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Recently, the first examples of transition-metal complexes )
that contain terminal phosphido ligands sfJM=P ([NaN]3~
= [(Me3SINCH,CH)3N]3~; M = Mo or W)! and [N¢-Bu)-
(CeH3-3,5-Me)]sMo=P 2 were reported. The valenegsoelec-
tronic relationship between the nitrido and phosphido ligands,
coupled with the observation that the compounds possess short AN bt i s
M—P bonds §(W—P) = 2.162(4) Al d(Mo—P) = 2.119(4) 200 400 600 800 1000
A?), suggests that a formal bond order of 3 be attributed to the
M=P linkages. We have now extended the class gNJNI=E
compounds to include those that contain terminal arsenido
ligands, [N\N]Mo=As and [NsN]W=As 2 and therefore are in
a position to compare metapnictogen triple bonds (E N,

P, As) by experimental methods. Herein we report Raman- fre ies for th . is cl h dicted f
spectroscopic measurements oM =E compounds, which quencies for these isotopomers is close to that predicted from
provide M=E stretching frequencies and force constants. the diatomic OSC'"ator approximation (32 cf.

Orange [NN]JMo=As can be isolated in-30% vyield by a Most other bands in the Raman spectrum ofNW=N
reaction analogous to that employed to prepargN[NMo=P ! cannot be assigned to specific vibrational modes at this point
namely, addition of~2 equiv of LiAsHPh to [NN]MoCl in a because [BN]JW=N possesses 183 vibrational degrees of
mixture of toluene and THF. (See Supporting Information for freedom (35A + 26A; + 61E under idealize@3, symmetry),
all experimental details.) [BN]JW=As, on the other hand, is  of which 157 (A and E) are Raman allowed. Independent of
best prepared~60% vyield) by reacting~4 equiv of AsPhH their assignments, however, many of the bands in the Raman
with [N3NJWPh in toluene over a period of 48 h in the dark. spectrum of [NN]JW=N are expected to be conserved in the
An X-ray structure of [NN]Mo=As showed it to be closely  spectra of other [BN]JM=E derivatives within narrow frequency
analogous to the structure of {N]JW=P, with a MG=As bond ranges because the majority of the vibrational modes in these
length of 2.252(3) A White [NsN]JW=N and a 1:1 mixture compounds are associated with the SiMeoups. Consistent
of [NsN]JW=2N and [NsN]W=N were prepared from the  with this proposal, we find that the Raman spectra gNJW=P
reaction between sodium azide angyWCl in ~70% yield. and [NsN]W=As are qualitatively similar to that of [W]W=N

The Raman spectrum of PNJW=N is complex, consisting  (Figure 1), with nearly all bands in the spectrum o§lJW=N
of over 35 distinct bands and shoulders in the 20600 cnt? exhibiting counterparts (based on their relative intensities) in
frequency range and a cluster of intense bands in th¢iC  the spectra of [AN]W=P and [NN]W=As within 10 cn1? of
stretching region (28063000 cn?).> The 206-1100 cn* their positions in the spectrum of jNJW=N. The strong band
region is shown in Figure 1. Partial labeling (50%) of the at 635 cmi2, which is assigned te(Si—C), is representative of
terminal nitrido ligand in [NN]W=N with *N results ina50%  the SiMerlocalized modes, exhibiting a constant intensity and
reduction in the intensity of the medium-intensity band at 1015 frequency £1 cnm?) as a function of E. Because of the
cm * and the appearance of a new band of equal intensity at sjmjjarities among the spectra, the band attributablefé=P)

987 cm*, thus allowing these two bands to be assigned can pe readily identified at 516 crhand that tov(W=As) at
unambiguously to the N and WEN stretching modes, 343 cnr1, Likewise, the most significant differences between
respectively. The other Raman bands do not differ in frequency he Raman spectra of PN]JMo=P and [NN]Mo=As are the
by more ﬂfgn 2cmtorin i”}ef?S“y between [BNJW=N and »(Mo=P) band at 521 cmt and thev(Mo=As) band at 374
[NsNJW=EN. The 28 cm® difference between the(W=N) cmL. Stretching frequencies and force constants of tiFeBMV

Wavenumber, cm™
Figure 1. Raman spectra of microcrystalline{NJW=E in the 206~
1100 cn1t frequency range: (a) E N; (b) E= P; (c) E= As. Bands
assigned ta/(W=E) are shaded.

lUniversity of Pittsburgh. oscillators of [NNJM=E complexes are listed in Table’1.
Massachusetts Institute of Technology.
(1) Zanetti, N. C.; Schrock, R. R.; Davis, W. Mngew Chem, Int. Ed. The general tr.ends among the= force .Cons.tams can be
Engl. 1995 34, 2044, _ . rationalized straightforwardly. The reduct|0|_1 m_éa'E for_ce
Ed(ZE) Léllpgzg% (334 Ez-(;erDzaVlS, W. M.; Cummins, C. 8ngew Chem, Int. constant K(W=N) > k(W=P) > k(W=As)] with increasing
L Engl ) . = =N\ = 7.8 =p) —
(3) Zanetti, N. C.; Schrock, R. R.; Davis, W. M. Manuscript in W=E bond lengthd(W=N) = 170-1.75 A8 < d(W=P)

preparation. Synthetic details and NMR spectroscopic data #N]IM=E

compounds (M= Mo, E= P, As; M= W, E = N, As) are available in (6) The lack of stable phosphorus and arsenic isotopes prevents us from
Supporting Information. _ determining whether the nomina(M=P) andv(M=As) modes to which

(4) Orange GsH39N4SizAsMo, FW= 530.62, space groupa3 (No. 205), these bands are assigned are as uncoupled from other vibrational coordinates
a=b=c=17197Q) Aa ==y =90, V=5085.4(4) B, Z = 8, as isv(W=N). The frequency and relative intensity of the band-d60

Jeaica= 1.386 g cnt3. Details will be reported fully in a future publication. cm™1, which is in the vicinity ofv(M=P) andv(M=As), are, in fact, more
(5) FT Raman spectra of microcrystalline samples were recorded under strongly dependent on the nature of E (WN, 462 ¢mWP, 458 cn?;
nonresonance conditions at 1 chresolution using a Nicolet Raman 950  WAs, 469 cntl; MoP, 449 cmi!; MoAs, 469 cntl) than are those for

spectrometer (Nd:YV@laser,lex = 1064 nm, power= 0.2—-0.4 W) that other bands, but these differences are sufficiently small that mixing of
employed a liquid nitrogen cooled germanium diode detector (Applied (M=E) is inferred to be slight. Small structural differences between the
Detector Corp. model 203NR). [NsNJM=E compounds could account for the shifts in the 460 tband.
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Table 1. M=E Stretching Frequencies and Force Constants for bonds as a function of E parallel those betweesECbonds,

[NsN]JM=E Complexes and provide support for attribution of a bond order of 3 to the
oscillator »(M=E), cnr? k(M=E), mdyne A12 M=E linkages of [NN]M=E compounds. .
W= 1015 790 An important issue which force constants do not resolve is
W=15N 087 7.96 the nature of thes component of the ME bonds. We notéd
W=P 516 4.16 thatJpw in [N3N]JW=P is surprisingly low (138 Hz) compared
W=As 343 3.69 to WJpw in [N3NJW(PHPh) (719 Hz) (for example) and conse-
Mo=P 521 3.74 quently proposed that the portion of the W&=P bond has a
Mo=As 374 3.47 low s character (i.e., that the triple bond is constructed from
a Diatomic oscillator approximation. nearly pure p orbitals, leaving the lone pair in an almost pure

s orbital). (This proposal assumes the-¥W coupling constants
2.162(4) A < d(W=As) = 2.25-2.30 A (see [NN]Mo=As are of the same sign and dominated by the Fermi contact
abové)] is expected from empirical bond distance/force constant interaction'>19 All [N s3N]W=E compounds can be methylated
relationshipg—11 Moreover, the observation th&(W=E) > quantitatively (eq 1). 1§[N3N]JW=PMe} (OTf), 1Jpw was found
k(Mo=E) for a given E is consistent with data for transition- e
metal-oxo compounds, for which force constants involving a [N;NJW=E + MeOTf— {[N,;N]W=EMe} "OTf (1)
second transition series metal atom are typically smaller than E=N,P,As

those for the third transition serié%:* The value of(W=N) to be 748 Hz, consistent with a significant degree of rehydrid-

is compagable to prgviously_ reported m_e{altrido force ization of theo portion of the W—P bond to approximately sp.
constantd? However, interpreting the magnitudes of thesiA In contrast, the value dflw in [NaNJW=15N was found t0 be

and M=As force constants is less straightforward. Assigning 4g © = 551.2 ppm), while that if[NsN]JW=NMe}OTf
quantitative M=E bond orders from the force constants, as has ;o< tound to bé 116 |-iz<$(= 145.3 ppm); these data may

been done for metaloxo compounds? is hindereq by the .__indicate a more modest degree of rehydridization obtipertion
absence of force constants for group 6 phosphine or arsineqs ihe \W=N hond upon alkylation. The scarcity of theoretical

compounds, which would provide reference values forfl o oyherimental data in the literature that address such issues
or M—As single bonds, and of detailed vibrational spectroscopic prevent any firm conclusions to be drawn at this stage.

studies of 8 metal-phosphinidene and metahrsinidene N summar ;

. y, we have found that the triple-bond force
compounds. Therefore, we turned to the seriestNCHC=P, constants for [\NJW=E (E = N, P, or As) complexes scale
and (hypothetical) H&As.1* Interestingly, the relative force with those of HG=E and that the degree of increasellaw

;(r)g?/ti?trl:tzllf;ri(;I:EnEtigg?/\t/oEt';llﬁkr(t\ell\f;\z:l?gvr\éjéz)nit;hgt;:flc;?a?EgI) upon alkylation is consistent with the portion of the W=P
(k(C=N):k(C=P)k(C=As) = 2.06:1:0.82). These data suggest, bond having refatively low s character.

at least qualitatively, that the differences between treBV Acknowledgment. R.R.S. thanks the National Institutes of Health
: ; 3 (GM 31978), and M.D.H. thanks the National Science Foundation
195%) zczhlggggn M. H.; Hoffman, D. M.; Huffman, J. Gnorg. Chem (Grant CHE-9307013). Supportto J.A.J.-C. through a National Science
(8) Chisholm, M. H.; Folting-Streib, K.; Tiedtke, D. B.; Lemoigno, O.;  Foundation Graduate Fellowship, to M.D.H. through fellowships from
Eisenstein, OAngew Chem, Int. Ed. Engl. 1995 34, 110. the David and Lucile Packard Foundation and Alfred P. Sloan
(9) Herschbach, D. R.; Laurie, V. W. Chem Phys 196Q 35, 458. Foundation, and to N.C.Z. through a Ciba-Geigy Jubita Stiftung is

805:1(1))9 gé’rlrfgsfgég‘ D.; Sattelberger, A. P.; Woodruff, WiAm Chem gratefully acknowledged. We are indebted to Louis Wang (Applied
(11) The W=E bond distances calculated from the2 force constants ~ D€tector Corp.) for a generous loan of instrumentation and for his
(Table 1) using the Woodruff equations (d&M) = 1.70 A, d(\W=P) = technical advice and to Dr. W. M. Davis for the X-ray structure of
2.20 A; ref 10) are in excellent agreement with the observed (or estimated) [NsN]JMo=As.
distances, while those calculated from Badger's rule (eq 7 and Table 1 in
;g; %)) a:;]r(zefrigmpg:)ereTez;;ggr?\eé%\?un'?hrgI?jtilgggsrrl:!grr(]%%ts f?)rr]dthTeatl)lﬁtgrlr;wo Supporting Information Available: A listing of synthetic proce-
relationships undoubtedly reflects the limitations of the parameters available dures Td NMR  spectroscopic data for sMJM=E and
for heteronuclear diatomic compounds, as illustrated by a recent reparam-{ [NsNJW=EMe})(OTf) complexes (3 pages). See any current mast-
eterization for homonuclear species (Harvey, PCBord Chem Rev. 1996 head page for ordering and Internet access instructions.
153 175).
(12) Nugent, W. A.; Mayer, J. MMetal-Ligand Multiple Bonds
Wiley: New York, 1988. JA961405F
(13) Cotton, F. A.; Wing, R. Mlnorg. Chem 1965 4, 867. (15) Nixon, J. F.; Pidcock, AAnnu Rev. NMR Spectroscl969 2, 345.
(14) Schmidt, H. M.; Stoll, H.; Preuss, H.; Beckere, G.; Mundt,JO. (16) McFarlane, W.; Rycroft, D. §. Chem Soc, Chem Commun1973
Mol. Struct (THEOCHEM)1992 262, 171. 336.




