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ABSTRACT

The reaction of appropriate amounts of BHs with di-
azadiboretidines (RBNtBu), (la—e; R = Et, Pr, Bu,
tBu, tBu(Me;Si)N) transforms them into cyclic dia-
zapentaboranes either of the type [—RB—(H,)—
BR—NtBu—BH—NtBu—](2a—c),of thetype[—HB—
(H,)—BR—NtBu—BH—NtBu—] (3a-d), or of the
type [—HB—(H,—BH—NtBu—BH—NtBu—] (4),
or into an acyclic product RBH—NtBu—BH—
NtBu—BHR (2e). The structure of 3¢ is char-
acterized by a planar N,B; ring skeleton with an un-
symmetrical double-hvdrogen bridge.

RESULTS

The diazadiboretidines 1a—c [1-4] readily react with
the borane thf - BH; in a 1:1 ratio to give the five-
membered ring products 2a—c (Equation 1). The 'H,
""B, and '*C NMR spectra of 2a—c indicate two
equivalent N/Bu and RB groups. The terminal and
the two bridging hydrogens give IR absorptions in
the ranges of 2450-2590 and 1730-1770 cm ™!, re-
spectively. Typical BH-NMR coupling constants
comprise the range 120-137 Hz. The 2,4-diamino-
diazadiboretidine le reacts in a similar way, but
does not form a double hydrogen bridge in the prod-
uct 2e (Equation 2). The chain character of 2e cor-
responds to a tendency of hydrodiaminoboranes
HB(NR,), to avoid a dimerization via hydrogen
bridges, the boron atom being electronically satis-
ified by BN 7 bonds; the terminal BH bonds of 2a—c¢
document this tendency. The sterically over-
crowded tetra-tert-butyldiazadiboretidine 1d does
not react with thf - BH; according to Equation 1.
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If a 1:1 ratio is employed, only half of the amount
of 1d will be consumed, giving the product 3d, which
will be quantitatively formed from 1d by applying
a 1:2 ratio, according to Equation 3. In contrast to
Ic [1], the ring skeleton of 1d deviates distinctly
from planarity [5], and by expanding the four-mem-
bered to a hypothetical five-membered ring 2d the
steric stress applied by four tBu groups would even
be worse. Thus, if 2d was ever formed from 1d and
BH,;, the consecutive transformation of 2d into 3d
by the action of excess BH; would be faster than
the reaction of remaining 1d with BH;. The for-
mation of 3a—c can easily be achieved either by
applying a 1:2 ratio of 1a—¢ and thf - BH; (Equation
3) or also by the reaction of 2a~c and thf - BH; in
a 1:1 ratio.

Typical for the adopted structure of 3a~d in
solution are the NMR spectra that reveal two dif-
ferent N7Bu groups and three nonequivalent B at-
oms. Two of them show doublets indicating the
presence of two BH groups. This structural picture
is confirmed by a crystal structure determination
of 3c. The remaining BR fragment of 3a—d will be
replaced by BH, finally, by adding additional thf -
BH;. The product 4 can also be directly synthesized
from la-d by starting with a 1:3 ratio of the com-
ponents (Equation 4). The NtBu groups and two of
the three BH groups of 4 are equivalent, according
to the NMR spectra.

Iminoboranes RB=NBu [3], which corre-
spond to their cyclodimers 1la—c, may be used in-
stead of la-e for synthesizing the products 2-4.
The more reactive of these iminoboranes (R = Et,
Pr, Bu) cause unwelcome side products during their
violent reaction with thf - BH; at —78°C. But the
less reactive ones (R = N(SiMe;)tBu, tBu) give good
yields of 2e and 3d, respectively, at —78°C, accord-
ing to Equations 5 and 6. The product 4 may also
be obtained from BuB=NsBu directly (Equation
7). Since these iminoboranes are stable below 0°C,
the diazadiboretidines 1d, e are not intermedi-
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ates during reactions (5) and (6) at —78°C, though
1d, e are the stabilization products of the corre-
sponding iminoboranes at ambient temperature.
Obviously, reaction (5) involves a hydroboration of
the shorter BN bonds of two molecules of
tBu(Me;Si)N--B=:N7Bu by thf - BH;. Initially, re-
action (6) is likely to proceed in a similar way.
The products 2a—¢, 3a—d, and 4 are thermally
rather stable. The least stable one, 4, decomposes
at 140°C into diborane and the borazine (HBNBu);

(Equation 8). A protolytic cleavage of 4 can be
achieved by ‘BuNH,, according to Equation 9.

STRUCTURE OF 3c

The structure of the molecule 3¢ in the crystal (Ta-
bles 1 and 2, Figure 1) is characterized by a planar
five-membered ring with four of the neighboring
atoms in the same and one (Hc) almost in the same

MeBC
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TABLE 1 Positional Parameters and their Estimated
Standard Deviations of 3¢

Atom X y z B(iso)?
N1 0.9161(2) 0.8916(1) 0.661 3.86(4)
N2 0.7753(1) 0.9959(1) 0.6665(6) 3.84(4)
C1 1.1132(2) 0.9822(2) 0.661(1) 5.16(7)
C2 1.1473(2) 1.0719(2) 0.669(1) 6.25(8)
C3 1.2674(2) 1.0917(2) 0.665(1) 6.79(8)
(07 1.3002(3) 1.1781(3) 0.651(1) 9.3(1)
c1 0.9628(2) 0.8053(2) 0.6609(9) 4.37(6)
ci2 1.0339(3) 0.7900(2) 0.5188(5) 6.00(9)
C13 0.8722(3) 0.7403(2) 0.660(1) 6.84(8)
Ci4 1.0341(3) 0.7948(2) 0.8144(6) 7.7(1)
c21 0.6639(2) 1.0349(2) 0.669(1) 4.26(5)
c22 0.6544(2) 1.0891(2) 0.5172(5) 5.50(8)
Cc23 0.6491(3) 1.0902(3) 0.8109(5) 7.3(1)
C24 0.5734(2) 0.9697(2) 0.667(1) 7.53(9)
B1 0.9837(2) 0.9662(2) 0.663(1) 3.81(6)
B2 0.8754(2) 1.0452(2) 0.666(1) 4.15(6)
B3 0.7995(2) 0.9096(2) 0.665(1) 4.04(6)
Ha 0.954(2) 1.023(1) 0.562(3) 0.1(5)
Hb 0.925(2) 1.011(2) 0.771(3) 1.0(6)
He 0.736(2) 0.863(1) 0.694(4) 1.2(5)
Hd 0.881(2) 1.114(1) 0.695(4) 1.4(6)

2 Anisotropically refined atoms are given in the form of their iso-
tropic equivalent displacement parameter, defined as: B(iso) =
(4/3)[a® - B(1,1) + b® - B(2,2) + ¢? - B(3,3)].

plane. There are three larger ring angles at N1, N2,
and B3 (111.5°-113.5°) and two smaller ones at Bl
and B2 (100. 1°,102.4°). The four BN bond lengths,
1.421-1.453 A, are slightly longer than normal BN
double bonds but are comparable in size with the
BN bonds in diazadiboretidines (RBNR '), and bor-
azines (RBNR'); [6]; apparently, the hydrogen bridge
does not prevent adjacent BN 7 bonds. The dis-
tances between boron and the terminal H atoms
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(B2—Hd: 1.14 A, B3—Hc: 1.09 A) are similar to those
in B,He (1.09 A) [7]. The geometry of the hydrogen
bridge, however, is different from B,Hs: Only one
of the bridging H atoms is found in a plane nearly
perpendicular to the ring plane (angle between the
planes B1-Hb—B2 and B1-B2-B3: 88(2)°), but the
second one is situated outside (interplanar angle
B1-Ha-B2/B1-B2-B3: 115(1)°). BH bonds of rather
different lengths (1.20-1.36 A) constitute an un-
symmetrical bridging situation (1.24 A in B,Hy) with
a BB bond length (1.824 A) within the broad range
of cluster BB bonds [8].

DISCUSSION

The products 2—4 may be considered as derivatives
of a cyclic diaminodiborane(6). In an acyclic di-
aminodiborane(6) the amino groups would be ex-
pected to enter the bridge position. 1,2:1,2-Doubly
bridged diboranes are well known, putting up either
or medium size have only recently been synthe-
[10] with a common BH,B-edge. According to the
electron-counting rules for clusters, the products
2—-4 may also be conceived as arachno-derivatives
of a pentagonal bipyramid as the corresponding
closo-cluster skeleton. Azaborane clusters of small
or medium size have only recently been synthe-
sized, including organic derivatives of nido-NB3H,
[11], nido-N,B.He [12], and arachno-NBgH 4~ [13].
In all of them, and in 2—-4 as well, the maximum
coordination number of the N atoms remains three
or four, and the nitrogen-containing fragment of
such a cluster skeleton might be considered to be
built up “classically,” that is by two-center-two-
electron bonds. The situation is different with larger
azaborane cluster molecules like nido-NC,BgH,; [14],
closo-NBgH,o [15], and nido-NB,oH,; [16], which
contain five-coordinated nitrogen.

TABLE 2 Selected Bond Distances X-Y (A) and Bond Angles

X=Y-Z (°) of 3¢?

B1-B2 1.824(3)
B2-N2 1.446(3)
N2-B3 1.421(2)
B3-N1 1.436(3)
N1-B1 1.453(2)
B1-Ha 1.30(2)
B1-Hb 1.36(3)
B2-Ha 1.34(2)

N1-C11

N2-C21

1.501(2)
C11-C12 1.496(7)
C11-C13 1.514(3)
C11-C14 1.564(7)
1.482(2)
C21-C22 1.557(8)
C21-C23 1.504(8)
C21-C24 1.514(3)

N2-B2-Hb 100(1)
B1-Ha-B2 88(2)
B1-Hb-B2 91(2)
Ha—B1—Hb 85(1)
Ha—B2-Hb 90(1)
N2-B2-Hd 125.8(9)
Ha—B2-Hd 111(1)
Hb—B2-Hd 104(2)

B2-Hb 1.20(3)
B2-Hd 1.14(2)
B3—Hc 1.09(2)
B1-C1 1.582(3)
C1-C2 1.506(3)
C2-C3 1.483(3)
C3-C4 1.453(4)

N1-B1-B2 100.1(1)
B1-B2-N2 102.4(2)
B2-N2-B3 111.5(2)
N2-B3-N1 113.5(2)
B3-N1-B1 112.5(1)
N1-B1-Ha 114(1)
N1-B1-Hb 99(1)
N2-B2-Ha 116(1)

N1-B3—Hc 123.6(9)
N2-B3-Hc 121(1)

B2-B1-C1 126.4(2)
N1-B1-C1 133.5(2)
B2-N2-C21 121.5(1)
B3-N2-C21 127.0(2)
B1-N1-C11 123.8(1)
B3-N1-C11 123.7(2)

? Numbers in parentheses are estimated standard deviations in the least sig-

nificant digit.
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FIGURE 1 ORTEP drawing of 3c. Vibrational ellipsoids
are scaled to enclose 30% of the electron density. Carbon-
bonded hydrogen atoms are omitted for clarity.

Apart from protic agents, the product 4 turns
out to be of surprising stability. No reactions oc-
curred with Lewis bases such as NEt; or PMes, ox-
idizing agents such as I, or C;(CN),, reducing agents
such as Li, Na, NaBH./diglyme, or thf - BH;, or un-
saturated organic molecules such as 2,3-dimeth-
ylbutadiene, 3-hexyne, or bis(trimethylsilyl)ethyne.
We also did not succeed in capping the ring skeleton
of 4 with one or two of any metal fragments that
would not contribute further electrons to the clus-
ter skeleton, thus furnishing a nido-pentagonal pyr-
amid or closo-pentagonal bipyramid; the fragments
(OC);Cr and (cod)Rh* had been considered proper
candidates.

EXPERIMENTAL

4,5-Dialkyl-1,3-di-tert-butyl-4,5-p-dihydro-1,3-
diazacyclopentaborane(7) (2a—c), 1,3,5,7-tetra-
tert-butyl-1,7-bis(trimethylsilyl)-1,3,5,7-tetraza-
2,4,6-triboraheptane (2e), 4-alkyl-1,3-di-tert-
butyl-4,5-u-dihydro-1,3-diazacyclopenta-
orane(7) (3a—-d), and 1,3-di-tert-butyl-4,5-
wu-dihvdro-1,3-diazacyclopentaborane(7) (4)

As starting materials, the diazadiboretidines la—d
were synthesized according to known procedures
from the aminoiminoborane [Me;Si(fBu)N]BN{(:Bu)
and the appropriate alkylchloroborane RBCl, (1a—c)
[2, 4], or simply by cyclodimerization of the cor-
responding iminoborane (1d) [5]. The compounds

la—d were dissolved in 10 mL pentane. BH; in a
0.95 molar solution in thf was added at ~78°C in
a stoichiometric amount with respect to Equations
1-4. The stirred solution was brought to ambient
temperature during 30 min. Further stirring was
applied for 2 h in the case of 3a—c, 5 h in the case
of 3d, and 2 h in the case of 4. The normal work-up
was to remove all volatile materials in the high
vacuo and to distill the product. The solid product
2e was pure without sublimation or recrystalliza-
tion. The crystalline product 3¢ was recrystallized
from ether. The liquid product 4 was purified after
removing the solvents at 25°C/15 Torr by a conden-
sation in vacuo at room temperature; the fraction
between 1 and 10 Torr turned out to be spectro-
scopically clean. The amounts of starting material
and the boiling points, yields, NMR spectra, and
analytical data of the products are mentioned in
Table 3. In order to gain 2e from the corresponding
iminoborane (Equation 5), the iminoborane was first
prepared from 3.67 g (11.5 mmol) aminoborane
[MesSi(:Bu)N],BF [2]. Without removing Me;SiF,
the iminoborane was dissolved in 10 mL pentane,
and 20.3 mL of a 0.85 molar solution of BH; in thf
were added at —78°C. After stirring the cold solu-
tion for 10 min, all volatile products were removed
in high vacuo. There remained 2.50 g (93%) of col-
orless solid 2e. When the product 3d was prepared
from the iminoborane BuB=N:Bu [5], 2.85¢
(11.5 mmol) of a mixture of tBuB==N¢Bu and the
unremoved silane Me;SiCl in 10 mL pentane were
cooled down to —78°C, and 13.5 mL of the 0.85 mo-
lar solution of BH; in thf were added. After stirring
the cold solution for 30 min, the solvent was re-
moved in vacuo, and 1.18 g (87%) 3d were distilled.
Starting from 1.37 g (5.5 mmol) of a mixture of
tBuB=NrBu and Me;SiCl and from 19.5 mL of a
0.85 molar solution of BH; in thf, the same proce-
dure but with an additional stirring at room tem-
perature for 2 days gave 0.35 g (70%) 4 after frac-
tional condensation.

Thermolysis and Aminolysis of 4

After heating 0.58 g (3.2 mmol) of 4 in a closed tube
for 6 h at 140°C, the gaseous product B,H, was
trapped at —196°C. An amount of 0.49 g (92%) of
1,3,5-tri-tert-butylborazine was recovered from sub-
limation at 30°C/0.001 Torr and identified by its
well-known properties [17].

A mixture of 0.38 g (2.15 mmol) of 4 and 0.315 g
(4.3 mmol) tert-butylamine in 10 mL hexane was
stirred at 25°C for 1 h. A precipitate of 0.16 g (86%)
tert-butylamine-borane, tBuNH, - BH;, was gained
by filtration and was characterized by its 'H and
B NMR spectra [18]. After removing the solvent
from the filirate, a distillation at 50°C/2 Torr gave
0.235g (70%) of bis(tert-butylamino)borane,
HB(NH/Bu),. 'H-NMR: é = 1.10 (s, 18 H, tBu), 2.67



arachno-Diazapentaboranes 483

2i'pe;

'sasayiuased ul [zH] Hep

L:g'bes

1192k 's€ 10,06~ W,

(033 woy) D.9¢1 dwi

0,89 dw ,

‘901 |} 19zAjeuy [RlUBWSa|] BQiT OlEeD ,

", - WO 0092-08G} ebuel 10241 14 Jew g upyed

#1000
ueAjos ((E1DA0 BIA SWL ‘ZHW 88°29 ‘O¢)) 042 HM 484nig H(O%3 - 49 1X@ ‘ZHIN 80°2€ 'G,,) 00 Sd NI 108 ((SINL ! 'ZHIN 08 'H,) 08dM Jadnig .

SSL/9'GL  L2HELL  8LLELE 2292l EEL/SEL  02Loet 9'6/9'6 9'01/90L 6 L1/6'LL  (Punoy/ poes) N
82162l EELZEL  SELZEL  SELZEL  E€El/IEL  velEet  vELSEL  YELYEL  £el/2el  (punoy pofeds) H
OVS/SES  L09/LL9  SI9/L'L9  G6S/96S  295/8/S  0°95/L95  1'99/8G9  6'€9/L€9  L'L9/L'L9  (punoy/pojed) O

eleq [eopfreuy

€964 961 $951 ¥951 ¥9G1 ovee 9¢e/1 Sell 2921
8G€2 ‘v/S2 9./¥2 ‘0862 L.Iv¥Z ‘18G2 S8Ye ‘08G2 18P ‘6/SZ L9ET ‘L¥P2 6GYC '68SC 09PS ‘68S2 98ve '8/G2 [,-wo] 4y
$'0€ ‘2'82 9’12 6'4€ ‘v'92 622 (R
2'2e oyl Ll 6 k1 £9 oyl AN et (b) »
802 9'Ge 102 L'6 ¥'Sl €6l 9'8 (peoiq) 09
6L 8€5 LIS PVESOIS  L'€5‘8LS  9E5‘9lS  0'GS 'SV S'€S G'eS S'eS (s) ney
€EE O0GE'CEE LEE'ZTEE 6'6C'GEE  LEE'CEE  PEE ‘628 0've 0've 0ve (b) ngi Qg
(gewge  (ozL)so- (o2H9o0-— (sou)gL— (voL)Le- (P) HE
AezL)ige (gpLizee  (oowzie  (ogyie  (62L)E'1Le (czL)ste  (o2Lg'e  (Leuvie (sP) HE
rAA LSl L'yl 9'Gl L'L€ G0l 90! 'L (peotg) HE g,
0¢ 12 G2 2e 02 12 1'e L2 (peouq) %Y
50'G ‘b R A R A gy 2V 6v '0v £6'Y 0S 06t 28y (b)'H
91l ¥'1-60 L0t L0°) 8L0 9'1-90 L1-80 80'L (peosq) Y
LE'L $ELOSL 981 0EL  ZEL0EL ¥ELB2L LeL e ov'l 1E°1 (s) gl H,
fwdd] ¢ :HWN
G6/8€°2 2L110C 06/9%'0 6G/41°1L L2/S9°} 98/98'0 59//8°1 16/92'S 6./66°1 (%/B) piaiA
LO0 0/0Z o 20°0/15 S/SP L00'0/001 L00°0/02 +00°0/S9 (101/9,) da

P
(OR A1) 2 BN A A W) 4 58 > 22/£90 0'H/9LE  €11/08°2 2'2/86'0 8'6/hL'2 902/SL1'S  90L/852  (loww/b) o—-e}|
ejeq eanesedaiy

14 PE o qg eg ag B4 qc ec

p—2 S10Npoid 8y} JO ;el1e( [eolAleuy PUB 4‘Hi ' HIN 'OAleledald € 31GVL



484 Kiipper et al.

(broad, 2 H, NH); ""B-NMR: 6 = 26.1 (d,J = 129
Hz); MS: m/e = 156 (M *, 16%), 141 (M — Me, 100%),
and so on. The sublimation of the distillation res-
idue at 30°C/0.001 Torr yields 0.16 g (91%) of 1,3,5-
tri-tert-butylborazine [17].

Crystal and Molecular Structure of 3¢

A single crystal of 3¢, C,H3,B3N,, of approximate
dimensions 0.4 x 0.7 x 1.0 mm?> was used for both
geometry and intensity data collection on an
ENRAF Nonius CAD4 diffractometer. The com-
pound crystallizes in the orthorhombic space group
Pna2,, No. 33, with the following cell parameters:
a = 12.057(6), b = 16.120(78), c = 8.45(1) A, V =
1641(3)A3,d, ;. = 0954 g/cm?,Z=4,u=0.494cm !,
F(000) = 528. MoK, radiation (0.7093 A, graphite
monochromator) was used to collect 2366 reflec-
tions with 3° < 6 < 30° in the omega-scan-mode:
1570 reflections showed I > 20 (I), and of these 1238
were symmetrically independent and were used for
structure solution and subsequent refinement. The
structure was solved by Direct Methods (MULTAN)
(19] and a difference Fourier synthesis. In the final
full-matrix refinement (SDP) [20] all nonhydrogen
atoms were refined anisotropically and the four bo-
ron-bound hydrogen atoms isotropically; the rest
of the hydrogen atoms were included according to
a “riding” model (C—H = 098 A, B, =13 -B,.). A
correction for secondary extinction was applied on
F.[21]. Refinement converged at R = 0.054, R,, =
0.065 for 170 parameters; w™ ! = ¢*(F). The highest
residual electron density was 0.2 e/A3 [22].
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