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985.4 (18) [M-, C;3H,sNOs], 746.1 (100) [C4;N-], 720.0 (7) [C]; HR-FAB-
MS: m/z: 985.0950 [C;3HsNOs] caled; 985.0942 found.

High-resolution X-ray structure analysis with low-temperature data:['°]
C;3HsNOs - C;Hg, M, =985.86, dark brown crystal 0.44 x 0.22 x 0.12 mm,
triclinic, space group PI, a=10.0417(2), b=14.5831(4), c=16.8772(4) A,
a=68277(1), f=75.985(1), y =84.583(1)°, V=2227.59(9) A}, Z=2, T=
123(2) K, Moy, radiation, 2 =0.71073 A, p.uea=1.607 kgdm3, F(000) =
1100, #=0.1 mm™!, an empirical absorption correction was carried out,
Bruker SMART diffractometer, w and ¢ scan, 6, =50.6°, —21 <h <20,
—30<k<30, —32<1<36, 43s measuring time per frame; of 119878
measured reflections, 44299 were independent and 22618 were observed.
The structure was solved by direct methods (SHELXS-97).l'7) Refinement
(F? after the LSQ method with SHELXL-97!"81) and calculation of the
difference density in the following order: a) With the reflections from
0=5-28° 10592 independent, 8791 observed [I>20(I)], 867 variables.
Isotropic refinement of the hydrogen atoms and anisotropic refinement of
the heavy atoms, R =0.046, wR=0.11, R;,, =0.03, GOF =1.07. b) High-
angle refinement with the reflections from 6 =28-50.6°, 33719 independ-
ent, 13839 observed [I>20(I)], 775 variables. Anisotropic refinement of
the heavy atoms, parameters of the hydrogen atoms were adopted from (a),
R=0.105, wR =0.154. The Hirshfeld rigid bond test!") resulted in a mean
deviation of 6.3 x 10~ A2 for the 90 bonds of the fullerene skeleton. An R
value of 0.028 was obtained for the fullerene skeleton by applying a T,L,S
analysis according to Schomaker and Trueblood.™” ¢) With the reflections
from 0 =5-50.6°, 44299 independent, 22618 observed [/ >20(])]. Refine-
ment of the scale factor, R=0.081, wR=0.175. d) Calculation of the
structural factors (F,.) for 6 =5-28° [I > 50(I)] with the structure model
from (b) and the scale factor from (c).

Figure 1 was generated with the program ORTEP3.2! The difference
density sections in Figure 3 were calculated with the program WinGX-
98.12I The rigid bond test and the T,L,S analysis were carried out with the
program PLATON.!
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2,3,5-Tri-tert-butyl-1-carba-nido-tetraborane**
Andreas Neu, Krzysztof Radacki, and Peter Paetzold*

Dedicated to Professor Bernt Krebs
on the occasion of his 60th birthday

In the series of isoelectronic nido clusters B,Hg, CB;H,, and
NB;Hj, the rert-butyl derivatives B,H,/Bu,"! and NB;H,/Bu,?
are well known. We report here on a derivative, CB;H,/Bus, of
the missing link. It is formed by the reaction of iodomethane
and the nido-tetraborane [B,H;tBu,] [l in thf in 90% yield
[Eq. (a); the numbering of the skeletal atoms follows the

{Bu 7 Bu
B—H + the —B—
+ CHy| °
tBu-—B—B—MBU —— - {Bu—B»—B— (Bu (a)
- BuBH,(thf) 4
H~—p a1 C
' \tBu I\
H HH

IUPAC nido cluster rules that attribute the number 4 to the
missing atom of the corresponding trigonal-bipyramidal closo
cluster]. Traces of B,H,/Bu,?! and B,H,Bu,!! cannot be
removed from the product.

The structure of the product follows from the NMR spectra.
C, symmetry is concluded from the equivalence of the rBu(2)
and tBu(3) groups and of the bridging protons. The coupling
between the methylene protons in exolendo position (3] =
13 Hz) and between these and the bridging protons (3J(u/
endo) =3J(ulexo) =6 Hz) are found at the expected values.
Homonuclear 2D couplings are observed between B(2)/B(3)
and B(5) and between the methylene protons. All of the five
"H NMR chemical shifts give heteronuclear 2D cross peaks:
the u-H atoms are coupled to both kinds of B atoms, the
methylene-H atoms are related to the methylene-C atom, and
the methyl-H atoms display 2D hetcor coupling not only with
each neighboring C atom, but also with the more remote C
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atoms of Bu. No dynamic processes can be observed in the
NMR spectra in a temperature range from —50 to +90°C.
Replacing the solvent thf with [Dg]toluene does not signifi-
cantly alter the NMR spectra.

Ab initio calculations (B3LYP/6-31 ++ G(d,p)) on the
parent molecule CB;H; and on its methyl derivative
CB;H,Me; lead to minima on the potential energy hyper-
surfaces that represent bicyclobutane-type nido clusters with
a CH, group in position 1 and hydrogen atoms that bridge
B(2)/B(3) and B(5). The computed bond lengths and the angle
between the planes through B(2)-B(3)-B(5) and B(2)-B(3)-
C(1) for the molecules CB;H,, CB;H,Me;, and CB;HBu; are
summarized in Figure 1. The geometric data for the title
compound are not significantly changed by going from the
6-31G(d) to the more sophisticated 6-31 ++ G(d,p) level. The
optimized geometric parameters were used as a basis for a
calculation of the NMR signals using the GIAO method.!
The computed chemical shifts of the skeletal atoms and the
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Figure 1. Calculated structure of the molecules CB;H; CB;H,Me;, and
CB;H,/Bu; with distances [pm] and angles [°] between the triangles BBB
and BBC (6-31 ++ G(d,p) level; numbers in parentheses: 6-31G(d) level).

skeleton-bound H atoms of the molecules CB;H;, CB;H ,Me;,
and CB;H,/Bus, along with the corresponding experimental
values, are summarized in Table 1. The good agreement of the
calculated and observed values gives clear support for the
adopted structure of the title compound.

Table 1. Calculated® and observed chemical shifts & of CB;H,R; with R =
H, Me, tBu.

CB;H, CB;HMe; CB;H,Bu; CB;H,/Bu;
calcd calcd calcd exp.

'H NMR: H,,, 0.721 0.143 0.226 0.307

'H NMR: H, 40 2.105 1.789 1.363 1.362

'H NMR: u-H —0.820 0.404 0.597 0.781

"B NMR: B(2) 10.9 20.0 214 224

B NMR: B(5) 23.4 27.4 30.7 345

3C NMR: C(1) 14.6 14.7 11.6 132

[a] B3LYP/GIAO at the 6-31 ++ G(d,p) level.

The closo-tetraborane B,H,rBu,?! is obtained when the
nido anion [B;H;Bu,]" is oxidized by haloalkanes with bigger

1282 © WILEY-VCH Verlag GmbH, D-69451 Weinheim, 1999

alkyl groups than methyl. This is shown in Equation (b) for
the case of bromoethane.
[B.H,sBu,]~ + GHBr — BH,Bu, + GH, + Br (b)
The isoelectronic four-vertex nido clusters B,H,Bu,,!"
CB;H,Bu,, and NB;H,/Bu, can be represented by structural
formulae that make use of localized two-center, two-electron
(2c2e) and three-center, two-electrom (3c2e) bonds and obey
the octet rule (Figure 2). An equilibrium (c) between two

tautomeric species has been observed in the case of
NB;H,/Bu,.

tBu {Bu

Figure 2. Localized bonds in the isoelectronic molecules B,H,Bu,,
CB;H,Bu;, and NB;H,/Bu, (equilibrium of two isomers) (bold lines:
(2c2e) bonds; gray triangles: (3c2e) bonds).

The title compound can be derived from the three-vertex
nido cluster B;H,(tBu); by replacing two terminal H atoms by
a bridging CH, group. It can be considered, therefore, to be a
member of the family of nido-triboranes with B;H, as the
parent molecule. Although B;H; itself has not yet been
isolated, its arachno adducts with Lewis bases L of the type
B;H;L have been known for many years.[®!

Experimental Section

2,3,5-Tri-tert-butyl-1-carba-nido-tetraborane: Iodomethane (78 mg,
0.55 mmol) was added to a solution of [K(thp)e][B,HstBu,] (400 mg,
0,48 mmol; thp =tetrahydropyran)!' in thf (2 mL) at —78°C. After 1h
stirring at ambient temperature, volatiles were removed in vacuo (5 mbar),
and the residue was extracted with hexane (5mL). The product was
distilled into a cooled receiver (25°C/0.001 mbar; 101 mg). According to
NMR spectra, it contained equal amounts of B,;H,#Bu, and B,H,/Bu, (ca.
5% in total; yield of main product ca. 95 mg, i.e. ca. 90 % ). The nonvolatile
material (30 mg) that remained from the distillation gave H, on acid-
ification. Apparently products of the decomposition of (fBuBH,), were
present; this borane underwent an equilibrium with tBuBH,(thf) in thf and
decomposed into nonvolatile products of unknown structure after a while.[’]
'H{""B} NMR (500 MHz, [Dg]toluene): 6 =0.307, 1.362 (2d, t, 2/ =13 Hz,
3J =6 Hz; exo-H and endo-H of CH,; assignment according to Table 1),
1.077, 1.093 (2s, 18H, 9H; rBu), 0.781 (d.d, 3/, =3/,=6 Hz; 2u-H); "B
NMR (160.4 MHz,[Dg|toluene): d =22.4,34.5 (2:1); *C NMR (125.7 MHz,
[Dg]toluene): 6 =13.2 (broad, CH,), 19.7 (C(1) of 3 tBu), 31.85, 32.71 (Me
of tBu(2,3) and rBu(5); assignment according to 3C/'H cross peaks).

Received: November 9, 1998 [Z126331E]
German version: Angew. Chem. 1999, 111, 13581360

Keywords: ab initio calculations - boron - boranes - cluster
compounds - electron deficiency

1433-7851/99/3809-1282 $ 17.50+.50/0 Angew. Chem. Int. Ed. 1999, 38, No. 9



COMMUNICATIONS

[1] A. Neu, T. Mennekes, P. Paetzold, U. Englert, M. Hofmann, P. von R.
Schleyer, Inorg. Chim. Acta, in press.

[2] M. Miiller, T. Wagner, U. Englert, P. Paetzold, Chem. Ber. 1995, 128,
99-103.

[3] A. Neu, T. Mennekes, P. Pactzold, M. Hofmann, P. von R. Schleyer,

Angew. Chem. 1997, 109, 2211 -2213; Angew. Chem. Int. Ed. Engl. 1997,

36, 2117-21109.

Optimizations of energy and calculations of frequency were performed

at the B3LYP/6-31 ++ G(d,p)-level with the Gaussion 94 program:

M. J. Frisch, G. W. Trucks, H. B. Schlegel, P. M. W. Gill, B. G. Johnson,

M. A. Robb, J. R. Cheeseman, T. Keith, J. A. Petersson, J. A. Mont-

gomery, K. Raghavachari, M. A. Al- Laham, V. G. Zakrzewski, J. Y.

Ortiz, J. B. Foresman, J. Cioslowski, B. B. Stefanov, A. Nanayakkara,

M. Challcombe, C. Y. Peng, P. Y. Ayala, W. Chen, M. W. Wong, J. L.

Andres, E.S. Replogle, R. Gomperts, R. L. Martin, D.J. Fox, J.S.

Blinkley, D. J. DeFrees, J. Baker, J. J. P. Stewart, M. Head-Gordon, C.

Gonzalez, J. A. Pople, Gaussian Inc., Pittsburgh, PA, 1995.

[5] R. Ditchfield, Mol. Phys. 1974, 27, 789 - 807.

[6] Supplement to Meller's Comprehensive Treatment on Inorganic and
Theoretical Chemistry, Vol. V, Boron, Part BI: Boron-Hydrogen
Compounds, Longman, London, 1981, pp. 166 ff.

[7] M. Miiller, Diploma thesis, Technische Hochschule Aachen, 1993.

4

A New In Vitro Model of Lignin Biosynthesis

Francesco De Angelis,* Rosario Nicoletti,
Nicoletta Spreti, and Franca Veri

There are still many open questions concerning the
structure as well as the peculiar biosynthesis of lignin.['-3!
The most accredited theories go back to the early 1960s,
when Freudenberg and co-workers proposed dehydrogen-
ation reactions as the dominating framework of a polymer-
ization process which involves p-hydroxycinnamyl alcohols as
the primary precursors and building blocks of all lignins.™ 3!
Numerous structural investigations of isolated and synthetic
lignins and of model compounds then outlined a composite
picture of a very complex, three-dimensional polymeric
structure devoid of ordered repeating units, such as in the
case of other biological macromolecules.[' 1) According to
these studies lignin production is triggered by the enzymatic
formation of resonance-stabilized phenoxy radicals, while the
polymerization is generally known to run as a non-enzymatic
process which advances in a random fashion through radical
and ionic steps. We now report that under in vitro homoge-
neous conditions—which, in principle, could be related to the
natural microenvironment!'>*l—a synthetic lignin is pro-
duced. The beginning of the polymerization process appears
to be an alternating sequence of radical and ionic steps which
generate ordered structures of oligolignols.
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The polymerization of the monomeric precursor by random
coupling reactions cannot be studied in vivo; many theories
on lignin structure and biosynthesis rely upon in vitro
experiments on the polymerization of coniferyl alcohol (1,
Figure 1),>7'¥ which is the most common natural lignin
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Figure 1. Schematic representation of oligolignols (molecular weights are
given in parentheses).
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