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The iron-iminophosphoranecarbonyl complex Cp*(CQJF& P(NPh)(OMe)} (1; Cp* stands fon®-
CsMes) reacted with the activated alkyne dimethyl acetylenedicarboxylate (DMAD) to give Cp*(CO)-

Fe{ P(OMe}N(Ph)C(CQMe)C(COMe)C(O}, in which the alkyne was trapped between the imino
nitrogen and one carbonyl carbon to form a six-membered metallacycle. In cohtraatted with C@

to afford aza-Wittig-type metathesis products, PHM¥=NPh and oxophosphorane (phosphonate) complex
Cp*(CO)XFe[P(O)(OMe}}, probably via a four-membered aza-phosphacycle as an intermediate. Free
acetonitrile did not react witll, while the coordinated acetonitrile in [Cp*(CO)(NCMe]lRENHPh)-
(OMe)} PR was incorporated into a five-membered metallacycle through a base-catalyzed rearrangement

to give [Cp*(CO)IFQ P(OMe)gN(Ph)C(Me)IN(H}]PFB, in which the nitrile carbon was bonded to the imino
nitrogen. It was proposed that this intramolecular cyclization reaction is initiated by the formation of the
neutral iminophosphorane complex Cp*(CO)(NCMg)PENPh)(OMe)} as an intermediate, followed

by the prompt nucleophilic attack of the resulting imino nitrogen to the carbon atom of the coordinated

acetonitrile.

Introduction
Iminophosphoranes @R=NR), which are variously referred

to as phosphinimines, phosphoranimines, or monophosphazene

have been of special interest not only because of their
characteristic structures and versatile reactivitiesut also
because of their utilities as practical ligands in coordination
chemistry and as precursors of promising materfals.The
P=N bond is described alternatively in an ionic representation
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as P—N~ isoelectronic to the £C bond in phosphorus ylides
(RsP=CR; ~ RzP"—C~Ry) well-known as Wittig reagents. In
fact, iminophosphoranes readily react with unsaturated mol-
ecules, e.g., C® CS, RNCO, SQ, etc., as well as carbonyl
compounds to provide aza-Wittig products, and so they have
been playing an important role in the syntheses of nitrogen-
containing compounds?’The reactions with activated alkynes
have also been reported in relation to similar aza-Wittig
reactions>’28These reactions are generally accepted to proceed
through a four-membered cycloadduct involving a pentacoor-
dinated phosphorus as an intermediedéwhich was isolated
and fully characterized in some cases (e§1).

-
|
PhsP=NR PhsP —NR C=NR
+ - | —>  php=cC M)
RC=CR' RC=CR' \

R

We recently reported the syntheses of transition-metalated
iminophosphoranes, Cp*(Cel{ P(NPh)(OMe)} (M = Fe (1),
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Ru), and demonstrated that the imino nitrogen is fairly b¥ic.

In general, transition-metal-functionalized phosphorus com-
pounds display unique reactivities, in part because of the
enhanced electron density on the phosphorus by the metal
fragment, if covalently bonded to it. One of the simplest
examples is a phosphide complex, that is, metallaphosphine,
which is highly nucleophilic and susceptible to oxidation. For
instance, Paine et al. reported that an #phosphide-carbonyl
complex, Cp(COJe[PPKN(SiMes)2}], traps an activated
alkyne, hexafluoro-2-butyne §EC=CCF;), to form a conden-
sation product with a five-membered metallacycle (e4 Zhe
related cyclization reactions with various unsaturated organic
small molecules have also been reported for several phosphide
complexes?

FPh
Ph F;,C—C=C-CF; @\

/i:e _ pl-N(SiMes); /I}e —pZ-N(siMes), @
&£ c! ) ocjfc £ —~CF, Figure 1. ORTEP drawing oR showing the non-hydrogen atoms
o o as 50% probability thermal ellipsoids with a numbering scheme.
CFs Selected bond distances (A) and angles (deg): Fel(26) =

1.9286(18), Fe(BP(1) = 2.1120(5), P(1}N(1) = 1.7275(16),

The above-mentioned parallel features between organic N(1)—C(20) = 1.398(2), C(20)-C(23)= 1.351(3), C(23)-C(26)
iminophosphoranes and transition-metalated phosphorus com= 1.513(2), C(26)Fe(1)-P(1)= 85.97(6), N(1)-P(1)-Fe(1)=
pounds prompted us to investigate the reactions of the transition-113:29(6), C(20yN(1)—P(1) = 122.67(13), C(23;C(20)-N(1)
metalated iminophosphoranes with various organic and inorganic- 124.68(16), C(20yC(23)-C(26)= 121.32(16), C(23)C(26)~

molecules having multiple bonds. To date, quite limited reports Fe(1)= 116.73(12).

deal with the reactivities of metalated iminophosphoranes. starting complext (122.3 ppm)indicating the lowered valency
Majoral et al. reported that a zirconiufiminophosphorane,  of the phosphorus i2. In the !H NMR spectra,l shows one
which easily rearranges into aN-coordinated zirconium doublet at 3.65 ppmJgp = 11.4 Hz) assignable to the
phosphinoamide at room temperature, affords a variety of gpeciroscopically identical POMe groups, wh#leshows two
products by breaking the zirconiurphosphorus bond in the  goyplets at 3.45); = 9.9 Hz) and 3.50 ppmlge = 10.5 Hz)
reactions with several reagents including some unsaturatedyye to the diastereotopic POMe groups, suggesting the asym-
molecules (vide infra}? Because the ironiminophosphorane  metric geometry around the iron & In addition to the POMe
1is stable even at elevated temperatdfeits reactions might groups, two inequivalent Ce groups are also observed as
proceed with the irorphosphorus bond retained, to provide g singlets. Thé3C{'H} NMR spectrum of shows a doublet
unprecedented heterocycles containing phosphorus, nitrogen, and; 260.8 ppmJcp = 49.8 Hz), which is in a typical region for
transition-metal atoms, which might exhibit fascinating the Fe-acyl carbonyls, together with a doublet at 218.2 ppm

propertiesi*~16 (Jcp = 37.7 Hz) due to the terminal carbonyl.
Results and Discussion )@
OMe
Reaction with Activated Alkyne. The iron—iminophospho- ,Fe—P\\//°M° MeO(0)C — C=C —C(0)OMe
ranel was treated with DMAD (dimethyl acetylenedicarboxy- o° s MN~en

late) in benzene overnight to give a yellow powder2ofn
moderate yield (28%, eq 3). The IR spectrum shows only one

1

strong absorption band at 1943 chassignable to a terminal oMo OMe oMe
carbonyl, together with absorptions at 1735, 1700 (sh), and 1577 Fo_pZ-OMe ‘Fe—r'>/°M§(o)0Me Fo—RZOMe ¢010me | @)
cm1 assignable to acyl carbonyls. TRE®{*H} NMR signal 7 \wm | &Y | | —gl \\C_C/\
of 2 (180.2 ppm) appears fairly downfield from that of the vl ° MSO(O)C/ N—ph
. /N . C(0)OMe
(10) Kubo, K.; Nakazawa, H.; Inagaki, H.; Miyoshi, rganometallics MO 5 Clorom A Not observed B

2002 21, 1942.

(11) McNamara, W. F.; Duesler, E. N.; Paine, R.Grganometallics The structure o2 was unambiguously determined by a single-

195(3;52? ',:gzg'amme‘ see: (a) Ashby, M. T.; Enemark, JOHjanometallics crystal X-ray diffraction, and the ORTEP drawing is illustrated
&1987_, 6, 13"\/2|3M(bJ) Aéirar;qs(,) nﬂ;tséi@;ﬁ l:)l.gi\.;4 (|)37ay2,4A8. 'EIC) m%rrrciiséer':J-'; in Figure 1 with selected bond dis_tances and angles._CrystaI
Ricard. L.: Mathey, FOrganometallicl093 12, 98. (d) Malisch, .. spa, | data and a summary of data collection and structure refinement
A.. Pfister, H.J. Organomet. Cheml998 568 241. (e) Malisch, W.: are reported in Table 1. The iron has a distorted piano-stool
Thirase, K.; Reising, 1. Organomet. Cheni998 568 247. (f) Malisch, configuration with one terminal carbonyl ligand. DMAD has
W.; Rehmann, F.-J.; Jehle, H.; Reising]JOrganomet. Chenl998 570 been incorporated between the imino nitrogen and one carbonyl
g)%én(g%qe,\t/fagi%?{e(\)/gi G'gffgg. B.; Schumacher, D.; Nieger, MJ. carbon to form a six-membered metallacycle, in which the bond
(13) (a) Igau, A.; Dufour, N.; Mahieu, A.; Majoral, J.-Rngew. Chem., length of C(20)-C(23) (1.351(3) A) is in a normal range for

Int. Ed. Engl.1993 32 95. (b) Mahieu, A.; Igau, A.; Jaud, J.; Majoral, ~ C=C double bonds. The N(1) atom thhas a perfectly planar
J-'E’igrg\f]"i?to”,\}I‘?t%i'c')‘§51395H1‘1'}V9éﬁém Re. 1094 94 1163 geometry, which is nearly perpendicular to the adjacent phenyl
(15) Weber,"L.Coord)./'cHem'. Re 1997 158 1. ' ring plane, suggesting that its lone pair electronsad®nated

(16) Caminade, A.-M.; Majoral, J.-’Chem. Re. 1994 94, 1183. rather toward the olefinic carbon and/or the phosphorus atom-
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Table 1. Summary of Crystal Data for 2, 4, and 7

Kubo et al.

2 4 7
empirical formula QengFeNQP C21H30F5FeNzO3P2 C21H30F6F8Nz03|32
fw 573.35 590.26 590.26
cryst size (mm) 0.3% 0.28x 0.18 0.31x 0.26x 0.13 0.55x 0.48x 0.38
temperature (K) 200(1) 200(1) 200(1)
radiation MoKo (0.71073 A) MoK (0.71073 A) MoKa (0.71073 A)
cryst syst orthorhombic orthorhombic monoclinic
space group Pbca(#61) P2,2:2; (#19) P2/c (#13)
unit cell dimens

a(A) 15.4540(3) 8.5180(2) 11.1990(2)
b (A) 14.6940(3) 15.7840(4) 17.4430(3)
c(A) 23.7370(3) 19.4580(4) 14.0260(2)
p (deg) 103.4380(10)
V (R3) 5390.22(17) 2616.09(11) 2664.88(8)
4 8 4 4
Dcalca (Mg/m3) 1.413 1.499 1.471
F(000) 2400 1216 1216
u (mm1) 0.668 0.767 0.753
6 range for data collection (deg) 2.981027.89 1.66 t0 27.93 1.17 t0 27.90
index range &k h=<20 O<h=11 O<h=<14
0=k=<19 0=k=20 O0=<k=22
—29=<1=0 0=<1=<25 —18=<1=<17
no. of refins collected 6184 3507 6370
no. of indep reflns 6184 3507 6370
no. of refined params 462 325 473

struct soln

goodness-of-fit orfF2

final Rindices | > 20(1)]
Rindices (all data)

largest diff peak and hole (e
absolute struct param

direct methods (SHELX-97)
1.073
R1=0.0441, wR2=0.1105
R* 0.0478, wR2=0.1124
0.360 and-0.718

direct methods (SHELX-97)
1.080
R1= 0.0580, wR2=0.1238
R1=0.0738, wR2= 0.1411
0.440 and-0.751

0.06(4)

direct methods (SHELX-97)
1.029
R1=0.0414, wR2= 0.1036
R1=0.0471, wR2= 0.1056
0.707 and-0.855

(s). The P(13N(1) bond in2 (1.7275(16) A) is significantly
longer than the corresponding=Rl bond in1 (1.574(1) A)1°

authentic samplé€ reveals tha8 is a phosphonate complex with

a P=0 group. The formation of the other aza-Wittig product
indicative of its reduced bond order & This observation PhN=C=NPh was also confirmed by the GC-MS analysis of
reveals that the phosphorus tis thus that of coordinated the reaction mixture, indicating that PEC=0 afforded by
phosphite in nature rather than that of metalated iminophos- the single aza-Wittig reaction reacted further wiitto eventually
phorane, consistent with tiéP{*H} NMR spectrum. In other give PhN=C=NPh. This reaction is rationally expected to
words, the Fe-P bond has correspondingly changed in character proceed through a four-membered cycloadduct containing a
formally from covalent to dative through the reaction.

For related cyclization reactions studied for transition-metal
carbonyl-phosphide and -thiolate complexes with alkenes or
alkynes, two possible mechanisms have been progés&tne
is a concerted mechanism involving a cyclic transition state,
and the other is a stepwise mechanism involving an initial

nucleophilic attack of the P or S atom to an unsaturated carbon
to form a charge-separated intermediate. In either mechanism, OMe OMe
the more electron-rich the P or S atom, the more readily the ! / }\: | _OMe

cyclization proceeds. In the corresponding cyclizatiod,dhe / e_F{\/OMe 120=c=0
strong nucleophilicity of the imino nitrogen must be similarly o“¢ N<ph ot ¢ o]
crucial. Furthermore, the electron-withdrawing groups on the o o C\\
alkyne play an essential role; when nonactivated alkynes, such
as phenyl- and diphenyl-acetylenes, were treated Wiithplace
of DMAD, no reaction occurred.
In the reaction with DMAD 2 was the only identified product,
and there was no evidence for the formationAofand/or B
(eq 3), as expected in eq 1, although they could have im-
mediately decomposed in some way. o §
Reaction with CO,. In the Wittig-type reaction, the transient 3
formation of the highly strained four-membered phosphacycle
would be fully compensated for in energy by the subsequent
rearrangement leading to an extremely stabtFbond. Such The reactions with DMAD and with COreveal that the
energetic benefit might provide aza-Wittig-type products rather nycleophilic iron-iminophosphorane complex serves as an
than the metallacycle products even in the reactiol wfith efficient trapping reagent for various organic and inorganic
carbonyl molecules. Thuswas treated with dry C&dn benzene  ynsaturated molecules. Its reactions involve either of the two

for 30 min to give a pale yellow powder &f (85% yield, eq different pathways, in both of which the irefphosphorus bond
4). Comparison of the spectroscopic dat@ae¥ith those of the

1

P—N—C—0 linkage (eq 4) like the usual Wittig reaction. Unlike
in the reaction with DMAD, the formation of a six-membered
metallacycle was not observed. An extensive investigation on
aza-Wittig reactions ofl is now under way with a variety of
carbonyl and thiocarbonyl compounds.

1/2 PAN=C=NPh

(18) Nakazawa, H.; Ichimura, S.; Nishihara, Y.; Miyoshi, K.; Nakashima,

(17) Ashby M. T.; Enemark, J. HOrganometallics1987, 6, 1318. S.; Sakai, HOrganometallics1998 17, 5061.



Cyclization with Iron-Iminophosphorane Complexes

is retained, i.e., the metallacycle formation with the molecule
trapped between the imino nitrogen and carbonyl carbon for
DMAD, or the formation of a four-membered cycloadduct

bearing pentacoordinated phosphorus, which rearranges subse-

quently to aza-Wittig-type products for GO

Reaction with Acetonitrile. Organic iminophosphoranes
react similarly with nitriles via a four-membered cyclic inter-
mediate (eq 5). However, such nucleophilic additions of
iminophosphoranes occur only toward the activated nitriles
bearing strongly electron-withdrawing groups, such as CN, CF
or CCk.2 Because a transition-metal fragment would enhance
the nucleophilicity of the phosphorus fragment bonded co-
valently to it, the metalated, i.e., activated, iminophosphoranes
might react even with nonactivated nitriles. THusas dissolved
in neat acetonitrile, but no reaction took place, with no expected
cyclization product being obtained (eq 6). This fact indicates
that the nitrile carbon as it is would not be electrophilic enough
to be attacked by the activated imino nitrogenlirand some
activation of the nitrile should be needed.

R
|
PhsP=NR PhsP —NR C=NR
o — | —— PhP=N ®)
N=CR' N=CR'
,<;::1: OMe
\ / —
Fe_p\/OMe MeC=N
N . .
C// \N X No Reaction )
o’ ¢ ~Ph

Because nitriles act as two-electron donor ligands and the
metal coordination will reduce the electron density on the nitrile
carbon, metal-coordinated nitriles are more susceptible to
nucleophilic attack than free nitrilé8. Thus the cationic
acetonitrile complex4 was allowed to reacted with a base
(NaBH,), which might abstract the PNH proton to provide a
neutral iminophosphorane fragment in situ (eq 7). The reaction
proceeded quantitatively, and the starting suspension im-
mediately turned into a clear solution. The prodlietas isolated

by column chromatography as an air- and moisture-stable yellow

powder (76% yield). ThéH NMR spectrum of7 shows two

Organometallics, Vol. 25, No. 13, 28261

Figure 2. ORTEP drawing o#l showing the non-hydrogen atoms
as 50% probability thermal ellipsoids with a numbering scheme.
The Pk anion have been omitted for clarity. Selected bond distances
(A) and angles (deg): Fe(dN(2) = 1.936(5), Fe(1}P(1) =
2.1753(16), P(1yN(1) = 1.657(5), N(2)-C(20)= 1.130(8), N(2>-
Fe(1)-P(1)=92.24(15), N(1}P(1)-Fe(1)= 113.63(19), C(20y
N(2)—Fe(1)= 177.5(5), N(2)-C(20)-C(21) = 178.4(8).

Figure 3. ORTEP drawing o7 showing the non-hydrogen atoms
as 50% probability thermal ellipsoids with a numbering scheme.
The Pk anion have been omitted for clarity. Selected bond distances

doublets assignable to the diastereotopic OMe groups on the ) and angles (deg): Fe(zN(2) = 1.9642(16), Fe(HP(1) =

phosphorus atom, and the difference in chemical shifts of the
two groups is 0.38 ppm for and only 0.07 ppm fo#d. The
N(1)—H proton in4 appears at 5.45 ppm as a broad doublet
(Jup = 17.15 Hz), whereas the N(2H proton in7 appears at
6.17 ppm as a broad singlet withalie coupling. In contrast

to theH NMR, the13C{'H} NMR spectrum shows a singlet at
133.6 ppm due to the BMe carbon ford, while a doublet Jcp

= 26.1 Hz) at further deshielded 173.5 ppm forSimilarly,

the NQMe carbon in7 appears at 21.1 ppm, which is ca. 17
ppm downfield of that in4. These observations indicate a
significant structural change in the nitrile ligand T In the
SIP{1H} NMR spectrum,7 appears at 196.2 ppm, which is

“opF© “lopF©
OMe /OMe
/
Fe —p— OMe NaBH, Fe—p—OMe
Il — ]\ ™
1
o'ne Nspy L N~pn
[/ -
c |
;4 7 Me
Me

2.1331(5), P(1¥N(1) = 1.7077(15), N(1}C(20) = 1.377(2),
N(2)—C(20) = 1.285(2), N(2)-Fe(1)-P(1) = 81.90(5), N(1}
P(1)-Fe(1)= 103.26(5), C(20yN(1)—P(1)= 114.18(12), C(20}
N(2)—Fe(1)= 123.65(13), N(2)-C(20)~N(1) = 116.85(16).

downfield from that of4 (169.7 ppm). The observation of a
septet’!P signal assignable to the P&nion indicates that the
complex formed remains positively charged.

The X-ray structural analyses were performed on Eodnd
7, and their ORTEP drawings are illustrated in Figures 2 and
3, respectively.4 and 7 both have distorted piano-stool
geometries with one terminal carbonyl ligand on the iron atom.
The structural parameters 4fare basically similar to those of
its protonated dicarbonyl analoguelH]*PFRs~, previously
reported® The somewhat shorter Fe@AE(11) bond in4
(1.747(7) A) than the two FeCO bonds in [H]*PRs”
(1.784(2), 1.780(3) A) indicates that the back-donation from

(19) For review articles on the reactions of transition-metal-coordinated
nitriles, see: (a) Michelin, R. A.; Mozzon, M.; Bertani, Roord. Chem.
Rev. 1996 147, 299. (b) Kukushkin, V. Y.; Pombeiro, A. J. Chem. Re.
2002 102 1771.
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Scheme 1. Plausible Mechanism of the Base-Catalyzed
Rearrangement of 4 into 7

“1®pF0 @
2 /OMe NaBH,4 Z /OMe
Fe —p—0OMe (cat) Fe —p— OMe
C/ \ C/ / \
o°N  N~pn N N~py
/- é//
C
I ;s
Me Me
“1®pF©
@ oMe  ° Z OMe
;:e—p//OMe Fe—p~—OMe
C// \ C// \N
N O N ~
O°.N ~ ~ ./ Ph
AN Sc
I
7 Nle 6 Me

the iron to the carbonyl carbon is more extensivé,isuggesting

Kubo et al.

was obtained for the presence of an equilibrium betwéand
4. It is noteworthy that the iron atom in the intermedi&telays
the following important roles in this rearrangement process: (1)
activation of the nucleophilic iminophosphorane fragment by
electron donation through the +& covalent bond, (2) activation
of the electrophilic nitrile carbon by accepting the lone-pair
electrons of the nitrile through the F&l dative bond, and (3)
promotion of the reaction by keeping the iminophosphorane and
nitrile ligands close to each other in its coordination sphere.
Several related intramolecular cyclization reactions of metal-
coordinated nitriles have been reportédror instance, the
iridium—hydroxymethyt-acetonitrile complex [Ir(CRHOH)-
(NCMe)(PMe)4]%" undergoes a base-catalyzed intramolecular
cyclization via the nucleophilic attack of the hydroxymethyl
oxygen toward the nitrile to form a five-membered metalla-
cycle20 This cyclization also takes place without a base, but
much more slowly. Similar metallacycle formation was also
reported for nitrile-containing complexes in the reactions with
hydroxylamine, hydrazines, sulfimides, pyrazoles,*®tc.
Recently, the metallacycle formation involving aminophos-
phine ligands was reported for ruthenittvinylidene or—al-
lenylidene complexes (eq &), where intramolecular bond
formation took place between a weakly nucleophilic amino
nitrogen and a highly electrophili@-carbon of the vinylidene
or the allenylidene ligand. In the corresponding cyclization of

the ample electron donation from the accompanying acetonitrile 4, the formation of the highly nucleophilic iminophosphorane

ligand to the iron. The amino nitrogen N(1) probably has a
trigonal-planar geometry (P(ZN(1)—C(14) angle of 130.0-
(4)°), like in the usual PNR, compounds, and so no interaction

intermediateb is an essential step, since puréself is stable
and is not susceptible to the cyclization. Thus it should be
emphasized that the cyclization4tontrasts sharply with those

is anticipated between the lone-pair electrons on N(1) and the of the above rutheniumaminophosphine complexes, in that the
nitrile carbon C(20) at this stage. The lone-pair electrons are former reaction is due largely to the nucleopbhilicity of the imino

donated rather to the*-orbital on P(1), suggesting that the
nucleophilicity of the N(1) atom i must be fairly low.

7 has a five-membered metallacycle structure with a new
bridging bond formed between the imino nitrogen N(1) and the
nitrile carbon C(20), in which the five ring atoms are located
practically on the same plane. The location of the N{2)
proton in 7 was determined experimentally; the N(2) atom,
originating from acetonitrile, is no doubt protonated. That is to
say, the N(1)yH proton in4 is once abstracted with NaBH
but the N(2) is in turn protonated i, meaning that this
cyclization proceeds catalytically with a base (vide infra). The
N(2)—C(20) bond (1.285(2) A) is fairly shorter than the N¢1)
C(20) bond (1.377(2) A) irv, but it is much longer than the
corresponding N(2}C(20) bond (1.130(8) A) in4. This
indicates that the N(2)C(20) bond has been reduced in bond
order in7 compared with that i, but it still assumes some
multiple-bond character. Thus N(2) s depicted as an imino
nitrogen bonded datively to the iron in the formal electronic
structure. The P(BN(1) bond in7 (1.7077(15) A) is compa-
rable to that ir2 (1.7275(16) A), suggesting that the phosphorus

in 7 is regarded also as that of phosphite coordinated to the

iron atom.

The plausible mechanism for the present cyclization is as
follows (Scheme 1): the starting cationic compdeseacts with
a base (NaBh) to give a small amount of neutral metallaimi-
nophosphoranB as an intermediate, in which a highly nucleo-
philic lone pair on sphybridization has been now generated
on the P-N nitrogen upon deprotonation. The subsequent
nucleophilic attack of the PN nitrogen to the coordinated nitrile
carbon provide$ with a five-membered metallacycle structure.
The resulting Fe'N nitrogen in6 then promptly abstracts the
PN—H proton in the remaining! to give the final produc?
and to reproduce the neutral intermedidieas well. The
intermediates and 6 could not be detected, and no evidence

nitrogen, whereas the latter to the electrophilicity ofdhearbon
of the vinilidene or the allenylidene.
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Majoral et al. reported that a zirconiuaminophosphorane
reacts with nitriles to afford zirconacycles, in which the nitrile
is inserted into the zirconiumphosphorus bond and the=R
nitrogen is additionally coordinated to the zirconium center (eq
9).13 In this reaction, the phosphorus fragment serves formally
as if it is iminophosphoranide Me(=NAr) with the zirconium-
phosphorus bond broken, and its phosphorus atom, not its imino
nitrogen, attacks the nitrile carbon. Such a high reactivity of
the zirconium-phosphorus bond would reflect the unfavorable
combination of hard zirconium and soft phosphorus under the

(20) Thorn, D. L.; Calabrese, J. @.Organomet. Chen1984 272 283.
(21) Pavlik, S.; Mereiter, K.; Puchberger, M.; Kirchner, Rrgano-
metallics2005 24, 3561.
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HSAB concept, in contrast to the favorable sesbft combina- referenced to SiMeas an internal standard, af®® NMR data to

tion of the iron and phosphorus ih In addition, the resulting 85% HPO, as an external standard. IR spectra were recorded on
zirconium complex is favorably stabilized by the coordination a Perkin-Elmer Spectrum One spectrometer. Elemental analysis data
of the hard &N and P=N nitrogen atoms to form a metalla- were obtained on a Perkin-Elmer 2400 CHN elemental analyzer.

cycle. A Shimadzu QP-2000 was used to obtain GC-MS spectra. A Riko-
Kagaku Sangyo UVL-400HA high-pressure mercury lamp was used
Me R for UV light irradiation.
@ | _Me _ @ N=C/ Reaction of 1 with DMAD. To a benzene solution (10 mL) of
Y P\\N/Ar N=C-R \Z/ \P/Me © 1 (777 mg, 1.80 mmol) was added DMAD (0.25 mL, 2.03 mmol),

N R = Me, i-Pr r\‘ NTTN and the mixture was stirred overnight at room temperature. After

cl : % \ Me . X

% cl b removal of volatile components under reduced pressure, the residual

yellow oil was washed with pentane (10 mL) twice and then
dissolved in a small amount of benzene. The benzene solution was
. charged on a silica gel column and eluted with benzene and then
_ Inthe metallacycld, the P(OMeIN(Ph)C(Me)N(H) moiety it a mixture of benzene/acetone (1:1). A yellow band eluted was
is serving as a PN chelate ligand toward the iron center. This  cqjiected and dried under vacuum. The resulting yellow residue
type of ligands has been of special interest because of theiryas washed with pentane until it became a fine yellow powder
pOtentIa"y hem”ablle behaViOI’ as We” as the|r d|VerS|ty in the and then dried under reduced pressure to @\(@87 mg’ 0.50
coordination modes, i.e., monodentate, bidentate, and bridgingmmol, 28% yield). Anal. Calcd for &Hs,NFeQP: C, 54.47; H,
toward homo or hetero metal32® In this respect, the metal-  563; N, 2.44. Found: C, 54.07; H, 5.48; N, 2.39. IR, in
assisted cyclization of iminophosphoranes with nitriles can be CDCl;): 1943, 1735, 1700(sh), 1577 cta IH NMR (9, in

a new direct synthetic route toward the novel transition-metal CDCly): 1.78 (s, 15H @Mes), 3.35 (s, 3H,CGMe), 3.45 (d,Jup
complexes bearing such fascinating IR chelate ligands. = 9.9 Hz, 3H, 3.50 (dJyp = 10.5 Hz, 3H, POMe), 3.67 (s, 3H,
COMe), 7.14-7.29 (m, 5H, Ph)13C{*H} NMR (9, in CDCh):

9.4 (s, GMes), 51.5 (s, COMe), 51.6 (s, CGMe), 52.9 (d,Jcp =

9.1 Hz, POMe), 53.0 (djcp = 9.1 Hz, POMe), 96.3 (sMes),

In the present paper, it was demonstrated that the highly 127-4 (s, Ph), 128.5 (s, Ph), 129.0 (s, Ph), 138.44gl= 0.9 Hz,

nucleophilic iror-iminophosphoranes trap various organic and NC=C), 138.4 (s, N&C), 142.9 (dJcp = 13.6 Hz, Ph), 164.3 (d,
inorganic molecules having multiple bonds in two different jCP: 2'727""_2"2 Ngé%))oy§8'815i7 S'4 gg(gioyézoié?iéd
ways: one provides condensation products bearing a six- or fp : ' I’ ) 1' > P ' ' :
five-membered metallacycle structure, and the other provides{ H NMR (0, in CPC3)' 80.2(s). .

aza-Wittig-type metathesis products probably via a four- Reaction of 1 with CO,. After passing dry CQ through a
membered aza-phosphacycle as an intermediate. The phosphorusPenzene solution (2 mL) df (113 mg, 0.26 mmol) for 30 min,

nitrogen systems have been of special interest in the search foni’r?lat'(lf co:npgr_lents Welrle removtedf undfr Vacu‘ém'hThe :je5|due ylx_/as
wide-range applications to industrial and biomedical dsés. en dissolved in a small amount of acetone and charged on a stiica

In this respect, the reactive metallaiminophosphoranes and theirge.I column. A yellow band eluted W'th EtOH was collected and
. S . . dried under reduced pressure to give a pale yellow powdé& of
cyclic derivatives as well reported here are potential candidates

for building blocks for t it tal taini terial (79 mg, 0.22 mmol, 85% vyield), which was unambiguously
or bullding Dlocks for transition-metal-containing Matenals, - o, , o cterized by comparison of its spectroscopic data with those
which might provide versatile physical and chemical proper-

) of the authentic samplé.The formation of PhR=C=NPh was
ties: confirmed by the GC-MS analysis of the reaction mixture.

Preparation of 4. An acetonitrile solution (53 mL) of [Cp*-
Experimental Section (CO)Fe(NCMe)]Pk (734 mg, 1.70 mmol) was irradiated with UV
) ) light for 1 h at 0°C, and then volatile components were removed
All reactions were carried out under an atmosphere of dry ynder vacuum. After washing with ether several times, the residue
nitrogen by using Schlenk-tube techniques and purified solvents. a5 dissolved in CKCl, (25 mL), to which RN(SiMe;)PH (OMe),
Column chromatography was done quickly in the air.,CH and (0.44 mL, 1.67 mmol) was added. The mixture was refluxed
acetonitrile were purified by distillation from,Bs, while benzene,  oyeright and then evaporated to dryness. The residue was dissolved
pentane, ether, hexane, and THF were distilled from sodium metal;, THE (53 mL) containing KO (2 mL) and stirred fol h at 45
(with benzophenone ketyl for benzene, ether, and THF), and they oc  after removal of volatile components under vacuum, the
were stored under a nitrogen atmosphere. Other solvents, NaBH resulting crude product was dissolved in a small amount of-CH
and DMAD, were obtained from common commercial sources and Cl, and charged on a silica gel column. A reddish-yellow band
used without further purification. COgas was supplied from a  g|yted with a mixture of ChCl/acetone (9:1) was collected and
steam of dry ice flakes, which had been passed through a desiccanjrjeq under vacuum. The residue was washed with ether several
(Sicapent, Merck) column. Cp*(C&he{P(NPh)(OMe} (1),' times and dried under reduced pressure to give a yellow powder
[Cp*(CO)Fe(NCMe)]PR*> and RN(SiMe;)PH (OMe)™® were 4t 4 (694 mg, 1.18 mmol, 69% yield). Anal. Calcd fopElaNzFs-

prepared according to the published procedures._ FeQPy C,42.73:H,5.12: N, 4.75. Found: C, 42.77; H, 5.10; N,
A JEOL LA-300 spectrometer was used to obt&ihNMR, 13C 4.66. IR {co, in THF): 1970.1H NMR (3, in CDCh): 1.68 (s,

NMR, and3P NMR spectra.lH NMR andC NMR data were 15H CSMeS) 2.38 (S 3H NCMe) 3.68 (d]HP = 12.0 Hz. 3H

POMe), 3.75 (dJup = 11.8 Hz, 3H, POMe), 5.45 (br dip =

(22) For example, see: Wong, W.-Y.; Wong, W.-K.; Sun, C.; Wong, .
W.-T. J. Organomet. Chen200Q 612, 160, and references therein. 17.15 Hz, 1H, NH), 6.977.29 (m, 5H, Ph)*C{*H} NMR (9, in

(23) For example, see: Milton, H. L.; Wheatley, M. V.; Slawin, A. M. CDCk): 4.4 (s, NQVe), 9.2 (s, GMes), 53.0 (d,Jcp = 6.2 Hz,
Z.; Woollins, J. D.Inorg. Chim. Acta2005 358 1393, and references =~ POMe), 53.0 (dJcp = 5.6 Hz, POMe), 94.9 (dJcp = 1.2 Hz,

Ar = 2,4 6-+BusCgH,

Concluding Remarks

the(rze‘i‘rr;.(a) Allcock, H. A.; Desorcie, J. L.; Riding, G. FPolyhedron1987, CsMes), 118.7 (d.Jep = 5.0 Hz, PP), 122.6 (5, Ph), 129.5 (s, Ph).
6, 119. (b) Manners, IScience001, 294 1664. (c) Manners, 0. Polym. ~ +35:6 (S, ICMe), 139.9 (dJep = 3.7 Hz, Ph), 216.3 (dep =
Sci. Part A: Polym. Chen2002 40, 179. 37.9 Hz, CO).2P{H} NMR (9, in CDCk): 169.7 (s),—143.7

(25) Catheline, D.; Astruc, DOrganometallics1984 3, 1094. (sep,Jpr = 712.4 Hz. PE).
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Reaction of 4 with NaBH,. To a THF suspension (14 mL) of (1 = 0.710 69 A) at 200 K and then processed using the HKL
4 (485 mg, 0.82 mmol) was added NaBK81 mg, 0.82 mmol), program packag®. The structures were determined by direct
and the mixture was stirred for 30 min at ambient temperature. methods and then were refined by full-matrix least-squares methods
The resulting solution was evaporated to dryness, and then theon F2 using the SHELX-97 program packa§feORTEP drawings
residue was dissolved in a small amount of CH. The solution were made using the ORTEP Il progr&fPositions of hydrogen
was charged on a silica gel column and eluted with a mixture of atoms of4 were calculated by assuming idealized geometries,
CH,Cl,/acetone (9:1). A reddish-yellow band was collected and whereas those o and 7 were determined from subsequent
dried under vacuum. The residue was washed with ether and thendifference Fourier maps. The non-hydrogen atoms were refined
with pentane several times, and dried under reduced pressure taanisotropically. Hydrogen atoms were not refined 4oibut they
give 7 as a yellow powder (371 mg, 0.62 mmol, 77% yield). Anal. were refined isotropically fo2 and7. Crystal data, data collection
Calcd for GiH3oNFsFeQsP,: C, 42.73; H, 5.12; N, 4.75. Found:  parameters, and results of the analyses are summarized in Table 1.

C, 42.63; H, 5.20; N, 4.69. IRvEo, in THF): 1961.'H NMR (9, Further details are included in the Supporting Information.

in CDCly): 1.72 (s, 15H, @Mes), 1.89 (s, 3H, N(H)®™e), 3.33 (d,

Jup = 10.6 Hz, 3H, POMe), 3.71 (dyp = 13.1 Hz, 3H, POMe), Acknowledgment. This work was supported by Grants-in-
6.17 (brs, 1H, N(H)C), 7.187.39 (m, 5H, Ph)13C{1H} NMR (9, Aid for Scientific Research (No. 16033245) from the Ministry
in CDCly): 9.4 (s, GMes), 21.1 (d, N(H)QVe), 53.8 (s, POMe), of Education, Culture, Sports, Science and Technology of Japan.
55.5 (d,Jcp = 13.7 Hz, POMe), 94.6 (dlcp = 1.9 Hz, CsMes), K.K. thanks Hiroshima University for a research grant.

129.1 (br s, Ph), 129.5 (s, Ph), 130.0 (s, Ph), 135.84e= 6.2

Hz, Ph), 173.5 (dJcp = 26.1 Hz, NCMe), 215.3 (d,Jep = 31.1 Supporting Information Available: Crystallographic data for

Hz, CO).3P{H} NMR (8, in CDCk): 196.2 (s),—143.7 (sep, 2, 4, and7 are available in CIF format. This material is available
Jpr = 712.5 Hz. PB). free of charge via the Internet at http://pubs.acs.org.

X-ray Structure Determination. A single crystal of2 was

. o OMO0510728
obtained through recrystallization from hexane at room temperature,
while that of4 was obtained from C§Cl, at 0°C. A single crystal (26) Otwinowski, Z.; Minor, W. InMethods in Enzymology. Macro-
of 7 was obtained by slow diffusion of hexane in a £H solution molecular Crystallography Part ASweet, R. M., Carter, C. W., Jr., Eds.;
of 7 at room temperature. Each crystal coated with inert oil was Acazd?err;ﬁ IT(;e'Si: ge&vgﬁgﬁ )%%976\/_0'- 21‘5' P égz - cai
mounted on a glass fiber and fixed in the cold nitrogen gas stream. Ge(rm;ny Toor -97 University of Gatingen: Gatingen,

Intensity data were collected on a Mac Science DIP2030 imaging — (28) Burnett, M. N.; Johnson, C. KORTEP-3 Report ORNL-6895; Oak
plate diffractometer with graphite-monochromated Kia radiation Ridge National Laboratory: Oak Ridge, TN, 1996.




