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Organocyanamides, N=CNR; (R = Me or Et), react with trans-[Mo(N2).(dppe).] (1, dppe = Ph,PCH,CH,PPh,),
in THF, to give the first mixed molybdenum dinitrogen—cyanamide complexes trans-[Mo(N2)(NCNRy)(dppe).] (R =
Me 2a or Et 2b) which are selectively protonated at N, by HBF, to yield the hydrazide(2—) complexes trans-
[Mo(NNH2)(NCNR,)(dppe)2l[BF4]. (R = Me, 3a, or Et, 3b). On treatment with Ag[BF,], oxidation and metal fluorination
occur, and the ligating cyanamide undergoes an unprecedented S-protonation at the unsaturated C atom to form
trans-[MoF(NCHNRy)(dppe)2][BF.]2 (R = Me, 4a, or Et, 4b) compounds which present the novel amidoazavinylidene
(or amidomethyleneamide) ligands. Complexes 4 are also formed from the corresponding compounds 3, with liberation
of ammonia and hydrazine. The crystal structure of 2b was determined by single-crystal X-ray diffraction analysis
which indicates that the N atom of the amide group has a trigonal planar geometry.

Introduction with a metat-metal triple bond{ nucleophilic addition of

an oximé® or of an alcohol (in this case to cyanoguanidifie)
to form a five- or six-membered azametallacycle, respec-
tively, and dehydrogenation of NCNHollowed by elec-
trophilic additiori”-18 or deprotonation or deamination (of
cyanoguanidinéy are the most significant reactions reported

Cyanamides, BCNR; (R = H, alkyl or aryl), can be
regarded as amino-functionalized nitriles, but despite the well
developed coordination chemistry of organonitrifeand of
the biological and synthetic interest of such species [in
particular cyanamide itself, ﬁ(;l\;Hz, and its dimeric form, so far
cyanoguanidine, NCNC(NhL],3 8 only scarce examples of y
reactions of cyanamide ligands have been reported, and the In this study, we have searched for an unprecedented type

study of their activation by coordination to a transition metal ?r;ncsyt{i:r?nr;gt; (r;zif(:t\rlgr{sbk//lo“gatlgn tg ag_ii‘gg)g_mh
center still remains virtually unexplored, as well as the effect - ans{ Mo(dppe)} (dppe=

i i 0,21 i ini i
of the amino moiety on the reactivity of the cyano group. CH,PPh), which is ablé®?'to ligate dinitrogen and activate
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Scheme 1. Formation of the Mixed DinitrogenCyanamide Complexes and Derived Hydrazide(znd Amidoazavinylidene Compounds
(i) NCNR,
trans-[Mo(Nz)(dppe)z] trans-[Mo(N2)(NCNRz)(dppe).]
1 N 2a, R =Me
2b, R = Et
HBF, ®

(V) “NoH,'
trans-[Mo(NNH,)(NCNRy)(dppe).][BF 4] : trans-[MoF(NCHNRy)(dppe),](BF 4]
HF
3a, R=Me 4a, R =Me
3b, R =Et 4b, R = Et

it toward electrophilic attack. For this purpose, we have
prepared the first mixed cyanamiddinitrogen complexes
of molybdenum{rans[Mo(N2)(NCNRy)(dppe}] (R = Me,

2a, or Et, 2b), and studied their protic reactions, what has

also allowed a comparison between the behaviors of the

cyanamide and dinitrogen (as well as of nitrile) ligands
activated by a common metal center. In particular, the first

derived specie® 414753 or phosphaalkynés545% when
ligating the above or a related ;Minding phosphinic
transition metal center) has thus been extended for the first
time to cyanamide ligands.

Results and Discussion

Mixed Dinitrogen —Organocyanamide ComplexesTreat-

electrophilic addition has been achieved to the cyano groupment of a THF solution of the dinitrogen complévans
of a cyanamide ligand which, however, behaves as a weake[Mo(N.),(dppe)] (1, dppe= PhPCH,CH,PPh), at room
base than dinitrogen and an organonitrile. The electrophilic temperature, with an excess (10-fold molar ratio) of the
addition reaction (which has previously been observed for appropriate organocyanamide=}INR, (R = Me or Et),

nitriles 22-2° isocyanides® 4! cyanide3?344+46 alkyne-
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leads to the formation [reaction i, Scheme 1] of the
corresponding monocyanamide completesis[Mo(Ny)-
(NCNR)(dppe)] (R = Me, 2a, or Et, 2b) which have been
isolated, after ca. 3 h, in high yield (ca.-885%), as a brick
(2a) or dark red 2b) solid. These complexes represent the
first mixed dinitroger-cyanamide complexes of molybde-
num and relate to the dinitrogefrganonitrile compounds
trans[Mo(N2)(NCR)(dppe)] (R = alkyl or aryl) prepared
by Hidai et al® by an identical route. The mixed rhenium
mer[ReCIl(N;)(NCNRy)(PMePh)s] complexes have already
been prepared, but their reactions have not yet been
reported.

Complexes2 have strong IR bands assignedidN=N)
at ca. 1900 cm! and tov(N=C) at ca. 2190 cm". The
former value is slightly lower than that, 1975 cindisplayed
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Figure 1. Molecular structure of the complexans[Mo(N2)(NCNEt)-
(dppe}], 2b, with ellipsoids at the 30% probability level.

Table 1. Selected Bond Distances (A) and Angles (deg) for the
Complextrans[Mo(N2)(NCNEb)(dppe}], 2b*

Mo—N(1) 1.994(4) N(3-Mo—P(1) 84.04(12)
Mo—N(3) 2.151(4) N(3>-Mo—P(2) 85.53(12)
Mo—P(1) 2.4479(14)  N(3YMo—P(3) 102.19(12)
Mo—P(2) 2.4361(15)  N(3YMo—P(4) 90.34(12)
Mo—P(3) 2.4393(14)  P(BMo—P(2) 80.85(5)
Mo—P(4) 2.4601(16)  P(®Mo—P(3) 96.63(5)
N(1)—N(2) 1.084(8) P(3yMo—P(4) 80.07(5)
N(3)—C(31) 1.142(8) P(5Mo—P(4) 102.98(5)
C(31)-N(4) 1.334(9) P(1¥Mo—P(3) 173.14(5)
N(4)—C(27) 1.423(14)  P(2Mo—P(4) 174.07(5)
C(27)-C(28) 1.418(18)  Me-N(1)-N(2) 177.4(5)
N(4)—-C(29) 1.419(14)  MeN(3)—C(31) 173.1(5)
C(29)-C(30) 1.396(18)  N(3}C(31-N(4)  178.0(7)
N(1)-Mo—N(3) 173.37(18) C(BBN@)-C(27) 122.1(7)
N(1)-Mo—P(1)  89.99(13)  N(4YC(27)-C(28)  112.4(10)
N(1)-Mo—P(2)  96.39(13)  C(3BN(@4)-C(29) 122.2(7)
N(1)-Mo—P(3)  83.93(13)  N(4YC(29)-C(30)  114.1(10)
N(1)-Mo—P(4)  88.18(13)  C(2BN(@4)-C(29) 115.8(8)

aesd’s in parentheses.

by the parent bis(dinitrogen) complek and the latter,
v(N=C), is shifted to a lower wavenumber (by ca. 25¢mn

in comparison with that exhibited by the free organocyan-
amide, as a result of the stromgelectron releasing ability
of the electron-rich Mo(0) site. Complex@sare unstable in
air and also commonly undergo significant decomposition
in solution, even under N which precludes a reliablecol-
lection of NMR data in the usual deuterated solvents. In
agreement with the lability of the Nigand, their FAB-

MS spectra, run in nitrobenzyl alcohol matrixes, do not show
the corresponding molecular ions (f}J, although the
fragments derived from loss of ;Ni.e., [M — N;]*, are
clearly observed atvz 964 (a) or 992 @b).

Their formulation was authenticated by a single-crystal
X-ray diffraction analysis of diethylcyanamide compl2

whose molecular structure is depicted in Figure 1, and
selected bond lengths and angles are listed in Table 1. The

Mo atom exhibits octahedral-type coordination, with the four

P atoms in the equatorial positions, whereas the apical

positions are occupied by the terminal N atoms ofttiaas

dinitrogen and cyanamide ligands which present linear
coordinations.

The Mo—N bond length for the Mligand, 1.994(4) A, is
comparable with that, 2.014(5) &,of the bis(dinitrogen)
complextrans[Mo(N2)2(dppe}], 1, but marginally shorter
than those for the mixed carbonyl complexé®ns
[Mo(N)(CO)(dppe)], 2.068(12) A% and trans[Mo(Ny)-
(COX (PhCH),CH:CHoP(CHPhY} 2], 2.090(3) A% in ac-
cord with the strong competition of CO for the metgl d
electron density. The MeN distance for the NCNEtli-
gand, 2.151(4) A, is identical to that, 2.168(6)Ajn
[Mo,(OCH,'Bu)s(u-CsMes)(NCNEL)]. The N=N and N=C
bond lengths, 1.084(8) and 1.142(8) A, respectively, are
similar to those of the free ligands [1.0976(1§2&or N,
and 1.1609(16) &2 for the related dimethylcyanamide,
NCNMe].

The N atom of the amide group, N(4), has a trigonal planar
geometry [the N(4), C(27), C(29), C(31) and N(3) atoms
are coplanar] rather than a pyramidal one, indicating a
significant contribution of the canonical forma)(

) +)
Mo ==N=C=NEt,

a

The trigonal planar geometry has also been reported for
other complexes such as [Cr(NCNEECO)],%* trans
[Fe(NCNEDb)(depe)][BF 42 (depe= EL,PCHCH,PEL),%®
trans[Pt(CRs)(NCNEL)(PPh),][BF 4],% or cis-[Pt(NCNEb),-
(PPh)2][BF4].,'° whereas the pyramidal one is displayed by
mer[ReCh(NCNEL)(PMePh);]%” and by the uncoordinated
NCNMe,.%3

Hydrazide(2—) and Amidoazavinylidene Complexes.
Treatment of a THF solution of the mixed dinitrogen
cyanamide complexasans[Mo(N2)(NCNRy)(dppe}] (R =
Me 2a or Et 2b), at low temperature<60 °C), with HBF,

(a diluted diethyl ether solution [EDH][BF4] added drop-
wise, ca. 4.5 molar ratio of acid relative to the complex),

(58) Uchida, T.; Uchida, Y.; Hidai, M.; Kodama, Acta Crystallogr, Sect.
B 1975 31, 1197.

(59) Sato, M.; Tatsumi, T.; Kodama, T.; Hidai, M.; Uchida, T.; Uchida,
Y. J. Am. Chem. So0d.978 100, 4447.

(60) Luo, X.-L.; Kubas, G. J.; Burns, C. J.; Eckert]dorg. Chem.1994
33, 52109.

(61) (a) Chisholm, M. H.; Folting, K.; Huffman, J. C.; Marchant, N. S.
Organometallicsl986 5, 602. (b) Chisholm, M. H.; Huffman, J. C.;
Marchant, N. SPolyhedron1988 7, 919.

(62) Stoicheff, B. PCan. J. Phys1954 82, 630.

(63) (a) Khaikin, L. S.; Vilkov, L. V.; Andrutskaya, L. G.; Zenkin, A. A.
J. Mol. Struct.1975 29, 171. (b) Li, Y. S.; Durig, J. RJ. Mol. Struct.
1973 16, 433.

(64) (a) Ohnet, M.-N.; Spasojéevite Birg A.; Dao, N. Q.; Schweiss, P.;
Braden, M.; Fischer, H.; Reindl, . Chem. So¢Dalton Trans.1995
665. (b) Fischer, E. O.; Kleine, W.; Schubert, U.; Neugebaued.D.
Organomet. Chenil978 149, C40.

(65) Martins, L. M. D. R. S.; Frasto da Silva, J. J R.; Pombeiro, A. J. L;
Henderson, R. A.; Evans, D. J.; Benetollo, F.; Bombieri, G.; Michelin,
R. A. Inorg. Chim. Actal999 291, 39.

(66) Guedes da Silva, M. F. C.; Branco, E. M. P. R. P.; Wang, Y.:$tcau

da Silva, J. J R.; Pombeiro, A. J. L.; Bertani, R.; Michelin, R. A;;

Mozzon, M.; Benetollo, F.; Bombieri, Gl. Organomet. Chen1995

490, 89.

(67) Costa, M. T. A. R. S,; Fratio da Silva, J. J R.; Pombeiro, A. J. L,;
Michelin, R. A.; Bombieri, G.; Benetollo, Anorg. Chim. Actal998
280, 308.

Inorganic Chemistry, Vol. 42, No. 6, 2003 2159



Cunha et al.

resulted [reaction ii, Scheme 1] in the formation of a pale significant lability, being readily displaced by fluoride, at

green precipitate of the corresponding hydrazigg(grod- least in FAB conditions. Interestingly, this behavior is

uctstrans[Mo(NNH2)(NCNRy)(dppe}][BF 42 (R = Me, 3a, consistent with that observed in solution (see in a following
or Et, 3b), which were isolated in good yield (ca. 686%). paragraph).

The reaction is related to the knoffiprotonation at one The formation of complexe8 involves s-protonation at
of the N, ligands intrans[M(N,)2(dppe}] (M = Mo or W) the N\, ligand in the mixed dinitrogenorganocyanamide
to give, on loss of the other Nand metal fluorination, the  parent complexe&. Hence, the commonly inert-Nigand
hydrazide(2-) products [MF(NNH)(dppe}][BF 4], but in the is more susceptible to protonation than the organocyanamide
case of complexe®, the stronger coordination ability of the  co-ligand in compoundg, and the proton addition occurs
organocyanamide, in comparison with dinitrogen, allows its selectively at the former. Although a similar reaction was
retention in the metal coordination sphere. To the best of reported®betweertrans[M(N 2)(NC"Pr)(dppej] (M = Mo
our knowledge, there are only two more examples in the or W) and HSQ; to give [M(NNH)(NC"Pr)(dppej][HSO4]>,
literature of isolated hydrazidetd complexes which result  these behaviors contrast sharply with those obsépéétbr
from protonation of coordinated Mo NNH,(2—) occurring the reactions of HBE HCI, or HBr with the seriedrans
without loss of a ligand:trans[M(NNH ;)(NC"Pr)(dppe)]- [M(N2)(NCR)(dppe}] (HBFs: M = Mo, R = Ph, GHsMe-
[HSOJ> (M = Mo or W)5 and fac-[Mo(NNH,){PhP-  p, CsH,OMep, Me;®*M = W, R = Me* HCI: M = Mo
(CH,CH,PPh)3} (Me;PCHPMe)][CF3SO5..5% In the present  or W, R = Ph, GH;Me-p, CsH,OMep, Me22 HBr: M =
case, the protonation of ;Nat complexes2 to yield Mo, R = Ph, GHsMe-p, CsH,OMep, Me?) in which the
NNHx(2—) in 3 with resulting metal oxidation leads to a organonitrile undergoes double protonation at the cyano-
significant increase (by ca. 40 c®) of the IR v(N=C) of carbon, with formation, on Noss, of the imido-complexes
the organocyanamide ligand [2233a] or 2225 @b) cm ] trans[MX(NCH2R)(dppe)]* (X = F, Cl, or Br). Therefore,
which becomes even higher (by ca. 15@rthan the value  although such protonations appear to depend on the nature
of the corresponding free species. This indicates that, in of the acid, the reactions with HBBuggest that those ligands
contrast to complexezof Mo(0), in the Mo(IV) complexes ~ can be ordered as follows according to their”isted
3 the organocyanamide ligand behaves as a predominaniasicity: NCR> N, > NCNR,. The ligating organocyan-
o-donor and not as an effectiveacceptor. amides appear to behave as the weakest bases despite the
In complexes3, the hydrazide(2) ligand is clearly strong overall (resonance/inductive) electron-donor character

detected by its strong IR band at 1618 drdue tod(NH,), of the NR group. Although _this character could enhance
and thev(NH,) medium intensity bands in the 3438237 the nucleophilicity of t_he adjacent cyano-group, the effect
cm! range. Particularly, the presence of the bending mode @PPears to be transmitted to the metal (see above &rm

is consistent with both hydrogen atoms attached to the samelnus promoting itsz-electron release to the;Mgand which
nitrogen atom. In theitH NMR spectra (CBCl,), broad IS in trans position to the cyanamide.

resonances at 7.00 @a) or 6.83 @b), which disappear upon Nevertheless, the organocyanamide in compl@issalso
deuteriation, are assigned to MM In fact, these shifts activated toward protonation and treatment of a THF solution
support the hydrazide formulation, NNHrather than the ~ Of 2a or 2b, at low temperature<80 °C), with Ag[BF],
diazene one, NHNH, for which the NH protons resonance followed by diethyl ether addition, affords [reaction iii,
should occur as two distinct multiplets at significantly lower Scheme 1frans[MoF(NCHNR)(dppe)][BF.]. (R = Me
fields;7° furthermore, ready H/D exchange upon addition of 4a or Et 4b) which were isolated in a considerable yield
D,O is a common feature for several hydrazide)2 (ca. 65%)as a greenish yellowg) or dark yellow @b) solid.
complexe$8aThe expectedH and3C NMR resonances of 10 the best of our knowledge, these products present the
the organocyanamides have also been unambiguously identiPreviously unknown amidoazavinylidene (or amidomethylene-
fied, and, e.g., foBa, the methyl-protons resonance occurs amide) ligand N=CHNR; (R = Me or Et) formally derived

as a singlet ad 2.02 whereas the cyano-carbon resonance from protonation at the cyano-C atom of the organocyan-
is a singlet aty 130.02 (or 129.72 foBb). amide, an unprecedented reaction of this species which, thus,

In the FAB'-MS spectra of complexe3, the molecular is shown to be susceptible to protonation similarly to an

ions ([M*]) are not detected, but the fragments derived from °rganonitrile (NCR) when activated by the electron-rich
NINH; loss [M — NNH,]* [m/z 964 @a) or 992 @b)] and metal center in the describ@d®trans[M(N 2)(NCR)(dppe)]

metal fluorination [M— NNH, + F]* [m/z 983 @a) or 1011 (M = Mo or W) complexes. This type of reaction was first

(3b)] are clearly observed with the expected isotopic patterns. reported? "¢ for trans- or cis[ReCI(NCR)(dppej which,

These observations suggest that the NINgand exhibits a on reaction with HBE, generate the azavinylidene (or meth-
yleneamide) complexdsans or cis-[ReCI(NCHR)(dppe)-

(68) (a) Chatt, J.; Pearman, A. J.; Richards, RJLChem. SogDalton [BF4), and pgrallels the be_haVIOr QbS?rV.Ed for othegr unsat-
Trans.1976 1520. (b) Hidai, M.; Kodama, T.; Sato, M.; Harakawa, ~urated species, such as isocyanitfes’ vinylidenes?® or

M.; Uchida, Y.Inorg. Chem.1976 15, 2694. 8,52,53|; ;
(69) (a) Chatt, J.; Leigh, G. J.; Neukomm, H.; Pickett, C. J.; Stanley, D. phenylallené‘, Ilgatlng the{ ReCI(dppeg} or{M(dppe)g}

R.J. Chem. SocDalton Trans.198Q 121. (b) George, T. A.; Ma, (M = Mo or W) metal sites.

LLGSSghailh, S. N.; Tisdale, R. C.; Zubieta, ldorg. Chem.199Q 29, The formation of complexeda or 4b by reaction of the
(70) Smith, M. R., Iil; Cheng, T.-Y.; Hillhouse, G. L. Am. Chem. Soc. ~ MO(0) complexes2a or 2b with Ag[BF,] involves metal
1993 115, 8638. oxidation by Ag", with resulting loss of the labile Nigand,
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nucleophilic attack by [BE~ at the metal leading to  as a hybrid of the canonical formis)(and €), corresponding
fluorination, and protonation of the ligating NCN®hich to formal 3- or 5-electron donors (the latter with an imido
occurs even without the deliberate addition of an acid. Tracescharacter) and conferring the 16- or 18-electron configuration
of moisture in the solvents used and/or in the hygroscopic to the metal center, respectively.

silver salt conceivably constitute the proton source, although

a radical process (involving the THF solvent as the hydrogen M O L

source) cannot be ruled out. Preliminary cyclic voltammetric MO:N:C\NR M"zN—"C\\‘,;’/R
experiments, at low temperature, in dried [NBBF 4]/ THF ? I
show that complexegla or 4b are only formed upon b c R
oxidation of the correspondinga or 2b parent complexes.

The protonation occurs selectively at the ligated cyano-group  The methylene-carbon GHNR; resonance, in théC-
rather than at the amide part of the NCNIRjand, being {*H} NMR spectra, is a singlet @ 162.54 ¢a) or 162.32
consistent with the relevance of the activating role of the (4b), which splits in the expected doublelef; ~ 200 Hz)
metal on the former group and also with the shown VB form i, the 1H-undecoupled spectra and falls within the chemical
(a) with a positive charge localized at the amide N atom. gpift ranged 157169, knowr? for the amidinium species
Complexes4 are also formed by slow spontaneous [H(RYNC(R)=NR¥R")]*. The other carbon nuclei of the
decomposition in CHGlor CH,Cl, solution of the corre-  NCHNR, ligands resonate as expected, e.g.,4ams two
sponding hydrazide(2) compoundstrans[Mo(NNH,)- singlets, in thé3C<{'H} NMR spectra, ad 44.27 and 37.64,
(NCNR;)(dppe}|[BF ]2, 3a or 3b, with formal loss of NH; which, in the!H-undecoupled spectra, split into quarteks:(
and addition of “HF” [reaction iv, Scheme 1], thus somehow = 145 Hz). The nonequivalency of the two R groups (also
paralleling the behavior of the latter complexes in FAB  observed in théH NMR spectra, as well as fatb) in the
MS conditions (see previous description). This conversion NCHNR, ligand indicate some restricted rotation of the
was monitored byH and3!P{*H} NMR in CDCk and also  amide group around the-ENR; bond, suggesting a signifi-
accounts for the isolation (in greater amounts for extended cant contribution of the VB formd) with a C=NR; double
reaction times) ofta and4b from the mother liquor in the  bond character. Formamidinium ions, [H{RCH=NR2(R3)]*,
synthesis of3a or 3b by reaction of HBE with trans also exhibit a restricted rotation around the=i8 bond??
[Mo(N2)(NCNR;)(dppe}], 2a or 2b. The3 — 4 conversion In theH NMR spectra, although the NNR; resonance
also leads to the formation of ammonia and hydrazine (molar y55 not clearly identified!H—13C HETCOR experiments
yields of ca. 8.5 and 2.5%, respectively, relative to the metal gjjowed its unambiguous identification &.29 @a) or 7.37
or to NNH,), the formation of ammonia being highly  (4p), j.e., comparable with those commonly obsefé¢ddr
promoted (above 40% yield) by the addition of a catalytic the formyl GH=N proton resonance of formamidinium ions

amount of HBER (0.10 HBR/complex molar ratio). (0 7.43-8.43) or of formamidines MI=CHNRYR3) (6
Reaction iv (Scheme 1) can alternatively be viewed as 7.13-7.61).
formally involving an intramolecular prototropic shift from IR data also corroborate the shown conjugated representa-

the ligating NNH(2—) to the cyanamide ligand, followed  ion of the amidoazavinylidene ligands. In fact, the very
by displacement of the resulting diazenide (NNHoy strong band (KBr pellet) at 16161 or 1586 ¢b) cm!
fluoride. However, the driving forces are not clearly envis- 5|5 in the commonly observed range (1658582 cnt)72
aged for these processes which, moreover, do not appear t9qr ,(N=C) of conjugated amidines, whereas no band that
have a precedent, although a proton transfer betwien  ¢oyid be assigned to this stretching mode was exhibited by
ketonitrile species has been repofteidfor the{Mo(dppe)} other phosphinic compour€”73with nonconjugated aza-
metal center, on treatment wans{Mo(N2)2(dppe}], 1, with — yinylidene ligands, NCHR (R= alkyl or aryl). In addition,

an excess of RCCH,COR to afford the (alkyleneamido)-  {he medium/strong bands at 133@8) or 1319 @b) cm?

(nitrile—enolato) complexestrans-[Mo(NCHCH,COR)- can tentatively be assigned t¢gMoN) since these wave-
(NCCHCOR)(dppe] which further convert into nitride  ymbers are close to those known (130000 cnrl)74 for
products. Hence, the mode of conversion of the Nghnd metal-imide vibrations.

in complexes3 into N,H, and NH; could not be elucidated. The presence of the fluoride ligand in complexewas

Decomposition reactions of hydrazide(Rligands have proved by the typical doublefJer ~ 38 Hz) resonance’(
been reported only scantly and are not yet well understood. -5 —104) shown by thé'P{H} NMR spectra and the
They are depepdeqt on a variety of factors.and can lead quintet resonance, with an identical coupling constant, in the
namely to hydride ligands (with Nlossf* or, in an acid  19¢ NMR spectra, observed at—38.81 @a) or —37.20 @b).
catalyzed process, to bridging rlydr_amde]{;?l(N—NHPi The molecular ions for both complexes were detected in their
or bridging hydrazide(4), (N—N)*, ligands’ FAB*-MS spectra vz = 984 @a) or 1012 ¢b)].

In complexesta and4b, the amidoazavinylidene ligands
have been clearly identified b¥C andH NMR and IR (72) Héelinger, G. InThe Chemistry of Amidines and Imidat@stai, S.,

spectroscopies and can be represented, in a VB formalism, __ Ed.; John Wiley: London, U.K,, 1975; Chapter 1.
(73) Barron, A. B.; Salt, J. E.; Wilkinson, G.; Motevalli, M.; Hursthouse,
M. B. J. Chem. Soc., Dalton Tran&987, 2947.
(71) Glassman, T. E.; Vale, M. G.; Schrock, R.RAmM. Chem. S04992 (74) (a) Nugent, W. ACoord. Chem. Re 198Q 31, 123. (b) Nugent, W.
114, 8098. A. Inorg. Chem.1983 22, 965 and references therein.
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Final Remarks

This study demonstrates that organocyanamide=GNR;)
are susceptible to activation toward electrophilic attack at
the cyano-group, upon coordination to a suitable transition

Cunha et al.

calibrated with Csl. The calculation of theoretical isotopic patterns
was performed by using a computer progrétaking into account
the natural abundance of the various isotopes.itzezalues were
calculated using th&Mo isotope. The elemental analyses were
done by the Laboratm de Andises of the Instituto Superior

metal center, by achieving the first example of NC- tacnico.

protonation of such ligands to produce the previously  preparation of the Complexes. trans-[Mo(N2)(NCNR,)-
unreported amidoazavinylidene (or amidomethyleneamide) dppe)] (R = Me, 2a, or Et, 2b). A THF solution (20 crd) of
species, M-N=CHNR,. Hence, organocyanamides can trans[Mo(N,),(dppe}], 1, (0.100 g, 0.105 mmol) was treated with
behave like organonitriles @ICR) and dinitrogen, which,  the appropriate organocyanamide NGN85.0uL, 1.05 mmol (R
when ligating the same or the isoelectronic metal sites = Me) or 124uL, 1.06 mmol (R= Et)] and stirred for~3—5 h,
{M(dppe}}™ (n=0, M= Mo or W;n=1, M = Re), are at 25°C, until dark red. Concentration in vacuo followed by slow

protonated to the corresponding azavinylidene (or methylene—dmpWise addition oh-pentane led to the precipitation of complex

amide), M=N=CHR, or diazenide M-N=NH species.
However, the NR amide group confers to NCNRand
derived species distinct electronic properties from those of
the corresponding NCR and derivatives. In particular, the
organocyanamide ligands at theans{Mo(dppe)} site
behave as weaker Bmeted bases than NCR and &nd
promote the activation (toward protonation) of M trans
position. Moreover, the-electron release of the amide group
favors ther-electron donor ability of the organocyanamides

2a or 2b as a microcrystalline brick2@) or dark red 2b) solid
which was separated by filtration, washed witpentane, and dried

in vacuo (ca. 0.083 g, 809%a, or ca. 0.090 g, 84%b, yield).

One of the crystals a2b was analyzed by X-ray diffraction. Once
isolated from the mother liquor, compounga and 2b display a
pronounced instability even in the solid state and always have to
be handled under argon. Moreover, attempted recrystallization
resulted in partial decomposition. These difficulties prevented
reliable elemental analyses (ca. 2% C off the expected value).
Although in degasseddDs solutions their stability was sufficient

and derived amidoazavinylidene ligands, enhancing the to collect'H and3'P{'H} NMR data, no valuabl&C NMR spectra

formation of metat-nitrogen multiple bonds with imide

could be obtained due to decomposition during the required long

character. These features of organocyanamides deserv@cquisitiontime. Low temperatutéC NMR studies were prevented

further exploration, namely toward the search for novel
multiple metat-nitrogen bonded ligands and new forms of
reactivity.
Experimental Section

Generalities. Solvents were dried and degassed by standard

techniques. All reactions were performed under an inert atmosphere
(argon) which was also always used when handling the unstable

complexes2a and 2b and the hygroscopic Ag[BF salt. trans
[Mo(Ny).(dppe}] was prepared according to a published metffod,

and the other reagents were used as purchased (Aldrich). Hydra-

zine’é and ammoni# tests were performed according to published
methods. All the preparations (see following paragraphs), including
those of compound4, have been repeated and gave reproducible
results.

Infrared spectra were recorded on a BioRad Excalibur FTS
3000MX FTIR spectrophotometer; wavenumbers are imicm
Abbreviations: vs= strong, s= strong, m= medium, br= broad.
NMR spectra were obtained on a Varian Unity 300 spectrometer;
o values are in ppm relative to SiM€H or 13C), P(OMe} (3P),
or CFCE (*F). In the3C NMR data, assignments and coupling
constants common to tH&C{*H} NMR spectra are not repeated.
Coupling constants are in hertz. Abbreviations=singlet, d=
doublet, t= triplet, g = quartet, gnt= quintet, m= complex
multiplet, br = broad, dt= doublet of triplets, dm= doublet of
complex multiplets, tg triplet of quartets, tn¥ triplet of complex
multiplets, gt= quartet of triplets, qm= quartet of complex
multiplets. The FAB-MS spectra were run on a Trio 2000 mass

spectrometer. The samples were dispersed in a 3-nitrobenzyl alcoho

by the high freezing point of this solvent and by the low solubility
of the compounds in toluene at low temperature.

Complex 2a.IR (KBr pellet): 2190 [s,»(N=C)], 1890 [vs,
v(N=N)]. NMR (298 K): H (CgDg), 0 7.6—6.8 [m, 40 H, GHs
(dppe)], 2.6-2.2 [m, 8 H, GH, (dppe)], 1.49 [s, 6 H, NCN(83)];
31PP{1H} (CsDg), 0 —72.3 s. FAB-MS: m/z 964 ([M — Ng]*),
908 ([M — N, — CNMey] ™).

Complex 2b. IR (KBr pellet): 2187 [m,»(N=C)], 1910 [vs,
v(N=N)]. NMR (298 K): H (CgDg), 0 7.6-6.8 [m, 40 H, GHs
(dppe)], 2.45 [m, 4 H, €, (dppe)], 2.30 [m, 4 H, €, (dppe)],
1.84 [q, 4 H,Jun 7.2, NCN(QH,CHg),], 0.26 [t, 6 H, Jun 7.2,
NCN(CHCHa)3]; 31P{*H} (CeDg), 6 —72.2 s. FAB-MS: m/z992
(IM = N]*), 908 (M — N, — CNEg] ™).

trans-[Mo(NNH ,)(NCNRy)(dppe)][BF 4] (R = Me, 3a, or Et,
3b). To a stirred THF solution (20 cfpof trans[Mo(N2)(NCNRy)-
(dppe}] [0.090 g, 0.091 mmolZa) or 0.088 mmol 2b)], cooled
at—60°C, was added dropwise a 1:11 diluted diethyl ether solution
of [Et,OH][BF,4] 85% [0.650 crd, 0.401 mmol 2a) or 0.620 cm,
0.383 mmol 2b)]. The solution color turned greenish brown, and
after 1 h, the temperature was allowed to rise-80 °C, leading
to the formation of a light green solid. Aftd h at—30 °C, with
stirring, the solution was allowed to reach room temperature, and
after 1 h atthis temperature, the pale green solid3afor 3b was
separated by filtration, washed with diethyl ether, and dried in vacuo
[ca. 0.066 g, 62% yield3a) or ca. 0.070 g, 66% yield3p)].
Concentration of the mother liquor in vacuo and addition gOEt
led to the precipitation of a mixture afa or 4b (see following
paragraphs) withirans[MoFO(dppe)][BF 4], the latter identified
py comparing the IR and NMRUd, 31P{1H},and'°F) data with

(NBA) liquid matrix and then bombarded with an 8 keV (ca. 1.28 those reported for the known compound.

x 10715 J) xenon fast atoms beam. Data system acquisition was

(75) (a) George, T. A.; Noble, M. Hnorg. Chem.1978 17, 1678. (b)
Archer, L. J.; George, T. A.; M. Noble, H. Chem. Educl981, 58,
727.

(76) Watt, G. W.; Chrisp, J. DAnal. Chem1952 24, 2006.

(77) (a) Chaney, A. L.; Marbach, E. Elin. Chem.1962 8, 130. (b)
Weatherburn, M. WAnal. Chem1967, 39, 971.
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Complex 3a.IR (KBr pellet): 3416, 3321 and 3238 [m, br,
v(NHy)], 2231 [vs,v(N=C)], 1618 [s,6(NHy)], 1150-1000 [vs,

(78) Winter, M. Univ. Sheffield, U.K., http://www.shef.ac.uk/chemistry/
chemputer/isotopes.html.

(79) (a) Morris, R. H.; Sawyer, J. F.; Schweitzer, C. T.; Sella, A.
Organometallics1989 8, 2099. (b) Cotton, F. A.; Eglin, J. L,;
Wiesinger, K. Jlnorg. Chim. Actal992 195 11.
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br, »(BF)]. NMR (298 K): H (CD,Cl,), 6 7.51 [t, 4 H,Jun 7.2,
Hp (dppe)], 7.49 [t, 4 HJun 6.9,H,' (dppe)], [7.41t, 8 Huw 7.3,
Hm (dppe)], 7.29 [t, 8 HJun 7.6, Hy' (dppe)], 7.23 [m, 8 HH,
(dppe)], 7.00 (s, br, 2 H, disappears on addition @ODNNH,),
6.96 [m, 8 H,H,' (dppe)], 3.03 [m, 4 H, €, (dppe)], 2.81 [m, 4
H, CH, (dppe)], 2.02 [s, 6 H, NCN(83),]; 31P{H} (CD.Cl,), &
—90.0 s;13C{'H} (CDCly), 0 132.68 [gnt, virtuallcp 2.6, C,
(dppe)], 132.62 [gnt, virtualcp 2.7, C,' (dppe)], 131.90 [sC,
(dppe)], 131.73 [sCy' (dppe)], 131.58 [qgnt, virtualce 9.7, Ci
(dppe)], 130.85 [gnt, virtualcp 9.7,Ci' (dppe)], 130.05 [gnt, virtual
Jep 2.3, Cy, (dppe)], 130.02 (s, BRNMey), 129.84 [gnt, virtualcp
2.2,Cy (dppe)], 39.11 [s, NCNLH3)2], 27.21 [gnt, virtuallep 9.7,
CH, (dppe)];13C (CD.Cly), 6 132.68 (dm,Jcy 160.7), 132.62 (dm,
Jcn 160.7), 131.90 (dtJcy 162.9,2)cH 6.8), 131.73 (dtJcy 163.0,
2Jch 7.0), 131.58, 130.85, 130.05 (ddwy 163.0), 130.02, 129.84
(dm,Jcn 163.0), 39.11 (9Jcn 143.2), 27.21 (tmJcn 131.5). FAB™-
MS: m/z983 ([M — NNH; + F]*), 964 (M — NNH_]*). FAB -
MS: m/z 87 ([BFj]~). (Found: C, 52.6; H, 4.7; N, 4.2%.
CssHseN4BoFsMoP,-HBF, requires C, 52.7; H, 4.6; N, 4.5%.)
Complex 3b. IR (KBr pellet): 3418, 3317 and 3237 [m, br,
v(NHy)], 2225 [vs,»(N=C)], 1618 [s,6(NH,)], 1150-1000 [vs,
br, (BF)]. NMR (298 K): H (CD.Cl,), 6 7.52 [t, 4 H,Jun 6.9,
Hp, (dppe)], 7.50 [t, 4 HJun 6.9,H,' (dppe)], 7.40 [t, 8 HJuw 7.5,
Hn' (dppe)], 7.30 [t, 8 HJun 7.2, Hy, (dppe)], 7.16 [m, 8 HH,'
(dppe)], 6.99 [m, 8 HH, (dppe)], 6.83 (s, br, 2 H, disappears on
addition of DO, NNH,), 3.00 [m, 4 H, G4, (dppe)], 2.84 [m, 4 H,
CH; (dppe)], 2.29 [q, 4 HJun 7.3, NCN(TH,CHj),], 0.65 [t, 6 H,
Jnn 7.3, NCN(CHCH3)y; 3*P{H} (CD,Cly), 6 —90.8 s;13CH{H}
(CD.Cly), 6 132.68 [gnt, virtualcp 2.7, C, (dppe)], 132.43 [gnt,
virtual Jep 2.8, C,' (dppe)], 131.88 [sC, + C,' (dppe)], 131.45
[gnt, virtual Jcp 9.7, Ci (dppe)], 130.93 [gnt, virtualce 9.7, C
(dppe)], 130.08 [gnt, virtualcp 2.2, Cr, (dppe)], 129.93 [gnt, virtual
Jep2.2,Cot (dppe)], 129.72 (s, ANEL), 45.01 [s, NCNCH,CHa)J),
27.01 [gnt, virtualcp 9.8,CH, (dppe)], 13.20 [s, NCN(CHCHa)J;
13C (CD,Cly), 0 132.68 (dmJcy 165.0), 132.43 (dmJcn 165.0),
131.88 (dt,Jcy 163.6,23ch 7.3), 131.45, 130.93, 130.08 (ddsH
165.4), 129.93 (dmJcy 165.4), 129.72, 45.01 (tdch 145.0,20cH
3.7), 27.01 (tmJcy 134.6), 13.20 (qtlcn 128.2,2Jcy 2.8). FAB'-
MS: m/z1011 ([M— NNH, + F] 7), 992 (M — NNH_]*). FAB~-
MS: m/z 87 ([BF4]”). (Found: C, 56.4; H, 4.9; N, 4.0%.
C57H50N482F3M0P4'1/4HBF4 requires C, 563, H, 50, N, 46%)
trans-[MoF(NCHNR ;)(dppe)][BF 42 (R = Me, 4a, or Et, 4b).
A stirred THF solution (25 c#) of trans[Mo(N,)(NCNRy)(dppe}]
[0.100 g, 0.101 mmolZa) or 0.0981 mmol 2Zb)], cooled at—80
°C, was treated with a THF solution of Ag[BH0.201 or 0.195
mmol (in the cases d?a or 2b, respectively); 3.9 cfor 3.8 cnd,
accordingly, of a 0.0514 M solution]. There occurred an immediate
formation of a fine and dark precipitate of silver metal, and the
system was left with stirring fo2 h at—70 to—50 °C, then left to
warm to —30 °C (the solution color became greenish brown or

7.34 [t, 8 H,Jun 7.8, Hy (dppe)], 7.29 [cross-peak detected by
HETCOR, NGINMey], 7.20 [t, 8 H,Juy 7.5, Hy' (dppe)], 7.12
[m, 8 H,H,' (dppe)], 7.03 [m, 8 HH, (dppe)], 3.49 [m, 4 H, €,
(dppe)], 3.17 [m, 4 H, € (dppe)], 2.71 [s, 3 H, NCHN(8z"),],
0.62[s, 3 H, NCHN(EIz8),]; 31P{H} (CD.Cl,), 5 —103.9 (d,Jpr
37.5);1%F (CD,Cly), 0 —38.81 (gnt, 1 F2J»38.1, MdF™), —151.46
(s, 8 F, B-47); B3C{*H} (CD,Cly), 6 162.54 [s, CHNMe;], 132.88
[m, o+ C' (dppe)], 131.89 [sC, (dppe)], 130.95 [sC; (dppe)],
130.24 [gnt, virtualdcp 2.2, Cr, (dppe)], 129.26 [gnt, virtualcp
2.2, Cy) (dppe)], 44.26 [s, NCHNgH3");], 37.64 [s, NCHN-
(CH3B),), 29.84 [gnt, virtualcp 9.5, CH, (dppe)];*3C (CDCly), 6
162.54 (dJcw 200.8), 132.88 (dmic 162.7), 131.89 (dt)cn 163.5,
2JcH 7.3), 130.95 (dtJey 162.3,2)cy 7.0), 130.24 (dmJcn 163.0),
129.26 (dmJcn 163.6), 44.26 (QJcn 145.7), 37.64 (qJcn 145.1),
29.84 (tm,Jcy 131.5). FAB-MS: mVz984 (IM]*"). FAB-MS: m/z
87 ([BF4] 7). (Found: C,56.2; H, 4.4; N, 2.0% s§55N,B,FgMoP,
requires C, 57.1; H, 4.8; N, 2.4%.)

Complex 4b. IR (KBr pellet): 1586 [vs,»(N=C)], 1319 [s,
v(MoN)], 1120-1000 [vs, brp(BF)]. NMR (298 K): H (CD,Cl,),
0 7.53[t, 4 H,dun 7.3,Hp (dppe)], 7.41 [t, 4 HJun 7.2,H,’ (dppe)],
7.37 [t, 9 H,Jun 7.3, Hm (dppe); buried under that triplet but its
cross-peak detected by HETCOR, NREt;], 7.18 [t, 8 H, Jun
7.6,Hqy (dppe)], 7.09 [m, 16 HH, + H,' (dppe)], 3.49 [m, 4 H,
CH, (dppe)], 3.15[q, 2 HJun 7.0, NCHN(GHACH),; buried under
that quartet but its cross-peak detected by HETCOR, 4 H; C
(dppe)], 1.33 [q, 2 HJun 7.3, NCHN(CH,BCHj),], 0.90 [t, 3 H,
Jun 7.0, NCHN(CHCHz#4),], —0.28 [t, 3 H, J4y 7.3, NCHN-
(CHCHZB),l; 3'P{'H} (CD.Cly), 6 —104.3 (d, Jpr 37.4); °F
(CD.Cl,), 6 —37.20 (gnt, 1 F2Jp 38.1,F), —151.46 (s, 8 F,
BF,7); 13C{H} (CD.Cly), 6 162.32 (s, N\CHNEL,), 132.90 [gnt,
virtual Jep 2.7, C, (dppe)], 132.44 [gnt, virtualcp 2.7,C,’ (dppe)],
132.28 [s,C, (dppe)], 131.83 [sC,’ (dppe)], 130.38 [gnt, virtual
Jer2.1,Cr (dppe)], 129.25 [gnt, virtualcp 2.3,Cy' (dppe)], 48.56
[s, NCHN(CHACHa),], 43.62 [s, NCHNCH,BCHj3),], 29.68 [gnt,
virtual Jcp 9.4, CH; (dppe)], 13.28 [s, NCHN(CKCHz),], 9.57
[s, NCHN(CHCH3®),]; 13C (CD,Cl,), 6 162.32 (d,Jcn 200.2),
132.90 (dmJcy 162.3), 132.44 (dmJcn 161.8), 132.28 (dt)cn
163.6,2)cy 7.0), 131.83 (dtJcy 163.6,2JcH 7.0), 130.38 (dmJcn
162.1), 129.25 (dmJcy 163.7), 48.56 (tmJcy 146.8), 43.62 (tm,
JcH 1456), 29.68 (thCH 1352), 13.28 (thCH 1294!2\]CH 37),
9.57 (qt,Jcn 129.6,2)cy 3.7). FAB"-MS: m/z1012 ([M]*). FAB -
MS: m/z 87 ([BFj]"). (Found: C, 57.0; H, 4.9; N, 2.0%.
C57H59N282F9MOP4 requires C, 57.8; H, 5.0; N, 24%)

Conversion of the Hydrazide(2-) Complex 3b into the
Amidoazavinylidene Complex 4b.A CH,Cl, (20 cn¥) solution
of complex3b (0.025 g, 0.021 mmol) was stirred at 26 and
regularly monitored by3P{'H} NMR and IR spectroscopies
(applied to 0.50 cthsamples taken from that solution) until the
complete disappearance of the starting complex (45 days) upon

orangish brown, respectively) and maintained at this temperature COnversion intodb (ca. 60% yield) as the main complex product.
for ca. 2 h. It was then left to reach room temperature, and after 1 The solution was then transferred to a separatory funnel, and the

h, always with stirring, the solution was filtered through Celite and

water soluble nitrogen products were repeatedly extracted hy 5

concentrated in vacuo. Dropwise addition of diethyl ether resulted 20 cn portions of distilled and deionized water. The aqueous

in the precipitation of a greenish yellow or dark yellow soliddaf
or 4b, respectively, which was separated by filtration, washed with
diethyl ether, and dried in vacuo [ca. 0.075 g, 64% yield) (or
0.076 g, 65% yield4b)]. Complexest are also formed upon slow
decomposition of the corresponding compoufdss solution (see
following paragraphs).

Complex 4a.IR (KBr pellet): 1616 [vs,»(N=C)], 1330 [m,
v(MoN)], 11201000 [vs, bry(BF)]. NMR (298 K): H (CD.Cl),
07.52[t, 4 H,dun 7.3,H, (dppe)], 7.42 [t, 4 HJuw 7.2,Hp' (dppe)],

extracts were added to a 100.0%wolumetric flask, and aliquots
(5.00 cn?) of the final water solution were analyzed for hydraZfe
or ammonid’ by using standard spectrophotometric methods [molar
yields of 2.5% (hydrazine) or 8.5% (ammonia), relative to the
starting metal complex].

An identical procedure was also followed for monitoring 8ie
— 4b conversion in acidic media, by adding a catalytic amount
(0.10 acid/complex molar ratio) of [EDH][HBF,] to the starting
CH,ClI, reaction solution. However, this procedure cannot be used
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Table 2. Crystalographic Data fotrans[Mo(N2)(NCNEb)(dppe}], 2b

chemical formula
fw

cryst syst

space group

alA

b/A

c/A

VIA3

TIK

z

u(Mo Ka)/mm~1
total reflns collected
indep reflns

obsd refins [ > 20(1)]
Rindices (all data)

final Rindices | > 20(1)]

for the preparation oflb in view of its further decomposition in

acidic medium.

Crystal Structure Determination of trans-[Mo(N2)(NCNEt,)-
(dppe)] 2b. Crystals of2b were grown spontaneously at ca20
°C from the mother liquor resulting from the filtration step of the
synthesis of this complex. X-ray diffraction data were collected on
an Enraf-Nonius CAD4 diffractometer equipped withB-anono-
chromator and using Mo & radiation. All non-hydrogen atoms

GHsgMOoN4P,
1018.89

orthorhombic
Pbca
14.545(3)
21.756(4)
31.881(6)
10088(3)
293
8
0.429

2879

2879Rins = 0.0000)
2879

R%* 0.0230
wR2=0.0582
R1=0.0230
wR2=0.0582

Cunha et al.

refinements were carried out with SHELXL-97 ORTEP repre-
sentations were performed using the PLATON99 progfam.
Crystallographic data are summarized in Table 2, and selected bond
lengths and angles in Table 1.
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