, respectively. Anal. Caled for
[IrCI(CO)NOYP(CeH:)s):J[BFsl:  Ir, 21.43; C, 49.54;
H, 3.37; P, 6.90; N, 1.56; Cl, 3.95; B, 1.24; F, 8.47.
Found:* Ir, 19.90; C, 49.64; H, 3.35; P, 6.82; N,
1.49; Cl, 3.58; B, 0.92; F, 8.57. The complex is found
to be diamagnetic at room temperature by Faraday
balance techniques.

The crystal structure of I has been determined by
conventional heavy-atom methods from data obtained
using Mo Ka radiation and a Picker four-circle au-
tomatic diffractometer.’ The material crystallizes with
four formula units in space group C,,’-P2/c of the
monoclinic system in a cell of dimensions a = 19.417
(7Y A, b =9.965(3) A, c = 20.886 (8) A, 3 = 117.70
(2)°; Deateg = 1.677 gem—3; D, g (flotation) = 1.67 g
cm~3,  The structure has been refined to a conventional
R factor (on F) of 0.037 using 2410 reflections whose
intensities are greater than three times their estimated
standard deviations.

The geometry of the inner coordination sphere is
shown in Figure 1. The Ir is five-coordinated, and
the coordination polyhedron is best described as a
distorted tetragonal pyramid, with rrans-phosphorus,
chlorine, and carbonyl in the basal plane and the
nitrogen at the apex. The chlorine and carbonyl are
slightly below the basal plane, the N-Ir-Cl and N-Ir-C
angles being 101.3 (3)° and 97.4 (5)°, respectively.
The bond lengths are shown in Figure 1. We have been
able to demonstrate, by examination of the thermal
parameters of the light atoms, that the NO is bonded
through N rather than O and that the bent group is NO
rather than CO.¢

The bonding of the NO moiety to Ir is extremely
interesting. While no direct comparisons can be made,
the Ir-N bond length of 1.97 (1) A is clearly long.
Moreover, the Ir-N—-O angle of 124 (1)° is very different
from the near linearity reported for almost all other
metal nitrosyl complexes. We suggest that the dif-
ferences between I and other nitrosyl complexes are
due to the ability of NO* both to accept and to donate
electron pairs. In most nitrosyl complexes whose
structures have been determined, the NO+ group acts
as a ¢ donor and gives a pair of electrons to an avail-
able empty metal orbital; the M—N-O group, therefore,
is similar to the M-C-O group in metal carbonyls.

(1) L. Vaska, Science, 140, 809 (1963).

(2) L. Vaska and S. S. Bath, J. Am. Chem. Soc., 88, 1333 (1966).

(3) R.D. Cramer and G. W, Parshall, ibid., 87, 1392 (1965).
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Laboratory, Woodside, N. Y. 11377,

(5) P. W. R, Corfield, R. J. Doedens, and J. A. Ibers, Inorg. Chem.,
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Figure 1. A perspective drawing of the coordination around Ir in
[IrCI(CO)Y(NO)(P(C¢Hs)3):l[BF.].

These groups are essentially linear with the metal-ligand
bond using an sp hybrid orbital on the donor atom.
There is also considerable 7 back-bonding from the
metal to the NO and CO groups as evidenced by the
relatively short M—-N and M-C bonds in such systems.
In the case of I, however, there is no readily available
metal orbital, and NO+ acts as a ¢ acceptor, taking an
electron pair from the weak base Ir(I). This requires
sp? hybridization at the nitrogen atom with a lone pair
occupying one hybrid orbital. This implies an Ir-N-O
angle of 120°, in good agreement with the observed
value of 124°. The expected weakness of metal-
ligand 7 bonding accounts for the long Ir-N bond.
Moreover, the value of vyo of 1680 cm—! found in I is
in the the range of 1500-1800 cm—! found for organic
and inorganic compounds of the type R—N==0,
where R is a halogen, alkoxy, alkyl, or aryl group.’
In these compounds the R—N==0 linkage is bent.

In general, we believe that NO+ will coordinate as
an acceptor, or Lewis acid, in systems in which there
is no available empty metal orbital. It is worthy of
note that only one other metal nitrosyl complex, Co-
(NO)(S:CN(CH3)s). (I1), has been shown by diffraction
techniques to have a M-N-O angle which probably
deviates greatly from linearity,® though this has been
questioned.? We believe, however, that the NO+
would probably act as a Lewis acid in II, since this is
electronically and structurally similar to I, and we feel
that the original structure determination may be
correct, albeit somewhat inaccurate. We expect in
general that groups which can act as either donors or
acceptors may give different structures depending on
their function. An example is SO., which forms a
complex IrCI(CO)SO.)(P(CsHs)s). with a structure®
completely analogous to that of I, with SO, acting as
an acceptor, and a complex [Ru(NH;),Cl(SO.)]ICI] with
the planar Ru-SO, structure!! expected for SO; acting
as a donor.

(7) L. J. Bellamy, “The Infrared Spectra of Complex Molecules,”
Methuen and Co., Ltd., London, 1958, pp 304-307.
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Direct Synthesis of 3-Epoxy Ketones from
o-Bromo Ketones and Nickel Carbonyl
Sir:

In general 3-epoxy ketones can be prepared by epoxi-
dation of B,y-unsaturated ketones with perbenzoic
acid.! However difficulty arises in the synthesis of
B,v-unsaturated ketones owing to easy rearrangement
to the more stable «,3-unsaturated ketones. In the
course of our studies on the reaction mechanism of
furan formation between a-bromo ketones and nickel
carbonyl in N,N-dimethylformamide (DMF)? we iso-
lated B-epoxy ketones in good yield and find that this is
a convenient method for the synthesis of §-epoxy ke-
tones from a-bromo ketones using nickel carbonyl as a
homogeneous reagent.

The reaction of 0.1 mol of an a-bromo ketone and
0.06 mol of nickel carbonyl in 30 ml of DMF was car-
ried out under argon at 30° for 5 hr. The reaction
mixture was then poured into dilute HCI aqueous solu-
tion and extracted with ether. The ether extract was
washed with water and dilute sodium bicarbonate solu-
tion and then dried over anhydrous sodium sulfate.
After removal of ether the residue was distilled and the
product was characterized by infrared and nmr spectra,
analysis, and chemical reactions. For example, the
reaction of bromomethyl z-butyl ketone and nickel
carbonyl gave a compound (I), bp 94° (9 mm), which
showed a carbonyl band at 1735 cm~! in its infrared
spectrum. The nmr spectrum showed two singlet
bands (9 H) for protons on two z-butyl groups at = 9.10
and 8.89, and complex bands (4 H) for protons on two
methylene groups at 7.1~7.7. Anal. Caled for
Ci:H.,0,: C, 72.68; H, 11.18. Found: C, 72.70; H,
11.15. This compound gave a negative ferric chloride
test, showing the absence of enolizable protons, but
gave a positive test with sodium thiosulfate solution,
indicating the presence of an epoxide ring. When this
compound is heated above 130°, dehydration occurred
to give 2,4-di-z-butylfuran?® (II), bp 184°. It has been
reported that cyclohexenylacetone was converted into
2,3-tetramethylene-5-methylfuran by the dehydration
of the epoxide intermediate with p-toluenesulfonic
acid.! In our experiments it was found that the (-
epoxy ketones can be used as unique starting materials
for synthesizing furans. The formation of unsym-
metrical furans by the reaction of a-bromo ketones and
magnesium? or zinc* has recently been reported by two

(1) For example, see H. Freitel and P. Baranger, Compt. Rend., 241
674 (1955).

(2) E. Yoshisato and S. Tsutsumi, Chem. Commum., 33 (1968).
(3) 1. E. Dubois and J. Itzkowitch, Tetrahedron Letters, 2839 (1965).

groups, but no attempts have been made to isolate
epoxides in either case.

Upon reduction of I with lithium aluminum hydride
in ether at 35° for 3 hr, a glycol (III), mp 84~86°, was
obtained. The nmr spectrum showed two singlet
bands (9 H) at = 9.11 and 9.06, a singlet (3 H) at 8.80,
two doublets (1 H) for methylene protons at 8.46 and
8.50, two doublets (1 H) for a tertiary proton, and a
singlet (2 H) for alcoholic protons at 6.73 which disap-
peared by addition of D,O. Anal. Caled for CioHz60::
C, 71.23; H, 1295. Found: C, 71.37; H, 12.90.
Formation of III by lithium aluminum hydride reduc-
tion of I is consistent with the general mode of rupture
of primary linkage observed in substituted epoxide.s

0o !Bu -Bu
If
t-BuCCH,G—CH, 22 | |
\O tBu/ O
I II

lLiAuL

I NiCO
+-BuCCH,Br 0%,

t-Bu
t-BuCHCH,CCHj,

OH OH
I

The results of formation of 3-epoxy ketones are given
in Table I.

Table I. Formation of 3-Epoxy Ketones from a-Bromo Ketones
and Nickel Carbonyl
«-Bromo ketone Product % yields
(|) 0O GCH;
I I
C.H;CCH:Br C.H;CCH,C—CH; 52
N
0
|(|) (|) -CHy
I
+-C,H;CCH;Br t-C,;H,CCH,C—CH; 61
NS
0
0 CH; O CH;
I I
CH;CCH CH;CCHC—CHCH; 70
LN\
Br CHa (0]
0 CH; 0O GCH;
L 7 1.
C.H;CCH C2H5CCHC—/CHCH3 84
|
Br CHs (0]

e Based on halide used.

These (5-epoxy ketones are considered to be formed
via aldol-type condensation between the nickel enolate
and the a-bromo ketone, followed by elimination of
NiBr,, but a more detailed discussion of the mechanism
will be given in a forthcoming paper.

(4 T. A.Spencer, R. W, Britton, and D. S. Watt, J. Am. Chem. Soc.,
89, 5727 (1967).

(5) W. G. Brown, Org. Reactions, 6, 472 (1951).
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