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Preparation of Seven- and Eight-Membered Boron Heterocycles from Different Salen
Ligands and Arylboronic Acids
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Arylboronic acids and different salen ligands have been brought to reaction in a 2:1 stoichiometry in ethanol,
toluene, and acetonitrile. In all cases bimetallic boronates with chiral boron atoms could be isolated with the
difference that in ethanol mostly open bimetallic boronic esters are obtained, while in toluene or acetonitrile
closed bimetallic complexes with a central seven- or eight-membered heterocyclic ring are formed. Both structural
types have been characterized by spectroscopic techniques and X-ray crystallography showing that the reactions
are diastereoselective in the case of the bimetallic heterocyclic structures. The configurations and conformations
of the seven- and eight-membered rings are different, and this may depend on steric effects and/or repulsive
intramolecularr—s interactions between the two salicylidene moieties attached to the central ring.

Scheme 1. Schematic Representation of Bimetallic
Complexes between Salen Ligands and Group 13 Elefents

Introduction

The coordination chemistry of salen ligands with transition
metal atoms has been studied extensively for many yeac
some of the complexes already have some interesting applica-
tions, e.g., in catalytic oxidation reactidnand simulation of
metalloenzyme-mediated cataly$i$herefore, it is somewhat
surprising that the coordination behavior of salen ligands with
main group elements has not received much attention until
recently?~1° An explanation might be the observation that much
of the chemistry, especially with the heavier main group metals,
parallels the observations with the transition metal series.
Nevertheless, the coordination chemistry of some main group
elements can be quite different, e.g., the group 13 elements
boron, aluminum, gallium, and indium form readily bimetallic
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a2 More detailed representations can be seen in ref 11.

complexes with two of these elements ligated by only one ligand
(Scheme 157711
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Scheme 2. Preparation of the Boron Complex&a—c and Scheme 3. Preparation of the Boron Compleb from
2a—c from SalenH and AcenH SalphenH
R
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While in the case of the boron atom so far only bimetallic SN N + 2
complexes are knowh,the heavier elements aluminfif,
P OH HO Ho” > oH

gallium®2 and indiun§1° form also monometallic complexes.

Bimetallic compounds could be interesting for applications in

catalysi§€? and might be used for further reactions with other ano | O

ligands or other metal complexes. However, with exception of o oe

the preparation of a macrocyclic derivatifehis chemistry has 0 o

not been explored so far. Qg_
Continuing with our studies on the preparation of air-stable H (+H

boron compounds with a coordinative—NB bond?!? in this S SN 88 NN

contribution we report for the first time on the synthesis as well 5@\,3\0/5\/D5'

as spectroscopic, structural, and conformational characterization 4 270 o7z 4

of several seven- and eight-membered boron heterocyclic

compounds that have been prepared from different salen ligands

and arylboronic acids.

4 salcenH,

Results and Discussion Scheme 5. Preparation of the Boron Compléb from
SalpenH

Synthesis and Spectroscopic Characterizationthe prepa-
ration of the bimetallic salen complexes described here is based N
on condensation reactions between the corresponding ligand and CC n *
an arylboronic acid. The syntheses of the boron complexes are OH HO
shown in Schemes-26. 5 salpenH,
Two different products can be obtained, depending on the
ligand and solvent used for the reaction. In ethanol, bimetallic Ey

2
B
HO”" ~OH

EtOH, CH,CN
or toluene, A
-3H,0

(12) See for example: (a) kd, H.; Farfan, N.; Castillo, D.; Santillan,
R.; Contreras, R.; Mamez-Martnez, F.; Galva, M.; Alvarez, R.; L
Fernadez, L.; Halut, S.; Daran, J.-G. Organomet. Chen 997, 544, 0g-© N
175. (b) Hpfl, H.; Farfan, N. J. Organomet. Cheni997, 547, 71. ﬁ
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(c) Hopfl, H., Galvan, Farfan, N.; Santillan, R.J. Mol. Struct. sfg//N EtOH, A s ' N\B gq
THEOCHEM1998 427, 1. (d) Hpfl, H.; Sanchez, M.; Farfa, N. P ——ffmem o[ o7}
Can. J. Chem1998 76, 1352. (e) Hpfl, H.; Farfan, N. Can. J. Chem. 5@\/\54 4 o©
1998 76, 1853. (f) Hpfl, H.; Sanchez, M.; Barba, V.; Faffg N., 4 By
Rojas, S.; Santillan, Rnorg. Chem.1998 37, 1679. (g) Hpfl, H.; 3 60\

5a
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Farfan, N.; Castillo, D.; Santillan, R.; Gutierrez, A.; Daran, J.<C.
Organomet. Chen1998 553 221. (h) Truijillo, J.; Hpfl, H.; Castillo,
D.; Santillan, R.; Farfa, N. J. Organomet. Cheni998 571, 21. (i)
Farfan, N.; Hopfl, H.; Barba, V.; Ochoa, M. E.; Santillan, R.; @ez,
E.; Gutigrez A. J. Organomet. Cheni999 581, 70. (j) Farfa, N.; complexes similar to the ones reported by Hohawgywood "¢

Santillan, R.; Hefl, H. Main Group Chem. Newi999 7, 3. (k) Barba,  and Barrafare formed with salenyi acenH (Scheme 2), and

V.; Cuahutle, D.; Ochoa, M. E.; Santillan, R.; Farfa. Inorg. Chim. L I
Acta200q 303 7. () Barba, V.; Luna, R.; Castillo, D.; Santillan, R acpent (Scheme 6), while in toluene or acetonitrile hetero-

Farfan, N. J. Organomet. Chen200Q 604, 273. cycles with a central seven- or eight-membergB8l,0 (n =
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Scheme 6. Preparation of the Boron Complexéa—6b formed in all cases. Nevertheless, this happens only for the open
from AcpenhH bimetallic complexeda, 2a and6a, while in the case of the
Me Me seven- and eight-membered heterocydleslc, 2b, 2¢, 3b, 4b,
Cf\\ /\/\(I) Q 5b, and 6b only one diastereomer could be isolated. The
N + 2 formation of diastereomers can be easily deduced fidrand
OH HO Ho B 0oH 13C NMR spectroscopic data, since two methylene groups, two
6 acpenH, imino groups, and two B-ethoxy groups can be distinguished

in the spectra ofla and2a. In the first case, one diastereomer
_E‘V w N is produced in higher yields than the other one (approximately
: S3HO 1.5:1), while in the latter case the stoichiometric proportion is
about 1:1. For compoun@a, the shift differences for the two
Q diastereomers are smaller and almost undistinguishable due to
N—0o_lo Mo 2l Me the presence of three methylene groups between the imine
zp s ,%\NK\N% functions. As already mentioned, the closed bimetallic hetero-
Me }/9// EtOH, A s b g cycleslb, 1c, 2b, 2c, 3b, 4b, 5b, and6b have been synthesized
s R SN Me T A&/ 9o diastereoselectively, since in each case only signals for one
. B P diastereomer could be detected. However, the spectroscopic data
" = do not permit prediction of which of the two possible diaster-
6b

A QN
m eomers ¢is or trans with respect to the B-phenyl group) has
p éa been formed. One reason is that both have molecular symmetry.

2, 3) ring are isolated. However, the seven-membered hetero-The SRR enantiomeric pairs Withra}nsconfiguration of the
cycles1b and2b outlined in Scheme 2 can be transformed to B-aryl groups havec, symmetry, while theRISRmesomeric

the open bimetallic boron estels and 2a, respectively, by form vv_|th C|s-conf|_gurat|o_n has_ a molecular plane._ The only
heating them in ethanol. With salphen8, salcenH 4, and exception from this (_:onS|derat|on is qompou@u with two
salpenH 5, this alcoholic hydrolysis is not possible and only ad_dmopal stereogenic centers. For thls molgcule there shpuld
closed heterocycles can be isolated, even if the boron complex-€Xist finally three diastereomers with their corresponding
ation is realized in ethanol (Schemes 3. enantiomers as outlln(_ed in Scheme_?_. RRSS-transsomers

All complexes obtained are stable under normal air conditions haveCz-symmetry, while th&R3SR-cissomers are completely
but decompose in solution partially to polymeric material. In Unsymmetrical. Therefore, on the basis of NMR data it is here
general, the closed complexes seem to be more stable in solutionP0SSible to differentiate between these two classes of diaster-
especially the eight-membered heterocycles (vide infra), since €0Mers. Both in théH and**C NMR spectrum, signals for an
smaller quantities of decomposition products are observed in unsymmetrical molec.ule are observed, so tha} the configuration
the NMR spectra. of the B-aryl groups in compourgb must becis.

In the case of acphentind accenkiwith a methyl group at Structural Characterization. To determinate which diaste-
the imine function, boron complexation is inhibited most reomer is preferred in the case of the other seven- and eight-
probably for steric reasons, since no reaction occurred with thesemembered heterocycles, an X-ray crystallographic study has
ligands. This destabilizing effect can be also seen, if the boron been undertaken for compountis 2c, and5b. Furthermore,
complexation with salpenH5 and acpenk 6 is compared. the molecular structures of compountis and 6a have been
While in the former case only the closed heterocyclic derivative determined. Crystallographic data as well as selected bond
5bis obtained in either ethanol, toluene, or acetonitrile (Scheme lengths, bond angles, and torsion angles have been summarized
5), in the latter case both the open and closed bimetallic complexin Tables 1 and 2.

(6a, 6b) can be prepared (Scheme 6). Figure 1 shows the molecular structure of the open bimetallic

Although the formulas of the open and corresponding closed complexla. Surprisingly, the molecule hasgaucheconforma-
bimetallic boron complexes are similar, their physical properties tion in the solid state with a NCCN torsion angle of 67.8he
are quite different. The open compounds have lower melting preference of this conformation may be explained by the
points and are quite soluble in organic solvents such as tolueneformation of intramolecular hydrogen bonds between the imino
chloroform, ethers, and alcohols. In contrast, the closed com- hydrogens and the oxygen atoms of the corresponding adjacent
plexes have high melting points (often more than 3G) and BOEt functional groups (2.33 and 2.41 A), an interaction that
are quite insoluble. would not be possible in thanti-conformation. A similar

All boron complexes obtained in this study have been interaction has been also reported by Atwddds observed
characterized as far as possible by spectroscopic techniques (IRilready in related structure typ#$,the mean B-Opn bond
and'H, 13C, 1B NMR) and mass spectrometry. The formation length is significantly longer than the mear-BEt bond length
of a coordinative N~B boron bond could be confirmed by the  (1.495(6) A< 1.436(6) A). The N~B bond with a length of
characteristic shift displacement of the imine hydrogen or imine 1.616(6) A is relatively stroné#
methyl group®*¢as well as by the appearance of diastereotopic  Figures 2 and 3 show the molecular structures of the closed
NCH, hydrogens due to the Ch|ra||ty of the tetracoordinated bimetallic seven-membered heterocydﬁnchyand appar-
boron atoms. The bidentate complexation was confirmed in ently in both cases the trans-configurated heterocycle is formed
some cases b{B NMR spectroscopy that is sensitive to the preferentially. The central seven-membered heterocycle has a
coordination sphere of the boron atéfn. conformation in which the imino groups are displaced signifi-

Due to the complexation of two chiral boron atoms, twWo cantly out of the mean plane formed by the other five atoms
diastereomers with their corresponding enantiomers should beg.720 A for 1c and 0.760 A for2c). In compoundlc, the
maximum deviation of this mean plane is only 0.015 A (for

(13) Na&h, H.; Wrackmeyer, BNMR Basic Principles and ProgresBjehl,
P., Fluck, E., Kosfeld, R., Eds.; Springer-Verlag: Berlin 1978; Vol.
14. (14) Hopfl, H. J. Organomet. Cheni999 581, 129.
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Scheme 7. Possible Stereoisomers for Compouttat

RR/SS-trans-isomers (with C,-symmetry)
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RS/SR-cis-isomers (without symmetry)
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a According to the presence of four stereogenic centers there should
exist 2/2 stereoisomers, because only the ttghs-cyclohexylene
derivative was used. However, there are only three different diastere-
omers with their corresponding enantiomers, because two of the possible
four diastereomers are identical. Two of the three diastereomers have
Cx-symmetry, while the third is completely asymmetrical. NMR studies
proved that only this diastereoméR$/SRcis-isomer) is obtained.

RN
atom O1), while in compoungcthis plane is completely planar F4 c21
due to the fact that the molecules are located on crystallographicFigure 2. Perspective view of the molecular structure of compound
C,-axes in the crystal lattice. As in the case of compotibd lc

the two types of B-O bond lengths are significantly different.
The mean B-O bond lengths with the bridging oxygen atoms
are 1.415(2) and 1.411(6) A fdic and 2c, respectively, and
the mean B-Op, bond lengths are 1.499(2) and 1.490(5) A,
respectively. The corresponding™B bond lengths are 1.612(2)
and 1.626(6) A. The BO—B bond angles are 135.4¢1and

137.8(5} for 1c and 2, respectively, however, _su_ch large The mean torsion angles in the seven-membered heterocycles
B—O—B bond angles are not uncommon, and similar values are quite different and vary in the caselaffrom 28.6 for the

have been measured for a series of other boron compdénds. NBOB bonds to 75.9 for the B—~N—CH,_CH, bonds. The

If the tetrahedral geometry of the boron atoms is compared corresponding values for compougd are between 28°land
betweenla and 1c, it is interesting to notice that it is more 80.07.

perfect in the closed bimetallic complex than in the open one.
The values of the mean tetrahedral charaétene 74.2% and

87.1%, respectively. The main contribution to this observation
results from a different NB—Og/e: bond angle with a mean
value of 102.6(4)for 1ain contrast to a mean value of 110.0(1)
for 1c. The mean displacement of the boron atoms from the
mean plane of the six-membered salicylidene heterocycles
(aromatic part) is larger fata (0.634 A) than forlc (0.239 A).

Figures 4 and 5 show the molecular structures of the eight-
membered B,N,O heterocycle5b and the related open
(15) Hepfl, H.: Barba, V.: Vargas, G.. Farfa N.. Santillan, R.: Castillo, bimetallic compllex6a_ The X-ray study demonstra}tes that in

D. Chem. Heterocycl. Compound§99 386, 1041, and references _the case of the e|ght-member_ed hejterocycle:iheonflgurfatlon
therein. is preferred over thegans-configuration. Therefore, in this case
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Table 1. Crystallographic Data for Compounds 1a, 1c, 2c, 5b, and 6a

Inorganic Chemistry, Vol.

40, No. 25, 2006409

crystal data la 1 2¢° 5b° 6a°
formula GoH34B2N204 CagH20B2F4N203 CsoH24B2F4N20;3 CagH26B2N203 CssHaoB2N204
crystal size (mm) 0.%0.3x 0.3 0.3x 0.3x 0.4 0.3x0.4x 0.4 0.2x 0.3x 0.3 0.1x 0.3x 0.5
MW (g mol-?) 532.26 530.08 558.15 472.16 574.31
space group P2:/c P2i/c C2lc P2i/c Pna2;
Cell Parameters
a(d) 13.985(1) 9.7350(4) 28.597(2) 10.150(3) 17.784(4)
b (A) 13.831(1) 21.4186(9) 13.0190(7) 19.230(5) 7.965(2)
c(R) 15.298(1) 12.1635(5) 20.315(1) 12.250(3) 23.028(5)
o (deg) 90 90 90 90 90
B (deg) 97.573(9) 100.936(1) 132.896(1) 95.600(13) 90
y (deg) 90 90 90 90 90
\Y (A3) 2933.3 2490.2 5540.8 2379.6 3261.8
Z 4 4 8 4 4
w (mmY) 0.073 0.111 0.103 0.084 0.075
Peaica (g CNT3) 1.21 1.41 1.34 1.32 1.17
Data Collection
0 limits (deg) 2<60<24 2<0 <26 2<60<25 2<60<25 2<60<25
hkl limits 15,0; 0, 15;17, 17 11, 12; 24, 26; 15, 13 35, 27; 16, 16; 24, 25 12,12; 23, 24; 15, 14 21,18;7,9;27,25
no. collected refl 5427 16431 18378 5213 19159
no.ind. refl. Ry) 3033 (0.02) 4888 (0.04) 5429 (0.02) 5047 (0.03) 5398 (0.09)
no. observed refl 1882 2722 2159 2702 182¢
Refinement
R 0.045 0.040 0.044 0.0568 0.046
Ry 0.0471 0.098 0.040 0.060" 0.108
w 1/0? i 1/0? 1/0? k
no. of variables 362 352 373 402 369
GOOF 0.80 0.85 1.15 3.71 0.75
Apmin (€ A7) 0.18 0.18 0.13 0.21 0.10
Apmax (€ A7) 0.17 0.14 0.17 0.24 0.11

aData collection on an Enraf Nonius CAD4 diffractometeRata collection on a Bruker Smart 6000 diffractometddata collection on a
Rigaku Mercury diffractometef | > 3o(l). ¢F, > 40(Fo). TR = S([|Fol — IFel|)/SIFol). R = S(F?2 — FAISFA "Ry = [SW(|Fo| — |Fe))%
SWFAY2 TRy = [SW(F? — FAHSW(FRA)?Y2 Twt = 0%F2 4+ (0.051P)% + 0.00P; P = (Fo? + 2FA)/3. kw™ = 0%Fs? + (0.0358)2 + 0.00P;

P = (F + 2FD)/3.

Table 2. Selected Bond Lengths, Bond Angles, and Torsion Angles

for Compoundsla, 1c, 2¢, 5b, and6a®

la 1c 2c 5b 6a
Bond Lengths (A)
N-B 1.616(6) 1.612(2) 1.626(6) 1.636(3) 1.611(7)
B—Opn 1.495(6) 1.499(2) 1.490(5) 1.502(3) 1.459(8)
B—Og/B—Os 1.436(6) 1.415(2) 1.411(6) 1.420(3) 1.444(6)
B-C 1.595(7) 1.623(2) 1.627(6) 1.607(4) 1.610(7)
c=N 1.290(5) 1.287(2) 1.303(5) 1.290(3) 1.286(6)
N—CH, 1.473(5) 1.466(2) 1.478(5) 1.477(3) 1.467(5)
CH2—CH; 1.529(6) 1.507(2) 1.528(8) 1.523(4) 1.527(6)
O-CH, 1.417(6) 1.428(6)
OCH,_CHj3 1.415(7) 1.414(8)
Bond Angles (deg)
N—B—Opp, 105.1(4) 107.2(1) 107.3(4) 106.7(2) 107.3(5)
0-B-0O 112.5(4) 109.4(2) 110.2(4) 112.1(2) 112.6(5)
N-B-C 111.0(4) 109.1(1) 109.5(4) 108.3(2) 112.3(5)
N-B—Og/N-B—0Og 102.6(4) 110.0(1) 110.0(4) 109.4(2) 102.5(4)
OpnB—C 108.9(4) 107.3(1) 105.6(4) 108.7(2) 108.5(5)
Og B—C/Os—B—C 116.3(5) 113.8(1) 114.0(4) 111.7(2) 113.6(5)
B—N= 119.3(4) 122.2(2) 123.2(4) 122.7(2) 123.1(5)
B—N—CH, 121.8(4) 118.8(4) 115.1(4) 118.9(2) 115.7(5)
B—O—Cpn 117.7(4) 124.0(2) 122.5(4) 126.0(2) 122.4(5)
N—CH,—CH, 110.1(4) 113.0(2) 111.3(3) 114.1(2) 114.6(4)
B—O—CHJ/B—O-B 117.9(4) 135.4(1) 137.8(5) 134.6(2) 117.6(4)
CH,_CH,_CH 115.9(2) 107.8(3)
Torsion Angles (deg)
N—C—C—N 67.9 63.0 67.8
N—CH,-CH,-CH; 59.1 178.8
B—N—CH,_CH> 74.5 75.9 80.0 54.4 101.9
Og-B—N—CH> 74.5 73.1 63.3
B—O—B—N 28.6 28.6 51.1
C—B—N—CH; 31.2 51.0 52.9 58.2 46.7 Figure 3. Perspective view of the molecular structure of compound

aMean values in all cases. 2c.

a boat conformation is formed, again with the two imino- distance is only 2.39 A (C8H:--02, 110.4), a value that is
nitrogen atoms at the bow/stern positions. There may be ansignificantly smaller than the sum of the van der Waals radii of
intramolecular G-H---O interaction, since the Ct&H---02 oxygen and hydrogen (2.70 Aj.



6410 Inorganic Chemistry, Vol. 40, No. 25, 2001 Sanchez et al.

CH> bonds. This observation may indicate a higher thermody-
namic stability of the eight-membered heterocycle when com-
pared to the seven-membered one and is confirmed by the fact
that the latter one can be hydrolyzed with ethanol, while the
former one cannot (Schemes 2 and 5). The mean deviation of
the boron atoms from the aromatic mean planes of the
salicylidene moieties is 0.149 A.

The conformation of the open derivatiga is anti. Surpris-
ingly, in this case there is no significant length difference
between the two types of-BO bonds. The mean values for the
B—Opnand B-OEt bond lengths are 1.459(8) and 1.444(6) A.
As in the case of the eight-membered heterocycle, theBN
bond lengths are significantly different, 1.589(6) and 1.632(7)
A. The mean tetrahedral character for the boron atoms is 77.5%,
whereby the bond angle with the largest deviation from the ideal
tetrahedral angle is the NBgg: bond angle with a mean value
of 102.5 (4}, as was the case for compouta For comparison,
the mean NB@g: bond angle in compounsb is 109.4(2) and
the tetrahedral character is 88%. The mean deviation of the
boron atom from the aromatic mean planes of the salicylidene
moieties is 0.390 A.

Unfortunately, we were not able to obtain single crystals for
the bimetallic salphenand acpenklderivatives3b and6b in
order to establish their preferred configuration. According to
molecular modeling, both configurations may be possible in
either case, but our NMR data indicate only the formation of
one diastereomer.

Conclusions

This contribution reports to the best of our knowledge for
the first time on the formation of seven- and eight-membered
bimetallic heterocycles from ligands of the salen type. It could
be shown that both types of heterocycles are held together by
two strong N—B bonds that induce a fixed conformation. For
the seven-membered heterocycle with an ethylene bridge
between the two imino groups, the preferred configuration is
trans and the conformation is a practically undistorted chair
Figure 5. Perspective view of the molecular structure of compound \yith five atoms forming the central plane. If the ethylene bridge
6a is substituted by arans1,2-cyclohexenyl bridge, theis

Due to thecis-configuration of the eight-membered hetero- configuration is preferred. In the case of a 1,2-phenylene unit,
cycle 5b, the two salicylidene groups are orientated nearly it is difficult to make a prediction without a crystallographic
parallel to each other, but it is important to notice that they are study. In boron complexes with an eight-membered heterocycle,
not superposable as it would be the case for a molecule with the cis-configuration and boat conformation seem to be favored.
mirror symmetry. The distance between the centroids of the As shown by the X-ray crystallographic study, they are probably
aromatic rings is 3.90 A, a distance that is longer than the sum more stable than the seven-membered derivatives. The reasons
of the van der Waals radii of two carbon atoms (3346 A) 16 that different configurations and conformations are obtained for
Therefore, there should be no transannutatr interactiont’ the two structure types are not clear; however, it can be shown
Again, in this case the mean bond length with the phenolic by molecular modeling that in@s-configured, seven-membered
oxygen atoms is much larger (1.502(3) A) than the meai©®B  heterocycle the proximity between the two salicylidene moieties

bond length with the bridging oxygen (1.420(3) A). The two would be repulsive, due ta—x interactions.
N—B bonds are significantly different, 1.621(3) and 1.650(3)

A. The B-O—B bond angle with a value of 134.6(2)s Experimental Section
comparable to the ones found for the seven-membered hetero-

cycleslcand2c. Furthermore, it is noteworthy that the-€C—C Instrumental. NMR studies were carried out with Bruker 300, JEOL
bond angle that is located opposite to the BOB bond angle in 270, and JEOL Eclipse400 instruments. Standards were TM$,(
the heterocycle has an unusually large value of 115291}e 13C) and BR-OE® ('B). Chemical shifts are stated in parts per million;

torsion angles in the eight-membered heterocycle are within a they are positive, when the signal is shifted to highe_r frequencies than
smaller range than in the former case and have values fromthe standard. COSY, HMQC, and NOESY experiments have been

51.1° for the B-O—B—N bonds to 63.3 for the O—-B—N— carried out in order to assign tHél and 3C spectra completely. IR
spectra were recorded on a Bruker Vector 22 FT spectrophotometer.

(16) Bondi, A.J. Phys. Cheml964 68, 441. Mass spectra were obtained on a HP 5989 A equipment. Elemental

(17) Glowka, M. L.; Martynowski, D.; Kozlowska, KJ. Mol. Struct.1999 analyses have been carried out on a Perkin-Elmer Series Il 2400

474, 81, and references therein. instrument. It should be mentioned that elemental analyses of boronic
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acid derivatives are complicated by incombustible residues (boron Yield: 94%. Mp: >300°C. *H NMR (300 MHz, DMSOQss, 25 °C,
carbide) and therefore not always in the established limits of exacti- TMS): ¢ = 3.50 and 3.79 (AB, 4 H, NCHy), 6.92 (m, 10 H, H-3,
tude?s H-5, mBCgHs, p-BCsHs), 7.19 (dd, 4 Hp-BCgHs), 7.42 (dd, 2 H, H-6),
X-ray Crystallography. X-ray diffraction studies of single crystals ~ 7.57 (dt, 2 H, H-4), 8.59 (s, 2 H, NCH) ppm.**C NMR (75 MHz,
were realized on Enraf Nonius CAD4, Bruker Smart 6000 and Rigaku DMSO-ds, 25°C, TMS): 6 = 56.2 (NCH), 115.9 (C-1), 117.6 (C-5),
Mercury diffractometersigo ko = 0.71069 A, monochromator: graph-  118.4 (C-3), 126.5m+BCsHs), 126.8 0-BCeHs), 131.8 6-BCeHs),
ite, T = 293 K). Cell parameters were determined by least squares 132.1 (C-6), 137.5 (C-4), 160.2 (C-2), 164.54€H) ppm.*'B NMR
refinements on diffractometer angles for 24 automatically centered (96.3 MHz, DMSO#dg, 25 °C, BF*OEb): 0 = 10 (hy2 = 900 Hz)
reflections or using reflections collected on three sets of 20 frames ppm. IR (KBr): ¥ = 1638 (s), 1608 (m), 1557 (m), 1479 (m), 1462
each. Absorption correction was not necessary; corrections were made(m), 1431 (w), 1400 (w), 1317 (m), 1233 (m), 1198 (s), 1152 (m),
for Lorentz and polarization effects. Solution and refinement: direct 1138 (m), 1096 (w), 1028 (w) cm. MS (70 eV, El),m/z (%): 458
methods (SHELXS-86] for structure solution and the SHELX 22 (0.2) [M]*, 457 (0.9) [M— H]™, 381 (100) [M— CgHs]™, 305 (19),
(1cand6a) or CRYSTALS?® 25 (1a, 2c and5b) software package for 248 (15), 234 (27), 152 (18), 77 (19). Anal. Calcd (%) fosHz4B2N.O3
refinement and data output. Non-hydrogen atoms were refined aniso-(458.14): C, 73.41; H, 5.28; N, 6.12. Found: C, 73.69; H, 5.39; N,
tropically. Hydrogen atoms were calculated in all cases with the 6.09.
exception of5b, and one overall isotropic thermal parameter was Compoundlc was prepared from saleaH (0.50 g, 1.86 mmol)
refined. In the case dib, the hydrogen atoms were determined with  and 2,4-difluorophenylboronic acid (0.56 g, 3.72 mmol) in acetonitrile
difference Fourier maps and their coordinates were refined. In general, (20 mL). After 1 h ofreflux the solution was concentrated with a Dean
a reflection-parameter ratio of 5 has been considered sufficient for Stark trap. A white precipitate formed that was filtered under vacuum
the type of structural studies performed here. The most important and dried. Yield: 93%. Crystals were obtained from acetonitrile. Mp:
crystallographic data have been summarized in Table 1. In the case of>300 °C. 'H NMR (270 MHz, DMSO¢s, 25 °C, TMS): ¢ = 3.38
compound2c, the molecules are located at special positidsaxis) and 3.90 (AB, 4 H, NCH), 6.38 (ddd,J = 9 and 2 Hz, 2 H,
in the crystal lattice and there are two independent molecule halves in m-BCgHsF), 6.77 (dddJ = 8 and 2 Hz, 2 Hm-BCsH3F,), 6.90 (m,
the asymmetric unit. The B-phenyl groupsGaare slightly disordered, 4 H, H-3, H-5), 7.24 (dd,) = 16 and 8 Hz, 2 HOo'-BCgH3F,), 7.44
so that their bond lengths and bond angles were restrained to 1.390 A(dd, 2 H, H-6), 7.60 (dt, 2 H, H-4), 8.61 (s, 2 H=ACH) ppm. 13C
and 120.0. NMR (67.5 MHz, DMSO¢g, 25°C, TMS): 6 = 56.6 (N-CH,), 102.9
Preparative Part. Commercial starting materials and solvents have (dd, m-BCsHsF,), 109.7 (dd,m-BCsHsF>), 116.5 (C-1), 118.6, 118.9
been used. Ligands-6 are known Schiff bases and have been prepared (C-3, C-5), 132.7 (C-6), 136.0 (da{-BCsHsF,), 138.3 (C-4), 160.3

according to refs 12b and 12f.

Preparation of Boronates 1a-c. Compoundlawas prepared from
salenH 1 (0.50 g, 1.86 mmol) and phenylboronic acid (0.45 g, 3.72
mmol) in ethanol (30 mL). After 30 min of reflux the solution was
concentrated with a DearStark trap. A yellow precipitate formed that

(C-2), 162.4, 166.1 (ddl = 240 and 11 Hzg-BCeHs, p-BCsHs), 164.9
(N=CH) ppm.B NMR (128.3 MHz, DMSO#gs, 25 °C, BF;-OEb):
0 = 1.7 (2 = 500 Hz) ppm. IR (KBr): # = 3063 (w), 2957 (w),
1642 (s), 1603 (s), 1558 (s), 1484 (s), 1464 (s), 1448 (s), 1402 (s),
1358 (m), 1316 (s), 1284 (m), 1260 (m), 1237 (s), 1225 (s), 1171 (s),

was filtered under vacuum and dried. Crystals were obtained after 1155 (s), 1138 (s), 1128 (s), 1113 (s), 1096 (m), 1077 (s), 1028 (m),
recrystallization from ethanol. Two diastereomers are obtained in a ratio 1012 (w), 1005 (w) cmt. MS (70 eV, El),m/z (%): 530 (0.3) [M],
of approximately 1.5:1. The product decomposes more or less rapidly 417 (100) [M— CgHsF5] ™, 415 (16), 323 (30), 304 (9), 277 (5), 270

in other organic solvents to polymeric material. Yield: 89%. Mp: 480
182 °C. 'H NMR (400 MHz, GDs, 25 °C, TMS) of the mayor
product: 6 = 1.14 (t, 6 H, CH), 3.18 and 3.52 (AB, 4 H, NC}), 3.76

(m, 4 H, OCH), 6.41 (m, 2 H, H-5), 6.80 (m, 2 H, H-3), 7.10 (m, 4 H,
H-4, H-6), 7.34 (m, 2 Hp-BCgHs), 7.45 (m, 4 Hm-BCgHs), 7.80 (M,

4 H, 0-BCgHs), 8.34 (s, 2 H, N=CH) ppm.23C NMR (100 MHz, GDs,
25°C, TMS): 6 = 18.6 (CH), 54.6 (N-CHy), 57.3 (OCH), 117.0,
118.5 (C-1, C-5), 119.4 (C-3), 127.{BCgHs, p-BCsHs), 131.5 (C-

6), 133.3 0-BC¢Hs), 137.2 (C-4), 161.0 (C-2), 165.4 €xCH) ppm.

IR (KBr): 7 = 3046 (w), 3005 (w), 2958 (w), 2864 (w), 1636 (s),
1609 (m), 1558 (m), 1479 (m), 1461 (m), 1433 (w), 1406 (w), 1315
(m), 1234 (m), 1197 (w), 1151 (s), 1136 (m), 1101 (m), 1063 (w),
1026 (w) cnt. MS (70 eV, El),m/z (%): 487 (6) [M — OEt]*, 455
(100) [M — CeHs]™, 411 (31), 277 (19), 204 (17), 189 (15), 174 (14),
152 (26), 147 (14), 105 (25), 77 (11). Anal. Calcd (%) festaBoN2O4
(5632.25): C, 72.21; H, 6.43; N, 5.26. Found: C, 71.01; H, 6.45; N,
5.47.

Compoundlb was prepared from salepH (0.50 g, 1.86 mmol)
and phenylboronic acid (0.45 g, 3.72 mmol) in toluene (10 mL). After
1 h of reflux, the solution was concentrated with a De&mark trap.

A yellow precipitate formed that was filtered under vacuum and dried.

(18) James, T. D.; Sandanayake, K. R. A. S.; Shinkahi®ew. Chem.,
Int. Ed. Engl.1996 35, 1910, and references therein.

(19) Sheldrick, G. MSHELX86, Program for Crystal Structure Solution;
University of Gdtingen: Gitingen, Germany, 1986.

(20) Bruker Analytical X-ray SystemSMART: Bruker Molecular Analysis
Research Tool V. 5.057 ¢997-98.

(21) Bruker Analytical X-ray System$SAINT+ NT Version 6.011999.

(22) Bruker Analytical X-ray SystemSHELXTL-NT Version 5.10999.

(23) Watkin, D. J.; Prout, C. K.; Carruthers, J. R.; Betteridge, P. W.; Cooper,
T. I. CRYSTALS Chemical Crystallography Laboratory Oxford:
Oxford, 2000; Issue 11.

(24) Watkin, D. J.; Prout, C. K.; Pearcé, J. CAMERON;Chemical
Crystallography Laboratory Oxford, Oxford, 1996.

(25) Watkin, D. J.; Prout, C. K.; deQ. Lilley, P. MRC93; Chemical
Crystallography Laboratory Oxford: Oxford, 1994.

(9). Anal. Calcd (%) for GgH20B2FsN2O3 (530.11): C, 63.44; H, 3.80;
N, 5.28. Found: C, 63.96; H, 3.85; N, 4.82.

Preparation of Boronates 2a-c. Compounc2awas prepared from
acenH 2 (0.50 g, 1.69 mmol) and phenylboronic acid (0.41 g, 3.38
mmol) in ethanol (30 mL). After 30 min of reflux the solution was
concentrated with a DearStark trap. A yellow precipitate formed that
was filtered under vacuum and dried. Two diastereomers are obtained
in a ratio of approximately 1:1. The product decomposes more or less
rapidly in other organic solvents to polymeric material. Yield: 77%.
Mp: 260-262°C.*H NMR (400 MHz, DMSO¢s, 25 °C, TMS) for
the mixture of the two diastereomers:= 1.06 (m, 6 H, OCHCHj),
2.34,2.58 (s, 6 H, RCCH3), 3.17 and 3.33 (m, 4 H, OG} 3.36—
3.78 (M, 4 H, NCH), 6.83 (m, 4 H, H-3, H-5), 7.14 (m, 6 Hi-BCsHs,
p-BCsHs), 7.36 (M, 4 H,0-BCgHs), 7.47 (m, 2 H, H-4), 7.74 (m, 2 H,
H-6) ppm. IR (KBr): # = 3066 (w), 3043 (w), 3005 (w), 2968 (m),
2922 (w), 2862 (m), 1616 (s), 1555 (s), 1478 (m), 1458 (m), 1432
(m), 1384 (m), 1358 (m), 1334 (m), 1281 (m), 1235 (w), 1189 (m),
1172 (m), 1144 (m), 1107 (s), 1069 (m), 1022 (m)énMS (70 eV,

El), m'z (%): 515 (1) [M— OEt]*, 483 (14) [M— C¢Hs) ™, 437 (100),
391 (10), 305 (6), 248 (16), 216 (7), 203 (8), 188 (11), 166 (11), 146
(6), 105 (6). Anal. Calcd (%) for £H3sB2F4N2O4 (560.28): C, 72.88;

H, 6.84; N, 5.00. Found: C, 72.82; H, 6.85; N, 5.02.

Compound2b was prepared from aceni2 (0.50 g, 1.69 mmol)
and phenylboronic acid (0.41 g, 3.38 mmol) in acetonitrile (20 mL).
After 1 h of reflux the solution was concentrated with a De&tark
trap. A white precipitate formed that was filtered under vacuum and
dried. Yield: 95%. Mp: 277280 °C. *H NMR (270 MHz, DMSO-
ds, 25°C, TMS): 6 = 2.47 (s, N=CCHs), 3.84 and 4.16 (AB, 4 H,
NCH,), 6.56 (d, 2 H, H-3), 6.71 (dd, 2 H, H-5), 7.11 (m, 6 ifkBCgHs,
p-BCsHs), 7.35 (dd, 2 H, H-4), 7.42 (d, 4 H-BCeHs), 7.56 (dd, 2 H,
H-6) ppm.2*C NMR (67.5 MHz, DMSO#ds, 25°C, TMS): 6 = 16.7
(CHs), 46.4 (NCH), 117.8 (C-1), 118.9, 119.9 (C-3, C-5), 1265 (
BCeHs), 127.3 m-BC¢Hs), 129.8 (C-6), 131.9 o-BCeHs), 136.3
(C-4), 160.9 (C-2), 171.9 (NCR) ppm. IR (KBr): » = 3060 (w),
3040 (w), 3000 (w), 1628 (s), 1616 (s), 1557 (s), 1479 (m), 1456 (m),
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1431 (m), 1378 (w), 1347 (m), 1277 (s), 1197 (s), 1168 (m), 1141
(m), 1127 (m), 1089 (w), 1034 (m), 1025 (m) chMS (70 eV, El),

m/z (%): 487 (0.1) [M+ 1]*, 409 (100) [M— CsHs]*, 331 (15), 305
(27), 187 (17), 166 (18), 77 (10). Anal. Calcd (%) fogoB82sB2N,03
(486.16): C, 74.11; H, 5.81; N, 5.76. Found: C, 74.29; H, 5.94; N,
5.69.

Compound2c was prepared from acent2 (0.50 g, 1.69 mmol)
and 2,4-difluorophenylboronic acid (0.53 g, 3.38 mmol) in acetonitrile
(20 mL). After 1 h of reflux the solution was concentrated with a Dean
Stark trap. A white precipitate formed that was filtered under vacuum
and dried. Yield: 93%. Mp: 318312°C.'H NMR (300 MHz, DMSO-
ds, 25°C, TMS): 6 = 2.42 (s, N=CCHj3), 3.40 and 4.21 (AB, 4 H,
NCH,), 6.37 (dt,J = 8 and 2 Hz, 2 HM-BCgH3F,), 6.70 (dt,J = 10
and 2 Hz, 2 Hm BCsH3F), 6.81 (dd, 2 H, H-3), 6.90 (dt, 2 H, H-5),
7.07 (dd,J = 14 and 8 Hz, 2 Hp'-BCgH3Fy), 7.52 (dt, 2 H, H-4), 7.75
(dd, 2 H, H-6) ppm13C NMR (75 MHz, DMSO¢, 25 °C, TMS):
= 15.4 (CHy), 48.3 (NCH), 102.2 m-BCsH3F2), 108.8 (1-BCsH3Fy),
117.5(C-1), 117.8 (C-5), 119.1 (C-3), 129.3 (C-6), 139/ BCsH3F>),
136.2 (C-4), 158.8 (C-2), 170.6 &CR) ppm.1'B NMR (96.3 MHz,
DMSO-ds, 25 °C, BR*OEL): 6 = 6 (hy, = 620 Hz) ppm. IR (KBr):
¥ = 1616 (s), 1555 (m), 1487 (m), 1458 (m), 1402 (m), 1357 (m),
1281 (m), 1260 (m), 1226 (w), 1169 (m), 1145 (m), 1127 (m), 1116
(m), 1100 (w), 1077 (m) cmt. MS (70 eV, El),m/z (%): 445 (100)

[M — CeHaF]*, 331 (18), 305 (14), 187 (12), 166 (23), 146 (6), 114
(4), 77 (3). Anal. Calcd (%) for &H.4B2F4N.O5 (558.16): C, 64.56;
H, 4.33; N, 5.02. Found: C, 65.11; H, 4.38; N, 4.53.

Preparation of Boronate 3b. Compound3b was prepared from
salphenH 3 (0.50 g, 1.58 mmol) and phenylboronic acid (0.38 g, 3.16
mmol) in acetonitrile (10 mL). Afte4 h of reflux the solution was
concentrated with a DearBtark trap. A yellow precipitate formed that
was filtered under vacuum and dried. Yield: 86%. Mp: 2253°C.

H NMR (300 MHz, CDC}, 25°C, TMS): 6 = 6.94 (m, 6 H, H-5,
m-BCgHs), 6.97 (M, 2 Hp-BCeHs), 7.09 (M, 6 H, H-3p-BCgHs), 7.14
(dd, 2 H, H-9), 7.20 (dd, 2 H, H-6), 7.43 (dd, 2 H, H-10), 7.56 (s, 2 H,
N=CH), 7.59 (dd, 2 H, H-4) ppn3C NMR (75 MHz, CDC}, 25°C,
TMS): 6 = 118.3 (C-1), 119.5 (C-5), 121.6 (C-3), 124.2 (C-9), 126.8
(p-BCeHs), 127.1 (m-BCgHs), 130.2 (C-10), 132.80¢BCeHs, C-6),
139.3 (C-4, C-8), 161.6 (C-2), 165.2 4CR) ppm.*'B NMR (96.3
MHz, CDCh, 25 °C, BR*OEL): 0 = 9 (hyz = 400 Hz) ppm. IR
(KBr): # = 3065 (w), 1629 (s), 1595 (w), 1552 (m), 1475 (m), 1457
(w), 1312 (w), 1218 (s), 1152 (w), 1127 (m), 1088 (w), 1049 (w)yE&m
MS (70 eV, El),m/z (%): 506 (0.8) [M]", 429 (100) [M— Cg¢Hs] ™,
325 (59), 221 (11), 176 (20), 77 (10). Anal. Calcd (%) faptz4B.NO3
(506.16): C, 75.93; H, 4.78; N, 5.53. Found: C, 75.49; H, 4.99; N,
5.30.

Preparation of Boronate 4b. Compound4b was prepared from
salcenH 4 (0.50 g, 1.55 mmol) and phenylboronic acid (0.37 g, 3.10
mmol) in toluene (10 mL). Afte 2 h of reflux the solution was
concentrated with a DearStark trap. A white precipitate formed that
was filtered under vacuum and dried. Yield: 38%. Mp: 3306 °C.

H NMR (300 MHz, DMSO¢g, 25 °C, TMS): 6 = 0.71-1.97 (m, 8

H, H-9, H-9, H-10, H-10), 3.51 (m, 1 H, H-8), 4.41 (m, 1 H, H'B
6.61, 6.77, 7.14 (m, 10 H, H-3, H53H-5, H-3, m-BCsHs, m'-BCsHs,
p-BCeHs, p'-BCsHs), 7.34, 7.48 (m, 2 H, H-6, H-§ 8.53 (s, 1 H, H-7),
8.66 (s, 1 H, H-7) ppm. IR (KBr): # = 3063 (w), 3043 (w), 3001 (w),
2941 (w), 2863 (w), 1637 (s), 1608 (m), 1558 (s), 1522 (w), 1508 (w),
1480 (m), 1461 (m), 1431 (m), 1405 (w), 1364 (w), 1322 (s), 1258
(m), 1198 (s), 1151 (s), 1130 (s), 1085 (m), 1027 (m)y &nMS (70
eV, El), mz (%): 435 (100) [M— CgHs]*, 331 (25), 277 (15), 236
(11), 179 (18), 77 (20), 51 (14). Anal. Calcd (%) fogH30B2N,03
(512.20): C, 75.04; H, 5.90; N, 5.47. Found: C, 75.47; H, 6.04; N,
5.36.

Preparation of Boronate 5b. Compound5b was prepared from
salpenH 5 (0.50 g, 1.77 mmol) and phenylboronic acid (0.43 g, 3.54
mmol) in ethanol (30 mL). Afte 1 h of reflux the solution was
concentrated with a DearStark trap. A yellow precipitate formed that
was filtered under vacuum and dried. Yield: 97%. Mp300°C. H
NMR (400 MHz, DMSO¢g, 25°C, TMS): 6 = 1.98 (m, 2 H, H-9),
3.49 (m, 4 H, NCH)), 6.35 (d, 2 H, H-3), 6.47 (dd, 2 H, H-5), 7.04 (d,
2 H, H-6), 7.14 (m, 4 H, H-4p-BCsHs), 7.19 (m, 4 H,m-BCsHs),
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7.56 (d, 4 H0-BCgHs), 8.54 (s, 2 H, N=CH) ppm.*3C NMR (75 MHz,
DMSO-ds, 25°C, TMS): 6 = 31.5 (C-9), 53.0 (NCH), 116.0 (C-1),
117.2 (C-5), 118.4 (C-3), 126.5BCsHs), 127.2 M-BCsHs), 131.6
(C-6), 131.8 ¢-BCgHs), 137.0 (C-4), 161.1 (C-2), 164.1 &CH) ppm.

1B NMR (96.3 MHz, DMSO¢, 25 °C, BR+OEL): ¢ = 8 (hyp =
320 Hz) ppm. IR (KBr): # = 3065 (w), 3047 (w), 2930 (w), 1646 (s),
1610 (m), 1560 (m), 1482 (m), 1459 (m), 1446 (w), 1432 (w), 1415
(w), 1364 (w), 1321 (m), 1228 (m), 1192 (s), 1151 (m), 1117 (s), 1080
(m), 1066 (m), 1029 (w), 1000 (w) cm MS (70 eV, El),m/z (%):
471 (0.1) [M— H]*, 395 (100) [M— CgHs]t, 291 (39), 159 (24), 77
(4). Anal. Calcd (%) for GoH26B2N.O5 (472.38): C, 73.77; H, 5.55;
N, 5.93. Found: C, 73.67; H, 5.64; N, 5.89.

Preparation of Boronates 6a,b.Compoundéawas prepared from
acpenH 6 (0.50 g, 1.61 mmol) and phenylboronic acid (0.391 g, 3.22
mmol) in ethanol (30 mL). After 30 min of reflux the solution was
concentrated with a DeairBtark trap. A yellow precipitate formed that
was filtered under vacuum and dried. The product decomposes more
or less rapidly in other organic solvents to polymeric material, so the
NMR spectra could not be obtained pure. Data are therefore only
reported for the major compourtd. Yield: 77%.*H NMR (270 MHz,
CDCls, 25°C, TMS: 6 = 0.74 (m, 2 H, H-9), 1.08 (q, 6 H, OGI8H3),

1.88 (s, 6 H, N=CCHg), 3.20 and 3.40 (AB, 4 H, OC}j, 2.93 and
3.49 (m, 4 H, NCH)), 6.82 (m, 2 H, H-5), 6.99 (m, 2 H, H-3), 7.23 (m,

6 H, mBCgHs, p-BC¢Hs), 7.43 (m, 4 H, H-4, H-6), 7.55 (m, 4 H,
0-BCsHs) ppm.23C NMR (67.5 MHz, CDC}, 25°C, TMS): 6 = 15.9
(N=CCHj3), 18.1 (OCHCHg), 27.9 (C-9), 46.1 (NCh), 56.9 (OCH),
117.2 (C-1), 118.3 (C-5), 120.2 (C-3), 127.p-BCcHs, 127.4 (-
BCsHs), 128.2 (C-6), 133.1-BCsHs), 136.4 (C-4), 160.1 (C-2), 170.4
(N=CR) ppm.*'B NMR (128.3 MHz, CDC}, 25°C, BR*OEt): d =

4 (hy2 = 360 Hz) ppm. IR (KBr): ¥ = 3066 (w), 3043 (w), 3004 (w),
2963 (m), 2923 (m), 2870 (m), 1619 (s), 1556 (s), 1483 (m), 1457
(m), 1433 (m), 1386 (m), 1358 (m), 1340 (m), 1272 (m), 1185 (m),
1169 (m), 1145 (m), 1105 (m), 1081 (m), 1000 (m); MS (70 eV, El),
m'z (%): 497 (4) [M — CeHs]t, 482 (11), 451 (100), 423 (9), 396
(10), 319 (98), 262 (39), 246 (46), 234 (74), 206 (19), 185 (19), 173
(10), 161 (6), 146 (11), 105 (14), 77 (26), 51 (12). Anal. Calcd (%) for
CasHi0B2N2O4 (574.36): C, 73.19; H, 7.01. Found: C, 72.81; H, 7.35.

Compoundéb was prepared from acpenis (0.50 g, 1.61 mmol)
and phenylboronic acid (0.39 g, 3.22 mmol) in acetonitrile (15 mL).
After 1 h of reflux the solution was concentrated with a De&@tark
trap. A white precipitate formed that was filtered under vacuum and
dried. Yield: 78%. Mp: 294296 °C. 'H NMR (400 MHz, CDC},
25°C, TMS): 6 = 2.02 (m, 2 H, H-9), 2.42 (s, 6 H,NCCHs3), 3.53
and 4.09 (m, 4 H, NCH,), 6.45 (dt, 2 H, H-5), 6.62 (dd, 2 H, H-3),
7.13 (m, 4 H, H-4, H-6), 7.24 (m, 6 HN-BCsHs, p-BCsHs), 7.72 (dd,

4 H, 0-BCsHs) ppm.*3C NMR (100 MHz, CDC}4, 25°C, TMS): 6 =
16.0 (CH), 29.3 (C-9), 48.9 (NCh), 116.7 (C-5), 120.7 (C-3), 126.4,
126.8 (C-6,p-BC¢Hs), 127.0 -BCgHs), 131.8 0-BCeHs), 136.0 (C-

4), 169.4 (N=CR) ppm.*B NMR (128.3 MHz, CDC}, 25 °C, BFs+
OEL): ¢ = 3 ppm; IR (KBr): # = 3065 (m), 3042 (m), 3002 (m),
2915 (m), 1623 (s), 1557 (s), 1481 (s), 1459 (s), 1431 (m), 1382 (m),
1365 (m), 1341 (m), 1296 (m), 1272 (s), 1234 (m), 1192 (s), 1143
(m), 1115 (s), 1087 (m), 1061 (m), 1028 (m) cmMS (70 eV, EI),

m/z (%): 423 (100) [M— C¢Hs]™, 345 (18), 319 (33), 262 (6), 234
(4), 201 (7), 173 (19), 146 (4), 77 (6). Anal. Calcd (%) for
Cs1H30B2N205 (500.19): C, 74.44; H, 6.04; N, 5.60. Found: C, 74.60;
H, 6.14; N, 5.74.
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