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Introduction

AR = 3 (IFo| = IFel)/3IFcl. ® Ry = { SW(|Fo|* — |Fc|?)7ZwW(|Fol)*} V2
Although carbon monoxide has been the mainstay of donor wherew is defined asv = 1{0%(|Fo|* + (0.032)%; P = [*/3 max (0
ligands to transition metals, isocyanidesR*="C:1235have O IFol’) + #alFel’]. ¢ RIF)? =[5 [W(F,® — F)%/5 [W(F)]™™, with Fy
enjoyed a novel revival because the donor features on the, R4|':0°£F)' han _1/[;;(':0/) Jlr:(o'o.‘?ﬁf) ;V‘;hggeFP = (F&* + 2R3,
isocyano group can be easily modified by changing the R (F) = 2lIFel = IFel)2IFol, with Fo > 4.00(F).
groups? Thus, both organic and inorganic functions can be used
to modulate the electron density on the isocyano donor carbon
atom? Even multidentate isocyanides can be generated becaus
the functionality of the R group is so easily change#.
Isocyanoboranéd¥ 14 represent one class of functional iso-
cyanides that have received little attention. In 19788 Vidal
and Ryschkewitsch reported the interaction of the boron
isocygnide MeN—BH,NC with manganese pgntacarbonyl Experimental Section
bromide. The low-temperature facile substitution of carbon ) o
monoxide by this nucleophile reportedly generatedand/or General Data. Infrared spectra were taken on a Bio-Rad Digilab

; ; ; FTS-60 FTIR spectrometer as powders between AgCl plates. Mass
-complexed intermedi n ible f xchan -
7-complexed intermediates and a possible fast exchange be spectra were taken on an AutoSpec Instrument at UCLA MHEMR

* Correspondence may be addressed to any one of the following: Spectr_a were obtained on Bruker DR).( 250 (250.13 MHz), General
E-Mail: H.AM., hermann.mayer@uni-tuebingen.de; W.C.K., kaska@ El€ctric GN-500 (500.12 MHz), and Nicolet NT 300 (300.16 MHz)

chem.ucsb.edu; X.B., bu@chem.ucsb.edu; V.M.L., vmlynch@mail.utexas.edu. instruments3C NMR spectra were obtained on the same instruments
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University of California. shifts are reported relative to M®i referenced with respect to residual
é%?\%iﬁi% (')I'fugfnxgaesrlm protonated material in the solveAtB NMR spectra were referenced
(1) Bonati, F.; Minghetti, GInorg. Chim. Actal974 9, 95. with respect to boric acid. The compounds [Re(&, ® [Mn(CO).-
(2) Yamamoto, Y.Coord. Chem. Re 198Q 32, 193. Br]z,_ 21 and MQN—BHZ—N(_: 4 were synthesized according to
(3) Singleton, E.; Oosthuizen, H. E. lAdvances In Organometallic published procedures. The isocyanide had the correct mp and was
Chemistry Stone, F. G. A., West, R., Eds.; Academic Press: New further characterized bjH and 3C NMR spectroscopy. Deuterated

tween coordinated and uncoordinated compounds. In an attempt
to clarify the reaction chemistry of this unusual isocyanide, we
fave studied its reaction with the more thermally stable rhenium
pentacarbonyl bromide. This paper describes the first X-ray
molecular structure characterization of trimethylamine iso-
cyanoborane and its coordination adduct with [Re({B).

@ ¥0f_k'h1?8s? R/AOII.I’IZA%; p 209. o {allic Chemisirs . NMR solvents were distilled from LiAll degassed, and stored in a
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Table 2. Averaged Bond Lengths (A) and Angles (deg) for the Table 3. Selected Bond Lengths (A) and Bond Angles (deg)Zor
Non-Hydrogen Atoms of &H1:BN> (1) Rel-Brl  2.6448(10)  C5N1-B1 178.7(9)
1 2 3 1-2 1-2-3 Rel-C1 2.016(10) RetC5-N1 177.4(8)
Rel-C2 1.992(10) N+B1-N2 105.3 (7)
N2 o N1 %'gggg)“) 108.1(4) Rel-C3 1.997 (9) C4Rel-C5 177.1 (3)
ca N2 B1 1 146(6) 177.7(4) Rel-C4 1.984 (9) Br+Rel-C1 89.7 (3)
ca N1 o 1.494(18) 108.5(9) Rel-C5 2.102(9) CtRel-C2 91.3 (4)
ca N1C B1C : 110(2) N1-C5 1.155(10) CtRel-C4 91.1(4)
N1-B1 1.590(12) Ct+Rel-C3 174.9 (4)
a C refers to averages involving all the methyl carbon atdtihere N2-B1 1.594(13)
is a bimodal distribution in the €N—B1 bond angles. Angles involving C4-04 1.131(10)
C1 of the four uniqgue molecules average 107.5(®hile all other o . . o
C—N1-B1 angles average 111.7¢6) Table 4. Ab Initio/GIAO Chemical Shift Predictions Run at the
B3LYP/6-311G** Level on B3LYP/6-31G*-Optimized Geometries
scaling factor ranged from 0.982 to 1.00. The data were corrected for 13C (CHy) 1B (BFsEt0)
Lp effects but not for absorption. Data reduction, decay correction, HaBH,CN 138.6 —26.8
structure solution, and refinement were performed using the SHELXTL/ HsBH,NC 206.1 —20.0
PC software packagé&.The structure was solved by direct methods MesBH.NC 203.4 —-12.6

and refined by full-matrix least-squares d/ with anisotropic

displacement parameters for the non-H atoms. The hydrogen atoms2.71 (s, 9H, CH, 2), 2.70 (s, 9H, CH, 3); 3C (0 125.76 MHz, CDQ-
were observed in AF map and refined to reasonable positions with  Cl,) 51.05 (s, 3C, CH 2), 50.93 (s, 3C, CHl 3), 181.74 (s, 1C, CO
isotropic displacement parameters. There are four crystallographically trans to NC,2), 182.71 (s, 2C trans to CQ@), 184.50 (s, 1C, €0,
independent molecules of81.BN, per asymmetric unit. All exist as  trans to Br), 189.33 (s, 4C, CQ), 139.71, (s, 1C, KC, 2), 146.11
the isocyanide adduct. The molecules differ slightly in conformation (S, 1C, NC,3); B (6 66 MHz, GDg) 0 —27.1 (1:1:1,Jgn = 108.25
as seen by the NB—N—C torsion angles (Supporting Information,  Hz, BH); IR spectrum (AgCl platesy(N=C) 2200, 2109 (s) cn;
Table 7). The different molecules are labeled A, B, C, and D, ¥(C=0) 2021 (s), 2004 (s), 1967 (s), 1942 (s) CmCl (NHs) mass

respectively (Supporting Information, Figures4). Columns of like spectrum fvz) caled for QH11N204BBrR.e 476'10987* foynd
molecules stack along tha direction in the unit cell (Supporting ~ 475:955288. Anal. Calcd fordli,N.O,BBrRe: C, 20.65; H, 2.38; N,

Information, Figure 5). The functiofw(|Fo|? — |Fc|2)? was minimized, 6.02. Found: C, 20.51; H, 2.22; N, 5.85. These data are described for

_ > _ 2 2 compound?2 since it is the major species in the reaction mixture.
wherew = 1/[F[o(F,))* + (0.032)7] andF_’ .(|F°| + 2IF[*)/3. The Compound? crystallized from the reaction mixture. Compousdould
data were corrected for secondary extinction effects. Neutral atom

: : . not be isolated from the mixture. An area analysis of fHeand 13C
scattering factors and the values used to calculate the linear absorptlor}\”\/IR spectra ¢is- andtrans-carbonyl groups) showed that compounds
coefficient are from thénternational Tables for X-ray Crystallography and3 are in a ratio of 15:1.

(1992)24 Other computer programs used in this work are listed

elsewhereé® All figures were generated using SHELXTL/PC. Tables Results

of positional and thermal parameters, bond lengths, angles and torsion
angles, and figures are located in the Supporting Information.

X-ray Structure Determination of 2. A crystal was mounted on a
thin glass fiber with 5-min epoxy glue. The crystal was then mounted
on a Siemens Smart CCD diffractometer equipped with a normal focus,
2.4 kW sealed tube X-ray source (Mo K radiatien 0.710 73 A)
operating at 50 kW and 40 mA. About 1.3 hemisphere of intensity [Re(CO).Brl, + Me
data were collected in 1321 frames with scans (width of 0.30 and

Equation 1 describes the treatment of [Re(¢BD), with
MesN—BH,—NC in methylene chloride in a 1:2 molar ratio to
give white crystals that are an apparent mixture of add@cts
and3.
®0O
N-

aN-BHy-N=C:—

exposure times of 10 s per frame). Unit cell dimensions were determined Q Q

by a least-squares fit of reflections with> 100(l) and 1.7< 20 < Br. ¢ C"O c 0
28.16. Empirical absorption corrections based pnscans$® were \ |/ Br\ ‘/C

applied. The structure was solved by direct methods followed by e ¥ Re

successful difference Fourier methods. All calculations were done using C/ | \C y l \C (1)
SHELXTL running on a Silicon Graphics Indy 5000. Final full-matrix N? C o O/,C c \\N
refinements were against with all reflections and include anisotropic / ('5 o

thermal parameters for all non-hydrogen atoms. Parameter shifts in the HBO OBH;
final least-squares cycle were smaller than 0.03. The crystallographic ®/
results are summarized in Table 1 while the selected bond distances NMe, 2 5 MesN

are listed in Table 3.

Preparation of the Compounds.MesN—BH,—NC (0.047 g, 0.480 . 137 1, 11
mmol) in 5 mL of CHCI, was added dropwise to a suspension of 0.182 Adduct2 was Cgiracterlzed biH, 1*C{*H}, and . B NMR
g (0.241 mmol) of [Re(CQP]; in ice-cold CHCl, for 1 h. The mixture spectroscopy. ThéH NMR spectrum of the reaction product

became homogeneous after it was allowed to warm to room temperature'n CD:Cl, displays a major single resonance for thesMe

for 24 h. The solid obtained after vacuum removal of the;Chiwas hydrogen atoms &t 2.71 @) and a minor peak as a shoulder at
recrystallized from ChCl,—pentane to give white crystals: yield Bf 0 2.70 @). This is almost unchanged from the free ligand
0.210 g (91.7%); mp 118120 °C; *H NMR (6 500 MHz, CDCl,) resonance ab 2.70. The hydrogen atoms on the boron are too

broad to clearly discern because of quadrupolar broadening. A
(23) Sheldrick, G. MSHELXS-86 Users Guid€rystallography Depart- dramatic so_lvent Sh_'ft occurs for the M hydmg_en atoms in
ment, University of Gtiingen: Germany, 1986. tolueneds with a major peak ad 1.72 @) and a minor peak as
(24) Wilson, A. J. C.International Tables for X-ray Crystallography  a shoulder ad 1.78 @). In a variable-temperature study from
(25) g:‘(’j"gr écel\‘/ld?g;’vg reFisSr%%%o\r{%iaﬁi'cllagbégsf'126?)'? and 6.1.1.4. 70 t0+40°C in tolueneds there is no change in the character
(26) North, A. C. T.; Phillips, D. C.; Matthews, F. ®cta Crystallogr. of these peaks except for some broadening at low temperature.

1968 A24, 351. The B NMR shows a broadened triplet at—27.1.
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Figure 2. Ortep plot of rhenium tetracarbonylbromidetrimethyl-
amineisocyanoboron with the atom labeling scheme. Thermal ellipsoids
are scaled to the 50% probability level.
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Figure 3. Ortep plot of trimethylamineisocyanoboron with the atom
labeling scheme. Thermal ellipsoids are scaled to the 50% probability

190 188 18 184 182 180 level.

Tripodal isocyanides generally have metearbon bond lengths

Figure 1. C NMR spectrum of2 and3 in CDCl,. of 2.13-2.10 A8 The CN bond length is 1.17 A in the free
13~r1 . . ligand vs 1.14 A in the complex. The CN bond lengths are
The*C{*H} NMR spectrum in CECl, (Figure 1) was more gually a little longer in the uncoordinated material because of

informative at room temperature with a major resonancé at back-bonding in the metal complexes. The-R&- N bond
51.05 and a minor resonancedb0.93 for the carbon atoms angle is very close to being linear at 178.5he N-B—N bond

of the trimethylamine group d? and3, respectively. The free  gng16 is 108in the complex and 108n the metal-free material

ligand has a resonance @t50.7 that is not affected at all by (gjgure 3). The smaller angle may reflect lower nonbonded

complexation to the metal. This is consistent with tHeNMR repulsions in the complex compared to the metal free molecule.
findings. In addition, there are isocyano carbon resonances at

0 139.71 for2 andd 146.11 for3, the major and minor products, ~ Discussion

respectively. Both of these resonance positions reflect deshield- The most convenient procedure to obtain pure [M(£&]

ing of the isocyano carbon by complexation to the rhenium atom. (M = Mn, Re) compounds is to treat the metal dimer
The free ligand shows a higher field resonance positiod at  [M(CO)4Br], with L under mild condition£82° This normally
115.3. The carbonyl region of the spectrum further illustrates gives the cis product. We report here that trimethylamine
the difference betweed and3. There is a major resonance at isocyanoborane most likely interacts with [Re(GEBY], by direct

0 182.7 for the set ofrans-carbonyl groups¢ 184.5 for the cleavage of the bridging halide to give @s-tetracarbonyl
carbonyl group trans to the bromo group, andi81.74 for the complex as the major product with a minor trans product.
carbonyl group trans to the isocyano group 4n Another Variable temperature NMR measurements show that there is

{pom)

resonance ai 189.33 represents the equivalérins-carbonyl no change in the concentrations of eitfeor 3 upon long
groups in substituted produst(Figure 1). standing once they are formed. No further peaks appear over
A single crystal from the crystallized mixture afand3 was the temperature range studied. Thus, the trimethylamioeyl

taken for analysis. An X-ray crystal determination showed the group must convey a certain stability to the trans product so
crystal to be that oP. This is consistent with the NMR data of  that it does not isomerize to the more thermodynamically stable
2. The structure (Figure 2) shows an octahedrally coordinated cis complexd®

rhenium complex with cis-coordinated bromide and trimethyl-
amineisocyanoboron. The carbemetal bond distance of 2.10  (27) Albers, M. O.; Boeyens, J. C. A; Coville, N. J.; Harris, G. W.

i imi i i ReO - Organomet. Cheml984 260, 99.
A Ist very similar to the. equatqual SU£StItUted ) (28) Leins, E.; Coville, N. JJ. Organomet. Chen1991, 407, 359.
(CN'Bu) where the Re C distance is 2.05 A and to [Re(CO)- (29) Zingales, F.; Sartorelli, U.; Canziani, F.; Raveglia, IMbrg. Chem.

(CNGCsH3Mex-2,6)Br] where the Re-C distance is 2.033 A. 1967, 1967.
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In addition, the'3C spectra of the carbonyl region shows the strong effect of the polar trimethylamiréoryl group on the
expected one signal for all equivalent carbonyl groups of the chemical shift. These resonances do not disappear upon long
trans-substituted product and a single resonance for the isocyanstanding.
carbon of3. Another possibility is that the minor product is a Although there is some controversy about the electronic
rhenium complex of the rearranged Me-BH,—CN ligand3! effects of the trimethylamineboryl group!324there is strong
We prepared the trimethylaminecyanoborane and its rheniumchemical evidence that it is strongly electron releasing. This
complex. The'3C NMR spectrum shows a typical pattern for a could makel an even bettes donor than an organic substituted
cis-substituted carbonyl complex with peakdlt87.0, 184.4, isocyanide. If this is the case, then cleavage of the halide bridge
and 183.0 for the carbonyl carbon atoms an&3.2 for the bonds in the metal dimer could generate a transition state for a
trimethylamino carbon atoms. There was no conclusive evidencesmall amount of trans-coordinated product. The amount of this
for the presence of another isomer. TRE resonance for the  material could of course vary with the polarity of the solvent.
cyano carbon bound to boron could not be observed in the The evidence we have presented suggests that there is no
adduct or the pure ligand. This is most likely due to the relaxtion need to postulate the formation of a dynamieo coordinated
of the boron-bound carbdHence, calculated values are shown complex of1 with [Mn(CO)4Br], as suggested by Vid&lor
in Table 433 dynamic exchange between free and metal-coordinated com-

In contrast to the isocyano complex, & NMR of the cyano plexes in the rhenium or manganese carbonyl complexes of
complex with Re showed only one resonance for the trimethyl- trimethylamineisocyanoborane.

amino group at 2.70. o
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