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Complexes involving covalently bound tetrahydroborateethyl acetate.
ion have been reported for many transition, lanthanide, and Porphyrin compounds were prepared by the standard
actinide metal$ Tetrahydroborate complexes are generallypyrrole-aldehyde condensation reacti@pecially pyrrole-
prepared by reaction of an alkali tetrahydroborate with theleuterated iron(lll) tetraarylporphyrins were prepared as
corresponding metal halide, or by treatment of a solution opreviously describedl.(F.o-TPP)Fe(lll)Cl was purchased
a metal alkoxide with diborartdhe chemical and physical from Aldrich.
nature of tetrahydroborate complexes has been investigatedProton and deuterium NMR spectra were recorded on a
in terms of ligand activation and bond configuration in Bruker WM-360 FT spectrometer. Chemical shift values are
catalytic transformation such as polymerizafiaigomeri-  reported with respect to internal tetramethylsilane and
zation® and hydrogenation of olefirisHence the structural, downfiled shifts are given positive sign. EPR spectra were
analytical, and chemical characteristics of the tetrahydrorecorded at X-band frequency with a Varian E-104A instru-
borate ligand are of great importance in organotransitiooment. Solutions were approximately 3 mM in iron porphyrin
metal chemistry. complexes in toluene for measurement at 77 K. UV-Vis
To the best of our knowledge, no tetrahydroborate comspectra were examined before and after NMR spectroscopic
plexes are known for iron porhyrins. Here we describemeasurement to verify predominant solution species.
evidence for generation and solution characterization of the

tertahydroboration(lll) porphyrin complexes as a product Results and Discussion
from reaction of tetrabutylammonium borohydride £B88H.)
and chloroiron(lll) tetraphenylporphyrin. Addition of 1.0 equiv of BiNBH4to a toluene solution of
(TPP)Fe(IINCI produced a high-spin (S=5/2) iron(lll)por-
Experimental Section phyrin complex. In the deuterium NMR spectrum a pyrrole

deuteron signal at 79.4 ppm foe{OPP)Fe(lI)Cl in toluene
Benzene, dichloromethane, and toluene were purchased &sconverted to a pyrrole deuteron signal at 76.0 ppm at room
“distilled-in-glass” solvents and were purified as describedemperature. This comound is so unstable that it may readily
elsewheré. All solvents were degassed after or during convert to the parent chloro compound.
purification either by an Npurge or by the freeze-pump-
thaw method. Deuterated benzerge-dichlorometanel tol
and toluene-gdwere purchased from Aldrich and deoxy- (TPP)Fe(InCI + BuNB?;Pm + BWNCI
genated by the freeze-pump-thaw method. Solvents were ( JFe(ll(BH) w
stored in an Ar or blatmosphere of a dry box. Tetrabutyl- A benzene or toluene solvent is appropriate for this
ammonium borohydride (BNBHs) was obtained from reaction, and solvent choice is critical in this reaction. No
Aldrich and recrystallized from ethyl acetate. other solvents such as acetonitrile, dichloromethane, or THF,
Preparation of tetrabutylammonium borodeuterideNBD.) were suitable for generation of this complex. For example, in
was from a published meth8dTypically one mole of THF solvent, addition of BiNBH4to (TPP)Fe(ll)Cl pro-
tetrabutylammonium hydrogen sulfate is dissolved in 100duced TPPFe(ll)(THR)with a characteristic pyrrole reso-
mL of water. A volume of 125 mL of 5 M NaOH is added nance at 48.0 ppm. Even at low temperature reduction
and the mixture is cooled to room temperature. A solution oprevailed.
1.1 mole of NaBRdissolved in 50 mL water is then added The?H NMR spectra were recorded from 205 K to 298 K.
and the mixture is extracted two times with 500 mL of A plot of chemical shiftvs. 1/T followed linearity and
dichloromethane. The dichlorometane layers are combinedonfirmed that the 76.0 ppm signal is for a single species and
and dried with anhydrous;KOs. The solid salt is acquired not a dynamically averaged resonance. The optical spectrum
by removing dichloromethane at room temperature andvith an iron porphyrin concentration of 2@0° M in
reduced pressure. The residue is then recrystallized fromoluene solution at 2% is indicative of a high-spin iron(lll)
complex with bands at 416 and 508 nm. The toluene glass
"Corresponding author. e-mail: bnsong@omega.sunmoon.ac.krEPR spectrum collected at 77 K exhibits a signal at g = 5.68
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which is indicative of a high-spin (S = 5/25) dron(lll) HOHoq= tol

porphyrin complex. ,\B\H
Reaction of BuNBH, with the very electron-deficient 1.0 +q Bu NBH, -

(F20 TPP)Fe(IICl is similar to reaction with (TPP)Fe(lll)Cl.  Fo-(Fem) ————— F”‘ [pu]

Addition of 1.0 equiv ByNBH, to (Fo-TPP)Fe(lll)CI “

generated a very broad pyrrole proton signal at 71.0 ppm ar

new four resonances in the upfield region. these four upfiel

Cl -+

peaks can be attributable to paramagnetically shifted signa pyrr BuN*
+ : ‘ m
of the BuN" counter ion. MM ] '
t0| T T T T T T T T
(Foo TPP)Fe(IINCI + BuNBH, > ~ . 80 70 60 50 40 30 20 10 0
[(F2o- TPP)Fe(ll)(CI)(BHy)] [BusN] ppm

Based on this proton NMR evidence, the eletron-deficienFigure 2. 'H NMR spectrum for reaction of 4.0 mM A

(F20- TPP)Fe(ll)Cl can accomodate BHs a sixth ligand® TPP)Fe(llI)Cl with 1.0 equiv. of BINBH4 in ds-toluene solutionta
N - . 98 K.

The proposition is supported by addition of a slight excess c"
BwNBH.to (FoTPP)Fe(lll)CI(BH)™. The excess BNBH,
produced (k-TPP)Fe(ll)CT.° This six-coordination was the (&-TPP)Fe(ll)BD, complex indicated a possible
also supported by the appearance of a precipitated salt. In thélentate coordination. The bridged deuteron signal will not
case of (TPP)Fe(ll)Bli BwNCI was precipitated, but not be seen due to the large linewidth. The coordinated terminal
in the case of [(l-TPP)Fe(Il)(Cl)(BH)] [BusN]*. deuteron signals of §rPP)Fe(lIl)BD, were presumably

The BDy coordination is evident since when the Bdn detected in the low temperature region (213 K to 241 K) in
was replaced with B, a signal at 51 ppm disappeared. Thethe deuterium NMR spectroscopy as shown in Figure 1.
bonding mode between iron and Bias not clearly The large pyrrole deuteron NMR linewidtba( 405 Hz)
resolved due to broadness. However the intensity ratio (8 : ompared with (@TPP)Fe(ll)CI €a 75 Hz) can be
between the pyrrole deuteron and coordinateddgials in  explained by a small zero-field splitting (ZFS) broad
pyrrole resonance was observed for the bidentate peroxoiron
(Il) porphyrin anion complex, (TPP)Fe(lI}Q° Coordina-
tion by peroxo ligand induces the samll ZFS associated with
severe NMR line broadening. It is assumed that a coordinat-
ed BD ligand undergoes fluxional behaviobecause a
coordinated BDRsignal is better resolved at lower temper-
ature, while the pyrrole deuteron signal has no significant
(B0 linewidth change.

227K . . The correspondingH NMR spectrum (Figure 2) did not
° pyrr @ WM show a coordinated Bsignal even at the low temperature.

MLNMWJ In the limiting case of electron-nuclear dipolar relaxation the

¢ 227K | NMR linewidth is proportional to the square of the gyro-
pyrr i magnetic ratio of the nucleus. Hence, the NMR linewidth for
MWW A a proton signal can be as much as 42 times greater than that
(BH,) ‘ of the corresponding deuterium signal.
B 298K /Fm For classical organotransition metal chemistry, the BH
N ligation is almost always bidentate or tridentitéthrough
bridging hydrogen atoms. It is reasoned that detection of a
o pyrr coordinated deuteron signal might be attributable to a slower

fluxional behavior at low temperature.
sol

298K .
MA P\ W —
sol
‘ o The first NMR spectroscopic evidence of hydride-bonded

P porphyrin_ complexes qf BH has b_een preS(_anted. Although
oo the bonding conflguratlon f_or the_l_ron(III)B;Hls no_t clear at
Figure 1 Deuterium NMR spectra for reaction of 3.0 mie-(d pres_en_t due to its extreme |r!stab|I|ty, the formatlon_ of mono-
TPP)Fe(I)Cl with BuNBH: in toluene solution (a) @@  menc ron((BHy) was evident by paramagnetic NMR
TPP)Fe(IICI in toluene, (B) addition of 1.0 equiv. BiBH, a regults. The ligand underwent a _fa_s_t fI_UX|onaI behavior. This
208 K, (C) solution (B) at 227 K, and (D) use of 1.0 equiv. €vidence could become a good initiation for search of noble

BusNBD4 and acquired at 227 K. hydride species in porphyrins.




Notes Bull. Korean Chem. S@&©903 Vol. 24, No. 7 1037

3173.
(a) Alder, A. D.; Longo, F. R.; Finarelli, J. D.; Goldmacher, J.;
Assou, J.; Korsakokoff, L1. Org. Chem1976 32, 476. (b) Alder,

Acknowledgement We acknowledge the donors of Sun
Moon University(03) for their support for this work and 7
Prof. H.M. Goff for the helpful discussion.

A. D.; Longo, F. R.; Vardi, VInorg. Synth.1976 16, 213. (c)
Alder, A. D.; Longo, F. R.; Kampus, F.; Kim, J. Inorg. Nucl.

References Chem.197Q 32, 2443.
8. Shirazi, A.; Goff, H. MJ. Am. Chem. So&982 104, 6318.
. Marks, T. J.: Kolb, J. Chem. Re\l977, 77, 263. 9. Song, B. H.; Park, B. J.; Han, C. Bull. Korean Chem. Soc.

. Raum, A. L. J.; Fraser, D. British Patent 801, 401, (Sept 10,
1958.

. Apotheker, D.; Barney, A. L.; Brodway, N.S Paten8, 597, 364
(Aug 3,1971).

. Beach, J. Y.; Bauer, S. B.Am. Chem. Sot94Q 62, 3440.

. Perrin, D. D.; Armarego, W. L. F.; Perrin, D.R. Rarification of
Laboratory Chemicals 2nd Ed.; Pergamon press Inc: New York,
1985.

. Brandstrom, A.; Junggren, U.; Lamm, Btrahedron Lett1972

2002 23(1), 119

10. Luctkens, Jr. M. L.; Huffman, J. C.; Sattelberger, AJ.PAm.

11.

12.

Chem. Socl985 107, 3361.

Baker, M. V.; Field, L. DJ. Chem. Soc., Chem. Commi884
996.

Fazakerley, G. V,; Folcher, G.; Marquet-Ellis Rdlyhedrornl98Q
3, 457.

13. For exception see Baker, M. V.; Field, L. Bpp. Organomet.

Chem.199Q 4, 543.




