ca. —264 (OPA) which is characteristic of the strongly
deshielded 2!P atom in the cation.

The noncyclic cation may be compared in some sense
to the allyl radical which has a bonding (o + 1.418), a
nonbonding (), and an antibonding = orbital (a« —
1.418).

Applying the usual first-order corrections for energy
differences in the p levels of N and P atoms one again
obtains the expected bonding level

- (YR,

nonbonding
E=a

and the antibonding level

E=oqo-— <)\“———_‘+ \/2)\2 o 8>B

where o = the Coulomb integral of the nitrogen atom,
B8 = the N,,—-P;, overlap integral, and (o — AB) is the
Coulomb integral of the phosphorus atom. The bond-
ing and nonbonding levels are filled. The photochem-
istry of the ion system is under investigation.

The cation is both a Lewis acid and a Lewis base.
It has a rather rich chemistry which will be delineated in
subsequent reports. For example, very small amounts
of the noncyclic cation in a solution containing the
PF;~ ion will make the *!P spectrum of the normally
stable PFs~ ion collapse to a broad single peak at room
temperature. The cyclic cation does not bring about
this labilization of fluorines on the PF¢~ ion. Other
sharp differences associated with the onset of rotation
around the P-N bond will be outlined.

M. G. Thomas, R. W. Kopp
C. W. Schultz, R, W, Parry*

Department of Chemistry, University of Utah
Salt Lake City, Utah 84112
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Novel Cyclic Carbene Complexes of Iron
Sir:

It is well known that isocyanides coordinate to a
variety of transition metals.! One of the current
interests in the coordination chemistry of isocyanides
has been focused on the insertion reaction.®? Studies
on this subject have been done in several laboratories.

During our extensive studies on the insertion reactions
of alkyl iron complexes with isocyanides, we found new
carbene complexes which resulted from unexpected
insertion of isocyanide into the C—-H bond of an alkyl
group. In this communication we report the new
finding and give the revised structure for ‘“‘tris imino
type complexes”* obtained from dicarbonyl-w-cyclo-
pentadienylbenzyliron and cyclohexyl isocyanide.

When the bis imino type complex 15 is treated with

(1) L. Malatesta and F. Bonati, “Isonitrile Complexes of Metals,”
Wiley, New York, N. Y., 1969.

(2) Y. Yamamoto and H. Yamazaki, Coord. Chem. Rev.,
(I?Z)Z)i’. M. Treichel, Advan. Organometal. Chem., 11, 21 (1973).

(4) Y. Yamamoto and H. Yamazaki, Jnorg. Chem., 11, 211 (1972).

(5) Compound 1 can be prepared by two different methods: (1)
the photochemical reaction of -CsH;Fe(CO)CNCsH1)COCH; and

8, 225

2647

tert-butyl isocyanide in benzene at 40° for 8 hr, the
reaction results in elimination of the coordinated
nitrogen atom and coordination of an incoming iso-
cyanide to the iron atom, giving 2 {eq 1). On treat-

CcO
/
7|"C5H51;e -+ (CH3)3CNC —_—

CsHuN ‘C=NC3H11
N co
CCH;

s
1 m-CsHsFe—CNC(CH;); (1)
CH; C=NC:Hy

/
C=NC5H11
2

ment of 2 in benzene at 70° for 38 hr, the reddish brown
crystals, 3, having the same empirical formula as that
of 2 are formed and characterized by the absence of a
coordinated isocyanide group in its infrared spectrum.

Crystals of 3 belong to the monoclinic space group
P2i/c.  Unit cell data are a = 11.732, b = 10.380, ¢ =
22.831 A, B = 11297°, and Z = 4. A crystal of
dxmensxons 0.1 X 0.3 X 0.7 mm was mounted on the
¢ axis, and the 3298 reflections having F, > 3¢(F,) and
28 < 130° were collected using Cu Ke radiation and 2
four-circle diffractometer. The position of the Fe
atom was determined by a Patterson method using the
Harker line and sections, and the H, C, N, and O atoms
appeared in successive electron-density maps. The
final unweighted R value was 0.064. Distances and
angles in the novel chelate system appear in Figure 1.
The five-membered ring containing the iron atom is es-
sentially planar with N(1), N(2), and N(3). The C(3)-
C(4), C(2)-N(2), and C(4)-N(3) bond lengths are
shorter than expected for normal single bonds, and the
C(2)-C(3) bond length is longer than that found for the
normal double bond, indicating the existence of a =
system involving mainly the N(Q2)-C(2)-C(3)-C(4)
N(3) atoms. The complex is considered as a kind of
carbene complex. The Fe-carbene carbon(4) dis-
tance of 1.926 (5) A is similar to the Fe—C(1) o-bonded
length of 1.973 (5) A and is relatively shorter than the
Fe-C(carbene) distances of 2.02 and 2.03 A reported
for the carbene complex” [(CH;NC),Fe(C,N)(CH;);H.]-
[PFs)..

The proton nmr spectrum of 3 is consistent with the
X-ray structure determination and provides evidence
for the location of protons. The spectrum consists of
resonances at 7 8.57(singlet, (CH;);C), 7.6-9.2(broad,
CeHyp), 6.4-7.2(b, CsH), 5.67(s, C;H;), 4.15(s, CH),
and 2.9-3.2(b, NH). The resonance due to two NH
protons disappears on treatment with D,0O.

An apparent insertion of an incoming reagent into
the C—H bond rather than into the Ru-C bond has been
noted in the reaction of 7-C;H;Ru(PPh;),[C(CO.CH ;)=
CH(CO,CH;)] with CF;C==CCF,.*

It is less easy to rationalize the mechanism of forma-
tion of the carbene complex. Although there is no

(2) the photochemical reaction between 7-C;H;Fe(CO).CH; and CeHu-
NC. The elemental analysis and the spectroscopic studies are in agree-
ment with the proposed structure.

(6{ The elemental analysis and the mass spectrum gave satisfactory
results,

(7) J. Miller, A. L, Balch, and J. H. Enemark, J. Amer. Chem. Soc.,
93, 4613 (1971).

(8) T. Blackmore, M. I. Bruce, F. G. A. Stone, R. E. Davis, and
A. Garza, Chem. Commun., 852 (1971).
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Figure 1. Distances and angles within the chelate ring of the
compound 3: (®)Fe; (O)C; () N; ( )O; ( YGCHs: ()
Ce¢Hi: () (CH;;C. H atoms are not shown,

direct evidence for this type of reaction, the reaction
involves a nucleophilic attack of an acidic C-H group
of the methyl group on slightly polarizably coordinated
isocyanide. The reaction presumably proceeds through
a concerted mechanism with formation of a four-
centered intermediate, 4, and is followed by transfer of a
proton onto the imino nitrogen atom (Scheme I).

Scheme I. Proposed Mechanism for Formation
of the Cyclic Carbene Complex.

C; H5\Fe _C0
~~(C=NCH,,
—- / —
(CH3>SCN ™
\___-CH,— C=NCH,
H
4

- C;,Hs\ /

Fe'
C=NCH
(CH;),CNH— < | ~ R
—C=NCH,,

A
H/\

7r-C5H5\ /CO

F
P ®~C=NCH,

(CHy),CNH—C
>

| .
H
3

It has already been demonstrated that the addition
of protonic substances to the coordinated isocyanide in
metal-isocyanide complexes gives the carbene com-
plexes.% 10

The aforementioned result promoted us to reexamine
the complexes (5a and 5b) obtained from the reaction of
m-C;H:;Fe(CO)CH,CsH.X-p (X = H or Cl) and
CeHy;;NC, which we had identified as the “‘tris imino
type complexes”.* We found that the resonances at
7 3.27(doublet) for X = H and at 3.38 (d) for X — CI,

(9) (a) D. J. Cardin, B. Cetinkaya, and M, F. Lappert, Chem. Rev.,
72, 545 (1972); (b) F. A. Cotton and C. M. Lukehart, Progr. Inorg.
Chem,, 16, 487 (1972).

(10) B. Crociani, T. Boschi, M. Nicolini, and U. Belluco, Inorg.
Chem., 11,1292 (1972).

assigned incorrectly as the benzylic methylene protons,
respectively, disappear on treatment with D,0O, at-
tributable to the N-H group. We revise the structure
of the compounds (5a and 5b) as 6a and 6b.

CO CO
w-C;H;Fe — C=NCH,, W-CsHsF: — C=NCH,,
CHuN C==NCH, CH,NH-—C C - NCH,,
| )
CHQC({.H*X'}) CGH4X'p
58., X = H 63, X = H
b, X =Cl b, X =Cl

The compounds (6a and 6b) can be prepared from the
reaction of 7-C;H;Fe(CO)YCNC:H;)CH.C;:H . X-p (X
= H or CI)*! with C¢H,;NC. 1t is of interest to note
that 7-C;H;Fe(COYXCNCsH;;)CsH Cl-p'? bearing no
alkyl protons undergoes an expected multiple insertion
to afford the tris imino type complex, 7, when treated

CO
s
mCsH;Fe—CNC:H;;
(C=NC5H11)3

/
p-CICsH,
7

with C¢Hy;NC in benzene at 70°. Formation of the
cyclic carbene complexes appears to be generalized in
the reactions of the compound bearing the alkyl
protons with isocyanides. Further studies are now in
progress.

(11) This compound can be prepared from the reaction of =-CsHsFe-
(CO)YCNCeHn)I with the corresponding Grignard reagent.

(12) This compound is obtained by the photoassisted decarbonyla-
tion of 7-CsH:;Fe(CO}CNCsH1)COCH:Cl-p.

Yasuhiro Yamamoto,* Katsuyuki Aoki, Hiroshi Yamazaki

The Instltute of Physical and Chemical Research
Wako-shi, Saitama, Japan

Received October 27, 1973

Detection of Rotational Isomerism in Diphosphines and
Diarsines by Photoelectron Spectroscopy

Sir:
The stereochemistry of hydrazines!® and their heavier

congeners>? has been a subject of interest for 4 de-
cades. With few exceptions* acyclic hydrazines pref-

(1) For some representative articles see (a) W, G. Penney and G. B. B.
M. Sutherland, J. Chem. Phys., 2,492 (1934); (b)S. F. Nelsen and J. M.
Buschek, J. Amer. Chem. Soc., 95, 2011 (1973); (c) S. F. Nelsen, J. M,
Buschek, and P. J. Hintz, ibid., 95, 2013 (1973); (d) M. J. S. Dewar and
W. B. Jennings, ibid., 91, 3655 (1969).

(2) See, for example, (a) J. R, Durig and J. S. DiYorio, Inorg. Chem.,
8, 2796 (1969); (b) J. D. Witt, J. W. Thompson, and J. R. Durig, ibid.,
12, 811 (1973); (c) A. McAdam, B. Beagley, and T. G. Hewitt, Trans.
Faraday Soc., 66, 2732 (1970); (d) J. R. Durig, and R, W, MacNamee,
J. Mol. Struct., 17, 426 (1973).

(3) (a) M. Green and D. Kirkpatrick, Chem. Commun., 57 (1967);
(b) J. R. Durig and J. M. Casper, J. Chem. Phys., 55,198 (1971); (c) J.
W. Thompson, J. D. Witt, and J. R. Durig, Inorg. Chem., 12, 2124
(1973).

(4) (a) P. Rademacher, Angew. Chem., Int. Ed. Engl., 12, 408 (1973);
(b) C. B. Colburn, F. A, Johnson, and C Hanvey, J. Chem Phys., 43,
4526 (1965); (c) J. R. Durig and J. W, Clark, ibid., 48, 3216 (1968); (d)
D. F. Koster and F. A, Miller, Spectrochim. Acta, Part A, 24, 1487
(1968); (e) M. J. Cardillo and S. H. Bauer, Inorg. Chem., 8, 2086 (1969).
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