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The reaction between [Mo(NO)(Tp*)I{ Tp*~ = hydrotris(3,5-dimethylpyrazol-1-yl)borgteand 2,7-dihydroxy-
naphthalene affords, as its major product, the binuclear complex [Mo(NO)(Tp*)(Z{dds)].. The reaction
appears to proceed under kinetic control so that shorter reaction times affayhtisemer (47% yield after 40
min) while longer reaction times allow thenti-isomer (43% vyield after 48 h) to be obtained. The molecular
structures ofanti{Mo(NO){ HB(3,5-Me&C3HN>)3} (2,7-0,C10He)] 2:2CHCL-CH,Cl, (1) syn{Mo(NO)Y{ HB(3,5-
MeCsHN2)s} (2,7-C:CaoHe)]20.67CHCE-2.7H,0 (2) andsyn{Mo(NO){ HB(3,5-M&CsHNo)s} (2,7-Q:CroHe)]23(CHy)

CO (@) have been determined crystallographicall§) €seHs6B2N140sM022CHChL-CH,Cly, triclinic, space group
P1, a=11.535(2) Ajb = 14.032(3) A,c = 11.247(3) A,o. = 94.70(1}, p = 102.30(23}, y = 110.31(2}, Z =

1; (2) CsgHs6B2N140sM02+0.67CHCE-2.7H,0, monoclinic space group2:/m, a = 23.770(7) Ab = 26.600(10)

A, c = 11.334(4) A, = 99.86(2}, Z = 4; (3) CsoHs6B2N140sM0,.3C3HgO, triclinic, space groupPl, a =
16.929(3) Ab = 17.465(4) A,c = 12.739(2) A,a. = 100.06(13, B = 94.93(2), y = 114.13(1}, Z= 2. In1
each nitric oxide ligand is hydrogen bonded{8 0.98, H:-O 2.26, G--O 3.13(2) A, C-H---O 147} to a
chloroform molecule which lies within a cavity in the molecule having as its base a bridging 2,7-naphthalenediyl
fragment and as its sides a part of each HB(3,504EN,); ligand. No hydrogen bonding interactions with
nitric oxide are apparent in the structures2obr 3.

Introduction donor molecule. A binuclear metallomacrocycle formed in the
reaction of [Mo(NO)(Tp*)b] with 2,7-dihydroxynaphthalene has
been found to exhibit such an interaction in the solid state and
contains a chloroform molecule hydrogen bonded to each
coordinated nitrosyl ligand.

Hydrogen-bonding interactions can have important effects on
the properties of coordination compounds. In the solid state
hydrogen bonding can determine the packing arrangements
adopted by metal complexes and hence their electrical, magnetic,
or optical propertie8. In solution, specific solvation interactions
such as hydrogen bonding can affect the electronic structures

The reactions of suitable bifunctional ligands with transition
metal complexes containing two labibésdigands can lead to
the formation of metallomacrocycles which may have the
potential to act as host molecules. An early example of a
metallomacrocyclic host is provided by the work of Maverick
and co-workers who used ligands containing two linked
[-diketone units to form a bimetallic host when coordinated to
Cw?tions! Subsequently Stephan demonstrated the formation
of binuclear metallomacrocycles in reactions betweensfZr(
CsHs)2Me,] and dihydroxy compounds such as 1,3-(HOGH
CeHa.2 More recently Fujita and co-workers have prepared
binuclear metallomacrocycles in self assembly reactions involv-
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1983 105 2494. (b) Fujita, M.;.Yazaki, J.; Ogura, K. Am. Chem.
Soc.199Q 112 5645-5647. (c) Ruttimann, S.; Bernardinalli, G;

ing bipyridine ligands and square planar?Pdr Pd* com-
plexes® A number of other metallomacrocycles, including
higher nuclearity systems, have also been repdrtauseeking

to prepare new metallomacrocycles containing octahedral metal
centers, we have been investigating the reactions of [Mo(NO)-

(Tp®)l2] {Tp*~ = hydrotris(3,5-dimethylpyrazol-1-yl)borgte
and [Mo&0)(Tp*)Cly]8 with ligands containing two suitably
disposed hydroxy grougs.In any metallomacrocycle formed,

the nitric oxide, or oxo, oxygen atoms offer potential hydrogen
bond acceptor sites which might interact with a hydrogen bond
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of molecules and may lead to sufficiently large changes that FT-IR spectrophotometer from KBr diskstH NMR spectra were
solvatochromism may be observed in the electronic spectra ofrecorded using a Bruker AMX-400 (400 MHz) spectrometer. Liquid
the soluté. In such cases hydrogen-bonding interactions in Secondary ion mass spectra (LSIMS) were obtained from a VG Zabspec
solution can be quantified through a statistical analysis of mass spec_t_rom_eter utilisingranitrobenzyl alcohol matrix and scanning
solvatochromism data using models such as those provided b)/n the positive ion mode at a speed of 5 s/decade.
Kamlett and Taf® or by Drago (unified solvent parameter Cyclic voI_tammetry was carried out usmgiaﬁ;E& G model 174A

1 . polarographic analyzer, witba. 1072 mol-dm~2 solutions under dry
approach}. I—_|oweve_r, examples of transition me_tal complexes N2 in dry solvents. A Pt bead working electrode was used, with 0.2
where such interactions have .been detected in solution andyg).gm-3 [BunN][BF4] as the supporting electrolyte and a scan rate
corroborated by structural studies are rare. We have recentlyof 200 mv s. Potentials were recorded vs a saturated calomel
carried out a solvatochromism stddyof the metal to ligand reference electrode, and ferrocene was added as an internal standard.
charge transfer (MLCT) band in the electronic spectra of the The data obtained were reproducible, the experimental error beifig
17-electron molybdenum mononitrosyl complexgsip(NO)- mV. Microanalyses were performed by the Microanalytical Laboratory
(TPHXI(L-L)] (X =ClI, I; x=1, 2; L-L = 1,8-(bis(4-pyridyl)- of the Univgrsity of North London on finely ground samples dried for
octatetraerje’® This revealed that hydrogen bond-donor sol- Several days vacuoat 100°C to remove solvent. _
vents produce hypsochromic shifts in the MLCT band; thatis f&i?ﬁg'ﬁnp%flS]yg{m%ﬁogggo%(zg’760625602?31]3}) T: gr;c’ttjltc;?]e

.. 2] *Lels! 3 . Ve

they §tab|I|ze the ground state of the molecule through hydr'ogen(50 cnf) was added NBt(0.5 cnf). The mixture was stired for 5
bonding to the Comple_x. A comparison of the data thglned min before adding 2,7-dihydroxynaphthalene (0.118 g, 0.738 mmol)
for the mono- and bimetallic chloro and iodo derivatives ang heating the mixture under reflux for 40 min. The dark brown
indicated that the nitric oxide ligand is the most probable site solution was allowed to cool to room temperature and filtered. The
of hydrogen bonding leading to this effect. Although examples filtrate was evaporated to dryneissvacuoand the residue purified by
of C—H hydrogen bonds to coordinated carbon monoxide are column chromatography on silica gel using a mixture of dichlo-
now well established and the subject of a recent revewe romethane and-hexane (1:1 v/v) as the eluant. The first major dark
are aware of on|y one other well-documented examp|e of a brown fraction to elute was collected, the solvent remowedacuqg

solvent hydrogen-bonding interaction to a coordinated nitric and the product obtained as dark brown crystals by recrystallization
oxide ligandts from dichloromethanethexane.

Yield: 0.179 g (47%).*H NMR [400 MHz, (CD;),CO]: ¢ 8.30
. . (4H, d,*J 2.4 Hz), 7.62 (4H, d3J 8.8 Hz), 6.99 (4H, dd{J 2.4,%3 8.8
Experimental Section Hz, CioHsO2), 5.91 (4H, s), 5.80 (2H, s, MESHN?), 2.44 (30H, s),
2.06{6H, s, (H3),CsHN2}. Anal. Found: C, 51.7; H, 4.4; N, 16.6.
Calc for GgHseB2N140sM0,: C, 51.7; H, 4.9; N, 16.9. FAB MSm/z
1163 (M"). IR data (KBr disk): 2927 wich), 2543 W (sr); 1664 s

General Details. All reactions were carried out under an oxygen-
free, dry nitrogen atmosphere. Dry, freshly distilled dichloromethane
or toluene was used for all reactions. Triethylamine was dried over B
molecular sieves (4A) and stored over activated alumina. The starting (o), 1542_m, 1498_ml(°:‘3)’ 14421 S, 1418 m, 1364 $¢-we) cm_l.
material [Mo(NO)(Tp*)b]-CeHsCHs was prepared by following known Preparation Sf anti-Mo(NO)(Tp*)(2,7-0 2CacHg)l.. '_I'o asolution
procedure® as were samples of [Mo(NO)(Tp*)I(2,7-QsOH)] and of [Mo(NO)(Tp*)I2]CeHsCHs (0.500 g, 0.650 mmol) in dry toluene
[{Mo(NO)(Tp*)1} (2, 7-OC1oHe)].% The new compounds were purified (SQ cn?) was a(_ided NEt_(O.S cn¥). The mixture was stirred for 5
by column chromatography using silica gel (Merck; Kiesel gel 66; 70 min before adding 2,7-dihydroxynaphthalene (0.118 g, 0.738 mmol)

230 mesh). IR spectra were recorded on a Perkin-Elmer 1600 seriesand hea_tmg the mixture under reflux for 48 h. The dark brown
suspension was allowed to cool to room temperature and the brown

— - solid collected by filtration. This product was redissolved in chloroform

(7) (a) Jones, C. J.; McWhinnie, S. L. W.; McQuillan, F. S.; McCleverty, (30 cn#) and absorbed on the top of a silica gel chromatography column

J. A. In Molecular Electrochemistry of Inorganic, Bioinorganic and ; ; ; ;
Organometallic Compound®ombiero, A. J. L., McCleverty, J. A., which was subsequently eluted with a mixture of dichloromethane and

Eds.: NATO ASI Series C: Kluwer Academic Publishers: Dordrecht, n-hexane (6:4 v/v). The first major dark brown fraction to elute was
The Netherlands, 1993; Vol. 385, p 89. (b) McQuillan, F. S.; Jones, collected, the solvent removed vacug and the product obtained as

C. J.; McCleverty, J. A.Polyhedron1995 14, 3157-3160. (c) dark brown crystals by recrystallization from chloroform/dichlo-
McQuillan, F. S.; Jones, C. Polyhedron1996 15, 1553-1557. (d) romethane.

McQuillan, F. S.; Chen, H.; Hamor, T. A.; Jones, CPalyhedron Yield: 0.162 g (43%).H NMR (400 MHz, CDC): o 7.91 (4H
1996 15, 3909-3913. (e) Berridge, T. E.; Jones, C.Rolyhedron - : ' X ) '
1997 16, 3695-3698. d, 4 2.3 Hz), 7.74 (4H, d3J 8.8 Hz), 7.10 (4H, dd%J 2.4,33 8.8 Hz,

(8) Burrows, A. D.; Chan, C.-W.; Chowdhry, M. M.; McGrady, J. E.;  C1HeO2), 5.87 (4H, s), 5.80 (2H, s, MEHNy), 2.45 (6H, s), 2.43
Mingos, D. M. P.Chem. Soc. Re 1995 24, 329 and references  (12H, s), 2.31 (12H, s), 2.26H, s, ((H3).CsHN2}. Anal. Found:

therein. ) ) ] C, 51.7; H, 4.8; N, 16.8. Calc for 4gHssB,N14OsMo0,: C, 51.7; H,
(9) Developments in the Chemistry and Technology of Organic Dyes; 4.9: N, 16.9. FAB MS:m/z1162 (M. IR data (KBr disk): 2924
Griffiths, J., Ed.; Blackwell Scientific: Oxford, U.K., 1983. W, 2854 W (cr), 2542 W fsr); 1662 S fno), 1543 m, 1499 mife—c),

(10) (a) Abboud, J.-L. M.; Kamlet, M. J.; Taft, R. WProg. Phys. Org. -
Chem.1981 13,485. (b) Kamlet, M. J.; Abboud, J.-L. M.; Abraham, ~ 1449 'S, 1417 m, 1362 $'¢-ye) cm™™.

M. H.; Taft, R. W.;J. Org. Chem1983 48,2877—-2887. (c) Marcus, Structure Determinations.!® Data for all three structures were
Y. Chem. Soc. Re 1993 22, 409-416. measured on a Rigaku R-AXIS Il area detector diffractometer with
(11) (a) Drago, R. SJ. Chem. Soc., Perkin Trans, 2992 1827-1838. Mo Ka radiation ¢ = 0.710 69 A),anti-[Mo(NO){HB(3,5-MeCs-

(b) Drago, R. SJ. Org. Chem1992 57, 6547-6552. (c) Drago, R. - . . -
S.; Hirsch, M. S.; Ferris, D. C.; Chronister, C. W.Chem. Soc., Perkin HN2)} (2,7-0:CacHe)]z2CHCL CH,C, (1) andsyn{Mo(NOX HB(3,5

Trans. 21994 219-230. Me2C3sHNy)3} (2,7-OC:CioH6)]2°0.6 7TCHCE-2.7H,0 (2) at 293(2) K and
(12) Thomas, J. A.; Hutchings, M. G.; Jones, C. J.; McCleverty, Inéxg. syn{Mo(NO){ HB(3,5-Me&:CsHN2)s} (2,7-0:CroHe)] 2 3(CHs)2CO (3) at
Chem 1996 35, 289-296. 243(2) K (Table 1). The structures were determined by direct

(13) McWhinnie, S. L. W.; Thomas, J. A.; Hamor, T. A; Jones, C. J.; method$® and refineé® on P by least squares with anisotropic
McCleverty, J. A.; Collison, D.; Mabbs, F. E.; Harding, C. J.;  displacement parameters for the non-hydrogen atoms of the complexes.

\7(%'1'0""'95’5’ L. J.; Hutchings, M. Gnorg. Chem 1996 35, 760~ Hydrogen atoms were placed in calculated positions. The well-defined

(14) Braga, D.: Grepioni, F.; Biradha, K.; Pedireddi, V. R.: Desiraju, G. chloroform solvent molecules ifhand?2 (0.67 occupancy ir2) were

R.J. Am. Chem. S0d.995 117, 3156-3166.
(15) A search of the Cambridge Crystallographic Database revealed no (16) (a) TeXsan: Single Crystal Analysis Software, version 1998,

examples of G-H---O(N—metal) interactions with H-O distances Molecular Structure Corp., The Woodlands, TX 77381. (b) Sheldrick,
of less than 2.35 A involving a chloroform molecule. One example G. M. SHELXL-93 Program for Crystal Structure Refinement,
of a dichloromethane molecule interacting with a rhenium nitrosyl University of Gottingen, 1993. (c) Johnson, C. RRTEP; Report
complex has H-0 2.17 A and angle €H---O 175: O’Connor, J. ORNL-5138; Oak Ridge National Laboratory: Oak Ridge, TN,

M.; Uhrhammer, R.; Chadha, R. Rolyhedron1993 12, 527. 1976.
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Table 1. Crystallographic Data

1 2 3
formula C50H5552N1405M02‘2CHC[3'CH2C|2 CsoHseBzN14OGM02’0.67CHC§ CsoHseBzN14OGM02'2.7H20'3C3H60
fw 1486.3 1290.9 1336.8
a A 11.535(2) 23.770(7) 16.929(3)

b, A 14.032(3) 26.600(10) 17.465(4)
c, A 11.247(3) 11.334(4) 12.739(2)
o, deg 94.70(1) 90 100.06(1)
S, deg 102.30(2) 99.86(2) 94.93(2)
v, deg 110.31(2) 90 114.13(1)
Vv, A3 1643.7(6) 7060(4) 3332(1)

z 1 4 2

space grp P1 (No. 2) P2;/m(No. 11) P1(No. 2)
T,°C 20 20 —50

A 0.7107 0.7107 0.7107
Pcalcd 1.501 1.214 1.332
u(Mo Ko, mmr?t 0.764 0.484 0.438
Ru(Fo?) 0.1782 0.2439 0.2120
R(F,) for obsd refing 0.0660 0.0692 0.0809

ARw(Fo?) = [SW(Fo? — FAHTW(FA?Y2 R(Fo) = S (IFo — Fel)/3|Fol.

treated likewise. The disordered carbon atoms of the dichloromethaneform the cyclic dimer [Mo(NO)(Tp*)(2,7-@C10Hg)]2. Where
solvent molecule (0.5 occupancy) Inand water molecules i@ (site molecules of like chirality react, theynisomer will be formed,
occupancies 0.250.5) were treated isotropically, as were the acetone gnd where molecules of opposite chirality react,ahé-isomer
V”;glzc(;’r'z\fv 'nr%;::e ‘g;’{"Thggc'S disordered and ill-defined. The figures i he formed. The second pathway involves addition of a
9 ) further metal center to [Mo(NO)(Tp*)(2,7-4C10He)1] forming
Results and Discussion a mixture ofmese anddl-isomers of the bimetallic complex
[{Mo(NO)(Tp*)I}2(2,7-O:Ci0He)]. Reaction of this complex

X ) ) with further dihydroxynaphthalene then affords the cyclic dimer,
and 2,7-dihydroxynaphthalene affords, as its major product, the 4, mesoeomplex giving rise to thesynisomer and the

binuclear complex [Mo(NO)(Tp*)(2,7-&10He)]o which exists 1 complex theanti-isomer. The third pathway involves prior

in _either of two isomeric form_s, one with the wo nitrosyl Iigands formation of the achiral bis-substituted complex [Mo(NO)(Tp*)-
orientedsynand the otheanti with respect to the macrocyclic (2,7-O:C10He)s] followed by reaction with a further molecule

ring plane. The reaction appears to proceed under kinetic of [Mo(NO)(Tp*)I5] to give a mixture of the isomers of the
control so that it is possible to obtain these isomers selectively cyclic dimer. In an attempt to demonstrate which of these
by using different reaction conditions. Short reaction times reaction pathways might be viable, samples of [Mo(NO)(Tp*)-
afford mainly thesynisomer while longer reaction times allow ( !

. : 2,7-OGgHsOH)I] and [ Mo(NO)(Tp*)I} 2(2,7-O,C10He)] were

- * -
the anti-isomer to be obtained. Thigyn{Mo(NO)(Tp)(2,7 prepared. However, attempts to obtain pure samples of [Mo-

0,Cy0Heg)]2 may be prepared in 43% yield from the reaction - !

bétV\l/(()aeﬁ]z[Mo(yNO)('le*)g] and 2,7-d?h));droxynaphthalene in (NO)(Tp*)(2, 7-OGoHeOH),] for reaction with [Mo(NO)(Tp*)-

toluene containing NEtwhen a reaction time of 40 min under I[Klloh(ang) (l%_eeir;(zu r;iu)cqceHsséu#)l]'I;;et%tlrﬁ::é vc\)/];t: tﬁgltlrjltl?;ri?rf]e

reflux is used. If instead the reaction is allowed to proceed for A o' : . . y

48 h the toluene-insolublanti-isomer is precipitated and may affords a lm'Xt[l;;e ((I)\Ifg)rgfjlf):g g](;lédlﬂg)]the_IIE)rl]nucIeart.meta:cIIo-
. . o A o . macrocycles [Mo p ,7-6C10Hg)] 2. e reaction o

be isolated in 47% vyield. The purified isomers cannot be a mixture of meso-and di-[{ Mo(NO)(Tp™)1} 2(2,7-O:C1oHe)]

interconverted by heating under reflux in toluene for 48 hso it ™. )
appears that the metallomacrocycle formation reaction does notWIth further 2,7-dihydroxynaphthalene also affords [Mo(NO)-

proceed under equilibrium control and does not, therefore, (TP*)(2.7-0:C1Hg)]2. However, in this case a more complex

constitute an example of self-assembly. The two isomers differ mixture of proqlu_cts is obtained S0 that this approach pro-
substantially in solubility. Thesynisomer is soluble in polar vides a less efficient route to the bimetallomacrocycles. Thus

organic solvents such as dichloromethane, acetone, and tetrahy'—t Isee(zjms tr?atf thesg tWOfs pathw(;ays,. ?\; Ieﬁgt’ _l?o*mg 7be In-
drofuran, but theanti-isomer is sparingly soluble, if at all, in VOlved in the formation ofyn-and anti-{Mo(NO)(Tp*)(2,7-

these solvents. However, thmti-isomer is freely soluble in ~ ©2C1oHe)]l and more than one reaction pathway is prob-
chloroform, as is thesynisomer. The infrared anéH NMR ably involved. Because the syntheses of [Mo(NO)(Tp)I(2,7-
spectra of the two compounds are in accord with their formula- OC1oHsOH)] and [ Mo(NO)(Tp*)1}2(2,7-0;C1oHe)] do not
tions, and the latter reflect the presence of a putative symmetryProceed in high yield, the single step reaction between [Mo-
plane in each molecule when in solution. The mass spectra of (NO)(TP*)l2] and 2,7-dihydroxynaphthalene constitutes the
the two isomers are similar, exhibiting ion clusters based/at most efficient synthetic route to the binuclear metallomacro-
1162 @nti-isomer) or 1163 gynisomer) in accord with the  Ccycles.

presence of the cyclic dimer. lons attributable to higher cyclic ~ Electrochemical Studies. Because of its poor solubility in
oligomers were absent from the purified samples, although massother solvents, attempts were made to obtain the cyclic
spectrometric data do indicate the presence of small quantitiesvoltammogram onti-[Mo(NO)(Tp*)(2,7-0,C1oHe)]2 in CHCl3

of cyclic trimers and tetramers in solutions of the crude reaction solution. However, this solvent appeared to be reactive at
mixture. The mechanism of formation of the cyclic dimers reduction potentials less negative than those of the complex and
remains unclear. Three pathways are possible, and any or allno meaningful electrochemical data could be obtained. The
of these may be operating. The first involves monosubstitution cyclic voltammogram of a dichloromethane solution syin-

of [Mo(NO)(Tp*)I ] to afford a racemic mixture containing the [Mo(NO)(Tp*)(2,7-0,Ci0He)]2 contained two reversible waves
two chiral forms of the complex [Mo(NO)(Tp*)(2,7-C10He)l]. atE = —0.633 AE, = 77 mV) and—0. 807 V AE, = 86
Two molecules of this compound may then react together to mV) (E; vs SCE; internal standard Fc/FcE; = 0.546,AE, =

Synthetic Studies. The reaction between [Mo(NO)(Tp%)l
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Figure 1. View of complex1 in a direction approximately perpendicular to the central near-planar group of atoms O(2), O(3), O(2)*, and O(3)*
and the adjoining carbon atoms of the naphthalene residues. Ellipsoids are drawn at the 33% probability level. Starred atoms are related to the
corresponding unstarred atoms by an inversion center.

Figure 2. View of complex2 (molecule A) with view direction as fat. Starred atoms are related to the corresponding unstarred atoms by a mirror
plane. Molecule B is similar and is not shown.

76 mV). These reduction potentials lie on either side of the the effect of the Me-S—C—C(aryl) torsion angles on the energy

reduction potential 0f-0.74 V reporte&2for [Mo(NO)(Tp*)- of the redox orbital. Thus it seems reasonable to assume that,
(OPh}], and the separatiom\Es) of 174 mV between the first ~ where the geometric constraints imposed by forming the
and second reduction potentials efn{Mo(NO)(Tp*)(2,7- macrocyclic ring impinge on the MeO—C—C(aryl) torsion
0,C1gHe)]2 is slightly larger than that of 150 mV foult for angles, the reduction potentials of the metallomacrocycle will
the corresponding acyclic binuclear compléMp(NO)(Tp*)- be also be subject to geometric effects.

Cl}2(2,7-0,C10He)]. In contrast to this finding, the sucessive Structural Studies. Single-crystal X-ray diffraction studies
AEs values of 420 and 320 mV for the three reduction potentials were carried out on crystals of tlsgn-andanti-isomers grown

of syn, syniMo(NO)(Tp*)(1,4-O,CgHa)] 3" are slightly smaller from chloroform/dichloromethane solutions and of then-
than the value of 460 mV found in the binuclear acyclic complex isomer grown from acetone solution. The structures oftite
[{Mo(NO)(Tp*)Cl} 2(1,4-O,CeHa4)].17¢ This suggests that, in  complex in crystals canti-[Mo(NO){ HB(3,5-Me&CsHN,)3} (2,7-
these metallomacrocycles\E; values may be affected by  O,CioHg)]2r2CHCkL-CH,Cl, (1) and thesyncomplex insyn-
geometric factors as well as electrostatic effects and ligand-[Mo(NO){HB(3,5-Me;C3HN3)3}(2,7-0,C10Hg)]2*
mediated metatmetal interactions. This might be expected 0.67CHC}-2.7H0 (2) andsyn{Mo(NO){ HB(3,5-Me&C3sHN,)3} -
since the Me-S—C—C(aryl) torsion angles in [Maf®>-CsHs)- (2,7-OC10He6)]2°3(CHs)2CO (3) have been determined. The
(NO)(SPh)] have been showid to affect the energy of the  anti-complex is centrosymmetric. [2there are two indepen-
LUMO of this complex. Furthermore, in [Mo(NO)(Tp*)(1,2- dent complex molecules in the unit cell, each of which has
S,CsHsMe-3)] the reduction potential is shifted in the positive crystallographic mirror symmetry. In the acetone solv&e (
direction compared to [Mo(NO)(Tp*)(SP#})'"¢again reflecting the syncomplex has no crystallographic symmetry but ap-
proximates to mirror symmetry. Views of the three complexes

@ J(ﬁl)COb'\fjltidélN- A C\]hegfdhsu?l' M-;chtgéﬁ, D.;éonesbcl- J-:TPearson, are shown in Figures-13, and selected geometric parameters
. C.; McC everty, . A Salam, S, 3. em. Soc., Dalton Trans. H
1087 1733-1736. (b) Charsley, S. M. Jones, C. J.: McCleverty, 5. '€ Presented in Table 2.

A. Transition Met. Chem1986 11, 329-334. (c) Charsley, S. M.;  The coordination geometry at the molybdenum atoms is
Jones, C. J.; McCleverty, J. A.; Neaves, B. D.; Reynolds, S. J.; Denti, approximately octahedral in each case. The maximum angular
G.J. Chem. Soc., Dalton Tran$98§ 293-299. (d) Ashby, M. T.. gjstortions from ideal octahedral occur at thens-angles N(4)-
Enemark, J. HJ. Am. Chem. S0d.986 108 708-733. (e) Obaidi, . .

N. A.; Jones, C. J.; McCleverty, J. Rolyhedron1989 8, 1033 Mo—0(2) and N(6)-Mo—0O(3) which are in the range 159:3

1037. 166.5. The mean deviations from ideal octahedral are within
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Figure 3. View of complex3 with view direction as forl. Primed atoms are related to the corresponding unprimed atoms by an approximate
(noncrystallographic) mirror plane.

Table 2. Selected Structural Parameters iot32°

2 3
1 moleculeA moleculeB Mo Mo'
Distances (A)
Mo—N(1) 1.752(7) 1.749(6) 1.768(6) 1.756(10) 1.749(11)
Mo—N(2) 2.244(6) 2.223(5) 2.239(5) 2.222(10) 2.232(10)
Mo—N(4) 2.202(5) 2.188(5) 2.200(6) 2.173(10) 2.192(10)
Mo—N(6) 2.200(7) 2.179(5) 2.173(6) 2.165(10) 2.169(10)
Mo—0(2) 1.926(5) 1.956(5) 1.960(5) 1.945(10) 1.945(10)
Mo—0(3) 1.973(5) 1.942(5) 1.964(5) 1.940(10) 1.943(10)
N(1)—O(1) 1.200(8) 1.208(7) 1.195(7) 1.213(10) 1.233(12)
O(2)—-C(16) 1.352(8) 1.353(7) 1.340(8) 1.363(12) 1.364(12)
O(3)—-C* 1.359(9) 1.360(7) 1.363(8) 1.337(12) 1.373(12)
Angles (deg)
N(1)-Mo—N(2) 178.1(3) 177.3(2) 178.2(3) 177.8(4) 176.8(4)
N(1)—Mo—N(4) 94.4(3) 93.8(2) 93.6(3) 94.9(4) 91.1(4)
N(1)—Mo—N(6) 94.3(3) 93.5(2) 94.8(3) 96.2(4) 96.0(4)
N(1)—Mo—0(2) 98.6(3) 99.7(2) 98.8(3) 98.5(4) 98.2(4)
N(1)—Mo—0(3) 95.3(3) 95.5(2) 96.8(3) 96.1(4) 98.2(4)
N(2)—Mo—N(4) 83.9(2) 83.6(2) 84.7(2) 84.5(4) 85.8(3)
N(2)—Mo—N(6) 86.1(2) 86.1(2) 84.5(2) 85.7(3) 82.9(4)
N(2)—Mo—0(2) 83.2(2) 82.9(2) 82.8(2) 82.6(3) 84.8(3)
N(2)—Mo—0(3) 84.0(2) 84.4(2) 83.5(2) 81.8(3) 82.2(3)
N(4)—Mo—N(6) 77.4(2) 78.4(2) 78.0(3) 77.8(4) 79.1(4)
N(4)—Mo—0(2) 159.3(2) 161.8(2) 162.6(2) 161.2(3) 165.1(3)
N(4)—Mo—0(3) 92.5(2) 90.7(2) 89.0(2) 89.2(3) 89.2(3)
N(6)—Mo—0(2) 85.6(2) 88.7(2) 88.8(2) 87.6(4) 88.3(3)
N(6)—Mo—0(3) 166.5(2) 166.2(2) 163.1(2) 162.8(3) 161.6(3)
0O(2)-Mo—0(3) 102.1(2) 100.0(2) 101.5(2) 102.3(3) 101.0(3)
Mo—N(1)—0(1) 178.0(7) 177.5(6) 177.5(6) 179.4(8) 177.1(9)
Mo—0(2)—C(16) 141.6(5) 138.2(4) 137.8(4) 140.7(7) 136.6(7)
Mo—0(3)—-C* 125.8(5) 130.1(4) 129.6(4) 132.0(7) 134.1(7)
Torsion Angles (deg)
N(1)—Mo—0(2)—C(16) 4.8(8) 22.6(7) 23.3(7) 16.1(12) —22.3(11)
N(1)—Mo—0O(3)-C* —23.1(5) —13.8(6) —13.0(6) —21.5(10) 14.0(11)

2Values in parentheses are estimated standard deviati@risis C(23) in1 and C(22) in2 and 3.

a fairly narrow range, from 629in molecule A of structure@ = tetraphenylporphyrinyl). These deviations, however, show
to 7.8 in structure3. These values are at the upper end of the a consistent pattern. Thus the mean difference between corre-
range commonly found in monomeric species, e.g’ Tnl sponding angles at the five molybdenum centers in the present
[Mo(NO)Tp*(NH-Py)],1826.5 and 5.9in the two independent  study (Table 2) are relatively small, 6:2.5°. Comparison of
molecules in the crystal structure of [Mo(NO)(Tp*)CI(GHL:- these molybdenum centers with the monomeric [Mo(NO)(Tp*)-
CH=CH-GsHiNMe)],*8> and 5.6 in 54 p-[Mo(NO)(Tp*)Cl]- (NH-Py),]8a shows that the mean differences are of similar
OGCsH4}-10,15,20-Pkporphh] 8¢ (CeH4-10,15,20-PhporphH magnitude, 0.851.6°.
- The molybdenumnitrosyl moieties are near-linear, Mo

(18) (a) Obaidi, N. A.; Hamor, T. A.; Jones, C. J.; McCleverty, J. A;; .

Paxton, K.J. Chem. Soc., Dalton Tran987, 1063-1069. (b) Coe, =~ N—O angles 177.£179.4, mean 177.9(%)with short Mo-N

B. J.; Hamor, T. A.; Jones, C. J.; McCleverty, J. A.; Bloor, D.; Cross, bonds, mean 1.755(4) A, and relatively long M (pyrazolyl)

G. H.; Axon, T. L.J. Chem. Soc., Dalton Tran$995 673-684. (c) -

Rowley, N. M.; Kurek, S. S.; Foulon, J.-D.; Hamor, T. A.; Jones, J. bonds trans to these, mean 2.232(4) A. The other MOA

J. (d) McCleverty, J. A.; Hubig, S. M.; Mcinnes, E. J. L.; Payne, N. N(pyrazolyl) bonds are somewhat shorter, mean 2.184(4) A.

N.; Yellowlees, L. JInorg. Chem.1995 34, 4414-4426. These values are again similar to those found in monomeric
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analogued®®—* The lengthening of the MeN(pyrazolyl) bond the total energy requirement is relatively small, 30.4 kJthol
trans to NO, relative to those trans to ligands such as oxygen,In contrast, the other naphthalene ring systems in Sy
nitrogen, or halogen, has been attribdfad the trans influence ~ complexes have normal, planar geometry, presumably related
of the stronglyz-accepting nitrosyl group. to their different orientation to the central plane. In #nai-

In both theanti- and thesyncomplexes, the MeO(naphthyl) complex, both the naphthalenes have their phenyl rings inclined
bonds are relatively short, 1.926 and 1.973 A inah&-complex by 7.5(4} to one another.
and 1.946-1.964, mean 1.949(3) A, in treyncomplexes. This The nitrogen and oxygen atoms of the nitrosyl ligands are
is consistent with p—dr electron donation from the donor atom  displaced by, respectively, 2.28.34 A, mean 2.31(1) A, and
(O) to the coordinatively unsaturated molybdenum. Large-Mo  3.09-3.23 A, mean 3.15(2) A, from the central 8-atom plane.
O—C angles, 125.8 and 14Z.t the anti complex and 129:6 In the synisomers the nitrosyl ligands block off one face of
140.7, mean 134.9(14) in thesyncomplexes, and generally  the central cavity, preventing approach of guest molecules
small N(nitrosyly-Mo—0O—C(naphthyl) torsion angles<:23.5) from that direction; N&-ON distances are 3.76 and 4.08
are also consistent with this. It may be noted that the shortestA in molecules A and B ir2 and 4.27 A in3. In the anti-
Mo—O length, Mo-O(2) in the anti complex, is associated with isomer both faces of the cavity are largely blocked off by the
the largest Me-O—C angle (141.6) and the smallest ON nitrosyl ligands.The cavity itself is, however, too small to
Mo—O—-C torsion angle (48. In two analogous oxido  accommodate even quite small guest entities. Short cross-
complexed®c Mo—O distances average 1.930(9) A and the ring interatomic distances in theyncomplexes include
angles at oxygen average 131.6(6) C(17)--C(23), C(17)--H(23), and H(17¥-H(23), 3.44, 2.53,

The overall conformations of the complexes can be comparedand 2.49 A (molecule A oR) and 3.45, 2.55, and 2.45 A
by reference to a central near-planar 8-atom grouping consisting(molecule B of2), together with the mirror-related distances.
of the four oxygen atoms, O(2), O(3), O(2)*, O(3)*, and the In structure3, the corresponding distances average 3.43(1), 2.52-
adjoining carbon atoms of the naphthalene residues. The(1), and 2.33 A, respectively. In titi-isomer (), short cross-
molybdenum atoms are displaced from this plane by distancesring distances are C(1#)C(22)* 3.34, C17--H(22)* 2.75,
ranging from 0.99 A in thanti-complex to 1.22 Ain molecule ~ C(22)--H(17)* 2.78, and H(17}-H(22)* 2.42 A, together with
A of the syncomplex @), displacements being on opposite sides the centrosymmetrically related distances.

of this plane in the anti complex and on the same side in the  Although both the gnisomer crystals contain solvent of
syncomplexes. In thenti-complex the naphthalene rings are  ¢rystallization involving considerable disordering, no significant
parallel and tilted at an angle of 24.9{2p the central plane. jnteractions with the complex molecules appear to occur.
However, in thesyncomplexes, one naphthalene ring, C(16), However in theanti-isomer, in addition to a noninteracting,
C(16)*, ..., C(21), C(21)* in Figures 2 and 3, is tilted more disordered dichloromethane solvent molecule, two symmetry-
steeply with respect to the central plane at angles ranging fromrejated chloroform molecules form hydrogen bonds to the
456(2)> in3to 575(1) in molecule A of structure, whereas Comp|ex through the nitrosy| groups (See Figure 4) The
the other naphthalene, C(22), C(22)*, ..., C(27), C(27)* in pertinent parameters (hydrogen in calculated position) arel C
Figures 2 and 3 is almost parallel to the central 8-atom plane g 98, G--O 3.13(2), H--0 2.26 A, angle GH-+-0O 147, in

(tllt angle < 50). The former naphthalene ring SyStemS deviate good agreement with previous results forB---O hydrogen
significantly from planarity, the phenyl rings being inclined at  ponds?223 The angle N-O-+-H is 167, so that the hydrogen
an average angle of 11.3(7}o one another, so that the atom points in a direction close to the probable position of the
naphthalene system is bent about the central G(C8)9) bond.  oxygen lone pair electrons. Interestingly, although the chloro-
The bonded oxygen atoms deviate from the planes of their form molecules lie well above and below the central cavity of

respective phenyl rings by closely similar distances in each case the complex, they seem to lie within outer cavities formed by
average 0.286(2) A. In each case, these deviations are in ahe pyrazolyl rings of the Tp* ligands.

direction such as to favour the steric requirements of forming Evidence for the interaction between CH@hd the nitrosyl
the —Mo—O—naphthy_i—O—Mo_—O—naphthyI-O-_ central ring group ofanti-{Mo(NO)(Tp*)(2,7-0,C1oHg)]» was sought using
system. Examples in the literature of sterically crowded . ¢-oraq spectroscopy. A freshly prepared samplardi-[Mo-
naphthalenes bent or twisted by similar or greater amounts Are(NO)(Tp*)(2,7-0:CioHe)]2 Which had not been exposed to
numerous aond include heptahelicéfand thedoctachlor%P,b chloroform exhibited an absorption bang.,(NO) at 1662 crh

. - .
octamethy£ heptachloro-7-(dichloromethyfy' 1,8-diferro- in the solid state (KBr disk) but after crystallization from

. ¢ S0 :
cenyl?%¢ 1,8-diruthenoceny#® and 1,8-bis(trimethylsilyffs chloroform/dichloromethanena(NO) was hypsochromically
naphthalene derivativesAb initio calculationg! at the RHF shifted by 8 cmi* to 1670 cmit. Solid samples oyn{Mo-
3_—21G level show that the energy re_quwed to bend 2,7- (NO)(Tp*)(2,7-0:C1cHe)] crystallized from solutions in chlo-
dlhydrqunaphthalen(i through the maximum angle observed ¢, “gichloromethane, and acetone showed smaller differ-
(12.6) |sA15.3 kJ mot* and to displace the two oxygen atoms  oycag exhibiting respectivg,.(NO) (KBr disk) values of 1668,
by 0.29 A from their phenyl planes is 15.1 kJ mblso that 1664 and 1665 ctn The low solubility of theanti-isomer in

- - ) solvents other than chloroform has restricted opportunities for
(19) J’\A?\;:I?A\\/%rtyéﬁ' A gae, %Elt.;wgocggglzczizl&agge% N.A;Smith,  ghiution studies. However, the finding that tegnisomer is

. M. A.J. Chem. Soc., Dalton Tran . . ' - L.

(20) (a) Joly, M.; Defay, N.; Martin, R. H.; Declercq, J. P.; Germain, G.; Soluble in several polar organic solvents whereasittteisomer

Soubrier-P(%x)/en, Fé.; van Meersscihé, Helzlzl. Chim. Actal977, 60, is soluble only in chloroform suggests that a specific solvation
537-560. Herbstein, F. HActa Crystallogr.1979 B35 1661— ; i i ina i i

1670, () Sim, G. AActa Crystallogr. 1982 B38 623.625. ()  nteraction is occurring in this case.

Carilla, J.; Fajari, LI.; Garcia, R.; Julia, L.; Marcos, C.; Riera, J.; The energies of €H-++O hydrogen bonds have been quéted
Whitaker, C. R,; Rius, J.; Aleman, @. Org. Chem1995 60, 2721~ as being in the range5 to —10 kJ moft. This lies near to

2725. (e) Lee, M.-T.; Foxman, B. M.; Rosenblum, ®kganometallics
1985 4, 539-547. (f) Arnold, R.; Foxman, B. M.; Rosenblum, M;
Euler, W. B.Organometallics1988 7, 1253-1259. (g) Sooriyaku- (22) (a) Hamilton, W. C.; Ibers, J. Adydrogen Bonding in Solid&V. A.
maran, R.; Boudjouk, P.; Garvey, R. Bcta Crystallogr.1985 C41, Benjamin, Inc., New York, 1968; pp 18283. (b) Taylor, R;
1348-1350. Kennard, O.J. Am. Chem. S0d.982 104, 5063-5070.

(21) SPARTAN 4.0, Wavefunction, Inc., 18401 Von Karman, Suite 370, (23) (a) Desiraju, G. RAcc. Chem. Red.991, 24, 290-296. (b) Steiner,
Irvine, CA 92715. T. J.Chem. Soc., Chem. Commu97, 727-734.
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Figure 4. View of complex1 showing the hydrogen-bonded chloroform molecules. The view direction is rotated l@ap66t the Me-Mo* axis
of the molecule from that depicted in Figure 1.

the lower end of the range of values repoffetbr other 0,C10H6)]2 would be expected to have lower electron density
hydrogen bonding interactions.g. HCN---HCN (=12 kJ on the nitric oxide ligand compared to these 17-electron systems.
mol~1), HyO-+-HOH (ice) (—25 kJ moi?), and FH--F~ (—161 This expectation is borne out by its higher N-O stretching
kJ mol1). The low-energy electronic spectral absorption bands frequency (1662 crit) compared to values fof Mo(NO)(Tp*)-

of the 17-electron complexe$§No(NO)(Tp*)Cl}x(L-L)] (L-L Cl}x(L-L)] of 1595 (x = 1) and 1600 X = 2) cnTl. The

= bis(4-pyridyl)octatetraene) exhibit hypsochromic shifts of observation of a hydrogen-bonding interaction in the solid-state
1135 & = 1) and 1223 cm! (x = 2) on changing the solvent  structure of [Mo(NO)(Tp*)(2,7-GC10He)]2 lends support to the
from CCly to CHCk.12 Not all of these energy differences can proposed specific solvation interaction in the related compounds
be attributed to hydrogen bonding to NO in the ground state. [{ Mo(NO)(Tp*)Cl}«(L-L)] and demonstrates the potential im-
An analysis of the data using the Kamieftaft model reveals portance of structural studies of solvent inclusion for illuminat-
that respective differences between the values of the solventing solvation phenomena.

polarity termcyr* and the hydrogen bond donor tercgo. for Acknowledgment. We are grateful to Dr. N. Spencer and
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These figures lie close the lower end of the suggested energy
range for CH--O interactions and represent the minimum . :

. . - . . in CIF format, for the structures adnti{Mo(NO){ HB(3,5-Me.Cs-
energies of the GCH---ON interaction assuming that there is HN2)s} (2, 7-O,C1oHe) o 2CHClCHoCla, SyniMo(NO) HB(3.5-MeCa-

no residual hydrogen bond stabilization through nitric oxide for |,
. 2)3} (2,7-0,C10Hs)] 0.6 7CHCh-2.7H,0, andsyn{Mo(NO){ HB(3,5-
the excited state. The 16-electron complex [Mo(NO)(Tp*)(2,7- MesCaHN3)3} (2,7-O:CacHe)]23(CHs).CO are available on the Internet

only. Access information is given on any current masthead page.
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